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INTRODUCTION
SARS-CoV-2 is the coronavirus involved for the ongoing 
pandemic, responsible of the disease that has been identi-
fied as COVID-19 (COronaVIrus Disease-19) (1,2). 
In most cases, transmission occurs via saliva droplets in 
closed or poorly ventilated environments (particular-
ly public and workplaces), unclean hands and rarely via 
contaminated surfaces (1).
At present, it is unclear whether SARS-CoV-2, can be 
harbored in the synovial fluid, though musculoskeletal symp-
toms as myalgia, arthralgia and asthenia are frequent (3-5).  
Rapid tests based on the identification of specific IgM and 
IgG antibodies should not replace the molecular test based 

on the identification of viral RNA from nasopharyngeal 
swabs (6,7).
Serological testing can be used for research and retrospec-
tive epidemiological purposes, while the possible role in 
diagnosing ongoing SARS-CoV-2 infection need further 
evidence considering high false negative and false posi-
tive risk (5).

PRE-TRIAGE AND OUTPATIENT ACCESS
The first outpatient access should be preceded by a tele-
phone triage 48-72 hours before the consultation, in which 
the operator should be supported by a dedicated question-
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naire (figure 1), aimed to unveil the possible presence of 
suspicious symptoms or close contacts. Triage should be 
repeated at each subsequent access, and patients should 
be instructed to alert the operators whether any change in 
health status occurred.
By telephone, the operator should also provide information 
on access rules:
1.	 The patient must wear a surgical mask.
2.	 The patient can be accompanied by only one person.

When suspicious symptoms are identified during tele-
phone triage, the doctor should contact the patient directly, 

and invite them to contact the general practitioner (GP). 
GPs should also be alerted when patients meet the crite-
ria of suspected or close contact of a confirmed case. For 
the purpose of the European Centre for Disease Prevention 
and Control, a close contact of a confirmed case, has been 
clearly defined (8).
When a patient attends the clinic should be measured the 
temperature with a contactless device. 
When temperature is inferior to 37.5°C, patients are allowed 
to access, providing them with all the necessary PPE. On the 
other hand, if the temperature exceeds 37.5°C, the patient 
cannot access and will be referred to the GP. 

Figure 1. ISMuLT questionnaire.
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AMBULATORY SETTING 
AND PREVENTIVE MEASURES
Healthcare workers should always be equipped with PPE:
•	 since the injection procedure does not expose to drop-

lets, the surgical mask should be sufficient (suspected or 
symptomatic cases cannot access to the procedure);

•	 the nurse equipped with a surgical mask may be present 
together with the doctor;

•	 the accompanying person should remain in the waiting 
room.

In ultrasound-guided and ultrasound-assisted procedures, 
the probe must be properly disinfected and a disposable 
probe cover should always be used (9).
It is mandatory to disinfect the contact surfaces (table, 
chairs) and the bench at each appointment.
Furthermore, appropriate ventilation of the environment 
must be ensured.

INJECTION PROCEDURE
Intra-articular and peri-articular injections can be practised 
in an ambulatory setting or in hospital outpatient depart-
ment (10), according to a sequential procedure (table I). 
Written or verbal informed consent should be obtained. In 
case of injection procedures, it is always necessary to discuss 
the risks, benefits and alternatives with the patient (12).
The presence of contraindications should be investigated:
•	 systemic infections;
•	 suspect or presence of infections at injection skin site or 

selected joint; 
•	 fractures;
•	 prosthesis at injection site;
•	 coagulopathies;
•	 hypersensitivity to products.
Relative contraindications include:
•	 presence of infection in another site of the body;
•	 hypersensitivity to other injection products (not used);
•	 Diabetes Mellitus (10-12).

Injection therapy in patients on anticoagulant drugs or with 
known bleeding diathesis should be approached with great 
caution. All coagulation parameters should be evaluated in 
these patients, including prothrombin time (PT), activated 
partial thromboplastin time (aPTT), international normal-
ized ratio (INR), and platelet count. Injections should be 
avoided with prolonged bleeding time, INR > 1.2, and 
platelet count < 100,000 / μl(12). 
Various side effects can occur during the injection proce-
dure; however, most adverse events are minor, transient and 
localized at the injection site (13).

The most common complications are sudden onset of local 
pain lasting no more than 72 hours (2-10% of cases), skin 
atrophy (1%), skin fat atrophy (1%), and appearance of 
redness of the face (1-12%) (13).
Less commonly reported side effects may include iatrogen-
ic infection (risk of 1 in 1,000) and tendon rupture (less 
than 1%). The risk of tendon rupture is higher during soft 
tissue injections around the Achilles tendon and plantar 
fascia (14). 
Vasovagal episodes can occur with any type of injection 
procedure due to the nociceptive stimulation effect of the 
needle. The treatment is mainly supportive; it is rarely 
necessary to administer fluids and / or oxygen (12).

Required equipment
The equipment required is:
•	 gloves / sterile gloves;
•	 sterile swabs and sterile draps;
•	 prepacked sterile needles and syringes;
•	 disinfectant (iodopovidone / chlorexidhine);
•	 synovial fluid collection bottles;
•	 sterile ultrasound kit (only for US-guided injection);
•	 emergency kit (10,15,16).

The choice of the right needle is mandatory, considering 
the characteristics of the target joint. A needle of 21 gauge 
should be preferred in large joints such as the shoulder or 
the knee, while 23-25 gouge needles are indicated in small 
joints. Deep joints such as the hip required spinal needles 
(length of 3,5 18 inches; 8-9 centimeters) (10,12).

Table I. Step-by-step procedure of intra-articular and 
periarticular injection (10-12).

Clinical exam; evaluate injection indications; evaluate 
comorbidities

Explain and sign the informed consent; discuss possible risks 
and advantages

Preparation of the necessary instruments (disinfectant, sterile 
material, drugs, needles, syringes, dressings); select needle 
length and gauge

Prepare patient; identify anatomical landmarks

Skin disinfection; prepare sterile field

Proceed with arthrocentesis when needed

Proceed with injection 

Remove the needle rapidly after injection and perform local 
compression with sterile gauze 

Disinfection and patch application

Instruct the patient to notice if any symptom or infection sign is 
detected; schedule follow-up visit
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HYALURONIC ACID PROPERTIES
Several studies support the role of viscosupplementation 
with hyaluronic acid (HA) in knee and hip osteoarthritis, 
in comparison to intra-articular corticosteroids (10,17-19).
Emerging evidences suggest that the use of intra-articular 
corticosteroids could also determine a higher risk of viral 
infections, such as influenza, while no evidence about coro-
naviruses are currently found (20). 
HA protects the articular environment through several 
mechanisms of action: anti-inflammatory effect, chondro-
protection, analgesic effect, subchondral bone protection 
and increased production of endogenous HA (21).
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SUMMARY
Background. We clarified the microstructure of the acetabular transverse ligament in 
terms of the construction and arrangement of the collagen fibers constituting the liga-
ment and their connection with the acetabular labrum using light and scanning elec-
tron microscopy (SEM). 
Methods. Deparaffinized blocks were treated with 2N NaOH to digest the cell matrix, 
allowing the collagen fibers constituting the ligament and cartilage to be observed 
under SEM. 
Results. The acetabular transverse ligament had parallel collagen fibers with a width of 
30–50 µm, which consisted of bundles with type I collagen fibrils. The collagen fibers 
of the transverse ligament were interwoven between the cartilage tissues of the acetab-
ular labrum, forming a layered structure. These components seemed to be directly 
joined to each other histologically. However, in SEM images, the collagen fibers were 
not directly connected; rather, fine collagen fibers with varying diameters extending 
from the structures were interwoven. 
Conclusions. The acetabular transverse ligament had a distinctly different microstruc-
ture than the acetabular labrum. At the connection of both tissues, we found that 
the microstructure was not a direct adhesion but rather a structural bond, at least 
with respect to collagen. The results suggest that ligaments potentially attach to tissues 
other than bone.

KEY WORDS
Acetabular labrum; acetabular transverse ligament; collagen fibrils; microstructure; scan-
ning electron microscopy.

BACKGROUND
The acetabular labrum of the hip joint is not continuous, 
but rather horseshoe-shaped, with its base connected by the 
acetabular transverse ligament. This is unlike the shoulder 
joint with the labrum, which exists all around the glenoid 
fossa. The acetabular transverse ligament crosses the acetab-
ular incision and visibly connects to the acetabular labrum at 
the anterior and posterior parts of the acetabular notch (1). 
The ligament adheres not only to the acetabular labrum but 
also to the bone, forming a sucker-like structure surround-
ing the lower part of the femoral head. It has elements that 
function in conjunction with the acetabular labrum which 

helps prevent the microinstability of the hip joint (2,3). The 
shape of the acetabulum varies among ethnic groups(4),  
and the acetabular transverse ligament and labrum are easi-
ly affected, such as in cases of inversion or damage to them, 
when acetabular dysplasia is present (5,6).
The acetabular diameter is smaller than the femoral head 
diameter when unloaded (7). The anterior and posterior 
corners of the lunar surface open with loading to disperse 
the load, but the acetabular transverse ligament is posi-
tioned anteriorly and posteriorly and is thought to spread 
the force between the corners and participate in load distri-
bution (1). However, a study reported that the amount of 
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load on the lunar surface does not change after acetabu-
lar transverse ligament excision (8). Thus, there are many 
uncertainties regarding the function of the acetabular trans-
verse ligament. However, the acetabular transverse liga-
ment is considered to be a factor that limits femoral head 
reduction in the developmental dislocation of the hip, and 
its excision and resection release the acetabular entrance, 
rendering the femoral head easier to reduce to the acetab-
ulum (9,10). The acetabular transverse ligament is easy to 
visualize, even in the joints with arthritic changes; thus, it is 
clinically useful (e.g., as an indicator of acetabular compo-
nent placement in total hip arthroplasty) (11-13). 
Ligaments usually connect to bones; however, the trans-
verse ligament also connects to the anterior and posterior 
angles of the acetabulum. It is rare for a ligament to appear 
clearly attached to a tissue other than bone, as noted in the 
case of the acetabular labrum. Thus, it would be interest-
ing to observe how these two systems are connected. To 
achieve this goal, the microstructure of the main collagen 
fiber components of the acetabular transverse ligament 
must be clarified. Treatment of a deparaffinized block with 
2N NaOH enables the digestion of the cellular matrix and 
observation of the collagen fibers that make up the liga-
ment, cartilage, and bone (14). 
By observing these samples three-dimensionally using scan-
ning electron microscopy (SEM), it has become possible 
to observe the microstructure, namely, the collagen fibers, 
acetabular labrum, and ligamentum teres of the hip joint 
(15,16). In addition, type I collagen fibrils in the collagen 
tissue and tendon have a diameter of approximately 150 and 
190 nm, respectively (17). The ligament is predominantly 
composed of type I collagen (17,18), whereas the diameter 
of type II collagen fibrils in the hyaline cartilage is 75 nm on 
average, and the predominant collagen type is type II (17,19). 
This knowledge is useful for collagen typing when perform-
ing SEM. However, the microstructure of the acetabular 
transverse ligament itself, namely of its collagen fibers, has 
not yet been clarified as it has in other ligaments. Further-
more, the mechanism underlying the connection between 
the histologically distinct collagen fibers of the acetabu-
lar transverse ligament and those of the acetabular labrum 
remains unknown. Therefore, the purpose of this study was 
to clarify the microstructure of the acetabular transverse 
ligament in terms of the construction and arrangement of 
the collagen fibers and their connection to the acetabular 
labrum using light microscopy (LM) and SEM.

MATERIALS AND METHODS
The acetabular transverse ligaments and labrums obtained 
from a 69-year-old woman and an 82-year-old woman during 

total hip replacement with femoral head necrosis and femo-
ral neck fracture, respectively, were used for the experiments. 
The acetabular transverse ligaments and labrums were fixed 
with 10% formalin immediately after sample collection. After 
fixation, the specimens were immersed in a 5% ethylenedi-
aminetetraacetic acid (EDTA; Wako Pure Chemical Indus-
tries, Osaka, Japan) solution for 2 weeks for decalcification. 
The specimens were then cut into 5- to 10-mm squares, fixed 
in 10% formalin or 4% paraformaldehyde in phosphate 
buffer (pH 7.4), dehydrated, and embedded in paraffin.

LM examination
Paraffin sections (5–10 µm) were stained with hematoxylin 
and eosin (HE; pH 2.5) or alcian blue (AB; pH 1.0 and 2.5) 
to assess the carbohydrate reactions histochemically and 
observed under LM (Nikon ECLIPSE Ci-L, Tokyo, Japan) 
at 2× or 4× magnification.
The slides were deparaffinated and rehydrated with decreas-
ing ethanol passages. Masson’s trichrome staining was 
performed as described below. After washing with running 
water for 3 minutes and rinsing with distilled water, the 
slides were treated for 10 minutes with a dedicated mordant 
(Muto, Tokyo, Japan) for Masson’s trichrome staining. Next, 
the slides were washed with running water for 5 minutes 
and rinsed with distilled water. To differentiate the nuclei, 
the slides were then immersed in Carrazzi’s hematoxylin 
for 15 minutes and rinsed in 0.5% hydrochloric acid water. 
In order to stain the cytoplasm and erythrocytes, the slides 
were submerged in Masson B for 15 minutes and then rinsed 
twice with 1% acetic acid water. Next, the slides were treat-
ed with phosphotungstic acid solution, a mordant, for anoth-
er 6 minutes. After washing them twice with 1% acetic acid, 
the slides were immediately submerged in aniline blue solu-
tion for 3 minutes to stain the fibroblasts and collagen. After 
subsequent washing with 1% acetic acid twice, the slides 
were dehydrated quickly in 100% ethanol, cleared in xylene, 
and mounted onto coverslips using a mounting medium.

SEM examination
The remaining paraffin blocks were deparaffinized with 
xylene overnight and re-fixed with a 2.5% glutaraldehyde 
and 2.0% formaldehyde solution for SEM after observa-
tion under an optical microscope. Furthermore, after being 
immersed in the 2N NaOH solution at 37°C for 3 hours to 
digest the extracellular matrix, the samples were thoroughly 
washed with physiological saline and placed in 1% osmium 
tetroxide, 1% tannic acid, and 1% osmium tetroxide for 1 
hour each, dehydrated with alcohol, and then freeze-dried 
with butyl alcohol. The dried specimens were coated with 
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a 4-nm thick gold layer (E102 Ion Sputter, Hitachi, Tokyo, 
Japan) and examined using SEM (S-4800, Hitachi, Tokyo, 
Japan) at 5 Kv (14). 
Fifty collagen fibrils from multiple microphotographs were 
used to determine the mean diameter of the collagen fibrils 
using Java ImageJ software version 1.46d (National Institute 
of Health, Bethesda, MD). The mean chondrocyte size was 
determined using 25 chondrocytes from different micro-
photographs at the same magnification (1000×). To investi-
gate the acetabular labrum’s fibrous cartilage and transverse 
ligament, the collagen was classified as type I or II based on 
the diameter of the collagen fibrils (type I, approximately 
150 nm; type II, 75 nm) (17).
The study procedures were conducted ethically in accor-
dance with international standards, as required by the 
journal and as described by Padulo et al. (20). This study 
was approved by the Ethics Committee of Oita Universi-
ty (approval number, 1053; approval date, 22 July 2016). 
All experimental procedures were performed in accordance 
with the Declaration of Helsinki. Informed consent was 
obtained from all patients for study participation and publi-
cation of their clinical information.

RESULTS

Macroscopic findings 
A schematic drawing of the constitution of the acetabular 
labrum and transverse ligament is shown in figure 1a. In a 

normal joint, tissues of the acetabular transverse ligament 
and the labrum are continuous with one another (figure 1b).

LM findings
The acetabular transverse ligament is composed of bundles 
of collagen fibers and was, thus, eosinophilic in HE-stained 
specimens but negatively stained in AB-stained (pH 1.0 
and 2.5) specimens. In contrast, the acetabular labrum 
is composed of fibrocartilage; thus, it stained bright in 
HE-stained specimens and strongly in AB-stained speci-
mens (figure 2). The collagen fibers of the acetabular trans-
verse ligament appeared to be penetrating and surrounding 
the cartilage tissue of the acetabular labrum in enlarged LM 
images of the connection of both tissues (figure 3). Masson 
trichrome staining revealed clear wave-depressing collagen 
fibers in the acetabular transverse ligament (figure 4).

SEM examination 
In low-magnification SEM images of the acetabular trans-
verse ligament, bundles of 30–50-µm wide collagen fibers 
were arranged in parallel (figure 5). The collagen fibrils 
composing the acetabular transverse ligament had a mean 
diameter of 161.28±16.79 (range: 133.3–189.7) nm, forming 
collagen fibrils classified as type I (figure 6). 
In SEM images of the acetabular labrum, the cartilage tissue 
was composed of chondrocytes and extracellular matrix 
(figure 7). In high-magnification SEM images of the chon-

Figure 1. Macroscopic appearance of the transitional part of the acetabular transverse ligament (L) and acetabular labrum (AL).
a. The large arrow in the schematic drawing indicates the junction between the AL and the L.
b. Both tissues appear to be connected without clear boundaries.
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Figure 2. Optical microscopy images of the transition between the acetabular transverse ligament and labrum. The acetabular 
transverse ligament (L) consists of collagen fibers and stains negative on alcian blue (AB) staining (pH 1.0 and 2.5). The acetab-
ular labrum (AL), on the other hand, is composed of fibrocartilage, stains slightly brighter on eosin staining, and is strongly 
positive for AB staining (pH 1.0 and 2.5).

Figure 3. Magnified optical microscopy images of the transitional part of the acetabular transverse ligament (L) and acetabular 
labrum (AL). Collagen fibers composing the L appear to penetrate the cartilage tissue.
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Figure 4. Optical microscopy image of the transition 
between the acetabular transverse ligament (L) and acetabu-
lar labrum (AL) with Masson’s trichrome staining. The L shows 
clear wave-depressing fibers, while the AL shows rich cellular 
components around; no clear wave-depressing fibers appear 
to be mixed at the junction of the two tissue types.

Figure 5. Low-magnification scanning electron (SEM) micros-
copy image of the acetabular transverse ligament (L). The L 
consists of bundles of collagen fibers with a width of 30–50 
nm that are arranged in parallel.

Figure 6. Horizontal ligament collagen fibers in high-mag-
nification scanning electron microscopy (SEM) images. As 
treatment with 2N NaOH digests the extracellular matrix, 
the collagen fibrils that make up the collagen fibers are 
clearly observed in the inserted figure. The type I collagen 
fibrils are arranged in parallel and have a mean diameter of 
161.28±16.79 (range: 133.3–189.7) nm.

Figure 7. Scanning electron microscopy (SEM) image of the 
joint lip cartilage tissue. The cartilage tissue consists of chon-
drocytes (CC) and extracellular matrix (M).

drocytes and extracellular matrix, the extracellular matrix 
was densely packed with type II collagen, with a chondro-
cyte size of 12.52±1.71 (range: 10–15.17) µm (figure 8). 

Type I collagen was also present in the acetabular labrum 
and appeared to cause cartilage tissue disruption, showing 
a parallel arrangement as seen in the transverse ligament.
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Figure 10. Scanning electron microscopy (SEM) image of the 
junction between the acetabular transverse ligament (L) and 
the acetabular labrum (AL). The L is penetrated by cartilage 
tissue that constitutes the AL.

Figure 11. Scanning electron microscopy (SEM) images of 
the collagen fibrils in contact with the cartilage tissue. The 
collagen fibrils that constitute the acetabular transverse liga-
ment (L) are dense and surround the cartilage tissue that 
constitutes the acetabular labrum (AL) in the inserted figure. 
Higher magnification SEM images show that type II collagen 
of the AL, with a diameter of 78.08±13.04 (range: 61.8–100.5) 
nm, did not directly bind to type I collagen constituting the L.

Figure 8. High-magnification scanning electron microsco-
py (SEM) image of the chondrocytes (CC) and extracellular 
matrix (M). In the M, the thinner collagen fibrils are dense and 
have a major axis of 12.52±1.71 (range: 10–15.17) µm.

Figure 9. Ultra-low magnification scanning electron micros-
copy (SEM) image of the transition zone between the acetab-
ular transverse ligament (L) and acetabular labrum (AL). The 
cartilage tissues are colored to differentiate between both 
tissues in the L and AL. The tissues of the AL seem to pene-
trate the tissues of the L.

Ultra-low magnification SEM images of the transition-
al zone between the acetabular transverse ligament and 
acetabular labrum revealed that the acetabular trans-
verse ligament penetrated the cartilage tissue composing 
the acetabular labrum, as seen in LM images (figure 9). 
Furthermore, the collagen fibers of the acetabular trans-

verse ligament were interspersed in the acetabular labrum 
cartilage (figure 10); they also surrounded and were dense-
ly surrounded by cartilage (figure 11). At the junction of 
the acetabular transverse ligament and acetabular labrum, 
type I collagen of the transverse ligament and type II colla-
gen of the acetabular labrum, which had a diameter of 
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73.65±8.56 (range: 61.8–89.56) nm, did not bind direct-
ly. Instead, the collagen fibers of the acetabular transverse 
ligament and labrum were interwoven.

DISCUSSION
We assessed the microstructure of the acetabular transverse 
ligament with respect to the construction and arrangement of 
the collagen fibers constituting the ligament and their connec-
tion with the acetabular labrum. We found that the collagen 
fibers were interwoven between the cartilage tissues of the 
acetabular labrum; these structures seemed to be direct-
ly joined histologically with one another. The SEM images, 
however, revealed that the collagen fibers were not directly 
connected; instead, the fine collagen fibers with varying diam-
eters extending from the structures were interwoven. 
The present study revealed the microstructure of the acetab-
ular transverse ligament and its connection with the acetab-
ular labrum by delineating collagen for the first time using 
SEM. A limitation of this study is that the effects of sex 
and age were not evaluated because only two samples were 
collected, and both subjects were older women. We also did 
not evaluate the attachment between the acetabular trans-
verse ligament and bone, which may have indicated a differ-
ent histological connection from that of the present result.
The acetabular labrum has abundant sensory fibers, mech-
anoreceptors, and blood vessels in the fibrous connective 
tissue (16). Kapetanakis et al. also found that free nerve 
endings and nerve end organ presence was greater in the 
ventral side of the acetabular labrum (21). On the other 
hand, although Gerhardt et al. reported that sensory fibers 
and mechanoreceptors are present in the acetabular trans-
verse ligament using LM after histological staining (22), 
Kılıçarslan et al. concluded that it showed good vascu-
larity with abundant free nerve fibers within the fibrous 
connective tissue; however, the latter group of authors did 
not find mechanoreceptors using neurofilament protein 
and S-100 protein immunohistochemistry and microscopy 
(23). In addition, no chondrocytes have been reported to 
be present in the transverse ligament, unlike in the acetab-
ular labrum (24). However, very little is known about the 
microstructure of the acetabular transverse ligament. The 
acetabular transverse ligament is unusual in that it is a liga-
ment that connects to tissues other than bone. 
In the present study, the type I collagen fibrils were found 
to form bundles and collagen fibers, had a width of 30–50 
µm, and were arranged in parallel in the acetabular trans-
verse ligament, as seen in other ligaments. The present study 
also revealed that the histological features of the acetabular 
transverse ligament were completely different from those 
of the cartilage tissue of the acetabular labrum, which is 

mainly composed of type II collagen fibers. The diameter of 
the type I fibrils of the acetabular transverse ligament was, 
on average, 161.28±16.79 (range: 133.3–189.7) nm in this 
study, which is greater than that of general type I collagen 
and lower than that of tendon collagen (12). In contrast, 
although the diameter of the type II fibrils in the acetab-
ular labrum, which have a fibrous cartilage structure, was 
73.65±8.56 (range: 61.8–89.56) nm, it was similar to that of 
the collagen fibrils in the hyaline cartilage(17). Further, the 
collagen fibers of the acetabular transverse ligament were 
interwoven with the acetabular labrum cartilage, forming 
a layered structure with collagen fibers of different diame-
ters. These components histologically seemed to be direct-
ly joined to each other. However, in high-magnification 
SEM images, the diameter of the collagen fibers was rather 
uniform, and their distribution patterns were well segregat-
ed from the bundles composed of smaller fibers. Nogami et 
al. (16) reported that multiple layers of thin type I collagen 
are interwoven with the cartilage tissue of the acetabular 
labrum. Conversely, in the adhesive portion of the acetab-
ular transverse ligament, many relatively thick bundles 
consisting of type I collagen were present and formed a 
layered structure. Therefore, type II and type I collagen 
can coexist and seem to give rise to various structures with 
distinct histological features. Regarding the attachment of 
the ligament to tissues other than bone, it has been found 
that a part of the ligamentum teres composed of type I 
collagen is attached to the surface and inside of the articu-
lar cartilage of the femoral head (15).

CONCLUSIONS
The present study revealed the microstructure of the trans-
verse ligament and its attachment to the acetabular labrum. 
In the macrostructure of the acetabular transverse ligament, 
collagen fibers with a width of 30–50 µm were arranged 
in parallel which consisted of bundle with type I collagen 
fibrils. The acetabular transverse ligament had a distinctly 
different microstructure than the acetabular labrum with 
cartilage tissues. In the connection between the acetabular 
transverse ligament and the labrum, it was found that the 
microstructure was not a direct adhesion, but rather a struc-
tural bond, at least with respect to collagen. Although liga-
ments usually attach to bone, the results suggest that liga-
ments can attach to tissues other than bone. As this study 
only reports findings based on morphological observation, 
quantitative analysis, such as determining the number of 
cells or conducting protein analysis, should be performed 
in detail in future studies. New findings from future studies 
will contribute to the elucidation of the mechanism under-
lying the connection of different tissues.
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SUMMARY
Background. The incidence of Achilles tendon rupture continues to increase signifi-
cantly from year to year. The Krackow technique for Achilles tendon repair has proven 
to be stronger than two clinical standards, Kessler modification technique, and Bunnel 
technique. However, the incidence of re-rupture and complications in the Krackow 
technique is still high if an earlier mobilization is carried out. From several studies, it 
appears that the distance between knots can affect the strength of suture fixation. The 
purpose of this study is to analyze: How does the difference in loop distance in Krack-
ow suture affect the strength of suture fixation.
Methods. This is a comparative analytic study with an experimental design. Cadaveric 
Achilles tendon was made rupture by 4 cm incision above its insertion. Then, it was 
repaired using Krackow suture with a loop distance of 5 mm (group 1), 7.5 mm (group 
2), and 10 mm (group 3). Suture fixation strength was assessed with a standard load to 
failure test. The results were analyzed statistically using a one-way analysis of variance 
and post hoc test.
Results and Discussion. The mean value of Krackow suture fixation strength in group 
1 was 81.2±18.9 N, group 2 was 106.8±16.5 N, and group 3 was 132.3±28.6 N. There 
was statistically significant mean difference between the strength of tendon fixation in 
the loop distance of 5 mm, 7.5 mm and 10 mm (p-value=0.002). The most effective 
group was group 3 (10 mm) because it had the highest mean difference (51.10000, 
p = 0.000). Possible mechanisms that can increase the strength of tendon fixation in 
greater loop distance (10 mm) are a greater suture–tendon interaction, a more secure 
grip power of the sutures on the tendon surface, expanding stress concentration to the 
tendon surface area, and increased stiffness to counteract tensile forces.
Conclusions. The 10 mm loop distance from the Krackow suture results in a signifi-
cantly stronger suture fixation than the 7.5 mm and 5 mm loop distance for Achilles 
tendon rupture in cadaver.

KEY WORDS
Biomechanical testing; cadaveric Achilles tendon; Krackow suture; loop distance.

BACKGROUND
The incidence of Achilles tendon rupture continues to 
increase significantly from year to year, mostly due to 
sports injuries (1-4). In Finland, the incidence of rupture 
increased from 2.1/100,000 in 1979 to 21.5/100,000 in 
2011(1). Meanwhile in Canada, the incidence of rupture 
was 18.0/100,000 in 2003, rising to 29.3/100,000 in 2013(3). 
Likewise in the United States, the incidence of rupture 

also increased from 1.8/100,000 in 2012 to 2.5/100,000 in 
2016(4).  The increased incidence of rupture is due to the 
growth and rising interest in sports activities, especially in 
young men (1-4) Most of Achilles tendon rupture (75%) 
is related to recreational activities in particular in soccer, 
basketball, tennis, and squash, but 25 % of ruptures may 
occur in sedentary patients(2). Badminton is the leading 
cause of the rupture in Finland.1 Meanwhile, basketball is 
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most often involved in the United States(4). Patients aged 
40-59 years had the most considerable rise (78%) in the 
incidence of ruptures(4). Possibly predisposing factor was 
passive mechanical properties change of the tendon in older 
patients (5).
Treatment of Achilles tendon rupture can be non-oper-
ative or operative. Non-operative treatment is generally 
through immobilization by casting and functional bracing 
(6,7). As for operative treatment, three main suture tech-
niques have shown excellent results, namely the Bunnell, 
Kessler, and Krackow techniques(6,7).  Operative treatment 
(open surgery or percutaneous repair) showed significant-
ly improved clinical and functional outcomes than non-op-
erative treatment (8). In 1940, Sterling Bunnel introduced 
a suture technique that permits cross-penetration between 
tendon fibers (9). Then, the grasping suture technique was 
described by Isidor Kessler and Fuad Nissim in 1969, which 
later became a popular method for repairing flexor tendons 
(10,11)  In 1986, Kenneth A. Krackow introduced a unique 
tendon suture technique using locking loops (12,13). The 
Krackow technique for Achilles tendon repair has proven 
to be superior from two clinical standards, Kessler modifi-
cation technique, and Bunnel technique (14,15). The aver-
age strength of tendon fixation from the Krackow technique 
(147 newtons) proved significantly stronger than the Kessler 
modification technique (85 newtons) and the Bunnel tech-
nique (93 newtons)(15). However, there was no significant 
difference in suture strength between the Krackow, Bunnell, 
and Kessler techniques that were performed with a double 
suture weave (16). The Krackow technique also stronger 
compared to the percutaneous method (17). Some research 
on the Krackow technique is also widely done, including 
those that modify the number of loops (2, 4, 6 loops) where 
the results were no statistical differences in peak load to fail-
ure (18). Research by McKeon et al. showed that the addi-
tion of second interlocking suture placed at 90° to the first 
proved to be stronger (18). Other research by Hapa et al. 
showed that the number of locking loops might have an 
influence on the Krackow suture strength using the larger 
diameter, high-strength sutures (14). But, it did not examine 
whether loop distance variance of the Krackow suture can 
influence the suture fixation strength. A study from Ortiz et 
al. showed the triple-strand Dresden technique significant-
ly stronger than the Dresden technique, a modified oblique 
Dresden technique, and a Krackow technique (19).
Several meta-analysis studies showed that the incidence of 
re-rupture in operative treatment varies from 3.1% - 5.0% 
compared to 8.8% - 13% in conservative treatment (20-23). 
A meta-analysis from Soroceanu et al., and Van der Eng et 
al., showed that operative management of Achilles tendon 
rupture did not show better results than conservative treat-

ment. It was because of the same re-rupture rate and high-
er complications if earlier weight-bearing was carried out 
after four weeks (24,25). Meanwhile, operative treatment 
using the Krackow technique showed a low re-rupture rate 
of 2.5% (26). However, a prospective study from Twad-
dle et al. showed an increased re-rupture rate by 10% in 
operative treatment with the Krackow technique if an early 
motion was carried out after ten days, and 4.5% in conser-
vative management (27). In fact, an early motion has proven 
beneficial for healing and tendon function, both in animal 
and human studies (26).
The occurrence of high re-rupture rates can be caused by the 
weakness of the suture due to differences in the loop distance 
of the Krackow technique. Also, suture materials can influ-
ence tendon repair on the biological level (28). Good suture 
techniques for Achilles tendon repair are needed because 
strong suture fixation can facilitate an early rehabilitation 
program to prevent joint stiffness. Strong suture fixation and 
good suture technique are associated with a lower re-rup-
ture rate (7,18, 29-31). According to Y.F. Wu and J.B. Tang, 
a factor that can influence suture fixation strength, is the 
distance between core suture placement and the cut end of 
the tendon. Lengthening the distance can effectively increase 
the suture fixation strength, with the optimal length between 
0.7 - 1.0 cm (32). Also, N. Kozono et al., examined the Kessler 
core suture with 6 Pennington locking loop at the edges made 
asymmetrically at distances of 1 mm, 2 mm, 3 mm, 4 mm, and 
5 mm. It showed that the distance 3 mm or more had signifi-
cantly stronger suture fixation than 1 mm (33).
From these studies, it appears that the loop distance of the 
suture can influence the suture fixation strength. Howev-
er, in the Krackow technique, there was no standardiza-
tion of optimal loop distance to provide high suture fixa-
tion strength. Moreover, no biomechanical studies were 
examining whether the loop distance variance of the Krac-
kow suture can influence the suture fixation strength. The 
purpose of this study was to analyze: biomechanical of the 
Krackow suture fixation strength of cadaver Achilles tendon 
with loop distance variance of 5 mm, 7.5 mm, and 10 mm.

MATERIALS AND METHODS
This is a comparative analytic study with an experimental 
design. Eleven human cadavers (21 Achilles tendons, age 
range between 40 to 60 years old, six males and five females) 
were obtained from the Department of Forensic and Legal 
Medicine, Faculty of Medicine Universitas Padjadjaran/Dr. 
Hasan Sadikin General Hospital Bandung, Indonesia. The 
cadaver was embalmed with a formalin-containing solution 
(34). This study was performed after receiving ethical clear-
ance from the Health Research Ethics Committee of our 
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institution and followed  the  international  ethical  prin-
ciples  as  well  as  the  ethical  standards  of  the  Muscle,  
Ligaments and Tendons Journal (35).
Cadavers were positioned prone, and gastrocnemius 
muscle-Achilles tendon complex was dissected. Achilles 
tendons were  made rupture with a scalpel 4 cm proximal to 
the calcaneal insertion (avascular zone 2-6 cm from its inser-
tion)(22-24). Then, the tendon was repaired with Ethibo-
nd No. 5 (Braided, nonabsorbable, polyester fiber; Ethicon, 
USA) in one of three ways with seven specimens in each 
group. The Krackow technique was used starting 7 mm 
from the cut end of the tendon with a configuration of 3 
locking loops and 2 strands (12,13,32,36). The locking loop 
distance was performed 5 mm in group 1, 7.5 mm in group 
2, and 10 mm in group 3. For accurate range, measurements 
were made with a ruler and marked with markers on the 
tendon (see figures 1 and figures 2).
The specimens were secured onto a tensile testing machine 
(CV. Abdi Tunggal Perkasa – Fanatron Indonesia, West 
Java, Indonesia) with a maximum tensile load of 100 pounds 
(444.8 N), and a maximum traction length of 12 inches 

(30.48 cm). The tensile testing machine was calibrated by 
the National Accreditation Committee (Indonesia) follow-
ing the Japanese Industrial Standards (JIS Z 2241: Tensile 
Testing). A Steinmann pin was drilled transversely through 
the calcaneus and affixed to the machine. The soft tissue 
of the gastrocnemius muscle was secured proximally onto a 
custom made nylon clamp (figure 4). The clamp was made 
asymmetrical teeth jaw shape to prevent tendon slippage 
(37,38). The Steinmann pin and the clamp were not found 
to be weak points in the machine construct. Because the 
calcaneus bone was not dissected free from the cadaveric 
body, the Achilles tendon is rotated 90 degrees on its inser-
tion. However, the direction of pull was still parallel with 
the longitudinal axis of the Achilles tendon. After that, the 
specimens were loaded in tension until failure of the Achil-
les tendon (see figure 3 and figure 4). The ultimate strength 
was considered the peak force recorded by the machine. 
Before the statistical test is performed, the numerical data is 
assessed by the normality test using the Shapiro Wilks test to 
examine whether the data is normally distributed. Then, the 
results were analyzed statistically using a one-way analysis 

Figure 1. A. Cadaveric Position, B. Marking of the incision and suture area of the Achilles tendon, C. The sharp incision of the 
Achilles tendon, D. Tendon repair with the Krackow Technique.

A

C

B

D
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Figure 2. The Krackow Technique with locking loop distances 
of 5 mm (A), 7.5 mm (B) and 10 mm (C).

A

C

Figure 3. Tensile testing machine
Figure 4. Achilles tendon secured onto a tensile testing 
machine (A, B). The monitor showed the ultimate strength (C).

A

B

C
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of variance (ANOVA) comparing the three groups of spec-
imens to assess if there was an effect of loop distance vari-
ance of 5 mm, 7.5 mm, and 10 mm to the Krackow suture 
fixation strength. If there was an effect, post hoc tests using 
Fisher’s least significant difference (LSD) were performed 
to assess differences between the loop distance variance. An 
α level of 0.05 was assumed to be statistically significant. 

RESULTS
The results are summarized in table I. From all groups, the 
Krackow suture fixation strength had a minimum value of 
53.9 N, a maximum value of 170.9 N, and a mean value of 
106.8 N with a standard deviation of 29.9 N. 
In group 1 (loop distance 5 mm), a minimum value of suture 
fixation strength was 53.9 N, a maximum value was 109.7 
N, and a mean value was 81.2 N with a standard deviation 
of 18.9 N. Whereas in group 2 (loop distance 7.5 mm), a 
minimum value of suture fixation strength was 95.3 N, a 
maximum value was 142.9 N, and a mean value was 106.8 

N with a standard deviation of 16.5 N. Finally, in group 3 
(loop distance 10 mm), a minimum value of suture fixation 
strength was 103.4 N, a maximum value of 170.9 N, and 
mean value of 132.3 N with a standard deviation of 28.6 N.
Shapiro Wilks test showed that the data are normally distrib-
uted (p-value = 0.177, >0.05), so a parametric test was used. 
The mean value of the Krackow suture fixation strength in 
group 1 was 81.2 N, group 2 was 106.8 N, and group 3 was 
132.3 N (figure 5). From the one-way analysis of variance 
test results, the p-value was 0.002 (p < 0.05), which means 
there was a statistically significant difference between Krac-
kow suture fixation strength with a loop distance variance of 
5 mm, 7.5 mm, and 10 mm. Fisher’s least significant differ-
ence testing revealed that for all three groups, group 3 were 
stronger than both group 1 and group 2 because group 3 
had the highest mean difference of 51.1 compared to group 
1 with p-value = 0.000 (p < 0.05) and mean difference of 
25.5 compared to group 2 with p-value = 0.043 (p < 0.05) 
(table II).

Table I. Characteristics of the Krackow suture fixation strength based on loop distance.

Variable

Loop distance

∑
N=21

Group 1
5 mm

Group 2
7.5 mm

Group 3
10 mm

N=7 N=7 N=7

The Krackow Suture Fixation Strength 
(N)

Mean ± SD 81.2±18.9 106.8±16.5 132.3±28.6 106.8 ± 29.9

Median 79.8 100.0 130.4 103.4

Range (minimum-maximum) 53.9-109.7 95.3-142.9 103.4-170.9 53.9-170.9

Table II. Post Hoc Test of Krackow suture fixation strength based on loop distance.

Loop Distance
Mean Difference Krackow suture fixation strength

 (I-J) p(I) 
Group (J) Group

5 mm 7.5 mm -25.6* 0.043

10 mm -51.1* 0.000

7.5 mm 5 mm 25.6* 0.043

10 mm
10 mm -25.5* 0.043

5 mm 51.1* 0.000

7.5 mm 25.5* 0.043
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DISCUSSION
The results showed that there was a statistically signifi-
cant mean difference between the Krackow suture fixation 
strength in all groups with a loop distance variance of 5 
mm, 7.5 mm, and 10 mm. From all groups, the most effec-
tive was group 3 (loop distance 10 mm) because it had the 
highest mean value of tendon fixation strength compared to 
group 1 (5 mm) and group 2 (7.5 mm). Kenneth A. Krac-
kow first introduced this unique tendon suture technique 
using locking loops in 1986 (12,13). The average strength of 
tendon fixation from the Krackow technique (147 newtons) 
proved significantly stronger than the Kessler modifica-
tion technique (85 newtons) and the Bunnel technique (93 
newtons) (15,39). But, there was no significant difference in 
strength between the Krackow, Bunnell, and Kessler suture 
techniques, when each was performed with a double suture 
weave (16). The Krackow technique also stronger compared 
to the percutaneous method (17). Some research on the 
Krackow technique is also widely done, including research 
by McKeon et al. showed that the addition of second inter-
locking suture placed at 90° to the first proved to be stron-
ger (18). 
An early motion has proven beneficial for healing and 
tendon function, both in animal and human studies (26). 
However, an early motion could increase the re-rupture 
rate by 10% in operative treatment with the Krackow tech-
nique (27). The occurrence of high re-rupture rates can be 

caused by the weakness of the suture due to differences in 
the loop distance of the Krackow technique. Strong suture 
fixation and good suture technique are associated with a 
lower re-rupture rate (7,18, 29-31). Several factors that can 
influence the suture fixation strength include the number 
of suture strands, suture materials, locking or grasping 
loop configuration, suture knots, knots or loop distance, 
and core suture tension (32). Several meta-analysis studies 
showed that the incidence of re-rupture in operative treat-
ment varies from 3.1% - 5.0% compared to 8.8% - 13% 
in conservative treatment (20-23). A meta-analysis from 
Soroceanu et al., and Van der Eng et al., showed that oper-
ative management of Achilles tendon rupture did not show 
better results than conservative treatment. It was because of 
the same re-rupture rate and higher complications if earli-
er weight-bearing was carried out after four weeks (24,25) 
Meanwhile, operative treatment using the Krackow tech-
nique showed a low re-rupture rate of 2.5% (26).
According to Y.F. Wu and J.B. Tang, a factor that can influ-
ence suture fixation strength, is the distance between core 
suture placement and the cut end of the tendon. Lengthen-
ing the distance can effectively increase the suture fixation 
strength, with the optimal length between 0.7 - 1.0 cm (32). 
Also, N. Kozono et al., examined the Kessler core suture 
with 6 Pennington locking loop at the edges made asymmet-
rically at distances of 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm. 
It showed that the distance 3 mm or more had significantly 

Figure 5. Krackow suture fixation strength based on loop distance.
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stronger suture fixation than 1 mm (33). Also, N. Kozono 
et al., examined the Kessler core suture with 6 Pennington 
locking loop at the edges made asymmetrically at distances 
of 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm. It showed that 
the distance 3 mm or more had significantly stronger suture 
fixation than 1 mm (33). From these studies, it appears that 
the loop distance of the suture can influence the suture fixa-
tion strength.
However, in the Krackow technique, there was no stan-
dardization of optimal loop distance to provide high suture 
fixation strength. In this study, the loop distance variance 
of the Krackow technique proved to influence the suture 
fixation strength significantly. From the biomechanical 
studies that have been conducted, the loop distance of 10 
mm in the Krackow technique has the highest mean value 
of suture fixation strength (132.3 N) compared to the 
loop distance of 5 mm and 7.5 mm. The mechanism that 
can increase the suture fixation strength is the longer the 
suture distance, the higher the interaction between tendons 
and sutures (32). Also, greater loop distance can increase 
the strength of the suture grip on the tendon surface and 
further strengthen the suture fixation (32). A long loop 
distance can also divide the stress concentration to a greater 
surface area, thereby increasing the suture fixation strength 
(33,40) In addition, the greater loop distance can increase 
stiffness to neutralize the tensile forces so that the suture 
fixation strength is stronger (32,40,41) Tendon stiffness 
indicates the magnitude of the force required to produce 
elongation from a tendon segment. The suture tendon stiff-
ness suggests the ability of the suture to resist tendon defor-
mation to the stress force (32,41). Therefore, in this study, 
the suture fixation strength was highest at the 10 mm loop 
distance because it had high stiffness to resist tendon elon-
gation from the tensile force.
The results of this study are supported by research from 
Yi Cao et al., who examined locking cruciate sutures on 
the flexor tendon with the core purchase distance 10 mm 
and 4 mm. Sutures purchase of 4 mm have suture fixa-
tion strength 20-45% lower than suture purchase of 10 
mm (41). Other studies from Kim et al., and Lee et al., 
also supported this research. It showed that the tendons 
with a core suture purchase of 10 mm had a high suture 
fixation strength (42,43). The distance of the core suture 
to the cut end of the tendon determines the number of 
tendon segments that interact with the suture. Extending 
the length can increase the suture fixation strength due to 
the more significant interaction between the suture and 
tendons (32,41). Likewise, with the locking loop suture in 
the Krackow technique, the longer the loop distance, the 
more Achilles tendon segments interact with the Krack-
ow suture, thereby increasing the suture fixation strength. 

It was proven in this study, the loop distance of 10 mm 
showed a mean value of suture fixation strength that was 
significantly stronger than the loop distance of 7.5 mm and 
5 mm.
Although the results showed that the mean value of suture 
fixation strength is significantly higher in the Krackow tech-
nique with a loop distance of 10 mm in this study, some 
weaknesses cannot be avoided. First, the researcher could 
have subjectivity in conducting this research. It can be mini-
mized by performing according to standards and using a 
ruler and marker so that the measurements were correct. 
Second, differences in the size of the cadaveric tendon can 
also cause bias in this study. Therefore, this study used adult 
cadavers, age 40-60 years old, so that the size of the tendon 
is not too varied. Third, the elasticity of tendons can be 
different due to differences in gender and age, so that it can 
affect the ultimate failure of the tendon (44,45,46). Fourth, 
Achilles tendon was not placed along with its physiologi-
cal boundary condition (aligned with the tibia). The calca-
neus bone was not dissected free from the cadaveric body 
because of an ethical issue in our institution. So, the Achil-
les tendon is rotated 90 degrees on its insertion. However, 
the direction of pull was still parallel with the longitudinal 
axis of the Achilles tendon. It had no impact on the results 
because all the specimens were aligned with the same tech-
nique. Fifth, in this study, the length of the loop distance 
of the Krackow suture has proven to be stronger, but the 
optimal loop distance has not yet been determined for a 
range of more than 10 mm. So, further research is need-
ed to asses biomechanical strength for loop distances more 
than 10 mm. Sixth, the cadaver Achilles tendon certainly 
does not have the biochemical healing ability, as occurs in 
living human tendon. Intrinsic factors and extrinsic factors 
can influence the tendon healing process. Too much tendon 
suture can also cause fibrotic tissue to form, thereby increas-
ing stiffness in the ankle joint. Therefore, further research is 
needed to asses biomechanical of the Krackow suture fixa-
tion strength of living human tendon with loop distance 
variance of 5 mm, 7.5 mm, and 10 mm to strengthen the 
results of this study.

CONCLUSIONS
Based on the results, this research concludes that the 10 mm 
loop distance of the Krackow suture results in a significant-
ly stronger suture fixation than the 7.5 mm and 5 mm loop 
distance for Achilles tendon rupture in cadaver. 
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SUMMARY
Background. Shoulder pain is a very common musculoskeletal disorder that affects 
many people, with rotator cuff (RC) injury as one of its main causes.  
Objective. To analyze the efficacy of KT, both isolated and associated with exercise, on 
pain and function of patients with shoulder RC injuries. 
Method. A randomized, blind clinical trial with sixty (60) participants with RC inju-
ries, randomized into exercise group (EG), in which participants performed an exer-
cise protocol; kinesio tape group (KTG), with application of the elastic bandage; and 
exercise + kinesio tape group (EKTG), in which participants performed both proto-
cols. We evaluated pain intensity, active and passive mobility, muscle strength, and 
function. 
Results. All intervention groups significantly improved pain, disability, and function. 
Regarding the latter, EKTG showed significantly greater improvements than EG and 
KTG (p<0.05). In addition, EKTG improved muscle strength in all evaluated move-
ments. Groups EG and EKTG improved range of motion in all evaluated movements, 
for both the right and left shoulder. 
Conclusions. Exercises were the basis of the treatment of RC injury. When associated 
with an exercise protocol, kinesio tape (KT) enhanced the effect of exercise in patients 
with shoulder RC injury. In isolation, KT was effective in reducing pain. Brazilian Clin-
ical Trials Registry (REBEC) RBR-65qh7j.

KEY WORDS
Rotator cuff; kinesio tape; therapeutic exercise.

Kinesio Tape In Shoulder Rotator Cuff 
Tendinopathy: A Randomized, Blind Clinical Trial

BACKGROUND
Shoulder pain is a very common musculoskeletal disorder 
that affects many people.1 It causes significant disability, and 
rotator cuff injury is one of its main risk factors (2,3). The 
prevalence of shoulder pain ranges from 6.9 to 26.0% (1,4). 
Among the various conditions that may affect people with 
shoulder pain, subacromial impingement syndrome (SIS) 
has the highest prevalence and accounts for 36% of shoul-
der disorders (5). Subacromial impingement syndrome or 
SIS is a generic term used to define lesions affecting struc-
tures in the subacromial space, such as RC tendinosis, partial 

RC rupture, and bursitis (1). Rotator cuff (RC) ruptures are 
a common cause of shoulder dysfunction and can lead to 
numerous functional deficits, including decreased range of 
motion (ROM), pain, and muscle weakness (6). Rotator cuff 
injuries and subacromial impingement are among the most 
common diagnoses in the shoulder region (7) being one of 
the most common causes of shoulder dysfunction (8). These 
events occur mainly in patients aged between 40 and 60 years 
and may be traumatic or degenerative (9). Their etiology is 
multifactorial (10,11) and age is a factor that predisposes to 
tendon degeneration (10,11). When associated with muscle 
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overuse, repair does not occur properly, resulting in disor-
ganization and tendon thickening (a process called tendino-
sis) (11).
Initial treatment of RC injuries is conservative and empha-
sizes rehabilitation programs as opposed to surgical inter-
ventions.2 Shoulder rehabilitation programs generally focus 
on strengthening shoulder and shoulder girdle (more specif-
ically, RC) muscles (2). Several studies prove the effective-
ness of an eccentric strengthening program for shoulder 
rotator cuff (12).
Kinesio tape (KT) is used with or without other physiother-
apeutic interventions, especially to control pain, inflam-
mation, and improve functional activity in patients with 
shoulder pain (3,13). It is usually used as an adjunct in the 
rehabilitation of injuries (3,13). After KT application, there 
is an increase in interstitial space leading to an increase in 
blood and lymphatic flow, with consequent decreased pres-
sure on the underlying soft tissues.14 Kinesio tape may be an 
interesting option for improving shoulder neuromuscular 
control, with wide application in clinical practice (15). It has 
been argued that KT can reduce symptoms and functional 
limitations by improving proprioceptive feedback (13,16). 
Moreover, KT has been reported to increase subacromial 
space in healthy individuals (7,9).
Exercise programs that not only focus on scapular muscle 
strengthening but also emphasize motor control, including 
quality of movement, have been advocated for the treat-
ment of individuals with RC injuries and included in shoul-
der sports injury prevention programs (17). Exercises play 
a fundamental role in the treatment of RC injuries (16). 
Studies show that several benefits can be obtained from 
physiotherapeutic exercises18,19 such as active and passive 
range-of-motion exercises, Codman pendulum exercises, 
stretching, and isometric and isotonic exercises. Eccentric 
exercises have been reported in the literature as the most 
recommended for treating degenerative tendon diseas-
es (20). Eccentric training consists in the contraction of a 
muscle to control or slow down a load, while the muscle and 
tendon stretch or remain stretched (21). This technique has 
been recommended in the treatment of several pathologies 
such as Achilles tendon tendinopathy, patellar tendinopa-
thy, lateral elbow epicondylitis, and RC (21). Other physi-
ological processes that justify the use of eccentric exercises 
are increased fibroblast activity, accelerated collagen forma-
tion, formation and increase of type I collagen, and collagen 
organization and alignment (tendon remodeling) (22,23).
This study is justified by the controversy found in the 
current literature on the effect of KT, either in isolation or 
associated with kinesiotherapeutic approaches, on gener-
al musculoskeletal disorders, especially in the treatment of 
partial injuries of shoulder rotator cuff.

Here, we evaluate the effects of KT, either in isolation or 
associated with exercise, on RC injuries. Variables assessed 
were: pain, joint mobility, muscle strength, and shoulder 
function in patients with RC injury.

MATERIALS AND METHODS

Study design
This was a randomized, blind clinical trial conducted at 
the Physiotherapy Clinic School of the Lutheran University 
of Brazil (Torres-RS) from August 2017 to June 2019. The 
study was registered in the Brazilian Clinical Trials Registry 
(REBEC) under the identification number RBR-65qh7j.

Sample calculation
The pain level assessed by VAS was used as the primary 
outcome to calculate sample size. Based on the study by 
Tantawy and Kamel (24), we estimated the mean and stan-
dard deviation of the initial pain of the study participants to 
be 4.9 ±. 1.8 in the experimental group and 4.8 ± 1.6 in the 
control group; and the mean and standard deviation of the 
final pain, i.e., after six weeks of treatment, to be 3.3 ± 1.4 
for the eccentric training group and 4.1 ± 1.5 for the tradi-
tional training group. Using a study power of 80%, a signif-
icance level of 95%, and a sample size ratio of 1: 1: 1 (KT 
group: exercise group: KT + exercise group), we estimat-
ed 16 participants for each group, totaling 48 participants. 
Believing that losses and refusals would be around 20%, we 
reached the final number of 20 participants for each group, 
totaling 60 participants.

Sample randomization
After the initial assessment, eligible participants were 
randomized through a list of random numbers provided by 
the EPI-Info® software. These participants chose a sealed 
envelope containing a random number corresponding to 
one of the intervention groups, previously defined by the 
list of random numbers. Participants were randomly divid-
ed into exercise group (EG), performing only one exercise 
protocol consisting of seven exercises; Kinesio tape group 
(KTG), where only the elastic bandage was applied to 
participants; and exercise + Kinesio tape group (EKTG), 
which performed both KT and exercise protocols, totaling 
60 patients.

Eligibility Criteria
Eligibility criteria are shown in table I.
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DATA COLLECTION
The evaluation protocol was performed at three moments. 
The initial evaluation was performed prior to randomization; 
the second evaluation after the end of the intervention; and 
the third (follow-up) at 90 days after the end of the interven-
tion protocol. Evaluations were performed by an indepen-
dent, previously trained, blind evaluator (who did not know 
which group the research participant belonged to).

Anthropometric evaluation
Body mass index (BMI) was calculated by measuring body 
height and weight. 

Pain intensity assessment
Pain intensity was measured using the Visual Analogue Scale 
(VAS). In this scale, the patient is asked about his/her pain level 
on a scale from zero to ten, where zero means total absence of 
pain and ten the maximum tolerable pain (25). The intensity 
of pain at rest was assessed 24 hours prior to evaluation.

Muscle strength assessment
Maximal voluntary isometric contraction (MVIC) was eval-
uated by manual dynamometry. Muscle strength of the 
rotators and deltoid was measured using a Chattanooga® 

push-pull dynamometer. The peak of maximum voluntary 
isometric force was measured at the average arc angle of 
each movement. The average of two of the three measure-
ments taken was used as the maximum voluntary isometric 
contraction (MVIC), as described by Ling et al. (26).
For flexion, abduction, and extension movements, the 
participant remained standing. The shoulder was oriented at 
0º. The dynamometer was positioned above the elbow, and 
the resistance applied perpendicular to the distal humerus, 
one centimeter above the lateral epicondyle. The partic-
ipant was asked to apply a force contrary to the position 
of the dynamometer. Participants maintained the positions 
mentioned while the examiner applied the force through 
the dynamometer with the participant accumulating maxi-
mum tension in one to two seconds and maintaining tension 
for four to five seconds.
External and internal rotation movements were tested with 
the participant lying supine, shoulder at 90° abduction and 
90° elbow flexion. The dynamometer was positioned one 
centimeter below the wrist, perpendicular to the dorsal 
distal forearm, and one centimeter proximal to the ulnar 
styloid. The participant was asked to apply a force contrary 
to the position of the dynamometer. Two measurements 
were taken for each strength test, with a 30-second rest 
between measurements to allow muscle recovery. The aver-
age of the two measurements of each strength test was used 
for data analysis.

Table I. Study inclusion and exclusion criteria. 

Inclusion criteria Exclusion criteria
Patients aged 18 to 70 years Patients with history of shoulder dislocation and positive 

displacement apprehension test

Having signed the Informed Consent Form (ICF) Intratendinous rotator cuff calcifications

Subacromial pain (grade 3 or more on VAS) for at least three 
months

Proximal humeral fracture

Two of three positive impingement tests (Jobe, Hawkins-
Kennedy, Neer) performed by an independent expert

Diagnosis of complete tendon rupture in the rotator cuff  

Diagnosis of complete tendon rupture in the rotator cuff 

Previous shoulder surgery

Adhesive capsulitis

Type III acronym (Bigliani classification) on x-ray

Use of corticoid infiltrates within three months prior to the study

Rheumatic and neurological diseases

Patients with cognitive impairment that prevents them from 
understanding the exercises

Patients with skin hypersensitivity to Kinesio tape or bandage

Patients undergoing or having undergone  physiotherapy treatment 
in the last 3 months
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Range of motion assessment
Active and passive movements of flexion, abduction, exten-
sion, internal and external rotation were measured using 
a universal goniometer for determining ROM. To assess 
shoulder joint flexion and extension mobility, the partici-
pant remained standing. The goniometer axis was posi-
tioned centrally at the glenohumeral joint, with the fixed 
arm perpendicular to the ground, and the movable arm 
positioned in line with the axis of the participant’s arm. For 
abduction, the central axis of the goniometer was positioned 
in the posterior glenohumeral joint. To assess rotation, the 
participant was placed in the supine position with the shoul-
der abducted at 90º and the elbow flexed at 90º. The central 
axis of the goniometer was positioned over the olecranon of 
the ulna. The fixed arm was positioned perpendicular to the 
ground, while the movable arm was positioned in line with 
the patient’s forearm.

FUNCTION ASSESSMENT
Data regarding function and disability were collected 
through function and quality of life questionnaires (UCLA 
(27), modified) and the Shoulder Pain and Disability Index 
(SPADI) (28). The University of California, Los Ange-
les (UCLA) scale assesses pain intensity, shoulder func-
tion, active range of motion, muscle strength, and patient 
satisfaction. The higher the score obtained, the better the 
patient’s functional level. A score of 34-35 points corre-
sponds to excellent results, 28-33 points correspond to good 
results, 21-27 points correspond to reasonable results, and 
0-20 points correspond to bad results. The Constant-Mur-
ley score assesses pain and disability in patients with shoul-
der disorders. It has two subjective parameters (pain and 
daily living activities) and two objective parameters (range 
of motion and muscle strength). The scale totals 100 points, 
of which 35 are allocated to subjective parameters and 65 
to objective parameters. Finally, the Shoulder Pain and 
Disability Index (SPADI) is a quality of life questionnaire 
designed to assess pain and disability in shoulder disor-

ders. It consists of thirteen items with two dimensions, one 
for pain and the other for functional activities. The final 
questionnaire score obtained separately for each dimen-
sion is converted into percentages ​​ranging from zero to one 
hundred, with the highest score indicating the worst condi-
tion of shoulder dysfunction.

EXERCISE PROTOCOL
For participants in the exercise group, the intervention 
protocol consisted of a program with seven eccentric exer-
cises. The program lasted four weeks and the sessions 
were held three times a week. As the patient became more 
familiar with the program and progressed in mobility and 
strength weekly, the load of each exercise was increased by 
0.5 kg per week until reaching 1 kg; from the last week until 
the end of the intervention protocol, the load was 2 kg. The 
increase in weekly load was suspended only in case of main-
tenance of pain on movement or lack of strength to progress 
further (table II).

KT intervention
Kinesio tape was applied according to the protocol for RC 
tendinitis/shoulder impingement suggested by Kase (18). For 
groups KTG and EKTG, KT was applied twice a week for 
four weeks and was replaced every three days. Each partici-
pant used three tapes. The first tape (Y-shaped) was applied 
over the supraspinatus and infraspinatus muscles, anchored 
towards their origin (18). The tape was applied using a 15 
to 25% tension, with the participant in a contralateral incli-
nation of the cervical spine to the shoulder, and the arm in 
internal rotation at the back (figure 1). The second tape (also 
Y-shaped) was applied bypassing the deltoid muscle belly, 
with a 15 to 25% tension, also towards the origin (18). A 
portion of the tape bypassed the anterior part of the deltoid, 
with the arm in horizontal abduction and in external rota-
tion. The other portion of the tape bypassed the posterior 
aspect of the posterior deltoid, being applied with the arm 

Table II. Exercise program.

Exercise 1. Sitting. Performs shoulder/scapular elevation up to 90° (15 repetitions).
Exercise 2. Sitting. Performs internal rotation as if scratching the back (15 repetitions).
Exercise 3. In lateral decubitus, arm supported, elbow at 90°, performs external rotation (15 repetitions).
Exercise 4. In lateral decubitus, arm supported, performs internal rotation (15 repetitions).
Exercise 5. In supine position, performs shoulder/scapular elevation up to 90° (15 repetitions).
Exercise 6. In prone position, with one arm off the examination table, performs extension movement (one-arm rowing exercise) (15 
repetitions).
Exercise 7. In orthostasis, performs wall push-ups (15 repetitions).
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in horizontal adduction and in internal rotation, as if touch-
ing the contralateral hip (figure 1) (18). Finally, the third 
tape (I-shaped) anchored the other two from the coracoid 
process towards the scapular spine, using a tension of 50 to 
75%, with upper limb flexion and slight horizontal adduc-
tion (figure 1) (18). All participants were monitored for 
signs of hypersensitivity or allergy to KT. In the presence of 
these signs, the bandage would be removed and the patient 
referred for medical evaluation at the health network.

STATISTICAL ANALYSIS
Statistical Package for Social Sciences (SPSS) version 23.0 
was used for data analysis. Data were initially expressed as 
frequency, mean, median and standard deviation. After-
wards, the normality of data distribution was analyzed using 
the Shapiro-Wilk test.
For intragroup comparisons (EG, KTG, and EKTG) at the 
various times of the study, parametric data were statistical-
ly analyzed by one-way analysis of variance (ANOVA) for 
repeated measures followed by Bonferroni post-hoc test. 
For intergroup comparisons, one-way analysis of variance 
(ANOVA) was used followed by Tukey post-hoc test, both 
at pre- and postintervention and 90 days after the interven-
tion protocol. For nonparametric variables between groups, 
the Kruskal-Wallis and Friedman tests were used for intra-
group analysis. The significance level established for all 
statistical tests was p<0.05.

RESULTS
The initial sample consisted of 60 participants randomly 
assigned to exercise group (EG) (n=20), Kinesio tape group 
(KTG) (n=20), and exercise + Kinesio tape group (EKTG) 

(n=20). All participants completed the final evaluation. 
However, in the follow-up assessment, there were two loss-
es in EG, one for withdrawal and one participant who was 
referred for surgery. Moreover, EKTG had a loss due to arm 
fracture. No side effects were observed regarding the use 
of KT or the progression of the proposed exercises in the 
study participants. Thus, 57 patients completed the study 
(figure 1).
Table III shows the initial characteristics of the sample. The 
groups were homogeneous regarding the analyzed variables.
All intervention groups improved pain after the interven-
tion and maintained this reduction in the follow-up assess-
ment. There were no significant differences between groups 
(figure 3).
Considering UCLA scores, all groups significantly improved 
function after the intervention. In the follow-up assess-
ment, EKTG showed a significantly higher score than KTG 
(p=0.022) (figure 4).
All groups also significantly improved disability from base-
line to endpoint, as assessed by the SPADI-Brazil question-
naire. In the follow-up assessment, EKTG showed a signifi-
cantly higher score than KTG (p=0.041) and EG (p<0.024) 
(figure 5).
The exercise + Kinesio tape group (EKTG) significantly 
increased right shoulder mobility (p<0.05). For this group, 
flexion and internal rotation range of motion were signifi-
cantly higher compared to KTG (p=0.02). The exercise 
group (EG) significantly increased active ROM of flexion, 
abduction, and external and internal rotation at the end 
of the protocol (p<0.05). The Kinesio tape group (KTG) 
improved only abduction and external rotation ROM 
(p<0.05) (table IV).
Participants with left shoulder pain in the EKTG 
improved all active ROM (p<0.05). For EG participants, 

Figure 1. Application of Y-shaped Kinesio tape in the scapula (A); Y-shaped Kinesio tape in the deltoid (B); and I-shaped Kine-
sio tape for anchorage and scapulohumeral joint positioning (C).

A B C
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only extension ROM did not significantly increase after 
the intervention. In turn, KTG participants increased 
only flexion and abduction ROM (p<0.05) (table V). 
There were no differences between groups in the differ-
ent evaluation times.
The muscle strength of patients with right shoulder pain, 
represented by the maximum voluntary isometric contrac-
tion (MVIC), did not differ significantly between groups 
in the different moments of the study. The Kinesio tape 
group (KTG) significantly improved only flexion and 
external rotation ROM of the right shoulder (p<0.05) at 
the end of the protocol. The exercise + Kinesio tape group 
(EKTG) increased muscle strength in flexion (p<0.05), 
external rotation (p<0.01), and internal rotation (p<0.01) 
ROM of the right shoulder at the end of the protocol. 
However, muscle strength increased significantly for all 
ROM from baseline to follow-up (p<0.05). Participants in 
the EG significantly increased strength in flexion, abduc-

tion, and internal rotation ROM of the right shoulder at 
the end of the intervention (p<0.05). For flexion ROM, 
this strength gain remained at the follow-up assessment 
(p<0.05) (table VI).
The muscle strength of patients with left shoulder pain 
did not differ significantly between groups at the different 
times of the study. The Kinesio tape group (KTG) signifi-
cantly increased muscle strength for external rotation only 
at the follow-up assessment (p<0.05). Participants in the 
EKTG significantly improved strength from baseline to 
endpoint only in external rotation ROM of the left shoul-
der (p<0.05). The exercise group (EG), in turn, did not 
significantly improve left shoulder ROM (table VII).

Figure 2. Study flowchart.

Table III. Sociodemographic characteristics of the sample 
(n=60).

Intervention Group

KTG 
(n=20)

EKTG 
(n=20)

EG 
(n=20)

p-value

Age, years (± sd) 48.65 ± 
10.27

46.95 ± 
10.74

49.20 ± 
13.13

0.88#

Gender, n (%) 0.37$

Male 6 (30.0) 8 (40.0) 4 (20.0)

Female 14 (70.0) 12 (60.0) 16 (80.0)

Skin color, n (%) 0.15$

White 17 (85.0) 19 (95.0) 8 (100.0)

Black 3 (15.0) 1 (5.0) 0 (0.0)

Affected 
shoulder, n (%)

0.58$

Right 9 (45.0) 10 (50.0) 6 (30.0)

Left 7 (35.0) 7 (35.0) 7 (35.0)

Both 4 (20.0) 3 (15.0) 7 (35.0)

Occupation 0.14$

General 
services

4 (20.0) 0 (0.0) 1 (5.0)

Housekeeper 2 (10.0) 6 (30.0) 3 (15.0)

Bricklayer 2 (10.0) 0 (0.0) 0 (0.0)

Cook 2 (10.0) 0 (0.0) 0 (0.0)

Others 10 (50.0) 14 (70.0) 16 (80.0)

Time of pain, 
years (± sd)

4.95 ± 
5.63

5.00 ± 
8.05 

4.88 ± 
8.99

0.98#

Legend: kg: kilogram; cm: centimeters; KTG: Kinesio tape group; EKTG: 
exercise + Kinesio tape group; EG: exercise group.
# One-way ANOVA.
$ Chi-square.
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Figure 3. Pain level (VAS) in study groups (n=60)
# p=0.001 compared to baseline. ANOVA for repeated measures. 
$ p=0.02 compared to baseline. ANOVA for repeated measures.

Figure 4. UCLA questionnaire score in study groups (n=60)
# p=0.001 compared to baseline. ANOVA for repeated measures.

Figure 5. Total SPADI questionnaire score in study groups (n=60).
# p=0.001 compared to baseline. Student t test. 
$ p<0.05 compared to KTG. One-way ANOVA.

DISCUSSION
The present study evaluated the efficacy of KT, both isolat-
ed and associated with exercise, on pain, disability, mobility, 
and strength in subjects with RC injury. Oliva et al. (29), in 
their guideline about rotator cuff tears, report that the exer-
cise demonstrates some advantages, in an isolated or asso-
ciated way in an Individual Rehabilitation Project (PRI) in 
patients with rotator cuff tears. Pain intensity decreased in all 
study groups from baseline to endpoint and follow-up. This 
result is corroborated by the study by Kocyigit et al., (30) 
who investigated the effect of KT on pain intensity, strength, 
and mobility in 41 patients with RC injury allocated to KT 
group (n=21) and placebo KT group (n=20). The authors 
prescribed a Codman pendulum exercise program with three 
sets of 10 repetitions per day for all patients (30). The exper-
imental KT group significantly reduced pain intensity (30). 
The authors concluded that KT immediately improved pain 
in all patients with RC injury (30). Kinesio tape, in conjunc-
tion with other physiotherapy interventions, can facilitate or 
inhibit muscle function, maintain joint positioning, reduce 
pain, and provide proprioceptive feedback to achieve and 
maintain body alignment (31). Increased proprioceptive 
feedback by sensory stimulation from KT application may 
strengthen postural control and facilitate the return to previ-
ous muscle activity (32). Another probable explanation of the 
effect of KT on pain modulation relates to the pain gate theo-
ry, where it is suggested that the bandage stimulates neuro-
muscular pathways. This mechanical stimulation provided 
by KT activates fast conducting fibers performing synapses 
with inhibitory interneurons, which closes the pain gate, not 
allowing the passage of nociceptive stimuli (33,34). Micinilli 
et al. approached 21 patients with rotator cuff tendinopa-
thy using real KT and sham KT. Both groups performed the 
same exercises protocol. The authors observed that KT can 
facilitate the immediate reduction of pain during rehabilita-
tion, probably due to the mechanism of the pain gate, which 
KT produces sensory stimulus, which reduces the noci-
ceptive signal (35). Similarly, Aguilar-Ferrandiz et al. (36) 
investigated the effect of KT and placebo KT application 
in women with chronic venous insufficiency. One hundred 
and twenty postmenopausal women with mild to moderate 
chronic venous insufficiency were randomly assigned to GK 
(n=60) group, who received standardized KT treatment (15 
to 50% tension) for gastrocnemius muscle enhancement and 
ankle functional correction; and placebo KT group (n=60) 
(36). Pain level and overall health were recorded at baseline 
and after four weeks of treatment (36). The authors conclud-
ed that KT therapy improves pain symptoms and periph-
eral venous flow and may slightly increase overall health 
in women with chronic venous insufficiency for up to four 
weeks after treatment (36).
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Table IV. Active range of motion (ROM) of participants with right shoulder pain (n=39).

Variable Initial Final Follow-
up

p-value Initial Final Follow-
up

p-value Initial Final Follow-
up

p-value

Flexion 
(m±sd)

141.70 
± 
27.14

154.05 
± 24.68#

147.60 
± 24.66

0.057 150.42 
± 21.47

164.21 
± 
19.32$

163.58 ± 
13.99#

0.006 140.78 ± 
29.63

161.67 ± 
19.69$

158.72 ± 
20.54$

0.000 0.02 
†

Abduction 
(m±sd)

132.65 
± 
31.61

149.65 
± 26.24#

141.85 
± 28.44

0.037 144.10 
± 29.30

161.05 
± 
22.01$

159.79 ± 
18.39#

0.007 135.67 ± 
31.33

158.00 ± 
18.01$

152.22 ± 
22.28#

0.002 0.02 
†

Extension 
(m±sd)

 45.74 
± 
13.19

48.30 ± 
11.80

43.40 ± 
10.61

0.114 37.94 ± 
7.56

50.16 ± 
9.09$

45.26 ± 
12.67

0.002 46.22 ± 
12.51

50.39 ± 
10.65

48.28 ± 
13.96

0.250 0.05

Ext. Rot. 
(m±sd)

64.70 
± 
18.00

78.30 ± 
11.41$

74.00 ± 
17.07

0.008 69.89 ± 
4.29

74.47 ± 
3.85

81.84 ± 
9.25#

0.022 64.72 ± 
22.59

84.44 ± 
7.83$

79.39 ± 
9.68#

0.013 0.08 
†

Int. Rot. 
(m±sd)

64.40 
± 
23.76

73.15 ± 
10.97

73.25 ± 
22.63

0.130 69.78 ± 
25.49

82.68 ± 
12.14# 

83.00 ± 
12.00

0.010 72.77 ± 
17.59

82.28 ± 
8.52#

79.55 ± 
10.38

0.023 0.02 
†

Legend: 
$ p<0.005 compared to the baseline of the same group. One-way ANOVA for repeated measures.
# p<0.05 compared to the baseline of the same group. One-way ANOVA for repeated measures.
† p=0.02 between EKTG and KTG. One-way ANOVA.
Bold data indicate significant values.

