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This Flexibook Provides a systematic overview of manual diagnostic 
and therapeutic techniques for disorders of the musculoskeletal 
system met in normal practice. 

In the first section functional morphology, biomechanics, and neuro
physiology are presented. Routine and neurological examination tech
niques of the spine, the joints in the extremities, and the muscles are 
discussed in detail. The manual therapy is explained step by step in 
text and illustration, including discussion of the indications and pos
sible complications. 

The closing chapter on home exercises and back school completes 
the spectrum of information. 
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Series Editors' Preface 

The purpose of the Checklist medical series is to present, in a clearly 
organized manner, up-to-date and field-specific information that 
serves the reader as both a teaching and reference text. Each book in 
the series fits into the coat pocket, allowing quick access yet also pro
viding comprehensive information. Dispensing with repetitive mate
rial, long indexes, and many cross-references enables this base of 
knowledge to be presented in such a compact form. 
The text at hand has a large target audience. It addresses the practi
tioner already specialized in manual medicine, as well as many physi
cians in other specialties, including family practice, orthopedics, sur
gery, physical medicine and rehabilitation, rheumatology, and last but 
not least, neurology. The information presented here should also at
tract the interest of other professionals in the health care system, sllch 
as chiropractors and physical therapists. 
The addition of this book to the established Checklist series under
scores the fact that the field of manual medicine has assumed a solid 
place in the traditional schools of medicine. This field has already dem
onstrated its scholarly and scientific n:lCthods; the basic principles are 
comprehensible, learn able, and reproducible. 
Several thousand physicians in German-speaking countries have un
dergone training in this "new" field of medicine. Together they per
form a total of about three million manual therapeutic procedures an
nually. For the first time in such a concentrated form, the great masters 
in this field, liN Dvorak and Vaclav Dvorak, demonstrate how one ac
quires knowledge in functional anatomy, how one develops exquisite 
palpatory skills using one's hands, and how the physician arrives at an 
active diagnosis, so as to finally apply the appropriate therapeutic tech
nique or method. The goal is to ameliorate the patient's pain and dis
comfort. 
We, the editors of this series, would like to extend our thanks to the 
doctors Dvorak for their collegial and harmonic cooperation and for 
their compliance with our requests for keeping the information about 
the various components of manual medicine as brief as. possible with
out sacrificing substance. We anticipate that this book will find a large 
number of interested readers. 

lragna, Zurich, Herne-Bochum 
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Authors' Preface 

A recent survey conducted by the Swiss Association of Resident and 
Senior Physicians (VSAO) and a survey of practicing physicians in the 
Swiss canton of Bern indicate that thcre is a great demand for further 
education in manual medicine by young physicians as well as those al
ready established in their practice. 
More than 90% of the physicians surveyed would utilize manual medi
cine techniques when indicated, and up to 75% of the physicians would 
like to receive competent training in this field. These figures are im
pressive, as they document the vastly growing interest in this field 
among young physicians. 
In a few European countries, such as Austria, France, Denmark, and 
Germany, manual medicine has gained entrance to the universities, al
beit to a rather modest extent. In Switzerland as well, lectures have 
been presented to students as an introduction to the field. The cautious 
acceptance of manual medicine by the traditional medical faculties is 
understandable and, yes, undoubtedly justified; for a long time, practi
tioners of manual medicine and chiropractors had used terminology 
with which the' traditional fields of medicine had not been familiar. As 
long as the principles of a new method cannot be explained in an un
derstandablc language, the proponents of such a method cannot expect 
to be welcomed with open arms into the traditional schools. Each 
treatment method that bases its therapeutic success on empirical expe
rience is required to subject itsclf to scientifically accepted methodol
ogy and standards. 
In the text at hand we have integratcd such fundamental elements as 
basic biomechanics and functional anatomy of the musculoskcletal sys
tem, as well as simple and reproducible examination techniques and 
practical treatment procedures. It is our intcntion to stimulate interest 
and provide an introduction to manual medicine for both the mcdical 
student and the practicing physician. We would be delighted if this in
troduction wei e to become the source of motivation for further edu
cation in this field. 
This book is primarily based on topics covered in two standard tcxts on 
manual medicine published by Thieme, namely Manual Medicine: 
Diagnostics, 2nd ed. (J. Dvorak and V. Dvorak, t990), and Manual 
Medicine: Therapy (W. Schneider, J. Dvorak, V. Dvorak, T. 
Tritschler, 1988). As editors of these two volumes, we were especially 
pleased when we were asked to put together this text for the Checklist 
series. We know that, due to its high quality, the Checklist series is 
held in high esteem among medical professionals. 
We would like to thank the physicians team of the Wilhelm Schulthess 
Hospital, especially Prof. N. Gschwend, Prof. H. Scheier, Dr. H. 
Baumgartner, Dr. U. Munzinger, Dr. D. Grob, and Dr. B. Simmen. 
They made it possible for manual medicine to become a logical compo
nent of treatment within the concepts of orthopedics and rheumatol
ogy. tt is in the intcrdisciplinary clinic meetings, where thc orthopedist, 
rheumatologist, neurologist, and manual medicine practitioner come 
together, that not only the limits but also the advantages of ncw trcat
ment approaches become apparcnt. In the functional assessmcnt of a 
patient with musculoskeletal problems, it is important to know whcn 
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and for how long the patient would benefit from a rational conservative 
approach before it becomes a wasteful intervention or even a negative 
one. 
We would also like to extend our sincere appreciation to Judith Rei
chert, who not only revised the text, but demonstrated the outstanding 
graphic capabilities of desktop publishing; also Christiana Vincenz has 
been very helpful in putting the manuscript together. 
Furthermore, and with great gratitude, we would like to thank the edi
tors of the Checklist series, Prof. F. Largiader, Dr. O. Wicki, and Prof. 
A. Sturm, as well as Dr. Bremkamp of Thieme Publishers, for their 
support and realization of this project. 

Zurich and Bonaduz, April 1991 
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Functional Anatomy 

Functional Anatomy 

Biomechanics 

• The analysis of normal and abnormal movement requires a well
founded knowledge of functional anatomy. 

• A functional disturbance of the paravertebral muscles and deep 
back muscles will lead to abnormal movement or will alter move
ment sequence. When muscles become shortened, actual motion 
restriction may be present. 

• True paralysis of the paravertebral muscles, e. g. as with poliomyeli
tis, will inevitably elicit abnormal postural relationships among the 
various spinal regions, such as progressive scoliosis and kyphosis. 

• Symmetrical contraction of the short and long paravertebral mus
cles is accompanied by extension of the spine. 

• Rotation of the head and trunk to one side is induced by the ipsilat
eral long back extensors, the abdominal muscles, as well as the con
tralateral small muscles of the transversospinal system, namely the 
semispinal muscle, the multifidus muscle and the rotator muscles 
(Fig. 1). 