Table V. Active range of motion (ROM) of participants with left shoulder pain. (n=35).

KTG 
(n=11)

EKTG 
(n=10)

EG 
(n=14)

P-value

Variable Initial Final Follow-
up

p-value Initial Final Follow-
up

p-value Initial Final Follow-
up

p-value

Flexion 
(m ± sd)

143.45 
± 21.43

159.05 
± 18.14#

161.00 ± 
15.39$

0.009 1148.95 
± 21.77

163.94 
± 15.28$

167.74 ± 
13.58$

0.001 148.28 
± 23.86

165.78 
± 14.21$

159.28 ± 
24.08

0.001 0.95

Abduction 
(m ± sd)

140.40 
± 28.67

155.00 
± 24.65#

158.25 ± 
18.99#

0.010 144.21 
± 24.98 

161.47 
± 18.47$

162.00 ± 
19.17#

0.001 144.50 
± 30.24

161.78 
± 16.62$

155.17 ± 
26.17

0.011 0.88

Extension 
(m ± sd)

48.15 ± 
11.86

50.80 ± 
7.90

49.20 ± 
10.70

0.234 39.79 ± 
8.61

50.63 ± 
9.21$

50.00 ± 
11.40$

0.000 45.94 ± 
10.36

48.78 ± 
11.62

50.94 ± 
11.05

0.175 0.67

Ext. Rot. 
(m ± sd)

67.80 ± 
16.54

76.45 ± 
11.38

74.65 ± 
14.56

0.068 69.42 ± 
15.40

76.53 ± 
15.84

81.84 ± 
9.25

0.002 77.33 ± 
13.78

88.67 ± 
9.89$

86.06 ± 
5.99#

0.005 0.31

Int. Rot. 
(m ± sd)

72.96 ± 
20.39

80.90 ± 
13.76

79.85 ± 
19.79

0.183 75.84 ± 
27.69

91.32 ± 
18.47$

88.63 ± 
8.53

0.000 63.61 ± 
23.45

81.89 ± 
13.96$

78.11 ± 
11.30#

0.007 0.82

$ p<0.005 compared to the endpoint of the same group. One-way ANOVA for repeated measures.
# p<0.05 compared to the baseline of the same group. One-way ANOVA for repeated measures.
Bold data indicate significant values

The UCLA scale showed an increase in functional and qual-
ity of life scores from baseline to endpoint in all groups of 
the present study. For these variables, EKTG demonstrat-
ed a better outcome than KTG in the follow-up assessment. 
Corroborating these results, Şahin et al. (37) evaluated 99 
patients with RC injury, assigned to nonsteroidal anti-inflam-

matory group (n=33); KT + nonsteroidal anti-inflammato-
ry group (n=33); and subacromial corticosteroid injection 
+ nonsteroidal anti-inflammatory group (n=33). All three 
groups showed significant improvements after intervention 
(37). However, the KT + nonsteroidal anti-inflammatory 
group and the subacromial corticosteroid injection + nonste-
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Table VII. Muscle strength (MVIC) of participants with left shoulder pain (n=35).

KTG  (n=11) EKTG (n=10) 

Variable Initial Final Follow-
up

p-value Initial Final Follow-
up

p-value Initial Final Follow-up p-value

Flexion 
(m ± sd)

5,58 ± 
3.04

6.50 ± 
3.63

5.77 ± 
3.49

0.067 5.89 ± 
2.38

6.66 ± 4.32 7.05 ± 
3.58

0.227 5.61 ± 
3.22

6.25 ± 
4.04

6.08 ± 
4.07

0.554

Abduction, 
(m ± sd)

5.92 ± 
3.01

7.00 ± 
3.40

6.35 ± 
3.29

0.069 5.68 ± 
2.13

5.69 ± 2.92 7.16 ± 
3.33

0.162 4.77 ± 
3.05

6.03 ± 
3.99

5.81 ± 
4.01

0.230

External 
rotation (m 
± sd)

6.72 ± 
3.55

8.22 ± 
4.51

6.92 ± 
4.23&

0.022 5.84 ± 
2.80

8.08 ± 
4.81#

7.74 ± 
3.66

0.039 5.50 ± 
2.94

7.03 ± 
3.87

7.28 ± 
4.74

0.113

Internal 
rotation (m 
± sd)

7.58 ± 
3.69

8.20 ± 
4.54

7.88 ± 
4.98

0.367 6.84 ± 
4.35

8.34 ± 4.98 9.32 ± 
4.94

0.080 6.50 ± 
4.14

7.28 ± 
3.38

7.75 ± 
4.28

0.175

# p<0.05 compared to the baseline of the same group. One-way ANOVA for repeated measures.
$ p<0.005 compared to the baseline of the same group. One-way ANOVA for repeated measures.
& p<0.05 compared to the endpoint. One-way ANOVA for repeated measures.
Bold data indicate significant values.

Table VI. Muscle strength (MVIC) of participants with right shoulder pain (n=39).

KTG (n=13) EKTG (n=13) EG 
(n=13)

Variable Initial Final Follow-
up

p-value Initial Finall Follow-
up

p-value Initial Final Follow-
up

p-value

Flexion 
(m ± sd)

5.30 ± 
2.72

6.17 ± 
3.61#

4.97 ± 
2.27

0.041 5.39 ± 2.68 7.03 ± 
4.14#

6.89 ± 
3.94#

0.008 5.5 ± 
3.81

7.31 ± 
4.60$

6.28 ± 
4.39#

0.004

Abduction 
(m ± sd)

5.47 ± 
2.55

6.40 ± 
3.56

5.30 ± 
2.83

0.132 5.44 ± 2.12 6.95 ± 
3.89

6.84 ± 
3.80#

0.011 4.89 ± 
3.02

6.67 ± 
3.98#

6.17 ± 
4.30

0.024

External 
rotation 
(m ± sd)

6.07 ± 
3.81

7.70 ± 
4.20#

5.80 ± 
3.20

0.024 4.84 ± 2.58 8.47 ± 
4.79$

8.68 ± 
3.96$

0.000 6.00 ± 
4.04

7.64 ± 
4.62

6.86 ± 
4.40

0.167

Internal 
rotation 
(m ± sd)

7.13 ± 
3.62

7.97 ± 
4.60

7.15 ± 
4.69

0.065 5.71 ± 2.63 8.55 ± 
4.51$

8.53 ± 
5.27$

0.006 6.33 ± 
4.01

8.14 ± 
4.53#

6.75 ± 
4.00

0.050

# p<0.05 compared to the baseline of the same group. One-way ANOVA for repeated measures.
$ p<0.01 compared to the endpoint of the same group. One-way ANOVA for repeated measures.
Bold data indicate significant values.

roidal anti-inflammatory group showed a greater tendency 
for improvement in all variables. The authors then conclud-
ed that the addition of KT or subacromial corticosteroid 
injection to treatment with anti-inflammatory drugs seems 
to have a significant and similar effect in patients with RC 
injuries (37). Therefore, KT may serve as an alternative treat-
ment when corticosteroid injection is contraindicated (37).
The SPADI-Brazil questionnaire showed statistically signif-
icant results for functional and quality of life scores in all 
study groups. However, EKTG showed a statistically signif-
icant improvement at follow-up when compared to EG and 

KTG. Kaya et al. addressed 54 patients diagnosed with SIS 
allocated to KT + exercise group (n=28) and manual ther-
apy + exercise group (n=26) (38). Shoulder pain and func-
tionality were evaluated (38). After intervention, there were 
significant differences in both groups in terms of decreased 
pain and improved disability, demonstrating that exercise is 
the basis for improvement in these patients (36). However, 
only the KT + exercise group showed a significant reduc-
tion in nighttime pain (38). Simsek et al. (2013) conducted a 
similar study evaluating strength, pain, ROM, and disability 
on the 5th and 12th day of treatment of 38 subjects with SIS, 
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assigned to KT + exercise group (n=19) and placebo KT + 
exercise group (n=19) (39). Both groups improved scores 
at the 5th and 12th day of evaluations (p<0.05). In compar-
isons between groups, movement pain and disability score 
improved significantly in the KT + exercise group on day 
5 (p<0.01) (39). Nighttime pain, movement pain, disabili-
ty score, shoulder external rotation strength, and pain-free 
shoulder abduction ROM improved significantly in the KT 
+ exercise group on the 12th day (p<0.05) (39). However, 
passive shoulder flexion ROM increased more in the place-
bo KT + exercise group on the 12th day (p<0.05) (39). The 
authors suggest that the reduction of pain and disability in 
the KT + exercise group occurred due to traction generated 
by the tension applied along the tape in the area of interest, 
thus increasing blood flow and producing neurophysiolog-
ical effects to prevent pain transmission through the mech-
anism proposed in the pain gate theory (39). Notwithstand-
ing, KT has shown effective short-term results (39). The 
authors concluded that the addition of KT to the exercise 
program appeared to be more effective than the exercise 
program alone for treating SIS (39).  

Range of motion (ROM) in the affected shoulder showed 
that EKTG improved all evaluated movements. Corrobo-
rating these findings, Subaşı et al. (40) investigated the effi-
cacy of KT compared to subacromial injection of betameth-
asone and prilocaine associated with a three-month exercise 
program, including stretching and strengthening exercis-
es in 70 patients with RC injury (40). Participants were 
randomly assigned to injection group (n=35) and KT group 
(n=35) (40). Kinesio tape (KT) was applied three times for 
five consecutive days, with a two-day interval between appli-
cations (40). All patients were evaluated at baseline and one 
and three months after intervention (40). Significant differ-
ences were detected in pain and SPADI scores, as well as 
in ROM measurements in both groups (40). No signifi-
cant differences were detected between groups, except for 
the degree of active flexion in favor of the KT group(40). 
Together with an exercise program, both KT and steroid 
injection therapy have been found to be effective in treat-
ing RC injuries. Thus, KT may be an alternative treatment 
option in the rehabilitation of RC injuries, especially when a 
noninvasive technique is required (40).
Muscle strength of the affected right shoulder showed statis-
tically significant differences in KTG only in flexion and 
external rotation measurements. In turn, EKTG participants 
showed a statistically significant improvement in all move-
ments. Finally, EG improved all movements at endpoint, 
except for external rotation. Groups KTG and EKTG 
improved muscle strength of the affected left shoulder in 
external rotation only. In contrast, EG did not improve any of 
the movements. The improvement in muscle strength, most 

significant in the KT group, can be justified by the action 
of KT in facilitating muscle activity and in the immediate 
increase of muscle strength, which may be due to concen-
tric traction of the fascia (35). In a crossover study, Hsu et 
al.(41). compared the effects of therapeutic KT (Y-shaped 
tape with 25% tension) and placebo KT (Y-shaped tape 
without tension) in baseball players with RC injuries in two 
weekly sessions with three-day intervals (41). Three-dimen-
sional scapular movements and electromyographic (EMG) 
activities of the upper and lower trapezius and anterior 
serratus muscle were measured during shoulder elevation 
with a 2-kg load and were performed three consecutive 
times to collect electromyographic data (41). Lower trape-
zius strength was tested before and after each KT application 
(41). Results showed that the therapeutic KT group signifi-
cantly increased 30° and 60° posterior scapular inclination 
during arm elevation (41). Moreover, this group increased 
lower trapezius muscle activity in the 60-30° arm adduc-
tion compared to placebo KT (41). These improvements 
led to positive changes in scapular movement and muscle 
performance (41). The results supported the use of KT as 
an adjunct to the treatment of RC injuries, corroborating 
the present study, which demonstrated that exercise-associ-
ated KT significantly improved all movements tested in the 
study participants with right shoulder pain. Leong and Fu 
(42). approached 43 volleyball athletes through three taping 
protocols, with and without tension. The authors analyzed 
the subacromial space and observed that athletes with CR 
tendinopathy demonstrated less reduction in the subacromi-
al space with rigid scapular taping during the early abduc-
tion of the arm (42). Tapings applied to the scapula showed 
no effect in the subacromial space during arm rest at 0° of 
shoulder abduction (42). However, they showed less space 
reduction during active shoulder abduction from 0° to 60° in 
athletes with RC tendinopathy (42). This may indicate better 
control of the subacromial space during active arm abduc-
tion (42). The possible mechanism for the observed changes 
may be via skin stimulation. To support this assumption, is 
checked an earlier activation of the scapular muscles during 
the arm abduction and an increase in the lower trapezius 
activities during arm elevation (42). Therefore, therapeu-
tic taping can improve neuromotor control of the scapular 
muscles for better control of the scapula and preserve the 
subacromial space during abduction of the arm (42).
Even if there is some clinical efficacy of applying adhesive 
tape, there is insufficient evidence of rehabilitation benefits 
to strongly recommend the application of KT in isolation 
(35).Other studies that investigate the effect of KT in the 
treatment of other joints, such as the knee, confirm that KT 
can support rehabilitation therapy. However, there are no 
significant effects in terms of recovery(35).
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More expressive results were obtained when associating KT 
with the exercise program, indicating important benefits 
from the optimization of exercises on the pain and function 
of these patients. Therefore, it seems to us that KT acts as 
an important adjunct in the recovery of rotator cuff injuries. 

STUDY LIMITATIONS
Our study has some limitations that prevent the extrapola-
tion of results. Initially, the sample - despite being calculat-
ed - is small. Moreover, a short follow-up period after the 
intervention prevents us from observing these results over 
time. We also chose to analyze the variables only including 
subjects with affected dominant and nondominant shoul-
der, which further reduces our sample, being a possible 
bias for extrapolating the results. The lack of a control or 
placebo group also hinders the extrapolation of findings. 
In addition, the lack of use of an isokinetic dynamometer 
to verify the strength of the study participants may be a 
limitation. This type of dynamometer has been cited by 

some authors to be more reliable than the manual dyna-
mometer, and thus could provide a more effective result for 
muscle strength. 
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CONCLUSIONS
Exercises proved to be the basis of the treatment of rota-
tor cuff injury. Associating KT with exercises significantly 
improved the function of patients with this type of injury. 
In isolation, KT was effective in reducing pain and function, 
but did not alter joint strength and mobility.
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SUMMARY
Background. Recent findings indicate that the connective tissue of tendons hosts cells 
that can self-renew and are multipotent. Even if these cells seemingly fail to accomplish 
tendon regeneration in pathological conditions, their identification and characteriza-
tion represents a milestone in the research and development of new biological thera-
pies for tendinopathies.
Methods. We isolated the adult human tendon-derived stem cells (hTDSCs) from the 
fragments of patellar or calcaneal tendons and characterized these cells in vitro by 
immunochemistry and histochemistry. Subsequently, the MTT test and Trypan Blue 
were used for the evaluation of cytotoxicity of the supplements/drugs commonly used 
for the treatment of musculoskeletal disorders: Curcumin, Hyaluronic Acid, Palmi-
toylethanolamide, Diclofenac sodium, Triamcinolone acetonide and Thiocolchicoside.
Results. Cells obtained by outgrowth expressed mesenchymal markers, were clono-
genic and differentiated into chondroblasts, osteoblasts and adipocytes. High concen-
trations of the anti-inflammatory glucocorticoid Triamcinolone and the analge-
sic fatty-acid amide Palmitoylethanolamide significantly reduced cell viability. Only 
curcumin had a positive effect on cell survival, both in the normal and oxidative stress 
conditions.
Conclusions. Adult human tendons posses stem cells. The influence of several drugs 
or supplements used for the treatment of musculoskeletal disorders should be taken 
into consideration in order to take the full advantage of the healing properties of stem 
cells within tendons.

KEY WORDS
Analgesics; curcumin; glucocorticoids; stem cells; tendon.

Influence of Supplements and Drugs used for the 
Treatment of Musculoskeletal Disorders on Adult 
Human Tendon-Derived Stem Cells

BACKGROUND
An ambiguous relationship between tissue inflammation 
and degeneration prompted the use of a term tendinop-
athy, encompassing tendon inflammation (tendinitis) and 
tendon degeneration (tendinosis), to describe the clinical 
condition characterized by pain and impaired strength of 
a tendon (1). Tendinopathies represent a growing prob-
lem in the clinical practice of general practitioners and 
specialists in sports medicine or orthopaedic surgery 
(2,3). Pharmacological treatments, surgical interventions, 
physiotherapy procedures or, more recently, extracorpo-

real shock wave therapy (4) and platelet-rich plasma injec-
tions (5) have been used for treating tendinopathy with 
different results (6), but the development of new effec-
tive therapeutic strategies remains hindered by the lack of 
biological data regarding the pathogenesis of the disease 
at the cell and tissue level. Notwithstanding the availabil-
ity of modern molecular and cellular biology tools, our 
understanding of tendon biology is far from that of other 
tissues and the exact mechanism underlying degenerative 
and reparative processes in tendinopathy has not yet been 
clarified (7).
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Recent findings indicate that tendon connective tissue 
hosts stem cells that have the capacity for self-renew-
al and multipotential differentiation (8,9,10). Even if 
these cells seemingly fail to accomplish tissue regenera-
tion in chronic pathological conditions, their identifica-
tion and characterization can represent a major turning 
point in the research and development of new biologi-
cal therapies for tendinopathies (11). Indeed, the stem 
cells have increasingly attracted the interest of scientists 
and physicians for their potential application in differ-
ent fields of medicine, including orthopaedics (12): for 
one thing, these cells could be propagated and stimu-
lated in vitro and injected into the patients’ tendons; for 
another, they could be activated directly in the tendon 
using selected cytokines and supplements/drugs. Hence, 
more data on the biology of tendon-derived stem cells 
(TDSCs) are needed in order to identify the conditions 
and factors that would enhance their survival and activ-
ity in normal and pathological conditions. Accordingly, 
we isolated and characterized the adult human TDSCs in 
order to evaluate the cytotoxicity of several supplements/
drugs commonly used for the treatment of musculoskele-
tal disorders on these cells.

MATERIALS AND METHODS

Isolation and culture of hTDSCs
Fragments of normal patellar tendons (n = 5) and calcane-
al tendons (n= 5) were collected from patients undergoing 
amputation surgery (n = 10; 5 males, 5 females; mean age 40 
± 8 years). All patients provided written informed consent 
for the use of the specimens from their amputated limbs in 
research and specimens were collected before the disposal 
of the amputated limbs as medical waste, without patient 
identifiers, in conformity with the principles outlined in the 
Declaration of Helsinki and the MLTJ (13).
Samples were minced and obtained pieces were washed in 
the sterile PBS solution, placed under sterile cover glass-
es in 35-mm culture plates and cultured in DMEM High 
Glucose (Sigma-Aldrich, St. Louis, MO, USA) enriched 
with 10% fetal bovine serum (Sigma-Aldrich), 5% horse 
serum (Sigma-Aldrich), 0.2 mM glutathione (Sigma-Al-
drich), 10 ng/ml b-FGF (Prepotech, Rocky Hill, NJ, USA), 
erythropoietin 5 UI, porcine gelatine 50 g/ml, penicillin 
10,000 U and streptomycin 10 mg/ml (Sigma-Aldrich), at 
37°C in 5% CO2. Plates were observed daily at an inverted 
phase-contrast microscope (Olympus, Segrate, Italy) and 
medium was replaced every 3 days. The outgrowth of the 
cells was documented by digital image acquisition (Colour 
View III Soft Imaging System, Muenster, Germany). Once 

the adherent cells were more than 75% confluent, they 
were detached with 0.25% trypsin-EDTA (Sigma-Aldrich) 
and then expanded up to passage P3.

Cell growth and cloning 
In order to assess the growth dynamics of hTDSCs, cells 
were seeded at the density of 25 × 103 cells/cm2 in 35-mm 
culture plates. After 48 h, 96 h, 144 h and 192 h of culture, 
cells were stained with Trypan Blu (Lonza, Walkersville, 
MD, USA) and live cells were counted manually in the 
cell counting chamber (Hausser Scientific, Horsham, PA, 
USA). The population doubling time was calculated in the 
exponential growth phase of the growth curve, according 
to the formula PDT = T × ln 2 / ln (N1-N0), where PDT is 
the population doubling time, T represents the incubation 
time, N0 is the cell number at the beginning of the incu-
bation time, and N1 is the cell number at the end of the 
incubation time. Cell cloning test was performed by serial 
dilution in 96-well plates, according to the manufacturer’s 
protocol (Corning Incorporated, NY, USA).

Immunocytochemistry
For the in vitro phenotypic characterization by immunocy-
tochemistry, cells were fixed in 4% paraformaldehyde for 
20 minutes and incubated first with 10% donkey serum 
(Sigma-Aldrich) for 1 hour at room temperature, and then 
with primary antibodies targeting CD34, CD44, CD45, 
CD90, CD105 (all from Abcam, Cambridge, UK), Vimen-
tin, Phalloidin (both from Sigma-Aldrich) for 1 hour at 
37°C. Subsequently, the matching secondary antibodies 
conjugated with rhodamine or fluorescein (Jackson Immu-
noresearch, Europe, Newmarket, UK) were applied. The 
stained area of culture dish was mounted with coverglass in 
Vectashield mounting medium with DAPI (Vector Labo-
ratories, Burlingame, CA). Stained cells were observed, 
quantified and documented using fluorescence microscope 
(Nikon, Tokyo, Japan).

Differentiation potential of hTDSCs in vitro
Cells were seeded at a density of 2×105 cells/cm2 in 35-mm 
Petri dishes in DMEM High Glucose enriched with 10% 
bovine fetal serum, 10,000 U penicillin and 10 mg/ml strep-
tomycin (all from Sigma-Aldrich). After reaching 75% 
confluence, hTDSCs were cultured for 14 days in osteo-
genic, adipogenic, and chondrogenic induction medi-
um, according to the previously validated protocol (14). 
Adipogenic induction medium consisted of DMEM High 
Glucose with 10% horse serum (Sigma-Aldrich).
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Osteogenic induction medium consisted of serum-free 
DMEM High Glucose enriched with 10-7 M Dexametha-
sone, 0.2 mM Ascorbic Acid, 10 mM β-Glycerophosphate 
(all from Sigma-Aldrich). Chondrogenic induction medium 
consisted of serum-free DMEM High Glucose supplement-
ed with 100 ng/ml TGF-β (Peprotech). Culture medium 
was changed every 72 hours. To confirm the adipogen-
ic, osteogenic or chondrogenic differentiation, cells were 
fixed in 4% paraformaldehyde and stained using specific 
methods: Oil Red O, von Kossa and Alcian blue (all from 
Bio-Optica, Milan, Italy), respectively. The cells were then 
observed at a microscope equipped with a digital camera 
(Leica Microsystems).

hTDSC Metabolic activity and Viability test
The hTDSCs were seeded at the density of 1×104 cells/cm2 

in a 96-well microplate and allowed to proliferate. After 
24 hours, cells were treated with one of the supplements: 
Curcumin, Hyaluronic Acid, Palmitoylethanolamide, or 
drugs: Diclofenac sodium, Triamcinolone acetonide, Thio-
colchicoside (all from Sigma-Aldrich) at different concen-
trations (15,16) for 72 hours (table I). The cytotoxicity of 
these supplements and drugs was evaluated by the MTT 
assay, according to the manufacturer’s protocol (Sigma-Al-
drich). Since the total mitochondrial activity is related to the 
number of alive cells, this assay can be used to measure the 
in vitro effects of drugs on cell viability (17). The experi-
ments were performed in triplicates. The absorbance was 
measured at 570 nm, using the Multiscan EX microplate 
reader (Thermo Labsystems, Vantaa, Finland).
Next, cells were incubated in the culture medium with the 
addition of the supplement or drug at the concentration 
which was associated with the highest metabolic activity in 
MTT assay and their viability was evaluated using trypan 

blue, as previously published (18,19,20,21). Three indepen-
dent experiments were performed, with the evaluation of 
the number of alive and dead cells at 48, 72 and 96 hours in 
normal conditions, and at 4 and 8 hours in the presence of 
oxidative stress evoked by the addition of 200 µM hydrogen 
peroxide. For each in vitro assay, control cells were incubat-
ed for the same time in the standard culture medium.

STATISTICAL ANALYSIS
Data were analysed with GraphPad Prism 5.0 (GraphPad 
Software, La Jolla, CA), using t-student test. A value of p < 
0.05 was considered statistically significant.

RESULTS

Characteristics of hTDSCs in culture
The outgrowth of hTDSC from the tendon fragments 
occurred on the sixth day of culture (figure 1). At about 21 
days, the cells reached 75% confluence and were passaged 
for the subsequent experiments. As observed at a phase-con-
trast microscope, hTDSCs in culture were spindle-shaped 
or star-shaped; cells were expanded up to three passages 
without altering their morphology.
The estimated normal growth curve of hTDSCs showed a 
typical sigmoidal pattern, with an adaptation phase, loga-
rithmic phase and plateau phase (figure 2). The popula-
tion doubling time of hTDSCs in vitro was approximately 
36 hours. Following serial dilution of hTDSCs suspension, 
single cells formed colonies after 96 hours of incubation. 
The observed frequency of colony formation from single 
cells reached 12%. The formation of clones was moni-
tored for 10 days (figure 3). Phenotypic analysis performed 
by immunofluorescent staining confirmed that isolated 
cells were CD34, CD44 and CD45 negative (positive cells 
represented 0.12%, 1.6%, and 0.57% of the population, 
respectively), and expressed specific mesenchymal surface 
markers CD90 and CD105 (66.2% and 67.3% of cells, 
respectively). Furthermore, hTDSC expressed filamentous 
actin and vimentin (89%) intermediate filaments in the 
cytoskeleton (figure 4).

Differentiation potential of hTDSCs in vitro
The hTDSCs were cultured in specific media to induce their 
differentiation into osteoblasts, adipocytes or chondroblasts 
(figure 5). After 14 days of culture, the hTDSCs incubated 
in the osteogenic differentiation medium formed aggregates 
and changed their shape from flat and elongated to round. 
The von Kossa stain demonstrated calcium deposits in the 

Table I. Concentrations of supplements/drugs used in 

hTDSCs culture.

Supplement/drug Concentration
Low Medium High

Curcumin [µg/ml] 1 2.5 5

Hyaluronic acid [mg/ml] 0.5 1.25 2.5

Palmitoylethanolamide 
[mM]

1 10 100

Diclofenac sodium [µg/ml] 10 100 500

Triamcinolone acetonide 
[mg/ml]

1 5 10

Thiocolchicoside [µg/ml] 2.5 5 10
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Figure 1. Representative images of hTDSCs in vitro at different passages. (a) P0; (b) P1; (c) P2; (d) P3. The scale bar corresponds 
to 200 µm.

A

C

B

D

Figure 2. Growth curve of hTDSCs in vitro.

cytoplasm. In the presence of the chondrogenic culture 
medium, the hTDSCs became smaller, but remained spin-
dle-shaped. Staining with Alcian blue confirmed the synthe-
sis of acid mucopolysaccharides, as typical of chondroblasts. 
The hTDSC cultured in the adipogenic medium maintained 
their morphology and accumulated lipids in the cytoplasmic 
vacuoles.

Viability of hTDSCs in the presence of 
supplements/drugs
The MTT test was used for the evaluation of toxicity of the 
supplements/drugs in hTDSCs (figure 6). High concen-
trations of Triamcinolone (10 mg/ml) and Palmitoyletha-
nolamide (100 mM) significantly reduced viability of cells. 
Only curcumin had a positive effect on hTDSC viability. In 
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Figure 4. Phenotypic analysis of hTDSCs in vitro.  Represen-
tative images of immunofluorescent staining, showing the 
expression of different markers: (a) CD90, green; (b) CD105, 
green, and vimentin, red; (c) actin, green, and vimentin, red. 
Nuclei are stained with DAPI, blue. The scale bar equals 50 
µm.Figure 3. Clonogenic potential of hTDSCs in vitro. Phase 

contrast image of a clone obtained from a single cell moni-
tored over time: (a) 2 days; (b) 4 days; (c) 10 days. The scale 
bar equals 200 µm.
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B

C



381Muscles, Ligaments and Tendons Journal 2020;10 (3)

F. Di Meglio, A. M. Sacco, I. Belviso, V. Romano, F. Sirico, C. Loiacono, S. Palermi, et.al

Figure 5. Differentiation potential of  hTDSCs in vitro. Cells before (a) and after incubation in the specific differentiation medi-
um: (b) chondrogenic, (c) osteogenic or (d) adipogenic observed at a phase-contrast microscope. Specific histochemical stains 
confirmed differentiation into (e) chondroblasts (Alcian blue), (f) osteoblasts (von Kossa staining) and (g) adipocytes (Oil Red).
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Figure 6. Toxicity of supplements/drugs at differ-
ent concentrations to hTDSCs in vitro. Cell viabil-
ity was assessed by MTT assay after 72 hours of 
incubation. Data are reported as mean ± SEM (n 
= 4). H, high concentration; L, low concentration; 
M, medium concentration.
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particular cell metabolic activity, as measured by MTT assay, 
reached the highest level in the presence of curcumin at the 
concentration of 2.5 µg/ml.
The effects of 2.5 μg/ml curcumin were further studied by the 
analysis of cell survival in vitro (figure 7). In normal condi-
tions, the percentage of alive cells was significantly higher at 
48 hours in the presence of curcumin than in the untreated 
control group. Moreover, treatment of hTDSCs with curcum-
in resulted in significantly higher viability in the presence of 
oxidative stress induced by hydrogen peroxide, compared to 
control cells cultured in the standard conditions.

DISCUSSION
The current study showed that stem cells can be easily 
isolated from the connective tissue of human tendons. The 

hTDSCs were isolated from small fragments of tendons and 
maintained in adherent culture, in standard conditions. The 
results of the study indicate that these cells express typical 
mesenchymal markers, have a high proliferation capacity, 
posses self-renewal properties and have multipotent differ-
entiation potential. Thus, we have successfully isolated a 
tendon cell population that meets the defining criteria for 
stem cells (22). Another important finding was that several 
supplements or drugs used in orthopaedics, physiotherapy 
and sports medicine can influence hTDSC survival in vitro. 
Among them, the anti-inflammatory glucocorticoid Triam-
cinolone and the analgesic fatty-acid amide Palmitoyletha-
nolamide proved to be cytotoxic, while curcumin prevented 
cell death in vitro.
Our findings may be limited by the lack of in vivo testing of 
hTDSCs in an animal model of tendinopathy. Indeed, the 
studies of supplements or drugs often show discrepancy 
between the effects observed in vitro and in vivo. In both 
conditions, multiple variables can influence drug concentra-
tion and action on target cells. However, several unresolved 
issues, including the modifications of cell biology in tendi-
nopathy, are best studied at the cell level in vitro (23). It is 
the preclinical, basic-science research that allows us to fill a 
gap in knowledge whenever the clinical results are ambigu-
ous or unexpected (as is the case with the use of anti-inflam-
matory drugs in orthopaedics), and understand the ratio-
nale of a new therapeutic strategy before going from bench 
to bedside (as could be the case with the injection or activa-
tion of stem cells in tendons).
The adult tissue-resident and tissue-specific stem/progen-
itor cells represent a fertile ground for research and offer 
practical advantages over bone marrow-derived mesen-
chymal stem cells. The first evidence of their presence in 
tendons came from Bi et al. (9), who estimated that these 
cells represent 1–4% of the tendon cell population and 
show a greater proliferative and synthetic capacity of ECM 
when compared with bone marrow-derived MSCs, which 
make up only 0.001–0.01% of all cells in the bone marrow 
aspirate. The hTDSCs reside in the tendon, hence in a 
microenvironment that makes them more predisposed to 
differentiate into tenocytes. Al-Ani et al. (24) compared 
TDSCs with bone marrow-derived stem cells in the treat-
ment of ruptured Achilles tendons in rats and conclud-
ed that the former had higher regenerative potential. In 
pathological conditions, however, modification of the local 
microenvironment composition, known as tissue remod-
elling, can adversely influence the vitality and the regen-
erative properties of tendon stem/progenitor cells (25). 
The isolation and culture of stem cells from adult human 
tendons offers the possibility of studying and influencing 
their activity in vitro, in order to favour a better and faster 

Figure 7. Effect of 2.5 μg/ml curcumin on hTDSC survival in 
normal conditions (upper panel) and in the presence of oxida-
tive stress (lower panel). Data are reported as mean ± SEM (n 
= 4). Significant difference from untreated cells at the same 
time point is indicated as * p < 0.05 or *** p < 0.001.
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recovery of the injured tendon through TDSC injection or 
stimulation in vivo.
While the role of endogenous stimuli, such as locally secret-
ed cytokines, that can modulate cell vitality, matrix remod-
elling or angiogenesis in tissue repair is extensively studied 
and widely acknowledged, little is known about the exog-
enous factors, including therapeutics and nutraceutics 
(26), that can influence these processes. Having isolated 
hTDSCs, we addressed the effects of several supplements/
drugs, frequently used by patients with tendinopathy, on 
these cells. The results showed that Palmitoylethanolamide 
and Triamcinolone acetonide can reduce the viability, while 
curcuma significantly increases hTDSC viability. To the best 
of our knowledge, this is the first study that explored the 
effects of curcumin on these cells. Our findings complement 
the experiments on rodents (27,28) and support the grow-
ing interest of the scientific and lay population in curcum-
in anti-oxidative and anti-inflammatory properties. With 
regard to steroids, their injections have become mainstream 
in the treatment of tendinopathy, even if the evidence of 
the long-term benefit of such treatment is lacking. Worse 
still, recent meta-analysis of the effects of local glucocorti-
coid administration highlighted their deleterious effects on 

tendon structure and function (29). Considering that Palmi-
toylethanolamide and Triamcinolone acetonide had negative 
effects on hTDSCs, our study further supports the notion 
of harmful influence of steroids on the connective tissue 
healing. Of note, the treatments evaluated in our study did 
not produce significant changes in the marker expression. 
Nevertheless, further studies are warranted to determine 
the effects of these supplements/drugs on the staminality 
and differentiation of hTDSCs.
The major contribution of the present research is that it 
provides much needed data on the effects of supplements/
drugs used for the treatment of musculoskeletal disorders 
on hTDSCs. In practice, these findings could lead to the 
improvement of outcome in patients with tendon disease. 
Considering that hTDSC potentially play an important role 
in tendon healing, other therapies commonly used in tend-
inopathy management should be tested on this cell popu-
lation in order to use the emerging knowledge on tendon 
healing to the best advantage of our patients.
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SUMMARY
Object. The objective was to investigate the effect of Elaeagnus angustifolia (E. angustifolia) 
extract on the joint lubrication and the activity of antioxidant in non-traumatic knee osteoar-
thritis model in rat. 
Methods. In this study, 28 male albino Wistar rats were randomly assigned into four groups, 
each comprised of seven rats: Control (healthy animals); Saline (intra-articular injection of 50 
µL Saline); monoidoacetate, MIA (intra-articular injection of 50 µL MIA(; and MIA+extract 
(intra-articular injection of MIA and 500mg/kg daily of E. angustifolia extract intraperitone-
ally for four weeks). Osteoarthritis was induced by injection of 50 μL solution of 3 mg MIA 
in rats through infrapatellar ligament. Six weeks after intra-articular injection, Joint friction 
parameters consisting of cycle number, maximum peak, exponential and linear slope of cycle 
decay, and coefficient of friction) COF) were measured in knee joint. Activity of the super-
oxide dismutase (SOD), malondialdehyde (MDA) and glutathione peroxidase (GPx) were 
determined in blood plasma. 
Results. MIA injection reduced the cycle number of joint oscillation compared to the Control 
group. In the MIA+extract group, cycle number and maximum peak increased significant-
ly compared to the MIA group (P=0.032 and P=0.016, respectively). E. angustifolia extract 
resulted in the increase of SOD and GPx activity (P=0.011 and P=0.05, respectively) and the 
decrease of MDA activity (P=0.000) compared to MIA group.
Conclusions. The results showed that E. angustifolia extract is effective to improve the anti-
oxidant enzyme activity and subsequently to decrease the joint friction in the non-traumatic 
knee osteoarthritis model.

KEY WORDS
Elaeagnus angustifolia extract; knee osteoarthritis; joint friction; Superoxide dismutase (SOD); 
Malondialdehyde (MDA); Glutathione peroxidase (GPx); rat. 

INTRODUCTION
Osteoarthritis (OA) is the most common joint disease 
in adults, and its prevalence increases with age, causing 
disability in the elderly population (1). OA is a multifactori-
al disorder of synovial joints, which is characterized by esca-
lated degeneration and loss of articular cartilage(2). Hyaline 
cartilage in the diarthroidal joints is serving as a low friction, 

wear resistant surface for load support, load transfer and 
joint motion (3). 
Proposed mechanisms including hydrodynamic lubrication, 
boundary lubrication, elastic deformation, and fluid pres-
surization are responsible for maintaining the low-friction 
and good lubrication in the diarthrodial joint (4). The exces-
sive friction accelerates cartilage wear after failure of carti-
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lage lubrication. Damage of cartilage may be a key factor in 
the onset of osteoarthritis (5).
The joint coefficient of friction (COF) is thought to 
increase with osteoarthritis progression, and this increase 
may occur due to a decrease of lubricants concentration 
such as lubricin (6).
Lubricin as a glycoprotein, thought to be a boundary lubri-
cant in synovial fluid and articular cartilage (7) is deficient 
in aspirates of acute post-traumatic knee effusions, which is 
likely to be result of inflammatory destruction (7). 
Friction measurements are important to determine the 
relative tribological contributions made by synovial fluid 
or cartilage (8) and/or to assess the efficacy of therapeutic 
modalities for preventing the development of osteoarthri-
tis (9). 
Evidence from both experimental and clinical studies 
suggests that oxidative stress plays an important role in the 
pathogenesis of OA (10, 11). It is indicated that the oxidant 
parameters including total peroxide (TP), lipid hydroper-
oxide and Oxidative stress index (OSI) increased and anti-
oxidant parameters such as plasma total antioxidant capac-
ity (TAC), thiol level, catalase activity and prolidase activity 
decreased in patients with osteoarthritis; therefore, these 
patients may be exposed to a potent oxidative stress (12).
Malondialdehyde (MDA) and superoxide dismutase 
(SOD) have often been treated as matching indicators, of 
which the SOD level is associated with free radical scav-
enging ability, whereas MDA reflects the degree of damage 
caused by free radicals to the cells. When the level of free 
radicals was high, it was found that SOD failed to effec-
tively remove them, leading to lipid peroxidation and cell 
damage (13).
The extracts of leaves and flowers of E. angustifolia leaves 
contain phenolic and flavonoid compounds which have 
antioxidant properties and protect cells from oxidative 
damages and delays or reduces the risk of many degener-
ative diseases. It has shown that the amounts of phenolic 
and flavonoid compounds are higher in leaves than flower 
of the plant. The explanation might be due to the process 
of photosynthesis which occurs in the leaves and also the 
existence of high amount of flavonoid biosynthetic pathway 
precursors in the leaves compared to any other organs (14).
E. angustifolia leaves contain various chemical compounds 
including amino acids, flavonoids, phenolic compounds, 
polysaccharides and some other essential elements (15). 
The polysaccharides are important component of E. angus-
tifolia leaves with anti-radiation, antioxidant and immune 
regulatory activities (16).The anti-inflammatory effects of 
the fruits of this plant on rheumatoid arthritis and osteoar-
thritis have been reported (17).

Hence, the aim of this study was to investigate the effect of 
E. angustifolia extract on the joint friction and the activity of 
antioxidants in the non-traumatic OA model in rats.

MATERIALS AND METHODS 
This research was carried out according to the interna-
tionally valid guidelines and the institutional animal ethics 
committee in Baqiyatallah University of Medical Scienc-
es. In this study, 28 adult male albino Wistar rats (12-14 
weeks age and weighing 200-250 g) were purchased from 
the laboratory animal center of the university. The rats 
were kept under standard housing laboratory conditions 
(room temperature of 23±2 ºC with relative humidity of 
60±5%, and 12 hr/12 hr light/dark cycles) and were fed 
with a standard laboratory pellets rat chow and water ad 
libitum. One week after arrival and adaptation, rats were 
randomly divided into four groups. Each group comprised 
of seven rats and were observed regularly. Control group 
(consisted of healthy animals that underwent no interven-
tion); Saline group (50 µL of normal Saline 0.9%, injected 
into the right knee joint as a placebo group); Monoiodoace-
tate group (MIA group, received 50 µL solution containing 
3 mg MIA into their right knee joint); and MIA+ E. angus-
tifolia extract group (MIA+ extract group, MIA injection 
and 500mg/kg body weight daily E. angustifolia extract 
injection intraperitoneally for four weeks (12). 

Method of osteoarthritis induction 
Osteoarthritis was induced by intra-articular injection of 
MIA. MIA injection is considered to induce osteoarthri-
tis in joint by damaging glycolysis in the joint, resulting in 
the eventual death of chondrocytes by inhibiting glyceral-
dehyde-3-phosphate dehydrogenase activity and increasing 
inflammation (18). First, the rats of MIA and MIA+extract 
groups were anesthetized by using Ketamine (50 mg/kg) and 
Xylazine (5 mg/kg). After shaving the knee skin and bending 
the knee joint, a single dose of 3 mg MIA (Sigma-Aldrich, St. 
Louis, MO) dissolved in 50 μL physiological Saline (0.9%) 
was injected through infrapatellar ligament of the right knee 
using a 26-gauge needle. In the Saline group, by using a 
26-gauge needle, 50 μL Saline 0.9% solution was injected 
into the right knee joint capsule through infrapatellar liga-
ment. At 43th day, all animals in four groups were euthanized 
by overdose of the anesthetic drugs and were sacrificed to 
measure the joint friction. For blood plasma analyses, blood 
samples obtained from anaesthetized mice were centrifuged 
immediately (Megafuge 1.0 Heraeus Sepatech GmbH) at 
3000 rpm for 15 min at +4 oC to determine the activity of 
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superoxide dismutase (SOD), malondialdehyde (MDA) and 
glutathione peroxidase (GPx). 

Method of preparation and injection 
of E. angustifolia extract
The fruits of E. angustifolia were collected from moun-
tain area of Niavaran, Tehran, Iran and was identified and 
approved by Herbarium Department of Pharmacognosy of 
Shahid Beheshti University of Medical Sciences, Tehran, 
Iran. The voucher specimen [No. 1257] is preserved in the 
herbarium of this department for reference.
The aqueous extract was prepared by adding 1000 ml of 
distilled water to 100 g of fruit powder (seed, flesh, and peel) 
and the resulting solution was boiled for 8-10 minutes. Then, 
the mixture was filtered and the solution was completely dehy-
drated for 8-10 hours in water bath to provide a crude extract 
with 20% yield. This extract was then weighed and after being 
dissolved in physiological Saline, and consequently 14 days 
after induced OA, 500 mg/kg was injected intraperitoneally in 
animals in the MIA+extract group, daily for four weeks. 

Joint friction (biotribological) measurement 
The knee joint was resected following transection of the 
middle of tibia/fibula and femoral shafts. Friction testing 
was performed immediately after the joint resection by 
a pendulum friction tester. The knee joint was placed in 
the free pendulum tester. Pendulum rotation was calcu-
lated for flexion–extension in the sagittal plane and other 
motion out of this plane was ignored (figure 1). Through 
an automated gated mechanism, movement was started 
from a fix point and free oscillation around the knee joint 
recorded. Ravanbod et al., 2011, report more technical 
details on the friction tester(19).
The pendulum load was approximately half of the body 
weight of animal. Angular changes were recorded to the 
equilibrium point at a sampling frequency of 30 Hz. Cycle 
number to reach equilibrium, maximum peak oscillation 
value, exponential and linear slope of cycles decay were 
calculated with Labview 7.1 Software (National instru-
ment Labview 7.1 software, Austin, TX, USA). Coeffi-
cient of friction (COF) was calculated according to Stan-
ton’s equation (19). 

Figure 1. A sample of free oscillation in Control, Saline, MIA, and MIA+extract groups.  
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Determination of biochemical parameters 
SOD activity was determined according to Light spectros-
copy method by Winterbourn et al. (20). 
Glutathione peroxidase activity was determined by gluta-
thione reductase enzyme coupling reaction according to 
method by Lushchak et al.(21). Reduction of glutathione 
oxide occurs by Gpx reaction with NADPH in the presence 
of glutathione reductase (GR). In this reaction, NADPH 
oxidation to NADP+ reduces absorption at 340 nm, which 
is proportional to GPx activity (H2O + GS–SG → 2GSH + 
H2O2). Malondialdehyde is the ultimate oxidizing peroxi-
dase product in the body’s lipid membrane cells. Thiobarbi-
turic acid assay (TBA) (22) was used to measure MDA level.

STATISTICAL ANALYSIS
The Shapiro-Wilk test was used to determine the normal 
distribution of data. Whereas data did not follow a normal 
distribution P < 0.05, the non-parametric Kruskal-Wal-
lis test and Mann-Whitney u test was used to analyze and 
compare the group differences. The statistical significance 
was defined as P ≤0.05. These statistical analyses were 
carried out using the SPSS for Windows Statistical Soft-
ware Package.

RESULTS 

The joint friction parameters
The measurements of joint friction parameters are shown 
in table I.

Cycle number 
The cycle number to reach equilibrium showed a signifi-
cant difference through the study groups (P=0.005). Cycle 
number in Saline, MIA, and MIA+extract groups decreased 
compared to Control group (P <0.05). After using the E. 
angustifolia extract, the cycle number in the MIA+extract 

group was significantly higher than MIA group (P=0.032). 
An increase in the cycle number reflects the reduction of 
joint friction.

Maximum peak
 The maximum peak oscillation showed a significant differ-
ence among the groups (P=0.002). The maximum Peak 
oscillation decreased significantly in Saline, MIA, and 
MIA+extract compared to Control group (P<0.05). After 
using the E. angustifolia extract, the maximum peak oscil-
lation increased significantly compared to Saline group 
(P=0.016) and MIA group (P=0.016). Increasing the maxi-
mum peak reflects the facilitated movement in the joint and 
the reduction of joint friction.

Exponential slope of cycle decay
The exponential slope of cycle decay showed a signifi-
cant difference among the groups (P=0.010). The expo-
nential slope of oscillation showed an increase in all groups 
compared to Control group, but this increase was only signif-
icant in Saline group (P= 0.008), and MIA group (P= 0.008). 
After administration of the E. angustifolia extract, the expo-
nential slope of the oscillation decreased and its value showed 
no significant difference compared to Control group. The 
decrease in the exponential slope of cycle decay indicates that 
the joint movement is performed with low friction.

Linear slope of cycle decay
The slope of cycle decay showed no significant difference 
among the groups (P= 0.062).

Joint friction coefficient 
The friction coefficient calculated by the Stanton formu-
la showed no significant difference among the groups (P = 
0.131).

Table I. The value of joint friction parameters (Mean±SD)

Variables Control Saline MIA MIA+extract
Cycle Number 20.60±1.51 12.60±2.88a 12.20±1.48a 15.40±2.40ab

Maximum Peak 28.14±1.76 21.38±1.03a 21.35±1.34a 24.07±0.85abc

Exponential Slope 0.04±0.007 0.12±0.08a 0.11±0.03a 0.08±0.3

Linear slope 0.008±0.000 0.011±0.002 0.012±0.001 0.010±0.001

Friction coefficient  0.24±0.01 0.31±0.05 0.26±0.15 0.28±0.04
a: Significant decrease compared to Control group; b: Significant increase in the MIA+extract group compared to MIA group; c: Significant increase in the 
MIA+extract group compared to Saline group.
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Biochemical parameters
The measured biochemical variables including the activi-
ty of antioxidant enzymes: SOD, GPx and MDA as a lipid 
peroxidation index are shown in table II.

Superoxide dismutase (SOD) activity
The amount of SOD activity was significantly different in 
the groups (P=0.001). The induction of osteoarthritis using 
MIA reduced the amount of SOD activity. This decrease 
was significant in both MIA (P= 0.000) and MIA+extract 
(P=0.025) groups compared to Control group. Using E. 
angustifolia extract increased the amount of SOD activity 
compared to MIA group (P = 0.011).

Glutathione peroxidase (GPx) activity
The level of GPx activity revealed significant differences in 
the groups (P=0.041), The GPx activity in the MIA+extract 
group was significantly higher than Control (P = 0.018), 
Saline (P=0.021), and MIA (P=0.05) groups.

Malondialdehyde (MDA) activity
The level of MDA activity showed significant differences 
in the groups (P=0.002). In MIA group, the level of MDA 
activity increased compared to Control and Saline groups; 
this increase was significant in Saline group (P = 0.031). The 
level of MDA activity in the MDA+extract group decreased 
compared to Control (P = 0.002), Saline (P= 0.005) and 
MIA (P = 0.000) groups.

DISCUSSION
In this study, the effect of E angustifolia extract was inves-
tigated on the SOD, GPx, and MDA activity and also the 
decrease of joint friction in the non-traumatic OA model. 
Although the measuring of friction is very important to 
determine of joint function, but it is an aggressive method 
that is not feasible in human studies. So, in this study we 
used MIA rat model to investigate the effect of E angusti-
folia extract on the joint friction. The MIA model in rat, is 

well established and resembles the histological and pain-re-
lated behavior of human degenerative OA (23). Injection 
of MIA leads to a decreased number of chondrocytes and 
subsequent histological and morphological articular alter-
ations similar to human osteoarthritic changes (23).
The results of this study revealed that induction of osteoar-
thritis by MIA injection reduced the cycle number of joint 
oscillation compared to Control group. In the MIA+ex-
tract group, after four weeks administration of E. angus-
tifolia extract, the number cycle increased significantly 
compared to MIA group. The use of Saline also reduced the 
cycle number of oscillation, which was previously report-
ed by Caligaris et al. (24). After using the E angustifolia 
extract, the maximum peak oscillation increased compared 
to the Saline and MIA groups. Administration of E. angus-
tifolia extract displayed the decrease of exponential slop of 
cycle decay, and after treatment, no significant difference 
observed between MIA+extract group and Control group. 
Both linear slope of cycle decay and the friction coefficient 
showed no significant decrease in the groups. Crisco et al., 
(2007) showed that exponential slope of cycle decay is more 
accurate than the linear slop of cycle decay for predicting 
the joint friction coefficient (25). They suggest that the expo-
nential model is capable to predict the friction coefficient 
accurately, when the viscous damping is quite small. In our 
study, exponential slop of cycle decay determined the differ-
ence of joint coefficient of friction among groups; whereas, 
both linear slop of cycle decay and the friction coefficient 
prediction by Stanton formula (based on the linear decay) 
could not determine any difference among groups.
Dunham et al., (1993) suggested that, “the intra-artic-
ular injection of MIA leads to inhibition of glyceralde-
hyde-3-phosphate dehydrogenase in chondrocytes, which 
causes interruption of glycolysis, increased cartilage destruc-
tion, as well as a decrease of proteoglycan synthesis and ulti-
mately cell death” (18). It is noted that MIA injection causes 
cartilage destruction (9). Naveen et al., (2014) showed that, 
two weeks after induced OA by MIA, the ratio of glycos-
aminoglycan/total protein content and the cartilage stiffness 
were decreased (26). 
The joint friction can be significantly changed in articular 
diseases even before appearance of clinical or laboratory 

Table II. The measured biochemical parameters (Mean±SD)

Variables Control Saline MIA MIA+extract
SOD(um/l) 0.74±0.05 0.73±0.03b 0.61±0.04a 0.65±0.07ab

GPx(u/l) 195.5±62.19 190.3±36.31 235.7±130.4 401.7±186.9abc

MDA(umol/l) 4.49±1.19 4.24±1.38 5.71±0.72ab 2.36±1.08abc

a :Significant difference with Control group, b: significant difference with MIA group, c: significant difference with Saline group 
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symptoms (27). The interaction of articular cartilage and 
synovial fluid through the two important mechanisms of 
boundary lubrication and fluid film produces smooth and 
low friction movements in the normal synovial joints and 
causes performing of daily functional activities with mini-
mal friction and good lubrication to prevent the joint carti-
lage wearing. Some studies have shown that there is a direct 
correlation between the increase of friction coefficient and 
the intensity of OA (28-30). 
The experimental and clinical studies suggest that oxidative 
stress may be considered as one of the main etiological factors 
in the pathogenesis of OA (10, 11, 31). SOD expression is 
significantly down regulated in OA chondrocytes in vivo, 
but this precedes the development of OA lesions, raising the 
possibility that alterations in SOD expression are associated 
with the earliest stages of OA pathogenesis (32). E. angusti-
folia is consisting of various chemical compounds including 
amino acids, flavonoids, phenolic compounds, polysaccha-
rides and some other essential elements (15). Most studies 
on E. angustifolia is related to its antioxidant capacity of 
phenolic compounds and antocyanosides. Polyphenols can 
suppress the oxidative stress produced by reactive oxygen 
species (ROS) with their hydroxyl groups (33, 34).
Our results showed that the intra-articular injection of 
MIA caused the decrease of SOD activity level. The level of 
SOD and GPx activities increased in MIA+extract group. 
The amount of GPx activity in the MIA+ extract group 
was significantly higher than Control, Saline, and MIA 
groups. Moreover, the amount of MDA activity increased 
in the MIA group compared to the Control and Saline 
groups. The level of MDA activity decreased significantly 
after administration of E. angustifolia extract in MIA+ex-
tract group compared to other groups. It was found that the 
intra-peritoneal injection of E. angustifolia extract was effec-
tive in increasing the level of activity of antioxidant enzymes 
(SOD and GPx) and decreasing the level of MDA activity. It 
is reported that antioxidants have been effective in altering 
the oxidative enzymes levels in osteoarthritis (35). Increased 
MDA and decreased glutathione (GSH), and catalase activ-
ities (CAT) were evident in OA patients (11). MDA or 
lipid peroxidation increased in plasma and synovial fluid of 
osteoarthritis and rheumatoid arthritis patients (11). Anti-

oxidant enzymes, such as SOD, CAT, GPx are decreased in 
OA patients, confirming the role of oxidative stress in OA 
pathogenesis (10, 12). 
In the non-traumatic OA model, Maghzi et al., (2015) 
showed that the oral treatment with E. angustifolia extract 
decreased the Mankin score (glycosaminoglycan index) and 
cellular degradation in articular cartilage (36). 
Based on the effectiveness of E. angustifolia extract on the 
prevention of chondroblast cell death, it may be facilitat-
ed the expression of joint lubricants such as glycoproteins 
and hyaluronic acid and subsequently decrease of joint fric-
tion. We could not measure the level of these lubricants in 
this study and it suggests to consider in future studies. It 
seems that the prevention of cartilage degradation and the 
synthesis of lubricant agents after intraperitoneal injection 
of E. angustifolia extract, may be effective for decreasing the 
joint friction and better lubrication during functional activ-
ity, but special histological and biochemical studies should 
be considered in the future studies. 

CONCLUSIONS
Induction of osteoarthritis by MIA injection reduced the 
cycle number of joint oscillation. Administration of E. 
angustifolia extract decreased the exponential slop of cycle 
decay, and after treatment this parameter showed no signif-
icant difference compared to Control group. E. angustifo-
lia extract was effective in increasing the level of activity of 
antioxidant enzymes (SOD and GPx) and decreasing the 
level of MDA activity. It seems that E. angustifolia extract 
through its antioxidant effect be able to increase the joint 
lubrication in the osteoarthritis. 
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SUMMARY
Background. This study aimed to evaluate the safety and clinical outcomes of patients 
treated with micro-fragmented adipose tissue for shoulder pain secondary to glenohu-
meral osteoarthritis and rotator cuff pathology. 
Methods. 16 patients (18 shoulders) who had failed previous conservative therapies 
and received a single injection of micro-fragmented adipose tissue for shoulder pathol-
ogy. Outcomes including pain, disability, and safety were assessed at minimum of six 
months. 
Results. Significant improvements in visual analog scale scores (p < 0.001) and pain 
disability index scores (p = 0.02) with no major adverse events were observed at six 
months. 
Conclusions. Micro-fragmented adipose tissue may be helpful to improve pain and 
function in a subset of patients with chronic glenohumeral osteoarthritis and rotator 
cuff tears. No major complications were identified in our case series.

KEY WORDS
Medicinal signaling cells; MFAT; orthobiologics; regenerative medicine; shoulder.

INTRODUCTION
Shoulder pain is a common debilitating condition with an 
estimated annual prevalence ranging from 4.7-46.7% (1). In 
2008, nearly 19 million adults (>8% of the US adult popu-
lation) reported chronic shoulder pain (2). Rotator cuff 
disorders and glenohumeral osteoarthritis are two of the 
most common etiologies (3,4). Patients frequently continue 
to suffer with pain despite treatment, with 40-50% having 
continuous or recurrent pain complaints at one year (5). 
Direct costs in 2000 for treating shoulder pain in the United 
States totaled $7 billion (3).
Early in the clinical course of shoulder disorders typical 
treatments offered include activity modification, physical 
therapy, oral anti-inflammatories and corticosteroid injec-
tions (4). The long-term use of corticosteroid is becoming 

increasingly controversial, as there are concerns regarding 
tendon and chondral toxicity (6). Until recently, the next 
step in treatment was often surgical with rotator cuff repair 
or shoulder arthroplasty. Not all patients are candidates for 
repair secondary to a variety of patient and lesion factors, 
and post-operative recovery for arthroplasty has significant 
downtime (7,8). Newer injection options such as platelet rich 
plasma and mesenchymal signaling cells (MSCs), the latter of 
which are typically obtained from autologous bone marrow 
or adipose tissue are now being increasingly used (9).
MSCs are cells with the perceived capability to differenti-
ate into cells that regenerate tissue functionality following 
injury (10). Numerous mechanisms have been proposed to 
explain how MSCs may support tissue repair and relieve 
pain. Secretion of cytokines and growth factors through a 
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paracrine mechanism likely plays a large role (11). This para-
crine activity is thought to stimulate angiogenesis and have 
anti-inflammatory properties (12). Secondary to its abun-
dant vasculature, adipose is an excellent medium for MSC 
harvest. The procurement procedure consists of a mini-
mally invasive harvest with higher cell concentration per 
unit volume compared to bone marrow concentrate (13). 
Complex regulations limit utility of culture expansion tech-
niques and enzymatic digestion to obtain stromal vascular 
fraction. Mechanical treatment with micro-fragmentation 
provides an effective means of obtaining minimally manip-
ulated adipose tissue known as micro-fragmented adipose 
tissue (MFAT) for therapeutic use (14).
Limited literature is available on the outcomes of patients 
treated with MFAT for shoulder pain. Continued clini-
cal use necessitates continued analysis of outcomes of the 
procedure. In the present study, we report the functional 
and pain outcomes of 16 patients (18 shoulders) treated 
with MFAT injections for glenohumeral osteoarthritis and 
rotator cuff tears.

METHODS

Participants
All patients with glenohumeral osteoarthritis or rotator 
cuff tears treated with adipose-derived stromal cells from 
November 2017 to May 2019 at a single outpatient sports 
medicine clinic were evaluated for inclusion. Diagnosis was 
obtained through history, examination, and imaging. 
Inclusion criteria were: (1) primary diagnosis of glenohu-
meral osteoarthritis or rotator cuff tear, (2) pathology pres-
ent on magnetic resonance imaging or plain radiography, (3) 
pain duration greater than 6 months, and (4) failed conser-
vative management with any combination of physical thera-
py, corticosteroid injection, visco-supplementation, platelet 
rich plasma, or arthroscopy. Exclusion criteria were corti-
costeroid injection within 3 months of MFAT procedure, 
malignancy, active infection, or auto-immune arthritis.
Sixteen patients (18 shoulders) met criteria and were 
analyzed. Seventeen shoulders had pathology confirmed 
through MRI, and in one case severe glenohumeral osteoar-
thritis was confirmed with plain radiography. 

Procedure
The Lipogems® procedural kit was used in all patients. This 
kit provides the necessary resources for the harvest, process-
ing, and transfer of MFAT. Mild mechanical forces are 
employed to reduce adipose tissue cluster size and eliminate 
proinflammatory oil and blood residues (15). The resultant 

product is neither enzymatically treated nor culture expand-
ed. All injections were performed by two experienced phys-
iatrists using ultrasound guidance (CE, JBS). The following 
standardized procedural protocol was used:
Harvest site was determined in the standing position. The 
patient was subsequently placed supine or prone for flank 
and thigh harvest sites, respectively, and the skin overlying 
the harvest site was cleansed with chlorhexidine. After injec-
tion of local anesthetic, an 18-gauge needle tip was used to 
create a small incision. The site was infiltrated with tumescent 
anesthesia (500 mL Normal Saline, 1 mL of 1:1000 Epineph-
rine, 50 mL of 1% Lidocaine/25mL of 2% Lidocaine, 5 
mL of 8.4% Sodium Bicarbonate) using the 17-gauge Lipo-
gems® blunt anesthesia tip connected to a 60 mL syringe. 
The cannula was advanced laterally to medially to disperse 
the tumescent anesthesia. At least 20 minutes post comple-
tion of tumescent anesthesia, the lipoaspiration was started.
Fat was harvested using a 13-gauge lipoaspirate cannula 
connected to a 20 mL VacLok syringe. Care was taken to 
avoid any air being introduced to the syringe. The lipoaspi-
rate syringes were placed in a sterile cup to decant and subse-
quently transferred to the Lipogems® device for processing. 
The final product was placed in 3mL syringes for the treat-
ment. As the lipoaspirate was being washing, excess tumes-
cent was expressed from the harvest site and the puncture 
site was dressed in steri-strips and a sterile gauze, which was 
then covered by Tegaderm. Tape was placed along the harvest 
site to minimize swelling, bruising, and post-procedure pain.
Ultrasound guidance with a curvilinear probe for the gleno-
humeral joint and linear probe for rotator cuff lesions was 
used for tissue transfer with an in-plane needle approach. 
Under sterile conditions, the final adipose aspirate was 
injected into the target site using a 18g 3.5-inch needle. 
Average MFAT injectate volume was 4.9 ± 1.4 mL for gleno-
humeral arthritis and 1.4 ± 0.6 mL for rotator cuff pathol-
ogy. After completion of the procedure, the patient was 
monitored for 15-20 minutes and provided the post-proce-
dure instructions, which were reviewed in-person.

Assessments
Approval was obtained from our institution’s quality 
improvement advisory board; IRB approval was thereby 
waived by the institution. This study meets the ethical stan-
dards of the journal (16). Data was collected during routine 
clinic follow-up visits. The following outcomes were collect-
ed: visual analog scale (VAS), pain disability index (PDI), 
and percent global improvement. The primary outcome 
was VAS and PDI score changes from baseline at 6-month 
follow-up. All patients presented for their 6-month follow-
up, with most having additional visits before and after. 
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Table I. Demographic and Clinical Characteristics (N = 
16 Patients). Values are mean and standard deviation or 
percentages. BMI: body mass index; PRP: platelet-rich 
plasma; MRI: magnetic resonance imaging. 

  N = 16 Patients

Age 65.1 ± 9.6

BMI 28.5 ± 6.1

Laterality  

     Right 11 (68.7%)

     Left 3 (18.8%)

     Bilateral 2 (12.5%)

Dominant Arm  

     Right 16 (100%)

Symptom Duration (m) 65.7 ± 59.9

Follow-up (m) 12.1 ± 5.6

Sex  

     Male 9 (56%)

     Female 7 (44%)

Previous Treatments  

     Physical Therapy 16 (100%)

     Steroid Injection 15 (94%)

     PRP Injection 10 (63%)

Imaging  

     Plain Radiograph 16 (100%)

     MRI 15 (94%)

The VAS is an 11-point scale with 0 being no pain and 10 
being worst possible pain. The PDI is comprised of 7 ques-
tions assessing the impact of chronic pain on activities such as 
recreation, self-care, and occupation. Scores range from 0 (no 
disability from pain) to 70 (worst disability from pain) (17). 
Percent global improvement scores ranged from 0% (no 
improvement) to 100% (maximum possible improvement).

STATISTICAL ANALYSIS
Descriptive statistics were used to evaluate variable frequen-
cies. Within participant changes were evaluated using paired 
two-tailed Student’s t-tests to calculate differences between 
baseline, 6-month, and greater than one-year VAS and PDI 
scores. Mean and standard deviations or percentages are 
reported for the full cohort. Threshold of significance was 
set at P < 0.05. A minimal clinically important difference 

(MCID) value of 1.4-point change was used for VAS and 
9.5-point change for PDI (18,19). Descriptive values of 
proportion of participants meeting MCID are presented.

RESULTS
Demographics and clinical characteristics are depicted in 
table I. Most patients’ (72%) procedure was in the shoul-
der of the dominant arm and on average duration of symp-
toms was approaching 6 years. Follow-up was obtained in 
all participants for minimum of 6 months (average follow-
up was 12.1 ± 5.6 months). Diagnostic imaging identified 
severe glenohumeral joint osteoarthritis and partial supra-
spinatus tears as the most prevalent pathologies, seen in 
50% and 33% of shoulders, respectively (table II). 
At baseline, mean VAS was 6.1 ± 2.1 and mean PDI was 
21.4 ± 9.2. There was significant improvement between 
baseline and 6-month follow up VAS (p < 0.001) and PDI 
(p = 0.02) (figures 1,2). For the 10 shoulders with greater 
than one-year follow-up, significant improvement in VAS 
(p < 0.001) and PDI (p = 0.03) was observed. At 6 months, 
the MCID was met for 14 (78%) of shoulders for VAS and 
9 (50%) of shoulders for PDI. At final follow-up, global 
improvement averaged 70% (range 20-100%). One minor 
complication was reported of transient contact dermati-
tis from the dressing applied to the harvest site. No other 
complications were observed or reported.

Table II. Pathology on Imaging (N = 18 Shoulders).

  N = 18 Shoulders

Glenohumeral Osteoarthritis    

     Moderate 4 22,20%

     Severe 9 50%

Rotator Cuff Pathology    

Supraspinatus    

      Tendinosis 2 11,10%

      Partial Tear 6 33,30%

      Full tear 2 11,10%

Acromioclavicular Osteoarthritis 5 27,80%

Infraspinatus    

     Tendinosis 2 11,10%

     Partial Tear 2 11,10%

Subscapularis    

     Partial Tear 1 5,60%
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DISCUSSION
Recalcitrant shoulder pain from osteoarthritis and rota-
tor cuff pathology remains a common problem encoun-
tered in clinical practice. In this population of 15 patients, a 
majority reported significant improvements in pain and/or 
disability at six months using MCID criteria and no major 
adverse events were reported. These findings are notable 
as all patients had failed multiple prior conservative inter-
ventions, were not candidates or not ready for surgery, and 
reported pain and functional limitations for many months. 
The findings suggest MFAT may be successful in a portion 
of patients with shoulder pain from GHJ arthritis or RTC 
disease, with benefits measured 6 months from procedure.
Current literature on MFAT use for shoulder pain remains 
limited. Striano et al. reported results on 18 patients with 
chronic shoulder pain treated with MFAT (20). Patients 
were followed for one year and significant improvement was 
noted for pain reduction and functional improvement using 
the Numeric Pain Scale and American Shoulder and Elbow 
Surgeons Score. Pain scores decreased from a baseline of 7.5 
to 3.6 at one year. In the present study, we observed similar 
improvement in pain and disability. While statistical analy-
ses could not be completed for after 6 months in our study, 
seven patients had follow-up times greater than 10 months 
with average point decreases of 4.2 and 4.6 in VAS and PDI, 
respectively, from baseline. A case report of a T10 complete 
paraplegic wheelchair user with chronic shoulder pain 
found improved pain and functional outcomes one-year 
post Lipogems® procedure (21). This allowed him to main-
tain independence and resume activities of daily living.
Two studies report stromal vascular fraction (SVF) outcomes 
on shoulder pain via arthroscopy. Jo et al. treated 19 patients 
with varying doses of culture expanded SVF at the time 

of an arthroscopic examination (22). Significant improve-
ment was found at six months for the mid and high dose 
groups. The SVF used in this study was obtained through 
enzymatic digestion. Notably, culture-expanded cells are 
not approved for use in the United States as they violate the 
Federal Drug Administration’s minimal manipulation regu-
lations for MSCs. Kim et al. compared outcomes of surgi-
cal repair alone for rotator cuff tears against repair coupled 
with injection of adipose-derived MSCs loaded in fibrin 
glue. They found decreased re-tear rates in the surgery plus 
adipose-derived MSC group, but no significant differences 
in pain outcomes (23).
Multiple mechanisms have been proposed for how adipose- 
derived signaling cells may improve pain and function for 
shoulder pathology. Immunomodulatory and anti-inflam-
matory properties secondary to a paracrine secretion of 
growth factors and cytokines likely contributes (11). In 
MFAT, these trophic properties can be attributed to the 
undifferentiated cells which are isolated from adult harvest-
ed adipose tissue (24). Additionally, tendon needling when 
treating rotator cuff tears invariably occurs and can have 
pain relieving properties (25).
While the findings are encouraging, results of this large case 
series should be interpreted with caution. Case series retro-
spective design is limited by sample size, low level of evidence 
(IV) and absence of a control group which precludes compar-
ing outcomes amongst other treatment options. Selection 
bias of participants may influence results (including choice 
of procedure and out of pocket expense). MFAT is not a 
covered benefit under most commercial and government 
insurers in the United States, and out of pocket expense 
varies depending on which particular MFAT kit is used as 
well as overhead and demographics of the practice location. 
Often this amounts to a couple thousand US dollars. 

Figure 2. Pain Disability Index Score Changes. Depicted are 
mean scores with corresponding number of patients for each 
follow-up time point.

Figure 1. Visual Analog Scale Score Changes. Depicted are 
mean scores with corresponding number of patients for each 
follow-up time point.
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Notably no patients studied had received visco-supplemen-
tation with hyaluronic acid (HA) prior to their MFAT proce-
dure. In vitro studies have demonstrated HA to potentially 
enhance tendon cell viability and proliferation (26). Addi-
tionally, in a review of 11 clinical studies, HA was found to 
improve pain and function in shoulders with rotator cuff 
tears (27). While often not covered by insurers in the United 
States, HA is typically a cheaper treatment option that can 
be considered prior to MFAT. The degree of osteoarthritis 
and rotator cuff tear severity may also influence results and 
was not controlled for in this study. Follow-up was obtained 
for a subset of patients to 6 months, and clinical results are 
often reported at time points 12 months after the procedure 
(28,29). However, this report adds to the limited literature 

using Lipogems® and suggests further investigations using 
rigorous methodology (randomization, blinding, and larger 
sample sizes with more homogenous degree of pathology) 
would help understand the benefits of this procedure.
In conclusion, our results suggest MFAT may be helpful 
to improve pain and function in a subset of patients with 
chronic glenohumeral osteoarthritis and rotator cuff tears. 
No major complications were identified in our case series. 
Additional studies ideally prospective with a control group 
are needed for further evaluation of this treatment.
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SUMMARY
Background. This study sought to compare the ultrasound tissue characteristics of the 
muscles (including muscle thickness, echo intensity, and stiffness) and tendons (including 
thickness, stiffness, and peak spatial frequency radius (PSFR)) of participants with or with-
out diabetes mellitus. Moreover, the study sought to determine any relationships between 
the muscle stiffness and strength or tendon PSFR and the results of blood tests, including 
the glycation or lipid profiles, of the diabetics. 
Methods. Twenty-three participants with type 2 diabetes mellitus and nineteen controls 
without a history of diabetes were recruited. 
Results. The diabetic muscles exhibited less thickness (P=0.024), greater echo intensity 
(P=0.033 and 0.002), and lower muscle stiffness (P=0.015 and 0.009) than the control 
muscles. Furthermore, the diabetic tendons exhibited a lower PSFR (P ranged between 
0.037 and <0.001). There were correlations between the resting stiffness of the gastroc-
nemius muscle and the height of heel lifting (r=0.450, P=0.031), between the PSFR in 
the patellar tendon and the hemoglobin A1c level (r= -0.539, P=0.017), and between the 
PSFR in the Achilles tendon and the high-density lipoprotein cholesterol level (r=0.545, 
P=0.019).
Conclusions. The diabetic muscles and tendons exhibited morphomechanical changes 
associated with force capacity or markers of insulin resistance. Clinical applications of 
musculoskeletal ultrasound techniques to diabetics include using them to design exercise 
strategies and for microstructural screening.

KEY WORDS
Diabetes; musculoskeletal ultrasound; tissue characteristics; muscle; tendon.
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BACKGROUND
Diabetes mellitus (DM) is a major cause of mortality and 
functional disability worldwide, and the complications 
resulting from it include microvascular diseases and muscu-
loskeletal disorders (1). Long-term hyperglycemia and 
impaired lipid metabolism are considered to be among the 
causes of the diabetic myotendinous disorders, which may 
be accompanied by morphological (structural) changes, 
dysfunction, and pain (2). In a magnetic resonance imaging 
study focusing on morphology, diabetic calf muscles were 
found to exhibit atrophy with fat infiltration, loss of muscle 
mass, increased fatigability, and a greater reliance on glyco-
lytic metabolism in comparison to the muscles of controls 
without diabetes (3). In a study observing the micro-struc-
ture and morphology of the Achilles tendons of patients 
with long-term DM using an electron microscope, it was 
reported that such tendons have reduced fiber diameter, 
increased collagen fiber bulk density, and abnormal fiber 
morphology (4). These findings themselves suggest possi-
ble mechanisms underlying the findings of other reports 
indicating that (a) the hyperechoic appearance of diabetic 
muscles in ultrasound imaging correctly predicted diabetes 
in 70 of 79 patients (5); (b) long-term diabetes is associat-
ed with a high prevalence of chronic Achilles tendinopa-
thy, including hypoechogenicity, entheseal thickening, and 
enthesophytes (2,6); and (c) diabetic tendons demonstrate 
inferior elasticity (Young modulus), maximum load, and 
stiffness levels (7,8). Theoretically, these respective muscle 
morphological and tendon microstructural changes are the 
causes of diabetic muscle force compromise, in addition to 
being evidence of diabetic complications in tissues with low 
reparative capacity. However, the studies referenced above 
left unanswered questions about (a) whether atrophy with 
fat infiltration in diabetic muscles leads to a reduction of 
muscle stiffness, which is an elemental determinant of force 
development; (b) whether abnormal morphology and disor-
ganization of the collagen fibrils in the diabetic tendon 
could reflect on the primary fiber bundle, the basic unit 
of transmitting and resisting tensile stresses in the tendon 
(9); and (c) whether the aforementioned morphomechani-
cal changes are associated with force production within the 
myotendinous complex or the profiles of blood biomarkers 
representing the pathology of diabetes. Further studies are 
thus required to answer the above questions and establish 
clinical protocols for periodic evaluations to monitor diabe-
tes-related myotendinous deteriorations.
High-resolution B mode ultrasonography and elastography 
have been determined to be reliable techniques for measur-
ing the echo intensity (EI), mechanical stiffness (elastic 
modulus), and morphologies of skeletal muscle. Skeletal 
muscle stiffness is determined using shear-wave elastogra-

phy according to the tension produced by muscle contrac-
tion and mechanical properties along the muscle fibers (10). 
In addition, changes in the physical characteristics of the 
microstructure of the tissue can be quantified by detecting 
the energy behavior of scattering of the B-mode image struc-
ture with spectral analyses of the waveform data of ultrason-
ic radiofrequency signals, such as a high proportion of ener-
gy at low frequencies as the scatter size increases (11). Other 
studies have shown the microstructural changes that occur 
in tendinopathy via the low values of peak spatial frequen-
cy radius (PSFR), which consists of the distance from the 
origin to the spatial frequency peak of greatest amplitude 
on the 2-D fast Fourier transform spectrum, exhibited in 
symptomatic subjects (12). It was inferred that, the ultra-
sound wavelength ranged between 0.32 mm (320 μm) and 
0.13 mm (130 μm), with a 5-12 MHz probe being able to 
detect the scattering from the structures forming a prima-
ry bundle or subfascicle (15-400 µm in diameter), which 
was mainly composed of collagen fibrils (with diameters 
of 30-300 nm) and small collagen fibers (with diameters of 
1-300 µm) (9). Collectively, DM-associated deteriorations in 
muscle mechanical properties and tendon microstructures 
respectively represent the compromised capacity of muscle 
force production and the pathologies of diabetes and can 
be assessed by elastographic and ultrasonic tissue charac-
terization using spectrum analysis. However, profiles of the 
above characteristics have not been reported or completely 
analyzed in past studies.
The aim of the present study, therefore, was two-fold. First, 
to measure and compare the ultrasound tissue characteris-
tics of the muscles (including muscle thickness, EI, and stiff-
ness) and tendons (including thickness, stiffness, and PSFR) 
of participants with DM who demonstrated negative results 
in peripheral vascular and nerve screening testing to those 
of participants without DM. In addition, the study sought 
to determine any relationships between the muscle stiffness 
and strength or tendon PSFR and the results of blood tests, 
including the glycation or lipid profiles, in the participants 
with DM. We hypothesized that there would be differences 
in the aforementioned ultrasonic tissue characteristics of the 
myotendinous complex of the lower extremities in the DM 
patients when compared to controls. Furthermore, it was 
hypothesized that, in the DM group, the stiffness in certain 
muscles (namely, the vastus lateralis and medial gastroc-
nemius) and the PSFR in the tendons (namely, the patel-
lar and Achilles tendons) would be associated, respectively, 
with muscle strength results and blood test results, includ-
ing hemoglobin A1c (HbA1c) and high-density lipoprotein 
cholesterol (HDL-C) levels. The HbA1c and HDL-C levels 
were chosen because abnormalities in serum lipid profiles 
and HbA1c levels represent markers of insulin resistance 
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and the risk for micro- and macroangiopathies in known 
type 2 diabetic patients (13).

MATERIALS AND METHODS

Subjects and study design
This study utilized a cross-sectional design that compared a 
group of diabetic participants with another group of partici-
pants who were matched in terms of physical characteristics 
but did not have a history of DM. This study was approved 
by the institutional review board of National Taiwan 
University Hospital (reference no. 201703035RINC) and 
meets the ethical standards of the journal (14). All of the 
eligible diabetic and control participants were recruited 
from an outpatient clinic of a university-affiliated hospital. 
Written informed consent was obtained from all the partic-
ipants prior to participation, and details that might disclose 
the identity of the participants have been omitted. All the 
diabetic participants were between 30 and 80 years old and 
were recruited based on the 2018 criteria of the Ameri-
can Diabetes Association (15) and their negative results on 
peripheral vascular or nerve screening tests, including their 
ankle-brachial index results (< 0.9 or >1.3), Semmes Wein-
stein monofilament examination results (any one of 4 sites 
was insensate on each foot), and 128-Hz tuning fork vibra-
tion test results (perceptions - 5 seconds). The participants 
in the control group who were matched in terms of phys-
ical characteristics to the DM group were recruited from 
the hospital department of volunteer and charity workers. 
The inclusion criteria for the control participants included 
no history of DM. Any of the potential participants were 
excluded if they had risk factors for structural weakness 
in the myotendinous complex, including a chronic kidney 
injury treated with hemodialysis, hyperuricemia, rheuma-
toid arthritis, systemic lupus erythematosus, osteogenesis 
imperfecta, musculoskeletal tuberculosis, parathyroidism, 
hypothyroidism, or alkaptonuria.

Experimental protocol
The participants were asked to change into a hospital gown 
if their clothes prevented ultrasonographic measurements 
of the rectus femoris, vastus lateralis, quadriceps tendon, 
patellar tendon, medial gastrocnemius, or Achilles tendon. 
They were instructed to rest for 10 minutes and fill out a 
brief questionnaire including questions regarding their 
DM history. Ultrasound image acquisition was conduct-
ed in the medical imaging department of the university 
hospital with an Aixplorer® system (Supersonic Imaging, 
Aix-en-Provence, France) coupled with an SL15-4 probe. 

The Young’s modulus, grayscale image features, thickness, 
and PSFR of the aforementioned muscles or tendons were 
measured in a longitudinal view. The elasticity measure-
ments using a round region of interest (ROI) with an 
approximately 4-7 mm diameter were recorded with the 
mean resting Young’s modulus within the ROI on the same 
aforementioned muscles and tendons. During each elasticity 
measurement, the ultrasound transducer was kept station-
ary for 10 s during the acquisition of the image (figure 1 
A-F). To standardize and optimize the image quality and to 
avoid variability in the B-mode images, the gain was adjust-
ed to a default set of control settings (46-48%), and the 
focus area was increased to maximum and kept consistent 
across all the participants to adjust for differences in muscle 
size among the participants. Muscle thickness assessed by 
B-mode ultrasound was measured as the distance between 
the superficial and deep aponeuroses at the mid-line of 
the image, while the tendon thickness was determined by 
the maximum anteroposterior diameter of the tendons. 
The measurements for the rectus femoris and vastus later-
alis muscles (on the lower third of the thigh), quadriceps 
tendon, and patellar tendon were conducted with the partic-
ipant positioned in a supine position with the knee flexed at 
60°, with this position maintained by pillows placed under 
the tested knee. Ultrasound measurements of the quadri-
ceps and patellar tendons were respectively conducted at 
1.5 cm above the superior border of the patella and in the 
area around the middle portion of the patellar tendon. For 
measurements of the proximal third of the gastrocnemius 
medialis muscle (i.e., the region between the lateral malleo-
lus of the ankle and the lateral condyle of the knee) and the 
mid-portion of the Achilles tendon (i.e., the region 2-4 cm 
proximal to the calcaneal insertion), each subject lay prone 
(face down) on an examination bed with both ankles hang-
ing over the edge of the bed, with the foot being placed at 
an angle of 90° to the tibia.
B-mode ultrasound images were stored as jpeg files and 
transferred to a computer for processing regarding the 
muscle EI and tendon PSFR. The mean pixel intensity 
(i.e., the EI) of the selected muscle regions was obtained 
by gray-scale analysis using the standard histogram func-
tion in Image-J (ImageJ, U. S. National Institutes of Health, 
Bethesda, Maryland, USA) without any bone, aponeurosis, 
or surrounding fascia. The mean EI values for the different 
regions of muscle were expressed in values ranging between 
0 and 256 (0: black; 256: white). The measurements of 
tendon PSFR were conducted using a protocol similar to 
that used by Kulig et al. (12), including the use of custom 
image analysis programs written in MATLAB (Mathworks, 
Natick, MA, USA). A quadrilateral-shaped ROI enclosing a 
maximum tendon area corresponding to the mid-substance 
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Figure 1. The measurements of and Young's modulus (shear-wave velocity) of the rectus femoris muscle (A), vastus lateralis 
muscle (B), medial gastrocnemius muscle (C), quadriceps tendon (D), patellar tendon (E), and Achilles tendon (F).
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of the tendon without the distal and proximal image (i.e., 
the distal and proximal tendon curvature) was selected for 
each PSFR measurement (12) (figure 2 A-C). Within the 
ROI, the PSFR in every 2 mm-square kernel (32 x 32 pixel) 
circumscribed by the ROI was analyzed and averaged for 
each image (12).
After the ultrasonographic measurements, the participants 
were assessed in two strength testing sessions, the first of 
which involved the knee extension exercise and the second 
of which involved the heel raising exercise. There was a 
five-minutes interval of rest between the two sessions. During 
the testing sessions, each participant was first instructed to 
perform the maximum isometric knee extension in a sitting 
position and then the one-legged heel raising in a standing 
position using his or her bodyweight. The knee testing was 
completed with a customized wheelchair with an affixed 
load cell attached to the ankle cuff just above the medial 
malleolus, with the lumbar-hip and knee joints respectively 
positioned at 100-110° and 60° extensions (with 0° corre-
sponding to the complete extension). Both upper limbs of 
each participant were kept crossed in front of the partici-
pant’s chest. In the heel raising testing, each participant was 
asked to stand on the tested leg and instructed to perform 
maximal heel lifting. The participant was allowed to touch a 
wall with an index finger at the shoulder level to maintain a 
steady one-leg standing position. The maximal force for the 
knee extension exercise and height for the heel raising exer-
cise were recorded.

Laboratory tests	
Results of blood tests (including tests of HbA1c, triacylglyc-
erol (TG), total cholesterol, low-density cholesterol (LDL), 
and HDL-C levels) were collected over a period of approx-
imately 6 months. The HbA1c and HDL-C levels were 
enrolled for the correlation analyses.

STATISTICAL ANALYSIS 
The Shapiro-Wilk test was used to determine if the data for 
all the variables were normally distributed. The Mann-Whit-
ney U test was used to analyze the differences between the 
diabetic tendons and non-diabetic tendons. Spearman’s 
rank correlation coefficients were calculated to determine 
whether, respectively, the muscle Young’s modulus and 
force production capacities (i.e., the knee extension torque 
and the heel lifting height) and the tendon microstructur-
al characteristics and laboratory blood test results (HbA1c 
and HDL-C levels) were related. All of the analyses were 
performed using SPSS 22.0 for Windows (SPSS Inc, Chica-
go, IL, USA), with the α level set at 0.05.

Figure 2. The measurements of peak spatial frequency radi-
us (PSFR) for the quadriceps (A), patellar (B), and Achilles (C) 
tendons. 

A

B

C
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RESULTS

Participants
Twenty-three participants with type 2 DM and nineteen 
physically matched controls without a history of diabetes 
were recruited. The characteristics of the participants are 
summarized in Table 1. None of the diabetic participants 
had shown complications or signs of high risks of peripher-
al artery disease or neuropathy, such as the loss of the sensa-
tion of touch (table I). There were no significant differ-
ences in age or gender between the diabetic and control 
groups (both P>0.05), while the height of heel lifting was 
found to be greater in the controls (P<0.001). The blood 
laboratory test results for the diabetic participants ranged 
between normal and moderate hypertriglyceridemia (TGs 
between 150–499 mg/dL), between normal and accept-
able LDL levels (100-129 mg/dl), and between low (HDL 
<50 mg/dl) and normal HDL levels (16). The investigat-
ed diabetic muscles exhibited less thickness (P=0.024), 
greater EI (P=0.033 and 0.002), and lower muscle stiff-
ness (P=0.015 and 0.009) when compared to the control 
muscles. In addition, the diabetic tendons exhibited a 
lower PSFR (P ranged between 0.037 and <0.001) (table 
II); however, this was not consistent with the thickness 
and material stiffness results observed (all P>0.05) (table 

III). There were correlations between the resting stiffness 
of the gastrocnemius muscle and the height of heel lift-
ing (r=0.490, P=0.021), between the PSFR in the patel-
lar tendon and the HbA1c level (r= -0.539, P=0.017), and 
between the PSFR in the Achilles tendon and the HDL-C 
level (r=0.545, P=0.012).

DISCUSSION
The results of this study verified our hypotheses and demon-
strated that diabetes has effects on the morphomechanical 
properties of the muscles and tendons, as well as their asso-
ciations with, respectively, plantarflexor muscle strength and 
blood sugar/lipid levels. These findings expand the existing 
knowledge of how long-term hyperglycemia and impaired 
sugar/lipid metabolism impact the mechanical properties 
and micro-structure, respectively, in muscles and tendons. 
They also provide further information regarding possible 
mechanisms of diabetic muscle weakness and tendinop-
athy genesis in type 2 DM patients. Moreover, they high-
light exercise strategies for early detected or well-controlled 
diabetes patients without significant signs of peripheral 
vascular disease and neuropathy aimed at preventing func-
tional disability and tendon pain. In addition, they also indi-
cate the potential contributions of ultrasound techniques in 

Table I. Physical characteristics, laboratory test results, and muscle strength levels of the participants with and without 
diabetes mellitus.

Diabetic group (N=23) Non-diabetic group 
(N=19)

P value

Age (in years) 65 (51-70) 65 (45-70) 0.551

Gender (M/F) 12/11 10/9 0.363

History (in years) 9.5 (3.0-23.0) NA

HAb1C (%) 7.3 (5.9-10.5) NA

TG (mg/dL) 86.0 (37.0-509.0) NA

T-CHO (mg/dL) 164.0 (124.0-242.0) NA

LDL-C (mg/dL) 94.0 (51.0-132.0) NA

HDL-C (mg/dL) 49.5 (33.0-66.0) NA

Ankle-brachial index - right side 1.2 (1.1-1.3) NA

Ankle-brachial index - left side 1.2 (1.1-1.3) NA

Semmes-Weinstein test - right foot 0.0 (0.0-0.0) NA

Semmes-Weinstein test - left foot 0.0 (0.0-0.0) NA

Vibration test - right foot 7.0 (6.0-8.0) NA

Vibration test - left foot 7.0 (6.0-8.0) NA

Knee isometric extension (kg) 21.0 (8.96-45.7) 22.6 (16.2-34.2) 0.336

Heel raising height (cm) 10.0 (6.0-12.5) 11.8 (7.2-14.1) <0.001
Abbreviations: NA, not available. Results are presented as median values, with the range between the minimum and maximum values in the parentheses.



405Muscles, Ligaments and Tendons Journal 2020;10 (3)

C.Y. Kuo, W. N. Lee, S. S. M. Fong, P. Chaiyawat, G. Bashford, T.T.F. Shih, L. M. Chuang, H. K. Wang

Table III. Ultrasonic tissue characteristics of tendons in the participants with and without diabetes mellitus.

Diabetic group
(N=23)

Non-diabetic group
(N=19)

P value

Thickness (cm)
Quadriceps tendon 0.58 (0.43-0.72) 0.51 (0.40-0.66) 0.558

Patellar tendon (M) 0.38 (0.29-0.54) 0.33 (0.30-0.44) 0.068

Achilles tendon (M) 0.49 (0.28-0.66) 0.51 (0.32-0.64) 0.980

PSFR (A. U.)
Quadriceps tendon 1.25 (0.70-2.33) 1.48 (0.83-2.72) 0.037*

Patellar tendon (M) 1.47 (0.83-2.58) 2.08 (0.83-3.08) 0.003*

Achilles tendon (M) 1.21 (0.70-2.45) 2.08 (1.33-2.95) <0.001*

Mechanical stiffness (kilopascal)
Quadriceps tendon 294.0 (179.4-508.4) 233.6 (108.7-446.6) 0.071

Patellar tendon (M) 188.3 (57.9-341.3) 163.7 (69.9-334.1) 0.503

Achilles tendon (M) 373.0 (166.30-532.90) 298.0 (121.7-475.4) 0.126
Results are presented as median values, with the range between the minimum and maximum values in the parentheses. * means a significant difference. M 
means the middle portion of the tendon. A. U. means arbitrary unit.

Table II. Ultrasonic tissue characteristics of muscles in the participants with and without diabetes mellitus.

Diabetic group
(N=23)

Non-diabetic group
(N=19)

P value

Muscle thickness (cm)
Rectus femoris 1.17 (0.86-1.76) 1.08 (0.75-1.46) 0.225

Vastus lateralis 1.52 (1.15-1.98) 1.48 (0.89-2.31) 0.781

Medial gastrocnemius 1.31 (0.95-1.91) 1.59 (0.93-2.23) 0.024*

Echo intensity (A. U.)
Rectus femoris 75.54 (41.29-123.47) 64.93 (29.66-114.10) 0.033*

Vastus lateralis 84.65 (50.80-122.00) 66.6 (38.65-116.63) 0.067

Medial gastrocnemius 80.14 (34.29-113.44) 50.69 (28.35-109.53) 0.002*

Mechanical stiffness (kilopascal)
Rectus femoris 12.10 (8.20-65.60) 14.90 (9.70-68.00) 0.197

Vastus lateralis 12.00 (8.50-21.20) 14.70 (9.6-31.9) 0.015*

Medial gastrocnemius 16.30 (8.70-28.40) 18.50 (10.70-54.3) 0.009*
Results are presented as median values, with the range between the minimum and maximum values in the parentheses.* means a significant difference. A. 
U. means arbitrary unit.

assessing muscle tissue characteristics and screening tendon 
pathogenesis in patients with metabolic disorders.
In the present study, the ultrasonic tissue characteristic 
results for diabetic muscles at rest indicated that in type 
2 DM patients without peripheral vascular and neuro-
pathic signs, the main deterioration of skeletal muscles in 
the lower extremities included decreases of muscle mass 
(reduced thickness), the accumulation of intramuscular fat 
(increased EI), and the reduction of the mechanical proper-

ty (Young’s modulus or shear-wave velocity). These results 
are consistent with previous studies that reported that (a) 
leg muscle thickness levels are reduced in diabetic patients 
without neuropathic signs (17) and (b) there is excessive 
fat infiltration in leg skeletal muscles in individuals with 
obesity and DM (18). Since the muscle fiber bundles are 
composites of fibers and extracellular matrix (ECM) that 
bear the majority of passive muscle loads (19), the reduced 
shear-wave velocity or Young’s modulus in muscles in this 
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study may be related to reduced contractile and biochem-
ical properties of muscle fibers (20); adverse remodeling 
of the ECM in diabetic muscle, including irregular orga-
nization and decreased matrix metalloproteinase (MMP) 
activation (21); and increases of intramuscular fat (18) in 
diabetes. The reduced muscle Young’s modulus found in 
this study has three clinical implications: (a) insulin resis-
tance and diabetes are detrimental to the mechanical prop-
erties of muscle fiber and ECM, muscle composition, and 
force production, an implication which is supported by the 
correlation between the calf muscle Young’s modulus and 
the maximal heel lifting height in the present study; (b) the 
adaptive capacity of diabetic muscles for exercise or physi-
cal training may be reduced due to the diminished Young’s 
modulus, which jeopardizes the force transmission, and the 
sensitivity of the muscle to mechanical stimulation (22); and 
(c) based on our findings showing that the medial gastroc-
nemius muscle has all of the aforementioned deterioration 
characteristics in diabetic muscles, the calf (distal) muscles 
of patients may develop diabetic myopathy earlier than the 
hip or thigh (proximal) muscles, and therefore, progres-
sive strengthening and stretching exercises for leg muscles 
are strongly recommended for early detected or well-con-
trolled diabetes. This exercise strategy is aimed at prevent-
ing muscle dysfunction and tendon pain. The benefits of 
exercises may include the promotion of ECM production 
and stiffness through mechanical stimulation (23). Although 
exercise might be beneficial to the turnover of ECM struc-
ture and could potentially lead to an attenuation of ECM 
accumulation as seen during chronic metabolic disease 
in humans (24), there have been few studies to illuminate 
differences in the effects of active and passive training on 
the muscle ECM. It is thus suggested that elastography be 
utilized in future studies to periodically measure the effects 
of exercise on the muscle ECM, to monitor deterioration 
in the muscle tissue, and to estimate the capacity of muscle 
force generation in diabetic patients.
The ultrasound results in this study regarding the micro-
structure (PSFR) of tendon tissue indicated that the diabet-
ic tendons showed altered structural and composition char-
acteristics in terms of packing density and alignment of the 
collagen bundles and fibrils consisting of changes of sizes, 
density, spatial alignments, and distribution (organization) 
(12). These results echo those of a previous study that report-
ed increased packing density of collagen fibrils, decreases in 
fibrillar diameter, and abnormal fibril morphology consist-
ing of twisted, curved, overlapping, and otherwise highly 
disorganized fibrils observed by electron microscopy in the 
Achilles tendons of diabetic patients (4). Combined with 
the results regarding correlations between the PSFR and the 
HbA1c or HDL-C levels found in this study, these morpho-

logic abnormalities of the collagen bundles and fibrils in 
diabetic tendons appear to be the result of nonenzymat-
ic glycation and the production of inflammatory cytokines 
expressed over the years in those suffering from DM (4,25). 
These microstructural changes are suggested to be the causes 
of reduced tendon flexibility, tendon thickening, and short-
ening of the Achilles tendon-gastrocnemius complex, as 
well as tendinopathy (2,4). The ultrasound characteristics of 
the quadriceps, patellar, and Achilles tendons found in this 
study indicated the early detection of tendon microstruc-
tural changes in diabetes, and suggest that microstructural 
abnormalities may begin prior to the occurrence of symp-
toms or macrostructural changes in diabetic tendons, such as 
tendon thickening and reduced tendon stiffness (2). Poten-
tial applications of the technology used in the current study 
thus include screening for the risk of tendinopathy in diabet-
ic patients while they are still asymptomatic. The results of 
this study support the conclusions that diabetic muscles 
and tendons exhibit early mechanical or structural changes, 
including reduced muscle Young’s modulus and PSFR in the 
tendons, and that the mechanical or structural changes in the 
Achilles tendon-gastrocnemius complex are associated with 
force capacity or markers of insulin resistance.

LIMITATIONS
This study limitations include the specific diabetic popula-
tion studied, such that the results must be interpreted with 
caution with respect to using well-controlled diabetes as 
a reference for the tendon system. In addition, this study 
did not analyze the effects of commonly prescribed drugs 
(including statins) that may affect the collagen structure and 
PSFR in patients with DM. Moreover, our results may not 
apply to diabetes with poor control or peripheral neurovas-
cular disease. 

Clinical implication
Based on our study results, which were gathered from partic-
ipants who had no peripheral neurovasculopathy, strengthen-
ing and stretching exercises for the calf muscles are strong-
ly recommended for prophylactic programs aimed at the 
prevention of lower extremity dysfunction. It is suggested 
that elastography and the scattering pattern approach be used 
in future studies to reveal the training effects of calf exercises 
and to verify the central role of mechanical and morpholog-
ical plasticity in functional recovery in diabetic participants.
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SUMMARY
Background. Low-intensity exercise with blood flow restriction (BFR) may improve 
muscle mass and strength but an early neuromuscular fatigue may occur. Since the mech-
anisms of fatigue during BFR exercise is not yet fully understood we examined, concom-
itantly, the coefficient of variation of force (CVf) and surface electromyographic signal 
(sEMG) during an intermittent isometric handgrip exercise (IIHE) taken to failure. 
Methods. 12 males completed an IIHE to failure with three blood flow conditions: total 
BFR (TR), partial BFR (PR) and free blood flow (FF). At each condition, three moments 
of the task were identified: beginning, midway and failure. The CVf and amplitude of recti-
fied (arEMG) and median frequency (MDF) from the sEMG were analyzed.  
Results. FF and PR conditions presented similar increase throughout the entire task in CVf 
(FF=1.73±0.88%; PR=1.61±0.63%) and arEMG (FF=1.48±0.63%; PR=1.40±0.45%), 
and similar decrease in MDF (FF=0.88±0.16%; PR=0.88±0.14%). Differently, during 
the task with TR there was a significant increase in CVf (1.45±0.79%) and arEMG 
(1.27±0.40%) and decrease in MDF (0.85±0.19%) only at the failure. The comparisons 
between conditions showed that the CVf, arEMG, and MDF were significantly lower 
(p<0.05) at TR condition, when compared to the FF. 
Conclusions. Simultaneous analysis of CVf and sEMG indicates that FF and PR conditions 
induce similar neuromuscular fatigue during an IIHE, while the adjustments to maintain 
the task are different in TR. Additionally, it does not seem necessary to add a partial BFR 
to increase muscle excitation during an exercise taken to failure. 

KEY WORDS
Vascular occlusion; electromyography; motor control; median frequency; muscle activation; 
volitional fatigue.

Influence of Blood Flow Restriction Level on Muscle 
Fatigue During an Intermittent Isometric Exercise 
Taken to Failure

BACKGROUND
Neuromuscular fatigue can be defined as a condition in 
which muscles fail to maintain a required effort (1). The 
mechanisms of exercise-induced muscle fatigue are related 
to the intensity, duration, type of muscle action and blood 
flow restriction (BFR) level (2,3). Partial BFR, which have 
been widely investigated owing to its potential to improve 
muscle mass and strength at low-intensity training (4) is 
recognized as a condition that induces early neuromuscu-
lar fatigue (2). Poor arterial flow and venous stasis caused 
by insufflations of a pressure cuff in the proximal end of 

the active muscles can lead to muscle fatigue and trigger a 
number of mechanisms responsible for BFR training adap-
tations (5). 
The maintenance of force output (obtained from strain-
gauge/force transducer) during a fatiguing contraction is 
regulated by mechanisms as the recruitment of new motor 
units and the modulation of firing rates of active motor 
units (6). Some parameters related to the muscle features 
that have been used to investigate the control of force 
throughout fatiguing tasks are: (i) coefficient of variation of 
force (CVf), that is influenced by the alterations in motor 
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unit recruitment and/or discharge timing along the fatigue 
progresses; (ii) amplitude of the surface electromyographic 
signal (sEMG), that represents muscle excitation; (iii) medi-
an frequency (MDF) of sEMG spectrum, that is related to 
action potential conduction velocity (6,7). 
Increased muscle excitation appears to be of importance for 
strength gains (8) and hypertrophy (9), however the capac-
ity of partial BFR to increase muscle recruitment is contro-
versial (5). While some studies have shown higher neuro-
muscular excitation (10) others found no difference in the 
amplitude of sEMG during BFR exercise compared to free 
flow exercise with load-matched (11,12). In addition, none 
of these studies investigated how different BFR levels influ-
ence neuromuscular activity during an isometric task taken 
to failure. Not least, it has been shown that MDF reduces 
during exercise with total BFR compared to free blood flow 
exercise (7), but the behavior of MDF during partial BFR 
exercise until failure is unclear.
Despite the potential relevance of CVf and sEMG assess-
ments to verify how the neuromuscular activity/control is 
affected by BFR during a fatiguing task, no previous studies 
have simultaneously measured these outcomes. Addition-
ally, considering that characteristics as blood pressure and 
limb circumference influences the restriction pressure (13), 
the arbitrary pressure generally applied (7,11), may create 
a difference in the hypoxic intramuscular environment and 
hamper the understanding of mechanisms involved in the 
exercise-induced fatigue with different BFR levels. There-
fore, this study aimed to compare the effects of different 
and individualized BFR levels on parameters of neuromus-
cular fatigue (CVf, sEMG amplitude and sEMG median 
frequency) during an isometric intermittent exercise taken 
to failure. 

MATERIALS AND METHODS

Participants 
Twelve healthy men (characteristics show in table I) classi-
fied as physically active or very active were included. They 
were right handed with no neuromuscular and cardiovascu-
lar disorders, and were naive to the all procedures. In the 
24 hours antecedent to the experimental procedure partic-
ipants avoided strenuous handgrip exercise and alcohol/
caffeine consumption. The same physical activity routine 
and diet were kept during the study period. Participants 
were informed of all experimental procedures as well as 
any potential risks associated with the study before giving 
written informed consent. This study is in accordance 
with Declaration of Helsinki and has also been previously 
approved by the Research Ethics Committee of the Feder-

al University of Pernambuco under the protocol number 
CAAE: 36832814.9.0000.5208. This trial was prospectively 
registered (Clinical Trials No. NCT02384161) and conduct-
ed ethically according to international standards of the jour-
nal as described by Padulo et al. (14). 

Experimental procedures
Volunteers were submitted to three sessions of intermittent 
isometric handgrip exercise (IIHE) with three blood flow 
levels: total BFR (TR), partial BFR (PR) and free blood flow 
(FF). The interval between two successive interventions 
ranged from 72h (minimum interval) and 1 week (maximum 
interval). Thus, in this randomized crossover trial, all volun-
teers carried out the same IIHE sustained to failure with 
TR, PR and FF. 
Through computer-generated random number tables 
(http://www.randomization.com/) the order of BFR level 
was allocated by an investigator who was not involved in 
the recruitment, intervention or assessment of subjects. 
Opaque sealed envelopes were used to conceal the alloca-
tion. To blind all procedures, the researcher responsible for 
maximum voluntary isometric contraction (MVIC) assess-
ment and IIHE (researcher 1) did not know volunteer allo-
cation. Evaluators determining (researcher 2) and apply-
ing/controlling restriction pressure (researcher 3) did not 
participate in the randomization. The volunteers were not 
informed about the BFR level applied and were instruct-
ed not to report the perception of pressure, keeping the 
researcher 1 blinded.
Initially, eligibility criteria were evaluated and anthropomet-
ric data were recorded. In the following day, blood pressure 
and the pressure necessary to total restriction (TRP – total 
restriction pressure) of brachial artery flow was determined, 
and the volunteers were familiarized with MVIC and IIHE. 

Table I. Values are mean±standard deviation, minimum and 
maximum from subject characteristics (n=12). 

Variable Mean ±SD Minimum Maximum
Age (years) 21±1.71 19 25

Height (cm) 177 ±6 170 187

Body mass (kg) 78.58±9.50 61.50 91.80

BMI (kg/m-2) 25.03±1.98 21.28 28.47

SBP (mmHg) 120.15±11.60 100 140

DBP (mmHg) 76.92±7.51 70 90

TRP (mmHg) 126.92±10.52 110 145

PRP (mmHg) 63.46±5.26 55 72.5

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; TRP, total restriction pressure; PRP, partial restriction pressure.
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Then, 72h after the familiarization, volunteers began the 
IIHE with different BFR conditions. Thenceforth, each 
IIHE session was identical, except for the BFR level. The 
volunteers were positioned in dorsal decubitus, with shoul-
der abducted at 90º, elbow fully extended and forearm supi-
nated for all TRP and MVIC evaluations and during the 
IIHE.

Total restriction pressure determination
TRP of the brachial artery flow is a measure that shows 
good reproducibility and was determined according to 
the previous study (13). Briefly, the brachial artery blood 
flow of the dominant arm was detected by an ultrasound 
model SonoAceR3 (Samsung Medison – South Korea), by 
Power Doppler Technique – with 12 MHz linear transduc-
ers placed in the flexor crease of the elbow. Visual and audi-
tory signals indicated the presence of pulse during the cuff 
inflation (Aneroid sphygmomanometer Premium, Duque 
de Caxias - RJ; width cuff 14 cm). The TRP was determined 
as the lowest pressure necessary to occlude completely the 
blood flow, and the partial occlusion pressure was set as the 
value corresponding to 50% of TOP. The cuff pressure in 
the FF condition was set as the pressure sufficient only to 
adjust to the arm (~10 mmHg), maintaining the forearm 
blood flow free. The same cuff used to determine the TRP 
(positioned at the dominant arm, just below the axilla near 
the insertion of the deltoid muscle) was inflated immediate-
ly before and deflated immediately after the end of IIHE.

Force evaluation e fatiguing exercise
Three MVIC of handgrip muscles were evaluated with-
out any BFR and as previously described2. The recordings 
extracted from a custom-made strain gauge-based force 
transducer (DM 100, Miotec, Porto Alegre, RS, Brazil) were 
sampled at 2 kHz. The highest handgrip force of the three 
MVIC attempts was used to calculate the target force (45% 
of MVIC) throughout the IIHE. Five minutes after the third 
MVIC, the volunteers started the IIHE, carrying out succes-
sive isometric handgrip contractions, each of one sustained 
for 10 seconds, followed by 5-seconds resting, until the 
failure. Volunteers were instructed to reach and maintain 
the target as brief and accurately as possible during active 
phase and relax (force=0) during the resting. The failure 
was defined as the incapacity to reach and sustain a force 
greater than 30% of MVIC for 5 seconds or more in three 
consecutive contractions (15). The periods of action and 
resting were controlled by a metronome-timed beep sound. 
Throughout the entire task, the force was displayed by 
projection on the ceiling located approximately two meters 

away from the volunteer. Volunteers received strong verbal 
encouragement from researcher 1 during the MVIC assess-
ments and along all the IIHE.

Surface EMG recordings
sEMG were obtained using four channel modules (Miotool 
400, Miotec Equipment, Biomedical, Brazil) with a total 
amplifier gain of 1000, a common mode rejection ratio of 
110 dB, sampled at 2.0 kHz and band-pass filtered (5–500 
Hz). A 14-bit converter digitalized the analog signals with a 
sampling frequency of anti-aliasing 1.0 kHz for each chan-
nel. Pre-amplified (x100) bipolar superficial and circular 
adhesive electrodes of Ag/AgCl (teardrop shape and diam-
eter 3 cm) were used with interelectrode (center-to-cen-
ter) distance of 20 mm. The skin was shaved and cleaned 
with alcohol, and anatomical landmarks (proximal third 
of the forearm, between the styloid processes of the radi-
us and the humeral medial epicondyle) were determined to 
place electrodes over the flexor digitorum superficialis fore-
arm and flexor carpi radialis (16). The reference electrode 
(Ag/AgCl, oval shaped, 5x3.8 cm diameter) was placed just 
below the sternal notch. Since the surface electrodes mainly 
detect the EMG signal of the muscle beneath, some activi-
ty from nearby muscles could also be picked up. Thus, for 
this reason, and because various forearm muscles flexing the 
carpus and the fingers, we ascribed the signal from the elec-
trodes over the cited muscles as forearm flexor muscles (17). 
All described procedures followed the recommendation of 
SENIAM (Surface ElectroMyoGraphy for Non-Invasive 
Assessment of Muscles) project (16).

DATA ANALYSIS
Force and sEMG signals were recorded continuously and 
analyzed simultaneously at the beginning, midway and fail-
ure moments of the task. The first contraction was excluded 
by generally be atypical owing to the task adaptation, thus 
the next contraction was considered the first valid contrac-
tion (beginning), that was used to normalize the others time 
point measures. Task failure was defined as the incapacity to 
keep the force of at least 30% of MVIC in two consecutive 
contractions. Then, the last valid contraction was defined 
as the contraction immediately before the first of the two 
consecutive failures contractions. The midway of the task 
was defined as the contraction that divided in half the total 
number of valid repetitions. The epochs were identified 
based on force signals from visual inspection, and EMG was 
segmented based on force onsets-offsets. A specific algo-
rithm was applied to analyze 6 seconds from each contrac-
tion, which was lasted for 10 seconds. For then, the first and 
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the last 2 seconds were excluded. This procedure guaran-
tee that ~60% of the action phase were analyzed, excluding 
the adjusting of force to reach the target force, at the first 2 
seconds, and the last two seconds were the motor control 
was more imprecise, since the finish of active phase is close.
The force data was band passed filtered between 0.05 and 
15 Hz (Butterworth, 4th order) and detrended before motor 
output variability measures were calculated. The within-tri-
al variability was measured using the standard deviation 
(SD) of the detrended filtered force and as the CVf (SD of 
force/mean force) x100], as done by Pereira et al. (2012) 
(17). sEMG was studied in the time [amplitude of recti-
fied sEMG (arEMG)] and frequency (median frequency 
[MDF] of sEMG) domains. For arEMG analysis the sEMG 
was band passed filtered between 5 and 500 Hz (Butter-
worth, 4th order), and then, full-wave rectified. The Fast 
Fourier transform (FFT - Hamming window processing) 
was applied to the raw sEMG to identify the MDF of the 
power spectrum periodogram. The data from CVf, arEMG 
and MDF obtained at midway and failure moments were 
normalized by the beginning of the task. Then, the results 
are reported as a percentage (%) of the beginning.

STATISTICAL ANALYSIS
The data distributions of normality were evaluated by the 
Kolmogorov–Smirnov test. A two-way ANOVA (3 blood 
flow levels x 3 moments throughout the task) was used to 
compare the CVf, arEMG and MDF. Significant ANOVA 
results were followed by appropriate post hoc tests with 
Bonferroni corrections. The level of significance was set to 
p<0.05 and the analyses were performed with the SPSS17.0 
statistical package (SPSS Inc., Chicago, IL. USA). Data are 
reported as means±SD in the text and tables and means±SE 
(standard error) in the figures. Only the normalized data 
(midway or failure /beginning) were considered in the 
statistical analysis. The non-normalized data obtained 
before (to verify similarity of initial values between the eval-
uation days) and during exercise are shown in table II. The 
number of subjects included was determined based upon 
previous BFR investigations that observed similar outcome 
measures (7,12).

RESULTS
The analyses of CVf exhibited a significant main effect for 
measures (F-value = 30.7, p < 0.001). The post-hoc compar-
isons indicated that FF and PR conditions exhibited a simi-
lar behavior increasing significantly at the midway of the 
task (FF=1.94±0.78%; PR=1.76±0.64%) and at the fail-
ure (FF=2.26±0.97%; PR=2.07±0.44%), while in the TR Ta
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condition the CVf increased significantly (2.09±0.97%) 
only at the task failure. Additionally, the CVf was signifi-
cantly greater in FF (1.94±0.78%) condition at midway of 
the task, when compared to the TR (1.26±0.58%(figure 1).  
The arEMG also exhibited a significant main effect for 
measures (F-value = 24.3, p < 0.001), with FF (midway = 
1.66±0.55%; task failure = 1.76±0.76%) and PR (midway 
= 1.56±0.36%; task failure = 1.65±0.49%) conditions 
increasing significantly at midway and task failure moments, 
when compared to the beginning (figure 2). However, at 
the TR, the arEMG increased significantly only at the fail-
ure (1.57±0.45%), when compared to the beginning. As 
observed for CVf, arEMG was significantly greater in the 
FF (1.66±0.55%) condition at midway of the task, when 
compared to TR (1.23±0.34%). For the MDF analyses 
(figure 3), it was also observed a significant main effect for 
measures (F-value = 35.6, p < 0.001). The FF and PR condi-
tions exhibited similar behavior decreasing significant-
ly at the midway (FF=0.82±0.16%; PR=0.86±0.12%) and 
at failure (FF=0.81±0.16%; PR=0.78±0.15%) moments, 
while the TR decreased significantly only at the failure 
(0.66±0.13%). Additionally, MDF was also significantly 
smaller in FF condition (FF=0.81±0.16%) at the failure, 
when compared to TR (0.66±0.13%). 
Regarding to the reliability of the measures, intra-reliability 
for CV values ranged from 3.7 to 4.7% for CIVM, 8.7 to 
11.7% for MDF, and 10.4 to 12.9% for arEMG. Inter-reli-
ability for CV values were 4.4% for CIVM, 10.8% for MDF 
and 26.1% for arEMG.

DISCUSSION
Our main findings were: (i) throughout the task, the FF and 
PR conditions induced similar increases in CVf and arEMG, 
as well as similar decreases in MDF; (ii) the TR condition 
exhibited significant increases in CVf and arEMG, as well 
as decreases in MDF, only at the failure; (iii) CVf, arEMG 
and MDF were significantly lower in the TR condition, only 
when compared to FF. 
The CVf is a motor output measure, indicating that force 
during voluntary actions fluctuates around a target (17), 
however, CVf have not been studied during BFR exercis-
es. CVf along a submaximal fatiguing task is influenced by 
decreased cortical excitability and motoneuron discharge, 
inhibition by Renshaw cells, and type III and IV afferents 
or decreased excitation of Ia afferents (18). Our results indi-
cated that the motor output was similar between PR and 
FF conditions, increasing constantly throughout the entire 
task, while the TR induces a significant increase only at the 
failure. In our study, the typical metabolites accumulation 
imposed by the BFR was not sufficient to induce differ-

Figure 1. Mean±SE of CV of force (%) at the beginning, 
midway and failure, as well as the mean along the task. Data 
are presented for total restriction (TR), partial restriction (PR) 
and free flow (FF). a: significantly different from the beginning 
of task (p<0.05); b: significantly different from beginning and 
midway of task in the TR condition (p<0.05); c: significantly 
different from FF condition at the midway of task (p<0.05).

Figure 2.  Mean±SE of normalized EMG amplitude (%) at 
the beginning, midway and failure, as well as the mean along 
the task. Data are presented for total restriction (TR), partial 
restriction (PR) and free flow (FF). a: significantly different from 
the beginning of task (p<0.05); c: significantly different from 
free flow (FF) condition at the midway of task (p<0.05).

ent sensoriomotor integration between PR and FF condi-
tions. On the other hand, TR induces divergent sensorio-
motor integration from the FF condition, since the CVf did 
not increase at the midway of the task. A sudden increase 
in CVf may indicate a facilitation of force, which may be 
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Figure 3.  Mean±SE of normalized median frequency of EMG 
signal (%) at the beginning, midway and failure, as well as 
the mean along the task. Data are presented for total restric-
tion (TR), partial restriction (PR) and free flow (FF). a: signifi-
cantly different from the beginning of task (p<0.05); b: signifi-
cantly different from beginning and midway of task in the TR 
condition (p<0.05); c: significantly different from free flow (FF) 
condition at the failure (p<0.05).

sustained by augmented motor unit recruitment, increases 
and decreases in rate coding, alterations in motor control, 
and neural and post activation potentiation (18). Thus, the 
behavior adopted during the TR condition could indicate 
a strategy to maintain the task, delaying the motor unit 
recruitment increases, probably as a way of saving ener-
gy in a situation of extreme oxygen shortage. Interesting-
ly the PR, despite the imposed blood flow limitation, was 
not sufficient to change the neuromuscular strategy than FF 
condition, suggesting that differences in the long term exer-
cise adaptations induced by a PR could be related to the 
molecular level, than to the neuromuscular level.
The results from sEMG corroborate our hypothesis raised 
from the CVf. In other words, if an increasing in the 
descending drive along the task is necessary to maintain the 
force, an increase in sEMG amplitude, as well as a decrease 
in MDF should be expected, owing to an increasing in 
discharge rates of active motor units and/or adding motor 
units recruitment (19). In fact, we identified a significant 
and similar increase in arEMG throughout the task in the 
FF and PR. This is in agreement with previous results indi-
cating that increases in sEMG amplitude has been associat-
ed to the increases in CVf (19). Accordingly, it is suggested, 
that the sudden increases in CVf can be partially explained 
by the recruitment of additional motor units to compensate 
the decline in force capacity of the already activated motor 
units by recruiting additional higher threshold motor units 

(20). In fact, sudden increases of arEMG in the TR condi-
tion at the failure could be attributable to enhanced excit-
atory descending drive onto the motoneuron pool, as also 
suggested by the more rapid increases in CVf (21).
Although PR has been shown to augment arEMG over FF 
with load-matched protocols (10,22), we found a similar 
increase in arEMG during FF and PR conditions. Our find-
ings agree with previous studies11,12 that showed no differ-
ence between FF and PR conditions when low-intensity 
exercise was conducted until failure. Thus, the combined 
findings of these previous investigations and the current 
study findings constitute robust evidence indicating that, 
when taken a submaximal task to failure, PR induces similar 
neuromuscular strategies than FF condition.    
On the other hand, it has been suggested that higher occlu-
sion pressure increases neural compression and energetic 
demand, resulting in the elevated neuromuscular excitation 
commonly observed with BFR exercise (7,23). Howev-
er, we observed an attenuated arEMG rise at the midway 
during the task with TR. This disagreement may be due to 
the fact that in previous studies the exercise did not reach 
failure and was carried out at smaller load (20% of 1-RM 
or MVIC). Another explanation for this attenuated rise of 
arEMG in TR condition is that the metabolite accumula-
tion (sensed by type III and IV muscle afferents) may inhib-
it alpha motor neurons and/or the descending neural drive, 
mitigating the motor unit recruitment and reducing muscle 
excitation (24). 
As observed for CVf and arEMG, the behavior of MDF in 
FF and PR conditions was similar, with a drastic decrease 
from the beginning to the midway of the task and sustained 
until the failure. In TR condition there was a little decrease 
at midway of the task with an abrupt and significant reduc-
tion at failure, when compared to the beginning and midway 
of the task. Again, as observed for CVf and arEMG, signif-
icant difference was observed only between FF and TR 
conditions, but now, at the failure moment. These results 
agree with previous results that did not observed differenc-
es in spectral parameters of the sEMG during low-intensity 
exercise with PR or FF (25). In addition, the greater MDF 
decrease in the TR condition, when compared to FF, was 
also observed in previous studies (7,22). It is important to 
note that higher decrements of median frequency are relat-
ed to higher force fluctuations (26), indicating once again 
the consistency of our results among all evaluated variables.
Under fatigue conditions, the motor units synchroniza-
tion and fibers conduction velocity impairment cause spec-
tral shift towards low-frequency regions (27). Thus, at first 
glance it may appear that the greater MDF decrease at task 
failure, as observed during the TR condition, indicates 
greater fatigue, which could be supported by the statement 
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that higher occlusion pressures may cause greater magni-
tude of muscle fatigue (28). It is noteworthy, however, that 
despite precipitate the muscle failure, the same exercise 
protocol with TR allows a faster force recovery after the task 
failure, when compared to FF and PR (2). It is reasonable 
to consider, therefore that TR can cause selective fatigue in 
the oxygen-independent muscle fibers, thus contributing to 
a depletion of the glycolytic fibers, greater accumulation of 
H+ and consequently greater reduction in MDF (7). Then, 
from the reestablishment of blood flow, the partially fresh 
oxygen-dependent fibers would contribute to the faster 
return of the force-producing capacity. In FF and PR condi-
tions, however, both glycolytic and oxidative fibers were 
likely to fatigue, causing a greater magnitude of function 
impairment as indicated by a slower recovery in the capacity 
of force production post-failure. In short, considering previ-
ous data on force recovery post-failure and the behavior of 
the CVf and arEMG found in the present study, the sudden 
MDF reduction at failure in the TR condition does not indi-
cate a greater magnitude of fatigue, but rather a specific 
strategy to sustain the task for a long time as possible in a 
metabolically unfavorable condition.

Limitations 
The current study is not free of limitations. First, the IIHE 
protocol used differs from most studies in which dynamic 
contractions are performed by larger (knee extensors and 
elbow flexors) muscle groups. However, to add the CVf 
in the muscle fatigue analysis, we chose to work with the 
wrist and finger flexors, enabling the maintenance in the 
target force due to higher motor control of these muscles 
(17). Moreover, isometric actions minimize some method-
ological limitations related to the sEMG recorded during 
dynamic actions (29). Additionally, we did not include a 
high intensity exercise with free flow condition. Recent 
systematic review, however, indicate that partial BFR only 
potentiates strength gains when compared to the low-in-

tensity exercise with FF, but not in comparison to the high 
intensity exercise (30). Lastly, we do not provide measures 
of the blood perfusion/oxygenation in the muscle tissue 
(e.g. near infrared spectroscopy). Considering that 50% 
of blood restriction used in the present study does not 
necessarily mean 50% of oxygenation level/perfusion 
reduction, measurement of muscle perfusion /oxygenation 
could help explain the absence of difference between FF 
and PR conditions in the mechanical and electrophysio-
logical variables.

Practical implications 
Despite augmented muscle excitation is considered as a 
potential mechanism underlying strength gains and hyper-
trophy conducted by low-intensity BFR training the litera-
ture involving sEMG parameters is discordant. In this sense, 
our results summed to previous indicate that, when execut-
ed until task failure, the PR induces similar neuromuscular 
strategies than FF. From a practical viewpoint, this finding 
supports that subjects with contraindications for tourni-
quet use may obtain stimulus for muscular adaptation when 
exercise is taken to failure even without partial BFR.

CONCLUSIONS
Our results indicate, from a simultaneous analysis of CVf, 
arEMG and MDF during a submaximal intermittent isomet-
ric exercise, that the FF and PR require similar neuromus-
cular strategies to carry out the task until the failure and that 
TR induce different neuromuscular adjusts to maintain the 
task. Additionally, we suggest that it seems not necessary to 
add a partial BFR to increase muscle excitation during an 
exercise taken to failure. 

CONFLICT OF INTERESTS
The authors declare that they have no conflict of interests. 

REFERENCES
1.	 Boyas S, Guével  A. Neuromuscular fatigue in healthy muscle: 

underlying factors and adaptation mechanisms. Ann Phys Reha-
bil Med 2011;54(2):88–108. doi:10.1016/j.rehab.2011.01.001

2.	 Cerqueira MS, Pereira R, Rocha T, et al. Time to failure and 
neuromuscular response to intermittent isometric exercise at 
different levels of vascular occlusion: a randomized crossover 
study. Int J Appl Exer Physiol 2017;6(1):55–70. doi:10.22631/
ijaep.v6i1.108.

3.	 Babault N, Desbrosses K, Fabre M-S, Michaut A, Pousson M. 
Neuromuscular fatigue development during maximal concen-

tric and isometric knee extensions. J Appl Physiol 2006;100(3): 
780–785. doi:10.1152/japplphysiol.00737.2005.

4.	 Patterson SD, Hughes L, Warmington S, Burr JF, Scott BR, 
Owens J, et al. Blood Flow Restriction Exercise: Consider-
ations of Methodology, Application, and Safety. Front Physiol 
2019;10:533. doi:10.3389/FPHYS.2019.00533.

5.	 Pearson SJ, Hussain SR. A review on the mechanisms of blood-
flow restriction resistance training-induced muscle hypertro-
phy. Sports Med 2015;45(2):187–200. doi:10.1007/s40279-
014-0264-9.



415Muscles, Ligaments and Tendons Journal 2020;10 (3)

M. S. Cerqueira, R. Pereira, G. Nunes de Mesquita, T. Rocha, A. Galvão de Moura Filho

6.	 Contessa P, Adam A, De Luca CJ. Motor unit control and force 
fluctuation during fatigue. J Appl Physiol 2009; 107(1):235-43 
doi:10.1152/japplphysiol.00035.2009.

7.	 Moritani T, Sherman WM, Shibata M, Matsumoto T, Shinoha-
ra M. Oxygen availability and motor unit activity in humans. 
Eur J Appl Physiol Occup Physiol 1992;64(6):552–6. 

8.	 Shinohara M, Kouzaki M, Yoshihisa T, Fukunaga T. Efficacy of 
tourniquet ischemia for strength training with low resistance. 
Eur J Appl Physiol Occup Physiol 1998;77(1-2):189–91. 

9.	 Morton RW, Oikawa SY, Wavell CG, Mazara N, McGlory 
C, Quadrilatero J, et al. Neither load nor systemic hormones 
determine resistance training-mediated hypertrophy or 
strength gains in resistance-trained young men. J Appl Physiol 
2016;121(1):129–138. doi:10.1152/japplphysiol.00154.2016.

10.	Killinger B, Lauver JD, Donovan L, Goetschius J. The Effects 
of Blood Flow Restriction on Muscle Activation and Hypoxia 
in Individuals with Chronic Ankle Instability. J Sport Rehabil 
2019;16:1-25 doi:10.1123/jsr.2018-0416.

11.	Wernbom M, Järrebring R, Andreasson MA, Augustsson J. 
Acute effects of blood flow restriction on muscle activity and 
endurance during fatiguing dynamic knee extensions at low 
load. J Strength Cond Res 2009;23(8):2389–2395. doi:10.1519/
JSC.0b013e3181bc1c2a.

12.	Cayot TE, Lauver JD, Silette CR, Scheuermann BW. Effects of 
blood flow restriction duration on muscle activation and micro-
vascular oxygenation during low-volume isometric exercise. 
Clin Physiol Funct Imaging 2016;36(4)298-305. doi:10.1111/
cpf.12228.

13.	Bezerra de Morais AT, Cerqueira MS, Moreira Sales R, Rocha 
T, Moura Filho AG. Upper limbs total occlusion pressure 
assessment: Doppler ultrasound reproducibility and deter-
mination of predictive variables. Clin Physiol Funct Imaging 
2017;37(4):437-441. doi:10.1111/cpf.12330.

14.	Padulo J, Oliva F, Frizziero A, Maffulli N. Muscles, Ligaments 
and Tendons J - Basic principles and recommendations in clin-
ical and field science research: 2016 update.MLTJ 2016;6(1):1-
5. 10.11138/mltj/2016.6.1.001.

15.	Cerqueira MS, Pereira R, Mesquita GN, Rocha T, Moura Filho 
AG. Rate of force development to evaluate the neuromuscular 
fatigue and recovery after an intermittent isometric handgrip 
task with different blood flow restriction conditions. Motriz 
2019;25(1):1-6. doi:10.1590/s1980-6574201900010009.

16.	Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. Develop-
ment of recommendations for SEMG sensors and sensor place-
ment procedures. J Electromyogr and Kinesiol 2000(5);10:361–
374. doi:10.1016/S1050-6411(00)00027-4.

17.	17. Pereira R, Freire IV, Cavalcanti CVG, Luz CPN, Neto OP. 
Hand dominance during constant force isometric contractions: 
evidence of different cortical drive commands. Eur J Appl Physi-
ol 2012(8);112: 2999–3006. doi:10.1007/s00421-011-2278-4.

18.	Behm DG. Force maintenance with submaximal fatiguing 
contractions. Can J Appl Physiol 2004;29(3):274–90.

19.	Mendez-Villanueva A, Baudry S, Riley ZA, Rudroff T. Influ-
ence of rest duration on muscle activation during submaxi-
mal intermittent contractions with the elbow flexor muscles. J 
Sports Med Phys Fitness 2009;49(3):255-64.  

20.	Löscher WN, Cresswell AG, Thorstensson A. Excitatory drive 
to the α-motoneuron pool during a fatiguing submaximal 
contraction in man. J Physiol 15():271-80. doi: 10.1113/jphysi-
ol.1996.sp021214.

21.	Carson RG, Riek S, Shahbazpour N. Central and peripher-
al mediation of human force sensation following eccentric 
or concentric contractions. J Physiol 2002;15(Pt3):913-25. 
doi:10.1113/jphysiol.2001.013385.

22.	Yasuda T, Brechue WF, Fujita T, Shirakawa J, Sato Y, Abe T. 
Muscle activation during low-intensity muscle contractions 
with restricted blood flow. J Sports Sci. 2009;27(5):479–89. 
doi:10.1080/02640410802626567

23.	Yasuda T, Brechue WF, Fujita T, Sato Y, Abe T. Muscle acti-
vation during low-intwnsity muscle contraction with vary-
ing levels of external limb compression. J Sports Sci Med 
2008;7(4):467–474. 

24.	Light AR, Hughen RW, Zhang J, Rainier J, Liu Z, Lee J. 
Dorsal Root Ganglion Neurons Innervating Skeletal Muscle 
Respond to Physiological Combinations of Protons, ATP, and 
Lactate Mediated by ASIC, P2X, and TRPV1. J Neurophysiol 
2008;100(3):1184–1201. doi:10.1152/jn.01344.2007.

25.	Karabulut M, Cramer JT, Abe T, Sato Y, Bemben MG. 
Neuromuscular fatigue following low-intensity dynamic exer-
cise with externally applied vascular restriction. J Electro-
myogr and Kinesiol 2010;20(3):440–447. doi:10.1016/j.jele-
kin.2009.06.005.

26.	Kouzaki M, Shinohara M, Masani K, Fukunaga T. Force fluc-
tuations are modulated by alternate muscle activity of knee 
extensor synergists during low-level sustained contraction. J 
Appl Physiol 2004;97(6):2121–2131. doi:10.1152/japplphysi-
ol.00418.2004.

27.	Bigland-Ritchie B, Donovan EF, Roussos CS. Conduction 
velocity and EMG power spectrum changes in fatigue of 
sustained maximal efforts. J Appl Physiol 1981;51(5):1300–
1305. doi:10.1152/jappl.1981.51.5.1300.

28.	Fatela P, Reis JF, Mendonca G V, Avela J, Mil-Homens P. 
Acute effects of exercise under different levels of blood-flow 
restriction on muscle activation and fatigue. Eur J Appl Physiol 
2016;116(5):985–95. doi:10.1007/s00421-016-3359-1.

29.	González-Izal M, Malanda A, Gorostiaga E, Izquierdo M. 
Electromyographic models to assess muscle fatigue. J Electro-
myogr and Kinesiol 2012;22(4):501–512. doi:10.1016/j.jele-
kin.2012.02.019.

30.	Centner C, Wiegel P, Gollhofer A, König D. Effects of Blood 
Flow Restriction Training on Muscular Strength and Hypertro-
phy in Older Individuals: A Systematic Review and Meta-Anal-
ysis. Sports Med 2019;49(1):95-108. doi:10.1007/s40279-018-
0994-1.



O R I G I N A L  A R T I C L E Nr 2020;10 (3):416-423

416

C. Sahinis, E. Kellis, A. Ellinoudis, K. Dafkou

Laboratory of Neuromechanics, Department of Physical Education and Sport Sciences at Serres, Aristotle University 
of Thessalonica, Serres, Greece

CORRESPONDING AUTHOR:
Eleftherios Kellis 
Laboratory of Neuromechanics 
Aristotle University of Thessalonica
TEFAA Serres 
Serres, Greece, 62100
E-mail: ekellis@phed-sr.auth.gr

DOI:
10.32098/mltj.03.2020.09

LEVEL OF EVIDENCE: 2B

SUMMARY
Background. There is growing evidence that the quadriceps muscle group includes a fifth 
head, the tensor of vastus intermedius (TVI). The purpose of this study was to quantify the 
anatomic cross-sectional area (CSA) of the TVI using ultrasound. 
 Methods. Ultrasonography scans were taken from 21 young males and females at rest, at 
0° (= full extension), 45° and at 90° of knee flexion and they were repeated a week after to 
establish reliability. Measurements of the CSA were obtained from the most proximal and 
the most distal part of the muscle belly and from three different parts toward the course 
of the tendon. 
Results. US evaluation of the CSA displayed high reliability with an intraclass coefficient 
(ICC3,3) ranging from 0.85 to 0.99 and a standard error of measurement ranging from 
0.0019 to 0,2789 mm2. Analysis of variance indicated that the TVI muscle belly was larger 
proximally than distally and it was smaller at full extension compared with greater flexion 
angles (p < 0.05). The tendon CSA was greater proximally than middle and distal measure-
ment sites (p <0.05) but it did not differ between various knee flexion angles. 
Conclusions. Future studies on the quadriceps muscle function and morphology should 
include examination of the TVI.

KEY WORDS
Quadriceps; architecture; ultrasound; tensor of vastus intermedius; muscle function.

In Vivo Assessment of the Tensor Vastus 
Intermedius Cross-sectional Area Using 
Ultrasonography

INTRODUCTION
The quadriceps femoris muscle is considered a dominant 
extensor of the knee joint and a flexor of the hip joint. 
Traditionally the quadriceps is described as a muscle that 
is composed of the rectus femoris (RF), the vastus medialis 
(VM), the vastus intermedius (VI) and the vastus lateralis 
(VL). In particular, the RF originates from the anterior infe-
rior spine of ilium, the VM originates from the linear aspera, 
the VL from the greater trochanter and the linea aspera of 
femur while the VI from the anterior and lateral shaft of 
femur (1–4). However, literature reports the presence of a 
fifth head, the tensor of vastus intermedius (TVI) which is 
located between the VL and the VI (5,6). The function of an 
additional muscle can alter the mechanics of the patella and 
it may have an impact on the extensor apparatus of knee.
There are a few studies that examined the morphology of the 
TVI (5–10); Early cadaveric studies have identified the TVI 

in 29% (11) or 36% of the specimens (10). Golland et al. 
(11). found that the TVI originates from the anterior aspect 
of the upper femoral shaft while Willan et al. (10) reported 
that the muscle is located in the distal area between the VL 
and the VI but the insertion of the TVI was different in all 
cases. Consequently, this muscle has not been considered 
as a basic part of the quadriceps in the general population. 
Recent studies, however, identified the TVI in all limbs 
(5–7). Firstly, Grob et al. (5) reported that the TVI origi-
nates from the anterolateral aspect of the greater trochanter, 
it is then combined with an aponeurosis merging separately 
into the quadriceps tendon and then inserting into the medi-
al aspect of the patella (5,7). Further, TVI was supplied by 
independent muscular and vascular branches of the femo-
ral nerve and lateral circumflex femoral artery (5,7). Four 
different types of insertion in the patella across subjects 
were identified (5). The authors commented that the failure 
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to recognize this muscle is likely related to its association 
with the VL and the VI (5). In another study, Grob et al. 
(7) found that the TVI attaches distally to the quadriceps 
tendon. Moreover, Raveendranath et al. (9) identified the 
TVI in thirty-six cadaveric lower limbs. They reported that 
the length (distance between most proximal and most distal 
points at which muscle fiber can be seen) of the TVI was 
145.40 ± 37.55 mm and the aponeurosis (most distal point 
of muscle fiber to the superior aspect of patella) was 193.55 
± 42.32 mm2 (9). 
The appearance of the TVI has also been examined 
using diagnostic imaging techniques (6,8). Grob et al. (8) 
confirmed the anatomic descriptions of the TVI in magnetic 
resonance images (MRI). Rajasekaran and Hall (6) identified 
the TVI using ultrasound (US) image in all participants. The 
muscle belly and tendon were identified in the transverse 
plane. Based on these results, it was suggested that failure to 
recognize the TVI, may provide an erroneous interpretation 
of US images of the quadriceps femoris (6). However, in this 
study, no quantification of the dimensions and the architec-
ture of the identified muscle were presented. 
Quantification of the cross-sectional area (CSA) of the 
muscle could provide a more precise measure for its mor
phology than a simple description of its anatomical position. 
Further, the CSA provides an indication of the force poten-
tial of the muscle (12,13) although the relationship between 
CSA and force is not always linear (14–16). Quantification 
of the morphometry of the TVI may assist in better identi-
fication of this specific muscle using US as well as in expla-
nation of the functional role of the muscle in vivo. For 
example, the clinical significance of this muscle is not fully 
understood but given its oblique course it may have a role 
in stabilizing the patella (5). Since the TVI has a proximal 
muscle belly and a long distal tendon, its morphology may 
also differ along its length. Therefore the purpose of the 
present study was firstly, to identify and then to evaluate the 
reliability of the US examination of the anatomic CSA of the 
TVI, second, to compare the CSA between different loca-
tions along the muscle and the tendon and finally, to exam-
ine whether TVI morphology differs between three differ-
ent flexion angles of the knee joint. 

METHODS 

Participants 
A total of 21 subjects volunteered to participate in this study 
after signing written informed consent. There were 17 males 
(age 21.72 ± 1.83 years; mass 78 ± 6.11 kg; height 181 ± 
8.23 cm; femur length 42,5 ± 3,19 cm) and 4 females (age 
21.3 ± 0.8years; body mass 60.21 ± 3.65 kg; height 170 ± 5.2 

cm; femur length 40.4 ± 1.51 cm) . The participants were 
healthy university students and they had no injury of the 
lower limbs. The participants gave their informed written 
consent to the experimental procedure, which was complied 
with the rules of the local scientific board and met the ethi-
cal standards of the journal (17). 

Design 
All participants underwent US examination of the TVI in 
three different knee angles (0°, 45°, 90°) for the measure-
ment of the CSA of muscle. The measurements of the CSA 
of the TVI were obtained from the proximal and the distal 
portion of the muscle belly and from three different loca-
tions along the course of the tendinous portion of the TVI 
of the dominant leg. The measurements were performed 
from the same investigator. The participants were re-tested 
in a separate session, 6-7 days after the initial measurement 
session to establish the reliability of the measurements. All 
US examinations were performed in the morning. 

Ultrasonographic assessment

Procedure
Tissue movement was recorded using an US devise (GE 
LOGIQ 400 CL PRO, GE Medical Systems, U.K) with a 
linear array probe of 10 MHz wave frequency and a length 
of 6 cm. The image signal was stored in digital form through 
an analogue to digital converter (Canopus, Model ADVC 
100, Grass Valley Inc., USA) at a rate of 25 Hz. Tests were 
performed with the subject lying in the supine position with 
the hip joint in neutral position and the knee joint in 0°, 
45°,90° in a physiotherapy bed. The hip joint was remained 
in a neutral position during the examination. A twin-axis 
goniometer (Model TSD 130B, Biopac Systems, Inc., Gole-
ta, Calif., USA) was used to record the knee joint angular 
position during the examination. 
The participants were asked to relax their quadriceps 
muscles during US examination. In vivo examination of 
muscle architecture requires precise identification of the 
scanned muscle path on the surface of the skin. This is 
particularly important when examining the TVI muscle 
because the muscle path is not a straight line; instead, the 
muscle arises from the anterolateral aspect of the greater 
trochanter and then it is combined with an aponeurosis 
merging separately into the quadriceps tendon and then 
inserting into the medial aspect of the patella. First, we 
measured the length of the femur in all participants as the 
distance between the greater trochanter (GT) to the outer 
femoral condyle with a measuring tape. After starting from 
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GT, the US probe moved sequentially along the length of 
the femur towards the patella for the identification of the 
muscle belly and of the tendinous part of the TVI. From 
the recorded US video images, the TVI was identified and 
markers were then placed upon the skin, to indicate the 
start (proximally) and the end (distally) of the TVI along 
the length of the femur. These markers ensured consistent 
identification of the TVI in repeated scans. The muscle 
belly of the TVI is best identified when the transduc-
er is placed in the transversal plane in the anterior thigh 
approximately 10 cm below the greater trochanter (GT) 
(figure 1). The TVI was identified as the thin muscle locat-
ed between the VL and the VI (figure 1). Afterward, we 
measured the distance from the GT to the origin of the 
TVI and also we measured the length of the TVI as the 
distance from the origin of the muscle to the patella with a 
measurement tape. Consequently, we used a skin marker to 
mark upon the skin the 10% (proximal part) and the 90% 
(distal part) of the muscle belly and the 10% (proximal 
part) and the 90% (distal part) of the tendinous portion. 
These markers ensured that we consistently measured the 
same part of the muscle belly and the tendinous portion of 

the TVI in repeated scans. Subsequently, transversal-axis 
images from the four different parts towards the length of 
the muscle were obtained. This procedure was performed 
0° (full knee extension), 45° and 90° of knee flexion of the 
dominant leg. 

ANALYSIS
The muscle belly and the tendinous part of the TVI was 
identified on the captured US image (figure 1). Identifica-
tion of the CSA was performed by manually digitizing the 
identified contours using an image-based software (ImageJ 
version: 1.52a, National Institutes of Health, USA). The 
TVI was identified between the VL and the VI. 
Firstly, we measured the CSA of the most proximal and 
the most distal end of the muscle belly Second, we took 
three measurements of the tendinous part: one measure-
ment from the most proximal part of the tendon, a second 
measurement from the middle area of the tendon (approxi-
mately 50% from most proximal area of the tendinous part 
to the patella) and a third measurement from the distal 
area of the tendon (just before the tendon of the TVI was 

Figure 1. Illustration of ultrasound recording procedure. Following identification of the two visible ends of the tensor vastus 
intermedius (TVI), cross-sectional images were obtained from the muscle belly (proximally and distaly) and the from the tendon 
(proximal, middle, distal). The procedure was repeated at knee flexion angles of 0°, 45° and 90° (not illustrated). The cross-sec-
tional area of the TVI is drawn with dotted lines.
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blended with the tendon of the RF, the VL, the VI and the 
VM). Three measurements in each area were taken and the 
average value was calculated.

STATISTICAL ANALYSIS

Reliability 
To examine the test-retest reliability, we calculated the intra-
class correlation coefficient (ICC3,3) with 95% confidence 
interval (CI: 95%) based on the average of 3 measurements 
per measurement cite, per session. An ICC value ≤ 0.50 was 
considered as low, 0.50 to 0.75 was considered as moderate, 
≥ 0.75 was considered as good and ≥ 0.90 was considered as 
excellent. The agreement between repeated measurements 
was examined using Bland-Altman analysis, which includes 
the Bias and the limits of agreement (LoA) (18). The upper 
and lower LoA was calculated as 1.96* SD representing a 
measure of random error between measurement sessions. 
In addition, the standard error of measurement (SEM) was 
calculated using the following formula:

SEM = SD √(1 − ICC)

where SD is the standard deviation of the differences 
between test and retest values.

Measurement site and knee flexion angle
A Kolmogorov-Smirnov test indicated that the data were 
normally distributed. Analysis of variance (ANOVA) tests 
were used to compare muscle CSA in two measurement 
sites (proximal, distal) between the three knee flexion angles 
(0°, 45°, 90°). A separate ANOVA was used to examine the 

effects of measurement site (proximal, middle, distal) and 
knee flexion angle on tendinous CSA. In case of significant 
F-ratios, simple effects were applied to identify significance 
between means. If significant, a post-hoc analysis Tukey test 
was applied to determine significant differences between vari-
ous pairs of means. The level of significance was set at p < .05. 

RESULTS

Reliability
The results from the reliability analysis are presented in 
tables I and II for the muscle and tendon part, respective-
ly. The ICC values ranged from 0.86 to 0.97 for the muscle 
belly and from 0.85 to 0.99 for the tendon of the TVI. In 
absolute terms, the SEM values ranged from 0.0720 mm2 
to 0.2789 mm2 at the muscle belly and from 0.0019 mm2 to 
0.0827 mm2 for the tendon. Overall the systematic error was 
low ranging from -0.0423 mm2 to 0.0827 mm2 for the muscle 
belly and from -0.0153 mm2 to 0.0061 mm2 for the tendon. 