Internal----ofll 
abdominal 
oblique 
muscle 

oblique 
muscle 

Fig. 1 Anatomic diagram: rotation of the trunk to the left and the associated 

contracted muscles (after Rickenbacher et aI., 1982) 
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Functional Anatomy 

Biomechanics 

• Range of motion between the individual spinal segments is con
trolled by the ipsilateral transversospinal system, while regional 
control is achieved by the contralateral long back extensors 
(Fig. 2). 

• During side-bending movement, which is always coupled with rota
tion movement, both the ipsilateral and contralateral muscles work 
together in a coordinated fashion. 

-x' 

+x =ps 
� -x 

+x' 

Fig.2 Conflict situation (present resting position). Dark blue: shortened agonist 
muscles (rotators). Light blue: antagonist muscles (rotator muscles). PB: patho

logic barrier. ZI: zone of irritation 
+z-(+z') = + 0 y � 
+x-(+x') = + 0 y � 



Functional Anatomy 

Biomechanics 

• The rich supply of muscle spindles in the small transversospinal 
muscles emphasizes their importance in the control and regulation 
of both segmental and regional (i. e., gross) movement. 

• Upright body posture relies on the interplay of the straight and 
oblique abdominal muscles and the long back extensors. 

• Functional weakness or organic paresis/paralysis of the abdominal 
muscles is associated with a decrease in intra-abdominal pressure 
which then may lead to an exaggerated lumbar lordosis. 

• Thus, the intervertebral disks as well as the apophyseal (facet) 
joints become susceptible and vulnerable to undue stress and over
load. 

Functional Pathology of Muscle 

• Human skeletal muscle is comprised of thousands of muscle fibers. 
A single muscle fiber is about as thin as a hair and can reach a 
length of 10-15 cm. 

• In general, a distinction is made between two types of muscle fi
bers: the type-I fibers, the so-called slow twitch fibers, and the 
type-II fibers, the fast twitch fibers. 

• The postural (tonic) muscles have a significantly higher proportion 
of slow twitch fibers, whereas the phasic muscles are composed pri
marily of fast twitch fibers. 

• The primary function of the tonic muscles (postural muscles) is to 
maintain upright posture. For energy supply, they predominately 
rely on the aerobic mechanism, and the primary energy source is 
glycogen and fat. Production of lactic acid is rather small. 

• The phasic muscles can undergo the most rapid (fast twitch) con
tractions, receiving their energy from glycogen in the anaerobic 
cycle with rapid accumulation of lactic acid. 

• Capillary supply to the slow twitch fibers is notably higher than that 
to the fast twitch fibers. Thus, the slow twitch fibers do not fatigue 
until after several hundred contractions. In constrast, the fast twitch 
fibers fatigue very rapidly, often after only a few contractions 
(Table 1). 
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Functional Anatomy 

Biomechanics 

Table 1 Characteristics of slow twitch and fast twitch muscle fibers 

Flexion 

Function 

Twitch speed 

Metabolism/enzymes 

Myosin AT Pase 

Fatigability rate 

"Color" 

Capillary density 

Spindle number 

Innervation 

Reaction to functional 

disturbance 

Slow Twitch (I) 

tonic (postural) 

slow 

oxidative 

low activity 

slow 

red 

high 

high 

a,-motor neuron 

shortening 

Fast Twitch (II) 

phasic 

fast 

glycolytic 

high activity 

rapid 

white 

low 

moderate 

a,-motor neuron 

weakening 

• In the presence of a functional disturbance, the postural muscles 
tend to shorten, whereas the phasic muscles responsible for rapid 
movements tend to become weak. This disrupts the balanced inter
play of muscle action, leading to muscular imbalance (Janda, 1979). 
As a result, normal physiologic movement and movement se
quences (movement patterns) are altered, affecting the various spi
nal regions and/or extremity joints. 

• Table 2 and Figure 3 review the important postural and phasic mus
cles. 

Myotendinosis 

• The healthy muscle displays normal plasticity and uniform consis
tency; the individual muscle bundles cannot be differentiated from 
each other by palpation. 

• Myotendinotic changes are characterized by increased tone, greater 
palpatory resistance and decreased suppleness. When palpating 
perpendicularly to the muscle fiber direction, only minimal to mod
erate pressure is necessary to elicit pain in an affected muscle por
tion. This allows differentiation from the unaffected remainder of 
the muscle. Myotendinosis can be palpated from the origin to the 
insertion of the muscle. "Nervous misinformation" from certain 
muscle portions, mediated through reflex pathways, is responsible 
for the involuntary isometric increase in tone in the muscle bundle 
(Fig. 4). 



Functional Anatomy 

Biomechanics 

Table 2 Overview of the important muscles with primarily phasic or tonic 
function (adapted from Janda, 1979). 

Primarily postural (tonic) 

muscles 
Primarily phasic muscles 

Trunk 

Erector spinae muscles in 
lumbar and cervical region 

Quadratus lumborum 
Scalene muscles 

Erector spinae muscles in mid-thorac
ic region 

Pectoralis major 

Levator scapulae 

Trapezius (descending portion) 

Biceps brachii (short head) 

Biceps brachii (long head) 

Shoulder Girdle 

Rhomboid muscles 

Trapezius (ascending) 
Trapezius (horizontal) 

Pectoralis (abdominal) 

Triceps brachii 

Biceps femoris 
Semitendinosus 
Semimembranosus 

Iliopsoas 

Pelvic Region/Thigh 

Vastus medialis 
Vastus lateralis 

Rectus femoris 

Tensor fascia Ie latae 

Adductor longus 
Adductor brevis 
Adductor mag nus 
Gracilis 
Piriformis 

Gastrocnemius 
Soleus 

Gluteus medius 
Gluteus maxim us 
Gluteus minimus 

Calf and Foot 

Tibialis anterior 
Peroneal muscles 
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Functional Anatomy 

Biomechanics 

Fig.3 Overview of the postural (�) and phasic (�) muscles 
1 Sternocleidomastoid muscle 15 Trapezius muscle (descending portion) 
2 Scalene muscles 16 Levator scapulae muscle 
3 Pectoralis major muscle 17 Rhomboid muscles 
4 Biceps brachii muscle 18 Longissimus dorsi muscle 
5 Rectus abdominis muscle 19 Triceps brachii muscle 
6 Abdominal oblique muscle 20 Longissimus dorsi muscle 
7 Iliopsoas muscle 2 1  Quadratus lumborum muscle 
8 Rectus femoris muscle 22 Piriform muscle 
9 Gracilis muscle 23 Gluteal muscles 

10 Adductors 24 Biceps femoris muscle 
11 Vastus medialis muscle 25 Semitendinosus muscle 
12 Vastus lateralis muscle 26 Tensor fasciae latae muscle 
13 Tibialis anterior muscle 27 Triceps surae muscle 
14 Longissimus cervicis muscle (soleus and gatrocnemius muscles) 



Segmental dysfunction 

Stimulation of mechanoreceptors and nociceptors 

! 
Reflexes via eNS _ "Misinformation" 

! 
Myotendinosis 

Myosis 

Functional Anatomy 

Biomechanics 

Fig.4 Development of 
myotendinosis (after 
Fassbender. 1980) 

• Continuous increased muscle tone (taut, palpable band) will, after 
a certain latency period, lead to myosis in the muscle and to tendi
nosis in the inserting tendon. This is known in the rheumatological 
literature as noninflammatory soft-tissue rheumatism (Fig. 5). 

• Myosis is described as altered (increased) muscle tissue texture, 
which is painful upon palpatory pressure or spontaneously. Myoses 
are found primarily in the center of the muscle mass. Particularly 
frequently they are found at sites where the muscle changes direc
tion or at the free muscle borders (e. g. , trapezius muscle, pectoralis 
major muscle). 

a 

Fig. 5 a Normal mus
cle. b Tendomyotically 
altered muscle (sche
matic) 
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b 

Fig.6 Pathology of noninflammatory soft-tissue rheumatism (after Fass
bender, 1980). a Muscle myosis. b Tendinosis (ligaments and tendon) 

• Continued non physiologic irritation and constantly increased tone 
is accompanied by degenerative changes, resulting in muscle fiber 
damage (Fig. 6). So-called attachment tendinoses are well-localized 
swellings of tendons, confined to their respective origins and inser
tions. These become extremely painful upon palpation. Character
istically they present symmetrically, like mirror images. In addition 
to the typical sites of origin and insertion, tendinoses can appear 
just as well at the muscle-tendon junction and are named transition 
tendinoses. 

• Due to the reflexes involved, tendinoses and myoses become appar
ent not immediately, but rather after a certain delay. By the same 
token, they do not disappear immediately with the correction of the 
original disturbance but rather after a certain delay. This important 
finding helps to diagnostically distinguish the entities just described 
from the zones of irritation (described below). 

• A certain muscle contains the same amount of defined longitudinal 
sections that, independently from each other but in a set sequence, 
can undergo tone changes (hard, palpable bands). Such a clinical 
"muscle unit" and its associated tendons have been named a myote
none. 
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L3 

Fig. 7 a Individual myotenones. b Myotenones in a fan-shaped muscle 

• A single myotenone consists of a narrow muscle, whereas broad, 
flat, and fan-shaped muscles comprise several myotenones (Fig. 7). 

• Clinical experience has shown that specific axial skeletal parts can 
be correlated with certain myotenones, clinical findings that can be 
reproduced symmetrically, qualitatively, and objectively. 

• The primary spondylogenic pain syndrome is that in which there is a 
primary functional disturbance/position in a spinal segment (i. e. 
segmental somatic dysfunction), accompanied by increased muscle 
tone (taut, palpable band) and the formation of myotendinoses. 

Biomechanics 

• Any movement in space can be defined within the framework of a 
three-dimensional coordinate system. Derived from general prin
ciples in the field of mechanics, this system has also found general 
acceptance and application in biomechanics, allowing precise defi
nition of movement and movement patterns. Three primary axes 
are utilized in this coordinate system (Fig. 8): 

• the transverse, horizontal x-axis, 
- the vertical y-axis, and 
- the sagittal z-axis. 

• The combination of two of the three axes defines the three major 
planes in this coordinate system. This allows analysis of each indivi
dual motion component in reference to these axes and planes, or 
practically, according to the rotation about a specific axis in a spe
cific plane. Rotation is defined with respect to the axis involved. 

• Flexion and extension: rotation about the x-axis 
Side-bending: rotation about the z-axis 
Axial rotation: rotation about the y-axis (Fig. 8) 
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Fig.8 A three-dimensional coordinate system has been placed at the center of 
the upper vertebral body of a vertebral unit (motion segment). A total of 12 load 
components, linear and rotatory, can act on these axes; the application of any 
one of the load components (linear or rotatory) produces displacement of the 
upper vertebra with respect to the lower vertebra. This displacement consists of 
translation and rotation (after White and Panjabi, 1990) 

• When interpreting either gross movement of the spine or specific 
segmental movement, the following conventional rules are kept in 
mind: When describing rotation about a particular axis, the point of 
reference is the superior and anterior aspect of the vertebral body 
in question (Fig. 9). 

• Movement between two adjacent vertebrae (the two partners of a 
spinal segment), is defined as that of the superior vertebra in rela
tionship to its inferior partner. 

• Axial rotation and side-bending in an individual spinal segment are 
coupled with each other, for which the term "coupling pattern" has 
been coined. 
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Upper Cervical Spine (Fig. 10) 

• Occiput-CO, Atlas-Cl, Axis-C 2. 

Functional Anatomy 

Biomechanics 

Fig.9 Definition of 
rotation movement 

• Atlanto-occipital joints: Range of motion for flexion/extension = 

8-13°, with limitation due to the bony structures and surrounding 
soft tissues (Note: Inclination and reclination movement were spe
cifically termed to denote flexion and extension in the cervical spi
nal area, respectively). 

• Side-bending measures 4° to either side and is greatest when the 
head is slightly flexed. 

• During side-bending, a coupled rotation to the same side (forced 
rotation) occurs in the second vertebra and the one below. The axis 
is able rotate more during maximal side-bending than with maximal 
rotation of the cervical spine (forced rotation of the axis). 
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c 

Fig. 10 Axes of motion of the occipital-atlanto-axial and cervical joints lafter 
Knese, 1947/50); A = transverse axis for flexion in upper cervical joints; B = sa
gittal axis for side-bending in upper cervical joints; C = rotational axis; a = trans
verse axis of the lower cervical joints; b = axis for side-bending in lower cervical 
joints; c = axis for side-bending of the cervical spine 

• In the upper cervical spine, the atlas undergoes a lateral displace
ment in the direction of the side-bending, as well as an axis rota
tion. This can be visualized in the AP radiograph of the cervical 
spine when there is an asymmetry in the distance between the dens 
of the axis and either lateral mass of the atlas (Fig. 11). 

• In the atlanto-occipital joints, rotation of about 4° can take place, 
but may actually become significantly increased when there is atlan
toaxial arthrosis or fusion of the atlanto-occipital joints. 

• The atlantoaxial articulations consist of 4 joint spaces, one of which 
has been described as a bursa: this is the space between the trans
verse ligament of the atlas and the dens of the axis. 
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Fig. 1 1  Gliding movement of the atlas with side-bending to the right 

• The joint surfaces between C 1 and C2 are convex. Laterally, a 
wedgelike synovial fold takes up. the space of the otherwise rather 
flabby and fibrous joint capsule (meniscoid) (Fig. 12). 

• The primary movement in the lower cervical spine is axial rotation, 
which in healthy adolescents measures approximately 43° to either 
side. This constitutes approximately half of the entire cervical spine 
rotation. 

Fig. 12 The exposed atlantoaxial joint after transecting through the flabby fi
brous joint capsule. The hatched area indicates the location of the wedgelike 
synovial fold (meniscoid). the functional of which is to balance the gapping in 
the atlantoaxial joint. 1) joint capsule; 2) position of the meniscoid (after Dvorak, 
1988) 
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• Rotation is primarily limited by the alar ligaments (Figs. 13 and 14). 
Side-bending can only occur with simultaneous rotation of the axis 
which is the result of the physiologic relationships of the alar liga
ments (Fig. 15) (Dvorak, J. et aI., 1987, 1988). 