Effects of measurement site and knee flexion 
angle
The CSA values for the muscle belly and tendon are 
presented in figure 2. The ANOVA showed a non-statisti-
cally significant site by knee flexion angle interaction effect 
on CSA values (F2,40 = 0.93, p > 0.05). There was, however, 
a statistically significant main effect of the measurement site, 
as CSA was greater proximally than distally (F1,20 = 160.81, 
p < 0.05). There was also a significant main effect of knee 
flexion angle on CSA (F2,40 = 17.41, p < 0.05). Post-hoc 
Tukey tests indicated that CSA was smaller at 90° of knee 
flexion compared to 45° and 0° of knee flexion (p < 0.05). 

Table I.  Reliability values for the proximal and the distal muscle belly cross-section area of the tensor of vastus intermedius.

Knee flexion angle Test (mm2) R-test (mm2) ICC2,1 SEM 
(mm2) 

Bias ± Lower LoA Upper LoA

0°

Proximal 1.320 ± 0.163 1.319 ± 0.179 0.97 0.0898 0.0008 ± -0.0228 0.0244

Distal 1.229 ± 0.144 1.180 ± 0.180 0.94 0.2284 0.0403 ± -0.0022 0.0827

45°

Proximal 1.248 ± 0.100 1.224 ± 0.113 0.86 0.2789 0.0239 ± -0.0100 0.0578

Distal 1.122 ± 0.106 1.133 ± 0.121 0.90 0.2152 -0.0113 ± -0.0423 0.0197

90°

Proximal 1.182 ± 0.130 1.186 ± 0.130 0.97 0.0720 -0.0037 ± -0.0226 0.0153

Distal 1.068 ± 0.120 1.080 ± 0.111 0.94 0.1295 -0.0111 ± -0.0352 0.0129

Measures of reliability: ICC: Intraclass Correlation Coefficient, SEM= standard error of measurement, Bias ± LoA= 95% Limits of agreement.
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Tendon CSA values are presented in figure 2. The ANOVA 
yielded non-statistically significant interaction and a knee 
flexion angle main effect (p > 0.05). The main effect for 
measurement site was significant, as CSA was greater prox-
imally than the medial and distal CSA value (F1,20 = 160.81, 
p < 0.05).

DISCUSSION
The main findings of this study were first, that TVI anatom-
ical CSA was identifiable using US in all individuals, second 
that the US evaluation of the CSA displayed high test-retest 
reliability, third, that muscle and tendon belly CSA was larg-
er proximally than distally and, finally, increasing knee flex-
ion angle resulted in a greater CSA of the muscle belly but it 
did not have an influence on tendon CSA.
 In the present study, the TVI was easily identifiable in 
all participants. This is in agreement with recent cadaver-

ic studies (5–7) as well as studies using diagnostic imag-
ing techniques (6,8). Similar to a previous US study (6), we 
found that the TVI has a muscle belly which is located prox-
imally and a long distal tendon which coursing obliquely to 
insert in the middle aspect of the patella (figure 1). In addi-
tion, the distal part of the tendon is traceable in US images, 
thus allowing further examination of the TVI morphology 
along its length. In contrast, these results do not confirm 
previous anatomical studies which did not identify the TVI 
in all examined limbs (10,11). We assume that the failure to 
recognize the TVI by previous studies was down to the large 
variation of the origin of the TVI. From the results of the 
present study, it appears that assessment of the TVI should 
be part of the US quadriceps evaluation.
To our knowledge, this is the first study which examined 
the anatomical CSA of the TVI determined via US imag-
ing. There are many studies which examined the physio-
logical CSA of the quadriceps femoris (19–25). For exam-
ple, Blazevitch et al. (26) has reported that the CSA of the 
quadriceps ranges from 6.14 cm2 (VM) to 29.3 cm2 (VL). 
These values are much greater than those reported for the 
TVI (figure 2). The limited field of view of the US imaging 
device which was used in the present study does not allow 
quantification and comparison of the TVI CSA relative to 
the other muscles. Although the anatomical CSA does not 
have a linear relationship with force generation capacity of 
the muscle (21), the low CSA values indicates that the TVI 
relative contribution to the force generated capacity of the 
quadricep muscle group is low.
The CSA was greater proximally than the most distal posi-
tion of the muscle belly (figure 2). Similarly, the tendon 
CSA was greater proximally than the CSA obtained from 
the middle and distal cross-sections (figure 2). This is in 
line with previous studies which showed that CSA of the 
quadricep muscle components varies along muscle length 
(26–29). In particular, Narici et al. (27) reported that the 
portion of femur length where the muscle reached the maxi-
mal cross-sectional area was different between the quadri-
ceps. Two studies have (26,28) found a greater CSA of the 
VL, VI and RF proximally than distally. In contrast, Hors-
man et al. (28) reported that the CSA of the VM was larger 
proximally than distally but Blazevich et al. (26) indicated 
the VM was larger distally than proximally. 
The complex architecture between adjacent muscles is not 
an uncommon phenomenon because the same inter-muscu-
lar variation in architecture has been reported for the quad-
riceps (22) and the hamstrings (30–32). The relatively large 
muscle belly of the TVI which is located proximally (figures 
1,2) indicates, that the quadriceps maximum CSA is like-
ly to be recorded in the proximal 1/3 of its length. Within 
the limitations of our study, it appears that the TVI CSA 

Figure 2. Mean group values of cross-sectional area record-
ed from the most proximal and most distal position of the 
muscle belly (upper graph) and tendon (lower graph) at three 
angles of knee flexion (0°, 45°, 90°). Error bars indicate stan-
dard deviation (*significant different compared with the distal 
position, ^ significantly different compared with the values at 
knee flexion angles of 45° and 90° p < 0.05).
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is maximally proximally to the hip and this may be taken 
into consideration when assessment of the CSA of the whole 
muscle group is necessary.
The CSA was smaller at 90° of knee flexion compared to 
other knee angles while knee flexion angle did not has an 
effect on tendon CSA (figure 2). The effect of knee flex-
ion angle on TVI CSA has not been previously investigated. 
One may suggest that the reduction in the recorded CSA in 
the US image may be due to the lengthening of the quadri-
ceps musculature as the knee flexes. However, Myers et al. 33 
indicated that the anatomical CSA of the RF increased from 
full extension to 90° of knee flexion which is in contrast 
to the present results. This could be due to differences in 
architecture between those two muscles, but clearly, more 
research is necessary to confirm this suggestion.
The results of this study indicated high test-retest reliabil-
ity of the CSA for both the muscle belly (table I) and the 
tendon (table II). To our knowledge, the reliability of US 
evaluation of the TVI has not been previously reported. 
Reeves et al. reported that US imaging is a valid and a reli-
able method for the measurement of the CSA (34). Our 
results are greater than those reported by Delaney et al. 
(35) who reported ICC values which ranged from 0.67 to 
0.99 for CSA of the RF. Similarly, high inter-rater reliabili-
ty (ICC = 0.94) for the RF CSA and a low SEM (1.07 cm2) 
have also been reported (36). Finally, Lima et al. (37) found 
high reliability of the RF anatomical muscle CSA with ICCs 
ranging between 0.87 and 0.99. As far as the tendon CSA 
is concerned, the high ICCs for the TVI tendon CSA are 
in agreement with previous studies on US evaluation of the 
patellar tendon CSA (38,39). For example, Gellhorn et al. 
(38) reported intra-rater reliability ICCs ranging from 0.87 

to 0.96 while Murtagh et al. (39) even greater ICCs (0.89 
and 0.99). In contrast, Ekizos et al. (40) reported low reli-
ability of the patellar tendon CSA which was attributed to 
the low clarity and the unclear visibility of tissue boundaries 
in the US images. Subsequently, US imaging constitutes a 
promising, non-invasive tool to evaluate the architecture of 
the muscle belly and of the tendon of TVI muscle in vivo. 
A limitation of this study is that the tendinous part of the 
TVI as it inserts into the patella was not examined. Prelimi-
nary measurements indicated that the distal part of the TVI 
tendon was not easily identifiable as it is relatively small in 
size and it is blended with the tendons of the VL, the VI, the 
VM, and the RF. Another limitation was that the activation 
of the muscle during the test was not recorded. Although 
the participants were asked to relax as much as possible in 
each testing position, it is possible that muscle activation 
was not minimal. Furthermore, in the present study, we 
measured the anatomical CSA instead of the physiological 
CSA. The physiological CSA is a better predictor of force 
generation capacity than the anatomical CSA (41,42). Eval-
uation of the physiological CSA based on US measurements 
requires determination of the angle of pennation (21). In 
the case of the TVI, however, evaluation of pennation in 
longitudinal US images is difficult because the TVI is locat-
ed between the VL and VI and the orientation of its fascicles 
relative to its aponeurosis is difficult to visualize.

CONCLUSIONS
The TVI was easily identified using in-vivo US. The muscle 
belly is located proximally along its length and it displays a 
greater CSA proximally than distally. The long distal tendon 

Table 2.  Reliability values for the tendinous-part cross-section area of the tensor of vastus intermedius.

Knee flexion angle   Test (mm2)   R-test(mm2) ICC2,1 SEM (mm2) Bias ± Lower LoA Upper LoA

0°

Proximally  0.210 ± 0.018 0.208 ± 0.016 0.96 0.0135 0.0017 ± -0.0014 0.0048

Medially  0.199 ± 0.018 0.199 ±0.017 0.99 0.0019 -0.0003 ± -0.0012 0.0005

Distally 0.192 ± 0.016 0.193 ± 0.015 0.90 0.0299 -0.0013 ± -0.0057 0.0030

45°

Proximally 0.216 ± 0.019 0.215 ± 0.019 0.95 0.0181 0.0007 ±- 0.0029 0.0044

Medially 0.204 ± 0.019 0.202 ± 0.019 0.94 0.0221 0.0020 ± -0.0021 0.0061

Distally 0.187 ± 0.015 0.192 ± 0.014 0.86 0.0472 -0.0048 ± -0.00105 0.0010

90°

Proximally 0.210 ± 0.012 0.213 ± 0.012 0.85 0.0581 -0.0085 ± -0.0153 -0.017

Medially 0.207 ± 0.015 0.212 ± 0.013 0.88 0.0313 -0.0709 ± -0.0120 -0.038

Distally 0.197 ± 0.007 0.194 ± 0.009 0.90 0.0331 -0.0058 ± 0.0106 -0.010
Measures of reliability: ICC: Intraclass Correlation Coefficient, SEM= standard error of measurement, Bias ± LoA= 95% Limits of agreement.
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of the TVI has similar CSA along its most proximal first half 
of this length, while the distal part of the tendon is diffi-
cult to identify. Quantification of TVI CSA displayed high 
test-retest reliability and a low SEM. Consequently, future 
studies on the quadriceps muscle function and morphology 
should include examination of the TVI.
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HHB: Deoxygenated Hemoglobin
sEMG: surface Electromyography 
NIRS: Near Infrared Spectroscopy
TOI: Tissue Oxygen Index
HBO2: Oxygenated Hemoglobin 
THB: Total Hemoglobin

SUMMARY
Background. Ischiocrural (IC) stretching procedures may result in different involvement 
of the posterior kinetic chain and of the lumbar spine. 
Objective. The aim of the study was to evaluate homolateral muscle activation and hemo-
dynamic changes in the Multifidus (MM) and Gluteus medius (GM) muscles in healthy 
subjects during monolateral IC stretching by using two different execution techniques: 
technique A (TA: forward bending of the torso, hands in Open Kinetic Chain (OKC), leg 
stretched) and technique B (TB: forward bending of the torso, leg stretched with knee 
joint angle of 20°, hands in Closed Kinetic Chain (CKC).
Methods. A total of 12 recreationally active males (35-24±4.2 years) and 14 recreational-
ly active females (26-22±2.3 years) volunteered to participate in the study and random-
ly performed TA and TB stretching of 20 s in two subsequent sessions one week apart. 
During execution, hemodynamic parameters obtained with near infrared spectroscopy 
(NIRS), namely total hemoglobin (tHb) and tissue oxygen index (TOI%), as indicators of 
blood flow and oxygen extraction respectively, were detected from homolateral MM, and 
myoelectric parameters obtained with surface bipolar electromyography (sEMG), namely 
root mean square (RMS) as indicator of muscle activation, were detected from homolateral 
GM and MM. Percentage of change (Δ%) was calculated from the beginning and the end 
of the 20 s recording divided into 5 s epochs for all the parameters measured. 
Results. All along the 20 s procedure, compared to TB, TA stretching produced high-
er muscle activation both in MM and GM muscles (p<0.001), and lower tHB% change 
combined with higher % oxygen extraction in MM (p<0.05). 
Conclusions. Stretching of the posterior kinetic chain of the lower limbs with 20° bent 
homolateral knee and hands in CKC prevents MM and GM overload and may represent a 
useful technique, alternative to classical stretching, to prevent low back pain.

KEY WORDS
Hamstrings; low back pain; near infrared spectroscopy; electromyography; stretching.

Study of the Activation and Oxygenation of Multifidus 
and Gluteus Medius Muscles During Stretching of the 
Lower Limb Posterior Chain: Comparison Between 
Two Different Executions Techniques

BACKGROUND
Elongation (stretching), involves different types of tissues: 
connective tissue, contractile proteins, muscle bands, 
tendons, aponeuroses, ligaments (1) and complex neuro-
logical systems regulating  afferences  and  propriocep-
tive  responses (2). Its efficacy, for prevention and re-ed-

ucational purposes, has been extensively documented in 
literature (3-5). Among the various modalities of stretching, 
the static technique is the most frequently used and involves 
the slow elongation of a muscle or a muscular chain main-
tained to the maximum bearable (6,7) for a time varying 
from few seconds up to one minute (8).  
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The posterior kinetic chain (PKC) elasticity of the lower 
limbs,  involving ischiocrural  (IC) and triceps sural (TS) 
districts, is essential for the correct functionality of the 
lumbar district (LD) (9). There is evidence in that the IC 
rigidity, decreasing the physiological lumbar lordosis, may 
cause DL overload thus promoting low back pain (1,10). 
Based on these observations, the correct elongation of IC 
is considered a pivotal strategy to prevent and/or treat this 
clinically relevant condition (11).
The classic, widely adopted, IC stretching procedure 
requires that the ipsilateral lower limb is fully extended. In 
this position, IC muscles may prevent  retroversion  of the 
pelvis thus avoiding its rotation forward on the femoral 
heads during flexion of the trunk and subsequently over-
loading the LD structures and muscles.
In the present study we analyzed the level of Gluteus 
medius (GM) and Multifidus muscle (MM) activation, 
by means of surface electromyography (sEMG), and the 
hemodynamic parameters (total hemoglobin and tissue 
oxygen index as indicators of blood flow and oxygen 
extraction respectively), by means of near infrared spec-
troscopy (NIRS), of the GM and MM during IC stretch-
ing executed with TA (hands in OKC and ipsilateral lower 
limb stretched), and with TB (hands in CKC and ipsilat-
eral lower limb with 20° knee joint angle) techniques in 
healthy young subjects.
Results obtained demonstrated that TB technique deter-
mines higher IC elongation while reducing overload on LD. 

MATERIALS AND METHODS

Subjects
26 recreationally healthy young subjects (age 28.5±6.5 
years; body weight 66±20 kg, height 171±18 cm), 12 males 
(age 30±5 years; body weight 73±8 kg, height 176±4 cm) 
and 14 females (age 24±2 years; body weight 62±9 kg, 
height 167±7 cm). The subjects were fully informed of the 
objectives, risks and discomfort associated with the experi-
mental research and provided their informed consent writ-
ten to participate in this study, before completing a ques-
tionnaire to assess their status of health.  Exclusion criteria 
were: joint prostheses, prostheses, artificial implants (hip, 
knee, ankle and shoulder) or spinal cord plaques, lumbar 
or sciatica pain in the last three months, arthrodesis of the 
tibio-tarsica joint, tarsus, metatarsal and phalanges of the 
feet, paralytic arthritis, recent (less than three months) tear 
or lesion of the ischiocrural and/or sural triceps muscles, 
femorotibial  arthrosis; recent surgical procedures, and 
BMI>30 kg/m2.  The study was conducted at CRIAMS-
Sport Medicine Centre Voghera, University of Pavia, Italy 

and was approved by the institutional local Review Board. 
The present study meets the ethical standards of the jour-
nal (12).

Experimental procedure
All subjects performed static IC unilateral stretching of 
the dominant leg using two techniques (technique A, TA 
and technique B, TB, see below) in two separate sessions 
1 week apart, in a randomized fashion. During the same 
session sEMG and NIRS measurements were made in two 
subsequent randomized stretching procedures separated by 
10 min interval. Experimental procedures were conducted 
between 9 and 11 a.m. at optimal temperature (22°C) and 
humidity (50%) environmental conditions. 

Technique A (TA)
The subject, sitting on a medical table, performed unilater-
al static stretching for the hamstrings of the dominant leg, 
maintained in neutral rotation with the ankle dorsiflexed. 
The hip was passively flexed, with head extended, to the 
maximum angle which could be tolerated without stretch 
pain, with the knee fully extended trying to reach the feet 
with the hands in open kinetic chain (OKC) and this posi-
tion was maintained for 20 s. For each subject the final angle 
was measured after stretching. The final angle was defined 
as that formed by the tibia and horizontal plane when the 
knee was passively extended from hip and knee angles at 
90° flexion to the maximum extension angle which could 
be tolerated without stretch pain. During procedure the 
non-dominant leg was maintained dangling from the edge 
of the cot in neutral position.

Technique B (TB)
The subject sitting on a medical table, performed unilater-
al static stretching for the hamstrings of the dominant leg, 
maintained in neutral rotation with the ankle dorsiflexed. 
The hip was passively flexed, with head extended to the 
maximum angle, which could be tolerated without stretch 
pain. During elongation the knee joint maintained at 20° 
flexion; during procedure the hands were resting on the 
surface of the cot in closed kinetic chain (CKC). In each 
subject position was maintained for 20 s at the bending 
angle previously measured during TA (or vice versa).

sEMG measurement
Analog sEMG signals were captured by applying bipo-
lar disposable circular surface electrodes (Ag/AgCl, OT 
Bioelettronica Torino, 1 cm diameter) with an interdistance 
of 2 cm. Surface electrodes were placed on the skin of the 
dominant leg and ipsilateral low back, parallel to the muscle 
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fibers, to record muscle activity of the gluteus medius (GM) 
and lumbar multifidus (MM) muscles. Before positioning 
skin, shaved if necessary, was gently abraded and cleaned 
with 75% alcohol to reduce electrical impedance. Elec-
trode handling was in accordance to SENIAM guidelines 

(13). In GM the electrode was placed in mid-point of a line 
along the length of the iliac crest (IC), and placed at 34% 
of the distance from the greater trochanter of the femur 

(14). In MM the electrode was positioned 1 cm medial from 
line between posterior superior iliac spine and 1st palpa-
ble spinous process, lower electrode border at L4 level (15). 
To ensure reliability of electrode positioning every inves-
tigation was carried out by the same examiners (LC and 
FC). 4-resolution channel data acquisition system (Quattro 
Ot-Bioelettronica, Torino), consisting of a signal condition-
er with a band-pass filter of 10–500 Hz and amplifier gain 
of 2000, input impedance 1200 GW, noise level<1 mV, was 
used to obtain biological signals. All data were processed 
and exported for analysis by a specific software (Quattro 
software, OT Bioelettronica, Torino). Captured sEMG 
activity was converted by an A/D board with a 12-bit reso-
lution input range, sampling frequency of 2024 Hz. Aver-
age rectified value (ARV) was computed over 5 s epochs of 
the recorded raw EMG signal by full-wave rectification to 
represent the muscle activity.

NIRS
Measurements of deoxyhaemoglobin [HHb], oxyhaemo-
globin [HbO2], and total haemoglobin [HbT] concen-
trations and the muscle % hemoglobin oxygen saturation 
(tissue oxygen index, TOI % %) was also calculated as (∆ 
HbO2/(∆ HHb + ∆ HbO2)) × 100 were obtained with a 
continuous-wave tissue oximeter (NIMO, Nirox srl, Bres-
cia, Italy). 
Briefly, based on the assumption that at 975 nm the absorp-
tion coefficient is dominant over other chromophores (i.e. 
HbO2 and HHb) and that water absorption and that the 
tissue scattering properties vary linearly with wavelength, 
the scattering spectrum is calculated at this wavelength 
thus allowing the estimation of absorption coefficient at 
685 and 830 nm thus allowing measurements of absolute 
HbO2 and HHb tissue concentrations. In each subject, 
data obtained by continuous recording were subsequent-
ly sub grouped in 5 s epoch intervals, averaged and plot-
ted. At each time point, absolute values obtained from each 
subject were subsequently averaged and differences of the 
means obtained in TA and TB were statistically analyzed. 
To account for the possible influence of the fat layer (previ-
ously measured by ultrasound) on NIRS measurements, a 
real-time correction was applied using an algorithm includ-

ed in the software supplied with the spectrometer (Nimo 
Data Analysis version 2.0). For NIRS tests, the probe was 
placed in the same position of the sEMG electrodes only in 
MM, whereas GM was discarded from the analysis due its 
physiological curve that avoided correct positioning of the 
probe during stretching. To prevent artifacts from external 
lights the NIRS probe was firmly secured with a small velcro 
strap and covered with dark coating. The probe edges were 
marked on the skin in order to avoid any downward sliding 
during movements. 

Statistical analysis
Linear regression was applied to the data to calculate the 
initial value and rate of change of ARV. Normalized rate of 
change for each variable was calculated as the percentage 
ratio between rate of change and initial value. Paired and 
unpaired t-test was used to compare significant differenc-
es between recorded parameters in TA vs TB and between 
genders respectively. The data are reported as mean ± stan-
dard deviation (SD). Statistical analysis was completed 
using Graphpad 5 (San Diego, California) and the signifi-
cance level was set at p≤0.05. 

RESULTS
Considering that no significant differences were found 
between males and females at every time point and for every 
parameter measured, data were pooled for subsequent 
statistical analysis.
Average percentage changes of RMS recorded at 5 s intervals 
between initial and final stretching are reported in Table I 
for MM and Table II for GM. Compared to TB, TA stretch-
ing produced significant higher muscle activation both in 
MM and GM muscles at every time point along the 20 s 
stretching procedure. As regards the hemodynamic param-
eters recorded in homolateral MM (Table III), a slight-
ly change in blood volume (Δ% tHb) was observed in TA 
and TB at each time intervals without significant difference 
between procedures, whereas a higher oxygen extraction 
(Δ% TOI) was observed in TA compared to TB at 10, 15 
and 20 time intervals (Table III), thus suggesting that an 
improved oxygen extraction was maintained to sustain the 
higher muscle activation during stretching.

DISCUSSION AND CONCLUSION
The objective of this study was to compare two different 
stretching techniques, TA and TB, of the IC muscles to 
determine which one least overload LD muscles. To this 
aim, by combining sEMG and NIRS techniques to study 
GM and MM activation and oxygenation during 20 s IC 
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Table I. Root Mean Square (RMS) percentage of change from baseline in homolateral Multifidus muscle at 5 s intervals during 
TA and TB stretching and percentage difference between TA and TB at each time point. 

Δ% RMS di Multifidus (TA) Δ% RMS di Multifidus  (TB) Δ% RMS Multifidus 
TA vs TB

Time (s) mean SD Time (s) mean SD Time (s) mean SD

0 0.00 ± 0.00 0 0.00 ± 0.00 0 0.00 ± 0.00

5 9.0 ± 25.22 5 5.0 ± 18.90 5 44.5 ± 40.37

10 12.8 ± 34.05 10 -4.0* ± 18.31 10 131.1 ± 41.43

15 13.9 ± 31.30 15 -13.1** ±23.51 15 194.6 ± 46.75

20 17.4 ± 30.69 20 -13.0** ± 31.52 20 174.4 ± 55.74

* significantly different from TA (p<0.05). ** significantly different from TA (p<0.001). s, seconds; SD, Standard Deviation.

Table II. Root Mean Square (RMS) percentage of change from baseline in homolateral Gluteus medius at 5 s intervals during 
TA and TB stretching and percentage difference between TA and TB at each time point. 

Δ% RMS Gluteus medius (TA) Δ% RMS Gluteus medius (TB) Δ% RMS Gluteus medius
(TA vs TB)

Time (s) mean SD Time (s) mean SD Time (s) mean SD

0 0.00 ± 0.00 0 0.00 ± 0.00 0 0.00 ± 0.00

5 12.89 ± 29.37 5 9.70 ± 22.71 5 24.77 ± 39.47

10 13.30 ± 30.55 10 1.74 ± 26.99 10 86.89 ± 44.58

15 13.86 ± 28.38 15 -4.64* ± 33.32 15 133.45 ± 49.47

20 7.90 ± 37.25 20 -8.67 ± 32.34 20 209.82 ± 55.79

* significantly different from TA (p<0.05). s, seconds; SD, Standard Deviation.

Table III. Total Hb (Hbtot) and TOI percentage of change from baseline in homolateral Multifidus muscle at 5 s intervals 
during TA and TB stretching and percentage difference between TA and TB at each time point.

Δ%Hbtot Multifidus TA Δ%Hbtot Multifidus TB Δ % TA vs TB
Time (s) mean SD Time (s) mean SD Time (s) mean SD

0 0.00 ± 0.00 0 0.00 ± 0.00 0 0.00 ± 0.00

5 23.8 ± 9.30 5 21.4 ± 8.61 5 9.8 ± 2.33

10 21.0 ± 7.03 10 16.9 ± 6.50 10 19.6 ± 1.89

15 18.4 ± 5.75 15 17.2 ± 5.32 15 6.5 ± 1.76

20 17.3 ± 4.91 20 15.4 ± 4.63 20 10.9 ± 1.57

Δ%TOI Multifidus TA Δ%TOI Multifidus TB Δ % TA vs TB
Time (s) mean SD Time (s) mean SD Time (s) mean SD

0 0.00 ± 0.00 0 0.00 ± 0.00 0 0.00 ± 0.00

5 10.1 ± 3.35 5 9.8 ± 3.47 5 2.9 ± 1.21

10 9.5 ± 2.80 10 6.8 ± 2.50* 10 28.3 ± 1.90

15 8.7 ± 2.33 15 6.0 ± 2.07* 15 31.5 ± 5.65

20 8.0 ± 1.97 20 4.8 ± 1.92* 20 39.5 ± 1.97

* significantly different from TA (p<0.05). s, seconds; SD, Standard Deviation.
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stretching, the main findings were: 1) a higher muscles acti-
vation in TA compared to TB at each 5 s epochs of the 
stretching period; 2) no difference in the percentage change 
of total hemoglobin and a higher oxygen uptake detected in 
MM during TA compared to TB; 3) no difference in muscle 
activation and oxygenation in males compared to females in 
both stretching procedures.
Shortening or tightness of the hamstrings affects postural 
alignment and results in possible musculoskeletal pain. The 
kinematics of the lumbar district and of the Coxo-Femoral 
joint (CF), also called lumbar-pelvic rhythm, was studied 
during the flexion of the trunk in some daily activities living 
(ADL), in people with or without low back pain (16,17). 
In the bending of the trunk, upon reaching the maximum 
opening of the lumbar veneer joints (≈ 60°) (18), the elas-
ticity of the IC induces a coordinated anterior rotation 
of the pelvis on the femoral heads (10), thus allowing an 
increase of the trunk bending without further stress to the 
DL structures (10,19).  In contrast, excessive rigidity of the 
IC muscles, due to their proximal insertion on the ischi-
al tuberosity, by retaining the pelvis, restricts the muscles 
rotation forward on the femoral heads, thus causing exces-
sive stress in lengthening of the connective structures of 
the LD. This condition is associated with higher probabil-
ity of fatigue of the paravertebral muscles and subsequent 
onset of low back pain (20). As previously demonstrated, 
the use of various postures during the IC stretching proce-
dure for may result in different involvement of the PKC 
and of the lumbar spine (21,22). Our results, for the first 
time, demonstrate that stretching of the posterior kinetic 
chain of the lower limbs with 20° bent homolateral knee 
and hands in CKC prevents MM and GM overload. In fact, 
a lower muscles activation and contemporary lower oxygen 
uptake along the 20 s stretching period was observed in TB 
stretching. The observed differences in muscles activation 

and oxygenation in TA compared to TB may be due the 
unfavorable lever arm with greater stress in the pivotal area 
of the movement, LD and the sacroiliac joint, to which it 
may contribute the position of the upper limbs stretched 
out forward without any support in an open kinetic chain. 
Importantly, an increased GM activation has been found 
both in classic IC static and in the dynamic stretching and 
its possible role as critical factor for lumbar pain has been 
hypothesized in healthy subjects, following the long last-
ing maintenance of the erect station (23). Therefore, TB 
stretching may represent a useful technique, alternative to 
classical static stretching, to prevent low back pain. 

LIMITATIONS OF THE STUDY
This study has limitations that need to be addressed. First, 
no data are presented regarding GM and MM sEMG adap-
tation following repeated stretching procedures. Further, IC 
muscles activation measurement during stretching proce-
dures was not performed. This lack hampers the possibil-
ity to unravel the contribution of concurrent involuntary 
hamstring muscle activity contraction in limiting the hip 
range of motion in the tested stretching procedures and its 
role in stretching training (24). Further, changes in blood 
flow through the muscle tissue has not been measured 
directly but through the blood volume (HBO2 + HHb). 
Based on the present limitations, future studies should 
expand the presented data, to confirm whether beneficial 
lesser LD overload due to TB compared with TA is verifi-
able following stretch training as well as following a single 
stretching session. 
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Treatment
Kinesio Taping®

Comparators
Sham Taping
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Healthy middle-aged men

SUMMARY
Background. The adhesive taping is supposed to improve joint stability and proprio-
ception and enhance the physical protection in unpredictable situations.
Hypothesis/purpose. The aim of present study was to compare the effect of facilitato-
ry gastrocnemius taping on dynamic balance and muscle activity during Y-balance test 
in healthy middle-age men. 
Study design. Double-blinded (participant, assessor) randomized control trial.
Methods. 30 healthy middle-age men who were not routinely involved in exercise 
program were randomly assigned in Kinesio Taping® and sham group. They took part 
in Y-balance test before, immediately, 20 minutes and 24 hours after taping. Y-bal-
ance records and medial and lateral gastrocnemius activity were reported for each test. 
Between group and within group changes were analyzed using independent T test and 
repeated measures. Correlation between Y-balance record and gastrocnemius activity 
were be analyzed using person correlation test.

KEY WORDS
Dynamic balance; Gastrocnemius; kinesiotaping; middle-age.

Gastrocnemius Kinesiotaping to Improve Dynamic 
Balance Performance in Middle-Age Healthy Men: 
Protocol of Randomized Controlled Trial

BACKGROUND
The adhesive taping is supposed to improve joint stability 
and proprioception and enhance the physical protection in 
unpredictable situations (1). Elastic adhesive tape, known 
as Kinesio Tape (KT), was first introduced by Kenzo Kase 
(2) and got popular fast (3). KT needs approximately 20 
minutes to gain best adhesive strength (2). Several studies 
have investigated the effects of KT on function and muscle 
strength and activity using functional tests (3,4,5,6,7,8,9) 
and surface electromyography (SEMG). Practically, 
KT-induced changes in muscle activity and the functional 
measures are time related (3,5,8,10) i.e. in healthy subjects 
positive effects of KT in muscle activity patterns reached 
highest level within one hour and then reduced within 
24 hours and did not changed up to 5 days (4). Still, the 
net results of KT on SEMG and functional performance 

are conflicting: some studies reported that SEMG did not 
significantly change following inhibitory (1) or facilitato-
ry taping (11,12) in young people. Some authors showed 
short-term increase in muscle activity following inhibitory 
gastrocnemius taping (5), while others reported reduced 
muscle activity of gastrocnemius with inhibitory taping (8). 
Balance is a critical feature of human posture and move-
ments in daily living. Aging may decrease the dynamic 
balance capabilities (13,14) and increase falling risk (15); 
therefore, it may be associated with various musculoskeletal 
injuries. Since musculoskeletal injuries frequently happen in 
dynamic activities (16,17) researcher and clinicians are more 
interested in measuring and screening dynamic balance. 
The effects of KT on electrical muscle activity and balance 
have not been well defined in middle-aged subject. Previous 
studies mostly recruited young adults and athletes under 40 
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years old (3,4,5,6,7,8); these people did not suffer from age 
related balance disorders and fear of falling. Middle-aged 
people constitute the main society economic power (18). In 
middle-age (40-65 years) the normal regeneration processes 
starts to deteriorate as a result of aging process (19). These 
people are at risk of physical injuries while they are physical-
ly and economically active. Beside direct costs, these injuries 
expose the individual, family and the society to huge indi-
rect costs of unhealthy aging including early retirements and 
repeated sick leaves. Thus, studying middle-aged subjects 
are valuable in societies like Iran where the population in 
gradually moving toward elderly (20).
Gastrocnemius is frequently involved in injuries (21,22); 
because of its rich proprioception supply (23,24,25,26) 
gastrocnemius is highly regarded in balance training 
programs. To improve balance in healthy and injured 
subjects, physical therapists employ various approach-
es including adhesive taping. Our aim was to compare the 
immediate and short-term effects of two types of gastroc-
nemius kinesiotaping (true facilitatory, sham) on SEMG 
record of the medial and lateral gastrocnemius and dynam-
ic balance in healthy non-athletic middle-aged men. Our 
hypothesis was that true KT improves SEMG amplitude (in 
both gastrocnemius heads) and dynamic balance and these 
effects become more significant over time.

STUDY AIM
The aim of this student noncommercial trial was compari-
son of the immediate and short-term effect of gastrocnemius 
facilitatory kinesiotaping on electrical activity of the muscle 
and dynamic balance in healthy non-athletic middle-aged 
men with control kinesiotaping

METHODS 

Study design
This study is the protocol of a prospective, double blinded 
(participant, assessor) randomized, controlled clinical trial 
of parallel design with two groups. The primary outcome 
was surface electromyographic record of medial and lateral 
head of gastrocnemius during Y-balance test. The second-
ary outcome measure was Y-balance test records in anterior, 
postero-lateral and postero-medial directions.

Approval and registration
Institutional ethics committee approved the whole proce-
dure (Ethics Code: IR.MUI.REC.1395.3.814). The study 
is funded by Isfahan University of Medical Sciences, Vice 

Chancellery of Research and Technology (Budget Code: 
395814). The protocol has been registered in Iranian Regis-
try of Clinical Trials (IRCT20150131020888N8).

Participants
The study was conducted at Musculoskeletal Research 
Center. Participants were healthy, community-based 
middle-aged men (N=30), that were recruited through 
advertisements at urban entertainment districts, March-Ju-
ly 2017. Using non- probability convenient sampling, the 
volunteers who met inclusion/exclusion criteria of the study 
were identified according to the medical history and the 
results of a comprehensive interview and clinical and physi-
cal examination by the physical therapist. 40 to 65 years old 
men were included in the study. The exclusion criteria were 
any musculoskeletal, cardiovascular and chronic problems 
that required medication, neurological, vestibular, visual 
and auditory problems (because of problems in commu-
nication with the patient), arthritis or other joint-related 
problems such as osteoarthritis during the past 12 months, 
previous allergies to adhesive tapes, previous use of Kinesio 
Tape or knowledge about its effects (to eliminate psycho-
logical effects of taping), regular exercise activities within 6 
months prior to and/or during the study, pain in back and 
lower extremities during the selection process and inability 
to perform the test. 

DATA COLLECTION
All the subjects who were qualified to participate in the 
study were informed about study design in detail. They had 
48 hours to decide about participating in the study. They 
were assured that their credentials will going to be saved 
private. The subjects who agreed to take part in the study 
were a requested to sign a formal consent.

Pre-randomization evaluation
Demographic and anthropometric data were collected to 
make sure that the groups are similar in physical charac-
teristics.

Randomization and allocation concealment
After signing the inform consent and filling personal data 
sheet, the participants were randomly assigned into either 
Kinesio Taping® group (N=15) or sham group (N=15) 
using a coin (simple randomization). A faculty staff that 
was blind to the study were requested to throw the coin 
for each subject. The trial was of parallel design (allocation 
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ration=1). The subjects were told that they are going to wear 
tapes for 24 hours but they did not have any clue that what 
method of taping they are going to experience.

Post-randomization evaluations
Lower quarter Y balance test records and SEMG data were 
measured before taping, immediately and 20 minutes after 
taping (for determining the immediate effect of the tape) 
and 24 hours after taping (to determine the short-term effect 
of the tape). In both Kinesio Taping® and sham group.
In healthy subjects, positive effects of KT in muscle activi-
ty patterns reached highest level within one hour and then 
reduced within 24 hours and did not changed up to 5 days 
(4). Therefore, in present study Lower Quarter Y balance 
test records and SEMG data will be measured before, 
immediately, 20 minutes and 24 hours after applying either 
Kinesio Tape® or sham tape. 

TRIAL INTERVENTIONS

Kinesio Taping® group
Trained physical therapist (SJ) that was blind to the study 
method, applied facilitatory Kinesio Tape® on gastrocne-
mius of dominant leg. The dominant leg was the leg by 
which the subject hit a soccer ball when the ball was thrown 
toward him unexpectedly. For facilitatory Kinesio Tape®, 
15-35% stretch was applied to therapeutic zone of an “I” 
strip as proposed by Kase et al. (2). The participant lay in 
prone; proximal head of KT was anchored under the knee 
with no tension (tape application in popliteal fossa is not 
recommended because of the risk of skin irritation (2)). 
The ankle was fully dorsiflexed by the therapist passively 
so that gastrocnemius be completely stretched. The Kinesio 
Tape® was then continued along muscle length and Achil-
les tendon with 15-35% tension. The distal one third of the 
Kinesio Tape® was attached without tension until it ended 
over the lower surface of heel.

Sham tape group
According to Gómez-Soriano et al. (5), only the ineffective 
KT heads (anchor and end) were attached to the back of 
the calf without continuity. This way, the participants were 
blind to the intervention they received. They were informed 
that there is a 50% chance to receive sham tape but they had 
no clue that how sham tape looks like. In addition, to make 
the assessor blind to the study groups, the physical thera-
pist who applied the tapes for either groups covered partic-
ipant’s leg in a disposable cover.

Neither Kinesio Taping® nor sham tape have any side effect. 
The risk of skin irritation was mentioned and the partici-
pants were requested to remove the tape as soon as they feel 
itching, burning or they find skin rashes around the tape. 
The subjects did not receive any other intervention during 
the study in either groups. 
In order to make the participants blind to their group, 
their calf was covered by a disposable sleeve following 
taping. The same physical therapist (SJ) applied the tapes 
in both groups. The physical therapist had no role in base-
line assessment of inclusion/exclusion criteria, collecting 
data or analyzing the outcomes. Inclusion/exclusion crite-
ria were assessed before assigning the subjects into study 
groups (i.e. inevitably the assessor (KMJ) was blinded to 
study groups). Covered in disposable sleeve, the assessor 
(KMJ) might not differentiate the study groups. When 
transferring data into statistic software, the subjects 
will be coded and the analyzer (KMJ) has no clue to the 
groups and code.

Blinding strategy
•	 The physical therapist who were responsible for prima-

ry assessment of the volunteers was informed about the 
inclusion/exclusion criteria while had no information 
about the study protocol. 

•	 The selected individuals knew that they will be randomly 
assigned into one of the study groups and there is 50% 
chance of receiving sham tape. They had no clue that 
how sham tape is different from Kinesio Tape®.

•	 A faculty staff assigned the participant into groups using 
a coin.

•	 Employed physical therapist, who had no role in subjects’ 
evaluation, taped subjects in both groups. 

•	 The same researcher who was blinded to study groups, 
evaluated all the subjects at all assessment sessions. 

DATA
Lower quarter Y balance test records and SEMG data were 
collected before taping, immediately and 20 minutes after 
taping (for determining the immediate effect of the tape) 
and 24 hours after taping (to determine the short-term 
effect of the tape) (table I).

STATISTICAL ANALYSIS
The distribution of the data will be determined using 
Shapiro-Wilk test. In accordance to the distribution of the 
variables, data will be analyzed using repeated measures/ 
Wilcoxon signed rank tests in each group. The groups will 
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be compared using Independent T test/Mann-Whitney 
U test in SPSS software (IBM Corp. Released 2013. IBM 
SPSS Statistics for Windows, Version 22.0. Armonk, NY, 
USA). The χ2-test and Fisher’s exact test will be used for 
categorical variables. Correlation between SEMG records 
and Y test results will be determined using Pearson/Spear-
man correlation test. Mean difference, partial Etta square, 
effect size and Cohen’s d and their respective 95% CI will 

be calculated to determine the clinical relevance of the find-
ing. Statistical significance will be considered at p<0.05. 
The study power will be calculated using G*Power 3.1.5 
freeware (University of Düsseldorf, Düsseldorf, Germany) 
(27,28). The subjects’ adherence and the cause for which 
people left the study or rejected joining the program will be 
mentioned in consort flowchart (figure 1). Intention to treat 
analysis will be performed. 

Table I. Data to be collected.

MeasurementScaleQuantitativeQualitativeVariable TypeVariables
_Before, immediately, 20 minutes 

and 24 hours after taping
NominalIndependentMeasurement Time

-Sham/Kinesio TapingNominalIndependentTaping Method
QuestionnaireYearContinuousControlAge
Strip MeterMeterContinuousBackgroundHeight
ScaleKilogramContinuousBackgroundWeight
CalculationKilogramxm2ContinuousBackgroundBody Mass Index
Strip MeterMeterContinuousBackgroundLower Extremity Length
Lower Quarter 
Y-Balance Test

MeterContinuousDependentDynamic Balance

SEMGMillivoltContinuousDependentAmplitude of Muscle 
Electrical Activity

Figure I. Schematic diagram(s) of the trial design, procedures, stages and data collection according to CONSORT. 
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Sample size calculation
There was no similar study to determine the sample size. 
For pilot studies, 10 subjects in each group is recommend-
ed. We considered 15 subjects in either group in present 
study. Considering 10% attrition rate, 33 subjects were 
included in the study.

ETHICAL CONSIDERATIONS
Institutional ethics committee approved the whole proce-
dure (Ethics Code: IR.MUI.REC.1395.3.814). The proto-
col has been registered in Iranian Registry of Clinical Trials 
(IRCT20150131020888N8). KMJ provided detailed infor-
mation for the participants about the aim and objectives of 
the study, the possible complications of taping, measure-
ment times and the data confidentiality. Subjects might stop 
participating in the study any time they want without penal-
ty. Reporting of this trial is done according to the recom-
mendations of the CONSORT statement (29). the study 
meets the ethical standards of the journal of Muscle, Liga-
ment, and Tendon Journal (30).

TIMELINE
Ethical approval was obtained in August 2017 from the local 
medical ethics committee. Subjects were recruited between 
February-July 2017. All participants completed the study in 
February 2018. We will finish the statistical analysis by end 

of July 2019 and after that we will start the elaboration of 
scientific paper. 

DISCUSSION
Middle age men are the main human source in econo-
my.18 At the same time, gradual progression toward elderly 
makes them vulnerable to various musculoskeletal injuries.19 
Balance is an essential part of human function (31). On 
aspect of rehabilitation is planning for interactive aging (31) 
i.e. helping individuals to step in seniority in more health-
ier state. KT is one of the non-invasive, low cost, simply 
applicable interventions. It may be self-administered by a 
short training and may be used in conjunction with other 
approaches to improve their efficacy and lasting effect.
Several studies have investigated the effect of KT on muscle 
performance and balance in healthy young people and athletes 
(3,4,5,6,7,8,9) However, its effects in adults and non-athletes 
are still questionable. Present study seems to be the first study 
on the effect of KT on balance and muscle activity in healthy 
middle-aged men. The design of this protocol is such as to 
minimize bias and bring the results closer to reality. It can also 
be the starting point for other studies in this age range and in 
situations where the balance is compromised.
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SUMMARY
Background. The cause of muscle damage and injury is often attributed to large strains. Stud-
ies have suggested that strain is the principal cause of muscle damage rather than force. 
Results. In this paper we show that force is the principal cause of muscle damage whereas 
strain is a means of increasing force. The subtle difference has important implications, as 
many studies use strain as an indicator for injury risk. In addition, we show that the data better 
supports a theory of stress as the principal cause of injury, rather than force alone, and aligns 
with both the myofibril and observational data. 
Conclusions. The implications of a stress-based model of injury is discussed within the paper.  

KEY WORDS
Force; strain; stress; damage; injury; hamstring.

Estimates of Stress Between the Hamstring Muscles

INTRODUCTION
Hamstring injuries can be considered to result from an 
indirect mechanism (1), though two specific mechanisms 
of hamstring injury appear to exist and are referred to as 
stretching and high-speed (forceful) (2). This classification 
arises from observations in dancers where hamstring strain 
injuries occur at low forces but long lengths (3) and injuries 
in sprinters that occur at short lengths but with high forces 
(4). Thus, these two posited mechanisms can be reduced to 
either excessive strain or excessive force. The mechanism 
also determines the muscle susceptible to injury. The semi-
membranosus (SM) is prone to injury under excessive strain 
(3) whereas the biceps femoris (BF) is at risk in forceful 
scenarios, such as sprinting (4). This suggests a unique qual-
ity exists dependent on the mechanism that renders each 
muscle susceptible to injury.
However, the notion of two separate mechanisms for strain 
injury is at odds with the experimental research in myofi-
brils, which suggests strain is the principal cause of inju-
ry (5,6). In accordance, simulation studies have found the 
biceps femoris is most lengthened whilst sprinting appear-
ing to explain its susceptibility (7-10). Yet, if lengthening 
was the determiner of injury, then isometric contractions 
should not induce damage, but It is reported to do so 10. 
This is not the case. Likewise, although the biceps femo-
ris is most lengthened during sprinting, its absolute length 

is small. At larger absolute strains the semimembranosus is 
more commonly injured (3). Another variable must exist to 
explain this discrepancy. 

The role of myofiber strain in injury mechanics
The notion of strain causing injury rather than force aris-
es from a seminal study in myofibrils that compared strain 
magnitudes of 12.5% to 25% with either high or low levels 
of force, achieved by manipulating the delay between onset 
and strain (5). Lieber and Friden found that regardless 
of force, damage was always greater in groups with larg-
er strains, yet similar between muscles exposed to differ-
ent forces. However, according to Hook’s Law (Eq.1) the 
spring constant (−k) means force (F) is proportional to 
strain (s). Thus, the high strain group intended to have low 
force could in fact have had greater force than the low strain 
group intended for high force. This would confound any 
attempt to attribute injury to strain or force.
 It was reported that force was 40% greater in myofibrils in 
the high force group compared to the low force group but 
was only reported for myofibrils with a large strain magni-
tude. No results of force are given for the low strain group. 
Through Eq. 1, it is possible to estimate the forces in myofi-
brils of different strains and intended forces from Lieber 
and Friden. Therefore, the aim of this investigation was to 
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conduct a secondary analysis of their results to estimate the 
force in myofibrils of different strains and force (where the 
high force group correspond to the delayed onset group in 
Lieber and Friden). It is hypothesised that force in the high 
strain/low force group will be greater than the low strain/
high force group.

METHODS
Myofibril forces for the high strain groups were calculat-
ed using data provided by Lieber and Friden. For the high 
strain/low force group, absolute force was obtained using 
WebPlotDigitizer (11) and Figure 2A of Lieber and Friden, 
and then converted from grams to newtons using a ratio of 
102:1. This showed myofibrils of the low force/high strain 
group produced 14 N of force. For the high force/low strain 
group, Lieber and Friden state force is 1.4 times greater than 
the low force group with 25% strain equalling 20 N of force. 
Myofibril forces for the low strain groups were calculated 
using Hook’s Law (Eq. 1), which requires the absolute strain 
and the spring constant. The nominal length for each fibre 
is 55 mm so absolute strain can be calculated as 25% and 
12.5% of this value. The large strain group was calculated 
to be 13.75 mm and the low strain group this equalled 6.875 
mm. Spring constants for myofibrils were calculated using 
Hook’s Law, by dividing force by the absolute strain in each 
of the 25% strain groups. As myofibrils were homogenous, 
the spring constants are expected to be the same for groups 
within high or low force regardless of the strain. For the low 
force group (kES), the spring constant was 1.02 N/mm, and for 
the high force group the (kLS) was 1.45 N/mm. Thus, force in 
the low strain groups of high and low force were obtained by 
multiplying the absolute strain of 6.875 mm by their respec-
tive spring constant , as per table I. All methods were done 
in accordance with the ethical standards of the journal (12). 

RESULTS
Table 2 shows myofibril forces are greater in in the high 
strain/low force group compared to the low strain/high 
force group (14 N and 10 N respectively). The mean differ-

ence in force between timings is ~4.5 N, whereas the mean 
difference in force between strains is ~8.5 N. The outcomes 
are displayed in table II.

DISCUSSION
Frieden and Lieber concluded strain is the principal cause 
of injury based on finding a significant effect of strain on 
force reductions whereas onset time (used to manipulate 
myofibril force) had no significant effect on force. Howev-
er, the forces within these groups were not reported. The 
results of this analysis show that at high strains, the group 
intended to represent low force had 4 N greater force than 
the group intended for higher force but at low strains. The 
suggestion that strain is responsible for injury rather than 
force is incorrect, as strains leads to greater forces. The addi-
tional 4 N of force from greater strains is considerable given 
the peak tetanic tension in myofibrils is ~13N, and suggests 
that lengthening, on average, increased force by 31% of its 
peak force than when manipulating the force production 
through onset time. 
As strain created greater forces, then it may seem that Lieb-
er and Friden were correct in their conclusion that length-
ening causes injury. Whilst we agree with Lieber and Friden 
that greater strains lead to greater muscle damage, stating it 
is not the result of high force is incorrect and not support-
ed by the data. Instead, lengthening is a means of achiev-
ing greater forces. Under maximal conditions, and homog-
enous myofibrils, such as those used by Frieden and Lieber, 
the larger strains will cause greater forces and thus injury. 
But this relationship does not hold between heterogeneous 
muscles because of differences in passive tension and active 
force production. Therefore, identifying force as the cause 
of injury is a subtle but important difference when compar-
ing muscles.
For example, multiple studies have founded their work on 
Lieber and Friden and used peak strain to determine the 
hamstring muscle vulnerable to injury (7-10, 13-15). Yet 
many of these papers show active force differs between 
the muscles and therefore do not indicate the muscle most 
susceptible to injury (7-9). Without understanding the 

Table I. Calculations to estimate stress.

Strain Force
Relative 
Strain (%)

Absolute strain 
(mm)

Low force (N) High force 
(N)

25 S25 = 55 × 0.250 A = 14 B = A × 1.40

12.5 S12.5 = 55 × 0.125 C = kES × S12.5 D = kLS × S12.5

Table II. Calculated strain and force values

Strain Force (N)

Relative 
Strain (%)

Absolute 
strain (mm)

Low force 
group

High force 
group

25 13.75 14 20

12.5 6.875 7 10
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underpinning cause of injury it’s possible the protocols put 
forward for investigation and practice are entrenched on a 
false understanding. For example, Guex claimed the opti-
mal exercise for hamstring strengthening does not exist with 
limited strain being one of the reasons (16). This criticism 
has been echoed for the Nordic hamstring curl also (17). 
Yet, these conclusions may still be limited to myofibrils as 
the largest contributor to force when sprinting is the semi-
membranosus, and not the commonly injured biceps femo-
ris (7,9,18). Sprint simulations have also combined force 
and strain through Work to explain the biceps femoris’ 
vulnerability, but this too has failed. Despite force seeming-
ly causing injury in myofibrils, the current outcomes from 
sprint simulations do not identify the vulnerability of the 
biceps femoris in this common injury inducing movement. 
A new perspective is warranted to converge the observed 
data from simulations to that in myofibril experiments.

Stress as an explanation for injury
It is well established in Newtonian mechanics that materials 
fracture under excessive tensile stress (19). Stress (σ) is the 
measure of the internal force (F) acting in a localised area 
(A), and can be estimated by dividing the muscle force by 
its cross-sectional area (Eq. 2).
From the perspective that muscle is a biological material, 
the cause of fracture should not differ. Thus, stress is like-
ly to be the principle cause of injury. In contrast to report-
ed outcomes, this requires not only the forces to be consid-
ered but the area of the muscle too. In myofiber research 
the cross-sectional area (CSA) of homogenous myofibrils 
is expected to be similar and therefore differences in force 
would be proportional to stress, such that the force induced 
by strain would appear as the determining factor. As muscles 
differ in CSA, this does not hold true. 
Stress as the cause of injury can explain why the myotendi-
nous junction (MTJ) is a prevalent location for injury as the 
area lessens as the muscle tapers to the free tendon (20). This 
has been alluded to by Storey et al., but an explicit investi-
gation has not been performed. Earlier studies have investi-
gated the aponeurosis size in relation to eccentric strength 
(r = 0.24; p > 0.2) but not regarding injury incidence (21). 
The semimembranosus is the largest producer of force 
whilst sprinting, but a large CSA would reduce the stress. 
Conversely, a small CSA in biceps femoris would increase its 
stress and propensity for injury. The aim of this study was to 
identify whether peak stress is greatest in the biceps femoris 
by approximating the stress at each hamstring’s MTJ during 
sprinting using previous simulations and morphology data. 
The hypothesis was that peak MTJ stress will be greatest in 
the biceps femoris.

METHODS
According to Eq. 2, the peak stress at each hamstring’s MTJ 
can be derived by their respective dividing peak force by the 
CSA of each MTJ. Estimates of each muscles MTJ CSA was 
obtained from the results of Storey (2016). A two-way 95% 
CI for each MTJ CSA was estimated from the data provided 
by Storey. The MTJ area data was obtained from different 
participants to those used in simulations which may reduce 
the validity of these estimates; however, aponeurosis area is 
not related to muscle size or area (Evangelidis et al. 2015) 
and so the average MTJ areas from Storey are a fair approxi-
mation of the participant populations used in the simulation 
studies.
The peak force for each hamstring muscle was obtained by 
combining the results of simulation research that used data 
from sprinting. Sprint data was used as this is a common and 
ubiquitous action during injury (22) and appears to produce 
the greatest hamstring activity (23). Sprint simulations were 
identified through prior knowledge and confirmed via a 
PubMed search using the terms sprint*, Simulation, and 
hamstring connected with the ‘AND’ Boolean operator. 
To be included, simulation studies had to identify the peak 
force for all 3 biarticular hamstrings (SM, semitendinosus 
[ST], and BF) whilst performing high-speed sprinting. 
To account for the between study variability in peak force 
estimates, a random effects meta-analysis (24) was performed 
using R statistical software and peak force from each simu-
lation to derive an estimate of the mean and its 95% confi-
dence interval (CI) for peak force in each muscle. The point 
estimates for the mean and bounds of the 95% CIs for peak 
force and MTJ CSA were combined using Eq. 2 to obtain an 
estimate of the mean peak stress in each hamstring muscle 
and the bounds for the 95% CI. 

RESULTS
Three studies were retrieved for analysis of force (7-9) with a 
combined total of 38 participants (28 males and 10 females; 
Age: 24; stature: 177 cm; mass: 73 kg). For the morphology 
data, 5 male cadavers (10 limbs) were used (mean age: 75 
years; Storey 2016). 
Table III includes the random effects 95% CIs for peak 
force among the 3 simulation studies and the confidence 
interval for MTJ area for each muscle. On average, the 
biceps femoris experiences 4.24 N·cm2 more stress than the 
SM and 7.36 N·cm2 more than the ST. The variability in 
the biceps femoris stress estimate is also greater than the 
SM and ST. This is highlighted at the upper bounds of the 
stress estimate where the difference between BF and SM 
increased to 9.73 N·cm.
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DISCUSSION
The aim of this investigation was to estimate whether stress 
could identify the biceps femoris vulnerability to injury 
during high-speed running. The findings presented here 
show the biceps femoris experiences the greatest MTJ 
stress. Prior to this study, strain was the only outcome to 
identify the biceps femoris vulnerability, but it is implausi-
ble for strain alone to be responsible for injury. Thus, stress 
is the first variable to align with both simulated and myofi-
bril research. Chumanov’s et al. (2011) simulation found the 
ST had greater peak force than the BF. However, the BF 
in this study had a comparatively small force contribution 
which seems to occur from the notably low BF excitation 
during simulation that does not align with electromyograph-
ic data (8). As a result, the BF stress in this study are likely 
underestimated and may be greater in reality. 
Stress as the cause of injury has fundamental implications 
towards our understanding of injury mechanics. Previous-
ly, lengthening was believed to be the fundamental cause of 
injury (5,8), but as demonstrated, lengthening likely caus-
es injury because it results in greater forces. The notion 
of stress rather than strain as the muscle damaging factor 
aligns with earlier findings that showed muscle damage after 
shortening muscle actions (25). A phenomenon not possi-
ble according to the lengthening model. Nonetheless, strain 
may have an additive effect to injury risk separate from the 
increased passive tension. The volume of the MTJ does not 
change during lengthening therefore an increase would 
cause a decrease in MTJ area and a subsequent increase in 
stress (19). Although not the principal cause, the greater 
strain in the BF whilst sprinting may compound its vulnera-
bility to injury here. Estimates of maxima hamstring muscle 
CSA show the SM undergoes the smallest reduction (2.3%) 
compared to the BF which reduces the most (8.6%) (26). 

Therefore, stress at peak lengths for the biceps femoris are 
expected to be considerably larger than estimated here, as 
MTJ measurement used in this analysis were measured ex 
vivo and not lengthened.
More critical implications exist for our understanding of 
injury prevention. The maximum force in a local area that 
a material can withstand could be the principal factor in 
preventing injury. Understanding the factors that deter-
mine this threshold would be of great value for optimising 
injury prevention programmes and screening. For exam-
ple, the protective role of structures binding actin to the 
extracellular matrix has been shown in mice studies. Mice 
over-expressing the α7BX2 integrin (a common isoform of 
a muscular integrin) display reduced membrane damage 
after downhill running (p <0.05) suggesting the increase in 
integrin and actin to laminin connections increase structural 
soundness (27). Adding micro dystrophin to mdx mice also 
reduces muscle damage (28). Likewise, the ACTN3 R577X 
polymorphism (alpha actinin 3 which binds to z discs) is 
associated with greater shear modulus in the hamstrings, 
suggesting larger stress and thus risk (29). Whilst the poly-
morphism was not associated to injury, the stress value for 
the modulus was calculated at the muscle belly and not the 
MTJ (29). 
Reduced ability to produce eccentric force is associat-
ed with hamstring injury (30,31) and accordingly strength 
training has been shown to reduce hamstring injury inci-
dence (32). Yet, if stress is the principal factor causing 
injury, then increasing strength should increase the risk of 
injury. One explanation is that strength training increases 
collagen in the MTJ, likely to manage to the new capacity 
to produce force (33). In addition, eccentric strengthening 
may be important for reducing fascicle strain (24) and thus 
reducing the passive force component from strain. 

Table III. Estimates of 95% confidence intervals for peak force, MTJ area, and MTJ stress.

Muscle Lower bound Mean Upper bound
Peak force* (N) BF 861 1408.4 1960.7

SM 1470 2289 3108

ST 340.2 450.1 559.3

MTJ Area (cm2) BF 39.4 45.0 50.6

SM 62.1 84.6 107.1

ST 16.2 18.8 21.4

MTJ Stress (N·cm2) BF 21.85 31.30 38.75

SM 23.67 27.06 29.02

ST 21.00 23.94 26.14
Note: *Absolute peak force has been calculated for a 70 kg person. 
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There are inevitable limitations with the approach used in 
this investigation. Using the peak force data from simula-
tions for comparison assumes that the force distribution is 
equivalent within each muscle. This is unlikely consider-
ing fascicle strain appears non-linear (34), but lengthening 
is concentrated towards the MTJ adding validity to use of 
peak force in MTJ stress estimates.
From a practitioner perspective, it may be more effective 
to utilise supramaximal eccentric exercise at short muscle 
lengths to expose muscles to high stress without reducing 
MTJ CSA and causing excessive stresses. This progression 
would seemingly minimise muscle damage (and the possi-
ble acute injury risk) and improve adherence to prevention 
programmes, where longer length training could impair 
adherence due to soreness (35). Future research should 
investigate whether muscle damage can be limited by grad-

ually progressing eccentric exercise to longer lengths whilst 
still inducing adaptations. 

CONCLUSIONS
Until now, simulation studies have failed to identify a cause 
of injury that aligns with the understanding of injury in 
myofibril research. Using the data of simulations, this study 
has shown that stress is greatest for the biceps femoris 
whilst sprinting and may explain its susceptibility to injury, 
particularly at the MTJ. Future simulation studies should 
include stress as an outcome to calculate more valid esti-
mates for each hamstring muscle to confirm these findings. 
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SUMMARY
Background. Hyperglycemia reduces tendon homeostasis. Effects of physical exercise 
on diabetic rats have been widely studied; however, the effects of a combined physical 
and insulin therapy on biomechanical properties of the Achilles tendon (AT) remain 
unclear. Therefore, the objective of this study was to evaluate the effects of the combi-
nation of moderate-intensity exercise on a treadmill and insulin therapy on metabo-
lism, physical conditioning, and biomechanics of AT in diabetic rats. 
Methods. Forty-eight Wistar rats were divided into six groups: Sedentary Control-
SCG, Treadmill Control-TCG, Sedentary Diabetic-SDG, Sedentary Insulin Diabet-
ic-SIDG, Treadmill Diabetic-TDG, and Treadmill Insulin Diabetic-TIDG. Diabetic 
animals were induced with streptozotocin diluted in sodium citrate buffer (50 mg/Kg; 
10 mM; pH 4.5; intraperitoneally). All groups were subjected to the maximal effort test 
for pre (MET1) and post (MET2) maximal speed determination. The exercise protocol 
was administered for 5 weeks (1 h/day, 5 days/week). Blood glucose levels and biome-
chanical properties of AT (e.g., traction) were evaluated. 
Results. Increased glycemia was observed in SDG (p<0.001; p=0.003), SIDG 
(p=0.009; p=0.037), and TDG (p=0.002; p=0.009); however, compared with SCG and 
TCG, TIDG showed no significant differences. Maximal force was reduced in TIDG 
(p=0.009) and SIDG (p = 0.002) and increased in SCG and TDG compared with in 
SIDG (p=0.024). The elastic modulus was reduced in TCG compared with in SCG 
(p = 0.011) and increased in SDG (p<0.001), SIDG (p=0.019), and TDG (p=0.006) 
compared with in TCG. 
Conclusions. The combined physical exercise and insulin therapy favors the stabiliza-
tion of glycemic metabolic parameters and avoids increased tendon rigidity in diabetic 
rats.

KEY WORDS
Achilles tendon; diabetes mellitus; maximal effort test. 
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BACKGROUND
Regular physical exercise concomitant with hyperglycemic 
control has been widely investigated for the treatment of 
type 1 diabetes mellitus (DM1) (1,2). Therefore, insulin 
therapy (IST) is commonly used to control hyperglycemia 
and other complications of diabetes, such as diabetic keto-
acidosis and hyperosmolar states (2).
Insulin therapy is indicated for DM1 cases (3) because 
high glycemic indexes are associated with cardiometabolic 
(4) and musculoskeletal disorders (4-7), including tendon 
damage such as diabetic tendinopathy (5,8).
Evidence suggests that hyperglycemia reduces tendon 
homeostasis as a consequence of a series of changes, 
including vascular hyperplasia, disorganized collagen 
fibers, decrease collagen production, increased advanced 
glycation end products (AGEs) (9-11), and altered visco-
elastic properties (12). Such changes may increase tendon 
stiffness, thereby inducing diabetic tendinopathy (8) and 
causing degeneration and rupture (5).
Meanwhile, when physical exercise was regularly 
performed, physiological and biomechanical benefits, such 
as increased collagen concentration, fibrillary density (13), 
elastic module, maximal tension, cross-sectional energy/
area, and maximal force (14)  as well as decreased thick-
ness and neovascularization (15), were observed in the 
Achilles tendon (AT) of patients with calcaneus tendinop-
athy (15,16).
Recent studies in DM1-induced animals have report-
ed positive effects of moderate-intensity aerobic exercise 
(running and swimming) on the restoration of the elas-
tic characteristics of AT, preventing the progression of 
tendon degeneration (17,18). However, these studies did 
not implement IST during exercise. Assuming that IST can 
prevent the onset of musculoskeletal chronic complica-
tions (18) and optimize motor skills in DM1-induced rats 
(19), we hypothesized that IST concomitant with physical 
exercise can boost the biomechanical properties of AT.
Considering that some precautions should be ensured 
regarding exercise practice in patients with diabetes to 
appropriately prescribe safe exercise intensity, in the pres-
ent study, a moderate-intensity treadmill exercise stan-
dardization model was adopted using the maximal effort 
test proposed by Brito et al. (20).
The present study aimed to investigate the effects of a 
combination of moderate-intensity aerobic exercise on 
a treadmill and IST on the biomechanical properties of 
AT in as well as the clinical status and physical fitness of 
DM1-induced rats.

MATERIALS AND METHODS

Experimental design
To evaluate the effects of the combination of IST and 
moderate-intensity treadmill exercise on AT in healthy and 
diabetic rats, this study was divided into four stages: (1) 
distribution of animals into six groups, induction of exper-
imental diabetes, and onset of  IST; (2) adaptation to the 
treadmill and administration of the first maximal effort test 
(MET1); administration of the 5-week protocol of moder-
ate-intensity treadmill exercise and the second maximal 
effort test (MET2); material collection and administration of 
AT traction biomechanical test. The study was performed at 
the Neuromuscular Plasticity Laboratory of the Anatomical 
Department and the Biopolymer Laboratory of the Chem-
ical Engineering Department of the Federal University of 
Pernambuco (UFPE). 
Forty-eight male Wistar rats (234.4 ± 28.1 g) were housed 
in cages at 23 ± 1°C under a 12-h inverted light/dark cycle. 
Presence Food (Neovia, São Paulo, Brazil) and water were 
provided ad libitum. Animals that did not present a fast-
ing blood glucose level >200 mg.dL−1 on day 7 after the 
induction of experimental diabetes, did not continuously 
run during the adaptation week, and reached a MET1 maxi-
mal speed <10 m.min−1 were excluded. Ethical approval of 
the study was obtained from the Committee of the Feder-
al University of Pernambuco Bioscience Center (number 
23076.050209/2016-10) in accordance with the norms 
recommended by the Brazilian Committee for Animal 
Experimentation. The research was conducted ethically 
according to international standards and as required by the 
journal (21).

PROCEDURES

Animal distribution into groups and induction of 
experimental diabetes
At the age of 50 days, animals were randomly assigned to six 
groups (n = 8 per group): sedentary control group (SCG), 
treadmill control group (TCG), sedentary diabetic group 
(SDG), treadmill diabetic group (TDG), sedentary insulin 
diabetic group (SIDG), and treadmill insulin diabetic group 
(TIDG). Experimental diabetes was induced in animals in 
the diabetic groups at the age of 60 days, and after 12 h 
of fasting, measure body weight (FILIZOLA BP6 Digital 
Scale) and blood glucose (Accu-Chek Active Kit Glucom-
eter) were measured. Experimental diabetes was induced 
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via the administration of streptozotocin (50 mg.kg−1; STZ, 
Sigma Aldrich Co., St. Louis, MO) diluted in sodium 
citrate buffer (10 mM; pH 4.5; intraperitoneally [i.p.])(22). 
Animals in the control groups received an injection of sodi-
um citrate buffer alone (23).

Insulin therapy
From day eight after the induction of experimental diabe-
tes, insulin (Eli Lilly and Company) was subcutaneously 
administered (24) (2 IU/day/mouse; HUMULIN® N) daily 
to animals in SIDG and TIDG, 4–6 h after the exercise 
sessions and throughout the experimental protocol (3).

Treadmill adjustment period, MET, and 
moderate-intensity treadmill exercise protocol
All animals were subjected to treadmill adaptation nine 
days after the induction of experimental diabetes. Tread-
mill adaptation was performed for three days (10 min.day-1; 
5 m.min−1; 0° inclination) on the multiple rodent tread-
mill (AVS Projects). On day 4, MET1 was administered at 
an initial speed of 5 m.min–1, with a progressive increase in 
speed by 5 m.min−1 every 3 min. The maximum intensity for 
each rat was determined when the animal touched the back 
wall of the treadmill belt five times within 1 min (19,20,22).
After 72 h of MET1, the adapted protocol (19) was initiated 
at moderate intensity (20,25) in animals in TCG, TDG, and 
TIDG over 5 weeks (0° inclination; 1 h/day; 5 days/week). 
Each session comprised three periods: warm-up, moder-

ate-intensity exercise, and recovery. During the first week, 
time and speed were progressively increased. To encourage 
the animals, a low-intensity electrical stimulus (1.5–2.0 mA) 
located at the end of each lane was used.
Approximately 48 h after the last exercise session, MET2 

was administered. All protocols are detailed in table I.

Clinical and metabolic evaluation, material 
collection, and euthanasia
After the experimental period, weight and blood glucose 
levels were measured in all animals. This was followed by 
anesthesia with xylazine solution and ketamine hydrochlo-
ride (Anasedan®, 20 mg.kg−1 and Dopalen®, 100 mg.kg−1, 
respectively; 0.1 mL and 0.1 mL for each 100 g of animal 
weight, respectively, intraperitoneal). An incision was made 
on the upper surface of the right paw for the visualization 
and dissection of the myotendinous complex of the triceps 
surae muscle while preserving the distal fixation of the calca-
neal bone and the animal’s paw. The anatomical sample was 
moistened with saline and sent to the Biopolymer Laborato-
ry at UFPE for biomechanical assay. After the collection of 
biological material and while still under the effect of anes-
thesia, animals were euthanized via the intracardiac injec-
tion of 1 mL potassium chloride (10%).

Tendon traction mechanical test
Biomechanical testing was performed on the mechanical 
tensile testing conventional machine (EMIC, Model DL 500, 

Table I. Treadmill exercise protocol applied in the diabetic treadmill group (TDG) and diabetic treadmill insulin group (TIDG).

Protocol Week or Day Time (minutes) Training

Adaptation

1st day 10

Velocity: 5m.min-12nd day 10

3rd day 10

Maximum effort test 4th day Varies according to animal
Initial velocity of 5 m.min-1 being increased every 3 min at 

5 m.min-1 until fatigue

Moderate intensity 
exercise

1st day 20 5min at 30%MET1 + 10 min at 50%MET1 + 5min at 30%MET1

2nd day 30 5min at 30%MET1 + 20 min at 50%MET1 + 5min at 30%MET1

3rd day 40 5min at 30%MET1 + 30 min at 50%MET1 + 5min at 30%MET1

4th day 50 5min at 30%MET1 + 40 min at 50%MET1 + 5min at 30%MET1

5th day 55 5min at 30%MET1 + 45 min at 50%MET1 + 5min at 30%MET1

2nd week 60

5min at 30%MET1 + 50 min at 60%MET1 + 5min at 30%MET1

3rd week 60

4th week 60

5th week 60
Min - minutes; % - percentage; MET1: Maximum Speed Test.
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Brazil, 500 N). The ellipse formula was applied to measure 
the tendon cross-sectional area (26), as shown in Equation I. 
Subsequently, the sample was connected to the machine via 
two pieces that were previously made for this type of biolog-
ical material, keeping the sample in the anatomical position. 
The length of the sample was then measured using a cali-
per (Vernier Calipers, 0.05 mm), and specimen traction was 
performed at a speed of 0.1 mm.s−1 to its point of failure. 
Maximal force, maximal force tension, cross-sectional ener-
gy/area, maximal strain, specific strain, and elastic modulus 
were calculated using the stress vs. strain graph generated 
by the Tesc® software coupled with the biomechanical test-
ing machine.