• An additional important function of the alar and transverse liga
ments of the atlas is that of limiting flexion and extension as well as 
axial rotation. Both of these ligaments are made up mostly of col
lagenous fibers which allow only minimal stretch. 

14 
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Fig. 13 Schematic representation of the ligamentous apparatus at the cranio
cervical junction. 1) atlas; 2) dens of the axis; 3) atlantal portion of the alar liga
ment; 4) occipital portion of the alar ligament; 5) transverse ligament of the 
atlas; 6) anterior atlantodental ligament 

Fig. 14 Function of the alar ligaments during rotation in the atlantoaxial joint 
(C 1-C2): 

z-z' rotation to the right; z-z" rotation to the left 
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Fig. 15 Function of the alar ligaments during side-bending in the atlantoaxial 
joint (C 1-C2) 

• During atlantoaxial rotation to one side, the opposite ligament will 
become taut, thus limiting movement. In side-bending, however, it 
is the ipsilateral ligament that becomes tight during the first phase. 
During the second phase, the atlantodental connection, which is 
felt to be an integral part of the alar ligament, will also become 
tight, preventing further displacement of the atlas in direction of 
side-bending (Fig. IS). 

Midcervical and Lower Cervical Spine (C3-C 7) 

• The axis san be viewed as a transitional vertebra between the upper 
and lower cervical spine. Greatest range of movement occurs in the 
midcervical spine, where the following movements are possible: 
flexion and extension, side-bending, and rotation. 

• The inclination of the facets in the midcervical and lower cervical 
spine measures 45° to the horizontal plane (Fig. 16). 

Fig.16 Facet joint inclinations and axes of motion for vertebra C4 (after White 
and Panjabi. 1990) 
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• Movement in the individual spinal segments occurs as a combina
tion of translatory and rotatory movement about the respective axis 
in the three-dimensional coordinate system. 

• The top angle of the individual spinal segments is determined by the 
inclination of the joint surfaces and the funtion of the intervertebral 
disc (Fig. 17). 

Cl 

Fig.17 The segmental arches (after Lysell, 1969) 

• The greatest extent of flexion and extension occurs in the midcer
vical spinal segments. The greatest range of motion is measured at 
the spinal segment C5-C6, measuring on average 24°. This fact has 
often been linked to the increased incidence of cervical spondylo
arthrosis and osteochondrosis in the mid portion of the cervical 
spine. 

• Translatory gliding in the sagittal plane (± z-axis) measures approx
imately 2-3.5 mm. 
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• The vertebral artery enters the costotransverse foramen of C6, 
rarely that of C5, and runs up to the axis through the transverse for
amina of the individual vertebrae. It enters the costotransverse for
amen of the atlas and upon its exit forms a posterosuperiorly di
rected loop. 

• Extreme head rotation can lead to dizziness, nausea, tinnitus, etc. 
This may be due to a transient decrease in blood supply in the basi
lar region. 

• Rotation of the head between 30° and 45° to one side causes the 
blood flow to be diminished in the opposite vertebral artery at the 
level of the atlantoaxial junction (Fig. IS). 

Fig.18a-c Course of the left vertebral artery during atlas rotation to the left 
and right (after Fielding, 1957) 

• A constitutional or acquired posttraumatic rotation instability of 
the uppei cervical spine can lead to mechanical reduction of blood 
flow. The close topographical proximity of the vertebral artery with 
the margins of the C 1-C2 joints during axial rotation may also al
low reflex spasms of the vertebral artery due to mechanical irri
tation. 

• These considerations are to be kept in mind when manipulating the 
cervical spine (classical thrust techniques or mobilization with im
pulse techniques), so as to prevent any adverse effects. 

• Reelina/ion test: With the patient sitting, the examiner introduces 
movement of the head to either side, starting from the neutral and 
extension position. These passive movements should be performed 
very slowly anel the patient should immediately report any symp
toms (subjective findings). 
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• De Kleijn hanging test: The patient is supine, and the examiner 
holds the patient's head beyound the examination table. From this 
hanging position the head is passively rotated to either side. The ap
pearance of nystagmus and/or subjective symptoms is looked for. 

Thoracic Spine 

• At the cervicothoracic junction, the inclination of the joint surface 
is more vertical, with rotation about the x-axis measuring 60° and 
about the y-axis measuring 20° (Fig. 19). 

Fig. 19 The facet joint inclinations and axes of motion of a thoracic vertebra 
(after White and Panjabi, 1990) 

• Due to this double inclination of the facet joint surfaces and the an
terior connection of the individual thoracic vertebrae with the ribs 
and the sternum, only minimal segmental mobility can take place. 

• Starting from the midthoracic spine, flexion and extension move
ment increase in range of motion. 

• Side-bending is always coupled with rotation towards the same side. 
Clinically, the spinous processes move towards the convexity that is 
in a direction opposite that of the side-bending (Fig. 20). 

Lumbar Spine 

• The joint surfaces of the lumbar spinal facet joints are almost verti
cal and rotated approximately 45° about the y-axis (Fig. 21). 

• This rather vertical orientation prevents axial rotation in particular. 
In the spinal segment L5-S1, rotation of only 5° is possible. 

• The primary movement in the lumbar spine is flexion and exten
sion. 
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Fig.20 Gross motion testing of side-bending movement 

Fig. 21 The facet joint inclinations and axes of motion of a lumbar vertebra 
(after White and Panjabi, 1990) 

Pelvic Girdle 

• The functional unit of the pelvic girdle consists of the sacrum, both 
ilia, the 5th lumbar vertebra connected through the sacroiliac joints 
on either side, and the symphysis pubis anteriorly. 

• Structurally these sacroiliac joints are a diarthrosis, but due to the 
anatomic orientation of the joint surface, they function more as an 
amphiarthrosis. 

• The sacroiliac joint assumes a C shape (Fig. 22), and the joint sur
faces are covered by cartilage. 

19 
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Fig.22 Anatomic ar
rangement of the sacro
iliac joint 

• The cartilage of the sacroiliac joints undergoes degenerative 
changes rather soon, and as early as the 4th and 5th decades of life, 
erosions may become apparent. Already in the 6th decade, bony 
bridging as well as neoarthrosis may be observed, as may complete 
ankylosis. 

• The interosseous sacroiliac ligament is very important as it guaran
tees the interlocking between the sacrum and both ilia, not unlike 
the function of a suspension bridge (Fig. 23). 

b 

Fig.23 The sacral suspension (schematic). superior view (a; after Kapandji, 
1974) and medial view (b). 1) anterior sacroiliac ligament; 2) interosseous sacroi
liac ligament; 3) sacrum; 4) ilium 
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Fig.24 Body posture and its effects on the sacroiliac joint (after Kapandji, 
1974). G: body weight (gravity); R: reaction of the ground; N 1: nutation motion 
of sacrum; N 2: counternutation by the innominate bone 

• Rotational movement of the sacrum between the ilia has been 
termed "nutation" (nodding) movement. During both standing and 
the gait cycle, tremendous forces act on the sacroiliac joints (Fig. 
24). 