CSA = (D ×× d / 4) × π

Where:
    CSA = the cross-sectional area; 
    D = the larger longest of the medial region of AT; 
    d = the shortest diameter of the medial region of AT; 
    and π = 3.1416

STATISTICAL ANALYSIS
After verifying the data assumptions for parametric analy-
sis using Kolmogorov–Smirnov test, one-way ANOVA was 
performed, followed by post hoc Bonferroni test, for the 

analysis of variables with normal distribution. When normal-
ity was not verified, Kruskal–Wallis test was used, followed 
by pairwise comparison. Parametric data were presented as 
mean and standard deviation and non-parametric data as 
median and interquartile range. To assess the effect of size, 
Cohen’s d (27) was used. All analyses were performed using 
SPSS version 20. A significance level of 5% was adopted.

RESULTS
Of the 32 animals with induced diabetes, two did not exhibit a 
blood glucose level >200 mg.dL−1 on day 7 after the induction 
of experimental diabetes and were excluded from the study.
At the beginning of the study, all animals presented homo-
geneous parameters of body weight (p = 0.367) and glyce-
mia (p = 0.094). At the end of the exercise protocol, blood 
glucose levels and body weights in TIDG were similar to 
those in SCG (p = 1.000) and TCG (p = 1.000). Howev-
er, compared with the nondiabetic groups (SCG and TCG), 
the diabetic groups (SDG, SIDG, and TDG) exhibited 
increased glycemic index (p < 0.05). Reduction in body 
weight was observed only in SDG (SDG vs. SCG: ↓ 24.03%, 
p < 0.001, d = 2.34 and SDG vs. TCG: ↓ 22.99%, p = 
0.003, d = 2.41). Conversely, compared with the nondiabet-
ic groups, the diabetic groups with IST alone or combined 
with treadmill exercise showed similarity in body weight (p 
> 0.05; figure 1). Increased blood glucose was observed in 

Figure 1. Body weight and glycemic indexes after five weeks of moderate treadmill exercise. SCG - Sedentary Control Group; 
TCG - Treadmill Control Group; SDG - Sedentary Diabetic Group; SIDG - Sedentary Insulin Diabetic Group; TDG - Treadmill 
Diabetic Group; TIDG - Treadmill Insulin Diabetic Group. Body weight values are expressed as mean ± standard deviation. (*) 
Anova with post hoc of Bonferroni, whereas final glycemia values are expressed in median and interquartile range (#) Kruskal 
Wallis with paired comparison to determine statistical difference between groups (p <0.05). Where (a) represents the difference 
in relation to SCG, (b) difference in relation to TCG.
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all diabetic groups (SDG, SIDG, TDG, and TIDG) (p < 
0.05) (figure 2).
In MET1, no differences in maximal speed were observed 
among the evaluated groups. In MET2, maximal speed was 
increased in TIDG compared with that in SDG (↑ 17.03%, 
p = 0.002, d = 2.97) and SIDG (↑ 23.82%, p = 0.001, d = 

2.35) and decreased in SDG (↓11.11%, p = 0.020, d = 3.88) 
and SIDG (↓22.86%, p = 0.011, d = 2.42) compared with 
that in TCG (figure 3).
Regarding the biomechanical properties of AT, maximal 
force was reduced in TIDG (↓31.51%, p = 0.009, d = 1.88) 
and SIDG (↓32.23%, P = 0.002, d = 1.84) compared with 

Figure 2. Evolution of Glycemia (mg.dL-1) before and after five weeks of moderate treadmill exercise in each group. SCG - 
Sedentary Control Group; TCG - Treadmill Control Group; SDG - Sedentary Diabetic Group; SIDG - Sedentary Insulin Diabetic 
Group; TDG - Treadmill Diabetic Group; TIDG - Treadmill Insulin Diabetic Group. Body weight values are expressed as median 
and interquartile range. Wilcoxon test (p <0.05).
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that in SCG and increased in TDG compared with that 
in SIDG (↑47.78%, p = 0.024, d = 1.40). Moreover, elas-
tic modulus was decreased in TCG compared with that 
in SCG (↓37.79%, p = 0.011, d = 1.59) and increased in 
SDG (↑28.32%, p < 0.001, d = 2.06), SIDG (↑ 24.22%, p = 
0.019, d = 2.32), and TDG (↑ 53.23%, p = 0.006, d = 1.06) 
compared with that in TCG. There was no difference in the 
other biomechanical parameters of AT among the evaluated 
groups (table II).

DISCUSSION
In this study, we aimed to investigate the biomechanical 
properties of AT as well as the clinical status and phys-
ical fitness of DM1-induced rats following a combination 
of IST and moderate-intensity aerobic exercise on a tread-
mill, with the exercise speed previously verified through the 
maximum effort test, thus ensuring the biological individu-
ality and taking into account the pathological state of these 
animals. Given this, IST combined with five weeks of exer-
cise prevented the increase in the elastic modulus of AT, 
favored glycemic balance, and increased physical fitness.
Similarly, the analysis of biomechanical and structural prop-
erties of AT indicated that IST without physical exercise may 
decrease maximal strength, and sedentary rats exhibited 
increased elastic modulus. Collectively, these results suggest 
an adaptive exercise response, which is optimized by IST; 

this is in accordance with the results of recent studies (3,28), 
which reported that regardless of IST being potentially rele-
vant to the health of individuals with DM1, complementary 
associations and other therapies are necessary to counteract 
the triggered chronic complications.
Physical exercise aids glycemic control because it increas-
es insulin-receptor sensitivity and facilitates glycolytic 
removal (29). Although the practice of moderate and regu-
lar physical activity alone is beneficial for DM1, we found 
that in combination with IST, it favored glycemic control, 
which was not observed in untrained diabetic animals. This 
implies that the induction of experimental diabetes results 
in hyperglycemia.
Our findings corroborate that even without the introduction 
of a low-carbohydrate diet, which is part of the adequate 
dietary planning for DM1 treatment (1), the combination of 
moderate-intensity aerobic exercise on a treadmill with IST 
benefits metabolic balance, possibly because of glycogeno-
lysis and muscle energy production from physical exercise 
(30). Future studies should be conducted considering the 
results presented herein association with diet manipulation 
to test the hypothesis of benefits potentization.
Insulin combined with moderate-intensity exercise on a 
treadmill increased the physical fitness of DM1 animals, 
whereas sedentary animals exhibited decreased physical 
fitness regardless of IST use. Physical inactivity combined 
with a hyperglycemic state potentiates the chronic compli-

Figure 3. Maximum speed values (m.min-1) achieved by the animals in the maximal stress tests before and after five weeks of 
moderate treadmill Exercise. MET1 - Maximum speed reached by animals in the maximum exercise test performed before the 
exercise protocol; MET2 - Maximum speed reached by the animals in the maximum exercise test performed after the exercise 
protocol; SCG - Sedentary Control Group; TCG - Treadmill Control Group; SDG - Sedentary Diabetic Group; SIDG - Seden-
tary Insulin Diabetic Group; TDG - Treadmill Diabetic Group; TIDG - Treadmill Insulin Diabetic Group. Values are expressed as 
median and interquartile range. Kruskal Wallis (p <0.05) was used with paired comparison to determine statistical difference 
between groups. Where, (b) difference from TCG, (c) difference from SDG, (d) difference from SIDG.
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cations of musculoskeletal (5,31) and cardiovascular (4,32) 
systems, which in turn can be mitigated by physical exercise 
(33,34). Together, that evidence reinforces the clinical bene-
fits of physical exercise for diabetes.
In AT, IST did not counteract the loss of maximal strength, 
both in sedentary and diabetic animals that exercised on the 
treadmill. However, this analysis did not consider the intrin-
sic characteristics of the biomaterial under study, specifical-
ly the cross-sectional area and length of AT. However, these 
properties determine the maximal tension, which was calcu-
lated by the ratio of the maximal force supported by the 
tendon relative to the cross-sectional area and elastic modu-
lus, as quantified based on the maximal tension vs. specific 
deformation curve (18).
Although IST did not promote any change in maximal 
stress, the cross-sectional area, maximal and specific defor-
mation, and elastic modulus were increased in the diabet-
ic groups. However, this effect was not observed in groups 
that received IST combined with physical exercise. These 
findings corroborate the results of the study by Silva, Santos 
(31), which showed that sedentary diabetic animals that did 

not receive IST showed increased elastic modulus. Although 
this result can be interpreted as the facilitation of the trans-
mission of muscle energy to the tendon in healthy rats, this 
increase is related to the disorganization of collagen fibers in 
diabetic animals, with tendons being more prone to rupture 
(5,6).
In addition, increased elastic modulus is related to chang-
es in the extracellular matrix components of the tendon 
because of prolonged hyperglycemia, with reduced proteo-
glycan levels and increased number of cross-links between 
collagen fibers being responsible for changes in the visco-
elastic properties of the tendon (12,35). In turn, this 
decreases lubrication and increases slipping among colla-
gen fibrils, consequently increasing tendon rigidity and 
promoting the development of diabetic tendinopathy (5). 
Furthermore, chronic hyperglycemia is associated with a 
significantly increased number of mast cells and vascular 
hyperplasia in the transverse area of blood vessels in AT 
as well as with the upregulation of the vascular endotheli-
al growth factor, collagen type 1, inflammatory molecular 
indicators, such as nuclear factor kappa B (36), neutrophil 

Table II. Biomechanical and structural parameters of the Achilles tendon in Wistar rats after five weeks of treadmill exercise 
with moderate intensity. 

Parameters SCG
(n = 8)

TCG
(n = 5)

SDG
(n = 8)

SIDG
(n = 8)

TDG
(n = 6)

TIDG
(n = 8)

Kruskal-
Wallis

Cross-sectional 
Area
(mm2)

1,26 
(1,12-1,48)

1,25 
(1,10-1,71)

0,93 
(0,81-1,07)

1,10 
(1,03-1,30)

1,28
(0,87-1,51)

1,06 
(0,91-1,19)

0,074

Length of tendon
(mm)

2,39 
(1,84-3,21)

1,78 
(1,48-2,21)

2,43 
(1,86-2,77)

2,40 
(1,75-2,93)

2,24 
(1,96-2,99)

1,63 
(1,37-2,38)

0,187

Maximum Force
(N)

33,30 
(29,79-35,07)

30,74 
(25,89-34,74)

29,97 
(25,91-32,80)

25,16 
(22,87-29,67)a

32,32 
(28,64-34,12)d

26,84 
(25,63-29,45)a

0,022

Maximum Tension
(MPa)

25,69 
(23,17-29,60)

24,59 
(15,47-28,58)

32,36 
(26,08-38,06)

23,02 
(19,22-25,41)

24,89 
(22,19-35,86)

25,61 
(22,95-28,46)

0,100

Deformation 
Maximum Strength 
(mm)

2,69 
(2,18-3,19)

2,87 
(2,69-3,39)

2,61 
(2,03-3,04)

2,43 
(1,94-2,80)

2,33 
(1,73-2,77)

2,10 
(1,84-2,64)

0,108

Specific 
Deformation
(%)

103,39 
(88,67-166,73)

173,40 
(127,25-214,10)

97,07 
(65,95-169,65)

102,80 
(92,82-133,03)

93,73 
(71,65-114,63)

133,15 
(88,91-155,58)

0,175

Energy/Cross-
sectional Area 
(N.mm/mm2)

48,65 
(31,26-56,26)

37,97 
(24,98-50,52)

49,58 
(35,45-58,58)

31,05 
(28,30-42,73)

31,55 
(26,67-56,77)

33,65 
(28,86-39,79)

0,229

Elastic Modulus 
(MPa)

35,52 
(20,36-46,68)

15,17 
(11,21-19,41)a

44,76 
(26,48-61,27)b

29,04 
(25,43-37,33)b

31,48 
(25,82-69,03)b

23,16 
(17,97-50,96)

0,018

SCG - Sedentary Control Group; TCG - Treadmill Control Group; SDG - Sedentary Diabetic Group; SIDG - Sedentary Insulin Diabetic Group; TDG 
- Treadmill Diabetic Group; TIDG - Treadmill Insulin Diabetic Group. The values are median and and interquartile range. The Krukal-Wallis test was 
used, followed by the paired comparison to determine the statistical difference between the groups (p <0.05). Where (a) represents the difference in rela-
tion to SCG, (b) difference in relation to TCG. 
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infiltration, increased basophilia of the tenocytes, increased 
nuclear size/rounding (37).
Achilles tendon plays an important biomechanical role, 
particularly in gait and body stability. The mechanical 
changes observed in the diabetic groups in this study were 
characterized by changes in the properties of rodent AT, 
notably due to hyperglycemia and consequent fragility of 
this structure (37). However, this condition could be atten-
uated by regular aerobic exercise of moderate intensity 
combined with IST.
In summary, the combination of IST and moderate-inten-
sity exercise performed on a treadmill in DMI1-induced 
rats enhanced the stability of glycemic metabolic param-
eters, thus avoiding an increase in tendon stiffness, as 
demonstrated by the elastic modulus values. Therefore, 

the present study supports the importance of combin-
ing these two therapies in preventing tendon injuries in 
diabetic patients. In addition, it suggests that new works 
be developed combining these therapies with adequate 
food planning.
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SUMMARY
Background. There is no consensus in the current literature on which surgical 
options render the best long-term results after ACL reconstruction in terms of clinical 
outcomes and development of radiographic osteoarthritis (AO).  
The aim of this study is to investigate clinical and radiological results at long-term 
follow up after ACL reconstruction using hamstring tendons autograft (Group HT), 
hamstrings autograft with extra-articular reconstruction (Group HT-ER), and bone 
patellar tendon bone autograft (Group BPTB).
Methods. All patients were evaluated at final follow-up using Lysholm, Internation-
al Knee Documentation Committee (IKDC), and Tegner scores. An arthrometric 
KT-1000 evaluation was also done. Comparative weight bearing radiographs were 
taken, including a skyline view for patellofemoral joint and analyzed according to Fair-
bank, Kellgren, and IKDC classification.
Sixty patients were selected for this retrospective study, 20 for each group. The mini-
mum final follow-up was 10 years for each group. All patients were male and involved 
in sport activities (Tegner pre-injury >7).
Results. Subjective scores improved significantly in all groups, with no significative 
differences between groups (P<0,05).
The number of patients classified as C or D at the IKDC objective activity score was 
higher in Group HT (2/20, 10%), than in Group BTB (1/20, 5%) and Group HT-E 
(0/20, 0%).
In term of failure-rate, there were no difference between the three groups (P<0,05).
Radiologic evaluation shoved more arthritic changes in Group-BT in the patello-fem-
oral joint (PMJ).
Conclusions. All the three techniques showed satisfactory results at long term follow 
up with no differences in term of subjective scores. Finally, there was a statistically 
significant higher incidence of arthritic changes in PFJ as evaluated with x-ray in the 
BPTP group respect to HT and HT + ER groups (p<0.05).

KEY WORDS
Anterior cruciate ligament; extra articular reconstruction; hamstring tendon; knee joint; 
osteoarthritis; pivot-shift.
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BACKGROUND
Anterior cruciate ligament (ACL) injury is a common occur-
rence, especially among young athletes. Restoring knee 
stability is thought to benefit not only in the short term with 
knee stabilization and patient return to sport, but also in the 
long term due to the increased risk of subsequent chondral 
or meniscal damage in the unstable knee (1).
Graft selection for anterior cruciate ligament reconstruc-
tion has been an intense research topic and debate subject 
for several decades. Hamstring tendon (HT) and patellar 
tendon (PT) autograft are currently the most utilized grafts 
in both research and clinical practice (2).
The PT autograft has its advantages due to the bone blocks 
at both ends of the graft, which facilitate ingrowth of the 
graft. However, the quadruple HT autograft is both a stiff-
er and stronger graft choice, with easy-to-manage harvest 
site morbidity. Even though the quadruple HT autograft 
is stronger, concerns have been raised about the risk of 
increased knee laxity over time (3).
Previous studies have reported that there are no differences 
in terms of rupture frequency between the two autografts 
(4–6). However, recent register studies have contested these 
results and indicated a higher rupture frequency in patients 
undergoing surgery using HT autografts (3–5).
In the last few years studies with long term follow-up showed 
that the addiction of an extraarticular reconstruction (ER) 
to an HT graft reduces the failure rate in comparison with 
HT or PT autograft without ER (7–9). However, there is still 
concern about over constrain of ER on knee kinematics, that 
may possibly lead to degenerative osteoarthritis (OA). There 
are few studies with long-term follow-up comparing simulta-
neously the different grafts with combined ER (10,11).
Patients who have sustained an ACL injury run the risk of 
developing post-traumatic OA, with the first signs of radio-
graphic joint space narrowing at the age of as young as forty 
years (12,13). The incidence of radiographic OA ten to twenty 
years after an ACL injury has been estimated at approximate-
ly 50%, with a higher incidence in patients with combined 
injuries compared with isolated ACL ruptures (3,14). 
In terms of the clinical outcomes and developments of 
radiographic OA, there is no true consensus in the current 
literature on which surgical option provides the best long-
term results after ACL reconstruction. 
The primary objective of this retrospective and multicenter 
study was to compare the effect of ACL reconstruction with 
HT graft, a combined reconstruction with HT graft and an 
ER, and ACL reconstruction with PT, regarding knee stabili-
ty and function at long-term follow-up (minimum ten years).
The secondary objective was to determine whether an 
ACL-reconstructed knee, in the three different groups, has 
a greater incidence of degenerative changes. 

The primary hypothesis was that there is no difference in 
knee laxity and in clinical outcomes in the ACL-recon-
structed knee with three different techniques. 
The secondary hypothesis of this study was that there is no 
difference in the incidence and severity of knee OA in the 
ACL-reconstructed knee in the three different groups.

METHODS

Patients selection
For this retrospective and multicentric study, three series 
of patients (group PT, group HT, group HT-ER) that had 
previously undergone ACL reconstruction were selected. 
Group HT and HT + ER were treated in the same facility by 
the same senior author (A.F.), while the group PT was treat-
ed by a different senior author (A.R.) in a different institute.
Exclusion criteria for all groups were as follows: female sex, 
Tegner activity score pre-injury<7(all patients were involved 
in sport activities at time of injury), BMI >29, older than 
thirty-five years at the time of surgery, severe associated liga-
mentous injuries as documented by laxity tests that were 
positive other than the Lachman and pivot shift tests, carti-
lage damage (grade 3 or 4 according to Outerbridge classifi-
cation), previous knee surgery, and time elapsed from injury 
to surgery longer than 2 years (13).
Group HT included cases where an anatomic intra-articular 
ACL reconstruction with quadrupled hamstring graft was 
performed using out-in technique.
Group HT-ER included patients where the same technique 
for intra-articular reconstruction was used in association 
with an extra-articular tenodesis (McIntosh as modified by 
Coker and Arnold). 
Group PT included cases where an intraarticular ACL 
reconstruction with bone patellar tendon graft performed 
with a transtibial technique. 
All patients were involved in high-risk sports activity 
considered as follows: football, rugby, volleyball, basketball, 
skiing, or martial arts. 
No patients reported rheumatologic disorders or associated 
malalignment. 
All patients agreed to participate in the study and signed an 
informed consent form in accordance with the Declaration 
of Helsinki (1964).
The study meets the ethical standards of the journal (15).

Surgical technique
Group HT: Intra-articular reconstruction 
An arthroscopically assisted anatomic single-bundle two 
incision technique using doubled Semitendinosus and 
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Gracilis tendons autografts was performed. Point of entry 
of the femoral tunnel was selected at the center of the 
anatomic femoral footprint of ACL, which was located 
midway between resident ridge and over the top position. 
A tibial tunnel was constructed with a standard guide at 
65°, while femoral tunnel was drilled trough an outside-
in technique. The tendons were also passed outside-in 
and manually tensioned before fixation. The bundles were 
fixed on the femur using the Swing Bridges device (Citieffe, 
Bologna, Italy) and on the tibia using the Evolgate device 
(Citieffe). A tight fit of the graft in the bone tunnel was 
aimed for in all patients. 
Group HT+ER: Combined Reconstruction (McIntosh as 
Modified by Cocker Arnold in Addition to Intra-articular 
Reconstruction) 
After the IR was fixed, the incision on the lateral side was 
extended to 10 to 12 cm in a hockey-stick fashion, extend-
ing from the Gerdy’s tubercle proximally to just inferior 
to the lateral epicondyle while the knee was flexed to 90°. 
The proximal extent of this incision parallels the midpor-
tion of the iliotibial tract. The Fascia Lata was exposed 
and incised along its fibers about 3 cm from the posterior 
border. With 1 cm of the iliotibial tract left intact poste-
riorly, a 1-cm-wide and 13-cm-long strip of the iliotibi-
al tract was detached proximally, leaving intact its distal 
attachment on the Gerdy’s tubercle. The lateral collater-
al ligament was identified, and the proximal part of the 
strip was passed under the ligament; the band was then 
reflected on itself and sutured under tension with perios-
teal absorbable stitches to the Gerdy’s tubercle while the 
tibia was held in maximal external rotation. 
The strip was also sutured to the fibular collateral ligament 
for additional stability. A combined reconstruction required 
an additional surgical time of fifteen minutes.

Group PT: Intra-articular reconstruction 
with bone patellar tendon graft
The central third of the PT was harvested either through an 
open approach with a vertical incision. The tendon defect 
was sutured, and defects in the patella and the proximal 
tibia were not bone grafted. The bone blocks were sized at 
10 or 9 mm. The tibial tunnel was drilled in the native ACL 
footprint. The femoral bone tunnels were created through 
transtibial drilling, aiming at the 10:00 to 10:30 clock posi-
tion. The grafts were fixed on the femur using the Rigid 
Fix Cross Pin System  (DepuySynthes) and on the tibial 
side using an absorbable screw (Biointrafix ACL fixation 
System, DepuySynthes). The knee was hyperextended, and 
firm traction was applied to the autograft before fixation of 
the tibial interference screw. 

Postoperative rehabilitation
There was no difference in the rehabilitation protocol 
between the three groups: the involved knee was placed in 
a full extension brace for two weeks postoperatively with 
weight bearing with crutches as tolerated; daily isomet-
ric and isotonic exercises were prescribed. After wards, 
progressive range-of-motion exercises were encouraged 
as well as isometric and isotonic exercises. At four weeks 
postoperatively, full weight bearing without crutches and 
without brace was permitted. From the second month 
postoperatively, a heavier muscle-strengthening program 
was prescribed, and between four and six months a gradual 
return to athletic and sport specific training was encour-
aged. From the fifth month postoperatively, as soon as the 
trainer deemed patient “ready to go,” full return to sports 
was allowed. 

Follow up
A minimum of ten years follow-up examination was 
performed by the same observer who were independent 
(but not unaware because of the different scar in the three 
groups) and who were not involved in the initial surgery.
The activity level was assessed using the Tegner activity 
score(16). In evaluating the subjective functional status, the 
Lysholm score was used, whereas in evaluating the clinical 
outcome, the International Knee Documentation Commit-
tee (IKDC) rating system was used (17,18). Patients under-
went a standardized bilateral knee examination. 
Stability testing was performed using the Lachman test, the 
pivot-shift test, and the KT-1000 arthrometer (Medmetric, 
San Diego, CA). 
Bilateral weight-bearing anteroposterior radiographs in 
full extension and lateral views were obtained and evalu-
ated using the Fairbank scale, Kellgren-Lawrence scale, 
and IKDC grading system (18–20). Moreover, a skyline 
view was recorded to specifically evaluate patellofemoral 
joints according to the Kellgren score(20). Evaluation was 
performed by the same independent observer.

STATISTICAL ANALYSIS
Data were expressed in terms of mean and standard devi-
ation of the mean. To evaluate differences between and 
among groups, One Way ANOVA have been performed. 
For all tests p < 0.05 was considered significant. SPSS 
version18 was used for the calculations.
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RESULTS
A total of sixty patients were included in the study (twenty 
for each group). All patients were male, involved in sport 
activities at the time of injury (Tegner pre-injury ≥7).
In group HT the mean age at surgery was 28,5 years (range 
21 to 35 years). The mean follow-up time was 10 years 
and 5 months (range 121 to 128 months). A partial medi-
al meniscectomy was performed in two patients, a partial 
lateral meniscectomy was performed in three patients, and 
a partial medial and lateral meniscectomy was performed in 
one patient. A subjective, clinical and radiologic evaluations 
were performed for all patients.
In group HT+ER the mean age at surgery was 28,7 years 
(range 19 to 35 years). The mean follow-up time was 10 
years 6 months (range 122 to 130 months). A partial medial 
meniscectomy was performed in one patient, a partial lateral 
meniscectomy was performed in five patients, and a partial 
medial and lateral meniscectomy was performed in two 
patients. A subjective, clinical and radiologic evaluations 
were performed for all patients.
In group PT the mean age at surgery was 22,5 years (range 
17 to 26 years). The mean follow-up time was 14 years 3 
months (range 120 to 264 months). 
A partial medial meniscectomy was performed in three 
patients, a partial lateral meniscectomy was performed in 
six patients, and a partial medial and lateral meniscectomy 
was performed in three patients.  As for the two previous 
groups, also in this group subjective, clinical and radiologic 
evaluations were performed for all patients.
No major complication was reported after surgery in all 
groups. No patients reported rheumatologic disorders or 
associated malalignment. 
Demographic data are summarized in table I.

Subjective evaluation
At final follow-up in group HT the mean Lysholm score was 
97,74 (standard deviation [SD]= 2,78); IKDC subjective 
score was 96,77 (standard deviation [SD]= 3,47), and medi-
an Tegner activity score was 7 (range 3 to 8).
In group HT+ER the mean Lysholm score was 97 (standard 
deviation [SD]= 3,91); IKDC subjective score was 95,69 

(standard deviation [SD]= 4), and median Tegner activity 
score was 6 (range 3 to 8).
In group PT the mean Lysholm score was 97,74 (standard 
deviation [SD]= 6,45); IKDC subjective score was 96,31 
(standard deviation [SD]= 6,66), and median Tegner activi-
ty score was 9 (range 4 to 10).
No significant statistical differences were detected between 
the 3 groups in any subjective scores except for the Tegner 
score, in favor of group PT.  (p<0.05)

Objective evaluation
In group HT, with respect to the IKDC objective score, 12/20 
(60%) patients were in group A, 6/20 (30%) in group B, 2/20 
(10%) in group C; there were no patients in group D.
In group HT+ER, for the IKDC objective scores, 13/20 
(65%) patients were in group A, 6/20 (30%) in group B, and 
1/20 (5%) in group C; there were no patients in group D. 
In group PT, for the IKDC objective scores, 14/20 (70%) 
patients were in group A, 5/20 (30%) in group B, and 1/20 
(5%) in group C; there were no patients in group D. 
No significant statistical differences were detected between 
the three groups(p>0,05).
Post-operative range of motion among the three groups 
was significantly different: PT group showed higher exten-
sion and flexion deficit compared the other two groups (2 
patients in group PT [10%], and 0 in the groups HT and 
HT+ER) (figure 1).

Arthrometric evaluation
In group HT, instrumental laxity testing using a KT- 1000 
arthrometer showed a mean side-to-side maximum manual 
(S/S MM) difference of 2,4 mm (SD = 1,56), with sixteen 
patients (65%) under 3 mm, six patients (30%) between 3 
and 5 mm, and one patient (5%) more than 5 mm. 
In group HT+ER, KT-1000 arthrometer evaluation showed 
a mean side-to-side maximum manual difference of 2,2 mm 
(SD = 1,29), with 15 patients (75%) under 3 mm, 5 patients 
(25%) between 3 and 5 mm, and no patient more than 5 mm. 
In group PT, KT-1000 arthrometer evaluation showed a 
mean side-to-side maximum manual difference of 2,2 mm 

Table I. Demographic data.

Table I HT group (n=20) HT+ER group (n=20) PT group (n=20)
Age at surgery, years 28,5 (range 21-35) 28,7 (range 19-35) 22,5 (range 17-26)

Age at follow-up,
years

 38,9(range 31-45) 39,2 (range 29-45) 34,9 (range 25- 44)

Mean Follow-up, months 125(range 121 to 128) 126 (range 122 to 130) 171 (range 120 to 264)
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Table II. Clinical results. IKDC, International Knee Documentation Committee; M, mean; SD, standard deviation; S/S MM, 
side-to-side maximal manual. 

Table II HT group (n=20) HT+ER group (n=20) PT group (n=20)
Lysholm, M (SD) 97,7 (2,8) 97 (4) 96,4 (6,4)

IKDC subjective, M (SD) 96,8 (3,5) 95,7 (4) 96,3 (6,7)

Tegner (median) 6 7 9

IKDC objective
           A
           B
           C 
           D

12/20 (6O%)
6/20 (30%)
2/20 (10%)

-

13/20 (65%)
6/20 (30%)
1/20(5%)

-

14/20 (70%)
5/20 (25%)
1/20 (5%)

-

KT-1000 S/S MM, M (SD)
<3 mm
3-5 mm
>5 mm

2,4 (1,6)
13 (65%)
6 (30%)
1 (5%)

2,2 (1,3)
15 (75%)
5(25%)

-

2,2 (1,3)
14 (70%)
5 (25%)
1(5%)

Figure 1. Slight loss of flexion and extension in the PT group.

(SD = 1,30), with fourteen patients (70%) under 3 mm, five 
patients (25%) between 3 and 5 mm, and one patient (5%) 
more than 5 mm.
 A mean difference was detected in favor of  groups  HT+ER and 
PT, but this difference is not statistically significant (p>0,05).
Considering as a failure a presence of a side-to-side maximum 
manual difference of more than 5 mm using KT-1000 arthrom-
eter or a pivot shift test as ++/+++, any giving way episode 
during follow-up period, and the revised case, we found 2 cases 
of failure in group HT and one case in the groups HT+ER and 
PT (p>0.05), with a trend in favor of HT+ER and PT groups. 
Clinical results are summarized in table II. 

Radiologic evaluation
Radiologic results are summarized in table III, and tables 
IV, V and VI present the radiologic results of meniscecto-
mized patients of groups HT, HT+ER and PT, respectively 
(figures 2,3,4).
The number of patients classified as C for IKDC radio-
graphic score was significantly higher in group HT (2/20, 
10%) and in the group PT (3/20, 15%) than group HT+ER 
(0/20, 0%) (p<0.05).
The number of patients included in grades II, III, and IV 
according to Kellgren classification (tibiofemoral joint) in 
group HT (7/20; 35%) was statistically higher than in group 
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Table III. Radiologic results. IKDC, International Knee Documentation Committee; K/L Kelgren Lawrence.

Table III HT group (n=20) HT+ER group (n=20) PT group (n=20)
IKDC score
Group A
Group B
Group C
Group D

12 (60%)
6 (30%)
2 (10%)
-

15 (75%)
5 (25%)
-
-

11 (55%)
6 (30%)
3 (15%)
-

Fairbank classification
Grade I
Grade II
Grade III
Grade IV

10 (50%)
7(35%)
3 (15%)
-

11 (55%)
7 (35%)
2 (10%)
-

9 (45%)
9 (45%)
2 (10%)
-

K/L Classification
Grade 0
Grade I
Grade II
Grade III
Grade IV

3 (15%)
9 (45%)
4 (20%)
3 (15%)
1 (5%)

2 (10%)
16 (80%)
2 (10%)
-
-

7 (35%)
5 (25%)
6 (30%)
2 (10%)
-

K/L Patellofemoral
Grade 0
Grade I
Grade II
Grade III
Grade IV

1 (5%)
11(55%)
6 (30%)
2 (10%)
-

7(35%)
10(50%)
3(15%)
-
-

6 (30%)
3 (15%)
5 (25%)
5 (25%)
1 (5%)

Table IV. Meniscectomy Radiologic results Group HT. IKDC, 
International Knee Documentation Committee; K/L Kelgren 
Lawrence. 

HT group (n=20) Meniscectomized 
(n=5)

Nomeniscectomized 
(n=15)

IKDC score
Group A
Group B
Group C
Group D

-
2 (10%)
1 (5%)
2(10%)

10 (50%)
4 (20%)
1 (5%)
-

Fairbank 
classification
Grade I
Grade II
Grade III
Grade IV

1(5%)
1 (5%)
2 (10%)
1 (5%)

6 (30%)
8 (40%)
1 (5%)
-

K/L Classification
Grade 0
Grade I
Grade II
Grade III
Grade IV

-
2 (10%)
-
1 (5%)
1 (5%)

3 (15%)
6 (30%)
6 (30%)
1(5%)
-

Table V. Meniscectomy Radiologic results Group HT+ER. 
IKDC, International Knee Documentation Committee; K/L 
Kelgren Lawrence. 

HT +ER group 
(n=20)

Meniscectomized 
(n=5)

Nomeniscectomized 
(n=15)

IKDC score
Group A
Group B
Group C
Group D

4 (20%)
1 (5%)
-
-

11 (55%)
4 (20%)
-
-

Fairbank 
classification
Grade I
Grade II
Grade III
Grade IV

2 (10%)
3 (15%)
-
-

8 (40%)
5 (25%)
2 (10%)
-

K/L Classification
Grade 0
Grade I
Grade II
Grade III
Grade IV

-
5 (25%)
-
-
-

2 (10%)
10 (50%)
3 (15%)
-
-
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HT+ER (2/20; 10%) (p<0.05), but not towards the group 
PT (p>0,05). 
The number of patients included in grades II, III, and 
IV through Kellgren classification (patellofemoral joint) 
in group PT (11/20; 55%) was statistically higher than in 
groups HT (8/20; 40%) and HT+ER (3/20; 15%) (p<0.05).
There was no statistically significant difference between 
groups through Fairbank classification. 
In group HT, the number of meniscectomized patients cate-
gorized as C and D according to the IKDC radiographic 
score (3/5; 60%), was significantly higher than the number 
of nonmeniscectomized patients (1/15; 6,67%) (p<0.05). 

Furthermore, also the number of meniscectomized patients 
included in grades III and IV through Fairbank classifica-
tion (3/5; 60%) was significantly higher than that of nonme-
niscectomized patients (1/15; 6,67%) (p<0.05). 
In addition, the number of meniscectomized patients 
included in grades II, III, and IV via Kellgren classification 
(2/5; 60%) was not statistically different from that of non- 
meniscectomized patients (7/15; 46%), (p>0,05).
No statistically significant difference was found in all scales 
comparing meniscectomized and non- meniscectomized 
patients of group HT+ER. 
In group PT, the number of meniscectomized patients cate-
gorized as C and D according to the IKDC radiographic 
score was (6/13; 46,15%), while among nonmeniscecto-
mized patients nobody is among these categories, showing 
statistically significant evidence among the groups (p<0.05). 
The number of meniscectomized patients included in grades 
III and IV through Fairbank classification (3/13; 23,07%) 
was not statistically different from that of non- meniscecto-
mized patients. (p>0,05) In addition the number of meniscec-
tomized patients included in grades II, III, and IV via Kell-
gren classification (10/13; 76,92%) was significantly higher 
than that of nonmeniscectomized patients (0/7) (p<0.05).
The number of meniscectomized patients categorized as C 
and D according to the IKDC radiographic score in group 
HT (3/5; 60%) was higher than in group HR+ER (0/5), and 
group PT (6/13; 46,15%), showing a statistically significant 
difference only towards the group HT + ER. (p<0.05)
The number of meniscectomized patients included in grades 
III and IV according to Fairbank classification in group HT 
(3/5; 60%) was significantly higher than in group HT+ER 
(0/5), and group PT (3/13; 23,07%). (p<0.05)
No statistically significant difference was found comparing 
Kellgren classification (grades II, III and IV), in the differ-
ent groups.

Table VI. Meniscectomy Radiologic results Group PT. IKDC, 
International Knee Documentation Committee; K/L Kelgren 
Lawrence. 

PT group (n=20) Meniscectomized 
(n=13)

Nomeniscectomized 
(n=7)

IKDC score
Group A
Group B
Group C
Group D

2 (10%)
5 (25%)
6 (30%)
-

7 (35%)
-
-
-

Fairbank 
classification
Grade I
Grade II
Grade III
Grade IV

2 (10%)
8 (40%)
3 (15%)
-

7 (35%)
-
-
-

K/L Classification
Grade 0
Grade I
Grade II
Grade III
Grade IV

2 (10%)
1 (5%)
7 (35%)
3 (15%)
-

7 (35%)
-
-
-
-

Figure 2. X-rays AP an LL an of ACL reconstructed knee in 
group HT.

Figure 3. X-rays AP an LL an of ACL reconstructed knee in 
group HT+ER.
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Figure 4. X-rays AP an LL an of ACL reconstructed knee in 
group PT.

DISCUSSION
This retrospective clinical and radiological study is a 
comparison between three different techniques for ACL 
reconstruction (HT, HT+ER and PT) at long-term follow-
up (minimum follow-up 10 years.). 
The most important finding of this study is that overall 
results with these surgical techniques were satisfactory and 
the majority of the patients could return to the same preop-
erative sports level. 
Therefore, the primary hypothesis aforementioned was 
confirmed: there were no differences in knee laxity and 
clinical outcomes in ACL reconstructed knee adopting the 
three different techniques.
Our study has shown a difference comparing post-operative 
range of motion with two patients showing loss of extension 
or flexion in PT group, and for these reasons graded as B in 
the IKDC objective evaluation.
The secondary major finding of this study is the absence 
of significant differences between the three techniques in 
radiological evaluation. We only found a difference consid-
ering patello-femoral joint degeneration, as evaluated in 
Kellgren score, with an higher incidence in group PT (11/20 
[55%]grades as II, III, IV), in respect to HT and HT+ER 
(8/20; [40%] and 3/20; [15%] respectively).
The evaluation of long term widening of the femoral and tibi-
al tunnels was not a goal of the present study. As suggested 
by de Beus et al., correct evaluation of the tunnel widening 
after ACL reconstruction needs a careful evaluation using 
a CT scan (21). In this retrospective series of patients, we 
only performed X – rays at final follow up while we didn’t 

perform a CT scan evaluation and for this reason, a care-
ful evaluation of the widening of the tunnel wasn’t possible. 
However, we should consider that several studies showed 
no correlation between tunnel widening and clinical results 
after ACL reconstruction (21–24). So, we can speculate that 
microinstability related to tunnel widening should have a 
negligible effect on the development of OA. 
Considering the effectiveness of the three surgical tech-
niques -without any pathology that could influence OA 
changes- several patients had a meniscectomy at the time 
of surgery, specifically, 5 meniscectomies in each groups 
HT, HT+ER, and 13 meniscectomies in group PT. Previ-
ous studies well documented the effect of meniscecto-
my on the development of OA after ACL reconstruction 
(25,26). In fact, we found higher incidence of post-opera-
tive OA in meniscetomized patients, respect to nonmenis-
cetomized. The effect of meniscal lesions and meniscecto-
my on the development of OA is well demonstrated in the 
literature, and we should consider that all the patients of 
the present study where operated in a chronic phase, where 
giving away episodes can lead to meniscal or chondral inju-
ries (27). However, early ACL reconstruction to prevent or 
slow down the onset of degenerative changes and osteo-
arthritis had not been proven but we can expect a lower 
rate of meniscal tear in the patient who underwent early 
ACL reconstruction and subsequently a lower incidence of 
OA (28). Moreover, we included in this case only patients 
involved in high – risk sports activities that were operated 
for an ACL reconstruction and for this reason a comparison 
with coper patients treated conservatively wasn’t possible 
(29). Another important point highlighted by the authors is 
the actual risk of over constraint of lateral reconstructions. 
Since the eighties, when ER were very popular, this risk was 
considered. In the last few years, several medium and long 
term clinical and radiological studies have been reported as 
well as a level one review paper (8,11,30). All these stud-
ies concluded that there is no evidence that adding a later-
al tenodesis to an anatomically placed hamstring ACL graft 
results in either an increased rate of osteoarthrosis or in a 
restricted range of motion or other over constraining related 
functional impairment. 
The lack of difference of OA in 3 groups at final follow-up, 
seems to be in aligned with Devitt et al. (24).
Another aspect to be considered in a long-term follow-up 
study comparing difference techniques, is the incidence 
of failure rate. As previous reported in the literature we 
considered as a failure a presence of a side-to-side maxi-
mum manual difference of more than 5 mm using KT-1000 
arthrometer or a pivot shift test as ++/+++, any giving way 
episode during follow-up period. Even if we did not report 
a significant difference in the failure rate between the three 
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groups, results demonstrated a trend with higher incidence 
in group HT (2/20 10%), in respect to the groups HT+ER, 
PT (both 1/20 5%). These results seem to be in accordance 
with other previous studies reporting that HT ACL recon-
struction showed a higher risk of failure respect PT and 
HT+ER  (6,11).Moreover, our results suggested that the 
addition of ER to HT graft reduces the failure rate, even 
if we had not found a statistically significative difference. 
However, the protective effect of ER as well as ALL recon-
struction has been recently clearly demonstrated by biome-
chanical and clinical studies (9,31). We should consider that 
in this case series we only evaluated patients who underwent 
ACL surgery in a chronic phase, and an extraarticular teno-
desis was added to an ACL reconstruction using HT. On 
the basis of our study, we cannot extrapolate results either 
on the effect of ALL repair in acute cases or the effect of 
ALL reconstruction (31). However, Sonnery – Cottet et al. 
showed similar results in a study where they compared 3 
groups: 4HT; B-PT-B an HT + ALL reconstruction (10). 
They found that the rate of graft failure with HT+ALL grafts 
was 2.5 times less than with B-PT-B grafts and 3.1 times less 
than with 4HT grafts. The HT+ALL graft was found also 
associated with greater odds of returning to preinjury levels 
of sport when compared with the 4HT graft.    
There is a lack in literature evaluating the effect of ER on 
PT graft. Recently Noyes et al. published a study showing 
a limited effect in the control of pivot shift phenomenon of 
an ACL reconstruction with PT with addiction of ER with 
iliotibial band (ITB). The findings of the study of Noyes and 
coauthors are in agreement with previously published studies 
performed by the same and other groups of researchers using 
a robotic apparatus apparently simulating a pivot shift (32).
These results are not surprising, because it is well-known 
that pivot shift is the effect of combined deficiency of two 
different structures (ACL and secondary restrains) acting as 
a single unit, as described by Terry et al. (33). In this sense, 
predictably, in an anatomically well-tensioned reconstruct-
ed ACL, a secondary lesion of the ALL (as in the Noyes and 
co. study) resulted in limited rotational instability and the 
following extraarticular reconstruction ineffective or, in the 
worst-case scenario, harmful.

Most of the recent studies concerning biomechanics and 
clinical evaluation of ER are related to their use along with 
intraarticular reconstructions with hamstrings. Similarly, the 
paper of Noyes and coauthors provide an original contribu-
tion to this topic as the PT reconstruction they evaluated is 
still widely used with excellent results.
However, there is a lack in literature of clinical studies eval-
uated the effect of ER on PT graft at long term follow up. 
Further studies are needed with the aim better understand 
possible advantages or risks of a permanent and harmful 
over constrain of the knee. 

LIMITATIONS AND FUTURE RESEARCH
This study has several limitations. First of all, we evaluated 
a limited number of patients, only twenty for each group 
were available for radiological and clinical examination at 
final follow-up. However, patients were homogeneous in 
three groups in age, sex and participation in sport activity 
at time of surgery.
Secondly, the retrospective non-randomized design of this 
study might have influenced the results due to a selection 
bias. No preoperative X-ray could be analyzed and thus the 
progression of OA could not be estimated. The results of 
this study are not generalizable since confounding factors, 
such as cartilage damage, could not be analyzed in detail. 
However, we excluded patients with severe chondral 
lesions at the time of surgery, thus minimizing possible bias 
due to cartilage damage effect.
Lastly, another limit was that this was a multicentric study-
even if all patients were operated by two expert senior 
authors in the same period. Moreover, different techniques 
were used for femoral tunnel drilling in the PT and HT 
groups (transtibial, and an out-in technique respectively), 
and different fixation device were used. These differences 
may be negligible with regard to long-term radiographic 
results.
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SUMMARY
Objective. We aimed to document the effectiveness of an Ayurvedic treatment protocol in 
patients with knee ligament injuries. 
Methods. We observed 20 patients with knee ligament injuries ranging from partial to 
complex meniscal/ligamentous pathological states who underwent an Ayurvedic treat-
ment protocol. Knee Outcome survey (KOOS) and International Knee Documentation 
Committee (IKDC) scores were assessed as baseline figures along with supportive radio-
logical reports if available such as an MRI and the same scores were used to assess the 
effectiveness of the Ayurvedic treatment protocol. Person centered stage wise administra-
tion of Ayurvedic medicaments and external therapies were carried out for the concerned 
patients. The outcome measures of change in KOOS and IKDC scores were analyzed 
pre-treatment [a1], post-treatment [a2] and after a follow-up [a3] of 3 months. Data anal-
ysis was carried out using Statistical Package for Social Sciences (SPSS). The ordinal data 
was subjected to Friedman’s test. Post Hoc comparisons were carried out using Wilcoxon 
test (with Bonferroni correction). Results with p-value < 0.01 were considered significant. 
Results. There were statistically significant differences in KOOS and IKDC scores between 
a1 and a2; & a1 & a3. When analyzed between a2 & a3 in the prescribed parameters, results 
were statistically insignificant. KOOS-Overall scores with Friedman’s test between a1, a2 
and a3 were χ2(2) = 28.737, p = 0.000 < 0.01. Post hoc analysis with Wilcoxon signed-rank 
tests (at Bonferroni-adjusted significance level) between a1 & a2 gave results Z = -3.921, p 
= 0.000 < 0.017 and between a1 &a3 it was Z = -3.771, p = 0.000 < 0.017. Between a2 & 
a3 the result was Z = 0.000, p = 1.000 > 0.017. IKDC score withFriedman’s test between 
a1, a2 & a3 were χ2(2) = 32.430, p = 0.000 < 0.01. Post hoc analysis with Wilcoxon signed-
rank tests, between a1 & a2 was Z = -3.920, p = 0.000 < 0.017 and between a1 & a3 was 
Z = -3.922, p = 0.000 < 0.017). The analysis between a2 & a3 gave result Z = -2.234, p = 
0.025 > 0.017). A variable in knee joint rehabilitation viz. the body mass index (BMI) of 
the patients did not seem to influence the results. The treatment was found to be compar-
atively more effective in females and in patients who engaged in moderate labour as well 
as who led a sedentary lifestyle. Elderly population though of less number in the study, 
experienced improved joint stability and relief in symptoms statistically as well as clinically. 
Conclusions. The preliminary analysis of this observatory report indicates that suggested 
Ayurvedic treatment protocol is effective in knee ligament injuries, wherein it improves 
joint stability, reduces the symptoms of pain, swelling, stiffness and rehabilitates the indi-
vidual towards his daily activities of strenuous/non strenuous origin. The effectiveness 
observed after the treatment phase sustained across the follow up period of 3 months as 
well. To substantiate the effectiveness of the prescribed Ayurvedic treatment protocol in 
decelerating the osteoarthritis onset in a traumatic knee injury requires long term follow-
ups. Yet we have documented some positive leads from this report wherein Ayurvedic 
treatments may be adopted for effective and non-invasive rehabilitation of knee ligament 
injuries ranging from partial to complex origin and also in decelerating the risk of devel-
oping early osteoarthritis. 

KEY WORDS
Ayurvedic management; knee ligament injury; rehabilitation.

Effectiveness of an Ayurvedic Treatment Protocol in 
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BACKGROUND
The knee, a compound synovial joint is the largest weight 
bearing joint which plays a significant role while adopting 
major routine postures and activities as a part of daily living 
such as sitting, walking and running. Thus, an injury to the 
knee adversely affects the quality of life of an individual 
irrespective of his/her age, gender and occupation. The 
function and stability of the knee in fact depends on specif-
ic muscles, ligaments, cartilage, synovial and other connec-
tive tissues (1). The most common knee injury observed 
in clinical practice is Anterior Cruciate Ligament (ACL) 
tear which is about 86.5%, followed by Lateral & Medial 
meniscal injuries which are around 78.24% (2). At times 
multi ligamentous knee injuries comprising of a wide range 
of ligaments and intra articular injury patterns are also 
reported in orthopedic clinics. There are operative meth-
ods aiming at anatomical reconstruction and non-operative 
treatment strategies for rehabilitation and recovery to the 
pre-injury status and at delaying the post traumatic osteo-
arthritis onset (3). 
A manuscript on multi ligamentous knee injuries, conclud-
ed that, the effectiveness of treatments adopted in knee 
injuries remained controversial due to lack of prospective 
comparative clinical outcome studies and patient report-
ed outcome. It also suggested the need of individualized 
rehabilitation protocols towards expected outcomes (4). A 
literature review on conservative or surgical treatments in 
anterior cruciate ligament tears observed that, the concept 
of reduced chances of further meniscal lesions in a surgi-
cally reconstructed ACL may not be just because of the 
intervention but may also result from a decrease in stren-
uous activities post-surgery (5). It is estimated that 60.2% 
of sport person does not return to strenuous activities after 
an anatomical reconstruction of their injured knee (2). The 
aforementioned literature review concluded that there 
was not enough evidence to recommend a reconstruction 
surgery more than a systematic neuromuscular rehabilita-
tion in ligament injuries of knee. Also, whatever be the treat-
ment modality the chances of post traumatic osteoarthritis 
could also not be denied. Quadriceps weakness, flexion 
contractures and patella femoral pain etc. post a knee inju-
ry hamper the activities of daily living to a significant extent 
even after adopting surgical correction or neuromuscular 
rehabilitation (5). 
Susruta Samhita, an Ayurvedic treatise details various 
surgical, parasurgical and other manipulative techniques 
intended to restore and rehabilitate injured joints and 
other connective tissues (6). An overview of various forms 
of bandages and immobilizing techniques is found in this 
textbook. Current Ayurvedic clinical practices in such joint 

pathologies has evolved from these conventional methods 
and have been upgraded to patient centered quality care 
intending restoration to the activities of daily living. 
We report an Inpatient level observation of 20 patients 
admitted at National Ayurveda Research Institute for 
Panchakarma, Cheruthuruthy, Kerala; diagnosed with 
injuries to the ligaments of knee following which who 
underwent Ayurvedic treatment protocol. In concerned 
patients with Ayurvedic treatments that comprised of 
internal administration of specific medicaments and exter-
nal therapies we noted significant improvement in the 
parameters of pain, swelling and functional disability of 
the knee joint. Patients were able to return to activities of 
daily living with improved joint stability. This suggests the 
applicability of Ayurvedic healthcare approaches in joint 
injuries of sports or non-sports origin. Although Ayurvedic 
physicians exhibit clinical expertise in rehabilitating acute 
or subacute traumatic joint disorders, neuromuscular and 
connective tissue pathologies; minimal effectiveness stud-
ies are published in this arena. Ayurvedic therapies also 
hold substantial scope in the field of Sports Medicine. This 
observation intends to report the effectiveness of Ayurve-
dic treatment strategies in ligament injuries of knee. 

METHODS
This is an observational report of 20 cases admitted in 
NARIP, Cheruthuruthy between the time period May to 
September 2019 diagnosed with knee ligament injuries 
ranging from partial to complex ones and who under-
went Ayurvedic treatment protocol. Information on the 
knee injury was recorded based on the patient history 
and supportive radiological report. Personal information 
such as age, weight, height, and occupation were record-
ed. Knee Outcome Survey (KOOS) (7) and Internation-
al Knee Documentation Committee (IKDC)- subjective 
evaluation score 8were used to determine the extent of 
insult with regards to activities of daily living and involve-
ment in sports and recreational activities. Person centered 
stage wise administration of Ayurvedic medicaments and 
external therapies were carried out for the concerned 
patients (table I).
The outcome measures of change in the KOOS and IKDC 
scores were analyzed pre-treatment [a1], post-treatment 
[a2] and after a follow-up [a3] of 3 months. Data analysis 
was carried out using Statistical Package for Social Sciences 
(SPSS). The ordinal data was subjected to Friedman’s test. 
Post Hoc comparisons were carried out using Wilcoxon test 
(with Bonferroni correction). Results with p-value < 0.01 
were considered significant.
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Table I. Person centered stage wise management of the symptoms in knee ligament injury.

Sl No. Stage Internal Medicine* External therapy* Approximate duration of the treatment

01 Acute/Inflammatory 
phase (Vrana shopha 
stage)

1. Rasnasaptaka kashaya    
2. Yogaraja Guggulu

1. Dasamoola Kashaya 
Dhara1

2. Lepana2 with Nagaradi 
choornam
3. Bandana3 with 
Murivenna oil

3 – 7 days/ until swelling subside
(If swelling is not present, directly stage 2 
can be initiated)

02 Post Inflammatory 
phase  (Vrana stage/ 
Bhagna stage/
Vatahara stage) 

1. Dhanvantaram Kashaya
2. Gandha thylam

1. LT bandana
2. Abhyanga4 with 
Dhanvantaram oil
3. Janu (Knee) Dhara1 
with Dhanvantaram oil
4. Matra Basti5 with 
Dhanvantaram 
Mezhupakam oil

7 days

03 Final stage (Vatahara/
Bhruhmana stage)

1. Dhanvantaram Kashaya
2. Gandha thylam

1. Annalepanam6

2. LT bandana
7 days

04 Follow up stage 
(rehabilitative phase)

1. Dhanvantaram Kashaya
2. Gandha thylam

1. LT bandana
2. Quadriceps exercises
3. Diet rich in calcium, 
Vit.D, Zinc and 
magnesium

LT bandana is to be done daily  for 
1month, every alternative days for 2 
months, weekly twice for next two months 
and weekly once in the last month.
No.2 & 3 is advised for 6 months

*Details of medicines are attached as supplementary material as Supplimentary file with the manuscript
1Controlled & systematic pouring of herbal decoctions and medicated oils, 2external application of paste, 3bandaging, 4massage technique, 5enema with 
medicated oil, 6external application of medicated rice.

Selected internal medicines (table I) and medicines for 
external therapies were procured from a GMP certified 
company. 
The external therapies namely Abhyanga (massage tech-
nique), Lepana-Annalepana (external applications, figures 
11, 12,13&…\..\Photos & Videos\Video Rec.2 (Annalep-
anam).mp4), Kashaya dhara –Taila dhara (controlled & 
systematic pouring of herbal decoctions and medicat-
ed oils figures 8, 9 &…\..\Photos & Videos\Video Rec.1 
(Janu dhara).mp4), Matra Basti (enema with medicated 
oils) and Bandhana (bandaging techniques, figure 10) 
were administered in the Panchakarma theatres of the 
Institute. 

OBSERVATIONS

Demography 
Out of 20 patients observed, females and males represented 
about 45 % and 55 % respectively of the total sample. While 
considering the nature of work that the concerned patients 
adopted as a part of daily living; 20% of the patients were 

indulged in heavy labour (building workers and the like), 
55% of the patients executed moderate labour (such as a 
home maker) and the remaining 25% had sedentary life-
styles (indulging in long hours of desk work). 
Other characteristics considered were variables such as age, 
height, weight and body mass index (BMI) for which the 
mean, standard deviation, range and Confidence intervals 
were analyzed (table II). 

Type and extent of knee ligament insult 
Based on type of ligaments injured; 14 patients were record-
ed with meniscal tear and the remaining 06 patients present-
ed with cruciate ligament injury (table III).

Effectiveness of the Ayurvedic treatment 
protocol – KOOS and IKDC scores
The effectiveness of the Ayurvedic treatment protocol were 
assessed in terms of percentage increase in KOOS and 
IKDC scores recorded post treatment (after treatment and 
after the follow up period of 3 months, table IV)
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Figure 11. Method of preparation of Medicated njavara rice 
paste:
‘Njavara or shashtika-sali’ (Oryza Sativa L.) is a traditional 
medicinal rice grown in Southern part of India which is exten-
sively used in Ayurvedic treatments. The rice is cooked in a 
decoction prepared with milk and a herb namely bala (Sidare-
tusaLinn) and applied over the affected area.

Figure 12. Medicated Njavara rice paste.

Figure 13. Massaging both the knee joints with medicated 
njavara rice paste. Refer to video recording no.2.

Figure 8. Materials required for Janudhara with medicated oil.

Figure 9. Procedure of Janudhara – with medicated oils, 
Refer to video recording no.1. Figure 10. Bandaging technique.
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Table II. General Characteristics of the sample.

Sample variables MeanSD Range 95% CI
Age 38.6512.96 52 (32.97,44.33)

Height 152.26.89 25 (149.18,155.22)

Weight 63.659.09 35 (59.67,67.63)

BMI 27.574.16 18.6 (25.75,29.39)

Table III. Extent of knee ligament insult.

Type of injury Complete Percentage Partial Percentage Total
Medial menisceal / Lateral 
menisceal tear

03 23 10 77 13

Posterior cruciate ligament / 
Lateral cruciate ligament tear

03 43 04 57 07

Table IV. Summary of Scores.

Score Pre-treatment 
Median Score (IQR)

Post-treatment
Median Score (IQR)

Follow-Up
Median Score (IQR)

KOOS-Pain 49.50(42.00-68.00) 81.00(71.40-91.25) 80.00(76.25-91.25)

KOOS-Symptom 55.50(46.00-69.25) 91.00(71.00-96.00) 93.00(79.00-99.00)

KOOS-ADL 57.50(44.50-96.25) 87.50(69.75-96.25) 86.50(81.25-96.00)

KOOS Sport/ Rec 32.50(11.25-48.75) 72.50(51.25-78.75) 72.50(51.25-85.00)

KOOS-QOL 31.00(19.00-44.00) 63.00(40.25-78.00) 59.50(44.00-83.25)

Overall KOOS Score 49.50 (42.00-68.00) 81.00(71.50-91.25) 80.00(76.25-91.25)

IKDC Score 34.45(26.13-42.80) 70.70(53.73-77.00) 75.85(62.63-88.80)

KOOS score
The outcome measures of change in KOOS Score were 
analyzed using the prescribed sub parameters namely pain, 
other symptoms, ADL, sport/rec, quality of life and over-
all KOOS Score. The scores were measured pre-treatment 
(a1), post-treatment (a2) and after a follow-up of 3 months 
(a3) - (figures 1,2,3,4,5,6). For each of the study variable, 
it was observed that the KOOS score differed significant-
ly with respect to pre and post treatment phases, whereas 
no significant change was observed between the post-treat-
ment and follow-up scores. These results suggested that the 
scores improved significantly after the treatment phase and 
the improved scores were maintained at follow-up period of 
three months. 
Friedman’s test was conducted on a sample of size n = 20 
for each of the study variables (table V). There was a statis-
tically significant difference in scores measured during the 
three periods for pain, symptoms, ADL, sports/rec, QoL 
and overall score.

Further, results of the Post hoc analysis using Wilcoxon 
signed-rank tests at Bonferroni-adjusted significance level 
(p < 0.017) for the sub parameters between a1 & a2 phase 
assessments and a1 & a3 showed significant difference at 
1% level. However no significant difference was observed 
in the scores measured during phase a2 & a3 (table VI). 
These results showed that the scores improved significant-
ly after the treatment phase and were consistent even after 
a follow-up period of three months. The effect sizes for 
each of these variables suggested a moderate to high clinical 
significance.

IKDC scores
As for KOOS, a Friedman’s test was conducted to compare 
the IKDC scores measured at a1 phase, a2 & at a3 (tables 
V, figure 7).There was a statistically significant difference 
in scores measured during the three periods with χ2(2) = 
32.430, p = 0.000 < 0.01. Post hoc analysis with Wilcoxon 
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Figure 1.  KOOS pre-treatment and post-treatment scores for pain.

Figure 2. KOOS pre-treatment and post-treatment scores for other symptoms. 

Figure 3. KOOS pre-treatment and post-treatment scores for ADL. 

Table V. Friedman’s test results on KOOS parameters and IKDC scores after 
treatment (n=20).

Score Chi square Value P-value 
KOOS-Pain 26.083 <0.01*

KOOS-Symptom 27.634 <0.01*

KOOS-ADL 17.636 <0.01*

KOOS Sport/ Rec 26.587 <0.01*

KOOS-QOL 19.541 <0.01*

Overall KOOS Score 28.737 <0.01*

IKDC Score 32.430 <0.01*
*Results significant at 1% level

signed-rank tests at Bonferroni-adjust-
ed significance level (0.017) revealed 
that IKDC scores for symptoms that 
measured changes between a1 & a2 
scores showed significant results with 
Z = -3.920, p = 0.000 < 0.017, with 
effect size r= -0.619 and between a1 & 
a3 with Z = -3.922, p = 0.000 < 0.017; 
with effect size r=-0.620. As in KOOS 
the effect sizes, for each variable 
suggested a moderate to high clinical 
significance. No significant difference 
was observed in the scores measured 
a2 & a3 with Z = -2.234, p = 0.025 > 
0.017. Like KOOS observations, these 
results too suggested that the scores 
improved significantly after the treat-
ment and the improved scores were 
consistent after a follow-up period of 
three months (table VI). 
Some patients reported at the OPD 
after a period of 6 months (8/20) to 1 
year (9/20). In those selected patients, 
Wilcoxon test was conducted to deter-
mine whether there was a significant 
difference in the KOOS–IKDC scores 
observed after such long-term follow- 
ups (tables 11, 12). The results indicat-
ed that scores recorded after treatment 
showed no significant difference even 
after a follow- up period of 6 months 
to 1 year. 

Effectiveness of the treatment 
protocol with respect to 
sample variables 
Age, gender, nature of work and BMI 
were assessed with respect to KOOS 
and IKDC scores (tables VII,VIII,IX). 
Here, the percentage increase in IKDC 
and KOOS score after the treatment 
were more evident in elderly people 
than others. But, as the number of elder-
ly patients was less (05%) compared 
to the other age groups, this may not 
be generalized. While considering the 
gender wise distribution and the effec-
tiveness of the treatment, percentage 
increase in mean KOOS and IKDC 
scores were more evident in females.
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Figure 4.  KOOS pre-treatment and post treatment scores for sports/rec.

Figure 5. KOOS pre-treatment and post treatment scores for QoL.

Figure 6.  KOOS pre-treatment and post-treatment over all scores.

Further, patients who indulged in 
moderate labour showed a better 
response to the treatment protocol in 
terms of improvement scores on an 
average, with respect to IKDC, where-
as those who lead sedentary lifestyles 
responded more as far as KOOS scores 
were considered
 While considering the type of liga-
ment injury and the effectiveness of 
the treatment adopted, it was found 
that in patients with complete menis-
cal tear, there was a significant increase 
in KOOS scores after adopting the 
treatment protocol. In case of IKDC 
score, significant improvement in 
mean percentage score was evident 
in patients with partial meniscal tear 
(table X)
Considering the variable body mass 
index (BMI) and effectiveness of the 
treatment adopted, measured using 
KOOS and IKDC scores, there was 
no significant correlation (Spearman’s 
correlation co-efficient (KOOS)- 
rho = 0.036, p value = 0.880>0.01 
and (IKDC) rho = - 0.032, p value 
=0.894>0.01 ) between BMI and the 
improvement in scores. 

DISCUSSION 

Janu sandhi marma (the knee 
joint)
Ayurveda is an established compli-
mentary healthcare service that origi-
nated in India. Because of its person 
centered diagnostic methods and 
personalized treatment modalities, it is 
gaining global attention from various 
health related communities. WHO 
is significantly contributing towards 
upgrading the traditional practices in 
Ayurvedic Sciences to Evidence Based 
Medicine considering the increase in 
demand of Ayurvedic herbals among 
the global patient community (9). 
Susruta Samhita is an ancient text-
book that was written as early as about 
1000 BC, most of which was dedi-Figure 7.  IKDC pre-treatment and post treatment scores. 
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Table VI. Post hoc analysis using Wilcoxon signed-rank tests at Bonferroni-adjusted significance level (p < 0.017) for the 
KOOS sub parameters and IKDC scores.

Score Phase a1 – a2 Phase a1 – a3 Phase a2 – a3
Z Value P-value & Effect 

size
Z Value P-value & 

Effect size
Z Value P-value

KOOS-Pain -3.826 <0.01*;
-0.605

-3.463 <0.01*;
-0.548

-1.197 >0.01

KOOS-Symptom -3.724 <0.01;
-0.588

-3.812 <0.01*;
-0.603

-0.385 >0.01

KOOS-ADL -3.847 <0.01*
-0.608

-3.398 <0.01*;
-0.537

-0.071 >0.01

KOOS Sport/ Rec -3.923 <0.01*;
-0.620

-3.717 <0.01*;
-0.587

-0.057 >0.01

KOOS-QOL -3.699 <0.01*;
-0.585

-3.219 <0.01*;
-0.509

-0.341 >0.01

Overall KOOS Score -3.921 <0.01*;
-0.619

-3.771 <0.01*;
-0.596

0.00 >0.01

IKDC Score -3.920 <0.01*;
-0.619

-3.922 <0.01*
-0.620

-2.234 >0.01

*Results significant at 1% level

Table VII. Age wise distribution and percentage changes in 
IKDC and KOOS scores.

Age group Frequency 
(in %)

% Increase in Score
IKDC KOOS

Young 20 26.5 33.93

Adults 75 26.8 29.91

Elderly 5 38 46

Table VIII. Gender wise distribution and percentage changes 
in IKDC and KOOS scores.

Gender % Increase in Score
Frequency 
(in %)

IKDC KOOS

Female 45 35.22 35.53

Male 55 20.81 28.23

Table IX. Amount of labour/strenuous activities and 
percentage changes in IKDC and KOOS scores.

Amount 
of labour/
strenous 
activities

Frequency (in 
%)

% increase in  
IKDC Score

% increase 
in KOOS 
score

Heavy 
Labour

20 19 29.33

Moderate 
Labour 

55 32.45 31.9

Sedentary / 
Desk Job

25 23.4 35.88

Table X. Mean percentage score improvement and extent of 
knee ligament insult.

Mean 
percentage 
score 
improvement

MM / LM Tear ACL tear
Complete Partial Complete Partial

KOOS 38.67 28 22.33 17.25

IKDC 32.60 34.73 24.93 26.47

cated to surgical and parasurgical manipulations. Ksha-
ra sutra (medicated seton), kshara karma (caustic alkali), 
agni karma (cautery), rakta moksha (blood-letting), plastic 
reconstruction of facial characters with special mention to 

ear, nose and lip, manipulations in bhagna (fractures) and 
sandhimoksha (joint dislocations) such as aanchana (trac-
tion), peedana (compression), samkshepa (immobilization) 
and bandhana (bandaging) have been explained in this 
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matory signs are minimal, i.e., in a degenerative phase. The 
medicines selected for herbal decoction in Kashaya dhara 
is Dasamoola (roots of ten different herbs). Dasamoolaka-
shaya is effective in reducing swelling and other signs of 
inflammation (11) (Guduchyadivarga, 49). An animal study 
conducted by Parekar et al has proven the analgesic and 
anti-inflammatory potential of Dasamoola (12). Taila dhara 
is done with Dhanvantaram oil which is specifically indicat-
ed in traumatic injuries is expected to strengthen the muscu-
loskeletal framework (13) (Sharirasthana, 2/47-52). 
“Lepana” refers to local application of medicated pastes. 
Application of paste or the lepa is the first and foremost treat-
ment for inflammation (10) (Sutrasthana, 18/3). Nagaradi 
choornam (the herbal combination of powdered drugs) along 
with tamarind leaf juice was used here as lepa. The ingredi-
ents in Nagaradi choorna (Suppl. file) possess anti-inflam-
matory and analgesic properties14 (ChurnaKalpana). After 
mixing the medicated powder with the prescribed leaf juice, 
the mixture is heated and when warm, is applied over the 
afflicted joint. Tamarind juice possesses anti-inflammatory, 
analgesic and antinociceptive effects (15) and thus is expect-
ed to enhance the therapeutic effects of the herbal drugs. 
“Abhyanga” refers to specific massaging techniques with 
medicated oils. After the acute/inflammatory phase, 
abhyanga is specifically indicated in fractures and other 
joint pathologies (16) (Sutrasthana, 3/54-55). Here, abhyan-
ga was done with Dhanwantaram oil (18) (Suppl. file).
Matra-basti is the trans-rectal administration of medica-
ments especially medicated oils, in predetermined doses. It 
is expected to reduce the symptoms of pain and stiffness and 
it also strengthens musculoskeletal systems. Dhanwantaram 
Mezhukupaka (Mezhukupaka is a special preparation with 
medicated oils exclusively prepared for transrectal admin-
istartion) was selected here for the matra basti procedure.

Table XII. Wilcoxon values – KOOS and IKDC post-
treatment and at follow-up of 1year in selected patients.

Score Comparison of scores measured 
After treatment and at Follow-up 
– 1year
Z Value P-value

KOOS-Pain -0.105 0.917>0.01

KOOS-Symptom -0.845 0.398>0.01

KOOS-ADL -0.593 0.553>0.01

KOOS Sport/ Rec -1.119 0.263>0.01

KOOS-QOL -1.183 0.237>0.01

Overall KOOS Score 0.508 0.611>0.01

IKDC Score -1.125 0.260>0.01

Table XI. Wilcoxon values –KOOS & IKDC post-treatment 
and at follow-up of 6 month in selected patients.

Score Comparison of scores measured After 
treatment and at Follow-up

Z Value P-value

KOOS-Pain -2.038 0.042>0.01

KOOS-Symptom -0.524 0.600>0.01

KOOS-ADL -1.193 0.233>0.01

KOOS Sport/ Rec -1.355 0.176>0.01

KOOS-QOL -0.350 0.726>0.01

Overall KOOS Score -1.183 0.237>0.01

IKDC Score -1.684 0.092>0.01

textbook. Different types of surgical instruments, sutur-
ing materials, usage of twine for ligature, different types of 
bandaging techniques, dressing materials, splints for frac-
tured bones too are mentioned. Bandaging techniques were 
specific to the severity of the condition, seasonal variations 
and the anatomical sites (10) (Sootrasthana 16/ 86-89). 
Marmas (vital points) were considered as the conjuncture 
site of multiple anatomical structures as asthi (bone), sand-
hi (joints), peshi (muscles) sira (blood vessels) and snayu 
(ligaments, tendons or anatomical suture lines). There are 
five different types of marmas of which one is sandhi marma 
(Joints) (10) (Sharirasthana 6/369-370). 
Janu sandhi or the knee joint is considered as a sandhi 
marma, which when traumatized (janumarma abhighata) 
results in khanjatva (disability/ weakness) (10) (Sharirastha-
na 6/372-373). Based on the prognosis of the knee insult, 
the knee is considered as a vaikalyakara marma. Vaikalyaka-
ra marmas are those vital points in the human body which 
when traumatized results in permanent disability. The 
specialty of vaikalyakara marma such as the knee joint is that 
a timely and an appropriate intervention from a good physi-
cian shall restore the activities of the tissue afflicted at this 
site (10) (Sharirasthana 6/370). 