• During the gait cycle, various force relationships apply so as to al
ternatingly allow physiologic intrapelvic distortions or reversible 
pelvic torsions. 

• Nutation movement of the sacrum and counternutation of the iliac 
bone during gait is enhanced by the active contraction of the 
hamstring muscles, as well as the gluteus maximus, iliopsoas, and 
quadriceps femoris muscles. 

• Standing on one leg causes the opposite sacroiliac joint to undergo 
nutation movement while the ipsilateral symphysis moves inferiorly 
(Fig. 25). 
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Fig.25 Shearing forces encountered at the symphysis during stance phase 
(standing on one leg; after Kapandji, 1974). G: body weight (gravity); R: reaction 
of the ground; S 1, S 2: shearing forces 

Neurophysiology of the Joints 

• The intervertebral joints are diarthroses, as are the uncovertebral 
joints in the cervical spine. 

• The articular surfaces are covered by cartilage, the joint capsules 
contain synovia and, depending on the vertebral region, they have 
very strong collagenous fibers. 

• The meniscoids or invaginations of the synovial fold smoothen ir
regularities of the joint surfaces, in particular at the cervical spine. 
These are vascularized and innervated (Fig. 26). 

• The fibrous joint capsules reveal mechanoreceptors as well as noci
ceptive free nerve endings (nociceptors). 

• Tension and stretching of the joint capsule is monjtored through the 
mechanoreceptors. Changes in tension and pressure will reflexly 
alter not only the paravertebral muscular tone, but also muscles in 
the extremities. 

• The free, very small, myelinated plexiform nerve endings (nocicep
tors) may become depolarized as a result of constant pressure upon 
the joint capsule (nonphysiologic position, abnormally quick move
ment), as well as a result of a decrease in the intervertebral disk 
height and dislocated of the facet joints. Chemical irritation due to 
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Fig.26 Meniscoid (schematic representation). 1) joint capsule; 2) meniscoid; 
3) blood vessels; 4) fatty tissue; 5) articular surfaces (facet joint) 

K+ ions 5-hydroxytryptamine, and histamines may also lead to de
polarization of the free nerve endings, which in turn leads to pain. 

• The joint capsules are innervated by the dorsal rami of the spinal 
nerves. However, one particular ramus is not responsible for only 
one segmentally related joint capsule but sends out lateral branches 
connecting to the neighboring proximal and distal apophyseal (fa
cet) joints as well. 

• This plurisegmental innervation of the facet joints is of significant 
importance for the coordination of complex regional movement 
patterns. This may also explain the fact that the pain described by 
the patient often cannot be localized to one segment as it is per
ceived over an area covering several segments (overlap of the der
matomas). 

• The smaLl myelinated nociceptive fibers, as well as the fast fibers 
conducting information from the mechanoreceptors, enter through 
the posterior portion of the dorsal root reaching the dorsal horn of 
the gray substance in the spinal cord. 

• The nociceptive fibers connect with the basal nuclfi, and via the spi
nothalamic tract, the information is transmitted to the limbic sys
tem, where actual pain perception occurs. 

• The afferent information from the mechanoreceptors is also trans
mitted through the dorsal roots to the dorsal horn. Parts of the fi
bers connect with the basal nuclei through inhibitory interneurons. 
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• The pain-inducing nociceptive reflexes which reach this level are in 
part presynaptically inhibited, interrupting transmission to the spi
nothalamic tract. 

• The majority of the information from the mechanoreceptors, how
ever, is transmitted to the brainstem via posterior fibers. 

• The substantia gelatinosa of the gray substance in the spinal cord 
produces its own opiates. The increase in enkephalins interrupts the 
nociceptive transmission in the basal nuclei. 

• Strong stimulation of the type-II mechanoreceptors causes an in
crease of enkephalins in the dorsal horns. This, in part, may explain 
the positive pain-reducing effect seen with passive physical thera
peutic measure, including manual therapy. 

• Figures 27 and 28 delineate possible mechanisms involved in the de
velopment of segmental and regional dysfunction as well as the in
fluences of specific manipulative therapy. 
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Fig.27 Model for receptor activity when vertebrae are in the correct position 
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Fig.28 Model for receptor activity when vertebrae are in an abnormal position 
(segmental dysfunction) 
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Manual Diagnosis 
Functional Examination 

Concepts of Manual Diagnosis 
• The examination of the spine and the extremity joints can be di

vided into three steps: First, the segmental and regional functional 
evaluation; second, the functional examination of the muscles; and 
third, the palpation of the soft tissues. 

Functional Examination of the Spine 

• A Sound knowledge of the biomechanics of the spine and its related 
joints as well as a three-dimensional understanding of the joint sur
faces is indispensable. With tills knowledge in mind, one is able to 
perform a more detailed regional examination, comparing the 
range of motion in a particular region of the spine, both actively 
and passively. 

• Range of motion is measured in degrees of rotation about the ap
propriate axis in the three-dimensional coordinate system. In addi
tion, one also evaluates the endfeel which appears hard when there 
are articular changes or which may be soft-elastic when there is 
shortening of the muscles, for instance. 

• Pain with movement must be differentiated as to whether it is pre
sent at the onset of movement or if it becomes apparent only at the 
end of passive movement. 

• In regard to the location of the patient's pain, one should differen
tiate between localized and referred pain. 

Functional Examination of the Muscles 

• The functional muscle examination concentrates on individual mus
cle groups, evaluating muscle length, strength, and endurance. 

• Muscles with a primarily postural function are examined for short
ening, whereas the phasic muscles, which are responsible for quick 
movement, are examined for loss of strength. 

• If a diagnosis of muscle shortening is made, in either one muscle or 
an entire muscle group, further palpatory examination of the mus
cle becomes necessary. 

Paravertebral Palpation of the Skin 

• The patient is positioned prone on the examination table. The ex
aminer produces a skin bulge in front of the palpating fingers by 
gently pressing the index and middle finger against the skin. Apply
ing a constant downward and cephalad force, the two fingers are 
pushed, along with the bulge in front, from inferior to superior on 
either side of the spine, along a line parallel and slightly lateral to 
the spine (Fig. 29). 

• Evaluate the ease of skin displacement or resiliency, moisture, and 
pain provocation. 
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Fig. 29 

• Findings consistent with and typical for a segmental or regional dys
function include increased resistance to displacement, increased 
moisture production, and tenderness or pain of the skin. 

• Erythematous changes can also indicate autonomic changes ("thjck 
skin fold" test). In the skin-rolling test (Kibler fold), a skin fold ex
tending just lateral to either side of the midline of the spine is 
formed between thumb and index finger of each hand (Figs. 30, 
31). Starting from below and following the course of the spine, this 
fold is rolled upward towards the patient's head. Again, the ease of 
displacement, skin thickness, and pain provocation, are evaluated. 

Fig. 30 Fig. 31 

Muscle palpation 

• When examirung the muscle by palpation, it should be done in its 
entirety, namely, from origin to insertion. The portion at the mus
cle-tendon junction is best palpated by following the direction of 
the muscle fibers (Fig. 323), whereas the muscle belly should be 
palpated in a direction perpendicular to the muscle fibers (Fig. 
32b). 
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Fig.32 Direction of palpation; a) at 

the insertion of the tendon; b) at the 

muscle belly 

• Palpation of the muscle helps to distinguish between healthy, unaf
fected muscles and painful, pathologically tight muscle (taut, palpa
ble band). 

• Usually palpation is begun in the area indicated by the patient to be 
painful, be the pain present at rest or felt with movement or pres
sure. 

• Once localized, the painful area should be described well, that is, in 
anatomic terms relating to certain landmarks. 

Zone of Irritation 

• The afferent source of the spondylogenic pain syndrome is primari
ly the intervertebral joint. Mediated through the central nervous 
system, changes in related soft tissue structures can develop reflexly 
as a result of permanently suprathreshold stimulations of the nu
merous mechanoreceptive and nociceptive receptors in the joint 
capsules and ligamentous structures. 

• The first clinical manifestation is the zone of irritation. 
• These zones of irritation are painful swellings, tender upon pressure, 

and detectable with palpation. Located in the musculofascial tissue 
in topographically well-defined sites, their average size varies from 
0.5 to 1 cm. Its distinctive characteristic is that the appearance of the 
zone of irritation is directly related to the extent of a somatic dysfunc
tion (functional disturbance) in a spinal segment, both temporally 
and qualitatively. As long as a disturbance continues to exist, zones 
of irritation can be clinically demonstrated, but should disappear im
mediately with the correction of the dysfunction. This fact is of great 
significance for the control of the therapeutic success. 

• Let us emphasize that this is a term used to describe clinical findings 
established through the palpatory examination (Table 3). 
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Table 3 Important characteristics for the zone of irritation and spondylogenic myotendinosis in the context of the spondylogenic reflex 
syndrome 

Changes 

Localization 

Time course (latency) 

Qualitative palpatory findings 

Quantitative palpatory findings 

Changes observed with successful 

treatment 

Zone of irritation 

Skin, subcutaneous tissues, tendons, 

muscles, joint capsule 

In area of the disturbed spinal segment, 

topographically defined in region around 

spinous or articular processes 

Immediate reaction to a segmental dys

function 

Decreased ease of skin displacement, 

increased tissue tension, localized pain 

Related to the degree of abnormal seg

mental function 

Immediate decrease in quality and 

quantity 

Spondylogenic myotendinosis 

Muscles, ligaments 

Muscles, ligaments (reffered pain?) 

Apparent after a certain latent period 

Increased resistence, less resiliency, tender 

upon pressure with radiation (trigger?) 

Dependent on the duration of segmental 

dysfunction 

May disappear after a certain latency 

period (possibly reflexively) 

� 
:::I 

� 
o :::I 
!. 
ml: 
)C • 

II) i! 
3 !. _· c 
:::I -

II) • 

ct. ! 
g S· 



examination Techniques 

Cervical Spine 
CO-C 1 

Examination 

Flexion and extension, passive motion testing. 

Examination Procedure 

• Patient sitting. 
• The examiner fixates (stabilizes) the patient's axis with the index 

finger and thumb of one hand. 
• With the other hand and arm , the examiner cradles the patient's 

head. 
• Passive flexion ( inclination) and extension (reclination) movements 

are performed (Figs. 33, 34, respectively) . 

I r 

(' 
Fig. 33 Fig. 34 

Note 

• The fixating fingers should not compress the soft tissues, especially 
not the muscles overlying the transverse processes .  

• The range of motion is approximately 15-20°. 

Pathologic Findings 

• Decreased range of motion (motion restriction) .  
• Hard endfeel: indicates an articular degenerative cause. 
• Soft endfeel :  indicates the possibility of a shortening of the subocci

pital muscles. 
• Suboccipital pain during this movement may be due to segmental 

dysfunction (differential diagnostic considerations include instabil
ity at CO-C3, i nflammatory changes) .  

• If autonomic symptoms or dizziness occur, a further neurologic 
work-up becomes necessary. 

• Zones of irritation . 
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Examination 

Axial rotation, passive motion testing. 

Examination Procedure 

• Patient sitting. 

Examination Techniques 

Cervical Spine 
CO-C3 

• The examiner introduces maximal flexion to the cervical spine. 
• With the other hand placed broadly over the patient's mandible ,  

the examiner introduces rotation to  the upper cervical spine,  alter
nating to either side (Figs. 35, 36) . 

Fig. 35 Fig. 36 

Note 

• The physiologic range of motion for rotation to either side mea
sures 40-45°. 

Pathologic Findings 

• Decreased rotation motion (rotation restriction) .  
• Hard endfeel : indicates articular degenerative changes. 
• Soft endfeel :  due to shortening of the suboccipital muscles. 
• Suboccipital pain: indicates a segmental dysfunction. 
• Vertigo at the extreme of the movement may occur, requiring fur

ther neurologic investigation (vertebral artery) .  
• Zones of irritation. 
• In the presence of enhanced rotation: technically incorrect perfor

mance of this examination , or the patient may be recruiting addi
tional movement. However, one should always consider the possi
bility of rotation instability in the upper cervical spine . 
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Examination Techniques 

Cervical Spine 
C 1 -C2 

Examination 

Axial rotation at C l-C2 Goint play),  passive motion testing. 

Examination Procedure 

• Patient sitting. 
• The examiner stands at the side of the patient and stabil izes the pa

tient against his or her upper body. 
• Gne hand gently fixates the patient's axis (C2) with thumb and in

dex finger. 
• The other hand cradles the patient's head such that the hypothenar 

and small finger make contact with the transverse process of the 
atlas (Cl). 

• The examiner introduces passive rotation movement of the head to 
its motion barrier (Fig. 37) .  

Fig. 37 

Note 

• Axis fixation must be maintained throughout the entire course of 
head rotation. Range of motion measures 30-45°. 

Pathologic Findings 

• Loss of angular mobility. 
• Decreased joint play . 
• Hard endfeel : may indicate articular degenerative changes. 
• Soft endfeel : may be due to shortened postural suboccipital mus

cles. 
• Pain induced with movement indicates a segmental dysfunction. 
• The appearance of dizziness (possibility of instability, inflammatory 

processes affecting the cervical spinal joints, irritation of the verte
bral artery) . 
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Examination 

Provocative testing (vertebral artery) .  

Examination Procedure 

• Patient sitting. 

Examination Techniquas 

Cervical Spine 
CO-C3 

• The examiner introduces a combination of cervical spine extension 
and rotation to one side. 

• The patient is requested to look up at the operator's index finger 
placed in the direction opposite to that of rotation (Fig . 38) . 