Expected effectiveness of procedures 
The treatment procedure of “dhara” represents the rhyth-
mic and systematic pouring of medicaments over specific 
body parts or the entire body surface for a stipulated time. 
In case of knee ligament injuries, two specific dhara proce-
dures are adopted; the kashaya dhara (pouring of herb-
al decoctions) and the taila dhara (pouring of medicated 
oils (figures 8, 9). Kashaya dhara is selected in an inflam-
matory phase and taila dhara is appropriate where inflam-
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females compared to males after reconstruction surgery, 
making them difficult to rehabilitate (24). But in this report, 
after the treatment phase and while the follow up period, 
improved knee indices in form of improved KOOS and 
IKDC scores were found in female patients compared to 
male counterparts. This is a positive lead. 
While assessing the KOOS-IKDC scores, the treatment 
protocol gave statistically significant results after the treat-
ment phase and the improved scores were consistent even 
after the follow up period. Clinically also the patients report-
ed improved joint stability and reduction in symptoms such 
as pain, swelling and joint stiffness.
Ayurvedic treatment was more significant in improving 
KOOS and IKDC scores in meniscal injuries than cruciate 
ligament tears. Interestingly, in patients with partial menis-
cal injuries, changes in IKDC scores were more signifi-
cant than KOOS scores. Conversely, in complete meniscal 
injuries changes in KOOS scores were rather more signif-
icant. Also, while considering the amount of labour that 
the patients engaged in as a part of daily living, those who 
indulged in moderate labour as homemakers got higher 
IKDC scores than KOOS scores after treatment. Converse-
ly, those who led a sedentary lifestyle responded to the 
treatment with improved KOOS scores than IKDC scores. 
A probable reason for these observations may be the fact 
that KOOS scores are more concerned with scoring the 
total disability index with respect to symptoms of meniscal 
and ligament injuries like pain, swelling and stiffness than 
functional and stability status. IKDC subjective evaluation 
score emphasizes functional status with respect to activities 
of daily living/ indulge in strenuous activities. As patients 
with meniscal injuries responded more when compared 
to patients with cruciate ligament tears, it is inferred than 
Ayurvedic treatments improves the functional status of the 
joint by reducing the symptoms rather than imparting the 
functional stability. 
Richard F Loesser (25) stated that elderly population were 
more vulnerable to traumatic knee injuries and if mani-
fested were difficult to rehabilitate due to co morbidities 
such as sarcopenia and osteopenia25. But in this study, 
elderly participants reported significant relief in symptoms 
with improved joint stability after the treatment protocol. 
The statistical significance reported in this sample is not 
generalizable as the number of elderly patients was less 
compared to the other age groups, yet this seems a positive 
lead in rehabilitating knee injuries with Ayurvedic inter-
ventions in elderly. 
While considering a significant variable namely the BMI 
which is related to rehabilitation of the knee injuries (26), 
knee being an important weight bearing joint; this report 
found no correlation between BMI of the patients and the 

Bandhana referes to unique bandaging techniques that 
immobilizes the joint and thereby promotes the healing 
process (10) (Sootrasthana 16-17). Susrutha Samhita has 
given prime importance to the bandaging techniques in the 
treatment of injuries. He has given detailed description of 
various types of bandage materials and fourteen types of 
bandaging techniques (10) (Sutrasthana, 18/86-89). Here in 
the management of ligament injuries, bandaging was done 
initially i.e., in the inflammatory phase with Murivenna oil 
(Suppl. file). Murivenna is medicated oil which is used for 
healing contusions, wounds and fractures. The medicines 
used in the preparation of Murivenna possess anti-inflam-
matory properties (17). 
In the post inflammatory phase, bandaging was done with 
specific herbal combination named as LT bandhana (figure 
10); (suppl. file). LT bandhana possess anti-inflammato-
ry, analgesic, antioxidant, tissue regeneration and joint 
strengthening properties (14, 18, 19). Cocunut meat scrap 
and egg white used in this bandage is rich in protein, trace 
minerals (Mg, Zn) and vitamins which help in wound heal-
ing, tissue building, collagen formation, reduction of inflam-
mation and strengthen the bone, muscles and tendons (20, 
21). On bandaging the joint with medicines mixed with 
egg white and coconut meat scrap, in addition to immo-
bilizing the joint; enough nutrition is also being supplied 
transdermally which may accelerate the tissue regeneration 
and strengthen ligaments, muscles, tendons and thereby it 
improves the joint stability.
Annalepa refers to application of a paste prepared out of 
cooked ‘njavara’a medicinal rice variety, over specific body 
parts. This is a method administered to nourish the joint, 
enhance joint stability and delay the onset of post traumatic 
osteoarthritis (figures 11,12,13).
The medicinal properties of njavara may be attributed to 
its anti-oxidant22and ant-i inflammatory activities23. High 
thyamine and Ph, K, Na, Ca, Mg contents in the njavara rice 
indicates the reason why it is found clinically effective in degen-
erative joint pathologies, muscular atrophies and neuritis. 

Ayurvedic intervention and observed results in 
knee ligament injuries
Ayurvedic interventions show clinically significant improve-
ments in traumatic/degenerative joint pathologies with special 
mention in delaying osteoarthritis onset. The approach is 
usually patient centered with individualized treatment guide-
lines and medicaments. This observatory report is a primary 
analysis based on patient reported outcomes after Ayurvedic 
treatments in knee ligament injuries. 
Do Kyung Kim (24) discussed regarding the compromised 
extensor muscle strength and reduced improvement in 
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extent of improvement in KOOS and IKDC scores. This is 
a crucial finding where the results were equally significant in 
all participants irrespective of their BMI. 

Limitations and recommendations
This observatory report lacks radiological evidence after 
the treatment phase or follow up. A significant confound-
er namely, the nature of trauma (acute traumatic/ chronic 
degenerative) with respect to time of initiation of the treat-
ment protocol in patients was not taken into account as these 
factors were not adequately represented in the sample. But 
out of curiosity a Mann Whitney U test on improvement 
in KOOS and IKDC scores across the acute traumatic and 
chronic degenerative groups yielded insignificant results 
(KOOS- U= 34, p-value > 0.01; IKDC- U= 35.5, p-value > 
0.01) which meant the treatment was effective irrespective 
of the nature of trauma and time of initiation of treatment. 
But as afore mentioned, this cannot be generalized due to 
insufficient representation of this cofounder in the studied 
sample. Also, long term follow ups are very crucial in knee 
ligament injuries to collect data on incidence of osteoarthri-
tis, indulgence in strenuous activities, functional indices with 
respect to activities of daily living etc. Some patients report-
ed to the OPD as a part of long-term follow ups (6 months 
to 1 year), and the results indicated that the statistical signif-
icance noted after treatment sustained even after such long-
term follow ups. This is a definite positive lead in knee reha-
bilitation. Yet it seems incorrect to generalize these finding as 
all patients did not turn up after such long-term follow ups. 
This study thus lacks such long term follow up data. Samples 

with equal representation of all possible risk factors would 
help produce a stronger evidence for the findings.
There are effective Ayurvedic treatment strategies and reha-
bilitation techniques to treat acute, subacute and chron-
ic knee ligament injuries which are of partial or complete 
origin. This observation gives a primary insight on specif-
ic non-invasive Ayurvedic treatments which are common-
ly practiced in knee ligament injuries that give promising 
results in knee joint rehabilitation by reducing symptoms 
of pain, swelling and stiffness and thereby restoration to 
the activities of daily living. Even such treatments may be 
adopted following a reconstruction surgery where knee joint 
stiffness and other symptoms prevail after surgery. Random-
ized clinical trials may be conducted to compare the effica-
cies of such person centered alternative medical approaches 
with standard treatments like reconstruction surgeries. Also, 
there is significant scope of integrative approaches in effec-
tive recovery where Ayurvedic treatment protocols may be 
added to standard reconstruction surgeries/ non-invasive 
rehabilitation techniques in injuries of sports or non-sports 
origin. Appropriate implementation, evaluation and inter-
pretation of clinical findings are fundamental and crucial in 
case reporting (27). This report shall stand as a significant 
background to appropriately designed, implemented, evalu-
ated and interpreted clinical trials of different traditional and 
alternative medical practices in musculo-skeletal disorders/
injuries of varied origin.
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SUMMARY
Background. Ligamentization has been accepted in Anterior Cruciate Ligament (ACL) 
surgery. The purpose of this study is to evaluate ligamentization of different allografts 
and autografts used as plasties through histological and type I collagen (COL1), tenascin 
(TEN) and elastin (ELA) expression analysis.
Methods. Prospective study of patients who underwent ACL reconstruction with at least 
1-year follow-up. Biopsies were taken by arthroscopy and tissue sections were stained with 
hematoxilin-eosin and Masson’s trichrome. Relative COL1, TEN and ELA expression was 
studied by RT-PCR. Hamstring tendon and intact ACL biopsies were used as controls.
Results. Eleven patients with a mean age of 36.6 ± 12.0 years were included. In 9 cases, 
ACL reconstruction was carried-out with autologous hamstring tendons while in the 2 
remaining patients ACL was reconstructed using an achilles allograft. COL1, TEN and 
ELA expression of plasties was significantly different to ACL but similar to hamstring 
tendon. Histological analysis showed a dense fibroconnective tissue with cells similar to 
tenocytes, which could not be classified neither as a tendon nor as a ligament.
Conclusions. An ACL plasty, independently of its origin (autologous hamstring or alloge-
neic achilles) does not become a ligament, at least in our study period (5 years) but it does 
maintain ACL functionality. 

KEY WORDS
Anterior cruciate ligament; hamstring autologous graft tendon; achilles allogenous graft 
tendon; histological analysis; ligamentization; tenocites.

Histology and Type I Collagen, Tenascin and Elastin 
Expression in Autologous and Allogeneic Anterior 
Cruciate Ligamentoplasties 

BACKGROUND
Therapy for anterior cruciate ligament (ACL) tear includes 
invasive surgical techniques, in which the ruptured ACL is 
replaced by autologous (patellar, quadricipital or hamstring 
more frequently) or allogeneic tendons (1). The objective 
of surgery is to restore knee biomechanics by reproducing 
the mechanical conditions of the native ACL. However, the 
original biological structures are substituted by different 
ones: a tendon replaces a ligament. 
Tendons and ligaments are elastic connective tissues with 
similar composition but different arrangement of their 
components, which is related to the different roles they 
have to perform in the musculoskeletal system: ligaments 
connect bones to each other in order to restrict their relative 

motions and tendons link muscles to bones (2). Water is the 
main component for both structures (55-70%) but exists in 
a higher percentage in tendons (2). Type I collagen, which 
represents 70-80% of the dry weight (higher in tendons), 
is responsible for the high tensile strength and hierarchi-
cal structure (3,4). Proteoglycans, glycosaminoglycans and 
glycoproteins are other molecules present in ligaments’ and 
tendons’ extracellular matrix (ECM) (4). Fibroblasts (called 
tenoblasts in the tendon), embedded in the ECM, are the 
main cell type of tendons and ligaments and synthesize all 
ECM molecules (2,3). All these components are hierarchi-
cally organized and while in tendons, fibers are present as 
compact parallel bundles, in ligaments they are compactly 
packed and not arranged in parallel bundles (5).
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Histology and protein expression of ACL plasties

It is commonly accepted that implanted tendon structures 
adopt the role of ligaments: However, intra-articular “liga-
mentization” of the graft does not imply a complete trans-
formation of a tendon graft into a ligament. In literature, 
a biological transformation process has been described as 
the graft remodels itself into a viable ACL-like tissue (6-8). 
Authors refer to an early phase with central graft necrosis and 
hypocellularity until the fourth week, followed by a prolifer-
ation, remodeling and revascularization phase up to the 12th 
week, followed finally by a restructuring phase which makes 
the graft resemble the properties of ACL3. Collagen fibers 
begin to resemble an ACL between 6 and 18 months after 
reconstruction9-11. However, although matured tendon graft 
looks macroscopically similar to intact ACL, several authors 
have shown differences in biological and mechanical prop-
erties as well as in the distribution and diameters of colla-
gen fibers comparing hamstring autograft with intact ACL 
(7,8,12,13). Some studies in animals have shown a histologi-
cal structure halfway between tendon and ligament (13). 
The purpose of this study is to evaluate the features of 
autologous hamstring and allogeneic achilles tendons used 
as plasty for the ACL reconstruction through gene expres-
sion, histological, cellularity and pathological analysis of the 
plasty structure compared to normal hamstring tendon and 
intact ACL. 

MATERIAL AND METHODS

Patients
This is a prospective case-series study carried out in patients 
operated for ACL reconstruction more than 1 year ago and 
who had been admitted to undergo new surgery in the same 
knee for other cause different to graft failure. The study was 
performed in accordance to ethical standards of the Helsin-
ki Declaration of 1964, revised in 2013 and approved by 
the Institution’s Research Committee. All included patients 
signed an informed consent (14). Eleven patients accept-
ed to participate in the study and a biopsy of the graft 
was taken during the new surgery. During exploration all 
patients showed stable knees. New surgeries consisted in 
total knee arthroplasty (1 case), arthroscopy after a sport 
injury (4 cases), meniscectomy (4 cases) and autologous 
chondrocyte implantation (2 cases). In the surgery, plas-
ty integrity was confirmed in all cases. In order to take the 
plasty biopsy, synovial membrane that covered the plasty 
was firstly removed. Then, a1-2 mm biopsy was taken in 
the middle third of the plasty with an arthroscopy basket 
forceps. Eight of these eleven patients accepted for a biopsy 
from hamstring tendon to be taken at the same surgical act. 
In the study, 3 more patients who were due to undergo a 

knee surgery for meniscal lesions were asked for a biopsy of 
the ACL to be taken to provide an intact ACL as a control. 
Biopsies were also taken in the middle third of the ligament 
following the same protocol described above. At the surgery 
moment, these patients showed stable knees and no signs of 
osteoarthrosis were observed in any case.

Histological analysis 
One portion of each biopsy was stored at -20ºC in RNAlat-
er™ Stabilization Solution (ThermoFisher Scientific, Alco-
bendas, Spain) for gene expression study. The remaining 
fragment was fixed in formalin and paraffin-embedded. 
Blocks were cut using a microtome into 4-µm-thick sections. 
Tissue sections were stained with hematoxilin-eosin and 
Masson’s trichrome staining to study both tissue architec-
ture and collagen composition as well as fiber disposition.

Gene expression analysis
RNA was isolated after treatment with TRIzol (ThermoFish-
er Scientific) and chloroform and isopropanol precipita-
tion. One µg RNA was reverse-transcribed using Oligo(dT) 
(ThermoFisher Scientific), RNasin (Promega Co, Madison, 
WI) and the SuperScrit® Reverse Transcriptase kit (Ther-
moFisher Scientific), following manufacturers’ instructions. 
Relative expression of type I collagen (COL1); GenBank 
accession: NM_000088.3, tenascin-C (TNC); accession: 
NM_002160.3, and elastin (ELA); accession: NM_000501.3, 
genes was determined by real-time PCR (RT-PCR) in a 
StepOnePlus thermocycler (Life Technologies, Alcobendas, 
Spain) using the expression of the β-actin (ACT) house-
keeping gene; accession: NM_001101.3; as standard. Each 
gene was amplified using the specific primers and probes 
commercially designed (Taqman Gene Expression Assays, 
Life Technologies). All amplifications were carried-out 
using the Taqman Universal PCR Master Mix (Life Tech-
nologies), following the manufacturer’s instructions. Each 
sample was tested in triplicate and all genes were studied in 
the same PCR run.

STATISTICAL ANALYSIS
Statistical analysis was performed using the IBM SPSS 
Statistics version 22 software. Qualitative variables were 
expressed as a count and/or percentage. Normality of 
quantitative variables was checked with the Shapiro-Wilk 
test and expressed as the median (minimum – maximum) 
(non-normal variables) or mean ± standard deviation.
Intraclass correlation coefficient (ICC) and 95% confidence 
interval for ICC were estimated to check consistency of trip-
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licate measure corresponding to COL1, TNC and ELA gene 
expression. Chicchettti and Domenic’s criteria15 were used 
to interpret reliability of measures for ICC value. According 
to these authors, consistency was considered poor if ICC 
value was less than 0.40; fair if it was between 0.40 and 0.59; 
good if the value was between 0.60 and 0.74 and excellent if 
ICC value was between 0.75 and 1.00. 
With respect to COL1, TNC and ELA relative expression 
in ACL plasties, hamstring tendon and healthy ACL, if 
normality could not be demonstrated, expression of each 
gene were to be expressed as the median (minimum – maxi-
mum) of the triplicate and distribution in each sample type 
(plasty, hamstring tendon and ACL) and then contrast-
ed with Mann-Whitney’s U test (2 variables) or the Krus-
kal-Wallis test, including pairwise post-hoc tests (more than 
2 variables). If variables had normal distributions, gene 
expression were to be expressed as the mean ± standard 
deviation. Student’s t test (2 variables) or ANOVA were 
used to contrast gene expression means, including pairwise 
post-hoc tests carried-out with Tukey’s test (more than 2 
variables). Gene expression distribution among the differ-
ent causes second operation was checked with the Krus-
kal-Wallis test. Spearman’s coefficient was used to study the 
existence of correlation.
Categorical variables were expressed as counts and/or percent-
age and compared with the Chi-Square Test, if applicable. 
In all comparisons and parameter estimation, a value of 
p<0.05 (two-sided) was considered statistically significant.

RESULTS
Eleven patients (11 knees) were included in the study. Nine 
of them were men and 2 of were women with a mean age of 
36.6 ± 12.0 years. Six ligamentoplasties were performed in 
right knees and 5 in left knees. In 9 cases, ACL reconstruc-
tion was carried out with autologous hamstring tendons 
(semitendinosus and gracilis) while in the 2 remaining 
patients ACL was reconstructed using an achilles allograft 
(figure 1). All patients practiced non-professional sport (7 
soccer, 2 horse riding, 1 ski and 1 paragliding).  Elapsed 
median time between ACL ligamentoplasty and new 
surgery was 4.0 years (2–30 years). As a control, healthy 
ACL samples were taken from 3 patients (two men and 1 
woman who were 32, 34 and 41) all operated arthroscopi-
cally for meniscal lesions.
COL1, TNC and ELA relative expression was measured in 
triplicate. In table I, ICC and 95% confidence interval of 
ICC is depicted. For the 3 genes ICC value was between 
0.40 and 0.59 and thus, the relative expression estima-
tion of each gene by means of the triplicate measures was 

considered fairly consistent. COL1, TNC and ELA relative 
expression in ACL plasties, hamstring tendons and healthy 
ACL were compared (figure 2). For each gene we found 
that means showed statistically significant difference among 
the three samples (p<0.001 in each case, ANOVA). Pair-
wise comparisons gave similar results in the 3 genes: COL1 
and TNC expression showed statistically significant higher 
values in the plasties and hamstring tendons than in healthy 
ACL while the opposite occurred with ELA expression 
which was significantly higher in healthy ACL than in plas-
ties and hamstring tendon. In both situations, no statisti-
cally significant differences existed between plasty and 
hamstring tendon gene expression. To study the influence 
of the environment, gene expression was compared among 
the causes for the second operation, No significant differ-
ences were found between gene expression and cause for 
second surgery in any of the three studied genes (p=0.151 
for COL1, p=0.247 for TNC and p=0.248 for ELA; Krus-
kal-Wallis test). No correlation was found between COL1, 
ELA and TEN expression and elapsed time until second 
surgery either. Finally, we compared gene expression of 
patients implanted with autologous hamstrings with those 
implanted with allograft achilles tendon and no differences 
were found (figure 3).
Tissue architecture and collagen fibers disposition stud-
ied by hematoxylin-eosin and Masson’s trichrome stain-
ing showed a dense fibroconnective tissue in all biopsies. 
In the case of control healthy hamstrings a collagenized 
matrix with a low-frequency crimp pattern of the colla-
gen fibers is observed. Scattered in the collagen matrix, 
spindle-shaped cells similar to fibroblasts can be observed. 
Normal ACL tissue showed a similar fibroconnective 
tissue but with a high-frequency crimp pattern of the colla-
gen fibers and similar spindle-shaped fibroblasts among 
collagen fibers. ACL grafts showed a dense fibroconnec-
tive tissue with a frequency crimp pattern of the collagen 
fibers intermediate between normal healthy hamstrings 
and ACL controls (figures 4,5). Spindle-shaped and ovoid 
fibroblasts disposed throughout collagen fibers were also 
observed. Although no differences in tissue organiza-
tion between hamstrings (autologous) and achilles (allo-
geneic) grafts were observed, cellularity increased in the 
5-year evolution grafts (figure 5) with respect to those of 
2-year evolution (figure 4), independently of graft nature. 
Five-year evolution tissue showed more vascularization 
than two-year biopsies. No histological differences have 
been found when the causes for the second surgery were 
compared. Histologically, in all cases tissue graft showed a 
tissue organization which could be classified neither as a 
tendon nor as a ligament (figures 4 ,5). 
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Figure 2. Mean relative Type I Collagen (COL1), tenascin 
(TNC) and elastin (ELA) expression in plasties, hamstring 
tendon and healthy ACL. Mean expression of these genes 
was significantly different among tissues (p<0.001; ANOVA). 

Figure 1. ACL reconstruction, 8 years later. Arthroscopic view.

Figure 3. COL1, TNC and ELA expression in autologous 
hamstrings or allogeneic Achilles tendon plasties. Statistical 
comparisons were carried-out with the Mann-Whitney’s U test.

Table I. Intraclass Correlation Coefficient (ICC) and 95% confidence interval of ICC for relative Type I Collagen (COL1), 
tenascin-C (TNC) and elastin (ELA) expression. 

COL1 TNC ELA

ICC 
(95% Confidence Interval)

0.478 
(-0.121 – 0.783)

0.493
(-0.089 – 0.789)

0.548 
(0.029 – 0.812)

p-value 0.048 0.041 0.021
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Figure 4. Representative pictures of hematoxilin-Eosin and Masson Trichrome staining of two-year (A-D) and three-year-evo-
lution (E-H) hamstring tendons plasties. Collagenized fibroconnective tissue with the presence of spindle-shaped and ovoid 
fibroblasts scattered in the collagen matrix and focal smooth muscle fibers is observed. A and E: Hematoxilin-Eosin staining 4×; 
B and F: Hematoxilin-Eosin staining 20×; C and G: Masson’s trichrome 4×; D and H: Masson’s trichrome 20×. 
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ligament. Authors agree that the graft will never be complete-
ly transformed into normal ACL tissue (7,10,16), although it 
could exhibit similar biomechanical properties when it comes 
to restoring knee stability early, with a ratio of between 72% 
and 100% returning to sport17. In the presence of adequate 
surgical techniques and good rehabilitation programmes, 
failures and re-injury rates are relatively uncommon (3-19%) 
(18,19), which evidence there is still margin for improvement.

Figure 5. Representative pictures of five-year evolution autologous hamstring (A-D) and allogeneic achilles tendons plasties 
(E-I). In the hamstring tendon plasty, a collagenized fibroconnective tissue with spindle and ovoid cells and the presence of 
smooth muscle fibers is observed (A-D). The other two samples corresponded to achilles allograft tendon plasties (E-I) and a 
collagenized fibroconective tissue with similar spindle-shaped aand ovoid cells is shown. Notice the presence of vascular struc-
tures in both autologous and allogeneic grafts . A,E,H: Hematoxilin-Eosin staining 4×; B,F,I: Hematoxilin-Eosin staining 20×; C: 
Masson’s trichrome 4×; D: Masson’s trichrome 20×; G: Hematoxilin-Eosin staining 40×. 

DISCUSSION
In this work we try to answer the question: is tendon a 
good substitute for an anterior cruciate ligamentoplasty? 
Hamstring autologous and Achilles allogeneic tendon plas-
ties did not become a similar tissue to native ACL. Some 
authors observed tendon-specific biological features which 
did not exhibit ligamentous histological properties and for 
this reason the studied tissue resembles a tendon more than a 
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al. (23) have demonstrated that during ACL remodelation, 
crimp pattern frequency is gradually changing and vascular-
ization is increasing along timeOur plasties had a collagen 
crimp pattern frequency intermediate between tendon and 
ligament and higher cellularity and vascularization in 5-year 
evolution plasties compared with the 2-year ones. Our 
results support plasty remodeling after ACL replacement by 
a tendon, becoming a tissue whose features are intermedi-
ate between tendon and ligament. Since no differences were 
found between autologous hamstrings or allogeneic achilles 
tendon plasties, similar ligamentization process may occur 
irrespectively of graft nature. 
Main weakness of the study are sample size and a relatively 
short histological determination. Its main strengths are the 
comparison with healthy hamstring tendon and ACL. This 
work represents the first attempt to determine protein 
expression together with histological study of ACL plas-
ties from different origins: autologous hamstring and allo-
geneic achilles tendons. Furthermore, in the study, plasties 
from 2 to 5-year evolution have been included. However, 
a more detailed study, including relative expression of a 
large set of genes, including those involved in angiogenesis, 
vascular and nerve regeneration, tissue growth and more 
detailed histological study including other techniques such 
as light microscopy with polarization and electron micros-
copy is now been planned with the aim of ascertaining the 
mechanisms involved in the process commonly known as 
ligamentization.

CONCLUSIONS
Taken together, our results suggest that an ACL plasty, 
independently of its origin (autologous hamstring or allo-
geneic achilles tendon) does not become a ligament in a 
period of 5 years, although it is able to maintain ACL func-
tionality and contribute to knee stability. Protein expres-
sion and histological analysis reveal that in the course of 
several years, plasties are gradually remodeled and become 
an intermediate tissue somewhere between a tendon and a 
ligament. This tissue shows very similar COL1, ELA and 
TEN expression patterns to tendons but typical collagen 
fiber disposition leans more on the side of a ligament, with 
time lapse being irrelevant.
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In the present work, we have studied histological features 
and expression profile of some genes expressed in tendons 
and ligaments in ACL plasties from two different origins 
(autologous hamstrings and allogeneic achilles tendons) 
and with different evolution times, compared to normal 
hamstring tendon and intact ACL (8). In a systematic revi-
sion carried-out by Pauzemberg et al. (17), without includ-
ing studies with allogeneic tendons, authors concluded that 
surgical technique and specially an anatomically incorrect 
reconstruction of the ACL could influence postoperative 
remodeling despite a possible increase of laxity or non-an-
atomical tension properties. It was not the case in our 
case-series, since 100% of included patients were operated 
by other causes.
In order to elucidate whether studied tissue was a tendon 
or a ligament, COL1, ELA and TEN were chosen due to 
the different expression pattern in both tissues. In fact, it 
has been published that COL1 and TEN are more abun-
dant in tendons while ELA presents higher values in liga-
ments (4,5). Analysis of COL1, ELA and TEN in plasties 
revealed an expression pattern closer to tendon than to liga-
ment, with higher mean amount of COL1 and TEN mRNA 
in tendons and plasties than in ligaments and higher mean 
expression of ELA in ligaments than in tendons and plasties 
(4,5), independently of plasty nature and the time elapsed 
between ligamentoplasty and sample harvesting. At least, 
with respect to the three studied proteins, these results 
suggest that both autologous and allogeneic plasties contin-
ue having the same protein expression profile than tendons. 
As far as we know, no studies about protein expression of 
ligamentoplasties in humans have been published. Most 
studies have been performed in animal models, especially 
in rabbits (20). Xie et al. (21) studied the expression pattern 
of COL1, COL3, growth factors, angiogenesis-promoting, 
and nerve-related genes in rabbits, concluding that liga-
ment pattern expression is maintained when ACL remnant 
is preserved during ACL reconstruction. In our case, tibi-
al fibers remnant are not used in the plasties, which could 
explain that expression of targeted proteins was more simi-
lar to tendon than to ligament. 
As stated above, from a histological point of view, tendons 
and ligaments are structurally quite similar but they differ 
at the ultrastructural level, being the amount and disposi-
tion of large-diameter collagen fibers and collagen fibrils 
(8) and crimp pattern frequency of the collagen fibers 
(22,23) the main differences between both tissues. Crimp 
pattern frequency of the collagen fibers is highly correlat-
ed with the presence of myofibroblasts, a specialized cell 
type involved in crimp formation, whose number is increas-
ing during graft evolution time. On the other hand, Abe et 
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SUMMARY
Background. Osteoarthritis (OA) is a chronic joint disease characterized by progres-
sive degeneration of articular cartilage. It affects 20-25% of the population older than 
45 years. The objective was to evaluate the effect of combining muscle strengthening 
exercises with the administration of oral type II undenatured collagen formulation 
(UC-II) in people with knee OA. 
Methods. A double-blind, placebo-controlled, randomized controlled trial with 60 
patients with knee OA, randomly divided into the following groups: UC-II and phys-
iotherapy group (CPG), placebo UC-II and physiotherapy group (PCPG), and phys-
iotherapy group (PG). For groups using an oral type II undenatured collagen formu-
lation, UC-II, 40 mg/day UC-II was administered for 90 days. Muscle strengthening 
exercises were associated with neuromuscular electrical stimulation (NMES), being 
performed three times a week for 30 days. At 30 and 90 days and six months after the 
intervention, the following were evaluated: pain, quality of life, functional capacity, 
muscle strength, and joint mobility. 	
Results. Pain improved in all intervention groups, with no difference between groups. 
Quadriceps muscle strength increased in the CPG (p<0.005) and PG (p<0.05), the 
same being observed for active and passive knee flexion mobility (p<0.05). All groups 
decreased the TUG test execution time after 30 days (p<0.005 for the CPG and PG, 
and p<0.05 for the PCPG), but only the CPG and PG maintained the scores at 90-day 
and six-month assessments (p<0.005). Regarding the 6MWT, only the CPG increased 
the distance covered in all assessments (p<0.005). The PG traveled a greater distance 
than the PCPG at the 90-day assessment (p<0.05). The WOMAC score decreased 
significantly in all intervention groups. The Lequesne score decreased in all groups; 
however, the CPG and PG showed lower values at 30 days (p<0.005). 	
Conclusions. Muscle strengthening exercises improved pain, mobility, strength, and 
function in knee OA patients. The association of UC-II seems to have accentuated the 
effect of exercise on this clinical improvement, especially in the long term.

KEY WORDS
Knee; osteoarthritis; Circuit-Based Exercise; nutraceuticals; collagen type II; 
muscle strength.

Associated Strengthening Exercises to Undenatured 
Oral Type II Collagen (UC-II). A Randomized Study 
in Patients Affected by Knee Osteoarthritis
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BACKGROUND
Osteoarthritis (OA) is a chronic joint disease characterized 
by progressive degeneration of articular cartilage accompa-
nied by subchondral bone remodeling and subsequent joint 
dysfunction (1). Approximately 42% of women and 31% of 
men over 60 are diagnosed with knee OA (2). Knee joint is 
the most commonly affected lower limb joint (3,4). 
Knee OA treatments can be divided into surgical and 
nonsurgical (5). Results of pain and function improve-
ment are more related to exercise than to pharmacological 
treatments (5). Thus, therapeutic exercise is considered a 
first-line treatment for OA (6). Exercise intervention for 
patients with knee OA should be broad and include lower 
limb strengthening, improving flexibility to reduce stiffness, 
increasing stability and balance, reducing body weight, in 
addition to a psychosocial intervention (6,7). 
Type II collagen is the dominant collagen in articular carti-
lage (8-11). As collagen is the most prevalent component 
of the solid matrix of articular cartilage, its supplementa-
tion has been considered a key treatment option to prevent 
progressive cartilage damage over time and accelerate the 

healing process after OA onset (11-14). For this purpose, a 
new nutraceutical has been studied in individuals with knee 
OA. It is the undenatured type II collagen (UC-II), taken 
from chicken sternal cartilage (12). 
The present study evaluates the effect of combining muscle 
strengthening exercises with the administration of an 
oral type II undenatured collagen formulation (UC-II) in 
patients with knee OA.

MATERIAL AND METHODS
A double-blind, placebo-controlled, randomized controlled 
trial with 60 patients with grade 1-3 knee OA according to 
the Kellgren Lawrence radiological classification, conduct-
ed from April 2015 to May 2019.

Evaluation protocol
Knee OA was clinically and radiologically diagnosed by an 
orthopedist of the orthopedics and traumatology service at 
a regional hospital (table I)

Table I. Elegibility criteria.

Inclusion Criteria Men and women aged 40 to 75 years, with unilateral and/or bilateral grade 1-3 knee OA (according to the 
Kellgren and Lawrence radiological classification) for more than three months, clinically and radiologically 
diagnosed by an orthopedist.

Ambulatory patients.

Lequesne functional score greater than 4.5.

Availability during the study period (six months).

Not participating in any other physical/drug treatment for the knee during the study period.

Having signed the Informed Consent Form.

Exclusion Criteria Patients with OA intensity above grade 6 according to the Kellgren and Lawrence classification, as confirmed 
by an orthopedist.

Nonambulatory patients.

History of inflammatory arthropathy, septic arthritis, rheumatoid arthritis, inflammatory joint disease, uric 
gout, joint fracture, fibromyalgia, collagen genetic disease, neurological disorders, cognitive deficits, history of 
asthma, type I or II diabetes, psychiatric disorders, and symptomatic heart disease.

Clinical condition restricting exercise.

Presence of skin injury.

Skin disease in the thigh.

Urinary incontinence.

Pregnancy.

Alcoholism.

Cancer.

Previous history of corticosteroid joint infiltration or knee viscosupplementation in the last three months.

History of knee trauma or surgery in the last six months.

Having three consecutive unexcused absences from physical rehabilitation.
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After agreeing to participate in the study, participants were 
randomized by an independent researcher and referred for 
a functional physical evaluation performed by a blind asses-
sor previously trained with the evaluation instruments. This 
professional was not aware of the intervention group to 
which the participant belonged.
Evaluations were performed prior to randomization, 30, 
90 and six months after the end of the intervention proto-
col with UC-II. The same evaluator throughout the study 
always performed all evaluations. The Visual Analog Pain 
Scale (VAS) was used to assess pain. Knee joint mobility 
was determined by passive and active flexion and exten-
sion using a goniometer (brand Carci®). Muscle strength 
was assessed by manual dynamometry. using a push-pull 
dynamometer (brand Chattanooga®). The Timed Up & 
Go test (TUG) and the 6-minute walk test (6MWT) were 
used to assess functional capacity. Quality of life and level 
of functionality were assessed using the LEQUESNE scale 
and the WOMAC questionnaire for knee osteoarthritis.

Sample calculation
Pain was used as the primary outcome of the study for 
sample calculation. Based on the study of Crowley et al. 
(9), we estimated the mean initial percentage of pain of the 
study participants to be 100%. The mean final percentage 
of pain was 60% for subjects in the intervention groups 
after 90 days, and 85% for subjects in the placebo groups 
after treatment. Using a study power of 80%, a significance 
level of 95%, and a sample size ratio of 1:1 for all groups, 
we reached the estimated number of 13 subjects for each 
intervention group. Believing that the losses and refus-
als would be around 50%, we reached the initial number 
of 20 participants for each of the study groups, totaling 
60 participants.

Randomization
Randomization was performed by an independent research-
er, who did not participate in intervention and evaluation 
protocols. 
Patients were randomly divided into a collagen + physio-
therapy group (CPG), with 20 participants continuous-
ly receiving UC-II®, and muscle strengthening exercises; 
a placebo collagen + physiotherapy group (PCPG), with 
20 participants continuously receiving placebo UC-II®, and 
muscle strengthening exercises; and a physiotherapy group 
(PG), with 20 participants receiving muscle strengthen-
ing exercises.

ETHICAL ASPECTS
This research has been approved by the IRB of the authors 
affiliated institutions. The study meets the ethical standards 
of the journal. (15) 

UC-II intervention protocol
The randomizing researcher was responsible for provid-
ing UC-II or placebo UC-II to the researcher responsi-
ble for administering it to the participants. Vials contain-
ing the compounds were equally standardized so that the 
compound could not be identified. Both active and place-
bo UC-II® were administered for 90 days. Each participant 
received a vial containing 30 UC-II® capsules every 30 (thir-
ty) days. Each UC-II® capsule contained 40 mg UC-II® stan-
dardized to 10 mg of bioactive undenatured type II collagen, 
identified by specific registration numbers to differenti-
ate them from placebos. Participants in both groups were 
instructed to take one UC-II® capsule for breakfast for a 
daily dose of 40 mg UC-II®. Participants in the placebo 
group received cornstarch capsules. The researcher who 
administered the nutraceutical intervention, as well as the 
researcher who administered the physiotherapy and the 
researcher who performed the evaluations were not aware 
of which compound was assigned to each participant, only 
the randomizing researcher had such information. 

Physiotherapy intervention protocol
The physiotherapy protocol was carried out for four weeks, 
with three interventions per week. The protocol was applied 
by an independent researcher, who was unaware of the 
administration of the nutraceutical UC-II®.
Prior to protocol implementation, all participants performed 
a warm-up cycling exercise for five minutes. Afterwards, a 
closed kinetic chain (CKC) muscle strengthening exercise 
program was performed through a 45-degree minisquat, 
associated with the use of neuromuscular electrostimulation 
(NMES). For NMES administration, a 10-channel electrical 
stimulator (Neurodyn, Ibramed®) was used with a carrier 
frequency of 2500 Hz, in the synchronous mode. Electrodes 
were fixed of the vastus medialis, vastus lateralis, rectus 
femoris (femoral quadriceps), femoral biceps, and semiten-
dinosus (hamstring) muscles. 
After electrode fixation, a five-minute warm-up protocol 
was initially performed using a 40-Hz stimulus frequency, 
a four-second contraction (“on”) time, a four-second rise 
time, a four-second “off” time, and a 12-second relaxation 
time. Afterwards, a 70-Hz stimulus frequency was used for 
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another 10 minutes, with the same parameters as above. 
Finally, a 100-Hz stimulus frequency was used for anoth-
er 10 minutes for maximum muscle activation, keeping the 
same parameters.
During the period of muscle stimulation by the electric 
generator, the patient performed a 30-degree knee flexion 
minisquat, maintaining this position during the electrical 
stimulus, returning to full extension at the beginning of the 
“off” electrostimulation period. During the “off” period, the 
participant spontaneously performed another active minis-
quat without the presence of electrical stimulus, returning 
to the initial position until a new contraction generated by 
the electrical stimulator.

STATISTICAL ANALYSIS 
The Statistical Package for Social Sciences (SPSS) version 
23.0 was used for data analysis. Data were initially expressed 
as frequency, mean, median, and standard deviation. After-
wards, the normality of data distribution was analyzed using 
the Shapiro-Wilk test.
For intragroup comparative analysis (CPG, PCPG, and PG) 
at the various times of the study, parametric data were statis-
tically analyzed by one-way analysis of variance (ANOVA) 
for repeated measures, followed by the Bonferroni post-

hoc test. Moreover, one-way analysis of variance (ANOVA) 
followed by the Tukey post-hoc test was performed for 
intergroup analysis, both at preintervention and 30 days, 90 
days, and six months after the intervention protocol. For 
nonparametric variables, the Kruskal Wallis test was used 
between groups, and the Friedman test was used for analysis 
within each group. The significance level established for all 
statistical tests was p<0.05.

RESULTS
Eighty-four (84) patients were initially selected for the study. 
Of these, 24 participants were excluded prior to randomiza-
tion because they did not meet the eligibility criteria. There-
fore, the initial sample had a total of 60 participants. All 
participants completed the 30-day and 90-day assessment. 
In the follow-up assessment, one CPG participant was not 
found, totaling a final sample of 59 participants (figure 1).
The groups were homogeneous for anthropometric charac-
teristics, OA grade classification, pain duration, and affect-
ed knee (table II).
All intervention groups significantly reduced pain after 30 
days of intervention, maintaining this improvement until the 
follow-up assessment. There were no differences between 
groups at any time of the study. The CPG reduced pain 

Figure 1. Study flowchart.
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from 6.42 ± 1.68 points at baseline to 1.42 ± 1.77 at 30 days 
(p=0.0001), 2.74 ± 2.56 at 90 days (p=0.0001 compared 
to baseline), and 3.26 ± 2.88 after six months (p=0.0001 
compared to baseline). The PCPG showed an initial pain 
level of 5.60 ± 2.11 points. At the 30-day assessment, pain 
was reduced to 2.65 ± 2.62 (p=0.0001). At the 90-day assess-
ment, the pain level was 2.75 ± 2.53 (p=0.0001 compared 
to the initial assessment). After six months, the pain level 
was 3.05 ± 2.82 (p=0.01 compared to the initial assessment). 
Finally, the PG showed an initial pain level of 6.10 ± 1.91 
points, which decreased to 1.80 ± 2.28 at the 30-day assess-
ment (p=0.0001). At the 90-day assessment, the pain level 
was 2.35 ± 2.46 (p=0.0001 compared to the initial assess-
ment), remaining at 2.30 ± 2.00 after six months (p=0.0001 
compared to the initial assessment) (figure 2).

The PG demonstrated a significantly higher initial right 
quadriceps strength compared to the CPG. The CPG, 
however, significantly increased muscle strength at 30 days. 
The other groups did not improve muscle strength. At the 
90-day and six-month assessments, the PG showed signifi-
cantly greater muscle strength than the CPG and PCPG.
Regarding left quadriceps muscle strength, only the CPG 
and PG increased muscle strength at 30 days, maintain-
ing an improved strength at the 90-day and six-month 
assessments. The PG showed a significantly higher level of 
muscle strength than the CPG at the initial evaluation. At 
30 days, the PG had a significantly higher level of left quad-
riceps strength than the PCPG (p<0.05). At the 90-day 
and six-month assessments, the PG showed higher muscle 
strength than the other groups (table III).

Table II. Characterization of the initial study sample (n=60).

Intervention Group
Variable CPG (n=20) PCPG (n=20) PG (n=20) P

Age, years (mean ± SD) 55.45 ± 8.78 57.35 ± 11.44 59.60 ± 8.22 0.397

Gender, M/F 6/14 4/16 11/9 0.057

Skin color, n (%) 0.126

White 20 (100.0) 18 (90.0) 20 (100.0)

Black 0 (0.0) 2 (10.0) 0 (0.0)

Occupation 0.186

Retired 5 (25.0) 7 (35.0) 12 (60.0)

Housekeeper 4 (20.0) 7 (35.0) 0 (0.0)

Government employee 1 (5.0) 0 (0.0) 0 (0.0)

Professor 1 (5.0) 0 (0.0) 0 (0.0)

Other 9 (45.0) 6 (30.0) 8 (40.0)

Kellgren Lawrence, n (%) 0.880

Grade I 1 (5.0) 2 (10.0) 1 (5.0)

Grade II 12 (60.0) 10 (50.0) 13 (65.0)

Grade III 7 (35.0) 8 (40.0) 6 (30.0)

Affected Knee, n (%) 0.402

Right 2 (10.0) 6 (30.0) 4 (20.00

Left 7 (35.0) 5 (25.0) 9 (45.0)

Bilateral 11 (55.0) 9 (45.0) 7 (35.0)

Cigarette use, n (%) 0.418

Yes 1 (5.0) 1 (5.0) 3 (15.0)

No 19 (95.0) 19 (95.0) 17 (85.0)

Time of pain, years (mean ± SD) 5.62 ± 6.88 7.25 ± 7.59 6.44 ± 6.69 0.507

Weight, kg (mean ± SD) 80.63 ± 13.57 80.67± 14.46 80.77 ± 11.22 0.999

Height, cm (mean ± SD) 162.40 ± 7.52 164.10 ± 8.81 163.95 ± 10.12 0.314

BMI, kg/cm2 (mean ± SD) 30.15 ± 4.85 30.34 ± 5.66 30.36 ± 5.75 0.991
#: One-way ANOVA; $: Chi-square test; CPG = collagen + physiotherapy group; PCPG = placebo collagen + physiotherapy group; PG = physio-
therapy group.
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Figure 2. Pain assessment in the study 
groups.
# p <0.05 compared to the initial assess-
ment of the same group. ANOVA for 
repeated measures.
$ p <0.005 compared to the initial assess-
ment of the same group. ANOVA for 
repeated measures.

Table III. Results of quadriceps and hamstring muscle strength (MVIC) in the initial study groups, 30 days, 90 days, and six 
months after UC-II administration (n=60).

Intervention Group
Variable CPG (n=20) PCPG (n=20) PG (n=20) P
Right quadriceps, kg ± sd
Initial 17.71 ± 7.05 18.15 ± 7.54 27.60 ± 12.39 0.02b

30 days 24.45 ± 10.59$ 22.50 ± 9.39 29.20 ± 12.17 0.14
90 days 23.10 ± 10.24# 21.90 ± 9.19 30.55 ± 11.82 0.02a

Follow-up 23.32 ± 11.29 22.50 ± 10.05 31.05 ± 11.24 0.03a

Left quadriceps, kg ± sd
Initial 16.33 ± 6.87 19.45 ± 8.35 25.20 ± 11.17 0.01b

30 days 24.15 ± 10.30$ 21.95 ± 9.86 30.10 ± 10.98# 0.04c

90 days 23.15 ± 10.95$ 22.10 ± 9.42 30.15 ± 10.62# 0.03a

Follow-up 22.95 ± 9.26$ 21.95 ± 8.70 30.55 ± 10.92# 0.01a

Right hamstrings, kg ± sd
Initial 12.41 ± 4.60 12.10 ± 6.18 15.10 ± 6.95 0.30
30 days 14.20 ± 5.30 13.40 ± 5.81 16.15 ± 6.66 0.33
90 days 13.55 ± 5.61 13.50 ± 5.21 16.50 ± 5.24 0.14
Follow-up 14.79 ± 6.49 14.10 ± 8.47 16.20 ± 5.50 0.62
Left hamstrings, kg ± sd
Initial 11.15 ± 4.85 12.35 ± 6.29 15.00 ± 6.23 0.11
30 days 13.85 ± 5.24 13.80 ± 6.11 17.50 ± 4.82 0.05a

90 days 16.65 ± 15.89 13.85 ± 5.21 16.50 ± 5.24 0.55
Follow-up 13.84 ± 6.21 13.75 ± 5.73 16.05 ± 5.11 0.59

CPG = collagen + physiotherapy group; PCPG = placebo collagen + physiotherapy group; PG = physiotherapy group.
# p<0.05 compared to the initial assessment of the same group. ANOVA for repeated measures.
$ p<0.005 compared to the initial assessment of the same group. ANOVA for repeated measures.
a p<0.05 between the PG and the others. One-way ANOVA.
b p<0.05 between the PG and the CPG. One-way ANOVA.
c p<0.05 between the PG and the PCPG. One-way ANOVA.



487Muscles, Ligaments and Tendons Journal 2020;10 (3)

A. P. Costa, V. Cunha Teixeira, M. Pereira, P. Mota Ferreira, P. A. Kuplich, M. B. Dohnert, J. F. da Silva Guths, R. Boff Daitx

Right hamstring muscle strength did not differ significantly 
between groups and in each group throughout the interven-
tion protocol. For left hamstrings, the PG showed a higher 
muscle strength than the other groups at the 30-day assess-
ment (table III).
There were no differences in active and passive bilater-
al knee ROM between the study groups. Active flexion 
range of motion of the right knee increased in the CPG and 
PG. For the left knee, ROM increased only in the CPG. 
For passive flexion ROM of the right knee, only the PG 
increased mobility after 90 days. Passive flexion ROM of 
the left knee did not change throughout the intervention 
protocol (table IV).
Active extension of both knees did not differ between the 
groups and throughout the intervention protocol in the 
study groups (table IV).
All intervention groups reduced the TUG execution time 
at the 30-day assessment, with no differences between 
groups. However, at the 90-day and six-month assessments, 
the PCPG did not maintain this improvement. The CPG 
showed an initial score of 11.53 ± 3.51 seconds, which 
decreased to 8.91 ± 2.87 at 30 days (p=0.001), remaining at 
8.99 ± 2.93 at 90 days (p=0.0001), and 9.24 ± 3.91 after six 
months (p=0.032). The PG decreased the TUG test execu-
tion time from 11.30 ± 3.32 seconds at baseline to 8.39 ± 
2.23 at the 30-day assessment (p=0.0001), remaining at 8.52 
± 2.47 at the 90-day assessment (p=0.001), and 9.08 ± 3.31 
at the six-month assessment (p=0.001). For the PCPG, the 
execution time decreased from 11.56 ± 4.26 seconds at 
baseline to 8.85 ± 2.53 seconds at the 30-day assessment 
(p=0.007). However, the execution time increased to 9.32 ± 
3.51 at 90 days, and to 9.93 ± 3.14 at six months (figure 3).
The PG significantly increased the distance covered in the 
6MWT at 90 days compared to the PCPG. Only the CPG 
and PG increased the distance covered in the test from the 
30-day assessment. The CPG initially covered 301.38 ± 
92.21 meters. After 30 days, this distance increased to 356.60 
± 98.92 (p=0.0001). At the 90-day assessment, the distance 
covered was 346.67 ± 99.37 (p=0.001 compared to the initial 
assessment). Six months after the intervention, the distance 
covered was 372.10 ± 145.04 (p=0.0001). The PG covered 
an initial distance of 333.55 ± 92.98 meters. At the 30-day 
assessment, the distance covered by this group was 394.55 ± 
86.11 (p=0.0001). This distance decreased to 390.65 ± 87.79 
at the 90-day assessment (p=0.0001) compared to the initial 
assessment), and to 349.00 ± 141.75 at six months (p=0.001) 
compared to the initial assessment). The PCPG showed no 
significant change in the distance covered on the TUG at 
different times of assessment (p>0,05) (figure 4)
Functionality and quality of life, as assessed by the Lequesne 
Algofunctional Questionnaire, increased for the CPG and 

PG compared to the PCPG at the postintervention assess-
ment (30 days). All intervention groups improved function-
ality scores at the 30-day and 90-day assessments. Only the 
PCPG did not maintain this improvement at the six-month 
assessment. The CPG presented an initial Lequesne score of 
11.18 ± 3.30. At the 30-day assessment, the score decreased 
to 5.18 ± 4.04 points (p=0.001). At the 90-day assessment, 
the score was 5.85 ± 5.10 points (p=0.0001 compared to 
the initial assessment). After six months, the score was 7.08 
± 5.97 (p=0.013 compared to the initial assessment). On 
the other hand, the PG showed an initial Lequesne score 
of 9.33 ± 2.49 points. After 30 days, the score decreased 
to 4.00 ± 3.25 (p=0.0001). The score was 4.68 ± 4.06 
points (p=0.001) at the 90-day assessment, and 5.70 ± 3.64 
(p=0.001) after six months. The PCPG had an initial score 
of 11.20 ± 3.45 points, which decreased to 7.25 ± 4.66 after 
30 days (p=0.0001), remaining at 7.73 ± 5.40 after 90 days 
(p=0.003), and 8.75 ± 6.30 six months after the intervention 
(p=0.15) (figure 5).
All intervention groups reduced the WOMAC Question-
naire scores, with no differences between them. The CPG 
had an initial score of 45.25 ± 17.88 points. The score 
decreased to 16.75 ± 15.91 (p=0.0001) at the 30-day assess-
ment, remaining at 22.35 ± 22.17 at the 90-day assessment 
(p=0.0001 compared to the preintervention assessment). 
Six months after the intervention, the score was 24.11 ± 
24.50 (p=0.0001 compared to the preintervention assess-
ment). The PCPG showed an initial score of 43.00 ± 20.21 
points, which decreased to 22.90 ± 19.99 points at the 
30-day assessment (p=0.0001), remaining at 23.60 ± 23.75 
at the 90-day assessment (p=0.0001), and 27.05 ± 24.76 at 
the follow-up assessment (p=0.019 compared to the initial 
assessment). The PG showed an initial WOMAC score of 
34.65 ± 11.93 points. At the 30-day assessment, the score 
decreased to 11.35 ± 11.45 (p=0.0001). At the 90-day 
assessment, the score was 13.35 ± 12.11 (p=0.0001). Six 
months after the intervention, the score was 12.60 ± 11.37 
(p=0.0001) (figure 6).

DISCUSSION
This study investigated the effect of using the nutraceutical 
UC-II® combined with a physiotherapy program on symp-
tomatology, joint mobility, muscle strength, and knee joint 
function in patients with knee OA. 
We verified a pain reduction both in the group that admin-
istered only UC-II and in the group that performed only 
muscle strengthening. The association of UC-II with exer-
cises did not demonstrate greater efficacy over pain than 
each of them administered in isolation. Exercise is strongly 
recommended for nonsurgical treatment of OA (16). In a 
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Table IV. Results of active and passive knee joint range of motion (ROM) in the initial study groups, 30 days, 90 days, and six 
months after UC-II administration (n=40).

Intervention Group
Variable CPG (n=20) PCPG (n=20) PG (n=20) P
Right active flexion, degrees (mean ± SD)
Initial 117.10 ± 13.71 118.80 ± 17.06 120.80 ± 13.52 0.73
30 days 126.55 ± 9.15# 125.75 ± 15.44 123.10 ± 30.84 0.86
90 days 124.85 ± 13.29 125.25 ± 13.74 129.05 ± 11.21$ 0.53
Follow-up 124.00 ± 14.13 122.00 ± 16.88 128.85 ± 10.58$ 0.29
Left active flexion, degrees (mean ± SD)
Initial 114.85 ± 14.42 120.30 ± 14.68 120.55 ± 22.15 0.51
30 days 124.20 ± 10.32# 124.80 ± 10.53 130.50 ± 13.73$ 0.18
90 days 124.65 ± 12.21# 124.95 ± 11.70 131.20 ± 14.23 0.20
Follow-up 124.42 ± 12.64# 122.50 ±14.20 130.35 ± 13.79 0.09
Right passive flexion, degrees (mean ± SD)
Initial 127.75 ± 12.38 125.60 ± 16.30 128.85 ± 19.77 0.73
30 days 133.60 ± 9.49 132.70 ± 10.78 129.55 ± 32.66 0.81
90 days 132.00 ± 8.94 133.10 ± 11.77 136.65 ± 11.78$ 0.37
Follow-up 130.79 ± 11.33 130.85 ± 15.34 135.90 ± 12.26$ 0.38
Left passive flexion, degrees (mean ± SD)
Initial 124.05 ± 13.87 125.25 ± 16.30 128.85 ± 16.66 0.65
30 days 132.30 ± 10.78 131.15 ± 11.28 137.10 ± 11.92 0.22
90 days 130.90 ± 12.37 131.75 ± 11.77 136.85 ± 12.47 0.24
Follow-up 130.53 ± 12.52 130.05 ± 13.49 136.80 ± 11.81 0.12
Right active extension, degrees (mean ± SD)
Initial - 1.60 ± 3.93 - 1.15 ± 2.64 -3.65 ± 8.83 0.35
30 days - 1.05 ± 3.24 - 0.90 ± 3.58 - 0.70 ± 3.13 0.95
90 days - 0.60 ± 2.26 - 0.10 ± 0.44 - 0.75 ± 3.35 0.66
Follow-up - 0.53 ± 2.29 - 0.90 ± 3.58 - 0.85 ± 2.85 0.91
Left active extension, degrees (mean ± SD)
Initial - 3.90 ± 6.01 - 2.95 ± 6.53 - 2.45 ± 6.24 0.76
30 days - 1.00 ± 3.08 - 1.15 ± 4.12 - 0.60 ± 2.68 0.87
90 days - 1.20 ± 3.14 - 0.15 ± 0.68 - 0.75 ± 3.35 0.39
Follow-up - 1.89 ± 4.58 - 1.05 ± 4.05 - 0.60 ± 2.68 0.38
Right passive extension, degrees ± SD)
Initial - 1.00 ± 2.61 - 0.40 ± 1.19 - 2.50 ± 5.74 0.19
30 days - 1.05 ± 3.24 0.40 ± 1.79 - 0.60 ± 2.68 0.21
90 days 0.00 ± 0.00 0.00 ± 0.00 - 0.50 ± 2.24 0.37
Follow-up - 0.53 ± 2.29 - 0.20 ± 0.89 - 0.60 ± 2.68 0.81
Left passive extension, degrees ± SD)
Initial - 1.95 ± 3.73 - 2.05 ± 5.42 - 1.65 ± 5.10 0.96
30 days - 0.90 ± 2.79 0.50 ± 2.24 - 0.60 ± 2.68 0.20
90 days - 0.40 ± 1.79 0.00 ± 0.00 - 0.50 ± 2.24 0.60
Follow-up - 1.53 ± 3.66 - 0.40 ± 1.79 - 0.60 ± 2.68 0.41

CPG = collagen + physiotherapy group; PCPG = placebo collagen + physiotherapy group; PG = physiotherapy group.
# p<0.05 compared to the initial assessment of the same group.
$ p<0.005 compared to the initial assessment of the same group. ANOVA for repeated measures.
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Figure 3. TUG in study groups.
# p <0.05 compared to the initial assessment of the same 
group. ANOVA for repeated measures.
$ p <0.005 compared to the initial assessment of the same 
group. ANOVA for repeated measures.

Figure 4. Distance in the 6MWT in study groups. One-way 
ANOVA.
$ P<0.005 compared to the initial assessment of the same group. 
# p<0.05 compared to the initial assessment of the same 
group. ANOVA for repeated measures.

Figure 5. Lequesne score in study groups. One-way ANOVA.
$ P <0.005; # p <0.05 compared to the initial assessment of 
the same group. 
& p <0.005 compared to the 30-day assessment of the same 
group. ANOVA for repeated measures.

Figure 6. Total WOMAC score in study groups.
# p <0.05 compared to the initial assessment of the same 
group. ANOVA for repeated measures.
$ p <0.001 compared to the initial assessment of the same 
group. ANOVA for repeated measures.

study of participants with OA pain exacerbations, strength-
ening and coordination exercises performed three times a 
week for 12 weeks reduced pain in 63% of sessions (17). 
Pain is the main problem in knee OA because it precedes 
other negative aspects of the subject’s life, such as physical 

inactivity, which contributes to decreased muscle strength 
and gait changes (18). Notwithstanding, it is important to 
understand that there is an inflammatory signaling pathway 
that leads to pain and loss of muscle strength. Inflammatory 
cytokines such as IL-1β and TNF-α lead to the destruction 
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of the extracellular matrix (ECM) of the cartilage locally in 
the OA joint (19). In addition, IL-1β and TNF-α contrib-
ute to NF-kB activation in synovial cells and chondrocytes, 
both commonly implicated in OA pathogenesis (19). Anoth-
er important factor that can be attributed to pain improve-
ment after exercise is the facilitation of endorphin release, 
which makes the patient more tolerant to it (20,21).
The effectiveness of therapeutic ground exercise for people 
with knee and hip OA has been investigated in terms of 
pain reduction and disability (22). Nevertheless, few studies 
have investigated the specificity of the dose, frequency, and 
intensity of these exercises for knee OA and their effects on 
pain reduction (22). This omission of essential information 
on exercise interventions for knee OA is quite problemat-
ic and may result in significant clinical uncertainty, variabili-
ty, and limited implementation, although global recommen-
dations converge to focus on exercises in the therapeutic 
approach to OA (7). There is a need to specify recommen-
dations and replicate the original studies with close atten-
tion to intervention protocols (21). Right quadriceps muscle 
strength increased by 38% in the CPG after exercise. Left 
quadriceps strength increased by 48 and 20%, respective-
ly, in the PCG and PG. A 30% increase in knee extensor 
strength is required to improve pain outcomes (16). In this 
study, both the group that administered UC-II and the group 
that performed exercises increased quadriceps strength after 
interventions. However, the group that administered the 
exercises showed a quadriceps strength significantly great-
er than the other intervention groups. Pain reduction after 
strengthening exercises can be attributed to reversal of quad-
riceps weakness, which is one of the main conditions present 
in patients with knee OA (22) Strength training can increase 
muscle strength and reduce pain at the same time (20)
Stratford, Kennedy and Woodhouse (23) found that the 
6MWT and TUG demonstrated two factors consistent with 
health concepts linked to pain and function of patients with 
knee and hip OA. Ateef, Kulandaivelan and Tahseen (24) 
approached 80 people with knee OA and observed that 
women walked 260.20 meters, while men walked 327.38 
meters. Knee pain affects the ability to walk or perform 
weight-bearing exercises, thus reducing exercise adherence, 
compromising the goal of improving body composition 
(25,26). In our study, we found an improvement in the TUG 
test in the CPG and PG groups in all evaluations, which 
demonstrates that exercises were largely responsible for the 
functional improvement of patients with knee OA. Regard-
ing 6MWT, the same groups increased the distance covered.
In the present study, there was no significant potential effect 
of UC-II when associated with muscle strengthening exer-
cise. However, the group that combined the two interven-
tions showed more robust results, especially six months 

after the intervention protocol. UC-II has been shown to be 
able to “turn off” the specifically targeted immune response 
to articular cartilage (type II) collagen, without presenting 
adverse effects (27,28). 
Osteoarthritis is histologically characterized by chang-
es in chondrocyte cell structure and loss of proteoglycans 
(29). Other histological features of OA include synovi-
al membrane hyperplasia and thickening, infiltration of 
inflammatory cells, and fibrosis (29). In advanced stages of 
the disease, the cartilage shows signs of complete rupture, 
so that hyaline cartilage is replaced by a scar-like fibrocarti-
laginous tissue with fibroblast-like cells (29). Nutraceuticals 
play an important role in the anabolic and catabolic balance 
of articular cartilage. The association of these with the ther-
apies already commonly postulated increases the therapeu-
tic options in knee OA. Few researches already carried out 
demonstrated that the treatment of patients with OA with 
UC-II increases the mobility and functionality of the joints 
and reduces pain (29). Fusini et al. conducted a compre-
hensive review to analyze the use of nutrients in the treat-
ment of tendinopathies (30). However, the authors have 
failed to establish a recommendation for the use of these 
to address tendinopathies (30). Type 1 hydrolyzed collagen 
can increase the amount of dermatansulfate and decrease 
levels of hyaluronic acid, especially at high doses (30).
This is the first study to specifically analyze the effect of 
joint administration of UC-II and muscle strengthening 
exercises. Thus, patients, physicians, and physiotherapists 
should have an objective realistic outcome, with a combina-
tion of these therapeutic options being the most preferable 
scenario, particularly considering the available evidence for 
nonpharmacological management. 

LIMITATIONS
We recognize some limitations of the study. This study did 
not have a control group for an adequate understanding of 
disease progression. All participants who entered the clini-
cal trial volunteered to participate, indicating motivation to 
participate in one of the intervention groups. Therefore, the 
results may not be generalizable to other adults with knee 
OA. A standard exercise program, specific for strengthen-
ing the quadriceps, was used. We believe that other exer-
cise techniques, in conjunction with UC-II, should be 
performed to find a better therapeutic option for patients 
with knee OA.

CONCLUSIONS
The results of this study suggest that a 30-day NMES-associ-
ated muscle strengthening program was effective in improv-
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ing pain, strength, and function in people with knee OA. 
Combining the nutraceutical UC-II with muscle strengthen-
ing exercises seems to have potentiated the effect of muscle 
strengthening, especially in the long term.
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SUMMARY
Introduction. The aim of this study will be to evaluate the effect of electrical stimulation 
currents on the pain and function in subjects with chronic non-specific low back pain.
Methods. Pubmed, ISI Web of Science, Scopus, Clinical Key, Science Direct, Medline, 
Embase, PEDro, ProQuest, the Cochrane Library, PROSPERO, and also the MOH 
Thesis, MOH Articles, Magiran, and SID as the national databases will be searched. Also, 
Google Scholar search engine will be used. All study types except Qualitative Studies, and 
Narrative Reviews, i.e. Clinical Trials, Cohort, Case-controls, Cross-sectionals, Observa-
tional Descriptive, Case Report, Case Series, Ecological Studies, Systematic Reviews, thesis 
and dissertation, in English and Persian will be retrieved. The publication date should 
not be after August 2019. To ensure all the publication has been reached, search will be 
extended to three years before the publication date of first article found for each type of 
electrical stimulation currents. The search will be limited to human studies of subjects 
between 18-65, regardless of gender and race. The search strategy will cover PICO. The 
quality of studies will be determined using Consort, STROBE, NHLBI, PEDro and CASP 
checklists in expert consensus.
Dissemination. The results of this plan will clarify which electrical stimulation current will 
improve pain and function in chronic non-specific low back pain. This is valuable in clini-
cal practice to optimize therapeutic planning.
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cal therapy.
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INTRODUCTION
Low Back Pain (LBP) is a common health issue all over the 
world which directly shakes the quality of life, daily activi-
ties and social roles (1-3). 
Considering the long term systemic complications of medi-
cations esp. for some high risk populations such as elderlies 
and adolescents, nowadays people prefer non-medical strat-
egies (4). Consequently, physical therapy is the non-invasive 

approach of choice in the treatment of CLBP (5). Electrical 
Stimulation (ES) currents may be administered as a part of 
physical therapy to eliminate pain (6).
ES currents in the CLBP has been studied widely in clinical 
trials (7-12). The results are controversial due to variations 
in stimulation parameters, demographic and anthropomet-
ric characteristics of the participants, design of the study, the 
outcome measure, and intervention duration and planning. 
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It seems that the impact of various types of ES currents on 
non-specific CLBP has not been reviewed yet. The ques-
tion is which type of the therapeutic ES currents may help 
improving pain and function in subjects with chronic 
non-specific LBP? Present work is the protocol of a system-
atic review to determine the effect of different ES currents 
on pain and function in people suffering from chronic 
non-specific LBP. 

OBJECTIVES
To determine the effect of various ES currents on the pain and 
function of people with non-specific chronic low back pain. 

MATERIALS AND METHODS

Trial eligibility criteria
The inclusion/exclusion criteria have been defined to prop-
erly cover search strategies and PICOs. The detail of the 
criteria is summarized below.

Study types 
All study types i.e. Clinical Trials, Cohort, Case-controls, 
Cross-sectionals, Observational Descriptive, Case Report, 
Case Series, Ecological Studies, Systematic Reviews and 
thesis and dissertation will be included. Qualitative Studies 
and Narrative Reviews will not take into quality assessment. 

Participants
People with non-specific CLBP between 18-65 who were 
treated using ES currents regardless of gender and ethnic-
ity. The study will be entered the review if the participants 
suffered from back pain for at least three months without 
known pathology. Studies on nonhuman samples, professional 
athletes, subjects with acute LBP, or the studies that included 
LBP cases with less than three months duration of symptoms 
will be excluded. LBPs of specified origin such as inflam-
matory diseases, spondylo-arthropathies, disk hernia, spinal 
canal/foraminal stenosis, visceral pains, fractures and trauma 
will not be eligible. If the participants complained from refer-
ral or radicular symptoms, the study will also be excluded. 
Pregnant women, children (under 18 years) and elderly (over 
65 years) will not be of interest in present protocol.

Interventions
The intervention group shall receive ES currents includ-
ing: Transcutaneous Electrical Nerve Stimulation (TENS), 

Interferential (IF), Diadynamic, High-voltage, Russian 
currents, Faradic. 

Comparators
Studies will be approved to be included only if there was 
a control group (without treatment), sham group (placebo 
treatment), healthy group (of matched healthy subjects) or 
if two or more ES currents were compared.

Outcome measures
Pain and function will be the main outcome measures in this 
systematic review; pain will be assessed by the Numerical 
Rating Scale (NRS), Visual Analogue Scale (VAS), Pressure 
Pain Threshold (PPT), MCGill Pain Questionnaire. Func-
tion will be measured by Roland-Morris Disability Ques-
tionnaire, Oswestry Disability Index, or clinical/functional 
tests. Other tools may be also considered according to the 
included studies. 
Studies will be included the experimental (case) group and 
the control group were established and the related moni-
toring data were  introduced. Two classification variables, 
continuous variables and variance test should be adminis-
tered. Within-(pre-post) and between-group measures will 
be analyzed for clinical trials. For cohorts and case-controls 
odds ratio will be of interest. Effect size and confidence 
intervals will be of value in all types included studies. 
Additional outcome measures will be considered upon 
progression of the study. Some of anticipated secondary 
outcome measures are: anthropometric data (weight, height, 
BMI), psycho-social and cultural data (literacy level, mari-
tal status, economical class), comorbidities (diabetes, cardi-
ac or pulmonary disorders, smoking, alcohol consumption).

Search methods to identify studies
Pubmed, ISI Web of Science, Scopus, Clinical Key, Science 
Direct, Medline, Embase, PEDro, ProQuest, the Cochrane 
Library, PROSPERO, and also MOH Thesis, MOH Arti-
cles, Magiran and SID as the national databases will be 
searched. Also Google Scholar search engine will be used.
The review studies will not be included in the final analysis. 
However, their references will be checked through Cross 
Reference. The main key words will be electrical stimulation 
current, pain, function, nonspecific chronic low back pain. 
The key terms will be updated during the search process. 
The search strategy will cover the following search query 
and also PICO.
Nonspecific AND chronic AND (“low back pain” OR (low 
AND back AND pain) OR “back ache”) AND (“electric 
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stimulation*” OR (electric AND stimulation) OR “electrical 
stimulation*”) AND (TENS OR “Transcutaneous Electri-
cal Nerve Stimulation” OR Interferential OR Diadynamic 
OR High Voltage OR Russian OR Faradic) AND (“control 
group*” OR ((placebo or unrealistic) AND (treatment 
OR therapy*)) AND Function*) in TITLE/SUMMARY/
KEY WORDS.
P: nonspecific AND chronic AND “low back pain” OR 
(low AND back AND pain) OR “back ache”).
I: (“electric stimulation*” OR (electric AND stimulation) 
OR “electrical stimulation*”) AND (TENS OR “Transcuta-
neous Electrical Nerve Stimulation” OR Interferential OR 
Diadynamic OR High Voltage OR Russian OR Faradic).
C: “control group*” OR ((placebo or unrealistic) AND 
(treatment OR therapy)). O: function*.
The search procedure will be repeated every few weeks by 
two researchers (SIL and TSM) who are blind to other ones’ 
findings. The researchers will also review and retrieve the 

reference list of all included articles (Hand Search). In the 
case of no access to the paper-based or electronic full text 
of an article, the authors (corresponding or first author) or 
editor of the publishing journal will be contacted thrice. In 
the case of unsuccessful tries, the article will be withdrawn 
from study. The Gray Literature will be search through their 
specified databases including “http://www.gateway.com/
worldwide/, “http://www.proquest.com/”, “http://www.
irct.ir/”, “http://www.trialscentral.com/”. 

Study selection
The articles that were published until the end of August 
2019 (Shahrivar 9th, 1398 Persian Calendar) will be accept-
able. To ensure accuracy of the search results, the search 
will be extended three years before the publication date 
of the first article found for each type of ES currents. 
Search results and Reference lists will be imported to the 

Figure 1. PRISMA 2009 Flow diagram of the articles selection process (14).
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citation manager software. Duplicates and unrelated arti-
cles will be removed through screening titles and summa-
ries. Then, the full text of the remaining articles will be 
reviewed in detail. After excluding irrelevant articles, and 
those that fail according to inclusion criteria, the quality 
of the remaining articles will be criticized and evaluated. 
All stages will be performed by two independent research-
ers (SIL and TSM) under the supervision of ZSR, FB and 
AR. The principal investigator will supervise the proce-
dure. Any disagreement will be resolved through consen-
sus. The entire process of study selection is summarized in 
the PRISMA flow diagram

Data extraction
The Search will be done on aforementioned databases. 
Screening of PubMed title/abstract will be done by two 
researchers (SIL and TSM) to calculate inter-rater agree-
ment under the supervision of ZSR, AR and FB. The qual-
itative studies and narrative reviews will not be included 
in the final analysis while their references will be checked 
through Cross Referencing. Key terms will be updated 
along study progression. The references of included arti-
cles will be checked manually (Hand Search). If the full 
text of any article was not found, the corresponding/
first author or the editor of the publishing journal will 
be contacted thrice. If not successful, the article will be 
withdrawn.
The screening of the title/summaries will be carried out 
independently by SIL and TSM. The total number of the 
extracted articles from each database will be reported in a 
flowchart. Unrelated and duplicate articles will be exclud-
ed. All the search results will be saved in a citation manag-
er. This screening process will be repeated again from 
the beginning every three months to justify fast exclu-
sion phase.
Remaining articles will be criticized through review of full-
text article by SIL, ZSR, FB, AR and TSM independent-
ly. Decisions will be made regarding inclusion/exclusion 
criteria. Reasons for the exclusion will be reported.
Data from the approved full texts will be entered into Excel 
sheet (data extraction) that covers publication details (the 
author(s), title, publication year, journal, country), partici-
pants, study design, sample size, randomization, allocation 
concealment, blinding, intervention, control intervention, 
main outcomes, adverse effects, follow-up, withdraw-
als and results. Necessary information will be obtained 
through correspondence with the original authors in case. 
PI (ZSR) supervises the procedure. Disagreements in every 
step will be clarified through consensus.

Quality assessment
Considering study design, included articles will be quali-
fied in expert consensus using Consort, STROBE, PEDro, 
CASP and NHLBI checklists. The score for each checklist 
will be recorded. Articles that gain 50% of total score of one 
of the checklists will be considered for quantitative analysis. 
The articles’ quality will be ranked as high (75%), medium 
(50-75%), low (25-50%), poor (< 25%) according to the 
scores they receive using each single checklist. 
PEDro scale will be used to assess the validity of select-
ed studies. The checklist consists of 11 items that may 
be marked as a “plus” (when the item has been properly 
addressed in the article text) or “minus” (if the item cannot 
be localized throughout the text) (14). 
The standard STROBE checklist, which has 22 items, eval-
uates the quality of case-control studies and cohort in two 
independent scales (15,16). However, some researchers 
recommend Study Quality Assessment Tools proposed by 
National Heart, Lung and Blood Institute (NHLBI) as more 
precise qualification instrument for observational studies 
(17). Therefore, these articles will also be evaluated using 
NHLBI recommended checklists. 
The CONSORT checklist has been introduced as an inter-
national standard and a standardized approach to clinical 
practice report (18). Studies that earn a score of 50% or 
more will be included in the study. For precise assessment 
of the articles, appropriate CONSORT extension may be 
administered (19). 
CASP checklist has been specifically adapted for various 
study designs including case-control studies, cohort and 
clinical trials (20). Articles that earn a score of 50% or more 
will be included in the study. 
For comprehensive qualification of all article types that will 
meet the inclusion criteria of the study, TIDieR checklist 
will be administered beside the main checklist. 

Measure of Treatment Effects
In the case of measuring continuous outcomes i.e. pain 
scales, the mean difference (MD) with a 95% CI will be 
analyzed, and other form of reports will be covert into MD. 
For dichotomous data (eg, adverse events), a risk ratio (RR) 
with a 95% CI and for other binary data an RR value will 
be calculated.

Missing data
Missing data will be collected through contacting the 
research team. In case of no adequate reply the available 
data will be analyzed solely. 
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Statistical Methods

Data synthesis
If possible, the random-effects or fixed-effects model will 
be developed for the meta-analysis Using RevMan (Review 
Manager Software, Version 5.3; Copenhagen: The Nordic 
Cochrane Centre, The Cochrane Collaboration, 2014, The 
Cochrane Collaboration, Oxford, England). The RR with 
the 95% CI for dichotomous data and the MD with the 
95% CI for continuous data will be calculated if possible. In 
the case of acceptable heterogeneity (I² ≤ 50%), the RR and 
MD will be calculated in the fixed-effects model; otherwise, 
the random-effects model will be administered. If quantita-
tive synthesis is not achievable, the results will be reported 
in the narrative description

Assessment of heterogeneity
Heterogeneity will be determined by the I2 and χ2 tests. 
Considering 50% as the cut-off for statistical analysis of 
I2, the meta-analysis will be indicated in the case of signifi-
cant heterogeneity of I2 > 50%, and a subgroup analysis to 
explore the possible causes will be of value.

Subgroup analysis
Subgroup analysis including the analysis of electrical param-
eters of each current type, type of control, countries and 
different outcomes will be performed to assess the hetero-
geneity between the studies.

Sensitivity analysis 
If the heterogeneity persists following subgroup analysis 
or if there were studies with imperfect results, the sensitiv-
ity analysis will be developed by removing the lower qual-
ity studies. Then, the meta-analysis will be run again and 
the results of the two meta-analyses will be compared and 
discussed according to the sample size, strength of evidence 
and influence on the pooled effect size.

Assessment of reporting biases
If enough studies were included for qualitative analysis (at 
least 10 trials for each current), the publication bias will be 
assessed by funnel plots. In addition, the impacts of possible 
selective reporting, reporting deviations from the original 
protocols, effect of protocol compliance and adherence will 
be discussed.

DISCUSSION
The study included all existing articles of any type published 
any time concerning the application of ES currents in 

non-specific LBP. Therefore, based on the results of this 
study, it can be specified how various types of ES currents 
may improve pain and function in people suffering non-spe-
cific CLBP. The results of this study may be cited in the setting 
of clinical guidelines, legal tariffs for treatment and standard 
planning of physical therapy sessions. The results will also 
help physical therapists to decide about low risk and low 
cost electric stimulus currents with the optimal therapeutic 
outcome when managing of non-specific CLBP. In the case 
of reaching enough studies through which various currents 
were compared, the most effective current for CLBP clients 
will be identifiable. With regard to the strict but compre-
hensive selection criteria, the included studies may provide 
detailed information about parameters and durability of the 
best-practice ES currents. The studies will be categorized 
and apprised using various checklist in a peers’ consensus 
to assure high internal validity of article scoring phase. If 
enough cost-effectiveness study retrieved, the results will 
also provide field applicable basis for financial preference of 
selecting electrical stimulus currents in non-specific CLBP. 
The search has been already started and the preliminary data 
shows that in spite of clinical use of some ES currents, they 
have no scientific research background concerning practi-
cal parameter setting, clinical efficacy or durability of the 
sedative or functional effects; that means that the results will 
highlight existing research and clinical gaps to design further 
studies. Development of a meta-analysis will be possible in 
case of enough homogeneous articles in each field. 
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SUMMARY
Background. The retinacula are important dynamic stabilizers around the ankle joint 
and are susceptible to potential injury in high-level footballers.
Aim. The purpose of this study was to evaluate the prevalence of retinacula injury in 
asymptomatic professional football players and for the presence of associated ankle 
tendon or ligament abnormalities. 
Methods. Seventeen professional football players from one English premier league 
club underwent ultrasound examination of both ankles. The retinacula around the 
ankle were measured for thickness and compared with normal values. Ankle tendons 
were evaluated for the presence of abnormal vascularity or tendinopathy, tendon 
sheath effusions, and for peroneal tendon subluxation. Lateral ankle ligaments were 
also examined.
Results. The results indicated increased thickness of the retinacula at the following 
sites: superior extensor retinaculum on the medial side(1.5 mm, normal 0.9 mm) ; 
superior peroneal retinaculum at the anterior insertion (2.16 mm, normal 1 mm); and 
flexor retinaculum at the anterior insertion into the tibia (1.78 mm, normal.0.9 mm). 
Fluid around the tibialis posterior tendon was a frequent finding representing 74%, 
whilst over 25% revealed fluid within the peroneal tendon sheaths. Over 50% of the 
scans revealed thickened and abnormal lateral ligament complexes. 
Conclusions. The thickening of the retinacula may indicate scarring from previous 
injury or repetitive micro-trauma, attributable to the ball kicking biomechanics, kine-
matics and contact injuries during tackles. Furthermore tendon sheath fluid was 
commonly seen on both the medial and lateral side of the ankle. We conclude that 
chronic scarring and thickening of these structures should be recognized as a common 
and often incidental finding and the significance in asymptomatic professional footbal-
lers is minimal. 
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Ankle; football; retinaculum; tendon; ligament.
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BACKGROUND
Soccer (football) is the world’s most popular sport, with an 
estimated 270 million people (roughly 4% of world’s popu-
lation) actively playing or officiating in the game (1). 
At a professional level, high intensity bursts of activity on top 
of 90 minutes of lower intensity aerobic effort are required 
with players covering an average distance of 10 km during a 
90 min match (2). Union of European Football Associations 
(UEFA) data indicates that ankle injuries account for 10 to 
18% of all injuries in high-level soccer (2) with an incidence 
of 0.7/ 1000 hour of exposure (3). A professional squad of 
25 players is predicted to see an average of 4–5 ankle sprains 
during a season (3). The most commonly reported mech-
anism of injury is a tackle on the medial or lateral side of 
the weight bearing limb (4) with foul play involved in 40% 
of match-related ankle sprains (3). Despite an anticipated 
quick return to sport after ankle sprains (mean lay-off 15 
days) (3), previous authors have shown that up to 80% of 
athletes still present with persistent symptoms at 1.5 to 4 
year follow up (5-9).
The foot and ankle are a complex anatomical area. Move-
ment in the sagittal plane occurs at the talo-crural joint 
with dorsi-flexion and plantar-flexion, whilst movement in 
the coronal plane occurs at the sub-talar joint with inver-
sion and eversion. (10) Active movement is dependent on 
contraction of the long flexor and extensor muscles of the 
lower leg, with their tendons undergoing significant angula-
tion and directional changes whilst traversing the ankle joint 
to insert into the tarsal and meta-tarsal bones. They are held 
in place by the retinacula of the ankle, which prevent them 
from a form of subluxation referred to as bowstringing. The 
retinacula are localized thickenings of the crural fascia and 
typically heal with fibrosis and scarring after injury. When 
the muscles contract, the retinacula permit the tendons 
to glide longitudinally whilst maintaining approximation 
to the underlying bones, thus augmenting the mechanical 
strength and stability of the tendon complexes.
Given that ankle ligament injuries are common in profes-
sional soccer, accounting for 51 – 81% of all football relat-
ed ankle injuries (3), our hypothesis was that evidence of a 
previous retinacula injury should be frequently identified. 
The aim of this study was to identify the prevalence of abnor-
mal thickening of the retinacula structures of the ankle in 
asymptomatic professional soccer players during a screen-
ing ultrasound examination. The lateral ligament complex 
as well as the anterior, medial and peroneal tendons was 
also examined to assess for the prevalence of associated soft 
tissue abnormalities.
The extensor retinacula is derived from the superficial 
crural aponeurosis of the leg and serves as a restraint to the 
extensor tendons at the front of the ankle joint and dorsum 

of the foot. It can be divided into the superior extensor and 
inferior extensor retinacula. 
The superior extensor retinaculum is a transverse rectan-
gular aponeurotic band that originates from the anterior 
border of the fibula and lateral malleolus, crossing over the 
anterior aspect of the ankle just above the tibio-talar joint 
to insert into the anterior tibial crest and medial malleolus 
(11). Deep to it are the extensor tendons (medial to later-
al) tibialis anterior, extensor hallucis longus, extensor digi-
torum longus and peroneus tertius, the dorsalis pedis vessels 
and the deep peroneal nerve. It is reported that in 25% of 
cases, the superficial and deep layer fibers form a separate 
tunnel for the tibialis anterior tendon (12).
The inferior extensor retinaculum is a complex X or Y 
shaped structure situated at the anterior aspect of ankle and 
the dorsum of the foot. Previous studies have reported that 
this structure is difficult to visualize completely on MRI and 
ultrasound (11), hence it was not included in the ultrasound 
protocol used in this study.

The peroneal retinacula include the superior and 
inferior peroneal retinaculum
The superior peroneal retinaculum is a transverse rectangu-
lar fibrous band located at the lateral aspect of the ankle. It 
attaches to the lateral border of the retro-malleolar groove 
proximally and the lateral wall of the calcaneus distally. It 
covers the peroneus brevis and peroneus longus tendons 
when they pass through the retro-malleolar groove to enable 
functional gliding movements within the groove. It is well 
documented as a primary restraint for peroneal tendon 
subluxation and also serves as a secondary restraint to ankle 
inversion and lateral ankle instability (12). A fibrous trian-
gular cartilage is commonly seen at its distal attachment on 
the peroneal periosteum.
The inferior peroneal retinaculum is an oblique band, 
connecting the lateral rim of the sinus tarsi to the later-
al calcaneus below the trochlear process. The flexor reti-
naculum is a triangularly shaped fibrous aponeurosis that 
extends from the tip of the medial malleolus to the medial 
calcaneal process. It restrains the flexor tendons (anterior 
to posterior) tibialis posterior, flexor digitorum longus and 
flexor hallucis longus.

METHODS
Local ethical committee approval as well approval from 
Director of performance of the club was obtained for the 
study (13). The sample comprised of the first team profes-
sional players at a single Premier League soccer club. Play-
ers were only included in the study if both their ankles were 
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asymptomatic at the time of examination and they were 
participating in full unrestricted training. Additionally, if 
players had undergone previous foot or ankle surgery then 
they were excluded from the study in order to avoid bias of 
the retinacula measurements undertaken.
The study consisted of 17 male professional soccer players. 
The average age was 28 years (range 20-34 years), 11 were 
right foot and 6 left foot dominant.
Screening medical examinations are common in profession-
al sport and the ultrasounds undertaken for the purposes 
of this study formed part of an existing and ongoing play-
er screening program which encompasses both clinical and 
imaging assessment. The ultrasound screening program 
is approved by the club’s governance committee to allow 
prospective data collection in asymptomatic players.
Ultrasound scanning of both ankles (total 34 scans) was 
carried out by a fellowship trained specialist musculo-
skeletal radiologist. The scans were performed with a 
Siemens Acuson P300 ultrasound system and a linear high 
frequency probe. 
In addition to the retinacula measurements, the ultrasound 
screening protocol also included examination of the pero-
neal, flexor and extensor tendons, together with evaluation 
of the lateral ligament structures reliably visualised with 
ultrasound namely the anterior inferior tibio-fibular, anteri-
or talo-fibular and calcaneo-fibular ligaments.  The tendons 
were evaluated for the presence of abnormal vascularity/
tendinopathy, tendon sheath effusions/tenosynovitis and 
peroneal tendon subluxation. The lateral ligaments were 
examined for their integrity and any abnormal thickening 
indicative of prior injury.
Normal reference values for retinacula structures were 
compared to the players’ measurements. (14) Reference values 

were obtained for eight retinacula structures as follows. 
The mean thickness of the superior extensor retinaculum 
was 0.9 mm and the range 0.7 -1.3 mm (14) (figures 1,2). 
Measurements for thickness were taken at both the anteri-
or and posterior aspects of the superior peroneal retinacu-
lum, and the mean thickness was 1.0mm and the range 0.7- 
2.6 mm (14). The mean thickness of the inferior peroneal 
retinaculum was 0.8mm and the range 0.7-1.0 mm (14). An 
anterior and posterior measurement of flexor retinaculum 
thickness was made, and the mean thickness was 0.9mm and 
the range 0.7-1.0 mm (14) (figures 2,3,4).
The mean and range of the thickness of the retinacu-
la were calculated for each of the chosen eight structures. 
The sample mean and the reference value were compared 
separately for the dominant and non-dominant foot using 
the one sample t-test.  Shapiro-Wilks tests indicated that 
the data were not normally distributed, but the one sample 
t-test was used, as it is fairly robust to departures of normal-
ity. P-values < 0.05 were reported as significant.  Measure-
ments from each site were plotted and presented with refer-
ence values (mean and range) to show the distribution of 
values. Statistical analysis was carried out using SPSS 22 
(IBM Corporation, NY, USA).

RESULTS
The superior extensor retinaculum demonstrated a mean 
thickness of 1.57mm (range 0.9-2.5 mm) medially and 
0.89mm (range 0.5-1.9 mm) laterally. Compared to the 
reference value, the mean thickness of the medial aspect of 
the retinaculum was statistically significantly larger for both 
dominant and non-dominant foot (table I). The difference 
was not statistically significant on the lateral side (figures 5,6) 

Figure 1. Animations of axial section of 15 mm proximal to 
ankle joint (a) showing attachment of superior extensor reti-
naculum (arrow), (b) showing the superior peroneal retinacu-
lum (arrow) continuous with superficial (S) and deep aponeu-
rosis (D) of the posterior ankle and continuous with superior 
part of the flexor retinaculum. TA (tibialis anterior), EHL (exten-
sor hallucis longus), EDL (extensor digitorum longus), P (pero-
neus brevis, Pl (peroneus longus), TAc (tendoachilles), TP (tibi-
alis posterior), F (flexor digitorum longus).

Figure 2. Transverse image demonstrating a separate tibi-
alis anterior (TA) tunnel. The medial aspect of the superior 
extensor retinaculum is identified curving around the medial 
border of the TA tendon (white arrow) and passing deep to 
the tendon. The retinaculum is seen coursing over the super-
ficial aspect of TA.
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Figure 4. Transverse image demonstrating a thickened flexor 
retinaculum arising from the tibia (white arrow). There is also 
an area of bony irregularity associated with the tibial cortex. 
The tibialis posterior tendon is again illustrated (TP).

Figure 3. Transverse image illustrating a normal flexor reti-
naculum arising from the tibia medially (white arrow). The site 
of medial measurement is shown with the tibialis posterior 
tendon (TP) being identified deep to the retinaculum.

Figure 6. Lateral measurement of the superior extensor 
retinaculum (n = 34 scans). The shaded area represents the 
normal reference values (mean 0.9mm; range 0.7 – 1.3 mm).

Figure 5. Medial measurement of the superior extensor 
retinaculum (n = 34 scans). The shaded area represents the 
normal reference values (mean 0.9mm; range 0.7 – 1.3 mm).

Table I.  One sample t-test comparing the sample mean with the reference value for each retinacula structure by dominant 
vs. non-dominant foot.

Dominant foot Non-dominant foot
Superior extensor retinaculum: medial t = 6.189, p < 0.001* t = 7.181, p < 0.001*

Superior extensor retinaculum: lateral t = -0.143, p = 0.888 t = 0.036, p = 0.972

Superior peroneal retinaculum: anterior t = 5.227, p < 0.001* t = 6.403, p < 0.001*

Superior peroneal retinaculum: posterior t = 1.450, p = 0.167 t  = 0.975, p = 0.344

Inferior peroneal retinaculum: anterior t = -1.628, p = 0.123 t = -1.369, p = 0.190

Inferior peroneal retinaculum: posterior t = -1.186, p = 0.253 t = -0.466, p = 0.647

Flexor retinaculum: anterior t = 5.762, p < 0.001* t = 5.851, p < 0.001*

Flexor retinaculum: posterior t = 1.255, p = 0.227 t = 2.223, p = 0.041**
* p-values < 0.05 indicate statistically significant difference
** Significant association was caused by an outlier.
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11 out of 34 ankles (29%) had a separate tunnel for the tibi-
alis anterior tendon. There was one player, who had a sepa-
rate tendon tunnel in his dominant leg and 5 players with 
bilateral separate tibialis anterior tunnels.  
The superior peroneal retinaculum demonstrated a mean 
thickness of 2.16 mm (range 0.7-4.4 mm) anteriorly and 
1.18mm (range 0.6-3.6 mm) posteriorly.  Compared to the 
reference value, the mean thickness of the anterior side of 
the retinaculum was statistically significantly larger for both 
dominant and non-dominant foot (table I). The differ-
ence was not statistically significant on the posterior side. 
(figures 7,8) Two ankles, which were completely asymptom-
atic, demonstrated peroneal tendon dislocation on dynamic 
ultrasound examination with the foot dorsiflexed and evert-
ed implying disruption of the superior peroneal retinaculum. 

The inferior peroneal retinaculum demonstrated a mean 
thickness of 0.71 mm (range 0.5 – 1.3 mm) anteriorly and 
0.74mm (Range 0.4 - 1.4 mm) posteriorly. The mean thick-
ness was not statistically significantly different from the 
reference value for any of the retinacular structures (table 
I) (figures 9,10).
The flexor retinaculum demonstrated a mean thickness of 
1.78 mm (range 0.8-3.6 mm) anteriorly and 1.06mm (range 
0.6-2.5 mm) posteriorly.  Compared to the reference value, 
the mean thickness of the anterior side of the retinaculum 
was statistically significantly larger for both dominant and 
non-dominant foot (table I). On the posterior side, the 
difference was only statistically significant for the non-dom-
inant foot. However, this significant result was created by an 
outlier (2.5 mm) (figures 11,12).

Figure 7. Anterior measurement of the superior peroneal 
retinaculum (n = 34 scans). The shaded area represents the 
normal reference values (mean 1.0mm; range 0.7 – 2.6 mm).

Figure 8. Posterior measurement of the superior peroneal 
retinaculum (n = 34 scans). The shaded area represents the 
normal reference values (mean 1.0mm; range 0.7 – 2.6 mm).

Figure 9. Anterior measurement of the inferior peroneal reti-
naculum (n = 34 scans). The shaded area represents normal 
reference values (mean 0.8; range 0.7 – 1.0 mm).

Figure 10. Posterior measurement of the inferior perone-
al retinaculum (n = 34 scans). The shaded area represents 
normal reference values (mean 0.8mm; range 0.7 – 1.0 mm).



504 Muscles, Ligaments and Tendons Journal 2020;10 (3)

Ankle Retinacula Injury

25 out of 34 ankles (74%) elicited fluid within the tibialis 
posterior tendon sheath. Only one out of these 25 ankles 
demonstrated increased vascularity around an area of thick-
ened synovium. One player was found to have a low-grade 
partial tear of the tibialis posterior tendon with mixed intra-
substance change indicating associated tendinopathy at the 
level of the medial malleolus in his dominant foot.
The ultrasound appearance of the tendons of flexor hallu-
cis longus and flexor digitorum longus was normal in most 
players. Only 3 out of 34 ultrasounds showed fluid around 
the flexor hallucis longus tendon, whilst a completely differ-
ent set of 3 players had a tendon sheath effusion in flexor 
digitorum longus.
4 out of 34 (12%) demonstrated tendon sheath effusions 
around the tibialis anterior tendons, of which, 2 were asso-
ciated with separate tibialis anterior tunnels. No significant 
tendon sheath effusion or tendinopathy was identified in 
extensor hallucis longus and extensor digitorum longus.
Scanning of the peroneal longus tendon revealed a tendon 
sheath effusion in 9 out of 34 ankles (26%). This finding was 
not associated with neovascularisation.  A similar result was 
found in the peroneal brevis tendon, with 10 scans (29%) 
demonstrating fluid in the tendon sheath.
In this study population, thickening of the lateral ligaments 
was a common finding. 76% (26/34) revealed a thickened 
AITFL. However only 2 out of these 26 were associated 
with neovascularization.  71% (24/34) of scans elicited an 
abnormal ATFL, with 16 demonstrating a thickened scarred 
ligament and 8 showing a deficient and attenuated ATFL.
A thickened CFL was seen in 56% of ankle scans (19/34), 
with one third of players (6/17) demonstrating bilateral 
ankle involvement.

DISCUSSION 
This is the first study to examine the ultrasound appear-
ances of the ankle retinacula in asymptomatic professional 
soccer players. Our principle findings suggesting increased 
thickness of the retinacula on the following sites: superior 
extensor retinaculum on the medial side, superior peroneal 
retinaculum on the anterior side and flexor retinaculum on 
the anterior side of the ankle.
Asymptomatic tendon sheath effusions are most commonly 
identified within the tibialis posterior (74%) and to a less-
er extent in the peroneus longus (26%) and brevis tendon 
(29%) sheaths. Lateral ligament complex injuries are also 
a common associated finding with the majority of players 
showing ultrasound evidence of prior injury to the AITFL, 
ATFL and CFL.
We propose the following two mechanisms as contributing 
factors to explain the radiological appearances observed in 
this study:
direct compression of the retinacula can occur during a 
ball control and kicking manoeuvre, or from contact with 
another player;
in soccer, significant force is applied through the foot and 
ankle whilst controlling, passing or blocking the ball using 
the medial or lateral side of the foot and ankle (15). The 
repeated sub-maximal stress on normal tissue could induce 
local tissue inflammation and scar tissue formation in the 
long-term and may explain the pattern of chronic retinacula 
scarring observed in this study.
Among different types of ball kicks, the instep kick is 
normally used for the generation of fast ball speed (16). 
During ball strike, professional players keep the ankle 
locked in plantar flexion in order to maximize the force 

Figure 11. Anterior measurement of the flexor retinaculum (n 
= 34 scans). The shaded area represents the normal reference 
values (mean 0.9 mm; range 0.7 – 1 mm).

Figure 12. Posterior measurement of the flexor retinaculum 
(n = 34 scans). The shaded area represents the normal refer-
ence values (mean 0.9mm; range 0.7 – 1 mm).
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generated to propel the ball (17). A study conducted by 
Tol et al. (18) that evaluated the relationship of the kicking 
action in soccer to ankle impingement is highly pertinent to 
this study.  In 39% of kicking actions, the dynamic plantar 
flexion angle recorded on impact exceeded the maximum 
static angle. This study also concluded that over 75% of ball 
strikes involved ball contact with the medial malleolus and 
the base of the 1st metatarsal. This area is in close anatomical 
proximity to the medial attachments of the superior exten-
sor retinaculum and the flexor retinaculum, which were 
found to be significantly thickened in this study. Hence an 
ankle at the extreme range of plantar flexion contacts the 
ball at speed on the medial aspect of the foot and ankle, 
creating an impact force in the region of 1025 Newtons (18). 
Given the repeated execution of this skill by a professional 
footballer in both training and matches, the repetitive strain 
on the antero-medial ankle structures is likely to be signifi-
cant and a potential cause of retinacula thickening.
Player to player contacts during tackles can result in signif-
icant force transmission through the foot and ankle region, 
which may traumatize both the antero-lateral and medi-
al aspects of the ankle joint (4,19). However, traumatic 
contacts in professional soccer do not occur with the same 
frequency as repetitive kicking activity, and it is the authors’ 
hypothesis that this mechanism is likely to be less significant 
to our findings than repetitive kicking.
High-level soccer places extreme musculo-skeletal demands 
on the body, especially in the lower limbs. Multidirection-
al movement patterns including jumping, landing, twist-
ing, turning and cutting are common and induce high forc-
es around the ankle joint(20). The repetitive loading of the 
foot and ankle during the functional movements of soccer 
may contribute to the chronic scarring of the retinacula 
observed around the ankle. 
We hypothesized that retinacula injuries may be associated 
with injuries to the lateral ligament complex. 
The most common mechanism of ankle injury in soccer is 
excessive inversion with plantar flexion, which often leads to 
lateral ligament complex injuries (20). The lateral ligament 
injuries are often depicted as isolated injuries to the anteri-
or talofibular ligament (ATFL) and calcaneofibular ligament 
(CFL). Despite early return to sport, the rate of re-injury and 
chronic instability are as high as 80% in athletes (5-9,21). 
Previous literature infers that symptoms such as pain, giving 
way and reduced ankle range of motion can often persist 
following acute ankle ligamentous injury(5-9,22-24). In one 
study (8)  32% of 648 patients attending hospital with an 
ankle inversion injury reported chronic pain, swelling or 
recurrent injury 7 years after their initial presentation (5). 
In this ultrasound-based study, we have collected evidence 
that injury of the lateral ligament is a common finding in 

soccer players who are clinically asymptomatic. These 
athletes are still able to function at a high athletic level and 
hence the significance of this finding in isolation is debatable.
A variety of biomechanical changes to the sub-talar and infe-
rior tibio-fibular joints have been shown to follow lateral 
ligament injury including increased anterior translation and 
internal rotation of the talus (25,26), excessive pronation and 
sub-talar laxity (25). Given the extent, variety and frequency 
of these findings, it is entirely possible that other ankle stabi-
lizing structures are injured at the same time as the lateral 
ligament and this list may include the ankle retinacula. 
At the present time there is inadequate evidence in the 
medical literature to definitively associate lateral ligament 
complex injury with retinacula injury. However, in the 
authors’ experience, when ligamentous injuries are imaged 
in the acute phase oedema is frequently visualized around 
the retinacula located adjacent to the injured ligaments. It 
is possible that the thickening of the anterior side of the 
superior peroneal retinaculum observed in this study is 
commonly associated with lateral ligament injury and it 
would be helpful to evaluate this possibility with acute inju-
ries in the future.
The common mechanisms of acute traumatic retinacula 
injury have been reported in previous studies (11-14,27). An 
acute injury of the extensor retinaculum is observed with 
traumatic, forceful dorsiflexion of the foot. Sudden forceful 
plantar flexion and eversion can cause tearing of the flexor 
retinaculum, which may be associated with tibialis posteri-
or tendon dislocation (28). Acute traumatic injuries of the 
extensor and flexor retinacula are infrequent (11) and  it is 
considered unlikely that any of the subjects included in this 
study sustained a significant acute injury of either of these 
structures previously.
The peroneal retinaculum serves as a secondary restraint of 
ankle inversion movement (12,29). An injury of the supe-
rior peroneal retinaculum can occur when dorsiflexion of 
the ankle is coupled with forceful eversion from peroneal 
muscle contraction (11,12,29). Both peroneal retinaculum 
injuries and peroneal tendon subluxation are commonly 
linked to chronic lateral ankle instability (12,12,29). Previ-
ous literature suggests that non-operative management of 
peroneal tendon dislocation can lead to recurrent sublux-
ation of the peroneal tendons, with primary surgical repair 
recommended for individuals with high athletic demands 
(29). In our study, 2 players were found to have peroneal 
retinaculum injuries associated with peroneal tendon dislo-
cations. Interestingly both players were asymptomatic and 
remained fully functional in professional soccer, challenging 
the necessity for immediate repair in this patient group. 
Tendon sheath effusions were found in 74% of tibialis 
posterior tendons, 12% of tibialis anterior tendons, 26% 
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of peroneus longus tendons and 29% of peroneus brevis 
tendons. Only one of these tendons, a tibialis posterior 
tendon with a partial tear and intrasubstance change sugges-
tive of tendinopathy, demonstrated imaging evidence of 
further pathology.
Hence on the basis of this study, tendon sheath effusions 
can be considered a normal finding in professional footbal-
lers and are likely to be reactive and potentially a further 
consequence of the repeated kicking nature of the sport.
Bianchi and colleagues had described the sonographic 
features of normal retinacula around the ankle and their 
pathologies but the study population was not confined to 
footballers as our study (30).
There are a number of limitations of this study. First and 
foremost, we are assuming that the reference ranges report-
ed in the cadaveric study reflect an accurate representa-
tion of normal retinacula thickness. We do not believe this 
represents a significant drawback as if there had been previ-
ous injuries to the cadaver group this would tend to cause an 
underestimation of injury prevalence in the screened profes-
sional soccer players. The sample size is small as the squad 
size of football team is limited. We have tried to postulate 

potential mechanisms for our findings and this is based on 
previous literature descriptions of injury mechanisms rath-
er than direct biomechanical analysis. A single experienced 
radiologist made the ultrasound measurements and there 
is the potential for inter-observer variability in measure-
ments. Finally, we are also assuming that MRI and ultra-
sound measurements can be used interchangeably when 
making comparisons between the cadaver and professional 
soccer readings.

CONCLUSIONS
Asymptomatic retinacula injuries are common in profes-
sional soccer. Despite chronic scarring of the retinacula, the 
players remain able to function at high level with no report-
ed symptoms. Imaging evidence of lateral ligament complex 
injury is a common finding as is the presence of fluid within 
the tendon sheaths of the ankle tendons.
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SUMMARY
Background. The purpose was to analyze the prevalence, origin, course and termina-
tion of the ulnar collateral nerve in anatomical samples from Indian population.
Methods. The present study included 68 adult human cadaveric embalmed upper 
limbs. The sex of these upper limbs were not known. The initial segment of radial 
nerve was meticulously dissected in the specimens to observe the ulnar collateral nerve. 
The digital Vernier caliper was used for the measurements which were performed in 
this study. The data was given in millimeter and expressed as mean ± SD. 
Results. The ulnar collateral nerve was observed in 57 (83.8%) of our specimens. It 
originated in the axilla in 35 cases (61.4%), at the brachio-axillary angle in 13 (22.8%) 
and in the arm in 9 cases (15.8%) respectively. The termination of ulnar collateral 
nerve by piercing deep into the triceps muscle happened 101.9 ± 4 mm above the 
medial epicondyle of humerus. The origins of muscular branch to long head of triceps 
muscle and ulnar collateral nerve were located 44.7 ± 3.7 mm and 66.7 ± 4.4 mm away 
from the bifurcation of posterior cord respectively. 
Conclusions. The present study suggests higher frequency of ulnar collateral nerve 
in sample Indian population. Ulnar collateral nerve can be used to re-innervate the 
muscles in case of brachial plexus injuries. Our study provides information about the 
detailed morphology and topography of the ulnar collateral nerve. The detailed knowl-
edge can help the orthopedic surgeons during the procedures like muscle transfer, 
nerve transfer and nerve grafting.
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BACKGROUND
Variant innervations of muscles of upper extremity are 
comparatively rare, but if present will have clinical, diag-
nostic and surgical implications (1). Triceps brachii is 
conventionally believed to be dependent on the radial nerve 
(RN) for its motor innervation, but few studies (1-6) has 
confirmed the ulnar innervation for the distal part of its 
medial head. But there are older descriptions that says there 
were no branches given by ulnar nerve (UN) in the arm and 
thus entire nerve supply of triceps is by RN (7). However 
there are cases reported in which axillary nerve supplied the 
triceps brachii (8). Naidu et al. (9) revealed the indepen-
dent function of lateral and long heads of triceps brachii 

in their electromyographic studies. They restored the flex-
ion of elbow by triceps to biceps tendon transfer procedure. 
The distal part of medial head of triceps is often affected 
in subluxation injuries. Posterior approach is commonly 
performed for the elbow surgery and this requires triceps 
splitting and triceps reflection (10). In this context, it is 
important to have the knowledge about anatomical varia-
tions in the innervation of triceps brachii. This will prevent 
inadvertent iatrogenic injury and also provides new modali-
ties for the free functional nerve and muscle transfers for the 
triceps brachii (11).
Ulnar collateral nerve (UCN) runs along with the UN, but 
it is a branch of RN (12-14). UCN disappears in the back 
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of arm by piercing the medial head of triceps brachii15 and 
innervates it (16). It was described earlier that the UCN is 
a sensory nerve, though it pierces medial head of triceps 
brachii (17). Later, the immunohistochemical studies 
showed that the UCN is not purely a sensory or motor nerve, 
it is a mixed nerve (16).  UCN also supplies the proximal 
part of the posterior part of capsular ligament of elbow (18).
In brachial plexus injuries, de-innervated muscles can be 
re-innervated by using the UCN (2). The muscle unit along 
with its innervation may be transferred to reestablish the 
flexion of elbow (19). Nerve transfer procedures performed 
for the brachial plexus reconstruction and peripheral nerve 
injuries have given better outcomes than the nerve grafting 
(20). Literature search revealed that there are only a very 
few studies available about the UCN. This nerve is not high-
lighted in the anatomical discussions and the morphological 
data about this nerve are scarce from the Indian population. 
This was the stimulus to perform this present study. Our 
goal was to analyze the prevalence, origin, course and termi-
nation of the UCN in cadaveric samples.

MATERIALS AND METHODS
The present study included 68 adult human cadaveric 
embalmed upper limbs with intact axillary region. Among 
them 43 were right sided and 25 left sided. The source of 
cadavers is from body donation and unclaimed bodies from 
the government hospital. The present anatomical investi-
gation has the approval of our institutional ethics commit-
tee. We also state that this study is in accordance with the 
international ethical standards, as per the opinion of Padulo 
et al. (21). The specimens which exhibited surgical scars, 
external pathological changes and congenital anomalies 
were excluded from the present study. The upper limbs 
were positioned with approximately 90° of abduction. 
The origin, course and termination of UCN was carefully 
dissected and observed in all the cases. The dissection was 
performed as per the standard steps given in the manuals 
of human anatomy. The nerve supply of the medial head 
of triceps muscle was observed in all the upper extremities. 
The topographical location of origin of UCN was classi-
fied into 3 categories, in the axilla, at the brachio-axillary 
angle and in the arm as per Hollinshead (12). The distance 
of origin of UCN was measured from the inferior margin 
of latissimus dorsi tendon close to its insertion. The topo-
graphical location of UCN, where it enters the triceps at 
its medial head was measured from the tip of the medial 
epicondyle, with a digital Vernier calliper. The distances of 
origins of muscular branch to long head and UCN, from the 
termination of posterior cord, were also measured. The data 
was given in millimeter and expressed as mean ± SD.

RESULTS
The present study observed the UCN in 57 (83.8%) cases. 
Among them 36 (63.2%) were observed in right side upper 
limbs and 21 (36.8%) over the left side. The UCN was 
absent in 11 upper limbs (16.2%). It was observed that 
UCN was arising as the first robust branch to the medial 
head from the RN and coursing with the UN in the anterior 
brachium. UCN was innervating the medial head of triceps 
in each upper extremity, whenever present. The origin of 
UCN was ranging from 40mm above and 40 mm below the 
inferior margin of latissimus tendon. It was macroscopically 
observed that the UCN presented a separate fascial sheath 
as it coursed close to the UN. We did not observe UN supply 
(0%) to triceps brachii muscle in this study. Frequency of 
topographical distribution of the origin of UCN is repre-
sented in figure 1. The UCN was originating in the axilla 
(figures 2,3) in 35 cases (61.4%), at the brachio-axillary 
angle (figure 4) in 13 (22.8%) and in the arm (figure 5) in 9 
cases (15.8%) respectively.
Observation of initial segment of RN revealed that its first 
muscular branch was to the long head of triceps brachii 
(figure 2) and was observed in 65 (95.6%) of upper limbs. 
In 18 (26.5%) cases, at the entry of spiral groove, RN gave a 
couple of branches, one each to the lateral and medial head 
of triceps (figure 5). In 22 (32.4%) upper limb specimens, 
proximal part of medial head of triceps received additional 
branches either from RN or UCN (figure 3). 
It was observed that the topography of termination of UCN 
by piercing deep to the medial head of triceps brachii was 
extremely variable. This was ranging between 50.5mm to 
180.5mm, superiorly to the tip of the medial epicondyle, 
and the mean distance was 101.9 ± 4 mm. The origins of 
muscular branch to long head and UCN were located 44.7 
± 3.7 mm and 66.7 ± 4.4 mm from the termination of poste-
rior cord respectively.
The anatomical scheme of the complex variant anatomy of 
UCN, which was observed in this present study is represent-
ed in Fig. 6. The frequency of UCN, which was observed in 
the present study was compared with the data available in 
the literature (table I).

DISCUSSION
RN is the thickest branch which arises from the posterior 
cord, which usually provides three branches in the axilla 
–two muscular and one cutaneous, the cutaneous branch 
being the posterior cutaneous nerve of arm. The long head of 
triceps receives the first muscular twig and the second twig 
goes to the medial head, which is the UCN. RN provides 
more muscular twigs as it enters the spiral groove -one twig 
supplies the lateral head and another given to the medial 
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Figure 1. Frequency of topographical distribution of the 
origin of UCN (n=57).

Figure 2. Cadaveric upper limb showing the origin of UCN in 
the axilla, 61.4% cases.
(*- origin of UCN; RN- radial nerve; UN- ulnar nerve; UCN- 
ulnar collateral nerve; MN- median nerve; LD- latissimus 
dorsi; LoHTB- long head of triceps brachii; MHTB- medial 
head of triceps brachii; 1- branch of radial nerve for LoHTB; 
2-posterior cutaneous nerve of the arm). 

Figure 3. Cadaveric upper limb showing the multiple branches of UCN innervating the medial head of triceps, 32.4% cases.
(*- origin of UCN; RN- radial nerve; UN- ulnar nerve; UCN- ulnar collateral nerve; MN- median nerve; LD- latissimus dorsi; 
LoHTB- long head of triceps brachii; MHTB- medial head of triceps brachii; MEP- medial epicondyle; 1,2- branches from 
UCN innervating the MHTB). 

Figure 4. Cadaveric upper limb showing the origin of UCN in the brachio-axillary angle, 22.8% cases.
(*- origin of UCN; RN- radial nerve; UN- ulnar nerve; UCN- ulnar collateral nerve; MN- median nerve; MCN- musculocutaneous 
nerve; LD- latissimus dorsi; MHTB- medial head of triceps brachii; **- UCN piercing MHTB and innervating it).
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Figure 6. The anatomical scheme of the complex variant anatomy of UCN, which was observed in this study.

Figure 5. Cadaveric upper limb showing the origin of UCN in the arm, 15.8% cases.
(*- origin of UCN; RN- radial nerve; UN- ulnar nerve; UCN- ulnar collateral nerve; LD- latissimus 
dorsi; MHTB- medial head of triceps brachii; LHTB- lateral head of triceps brachii; LoHTB- long 
head of triceps brachii).

head which is considered as major innervation to the medial 
head (12). According to Linell (17) nerve to long head arises 
about 7.1 cm below the tip of acromion, the UCN about 9.5 
cm, the nerve to lateral head about 10.1 cm and the major 
nerve to medial head about 11.2 cm below the tip of acromi-

on process. In this present study, the origin and termination 
of UCN was measured from the terminal part of posterior 
cord and medial epicondyle respectively. Sunderland (22) 
agreed with the opinion of Linell (17) about the presence 
of these four branches of RN but observed five to ten twigs. 
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In 32.4% of cases of present study, it was observed that RN 
was giving multiple additional twigs to medial head.
According to Johnson and Ellis (13) and Sinnatamby (14), 
RN gives its major twig to the medial head close to its entry 
into the radial groove. However many twigs can be given to 
the medial head at the axilla and proximal part of arm. The 
first RN branch to medial head is the UCN and this is given 
usually in the axilla or as it enters the arm (12). Our pres-
ent study agrees with the description of Hollinshead (12) as 
it was observed that the first muscular twig to medial head 
was UCN which was found in 83.8% cases. This frequen-
cy of UCN was compared with the global data available in 
the literature. This rate of 83.8% from Indian population is 
slightly higher than that of Turkish (4) (60%) and Korean 
(5) (75%) population. But lesser than Spanish16 population 
of 100% prevalence (table I).
It was described that the motor supply to the medial head of 
triceps is complex and controversia (l4,11). The UN supply 
to the distal third of medial head was also advocated by few 
people in recent years (1-6). It was described that these UN 
twigs were confined to the distal third of the triceps and were 
hardly discernible from the fascia to be established macro-
scopically. The concept of UN supply to the triceps was 
questioned by Pascual-Font et al. (16). from their study on 
foetal specimens. Their study augmented with immunohis-
tochemistry, reported that triceps was supplied by RN alone. 
They had further commented that while planning muscle 
or nerve transpositions by counting on the probable UN 
supply to medial head, the actual origin should be checked 
to minimize the failure of the procedure. Pascual-Font et 
al. (16). had further commented that prior confirmation of 
the real origin of innervation of the medial head, whether it 
is ulnar or radial is essential for the procedures like muscle 
and nerve transposition. This helps to prevent the failure of 
the transposition when performed. In their study, the UCN 
was present in all of their cases (100%) and it was a branch 
of RN but coursing along with the UN without intermin-
gling of fibres but sharing a common neural sheath. Our 
study agrees with this opinion as we did not observe the UN 
supply of the medial head in any of our specimens. It may 
be also possible that those could be extremely thin branches 
and were not discernible from fascial sheath in dissections.
It is interesting to note that medial head of triceps inserts 
separately in a deeper plane at the olecranon process along 
with the superficial insertion produced jointly by long and 
lateral heads (23). If there is ulnar innervation of triceps 
muscle, the clinical implication will be to include the medi-
al head besides the long head of triceps, while performing 
triceps-to-biceps tendon transfer surgery (6).
The clinical use of RN branch to long head of triceps for 
nerve reconstruction in brachial plexus injures was initial-

ly performed by Leechavengvongs et al. (24). Develi (4) 
reported that UCN can also be used for nerve grafting. In 
the advanced neurotization techniques during motor nerve 
reconstructions, it was proposed that even UCN can be 
effectively used as a nerve graft. UCN can be used for the 
reinnervation in denervated biceps brachii due to brachial 
plexus palsies and it can also be used for the direct nerve 
transfer (2). 
The distal triceps injuries are rare, however they are seen 
sometimes in middle aged males particularly in weight-lift-
ers. Because of its relatively rare occurrence, the triceps 
pathologies may lead to difficulty in the initial diagnosis and 
management. Snapping of triceps is more common than its 
tendon rupture in younger population and it is often asso-
ciated with the ulnar dislocation (25). The distal third of 
the triceps contains independent motor units with an easy 
access and it is suggested to be ideal for the motor recon-
structions with lesser morbidity (2). UCN can be entrapped 
due to compression, snapping, rubbing and slipping (4). In 
interpreting the electrophysiological tests and radiological 
images, UCN is important (4). Good health and well-be-
ing are among the sustainable development goals which are 
adopted by the BRIC countries and India is among them. In 
this context, the morphological and topographic knowledge 
of UCN is important to prevent its iatrogenic injury during 
the medial and posterior approaches of elbow joint surgery.
The present study has certain limitations as the specimens 
used were from different individuals and hence side-based 
comparison was not feasible. Since this is a cadaveric study 
it is prone for alterations in the anatomical structures.

CONCLUSIONS
The present study is suggestive of higher frequency of UCN 
in Indian ethnic population as it was observed in 83.8% 
of our anatomical specimens. This study provides the data 
about the origin, course and termination of UCN, which are 
useful to the clinicians and operating surgeons to prevent 
its iatrogenic injury during the shoulder and elbow surger-
ies. UCN can be used to re-innervate the muscles in case 
of brachial plexus injuries and reestablishing the flexion 
of the elbow. Medial head of triceps brachii is the favorite 
muscle for the plastic surgery, which is being used for the 
muscle transfer procedures as this is a bulky muscle with 
multiple innervation. Nerve transfers are preferred over 
the nerve grafting for the brachial plexus reconstruction 
and peripheral nerve injuries as it gives better outcomes. In 
this context, the detailed knowledge about the morphology 
and topography of UCN can help the orthopedic surgeons 
during the procedures like muscle transfer, nerve transfer 
and nerve grafting.
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SUMMARY
Background. The purpose of this study was to assess the effects of flexi bar training 
model and moderate running exercise on blood biochemistry in overweight adults. 
Methods. The BMI of Asian people were ranged from 23.00 to 24.99 kg/m2 was 
considered overweight. The participants had experienced any orthopedic problems in 
the spine or in the upper and lower extremities in the previous six months. Forty partic-
ipants were randomly assigned to an experimental (20 participant performing flexi bar 
training model (FBT) and control (20 participant performing moderate running exer-
cise (MRE) group. The participant in both groups then underwent program training 
50 minute/day, 3 times a week, for 12 weeks. 
Results. The main outcome measures were blood biochemistry variable. The result 
showed significant differences between FBT and MRE group (p<0.05). After 12 weeks 
FBT showed improve lipid profile variable but not change complete blood count. 
Conclusions. Flexi bar training model can improvement body composition and lipid 
profile in overweight adults.

KEY WORDS
Flexi bar training; blood biochemistry; overweight; body composition; lipid profile.

Effects of Flexi bar Training Model to Blood 
Biochemistry in Overweight Adults

A. Hiruntrakul1, Y. Phanpheng2

1 	Sports Science program, Faculty of Applied Science and Engineering, Khon Kaen University,  Nong Khai 
Campus, Nong Khai, Thailand

2 	Exercise and Sport Sciences Program, Graduate School, Khon Kaen University, Khon Kaen, Thailand

BACKGROUND
Overweight or being heavier than standard criteria is gener-
ally based on Body Mass Index or BMI. It can be calculated 
by dividing weight (kilograms) by height2 (m2). The normal 
weight who have BMI ranged from 18.50 to 22.99 kilo-
grams per square meter, Meanwhile, those who have BMI 
ranged from 25.00 to 29.99 kilograms per square meter 
were considered overweight and more than 30 kilograms 
per square meter were considered obesity (1). According 
to BMI information, WHO conducted the research and 
found that Asian people have smaller physical sizes than 
American, European, and African people. It is needed to 
adjust BMI to be appropriate for Asian physical structures. 
Therefore, the BMI of Asian people was ranged from 18.50 
to 22.99 kilograms per square meter. Meanwhile, those 
who have BMI ranged from 23.00 to 24.99 kilograms per 
square meter were considered overweight 25.00 to 29.99 
were considered obesity level 1 and more than 30 obesity 

level 2 (2). In 2017 World Health Organization reported 
the effects of overweight on chronic disease, stroke, blood 
pressure, and diabetes type 2 tended to increase for both 
men and women. To decrease the rate of having health 
problems in overweight adults, it is focused on promoting 
appropriate physical behaviors, physical activities, having 
healthy nutrition, and regular exercises (3).
There are various models of exercises for losing fat such as 
aerobic dance (4), walking (5,6), running (7,8) and cycling 
(9). These activities need moving big muscles in different 
parts together which increase oxygen consumption and 
basal metabolism rates in overweight adults (10). Vibration 
exercise an alternative exercising activity to increase lean 
body mass (11) increasing efficiency of muscle contraction 
(12,13) increase muscle mass (14,15) and providing posi-
tive effects on blood vessels and blood circulatory system 
(16) since exercising with vibration will stimulate increas-
ing of muscles to correspondingly work as well as increas-
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ing of basal metabolism rate (17). Flexi bar exercising is 
an exercise with vibration equipment and is designed to 
have low frequency rate at 5 hertz, to vibrate 270 times per 
minute by using the metronome to control the flexi bar 
oscillation, with the size of 1.53 meters long, 710 grams, 
and 9.5 millimeter for circumference (Flexi bar). The 
experiment was taken place in a laboratory of research and 
technology, Munich University, Germany and it is certified 
and tested for the quality of the equipment by National 
Association of German Back Schools (AGR) that flexi-
bar under the brand of Flexisport, Munich is appropriate 
and safe for exercise (18) because of having been manu-
factured from high-flexibility fiber glass. While vibrating 
flexi-bar, the vibration is generated along small amplitude 
of movement. There is resistance or intensity against vibra-
tion along the bar where the weight at both ends were the 
scale to control the weight of vibration timing. The train-
ers need to keep the vibration timing rate stable. In this 
case, the device can maintain stability of force constantly 
(19). Vibration generated by flexi bar will stimulate core 
muscle functioning (20,21,22) to generate reaction with 
the change of cross-sectional area of muscles and increase 
muscle activate throughout the body (23,24,25). For core 
muscles in human body, training with flexi bar can help 
encourage the functioning system of nerve muscles to 
perform reaction faster (26,27). This condition, body can 
retrieve energy to be used by burning out energy faster 
that affects in increasing the rate of more and faster energy 
expenditure than normal exercises such as brisk walking, 
running, cycling and etc. (28). 
There are research reports studying on the function of the 
group of core muscles in group of healthy people, howev-
er, the benefits gained after training have not been found 
reported indicated about the use of flexi bar with a group 
of people with overweight people including the variable 
of blood biochemistry, in addition, there has not been any 
report found studying on level of intensity exercise models 
measured by the rate of energy expenditure during the 
training period. This can link to the change in the vari-
ables in different body composition aspects. Consequent-
ly, the researcher hopes that this research will be able to 
provide advantageous information for health promotion 
and beneficial as another effective exercise for people with 
overweight.

MATERIALS AND METHODS

Participants
This study was an action research study; it was approved 
by the Ethics Committee in Human Research, Khon 

Kaen University, HE 612319. The research samples were 
40 subjects participating in the health promotion project 
who were staff and students of Loei Rajabhat University, 
aged 20-45 years old with BMI ranges between 23.00 to 
24.99 kg/m2, BMI is set as the standard for Asian people 
is considered overweight. The participants were written 
informed consent has been obtained from each participant. 
The 40 samples were identified as overweight, using sample 
random sampling technique. Inclusion criteria consists of 
without any operation history or having treated with spinal 
surgery at least 6 months, being healthy without chronic 
diseases or health problems that possibly reduce readiness 
to exercise, evaluated from Physical Activity Readiness 
Questionnaire (PAR–Q) and pass in physical fitness, being 
healthy and strong without any affective factors obstruct-
ing exercise. 
Exclusion criteria were as follows having chronic diseases 
such as high blood pressure, heart disease, diabetes, and 
coronary artery diseases, etc., less than 80% participation 
of the flexi bar training sessions and pregnant or breastfeed-
ing volunteers. Other exercises and food consumption were 
recorded daily.

Experimental training
Data were collected during three periods: the 1st week, the 
8th week, and the 12th week of the experiment. The research 
instruments included twelfth active vibration with flexi bar 
training model. 
The test periods were performed for 12 weeks and included 
body composition and blood biochemistry variable includ-
ed lipid profile and complete blood count; CBC. For the 
1st - 12th week of the experiment the participants lived their 
normal lives. 

Flexi bar training model
Twelfth active vibration with flexi bar training model has 
been developed into a model that is suitable for exercise 
in people who are overweight. Through consideration of 
the suitability of sports science experts with qualifications 
through passing the training course of certified person-
al trainer from American Council on Exercise (ACE) 
and National Academy of Sports Medicine (NASM). All 
participants were asked to perform the 12th week train-
ing program by doing Flexi bar training model for 50 
minutes per time, 3 times a week on Monday, Wednesday 
and Friday. This program was conducted from 5 pm to 6 
pm. The training program was performed at the Sports 
complex building, Sport and Exercise Sciences program, 
Loei Rajabhat University. 
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MEASUREMENT OF OUTCOMES

Blood biochemistry variable 
Data were collected during three periods of the experi-
ment. The test periods were performed for 12 weeks were 
measured blood biochemistry variable included lipid profile 
for this research study including Total cholesterol (TC), 
Low density lipoprotein cholesterol (LDL-C), High densi-
ty lipoprotein cholesterol (HDL-C), and Triglyceride (TG). 
Measurement using enzymatic color measurement and chem-
ical analysis by BT1000x chemical analyzer. And complete 
blood count; CBC, There are 6 parameters to be investi-
gated for this research including Hemoglobin (Hb), using 
SLS Hemoglobin method, Hematocrit (Hct) using Cumula-
tive pulse height detection method, Red blood cells (RBC), 
Mean cell volume (MCV), Mean Corpuscular Hemoglobin 
(MCH) using Hydrodynamic focusing direct current meth-
od, and Mean Corpuscular Hemoglobin Concentration 
(MCHC) measurement using fluorescence flow cytometry 
method using semiconductor laser with automatic analysis 
device called Sysmex XN-3000. In addition, the assessment 
of body composition was carried out through the bioelec-
trical Impedance Analysis (In body 270) measurement of 
weight, body mass index (BMI), fat percentage (% Fat), 
fat mass muscle mass and basal metabolic rate (BMR). The 
participants’ height (without shoes) was measured by a stan-
diometre. The BMI was calculated by dividing body mass 
in kilograms by height in square meters (kg/m2). The waist 
girth was measured at the level of the umbilicus horizontally 

without clothing, Waist hip ratio (WHR) was calculated by 
dividing the waist girth by the hip girth.

Procedures
Twenty overweight adult subject’s active vibration with 
flexi bar training model (FBT). The exercise sessions were 
divided into three sessions; at 10 minutes warm up session 
performing static stretch following dynamic warm up with 
flexi bar. At 35 minutes workout session performing the 
other 12 positions, chest, balance abductor, waist, oblique, 
triceps, biceps, core muscle, deep back extensor, shoulder, 
hips, lower back and abdominals. The Flexi-Bar (FLEXI-
BAR®; Flexi-Sports, Germany) used in this experiment is an 
exercise tool having weights at the both ends of a glass fiber 
elastic bar of weight 719 g and length 1.53 m. at the center 
part, a grip of 17.9 cm, whereas the ends consist of weighty 
rubber. So the hands and arms holding the middle handle 
and shaking the flexi bar, by using the metronome to control 
the flexi bar oscillation rhythm 270 times per minute. In 
which the speed of 270 vibrations per minute will produce 
a vibrating response equal to 5 hertz, the subject held the 
Flexi-Bar with both hands while standing and performed 
vibration exercise, each position performed its exercise for 
30 seconds and rested for 30 seconds, continue to prac-
tice with 3 sets of each pose following with a 5 minute cool 
down and static stretching of major muscle groups. The 
control group, twenty overweight subjects using moderate 
running exercise (MRE) were divided into three sessions; 

Table I. Flexi bar training model protocol.

Day Unit 
of training

Active vibration with flexi bar training model position Duration of training

Monday Wednesday
Friday

Warm up Static stretching of major muscle groups and dynamic warm up 
with flexi bar.

10 minutes

Work out 1. Chest 
2. Balance abductor
3. Waist
4. Oblique
5. Triceps 
6. Biceps
7. Core muscle 
8. Deep back extensor
9. Shoulder
10. Hips 
11. Lower back 
12. Abdominals 

35  minutes
- 30 second active  vibration
- 30 rest in set
- 3 sets each position

Cool 
down and 
stretching

Static stretching. 5 minutes
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at 10 minutes warm up session performing static stretch 
following dynamic warm up. At 35 minutes workout session 
performing moderate running exercise (MRE) with tread-
mills (T5, Life fitness, America). Manual setting program 
with control speed and heart rate 60-75% of maximum 
heart rate. Following with at 5 minutes cool down and static 
stretching. Both groups used the same duration of training 
with continue 50 minutes (table I). 

Intensity control and energy expenditure
Both groups control intensity 65-75% of maximum heart 
rate throughout the duration of each exercise. Intensity and 
energy expenditure while training with flexi bar and moder-
ate running exercise. All participants put on heart rate 
monitor (Polar Team Pro) in which the signal was connect-
ed to the receiver (Apple I-pad). Throughout the training 
period, each subject will show displayed on the screen at the 
real time for control heart rate. And final results were report 
training session on the screen while training including Heart 
Rate (bpm.), Percent of Average Heart Rate (%AVGHR), 
Percent of Maximum Heart Rate (% AVGHRmax) and Energy 
Expenditure of Exercise in Kilocalories (Kcal).

STATISTICAL ANALYSES
The data analysis, the statistical package SPSS Version 17 
software was used. Data were presented as mean ± SD, 
changes within group and within-group variance of base-
line data and after-training data. Kolmogorov-Smirnov Test 
used to normality distribution of the data in both groups 
before the experiments. The baseline data were the data 

before week 1st, week 8th, and week 12th. The paired samples 
t-test was used to compare pre training and post training 
variables in each group (FBT or MRE). The independent 
samples t-test was used to compare basal variables between 
groups (FBT vs. MRE). Research using two ways ANOVA 
for analysis with statistical significance level of 0 .05.

RESULTS
The participant group was no baseline differences in demo-
graphic and clinical findings between the experimental and 
control groups. At week 12th, the FBT and MRE group 
were significantly different (p<0.05) from baseline in body 
composition variable. For example, for body composition, 
the weight, percentage of fat decreasing while muscle mass 
and BMR increase significantly (p<0.05) (table II). 
Regarding body composition variable there were signif-
icant changes (p<0.05) from baseline at week 8th, FBT 
group showed increase Basal metabolic rate (BMR) found 
significant difference between group in week 12th, In addi-
tion after exercise at 12th week FBT group changes different 
(p<0.05) in weight, %fat and muscle mass from baseline 
at week 12th. Also MRE group were showed significantly 
decreased from baseline in weight, %fat (p<0.05) at 12th 
week. While blood biochemistry variable there were signif-
icant changes (p<0.05) from baseline at week 8th, FBT 
group showed increase high density lipoprotein (HDL-C) 
found significant difference between group in week 12th, In 
addition after 12 week, FBT group showed decreased from 
baseline different (p<0.05) in triglycerides (TG) and low 
density lipoprotein (LDL-C). Also MRE group were chang-
es different (p<0.05) in triglycerides (TG), low density lipo-

Table II. Differences of body composition variable.

Body composition 
Pre test

Moderate Running Exercise
(MRE = 20)

12 week Pre test 8 week 12 week
Body 
composition variable

Age (years) 22.70±1.26 22.70±1.26 22.70±1.26 22.40 ±1.04 22.40 ±1.04 22.40 ±1.04

Weight (kg) 67.74±5.86 67.10±5.40 66.60±5.26* 66.64 ± 6.53 66.40± 6.67 65.72±6.37*

BMI  (kg./m.2) 24.09±0.55 23.95±0.82 23.80±0.74 24.08 ± 0.58 23.98±0.56 23.94±0.52

Fat % (percent) 20.74±2.29 20.43±2.37 19.92±2.46* 20.07±1.27 19.89±1.19 19.69±1.02*

Fat mass( kg) 15.04±2.33 14.78±2.39 14.66±2.31 15.19±2.09 14.86±1.98 14.81±1.94

Muscle mass (kg) 40.56±15.08 40.95±15.39 41.35±15.41* 40.59±10.91 39.85±10.48 39.40±10.10

WHR (inch) 0.85±0.53 0.85±0.52 0.85±0.52 0.85±0.23 0.85±0.52 0.85±0.52

BMR (Kcal) 1682±71.32 1690±88.60* 1693±86.37*t 1687±68.25 1694±66.60 1683±68.22

The data are presented by means ± SD; *statistically significant difference when compared within group, mean scores at point comparisons from baseline: 
*p<0.05 and *t p < 0.05 when comparing the difference between experimental groups
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protein (LDL-C) and high density lipoprotein (HDL-C) 
after exercise at week 12th.

DISCUSSION
This study was aimed to investigate the effect of flexi bar 
training (FBT) on blood biochemistry variable in overweight 
adults compared to the moderate running exercise (MRE). 
There have been studies conducted a study in a passive 
method using full body vibration exercise equipment, while 
this study used a flexi-bar to apply active vibration exercise. 
There were three phases of this study; the pre-training, the 
8 week, and 12 week of the experiment. This study showed 
that flexi bar training significantly improved body composi-
tion (table II) and blood biochemistry (table III). The vari-
ables improvements were persisted at 12th week.
According to anatomical and mechanical properties, the 
exposure of vibration to the skeletal muscular system causes 
a tonic vibration reflex (TVR) (29). The application of vibra-
tion to the tendon or muscle results in a TVR response, as 
reported previously (30,31). The TVR was initially consid-
ered to be a result of frequency stimulation applied directly 

to a muscle or tendon for a short period. The application 
of local vibration to the tendon or muscle also improves 
muscle function (32,33). From this it can be surmised that 
the increased effectiveness of the training also influenc-
es muscular strength and muscular endurance, additional 
data include we exercise with flexi bar can activation of the 
core muscle and increase transvers abdominals thickness 
(21,22,34). Moreover, active vibration with flexi bar training 
can improve oxygen building muscle and yield a relevant 
increase energy expenditure better general exercise in the 
same amount of time (28).
The active vibration with flexi bar training and moderate 
running exercise groups provided better body composi-
tion outcomes in terms of weight, body mass index (BMI) 
and fat percentage after training period. The changes in 
body composition were as follows; the body weight of the 
participants reduced significantly at the 12th week of train-
ing. Because the active vibration with flexi bar training 
continuously allowed metabolic processes to burn fat cells 
in the normal weight, overweight and obese people more 
efficiently. According to principle of aerobic exercise, the 
active vibration with flexi bar training is a one type of aero-

Table III. Differences of blood biochemistry variable measurements.

Blood biochemistry variable Flexi Bar Training
(FBT = 20)

Moderate Running Exercise
(MRE = 20)

Pre test 8 week 12 week               Pre test  8 week 12 week
Lipid profile

Total Cholesterol ; 
TC (mg/dL)

174.47±18.21 173.65±18.10 173.37±17.72 172.21±16.12 171.61±15.80 171.92±15.52

Triglycerides ; TG (mg/dL) 91.31±7.31 89.62±7.16 88.58±6.32* 91.58±5.70 90.90±5.62 90.14±5.40*

High Density Lipoprotein ; 
HDL-C (mg/dL)

53.75±10.37 55.10±10.38* 57.65±10.58*t 52.85±9.43 53.70±9.25 54.05±9.16*

Low Density Lipoprotein; 
LDL-C (mg/dL)

123.08±10.92 122.11±10.46 120.73±10.81* 124.63±8.81 122.78±8.75 121.03±8.65*

Complete blood count ; CBC

Red Blood Cell; RBC (fL) 5.55±0.47 5.53±0.43 5.60±0.49 5.58±0.54 5.50±0.54 5.58±0.57

Hemoglobin;  Hb (g/dL) 14.75±1.10 14.75±1.14 14.76±1.18 14.76±1.00 14.76±1.07 14.76±1.08

Hematocrit; Htc (%) 44.77±3.80 44.97±3.63 44.97±3.65 44.73±3.22 44.77±3.08 44.68±3.13

Mean Corpuscular 
Volume; MCV (fL)

82.76±7.88 82.62±7.32 82.45±7.09 81.85±7.12 81.80±8.19 81.83±8.45

Mean Corpuscular 
Hemoglobin;  MCH (pg)

27.16±1.50 27.12±1.49 27.16±1.47 27.18±1.45 27.22±1.42 27.23±1.44

Mean Corpuscular  
Hemoglobin Con centration; 
MCHC (g/dL)

32.74±1.10 32.85±1.16 32.85±1.15 32.72±0.88 32.79±0.94 32.75±0.87

The data are presented by means ± SD; *statistically significant difference when compared within group, mean scores at point comparisons from baseline: 
*p<0.05 and *t p < 0.05 when comparing the difference between experimental groups. 
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bic exercises. Felix et al. (35) suggested that resistance from 
vibration will help stimulate more blood circulatory trans-
ported for muscle and nerve cell nourishment. Moreover, 
repeating training postures frequently links between nerves 
and muscles to work together better. To a targeted train-
ing program with the active vibration with flexi bar training 
yields a relevant increase in energy expenditure as a deter-
mining factor of weight and fat loss. Moreover, the activa-
tion of large muscle groups with moderately high intensity 
within a given time span as part of a classical flexi bar train-
ing module should at least directly correlate with distinct 
increases in active metabolic rate. 
Aerobic exercise helped increase efficiency of heart muscles. 
Previous studies, aerobic exercise has a positive effect on 
blood lipids. This is consistent with this study that, after 8 
week of training it was found that lipid profile; High densi-
ty lipoprotein, (HDL-C) and difference statistical signifi-
cance level 0.05 between groups in 12 weeks. While in both 
group exercises there were found as follows; Triglycerides 
(TG), Low Density Lipoprotein (LDL-C) decreased with 
statistical significance when comparing to before the exper-
iment. However, additionally, not found Total Cholester-
ol (TC) difference in both groups when comparing to 
before and after training. Decreasing of lipid profile vari-
able may be resulted from increasing of energy expendi-
ture during exercise with flexi bar in which higher energy 
is consumed while exercise than moderate running exer-
cise. This activity will stimulate the muscles to use lower 
energy than constant intensity. According to the assess-
ment of energy expenditure while exercising, comparing 
between two groups, it can be seen that the group of flexi 
bar training had higher energy expenditure than running 
group. Combination of various aerobic energy systems will 
provide positive effect on energy consumption from body 
fat and affecting fatty molecules which is lipid transport-
ed to parts of body (36). Previous researches showed that 
different kinds of aerobic exercise activities with continui-
ty and appropriate time will affect the level of lipid profile 
such as level of Triglyceride, level of low density lipopro-
tein and increasing of high density lipoprotein (37, 38). 
Generally, High density lipoprotein (HDL-C) will trans-
port cholesterol along with other kinds of fats totaling 30% 
in blood, therefore increasing of HDL-C will reduce waste 
of fat accumulated along blood vessels. This also helps 
reduce risk factor of Atherosclerosis (39). This is consis-
tent to the finding in this research that the stimulation of 
muscles to contract by periods of low intensity vibration 
from flexi bar continuously, approximately 5 Hertz will 
stimulate muscles to carry out energy for burning fat or fat 
metabolism. Similarly, Di Loreto A. et a.l (17) conducted 
the study to investigate the effects of aerobic exercise with 

vibration device. The finding showed that after continuous 
exercise, it provides positive effects for physical fitness and 
triglyceride, low density lipoprotein decreased. Moreover, 
Thorsten et al. (4) found that aerobic exercise with use of 
resistant exercise is beneficial for overweight and fat adults. 
This exercise helps improve physical fitness and any factors 
regarding to lipid profile better because muscles need more 
food substance especially free-fatty acid when doing exer-
cise, blood circulatory along with triglyceride delivered to 
muscles also increase and turn to be free fatty acid which 
is a source of energy for muscles. When more triglycer-
ide is oxidized, the level of triglyceride decreases. More-
over, exercise helps stimulate performance of lipoprotein 
in blood that can also cause in reducing triglyceride as well 
(40,41). However, change of total cholesterol was not fond 
in this research when comparing with before training. Stein 
et al. (42) suggested about the intensity of aerobic exercise 
that training the level of 85% of maximal heart rate will 
affect the decreasing of total cholesterol. 
Suitable level of exercise will provide positive effect to blood 
biochemistry and in this research there is no change regard-
ing Complete Blood Count (CBC) among both groups of 
overweight adults throughout the period of 12 weeks. Possi-
bly, since the stimulation of flexi bar is at 5 Hertz, as it is 
low intensity, it doesn’t provide effect to change of complete 
blood count in a short period. This result is consistent with 
the previous study of Kodama, S et al. (43) that there was no 
statistically significant difference regarding the use of vibra-
tion for training in terms of red blood cells, white blood 
cells, lymphocytes, monocytes, granulocytes, hemoglobin 
and hematocrit. Additionally, Dorota et al. (44) found that 
after a 12 weeks aerobic exercise, cholesterol in blood of 
participants reduced while the amount of complete blood 
counts didn’t change. Johannsen et al. (45) suggested that 
after 6 months of aerobic exercise, there was change regard-
ing complete blood counts. Based on the previous research 
studies, there are supportive results to identify that low flexi 
bar training with low intensity vibration is a limitation for 
stimulating blood production process as well as other blood 
biochemistry components. Limitation of time which is not 
enough for training cannot provide any change regarding 
complete blood counts as well as the appropriate level of 
intensity for exercise in this research study.

Limitation of the study
This study uses samples with body mass index for Asian 
people only. And training postures, most of which are stat-
ic training, there should be applies to the training styles 
for various movements for the effectiveness of the train-
ing program.
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Suggestions for further research study 
The patterns of flexi bar training should be appropriately 
adjusted for different groups of people such as children, 
elderly, and patients with chronic diseases.

CONCLUSIONS
To design this Flexi bar training model, the researcher 
combined exercise and the use of flexi bar which is a pattern 
of exercise designed by the researcher and proved for appro-
priateness by the experts based on the principles of sport 
science and exercise. The model can promote various kinds 
of body composition and blood biochemistry including lipid 
profile, complete blood count. This is safe for physical struc-
ture and doesn’t cause vertical force. Therefore, flexi bar 

training is an alternative exercise for those who want to lose 
weight, strengthen physical fitness and increase effectiveness 
of blood vessel functioning. Consequently, it should be wide-
ly promoted and future applied for enhancing healthiness.
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SUMMARY
The aim of this study was to evaluate biceps fatigue and strength after tenotomy vs tenodesis 
of the LHBT. The hypothesis was that there may be differences when analyzing biceps fatigue 
between both techniques. 
Methods. 70 male heavy workers were initially enrolled to perform a biomechanical study. Preop-
eratively and 12 months after surgery a maximum elbow flexion force (MVC) and forearm supi-
nation test (MVS) were analyzed. Subsequently, a biceps fatigue test was performed by a submax-
imal contraction to 33% of MVC maintained until claudication. After the claudication, the MVC 
and MVS were measured again. In addition, the Constant score, SSI functional scale, VAS scale 
and perceived symptoms were evaluated. 45 patients met de inclusion criteria and were random-
ized into tenotomy or tenodesis group. 41 of them were followed-up for at least one year. 
Results. There were no differences between groups at the end of the follow-up in MVC 
(246.81 ± 57,4 vs 273.69 ± 58,8 N) nor in MVS (50,73 ± 6,31 vs 177.7 ± 71.6 Nm). The fatigue 
test was statistically shorter in the tenotomy group (95.18 ± 28.8 vs 122.53 ± 42.1 s). Popeye 
sign was higher in the tenotomy group. There were no differences in postoperative pain, func-
tion scales, groove pain or biceps cramps. 
Conclusions. The usual biomechanical study using maximum flexion or supination force has 
not seen differences, while the study of biceps fatigue has found them. The study of biceps 
fatigue is necessary to analyze the differences that with the standard study of maximum 
strength could be hidden.

KEY WORDS
Tenotomy; tenodesis; long head of biceps tendon; biomechanics; supination; fatigue.
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INTRODUCTION
Tenotomy and tenodesis are the surgical techniques most 
commonly used in the treatment of the long head of the 
biceps tendon (LHBT) pathology. It is frequently associat-
ed with rotator cuff lesions due to the immunohistochemi-
cal pathogenesis that affects both tendons (1,2). These can 
be carried out by arthroscopic techniques, when conser-

vative options have failed. Both surgical techniques are 
widely known in the literature. The LHBT tenotomy (3,4) 
is a simple and fast technique, with a short rehabilitation 
time and which produces good results in the functional 
assessment scales of the shoulder (4,5). But this technique 
has a high prevalence of producing the Popeye sign (the 
distal retraction of the muscular belly of the biceps)(6,7), 
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the presence of muscle spasms and painful fatigue (8-10). 
The LHBT tenodesis (9,11,12) reattaches the proximal 
stump of the tendon to prevent the descent of the muscu-
lar belly, maintaining tension-length relationship (4,8), but 
it can produce pain in the place where the tenodesis is 
performed (13,14).
The presence of muscle weakness after surgery on LHBT 
has been studied in numerous biomechanical articles using 
isometric (5,13,15-20) and isokinetic (21-23) measure-
ments. Some authors have reported cases of weakness of 
the peak flexion force of the elbow (15,21,22,24) or forearm 
supination (21,22) when the LHBT tenotomy is performed 
with respect to the healthy arm, although other authors 
have also noted deficits when performing tenodesis of the 
tendon (13,17,18).
There are also articles that directly compare tenotomy with 
tenodesis (13,17-21,24). Generally, the authors of the biome-
chanical articles base their studies on the measurement of 
the peak force of elbow flexion or forearm supination, but 
this may not be the most interesting parameter to know the 
functional result of the surgery on de LHBT, given that most 
of the of daily tasks are performed by repeated submaxi-
mal contractions (25). This is why other authors have based 
their biomechanical analysis on the quantification of fatigue 
of the biceps after the surgery on the LHBT, demonstrating 
early fatigue in cases operated by tenotomy, with respect to 
the healthy arm (26).
Therefore, a prospective randomized comparative clini-
cal trial was designed analyzing biomechanical results of 2 
different techniques for the treatment of the LHBT: tenot-
omy vs tenodesis. The aim of this study was to compare 
the biomechanical results of biceps fatigue (time to claudi-
cation) in the patients who underwent LHBT tenotomy in 
comparison to those who underwent tenodesis. We hypoth-
esized that there would be significant differences in time to 
claudication among the techniques.