• It is observed whether there is appearance of nystagmus. 

Fig. 38 

Note 

• The patient should be maintained in this position for at least 20-30 
seconds so as not to miss any latent nystagmus. 

• This examination is performed to either side. 
• If the patient complains of dizziness, nausea, or if there is unabating 

nystagmus, the examination should be terminated immediately. 

Pathologic Fmdings 

• Slowly progressive vertigo during the examination, occasionally 
accompanied by unabating nystagmus, primarily that of the cre
scendo type, may be due to a peripheral and/or central vestibular 
disturbance secondary to decreased blood flow in the vertebral ar
tery distribution. 

• Vertigo at the onset of the examination but improving during the 
examination, occasionally accompanied by nystagmus that resolves, 
may indicate cervical vertigo or cervical nystagmus. Further ex
amination by the otoneurologist is indicated. 
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Examination Techniques 

Cervical Spine-Cervicothoracic Ju nction 
C3-T3 

Examination 

Rotation with extension, passive motion testing. 

Examination Procedure 

• Patient sitting. 
• The examiner, standing behind the patient, stabilizes the patient's 

trunk against his or her thighs. 
• The examiner places both hands flat over the patient's head in the 

parietal region . 
• The examiner introduces passive cervical spine extension (Fig. 39). 
• In the second step, a passive, axial rotation to the head is intro

duced,  alternating from one side to the other (Figs. 40, 41). 

Fig. 39 Fig. 40 

Fig. 41 
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Note 

Examination Techniques 

Cervical Spine-Cervicothoracic Junction 
C3-T3 

• During maximal cervical spine extension, the upper cervical spinal 
joints become fixated (stabilized) due to increased tension in the 
alar ligaments. 

• This allows selective rotation movement of the lower cervical spine . 
• The symmetry of range of motion to either side is determined . 
• Empirical measurements have been determined to be 60° of rota

tion . 

Pathologic Findings 

• Overall rotation restriction . 
• Asymmetry in rotation of one side compared to the other. 
• Rotation·restriction with hard endfeel and pain at the barrier:  indi

cates degenerative changes in  the area of the midcervical spine 
(spondylosis, spondyloarthrosis, uncarthrosis) .  

• Soft endfeel : more likely due to shortening of the long neck exten
sor muscles or the longus colli muscle. 

• Pain at the barrier (extreme of motion) :  probably due to segmental 
dysfunction. 

• Vertigo with nystagmus: Suspect a decrease in blood flow or irrita
tion of the vertebral artery (compare provocative testing of the ver
tebral artery, p. 33). 
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Examination Techniques 

Cervical Spine-Cervicothoracic Junction 
CO-T3 

Examination 

Flexion and extension , passive motion testing. 

Examination Procedure 

• Patient sitting. 
• The examiner stands to the side of the patient and fixates the pa

tient's trunk against his or her thighs. 
• With one hand, the examiner fixates the head and introduces pas

sive flexion to the cervical spine (Fig. 42) .  
• Now the hands are switched so that the upper hand can introduce 

passive extension to the cervical spine (Fig. 43) . 

Fig. 42 Fig. 43 

Note 

• Stop movement when the patient complains of spain (caution: in
stability ) .  

Pathologic Findings 

• Overall flexion restriction : indicates degenerative changes. 
• Pain at the extreme (barrier) of movement .  
• Soft endfeel: indicates shortening of the postural neck muscles. 
• Localized, stabbing pain : may be due to segmental instability, espe

cially with extension . 
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Examination 

Exemlnation Techniques 

Cervical Spine-Cervicothoracic Junction 
CO-T3 

• Side-bending, passive motion testing. 

Examination Procedure 

• Patient sitting. 
• The examiner stands behind the patient and fixates the patient's 

trunk against his or her thighs. 
• One hand stabilizes the patient'S shoulder. 
• The other hand is placed over the parietal region of the patient's 

head . 
• The examiner introduces passive side-bending in the direction op

posite to that of the stabilized shoulder (Figs. 44, 45) . 

Fig. 44 Fig. 45 

Note 

• It is important to properly fixate the patient's shoulder (for evalu
ation of soft endfeel) . 

Pathologic Findings 

• Overall side-bending motion restriction . 
• Asymmetry of motion when comparing one side to the other side. 
• Hard endfeel with degenerative changes. 
• Soft endfeel :  probably due to shortening of the postural neck mus

cles (trapezius muscle , descending portion; levator scapulae mus
cle) .  
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examination Technique. 

Cervical Spine-Cervicothoracic Junction 
CO-T3 

Examination 

Axial rotation , passive motion testing. 

Examination Procedure 

• Patient sitting. 
• The examiner stands behind the patient and fixates the patient's 

trunk against his or her thighs. 
• One hand is placed over the patient's shoulder for stabilization. 
• The examining hand is placed in a viselike manner around the pa

tient's head . 
• Starting from neutral, the examiner introduces passive rotation to 

the cervical spine up to the motion barrier alternating between 
either side (Figs. 46, 47) . 

Fig. 46 Fig. 47 

Note 

• Normal rotation of the cervical spine measures 90° to either side . 
• I n  this examination , it is important to compare the side-to-side 

movements, evaluating for asymmetry. 

Pathologic Findings 

• Overall rotation restriction . 
• Pain at the extreme (barrier) of motion . 
• Hard endfeel with pain: possibly due to degenerative changes of the 

intervertebral joints. 
• Soft endfeel: may be due to shortening of the deep short cervical 

spine rotators and/or the postural neck and shoulder muscles (de
scending portion of trapezius muscle, sternocleidomastoid muscle, 
levator scapulae muscle) .  

38 



Examination 

Forced rotation of the axis. 

Examination Procedure 

• Patient sitting. 

Examination Techniques 

Cervical Spine 
CO-C3 

• The examiner fixates the patient's trunk laterally. 
• The index and middle finger of the examiner's palpating hand are 

placed over the spinous processes of C2 and C3, respectively . 
• With the opposite hand, the examiner fixates the patient's head 

over in the parietal region. 
• The first step involves side-bending of the head to either side (Fig. 

48) . 
• In the second step, axial rotation to each side is introduced (Fig. 

49) . 

r 

Fig. 48 Fig. 49 

Note 

• With initiation of side-bending movement to one side, the axis im
mediately starts to rotate towards the same side (the spinous pro
cess moves in the opposite direction) .  

• In contrast, with axial rotation, the axis does not start to move until 
after the head has rotated 20-30°. 

• Initial rotation takes place in the atlantoaxial joint . 
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Examination Techniques 

Cervical Spine 
CO-C3 

Pathologic Findings 

• Absence of forced rotation of the axis with side-bending movement 
may be due to a lesion of the ligamentous apparatus, in particular, 
the alar ligaments. 

• Abnormal movements may be due to segmental instability in the 
upper cervical spinal joints . 

• If the axis starts to rotate immediately with the initiation of axial 
rotation of the head, a segmental dysfunction at CI-C2 may be 
present (somatic dysfunction) .  