METHODS
The present study was approved by the ethics commit-
tees of both hospitals involved, and all the patients provid-
ed written informed consent to participate in this study, as 
required for publication (27). It was a prospective, random-
ized, controlled clinical trial who underwent arthroscopic 
repair of the LHBT lesions.
The inclusion criteria were the clinical or radiological diag-
nosis of LHBT pathology in men between 40 and 65 years 
of age. Patients older than 65 years as well as women were 
excluded from the study because they less frequently partic-
ipated in intense physical work or intense sports activi-
ties, which may cause the sequelae to be less symptomatic. 

Patients with previous history of contralateral upper limb 
pathology or with neuropsychiatric pathology were exclud-
ed. Associated concomitant injuries, such as those of the 
rotator cuff, were treated intraoperatively, and the lesion 
of the LHBT was reconfirmed intraoperatively, excluding 
from the study patients where the LHBT injury was absent 
or the lesion was small (less than 25% of the thickness of the 
tendon), where debridement of the tendon was performed.
A total of 70 preoperative assessments of patients candi-
dates for surgical treatment of LHBT were performed. 
Four patients were eliminated before randomization for not 
giving their consent for the study, and 21 patients for not 
meeting the selection criteria.
Randomization by blocks of 10 individuals from a total of 
45 patients was carried out, assigning 24 subjects to the 
tenotomy group and 21 to the tenodesis group. The cases 
were analyzed by intention to treat. The principal investi-
gator was unaware of the randomization sequence and the 
technique used until the end of the study. The technique 
assigned by the randomization process was introduced in 
a sealed envelope that prevented its reading before the 
moment of surgery. It was at the time of surgery, once the 
need to act on the LHBT was verified, when the sealed enve-
lope was opened and the technique specified in the enve-
lope was executed, without the presence of the examiner. 
There was a loss of follow-up in 1 patient in the tenoto-
my group (contact was not achieved) and 3 in the tenode-
sis group (1 patient did not attend follow-up and 2 did not 
contact). The patient flow diagram is presented in figure 1.
A total of 41 patients met the selection criteria and complet-
ed the biomechanical study 12 months after surgery. Patient 
demographic data and preoperative pain scores, functional 
scores and level of activity are detailed in table I.
In addition with clinical interviews with the surgeon, an 
external investigator evaluated in the preoperative period 
all patients where pathology of the LHBT were suspected. 
If the LHBT injury was confirmed during surgery, the tech-
nique specified in the sealed envelope (tenotomy or tenode-
sis) was performed, and the external investigator examined 
the patient at 3, 6 and 12 months after surgery. 
Population data, and International Physical Activity Ques-
tionnaire (IPAQ) responses were recorded in the inter-
views with the external examiner. Clinical examination 
was also performed using Shoulder Score Index (SSI) and 
normalized Constant Score, as well as anthropometric 
measurements including the presence of Popeye deformity, 
perceived satisfaction and a biomechanical test. 
The biomechanical test (26) consisted of measuring the 
maximal voluntary flexion of the elbow, maximal volun-
tary supination of the forearm, a fatigue test, and maximal 
isometric flexion of the elbow and supination of the forearm 
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Figure 1. Flowchart of patients.

Table I. Demographic data before surgery in both groups.

Tenotomy group
(n= 23)

Tenodesis group
(n=18)

p

Age 54.7 ± 5.78 50.73 ± 6.31 n.s.

Affected shoulder Right: 14 (60.9%)
Left: 9 (39.1%)

Right 11 (61.1%)
Left 7 (38.9%)

n.s.

Dominance Yes: 14 (60.9%)
No: 9 (39.1%)

Yes 11 (61.1%)
No 6 (38.9%)

n.s.

Size of rotator cuff tear
·	 Not affected
·	 Small tear
·	 Medium tear
·	 Massive tear

n=1 (4.3%)
n=5 (21.7%)
n=10 (43.5%)
n=7 (30.4%)

n=5 (27.7%)
n=3 (16.6%)
n=7 (38.8%)
n=3 (16.6%)

n.s.

Level of physical activity (METS)
Type of work:
·	 Construction
·	 Heavy machinery operator
·	 Athletes
·	 Marble, wood or metal workers
·	 Security agent
·	 Mechanics
·	 Farmer

14608.7 ± 9454.5

4 (17.3%)
6 (26%)
3 (13%)
4 (17.3%)
2 (8.7%)
2 (8.7%)
2 (8.7%)

16282.6 ± 11223.7

3 (16.7%)
4 (22.2%)
2 (11.1%)
3 (16.7%)
3 (16.7%)
2 (11.1%)
1 (5.5%)

n.s.

BMI 29.3 ± 4.8 29.2 ± 3.3 n.s.

Pain (VAS) 7 (3;10) 7 (4;10) n.s.

SSI 43.33 (12;65) 36.67 (23;72) n.s.

UCLA score 20.50 (12;25) 20 (9;26) n.s.

Normalized Constant 70.43 (29;82) 58.51 (34.9;93.75) n.s.
BMI: Body mass index. VAS: visual analogue scale. SSI Shoulder score index. UCLA:  The University of California Los Angeles shoulder score. VAS, 
Normalized Constant score, UCLA score and SSI scale are expressed in median and ranges.
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after-fatigue. Maximal voluntary contraction (MVC) of the 
elbow was determined in the patients while sitting in a chair, 
with the elbow flexed at 90°. MVC was determined with 
the forearm horizontal and in supination, with the trans-
ducer positioned on the wrist. The force exerted vertically 
was quantified using the Commander Muscle Testing dyna-
mometer (JTECH Medical, Salt Lake City, USA) (figure 2), 
and the results were expressed in Newtons. The volunteers 
performed the maximal contraction test 3 times, trying to 
reach the highest value possible. The MVC was the largest 
parameter from among all exercises. 
To measure maximal voluntary supination (MVS) force of 
the forearm a torsion dynamometer has been used (Baseline 
Hydraulic Wrist Dynamometer, FEI, White Plains, USA) 
(figure 3). The subject was evaluated while seated, with the 
elbow flexed at 90°, the forearm in pronation, and the hand 
grasping the lever of the torsion dynamometer. The results 
of the moment force were expressed in Newtons x m. The 
subjects performed three measurements on both elbows. 
The highest parameter of all the exercises was consid-
ered the MVS.
After performing the previous exercises, a submaximal 
isometric fatigue test (26,28-33) was used. This test consist-
ed of performing a contraction in isometric flexion on 33% 
of the MVC obtained previously, and was maintained as long 
as possible. The fatigue test concluded when the patient 
deviated from the target force by − 10% MVC force for 
more than 5 s. When this occurred, the patient was deemed 
to have reached exhaustion. The time to claudication was 
observed in seconds and the patient was not aware of the 
result until the study was completely finished. Within 10 s 
after the fatigue test, MVC and MVS were performed again. 

During the arthroscopy of the shoulder, a standard posterior 
and anterior portals were used to explore the joint. LHBT was 
evaluated for pathological changes at its insertion and also 
in the beginning of the bicipital groove. If there were others 
pathologic changes in the glenohumeral joint, they were 
managed first. In the tenotomy group, surgical technique was 
performed sectioning the LHBT near of its insertion with an 
electrocoagulator. The creation of a wide proximal stump was 
favored to facilitate the stop in the bicipital groove.
In the tenodesis group, all procedures conducted in the 
glenohumeral joint were similar except for the manage-
ment of the LHBT. The tenodesis technique was performed 
by opening the bicipital slider, sectioning the transverse 
humeral ligament. The LHBT was extracted to appreciate 
the groove. The execution of the tenodesis was carried out 
2 cm inferior to the upper vertex of the greater tuberosity, 
always inside the slide. The hole was carried out with the 
help of the Biceptor system (Smith & Nephew, Andover, 
MA), using a guide wire for the realization of a hole of a 
diameter similar to the interferential screw to be used, and 
a length 0.5 cm longer. At that time, the tenotomy of the 
intraarticular portion of the tendon was performed simi-
lar to that defined in the tenotomy group. With the help 
of the fork of the Biceptor system, the tendon was intro-
duced into the hole, favoring the sliding of the proximal 
part of the tendon, avoiding the overstretching. Then, the 
Biosure PK interferential screw (Smith & Nephew, Ando-
ver, MA) was introduced and the remnant proximal stump 
was removed.
Routine postoperative rehabilitation protocol was per
formed. A sling was used during the first 3 weeks after 
surgery, allowing passive mobilizations of the shoulder and 

Figure 2. Commander muscle testing dinamometer Figure 3. Baseline Hydraulic Wrist Torsion Dynamometer
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two groups, we used the t-Student test or its nonparamet-
ric alternative, Mann-Whitney U, according to the result of 
the normality test. For the comparison of proportions, the 
Chi-square test or its nonparametric alternative, Fisher’s 
exact test, was used, depending on the number of cases. In 
some cases, and according to the normality of the variables, 
the dispersion of the data has been expressed, expressing 
the 95% confidence interval.

RESULTS
Demographic data about groups is expressed in table I. 
Differences in the base groups have been analyzed for later 
comparison.
In the comparative study of both techniques 12 months 
after the surgery, a similar result can be seen in terms of clin-
ical pain parameters, the Constant score and SSI and UCLA 
scales. Additionally, there were no differences between 
both techniques in residual groove pain, biceps cramps or 
perceived satisfaction. Nevertheless, Popeye sign was statis-
tically higher in tenotomy group. These results are displayed 
in table II, showing clinical values between techniques 12 
months after surgery.
Biomechanical data are expressed in tables III and IV. A 
significant increase has been proved in MVC in both groups 
with respect to the preoperative values, both in the pre-fatigue 
study and in the after-fatigue study. This increase with respect 
to the preoperative values has also been seen in the measure-
ment of the MVS, except in the tenotomy group in the pre-fa-
tigue measurement, where no differences have been found.
A significant loss of fatigue time (time to claudication) was 
found in the group where LHBT tenotomy was performed 
(decrease from 139.1 ± 71.6 s to 95.18 ± 28.8 s; p <0.01). 
This deficit has not been evidenced in the group where 
tenodesis was performed (137.6 ± 99.2 s in the preoperative 

Table II. Clinical results 12 months after surgery.

Tenotomy group Tenodesis group p
Pain (VAS) 2 (0.8;3.1) 3 (1.2;4.8) n.s.

Normalized Constant score 88.9 (84.2;93.5) 89.7 (82.4;97) n.s.

SSI 84.3 (76.6;92) 76.1 (63.8;88.5) n.s.

UCLA score 32.8 (28.4;37.1) 31 (28.3;33.8) n.s.

Popeye sign 56.5% 11.1% 0.01*

Residual groove pain 18.2% 27.7% n.s.

Biceps cramps 14.3% 22.2% n.s.

Perceived satisfaction 90.9% 100% n.s.
VAS: visual analogue scale. SSI Shoulder score index. UCLA:  The University of California Los Angeles shoulder score. VAS, normalized Constant score, 
SSI scale and UCLA score are expressed in median and ranges.

elbow. Gentle active arm movements were allowed from the 
third week until a full range of mobility was achieved.
The present study has been approved by the ethics commit-
tees of both hospitals: Hospital Clínico of Valencia (Spain) 
and Unión de Mutuas of Valencia (Spain).

STATISTICS
Prior to the beginning of the clinical trial, a retrospective 
pilot study (unpublished data) was conducted to know the 
variability of the main parameter to be measured in order 
to know the number of patients needed to be included in 
the study. The main parameter was established as the time 
in seconds until claudication when the elbow performs 
an isometric contraction at 90º of flexion, maintaining the 
contraction at 33% of the Maximum Voluntary Contraction 
(in Newtons) previously collected. In this study it was deter-
mined that typical deviation of time to claudication was 37 
seconds. To detect a measurement difference of 40 seconds 
(30% of the average fatigue time), using a significance level 
α = 0’05 ​​with a power of 80% and assuming a standard 
deviation of 37 seconds, it was necessary to observe 13 
patients per group, 26 in total.
The SPSS 15.0 program (SPSS Inc, Chicago, IL) has been 
used for the analysis of the data collected from the sample. 
An exploratory analysis of the database has been carried out 
using basic statistical techniques descriptive in both treat-
ment groups, and expressed the quantitative variables in the 
form of mean ± standard deviation, and the qualitative vari-
ables in absolute number and percentage of the total. The 
normality of the numerical variables was analyzed using the 
Kolmogórov-Smirnov test.
For the assessment of the proposed objectives, statistical 
group comparison techniques have been used. Specifical-
ly, for the comparison of continuous variables between the 
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period and 122.53 ± 42.1 s at the end of the follow-up; p = 
n.s.). Statistical differences were found between groups at 
the end of the follow-up in terms of fatigue time (95.18 ± 
28.8 s vs. 122.53 ± 42.1; p = 0.03).

DISCUSSION
The most important finding in this study has been the 
difference in fatigue time between groups found at the end 
of the follow-up (95.18 ± 28.8 s in the tenotomy group 
vs 122.53 ± 42.1 s in the tenodesis group; p = 0.03). To 
date, no clinical trial has focused on the study of biceps 
fatigue as the main study parameter. The different biome-
chanical studies carried out to date analyze the results of 
the surgery based on the analysis of basic biomechanical 
parameters (MVC, MVS). Maximum peak force in elbow 
flexion or supination of the forearm are important biome-
chanical parameters, but they may not be the most relevant 
parameters in clinical practice, because most of the daily 
activities are performed by repeated submaximal contrac-
tions (25).
There is controversy in whether there is a decrease in MVC 
or MVS after the surgery on the LHBT. There are differ-
ent studies that show a decrease in flexion strength between 

4.4% and 14% (15,21,22,24) in patients where tenoto-
my where performed with respect to the healthy arm. But 
this decrease is very similar to the data provided by studies 
that analyze patients undergoing tenodesis with respect to 
the healthy arm (decrease between 9% and 15%)(21,22). 
Shank et al. (21) and Sentürk et al. (23) studied the biome-
chanical differences between patients undergoing tenotomy 
or tenodesis of LHBT. Both authors, using the Cybex isoki-
netic dynamometer, found no differences in flexion strength 
or supination. In the same way, other authors have also not 
found differences when manual dynamometers were used. 
Lee et al. (19) and Oh et al. (20) did not find differences 
between groups in flexion, but in supination, in favor of 
performing tenodesis.
In the present study, no differences in pre-fatigue flexion 
strength were observed between the groups (246.81 ± 57.4 
N vs 273.69 ± 58.8 N), nor in the pre-fatigue supination 
force of the forearm (147.5 ± 56.98 N vs 177.7 ± 71.6 N).
Generally, force measurements in biomechanical studies 
are analyzed with the arm in baseline (not fatigued). Fried-
man et al. (13) trying to find differences between tenotomy 
and tenodesis, analyzed the MVC and MVS in the fatigued 
arm. For this, they performed a fatigue test by lifting dumb-
bells and subsequently quantified the MVC and the MVS 

Table III. Biomechanical results 12 months after surgery.

Tenotomy group Tenodesis group p
MVC at rest (N) 246.81 ± 57.4 273.69 ± 58.8 n.s.

MVS at rest (Nm) 147.5 ± 56,98 177.7 ± 71.6 n.s.

Fatigue time (s) 95.18 ± 28.8 122.53 ± 42.1 0.03*

MVC after-fatigue (N) 207.3 ± 51.8 219.3 ± 65.77 n.s.

MVS after-fatigue (Nm) 137.1 ± 49.9 194.7 ± 72.9 0.01*
MVC: Maximal voluntary contraction (in elbow flexion). MVS: Maximal voluntary supination (of the forearm).

Table IV. Differences in biomechanics before and after surgery.

Before surgery 12 m after surgery p

MVC at rest (N) Tt
Td

193.18 ± 57.9
193.36 ± 88.6

246.81 ± 57.4
273.69 ± 58.8

<0.01*
<0.01*

MVS at rest (N) Tt
Td

149.95 ± 73.2
129.18 ± 77

147.5 ± 56.98
177.7 ± 71.6

n.s.
0.01*

Fatigue time (s) Tt
Td

139.1 ± 71.6
137.6 ± 99.2

95.18 ± 28.8
122.53 ± 42.1

<0.01*
n.s.

MVC after-fatigue (N) Tt
Td

169.5 ± 6
158.8 ± 76.8

207.3 ± 51.8
219.3 ± 65.77

<0.01*
0.01

MVS after-fatigue (N) Tt
Td

146.9 ± 77.5
118 ± 68.6

137.1 ±49.9
194.7 ± 72.9

n.s.
<0.01*

MVC: Maximal voluntary contraction (in elbow flexion). MVS: Maximal voluntary supination (of the forearm). Tt: tenotomy group. Td: tenodesis group.
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in the fatigued arm, without finding differences between 
the groups. In the present study, no differences were found 
between groups in the after-fatigue MVC (207.3 ± 51.8 N 
vs. 219.3 ± 65.77 N), but statistical differences have been 
observed in the after-fatigue MVS (137.1 ± 49.9 N vs. 194.7 
± 72.9 N; p=0.01). These differences were not appreciat-
ed in the pre-fatigue study. This suggests that the biome-
chanical study in the fatigued arm is useful for demonstrat-
ing differences that were not appreciated with the arm at 
baseline. This particularity in the biomechanical measure-
ment after-fatigue has its relevance in the clinic, given that 
manual workers do not carry out their job in a baseline situ-
ation, but are progressively more fatigued when performing 
their workday.
It is interesting to note that in the present study differenc-
es between groups in after-fatigue supination force were 
observed (table III), while no differences were observed in 
terms of muscle cramps or residual pain in the slider (table 
II). This suggests that the strength deficit is not related to 
pain. This supination deficit was only seen in the after-fa-
tigue study. This means that, in basal conditions (non-fa-
tigued arm), the generation of supination force does 
not differ between the groups, while differences in time 
to claudication and supination force after fatigue have 
been found. An electromyographic study of the operated 
patients could determine if the deficit is due to a failure 
in neuromuscular transmission (inhibition of the motor 
neuron, central fatigue) or if it is due by a cellular cause 
(peripheral fatigue).
To date, no author has focused the study on fatigue time 
until biceps claudication when analyzing the differences 
between tenotomy and LHBT tenodesis. 
Some authors have tried to make an approximation to 
biceps fatigue by lifting dumbbells, measuring the number 
of repetitions until claudication of the arm. Kelly et al. (9) 
appreciated differences in the number of elevations two 
years after performing biceps tenotomy (32.3 repetitions) 
compared to the healthy arm (34.5 repetitions). In a similar 
way, Drakos et al. (34) did not appreciate differences in the 
number of dumbbell elevations in the arm where the teno-
desis was performed (33.2 repetitions) with respect to the 
healthy arm (34.3 repetitions).
Using dumbbells to perform the fatigue test is an easy, 
accessible and reproducible way to perform the biome-
chanical test, but it can lead to bias. This is because it does 
not report the test time or the frequency of repetitions. It 
does not take into account the biomechanical character-
istics of each subject (all subjects lift 10lbs without taking 
into account biometrics) nor do the authors report the posi-
tion of the forearm during the dumbbell lift. Other studies 
induce biceps fatigue by isometric contraction of the elbow, 

using a manual dynamometer (28,31,32,35). To do this, the 
MVC is determined first and, depending on it, perform a 
submaximal percentage isometric contraction maintained 
over time. This fatigue induction model has been used in 
basic studies and also in studies that analyze the results after 
the surgery on LHBT26. This biceps fatigue induction model 
has been used in the present study. It estimates the fatigue 
test based on the biomechanical characteristics of the indi-
vidual, in a dynamic way over time, according to their MVC. 
It pays special attention to the duration of the test until the 
claudication and allows the performance of the MVC and 
the MVS after-fatigue. The study of the time until claudi-
cation after performing the surgical techniques on LHBT 
has clinical relevance because it provides information on the 
possible fatigue of the biceps in patients who require a phys-
ical activity maintained during the workday. This must be 
taken into account for the choice of surgical technique on 
the LHBT by the surgeon.
Avoiding the Popeye sign is one of the reasons why LHBT 
tenodesis is performed. In a recent systematic review, Slenk-
er et al. (6) quantified this deformity in 42% of the patients 
where tenotomy had been performed, compared to 8% of 
the patients operated by tenodesis. In the present study, 
this difference between groups has been significant (56.5% 
vs. 11.1%; p = 0.01). The data obtained have been similar 
to other studies in the literature (5,9,13,20,36), but slight-
ly higher than those provided by the systematic review. 
This can be justified by the mean age (50.73 ± 6.31 years 
in the tenodesis group), lower than in the systematic review 
(over 60 years). It can also be justified by the male sex of 
all subjects, more prone to deformity after surgery on the 
LHBT (9,15,20,37). There were no differences between 
groups in terms of pain (VAS), functional scales (normal-
ized Constant score, SSI, UCLA), residual pain in the slide, 
biceps cramps or perceived satisfaction.
It has been analyzed whether in the presence of aesthetic 
deformity there are differences in function, pain, side effects 
or biomechanical parameters with respect to subjects with-
out deformity. In the function scales, differences were found 
in favor of the group with deformity in the SSI scale (75.68 
± 18.54 in the group without deformity vs 89.44 ± 18.15 in 
the group with deformity; p = 0.03), but not in normalized 
Constant score nor UCLA. No differences were observed 
in terms of pain, muscle cramps, pain in the slide or biome-
chanical parameters.
The evolution of postoperative pain after LHBT surgery is 
a parameter to be taken into account, because a higher inci-
dence of initial surgical pain has been observed in patients 
where tenodesis have been performed7. In the present study, 
there were no differences in the VAS scale in the postoper-
ative period at 3 months (3.06 ± 2.28 in tenotomies vs 4.33 
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± 2.28 in tenodesis), 6 months (2.67 ± 2.49 vs 2.83 ± 2.44), 
nor at 12 months. (2 ± 2.65 vs 3 ± 2.97).
In this study some methodological weaknesses have been 
assumed. The first is the small sample size. Although the 
population studied is small, it reaches the minimum required 
by the power study that was conducted prior to the clinical 
trial. The second weakness is the short period of follow-up 
of patients (1 year). Longer temporal evolution can lead to 
adaptive changes that modify the clinical and biomechanical 
results. There is also a weakness induced by the age range of 
the sample studied and sex. This can lead to bias in extrap-
olation of data to the general population.
As mentioned in this discussion section, the results of this 
clinical trial are important in daily clinical practice, because 
they offer biomechanical and clinical data to be taken into 
account in the choice of surgical technique to be used in the 
pathology of LHBT.

CONCLUSIONS
The most important finding of this study was that differ-
ences in fatigue time were found between the tenotomy and 
tenodesis groups at 12 months after the intervention. 
Differences were seen in the MVS after-fatigue in favor of 
performing tenodesis. No differences were found in the 
study of MVC or MVS before fatigue. 
The study of fatigue should be considered in subsequent 
biomechanical studies.
Clinical relevance. Despite of the absence of differences in the 
maximum strength of flexion or supination of the elbow, the 
presence of early fatigue in the tenotomy group should be taken 
into account when choosing the surgical technique on LHBT.
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SUMMARY
Objectives. Spasticity following stroke tend to increase muscle stiffness. Recent clinical 
measures of post-stroke biceps brachialis muscle spasticity are subjective. We aimed 
to measure post-stroke biceps brachialis muscle stiffness quantitatively by using shear-
wave elastography (SWE). 
Methods. This prospective study included 24 post-stroke patients with unilateral 
biceps brachialis muscle spasticity. The Modified Ashworth Scale of the biceps muscle, 
Brunnstrom stages of the upper extremity of the patients were evaluated as the clin-
ical outcomes. Biceps brachialis muscle stiffness was compared among affected and 
non-affected upper extremities by SWE.  The correlations between SWE findings and 
clinical outcomes were analyzed. 
Results. Shear Wave Velocity (SWV) on the spastic side did not show any signifi-
cant differences from those on the non-spastic side (p>0.05).  SWV findings were not 
correlated with clinical outcomes (r ≤ 0.3, p>0.05). 
Conclusions. Biceps brachialis muscle stiffness was found similar among the affect-
ed and non-affected extremities. In addition, SWV was not correlated with clinical 
outcomes. SWE may not be helpful in detecting the changes in biceps muscle stiffness 
following stroke.
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INTRODUCTION
Spasticity is determined as a velocity-dependent increase 
in muscle tone and increased resistance to passive move-
ment. It can affect daily living activities, such as mobili-
ty, transferring, toileting, and dressing. Also, it may cause 
pain, contracture, deformity, and limitations on the range of 
motion (ROM), function and muscle strength (1-4). Muscle 
hardness may increase with post-stroke spasticity (5,6). 
The Modified Ashworth Scale (MAS) is the most commonly 
accepted clinical spasticity assessment method (1). Several 
studies in the literature have assessed its validity and reliabili-
ty (7-11). However, these studies have emphasized that MAS 
can not detect small changes in muscle spasticity (9,12). 
Although widely used, the MAS can not evaluate muscle 
stiffness which has the potential to be related to muscle func-
tion (13). Therefore, a non-invasive radiological technique 
for the quantifying stiffness of the muscles may be useful. 

Ultrasound (US) elastography has been shown to assess 
muscle architectural and mechanical alterations (14,15).   
Elastography is a recently developed US-based method to 
evaluate tissue stiffness. Strain (compression) elastography 
and shear-wave elastography (SWE) are the two common 
elastography techniques in clinical practice. Strain elastog-
raphy produces an image based on the displacement of the 
tissue from an external or patient source.  Point-SWE using 
acoustic radiation force impulse (ARFI), imaging is a new 
technique enabling quantitative analysis of tissue elasticity 
without compression. In ARFI-Imaging, the acoustic puls-
es generate localized tissue displacements and the displace-
ments cause lateral shear wave propagation which is tracked 
using laterally positioned US tracking beams. The shear 
wave velocity (SWV) of the tissue can be reconstructed by 
estimating the maximum displacement at each lateral loca-
tion. The shear wave propagation velocity is proportional 
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to the square root of tissue elasticity. By SWE, shear wave 
velocity is expressed in meters per second (16-18). 
SWE has been used in studies searching patients with 
neurological disorders including Parkinson’s disease and 
cerebral palsy (CP), as well as in studies on the effects of 
dynamic exercise on muscles (15,19,20). Previously report-
ed studies showed that elastography is feasible in the quan-
titative assessment of spastic biceps brachii muscle (21,22). 
 Herein, we aimed to evaluate the biceps brachialis muscle 
by SWE and to analyze the correlation of stroke-related 
outcomes with elastography measurements.

MATERIALS AND METHODS
This study was approved by the Baskent University Institution-
al Review Board and Ethics Committee (number of the proj-
ect: KA16/149) and supported by Institutional Research Fund. 
Written informed consent was obtained from all subjects 
before the study. Power analysis measured before the ethics 
committee application and biostatistics preliminary evaluation 
revealed that 24 patients should be included in the study.
24 post-stroke patients with biceps brachialis muscle spastic-
ity above 18 years old were evaluated for the present study. 
Exclusion criteria were; bilateral and multiple stroke attacks 
healed with sequelae; anti-spastic injections in the last 6 
months; established contracture of the elbow; previous 
treatment with oral or intramuscular anti-spastic treatment 
medications, intrathecal baclofen, or surgery for spasticity; 
and other neurological or muscular diseases. Also, subjects 
who underwent arm and shoulder surgeries were excluded 
from the present study.

Immediately before performing SWE, clinical outcomes 
were evaluated by a single physiatrist with 16 years of expe-
rience in neurologic rehabilitation. 

CLINICAL OUTCOME MEASURES

Modified Ashworth Scale (MAS)
The MAS is most commonly used tool of spasticity and 
includes these categories:  : 0 (MAS 0), normal muscle tone; 
1 (MAS 1), minimal increased in muscle tone; 2 (MAS 1+), 
minimal increased in muscle tone that seen throughout less 
than half of the ROM; 3 (MAS 2), more marked increase in 
muscle tone through most of the ROM; 4 (MAS 3), consid-
erable resistance, difficulty of  passive movement; 5 (MAS 
4), rigid elbow flexion.23

Brunnstrom motor recovery stages
Brunnstrom motor recovery stages (BS) of the upper 
extremity was used in this study (24). BS comprises six stag-
es: stage I, flaccidity, no active movement on the affected 
side; stage II, appearance of spasticity, muscles begin invol-
untary, abnormal, small movement with  synergy; stage III, 
spasticity  increases and synergy arising maximum level, 
muscles begin voluntary and synergic contractions; stage 
IV, decreased spasticity, movement is seen voluntary, more 
complex and non-synergic features; stage V, spasticity 
decreased and minimal, the patient has isolated active move-
ment; and stage VI, no spasticity, muscle tone is normal, all 
of the isolated active movement is seen. A higher stage of BS 
represents better recovery (25). 

Figure 1. 45 years old patient with right sided upper limb spasticity following stroke. SWV of the spastic biceps muscle 
measured by VTIQ method (right) and VTQ method (left) are shown.
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Shear Wave Elastography (SWE)
US and SWE examinations were performed using a US 
system (Acuson S 2000; Siemens, Erlangen, Germany). 
SWE was performed using a probe with an L9–4 linear array.   
SWE was performed with the patient in a sitting position in 
front of an examination bed. The patient was asked to keep 
their elbow in extension and their hand in a pronated posi-
tion to keep the biceps muscles relaxed. The affected arm 
was positioned with the wrist in a rest position. All patients 
were requested to remain as relaxed as possible throughout 
the testing (approximately 1-2 minutes). Evaluations were 
repeated for the unaffected side in the same manner. 
A standard US examination was initially performed to view 
the biceps muscle in the axial plane. Measurements were 
performed from the belly point of the muscle while the 
muscle was seen on the longitudinal plane (figure 1). All 
patients were evaluated by both VTQ and VTIQ methods.
Scanning was repeated if any movement or muscle contrac-
tion occurred during SWE. Image quality was assessed 
using quality maps produced by the US system. The image 
having the highest quality map was used to measure SWV. A 

rectangular electronic box-shaped region of interest (ROI) 
was used for measurements. At least three boxes were set at 
the mid-depth of the muscle by VTIQ.  Maximum SWVs 
were recorded. As measured by SWE, faster velocity refers 
to greater stiffness (hardness) and lower velocity indicates 
less stiffness (softness). 

STATISTICAL ANALYSIS
The statistical package SPSS software (Version 17.0, SPSS 
Inc., Chicago, IL, USA) was used for statistical analysis 
Normal continuous variables were described as the mean ± 
standard deviation (p>0.05 in Kolmogorov-Smirnov test or 
Shapira-Wilk [n <30]) and variables that were not normal 
were described as the median. The Student T-test was used 
to compare groups for normally distributed data and the 
Mann Whitney U test for not normally distributed data. The 
Pearson’s correlation test was used for correlation analyses. 
The correlation coefficients were interpreted either excel-
lent r ≥ 0.91; good 0.90 ≥  r ≥0.71; fair 0.70 ≥  r ≥ 0.51; weak 
0.50 ≥ r ≥ 0.31; or little or none r ≤ 0.3. Values of p < 0.05 
were considered statistically significant.

Table I. Clinical characteristics of the study population. 

Characteristics Value
Age (years) * 57.46±10.27

Gender (Females/ Males), (n) 14/10

Time since stroke, months* 23.08±26.06

Body mass index, kg/m2 * 27.04±7.35

Paretic side, Right/left, (n) 9/15

Stroke type, (n)

Ischemic 18

Hemorrhagic 4

Hemorrhagic transformation following ischemic stroke 2
*: mean ±standard deviation

Table II. Clinical outcomes of study population, (n:24). 

Characteristics n
Brunnstrom’s Stages of Motor Recovery of the upper  extremity
Stage 2 7

Stage 3 9

Stage 4 5

Stage 5 3

Spasticity degree of biceps brachialis measured using the Modified Ashworth Scale
Stage 1+ 8

Stage 2 13

Stage 3 3
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RESULTS
The study population consisted of 10 male and 14 female 
patients with a mean age of 57.46±10.27 years. The major 
etiology of stroke was hypertension in 12 patients, followed 
by diabetes mellitus in 2 and a history of mitral valve 
surgery in 1. Multifactorial etiologies were responsible 
for 5 patients and the etiology was unknown in 4. Clini-
cal features are noted in table I.  BS and MAS scores are 
summarized in table II. 
16 of the patients (66.6%) had stage 2 and 3 disease where-
as 8 patients (33.4%) had stage 4 and 5 disease. 13 of the 
patients had (54.2 %) score 2 disease by MAS.
The SWV findings were statistically similar among the 
groups. Comparisons of SWV measurements are catego-
rized in table III. 
There were not any correlations between the both SWV 
(measured both VTIQ and VTQ methods) of the biceps 
brachialis muscle with the duration of a stroke, MAS, or 
BS scores (r ≤ 0.3, p> 0.05).Pearson correlation coefficients 
were as follows for VTIQ measurements: duration of stroke 
(r=-0.18), MAS score (r=0.0073) and BS score (r=0.056). 
Pearson correlation coefficients were as follows for VTQ 

measurements: duration of stroke (r=-0.196), MAS score (r 
=-0.048.) and BS score (r =0.13).

DISCUSSION
This study showed that post-stroke biceps brachialis muscle 
stiffness was not different from the non-spastic side. Also, 
SWV findings were not correlated with clinical spastici-
ty and motor recovery stage evaluations.  We believe that 
the inactivity and disuse of the muscles may lead to muscle 
atrophy. In our study, the standard deviation of the dura-
tion of stroke was high as a result; the difference in muscle 
pathological changes including muscle degeneration could 
widely vary among our study population. Thus, muscle 
atrophy may neutralize the effects of muscle stiffness. 
In the literature, there are some studies analyzing the effects 
of some neurological disorders on muscles using elastogra-

phy. Parkinson’s disease was reported to cause increased 
biceps muscle stiffness when compared with healthy 
subjects (15). 
Moreover, Kesikburun et al. (2) found a significant increase 
of post-stroke gastrocnemius muscle stiffness compared 
with the non-spastic side by strain elastography. In addition, 

a recent study reported that medial gastrocnemius muscle 
stiffness of patients with CP was higher than that of healthy 
children using SWE (13). 
Another study including children with CP proposed that 
elastography can detect the stiffer areas in the spastic 
muscles and guide the description of optimal injection sites 
for botulinum toxin therapy (19).  
Not only the neurological disorders but also posture, exer-
cise, gender or anatomical properties were reported to 
affect the muscle stiffness. Nordez et al. (26). reported that 
stretching of the ankle plantar flexors increases the gastroc-
nemius muscle elasticity. Also, biceps brachii muscle stiff-
ness measured by SWE can also be affected by the flexion 
or extension posture of the elbow and gender of the patients 
(27). The posture of the extremities, stretching degree of the 
tendons and muscle contractions can, therefore, be consid-
ered to potentially affect elastography measurements. It 
may be difficult to standardize all factors among the studies. 
Another study showed a reduction in the strain ratio after 
exercise (20). Due to the difficulty in controlling all parame-
ters during examinations, differences in measurements may 
depend on the complexity of muscle function and anatomy. 
The limited number of patients may be considered the first 
limitation of our study. Also, we could not categorize the 
study population according to MAS or BS scores. 
The level of evidence of the study is 3B, so randomized 
controlled trials are needed (28).

CONCLUSIONS
In conclusion, SWE seems not an applicable tool for the 
evaluation of changes in muscle stiffness in the spastic 
biceps brachialis muscle following stroke.  

Table III. Comparisons of Shear-Wave Elastography measurements of biceps brachialis muscle, (m/s), (mean ±standard deviation).

Characteristics Value p
Shear Wave Velocity (VTIQ*) 
Spastic side 3.22±1.2

0.73
Non-spastic side 3.15±0.91
Shear Wave Velocity (VTQ**)
Spastic side 2.63±1.06

0.74
Non-spastic side 2.95±0.185

*: Virtual Touch Imaging Quantification
**: Virtual Touch Quantification
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SUMMARY
Background. One of the least researched anatomical structures of the human body is 
the ligament of head of femur, most often referred to as ligamentum teres. The history 
of the nomination of this term, medical contexts of its use, the etymology and the first 
synonyms are not sufficiently understood.
Purpose. The purpose of the article is to present the most complete collection of 
evidence from ancient medical authors about the term ligamentum teres, trace the 
history of its nomination and analyze the gradual changes in the level of knowledge 
about the anatomy, mechanical and geometric properties of this structure, its patholo-
gy and treatment methods.
Methods. The study is based on an interdisciplinary approach, comprising a combina-
tion of linguistic and medical analysis of the texts in ancient Greek and Latin, which 
contain references to ligamentum teres.
Results. Text analysis showed that ligamentum teres was known in Palestine at the time 
of the compilation of the Book of Genesis. In the medical sources written by the Greek 
physicians, references to it and the description of its properties and role date back to 
the V-IV cent. BC. The study of textual sources and their medical contexts showed the 
evolution of the development of this term from the general concept of “sinew” to a 
narrowly defined “ligament” with detailed qualitative characteristics of the structure 
and function of this anatomical structure. It has been noted that since ancient times 
ligamentum teres has been recognized as an important element of biomechanics of hip 
joint and the action of walking.
Conclusions. This work will serve as a basis for further studies and treatment of the 
interesting and mysterious structure that is ligamentum teres – a true ligamentum 
incognitum.

KEY WORDS
Ancient medicine; ancient traumatology; Galen; Hippocrates; hip joint; ligamentum 
capitis femoris; ligament of head of femur; ligamentum teres. 
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INTRODUCTION
Recently, the attention of researchers and clinicians has been 
increasingly attracted by the under-investigated anatomical 
structure ligamentum teres (LT), which connects the femoral 
head and the acetabulum (1,2). Despite the fact that LT has 
been known for over three millennia, its anatomy and func-
tion have not been fully studied and continue to be refined 
(3-6). For instance, its role in the musculoskeletal system 
is still not clear, and opinions on this issue are often very 

divided (7-10). Some authors concluded that LT is a rudi-
mentary structure of hip joint (HJ) (11,12). The contem-
porary studies, however, regard it as a fully functional liga-
ment with the strength comparable to that of the anterior 
cruciate ligament of the knee joint (8). The recent data show 
the importance of LT as an HJ-stabilizing structure, which 
is involved in maintaining vertical positions (13-17). LT is 
currently recognized as a potential source of pain as well 
as mechanical symptoms in HJ, including gait impairment 
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(3,18-24). The evasive knowledge about LT is reflected in 
dozens of its synonyms, with its original names unknown 
not only to laymen, but even to experts (7,23,25). In some 
publications, including those claiming to be comprehensive, 
the earliest extant evidence regarding LT is, in our opinion, 
insufficiently covered (26,27). Therefore, this work attempts 
to provide the most complete review of LT-related sources 
from ancient authors. We believe that this will make it possi-
ble to clarify the earliest period of studying LT and knowl-
edge about it and will help experts to better understand the 
basis of their research.

MATERIALS AND METHODS
This study is based on an interdisciplinary approach involv-
ing a combination of linguistic and medical knowledge. 
The original fragments of ancient physicians on LT, written 
in ancient Greek and Latin, as preserved in the electronic 
platform Thesaurus Linguae Graecae (University of Califor-
nia, Irvine, CA, USA), were investigated in relation to the 
modern views on normal and pathological anatomy of this 
anatomical element, its role in the musculoskeletal system, 
its mechanical and geometric properties. The pathology 
treatment methods are also considered.
This work submits to the ethical standards of the Muscles, 
Ligaments and Tendons Journal (28).

RESULTS

Biblical tradition: Genesis 32:32
Perhaps the earliest known mention of LT is found in the 
Book of Genesis. The period of the compilation of the Penta-
teuch, which includes the Book of Genesis, can be approx-
imated only with a very relative accuracy. Given the peri-
od of codification and the long oral tradition of its sources, 
it can be dated to the period of the XIV-VI centuries BC 
(29-31). In this ancient written source, LT is mentioned in 
the context of the narrative of the Patriarch Jacob wres-
tling with God and acquiring the name of Israel. Genesis 
32:32 says:

«That is why to this day the Israelites do not eat the thigh 
sinew which is at the hip socket: because he had struck Jacob 
at the hip socket on the thigh sinew». 

NJB.

In the Masoretic text of the Biblia Hebraica, the expres-
sionְךֵרָּיַה ףַּכ לַע רֶׁשֲא הֶׁשָּנַה דיִּג  is used. It can literally be 
translated as “the thigh sinew, which [is located] in the 
socket of the hip joint”. The etymology of the term הֶׁשָּנַה 

(hannasheh) is unclear, and the term דיִּג (gid) is translated 
as “sinew” (32).
The authors of the Septuagint (LXX), the Greek translation 
of the Old Testament (III-I cent. BC in Alexandria) from a 
pre-masoretic version of the Hebrew text, rendered this text 
as: «τὸ νεῦρον ὃ ἐνάρκησεν ὅ ἐστιν ἐπι ̀τοῦ πλάτους τοῦ 
μηροῦ», that is, “the sinew which shrank, which is upon 
the hollow of the thigh” (KJV). The translators, apparent-
ly, linked the word hannasheh (LXX: ἐνάρκησεν) with 
the root nashah, interpreting it as “to dislocate”, “become 
weak”. From the point of view of modern medicine, it can 
be assumed that in this case we are talking about damage to 
acetabulum.
The Latin translation of the Bible, the so-called Vulgate, 
was completed in the IV century AD by St. Jerome, who 
translated the Bible directly from Hebrew, but was also very 
familiar with the Greek text of the Septuagint. This frag-
ment described above is conveyed there as follows: nervum 
qui emarcuit in femore Iacob, “sinew, which weakened in 
Jacob’s thigh”. The Hebrew, the Greek and the Latin texts 
formed the basis for all the subsequent translations into 
other ancient and modern languages, as well as for patristic, 
Jewish and modern biblical comments.
Most biblical commentators agree that Genesis 32:32 
mentions the sciatic nerve (nervus ischiadicus), the large 
nerve trunk of the femoral region, which the Greeks called 
the Achilles tendon (33-35). Other commentators argue 
that this word refers to the tendon which holds the head of 
the femur in the acetabulum, along with the surrounding 
muscles (36). However, neither in the Pentateuch nor in the 
other Old Testament books there is any further mention of 
the anatomical structure of HJ, so it is difficult to establish 
the exact meaning. In our opinion, consistent with the point 
of view of some other authors (37), this “sinew” is LT, since 
no muscle tendons are attached in acetabulum and no large 
nerve trunks are present. Moreover, the transverse section 
of the proximal end of LT reveals an approximately cylindri-
cal shape, resembling a tendon or a nerve fragment.
The quote from Genesis 32:32 has an important historical 
and medical implication for anatomy, traumatology, and 
biomechanics of HJ. This fragment is one of the earliest 
mentions of HJ and, possibly, the first written reference in 
the history of mankind to a special anatomical element in it, 
that is, LT. It can be assumed that in Palestine of the bibli-
cal times it was known that LT could be damaged by an 
indirect trauma mechanism, for example, by a forced hip 
rotation, its subluxation and dislocation. This is also the 
first known description of one of the earliest visual symp-
toms of LT injury, that is, lameness. In addition, Genesis 
provides perhaps the first “medical history” of HJ and LT 
injury. As befits the modern medical record, the patient’s 
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name, marital status, personal characteristics, approximate 
age and working conditions are described, as well as the 
circumstances, time and location of the injury, localization 
of the damage, its mechanism, consequences and pathomo-
rphology. From further narration (Genesis 50:2), we learn 
that the Patriarch Jacob was posthumously embalmed by 
Egyptian physicians, first mentioned in Genesis as repre-
sentatives of a specific and separate profession (25). This 
allows us to conclude that the diagnosis of LT injury could 
be morphologically verified by means of some prototype of 
pathological study. From the biblical text it follows that the 
resulting biomechanical ambulation disorder turned out to 
be persistent, and the cause of it was damage to HJ, or, more 
precisely, LT.
Paradoxical as it may seem, an analysis of this ancient, not at 
all medical source, allows us to make a significant assump-
tion for modern science: LT is an important functional rela-
tion of HJ, and only with it intact, normal-walking can be 
achieved, making LT a part in the organization of this type 
of human locomotion.

The terms νεῦρον/nervus: classical tradition 
Ancient authors of the Classical period did not initially 
distinguish between such anatomical structures as tendon, 
ligament and nerve neither in terminology, nor, apparent-
ly, in practice, as indicated by the absence of special names 
for each one of them. There was a single term τὸ νεῦρον, 
to which the multivalent term “sinew” corresponds most 
closely. It can mean “tendon”, “ligament”, “nerve”, as well 
as “vein” and “artery”. The Latin term nervus has the same 
root as the Greek τὸ νεῦρον and generally has the same 
initial meanings as “string”, “thread”, “fiber”, from which, 
by metaphorical transfer, they acquired the medical meaning 
of “white fibrous threads that support the muscles, connect 
the joints and transmit nerve or motor impulses” (38). The 
term τὸ νεῦρον, in the meaning of “sinew”, which can mean 
“tendons”, “ligaments”, and “muscles”, and possibly “large 
nerves” and “blood vessels”), is found in Homer’s Iliad:

«[…] Phylides, taking note / That bold Amphiclus bent at 
him, prevented him, and smote / His thigh’s extreme part, 
where of man his fattest muscle lies, / The nerves torn with 
his lance’s pile, and darkness clos’d his eyes».

Iliad XVI: 313-316.

Hippocrates (born 460 BC), expounding in the treatise Plac-
es in Man on certain types of sinews, mentions those that 
are “connected with joints,” meaning tendons, and “hollow 
veins”, that is, blood vessels, lymphatic vessels, various 
ducts and bronchi (De loc. in hom., 5) (39).

Apparently, it is about the articular ligaments connecting 
two, and in some cases more, bone organs, that Aristotle (IV 
cent. BC) writes in the History of Animals, mentioning that:

«They aid in the support of the body <...> The sinews around 
the joints have not received any name, for all the bones 
where they are contiguous are bound together by the sinew 
(νεύροις). And there are many sinews round all the bones».

Hist. anim. III, V, 50 (515b 11).

The distinction between nerves, muscles, tendons and liga-
ments first appears only in the anatomy of the first Alexan-
drian school (III cent. BC). Herophilus (IV-III cent. BC) 
did not yet have a clear distinction between nerves and 
muscles, since he recognized both muscles and nerves as 
organs of voluntary movement (40). The idea of the phys-
iology of muscle contraction first appears in Erasistratus 
(IV-III cent. BC). He believed that muscle contracted under 
the influence of the pneuma that is contained within, and 
the nerves were deprived of any function in voluntary move-
ment (Gal. De loc. aff.) (41,42). In terminology, Erasistra-
tus distinguished between sensory (αἰσθητικά) and motor 
nerves (πρακτικά, κινητικά).
Apparently, it was Pliny the Elder (1st cent. AD) that 
used the Latin term nervus as applied to tendons in Natu-
ral History. When speaking about the Achilles tendon, he 
calls it a “sinew” (nervus), which is defined as “flat” (platys) 
(Hist. nat. 26, 90). He uses the same term with reference to 
ligaments:

«In all animals they (nervi) are fastened to the lubricous 
surface of the bones, and so serve to fasten those knots in the 
body which are known as articulations or joints, sometimes 
lying between them, sometimes surrounding them, and some-
times running from one to the another; in one place the are 
long, and in another broad, according as the necessity of each 
case may demand».

Hist. nat. 11, 217. 

Here we have one of the first classifications of ligaments and 
the first use of the concept of “round” (lat. teres, rotundum) 
used to describe ligaments in general. As for the nerves, 
since they do resemble thin tendons, the ancient anatomists 
thought that they served for flexion and extension of various 
parts of the body.
Aulus Cornelius Celsus (25 BC – 50 AD) writes about a 
pathology of HJ ligaments, called “sinews” (nervis), which 
are damaged and stretched when hip is dislocated:

«When the bone is replaced nothing further need be done, 
but the patient must be kept in bed for a rather long time or 
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the thigh may become displaced again on moving while the 
sinews (nervis) are still relaxed».

De med. VIII, 20, 8.

Galen of Pergamon (II-III cent. AD) provides a more clear 
systematization of various kinds of sinews. He often accom-
panies the term νεῦρον with clarifying definitions or gives 
one-word synonyms. In the treatise On Bones for Beginners 
Galen describes three types of sinews: those originating in 
the brain and spinal cord - προαιρετικὰ νεῦρα, “sinews 
responsible for voluntary movements”; originating in bones   
-  συνδετικὰ νεῦρα, “connecting sinews” or συνδέσμους, 
“ligaments”; and originating in the muscles - τένοντας, 
“tendons” (De oss. ad tir., 24) (41). Speaking in the treatise 
On Movement of Muscles on the origin of this term, he associ-
ates it with the verb νεύειν, “bow one’s head, nod” (De motu 
musc. 1, 1) (41).
13 centuries later, the etymology and medical ambiguity 
of the term nervus would be discussed by Andreas Vesa-
lius (1514–1564) in his anatomical atlas On the Fabric of 
the Human Body (1543), in which he’d accept and repeat 
the definitions of Galen (De humani fabr. corp. IV, 1). The 
modern etymological dictionaries consider this interpreta-
tion to be a paretymology and correlate the term νεῦρον 
with the verb νέω, “spin” (43), implying the pulling and 
twisting of yarn from a tuft of wool.
In a later treatise, On the Usefulness of Parts of the Body, 
Galen already clearly differentiates both the terms and the 
functions of ligaments and nerves:

«Where a member needs only a connection, there is only 
a ligament (σύνδεσμος), and where it needs only a sensa-
tion, there is only a nerve (νεῦρον). On the contrary, in 
organs that could benefit from having voluntary movement, 
you can see them together: a nerve that transmits an order 
received from the center of thought and determines the prin-
ciple of movement, and a ligament that provides the nerve 
with its power to maintain the joints brought into a state of 
movement».

De usu part. XII, 3, 7 (41) 

Ancient medical authors (prior to Galen) about 
ligamentum teres
In the history of ancient medicine, LT and its topographic 
anatomy were first mentioned in the treatise Instruments of 
Redactions by Hippocrates:

«The femur itself bends outward and forward; its head 
is a round epiphysis which gives origin to ligament 
(νεῦρον) inserted in the acetabulum of the hip-joint. This 

bone is articulated somewhat obliquely, but less so than 
the humerus».

Vectiar. 1 (39).

Indeed, LT attaches to the bottom of acetabular fossa at an 
acute angle, and its counterpart in the shoulder joint is at a 
right angle. This so-called “ligamentum teres in the shoulder 
joint” is clearly visible in certain animal species and is other-
wise called ligamentum gleno-humerale (syn. lig. interarticu-
lare humeri) (44,45). Its counterpart in humans is not very 
prominent and is called ligamentum glenohumerale superius 
(46,47). This fragment indirectly indicates that Hippocrates 
studied the anatomy primarily by dissecting animal bodies.
It should be noted that Hippocrates describes LT as an 
already well-known element, noting its location and attach-
ment to the bone of HJ. How could Hippocrates, who did 
not dissect humans, observe LT? It is likely that he could 
have seen this anatomical element when examining a patient 
with an open hip dislocation. This pathology is a rare type 
of trauma that currently occurs with high energy trauma as 
a result of a car accident and fall (48,49). Similar high-ener-
gy traumas could be observed in the time of Hippocrates, 
for example, when one fell from height, was hit by a large 
animal or by a heavy part of rigging of a ship.
In Galen’s IV commentary on Hippocrates’ book On Joints, 
a fragment of the treatise On External Treatment by the 
Greek physician Heraclides of Tarentum (III-II cent. BC) 
was preserved (50). Speaking about the reduction of a dislo-
cated hip, he gives the earliest description of the pathology 
of LT resulting from this injury:

«Those who believe that the hip does not remain set because 
the ligament (νεῦρον) connecting the femur to the acetabu-
lum is torn, do not know things of general knowledge, when 
expressing their negation. For neither Hippocrates nor Diocles 
would have described the reductions, and neither would 
Phylotimus, Evenor, Nileus, Molpis, Nymphodorus and some 
others. And we have achieved this goal [reduction] in two 
children, although in adults the joint is dislocated again more 
often. This case should be judged not from hearsay, but since 
the thigh sometimes remains [set], it must be assumed that 
this ligament does not always rupture, but that it stretches and 
contracts again [...]» In Hipp. de artic. IV, 40 (41).

From this fragment we learn that in the days of Heraclides 
of Tarentum physicians already knew not only about LT, 
its attachment to the hip and the acetabulum, as well as its 
connecting function, but also about its injury incurred by a 
traumatic hip dislocation. It is safe to assume that the author 
personally performed anatomical studies of both normal 
and pathologically altered HJ. He also opined that LT could 
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stretch and contract, thus remaining intact after hip disloca-
tion. A few modern studies partly confirm the Heraclides of 
Tarentum’s guess and indicate the possibility of LT recovery 
after hip dislocation (18,51,52).
There is an extant fragment of the text by another Greek 
surgeon, Hegetor, a native of Alexandria (II century BC). 
The Apollonius of Citium’s (90-15 BC) commentary on the 
Hippocrates’ book On Joints provides an excerpt from it:
«In the book “On Causes”, Hegetor mentioned hip disloca-
tion in the following passage: “Why don’t those who rely only 
on experience seek to find any other [way] of reduction the 
femoral head for those who have it dislocated, in such a way 
that every time it dislocates, it can be reset? After all, we can 
observe that the lower jaw, and the humeral head, the elbow, 
and the knee, and each finger, and the majority of joints that 
may dislocate, can be reset in a similar way. For, not being 
able to understand why this joint only, after dislocation and 
repeated reduction, won’t remain in its place, and seeing what 
often happens with other joints, they will probably come to 
the conclusion that there might be a better way of reduction, 
after which the joint will stay [set]. If they only thought about 
the reason from the point of view of anatomy, - because the 
femoral head is a foundation for the ligament (νεῦρον) [of 
femoral head], which grows into the middle of acetabulum; 
and when it remains [intact], the femur cannot dislocate, 
but when it ruptures, the hip cannot provide a firm connec-
tion; and when there is a lack of connection, the joint cannot 
remain in place. Since the reason has been clarified, one can 
refrain altogether from a reduction of a dislocated femur and 
not make attempts doomed to failure».

In Hipp. de art. (53).

Hegetor repeats the previously known information about 
LT about the areas of its attachment and its anchoring role, 
but, unlike Heraclides of Tarentum, he is somewhat pessi-
mistic about the possibility of reduction of hip dislocation. 
Perhaps the author in his practice encountered cases of 
complicated dislocation accompanied by a fracture of the 
wall of acetabulum or femoral head, or perhaps he was not 
able to differentiate the dislocation from the femoral neck 
fracture. For these reasons, his attempts to “set it” were 
not successful, which served as the basis for therapeutic 
pessimism.
Further, Apollonius of Citium expresses its own opinion on 
this issue:

«If the dislocated and displaced hip could not remain in place, 
then the physician [Hippocrates] would have clearly indi-
cated the incurability of this case, so that we would not be 
led astray. Don’t those who hold the opposite opinion know 
about the nature of joints, ligaments and the teachings about 

these things in general? After all, the physician considered 
the cause of the mild or, on the contrary, complex displace-
ment and reduction of the joints to lie in the natural struc-
ture, condition, and strength or stretching of the ligaments 
(νεύρων), associated with fluid, so that, with respect to femur 
dislocation, if it does not remain [in place], this happens not 
because the ligament (νεῦρον) [of the femoral head] is torn, 
but because of the natural weakening or stretching of the liga-
ments (νεύρων), just as he says about the bulls that their 
joints are mobile by nature». In Hipp. de art. (53).

In this fragment, the author agrees with the views of Hera-
clides and Hippocrates, noting the possibility of lengthen-
ing, weakening of strength and elasticity of LT. Apollonius 
of Citium talks (already with confidence) about the possibil-
ity of pathological changes in LT and transformation of its 
geometric and mechanical properties. These changes, regis-
tered over 2000 years ago, are still the cause of differences 
in the description of normal LT. It should also be noted that 
Apollonius of Citium says, like Hippocrates, that ligaments, 
and hence LT, are present in animals (cf. De artic. 8, 14-15; 
52; Vectiar. 5, 5-6) (39).
Another mention of LT is found in the Roman anatomist 
and physician Rufus of Ephesus (I-II cent. AD). Speaking 
about the names of different body parts in the treatise De 
appellationibus partium corporis humani, he writes:

«The name of pelvis (ἰσχίον) [is given to] the ligament 
(νεῦρον) that attaches to acetabulum and secures the entire 
joint» (54).

The statement by Rufus suggests that the author was aware 
of the existence of LT, its attachment to acetabulum and its 
connective function.

Galen and the Byzantine authors
Galen, who, along with Hippocrates, had remained the main 
authority in the field of anatomy until the time of Andreas 
Vesalius, mentions LT in a number of his treatises. In one of 
his early essays, On Bones for Beginners, written for those 
who are just beginning to study anatomy, Galen, explaining 
the structure of HJ, says:

«There is a socket of large size in each of the ischia, attached by 
a very stout ligament (σύνδεσμος) to the head of the femur».

De oss. ad tir. XX, 2 (41).

This quote is interesting in that Galen notes, like the previ-
ous authors, that LT is attached directly to the bones that 
form HJ, and not to its capsule or transverse acetabular liga-
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ment. He also specifically mentions the considerable strength 
of LT, which was not pointed out by his predecessors. This 
can be explained by the fact that this anatomical element was 
personally studied by Galen in somatically healthy young 
people who died in battle, i.e. physically well-developed 
warriors and gladiators (which is currently impossible for 
ethical reasons). The latest information on the low mechani-
cal strength of LT, refers, as a rule, to senior persons (55-58).
In his main work on anatomy, On Anatomical Procedures, 
Galen gives a more detailed description of the structure of 
HJ and LT yet:

«As with the arm you examined the ligaments of the bones, 
so now examine those of all the exposed joints and first of 
the hip. This has one ligament (σύνδεσμον) embracing it 
[capsular ligament], as with all joints. A second, hidden in 
the depths of the joint [ligamentum teres], ties the head of 
the femur to the hollow in the hip-bone [acetabulum]. It is 
so tough (σκληρός) that it could be called a “cartilaginous 
sinew” (νεῦρον χονδρῶδες)».

De anat. adm. II, 10 (41,59).

By the “ligament embracing the hip” Galen clearly 
means the HJ capsule (capsula articularis) with the exter-
nal ligaments woven into it. The word “tough” describes 
the tension and high elastic modulus of LT (57). In the 
described specimen, Galen encountered LT of the “carti-
lage consistence”. Modern histological studies have estab-
lished that “near their attachments the structure of liga-
ments undergoes a transition into fibrocartilage […] and 
the fibroblasts become encapsulated and resembled chon-
drocytes” (60). 
Galen provides a detailed description of LT in his work on 
physiology On the Usefulness of the Parts of the Body:

«In the femoral joint Nature created a ligament (σύνδεσμος), 
which is round, very strong, extending from the femoral head 
and connecting in the middle with the acetabulum, but did 
not create this in the shoulder joint, arranging it so that it 
could perform various movements».

 De usu part. XII, 5, 17 (41).

This quotation from Galen echoes the statement made by 
Hippocrates in the treatise Instruments of Redactions (§ 1), 
where he also compares the anatomical features of HJ and 
the shoulder joint. Galen was undoubtedly familiar with 
this treatise by Hippocrates, although he left no comment 
on this work. Calling the ligament “round” (στρογγύλος) 
(lat. teres, rotundum), Galen must have meant not only the 
cross-sectional shape of LT, but also the interweaving of 
thin fibers, the fibrils of its stroma, since the Greek verb 

στρογγύλλω also means “to twist, rotate”. These thin fibers 
or, more precisely, bundles of fibers, were observed by 
Galen in ligaments and nerves.
Two more references to LT are found in Galenic Commen-
tary on Hippocrates’ On Joints, considered as one of the 
earlier works compiled between 177 and 180 AD. In the 
third chapter of the first Galen’s comment we read:
«The femur has a small head and an elongated neck. It 
is located in the acetabulum, which is [quite] deep and 
surrounded by protruding edges; and at the top of its head 
[there is] a strongest ligament (σύνδεσμον ισχυρότατον) 
connecting with the acetabulum in the deepest place. That is 
why the femur is rarely dislocated as opposed to the shoul-
der that has no ligament (σύνδεσμον) and does not enter a 
deep cavity». 

In Hipp. de art. I, 3 (41).

This passage, as the ones before it, refers to the writings of 
Hippocrates, namely, to the treatise On Joints (De artic., 79) 
and Instruments of Redactions (Vectiar., 42), in which the 
articular cavity of the shoulder joint is compared to the one 
of the HJ (39). The above quote shows that Galen had a 
good idea of the structure of HJ and distinguished acetab-
ular labrum as well as its “deepest place” – acetabular fossa. 
He also notes the strength of LT and one of its functions, the 
retention of femoral head in acetabulum.
In the fourth Galenic Commentary on Hippocrates’ On 
Joints, § 40, entitled “How to correct hip dislocation when 
it is dislocated inward,” the author writes this about HJ:

«In this joint, the ligament [of the femoral head] is extremely 
strong, rounded and hidden in it, connecting the top of the 
femoral head with the deepest inner part of the acetabulum. 
Therefore, without even seeing the ligament itself, but based 
only on this reasoning, we can understand that it is short: 
since the hip always rotates - as Hippocrates said: “it rotates 
in the pelvic bone” - and never leaves the acetabulum, the 
ligament ought to be very short. And so, it is the ligament 
that prevents the hip from being dislocated, at least while it 
is in its natural state. And not only can the ligament rupture, 
but also, due to the abundance of fluid that has unnaturally 
accumulated in the cavity [joint], become so stretched that 
it sometimes allows the femur to dislocate from its natural 
place. And if, due to a rupture of the ligament, the hip is 
dislocated, then even with immediate reduction it will not 
be able to remain in its place. <...> This is how the nature of 
things teaches us that with a torn ligament, the reduction of 
femur cannot remain in its place. It should also be added that 
on the outside of the knee joint there are several tendinous 
ligaments and in the hip joint there is only this ligament, 
since neither anything of this kind, nor any muscles support 
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the joint from the outside. <...> And Hippocrates himself 
said at the beginning of this book that even in bulls it is the 
hip that get dislocated when they grow old and lose weight, 
because when the ligament of the hip is torn, the thigh joint 
cannot remain in its place even after reduction, the thing that 
especially applies to the emaciated [animals].
Next, let’s look at what can happen if the ligament, weakened 
due to the abundance of fluid [in the joint], allows the hip to 
dislocate, but then is reset. It seems to me that it is quite obvi-
ous that in the presence of fluid the joint will dislocate again, 
and when it dries up, it will regain its natural strength. And 
the fact that dislocation of the hip can happen due to the fluid 
can be learned from Hippocrates himself, who writes in the 
“Aphorisms” thus: “Whoever, due to the chronic sciatica, has 
the femoral head dislocated and reset again, will have an accu-
mulation of mucus formed there”. And when mucus builds 
up in the joint, then the ligament softens and weakens as a 
result. And it does not matter whether you call it a ligament 
(σύνδεσμον) or a connecting sinew (νεῦρον συνδετικόν). 
For those ligaments that have a rounded shape like tendons are 
usually called connecting sinews by anatomists. And we have 
already cured this kind of hip dislocation twice, and it did not 
dislocate again. Drying medications should be applied over the 
joint for a long time until the connective sinew is dry enough 
to stop stretching together with the femur extending beyond 
the edge of the acetabulum and keep it in its natural position».

 In Hipp. de art. IV, 40 (41).

Such an extensive quotation is provided in view of its 
exceptional significance. Here Galen describes in detail the 
geometric and mechanical properties of LT, its topograph-
ic anatomy and function. Regarding the attachment areas, 
the author notes that LT connects with the bones, that is, 
with the femoral head and the inside of the acetabulum (In 
Hipp. de art. IV, 40; cf. ibid. I, 3) (41), undoubtedly mean-
ing acetabular fossa (lat. fossa acetabuli). Perhaps it is from 
this treatise that the term “round ligament” (lat. ligamen-
tum teres, ligamentum rotundum) first entered the academic 
vocabulary and is still very much in use.
The author also dwelled on the pathology, that is, a rupture 
resulting from a traumatic hip dislocation and its “weak-
ening” due to accumulation of pathological fluid, possibly 
implying synovitis. Galen also informs us of his own success-
ful experience in treating a (presumably) recurring hip dislo-
cation in children. Here we find, for the first time in history 
of medicine, a description of the conservative treatment of 
LT pathology. Galen in this case used some “drying medi-
cations”, possibly in the form of compresses or ointment 
dressings, which, according to his clinical plan, “dried” the 
LT, eliminating its hyperelasticity, and was conducive to its 
contracting.

Galen’s texts were well known to the Byzantine medi-
cal authors, who composed various kinds of encyclope-
dic codices and compendia containing extracts from the 
writings of ancient physicians, mainly Hippocrates and 
Galen. So, for example, Oribasius (IV-V cent.), when 
describing the structure of the femur in his essay “Medi-
cal Collections” (Coll. Med. XXV, 19) gives an exact quote 
from the aforementioned Galen’s treatise On Bones for 
Beginners (41).
Important refinements in the description of the structure of 
LT are also found in the Pseudo-Galen’s treatise Introduc-
tion, or the Physician:

«The hip has one bone. And its head, somewhat curved, 
enters the deep acetabulum of the pelvis; and it is connected 
by a sinew (νεύρῳ), growing from the middle of this cavity 
and growing into the middle of the femoral head».

 Introd. s. Med. XII (41,61,62).

It should be noted that in this case, Pseudo-Galen, in 
reference to LT, uses not the word σύνδεσμος, which is 
more characteristic of Galen, but the old term νεῦρον, 
which was employed by his predecessors Hippocrates, 
Heraclides of Tarentum, Hegetor, Apollonius of Citium 
and Rufus of Ephesus. Apparently, Pseudo-Galen was 
well versed in the normal anatomy of HJ, as he correct-
ly describes the significant depth of acetabulum and the 
attachment of LT to its middle, that is, to the bottom of 
acetabular fossa. The latter circumstance is extremely 
important for biomechanics of HJ, since only with this 
type of connection can LT fully perform its important 
functions: limiting movements, supporting the pelvis, 
the hip abductor muscle group and the upper part of the 
femoral head (15,17,23).
Another description of LT, similar to Galen’s, is found in 
the works of Byzantine physician Theophilus Protospathar-
ius (circa VII cent.), who, in book V of the treatise On the 
Construction of the Human Being, wrote:
«For the sake of this, the kindness and creation of God grew 
from the bottom of the acetabulum a round sinew (νεῦρον), 
a cartilaginous ligament (σύνδεσμον χονδρώδη), grow-
ing into the head of the femur and holding it there to avoid 
dislocation».

De corp. hum. fabr. XIII, 204.

In the above passage, Theophilus Protospatharius does not 
provide any new information, but, undoubtedly under the 
influence of Galen, uses the epithet “round” and “cartilag-
inous”, describing the beginning of LT from the bottom of 
acetabulum, and also agreeing with its role of holding the 
femoral head and preventing dislocation.
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CONCLUSIONS
Ancient physicians wrote predominantly in Greek, with 
medical literature in Latin being presented but scarcely, 
and terminology developed poorly (63). The term ligamen-
tum in the anatomical meaning of “ligament” did not yet 
exist Latin literature. The word nervus, “sinew”, was used 
to denote ligaments in Latin. By the end of the V centu-
ry the four basic terms for LT that Galen mentions had 
already been known: νεῦρον (sinew), σύνδεσμος (liga-
ment), νεῦρον συνδετικόν (connecting sinew) and νεῦρον 
χονδρῶδες (cartilaginous sinew).
The physicians of the Classical period clearly established 
that LT was present in both humans and animals, chart-
ed its topographic anatomy, as well as established its main 
mechanical and geometric properties. In particular, they 
noted that it “is located in the acetabulum”, and is “deep-
ly hidden in the joint”, for some authors it “grows from 
the femoral head”, for others it “starts from the middle 
of the acetabulum”. These physicians also drew attention 
to its mechanical properties, that is, very high strength, 
resilience, consistence (cartilage density) and, at the same 
time, flexibility, allowing movements of the femoral head. 
The geometric features were also indicated, in particular, 
that LT has a short length, and in shape it is “round”. The 
latter characteristic described by Galen subsequently led 
to the emergence of the well-known Latin term for LT, i.e. 
“round ligament”, which is still applied. Regarding the 
role of LT, it was noted that it connects the acetabulum 
with the femoral head and prevents its dislocation, that is, 
limits rotational and forward movements in HJ.
In Palestine of the biblical times, it was believed that LT 
provided a normal gait, participating in the organization of 
this type of human locomotion, and an injury to it caused 
lameness. Ancient medical authors also knew about its 
traumatic rupture, and identified other types of LT pathol-
ogy, in particular, “soaking”, weakening (possibly a dystro-
phic change), stretching (that is, lengthening), suggested 
the possibility of its constriction (in other words, short-
ening) and drying (dehydration with increasing elastici-
ty). The factors leading to pathological changes in LT were 
identified as trauma, namely hip dislocation, exhaustion, 
advanced age, and an excessive accumulation of “fluid” 
in HJ. For the treatment of LT pathology, the application 
of drying compresses was used. An injury to LT was seen 
as the cause of recurring hip dislocation. It was regarding 
this issue that the first correspondence discussion on LT 
took place, lasting five centuries and involving Heraclides 
of Tarentum, Hegetor, Apollonius of Citium and Galen 
of Pergamon.

STRENGTHS & WEAKNESSES

Strengths
Our work based on an interdisciplinary approach, allowing 
us to propose a combination of linguistic and medical anal-
ysis of various Greek and Latin texts containing references 
to ligamentum teres. A linguistic analysis has enabled us to 
trace the transformation of the term from 5 cent. BC to 3 
cent. AD, as well as the history of the term, medical contexts 
of its usage, its etymology and its early synonyms. Due to 
descriptive study of different sources we have created a new 
field of researching and new questions to acquire a better 
understanding of how ancient authors considered normal 
and pathological anatomy of the ligamentum teres, its physi-
cal and geometric features to make possible a description of 
the conservative treatment of its pathology.

Weaknesses
Works of some ancient authors (Heraclides of Tarentum, 
Hegetor), which we have considered as genuine, preserved 
only in short fragments and quotations by the later writers, 
so that the genuineness of these works and our conclusions 
are still in question, and the information we have extracted 
from them is often suggestive rather than definitive. Not 
all of the passages we quoted (such as Galenus In Hipp. 
De art. IV, 40, ed. Kuhn XVIII A: 731-736) have been 
published in modern critical editions; an English transla-
tion of these passages are our own. Some authors reiter-
ate or rethink the concepts of their predecessors, but we 
considered it necessary to present a complete collection of 
the quotations, providing them with comments.
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LIST OF ABBREVIATIONS
•	 Apollonius:
In Hipp. de art. – In Hippocratis de articulis commentarius
•	 Aristoteles:
Hist. anim. – Historia animalium
•	 Celsus:
De med. – De medicina
•	 Galenus
De anat. adm. – De anatomicis administrationibus
De loc. aff. – De locis affectis
De motu musc. – De motu musculorum



544 Muscles, Ligaments and Tendons Journal 2020;10 (3)

Ancient Textual Sources on Ligamentum Teres: Context and Transmission

De usu part. – De usu partium
In Hipp. de art. – In Hippocratis librum de articulis et Galeni 
in eum commentarii IV
•	 Hippocrates:
De artic. – De articulis
De loc. in hom. – De locis in homine
Vectiar. – Vectiarius
•	 Oribasius:
Coll. med. – Collectiones medicae
•	 Plinius Major:
Hist. nat. – Historia naturalis
•	 Ps.-Galenus:
Introd. s. Med. – Introductio seu Medicus
•	 Theophilus Protospatharius:
De corp. hum. fabr. – De corporis humani fabrica
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