Examination 

End (final) rotation of the atlas. 

Examination Procedure 

• Patient sitting. 
• The patient's trunk is stabilized against the thigh of the examiner, 

who is standing behind the patient . 
• The index finger of the examiner's palpating hand lies over the mas

toid process, and the middle finger is placed over the transverse 
process of the atlas. 

• With the opposite hand and arm , the examiner cradles the patient's 
head. 

• Passive head rotation is introduced by the examiner up to the mo
tion barrier (extreme of movement). 

• In the second step, the examiner carefully introduces rotation to the 
head beyond the previously determined motion barrier. 

• The springlike resiliency of movement of the atlas is evaluated (de
termining if the distance between the mastoid and the transverse 
process of the atlas decreases; Fig. 50) . 

Fig. 50 
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Note 

Examination Techniques 

Cervical Spine 
CO-C3 

• Palpation of the transverse process of the atlas needs to be very 
gentle. 

• Too forceful a palpation may provoke pain . 
• The contact with the mastoid and the transverse process of the atlas 

must be maintained troughout rotation . 
• The range of motion is rather small .  

Pathologic Findings 

• Absence of springlike movement at the atlas in endrotation: an in
dication of a segmental dysfunction (functional disturbance of the 
upper cervical spinal joints) .  

• Pain induced at the motion barrier along with a hard endfeel: indi
cates a segmental dysfunction (functional disturbance) .  

• Enhanced movement, that is,  an increased distance between the 
transverse process of the atlas and the mastoid process, may indi
cate hypermobility (cervical spine injuries) . 

• Appearance of vertigo: may be due to irritation of the vertebral ar
tery (see p. 33). 
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Examination Techniques 

Cervical Spine-Cervicothoracic Junction 
C3-T3 

Examination 

Flexion and extension , passive motion testing. 

Examination Procedure 

• Patient sitting. 
• The examiner stands at the patient's side and fixates the patient'S 

trunk with his or her thigh . 
• With the fingers of one hand, the examiner palpates the patient's 

spinous processes of the lower cervical spine and the upper thoracic 
spine. 

• The other hand is placed over the patient's head so that passive 
flexion -extension movement can be introduced (Fig. 51) .  

• The goal of this evaluation is to determine overall mobility of the 
spinous processes and their movement in relation to each other. 

Fig.51 

Note 

• I t  is imperative to maintain good contact with the spinous processes 
throughout the examination . 

Pathologic Findings 

• Absence of movement of the spinous processes during this exami
nation (that is, the spinous processes do not approximate with ex
tension and/or do not move apart with forward flexion) .  

• Soft endfeel: often due to shortening of the postural neck muscles, 
including the descending portion of the trapezius muscle , the lon
gissimus capitis and cervicis muscles, and the semispinalis capitis 
muscle. 

• Hard endfeel may indicate degenerative changes at the interverte
bral joints. 
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Examination 

Examination Techniques 

Cervical Spine-Cervicothoracic Junction 
C3-T3 

• Side-bending, passive motion testing. 

Examination Procedure 

• The examiner stands to the side of the sitting patient .  
• The fingers of the examiner's palpating hand are placed segmen

tally over four neighboring spinous processes. 
• The examiner places his other hand over the patient's head so as to 

introduce passive side-bending movement to either side (Fig. 52) . 
• Mobility and rotation of the vertebrae are evaluated. 

Fig. 52 

Note 

• The vertebrae rotate in the same direction as the side-bending. 
• The spinous processes, however, move i n  the opposite direction . 

Pathologic Findings 

• Asymmetric range of motion during side-bending movement when 
comparing one side to the other. 

• Hard endfeel :  indicates articular degenerative changes. 
• Soft endfeel: may be due to shortening of the postural neck and 

shoulder muscles (descending portion of the trapezius muscle, leva
tor scapulae muscle) .  

• Absence of vertebral rotation (somatic dysfunction, spondylo
arthrosis) . 

• Reversal of rotation: may be due to instability. 
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Examination Techniques 

Cervical Spine-Cervicothoracic J unction 
C3-T3 

Examination ----
Axial rotation , passive motion testing. 

Examination Procedure 

• Patient sitting. 
• The examiner stands at the side of the patient and fixates the pa

tietH's trunk against his or her thigh. 
• The examiner localizes the spinous processes in question with the 

palpating fingers. 
• With the other hand placed over the patient's head, rotation to 

either side is introduced (Fig. 53) . 
• Vertebral rotation is evaluated. 

Note 

Fig. 53 

• Good contact with the spinous processes is to be maintained 
throughout the examination . 

• Rotation of the head should be performed very slowly (caution: 
pain inhibition) .  

Pathologic Findings 

• Asymmetry of rotational movement when comparing one side to 
the other. 

• Hard endfeel :  indicates articular degenerative changes (spondy
loarthrosis) or segmental dysfunction (functional disturbance ) .  

• Soft endfeel :  often due to shortening of the deep, short cervical 
spine rotator muscles (rotator muscles, semispinalis muscles, multi
fidi muscles) ,  andlor due to shortening of the superficial postural 
neck and shoulder muscles (trapezius muscle, sternocleidomastoid 
muscle, levator scapulae muscle) . 

• Absence of vertebral rotation : may be due to segmental dysfunc
tion . 

• Paradox vertebral rotation: may be an indication of segmental 
instability . 
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Examination 

Axial rotation , passive motion testing. 

Examination Procedure 

• Patient sitting. 

Examination Techniques 

Cervical Spine 
C3-C6 

• Standing at the side of the patient, the examiner palpates the area 
over either facet joint of one spinal segment with thumb and index 
finger. 

• The little finger of the other hand is placed over the neighboring 
superior articular process. 

• Passive rotation is introduced by rotating the patient's head (Fig. 
54) . 

• Segmental mobility in the facet joint is evaluated. 

Fig. 54 

Note 

• It is imperative to assure good fixation of the inferior spinal seg
ment. 

• The soft tissues should be palpated carefully; too great a pressure 
should be avoided. 

Pathologic Findings 

• Asymmetric joint contours with individual movement. 
• Absence of rotation movement in the superior segment :  due to seg

mental dysfunction (degenerative changes, functional disturbance ) .  
• Pain at the motion barrier: indicates a possible segmental zone of ir

ritation. 
• Soft endfeel: may be due to shortening of the deep rotator muscles 

(rotatores muscle, multifidus muscle, semispinalis muscle) .  
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Examination Techniques 

Thoracic Spine 
T 1 -T 1 2  

Examination 

Flexion and extension, passive motion testing. 

Examination Procedure 

• Patient sitting with arms crossed behind the neck. 
• The examiner, standing to the side of the patient, reaches around 

the patient's trunk so as to stabilize it against his or her own chest. 
• The fingers of the free hand, placed over the patient's thoracic 

spine, palpate the spinous processes. 
• Passive flexion movement (Fig . 55) and extension movement (Fig. 

56) are introduced. 
• The examiner evaluates range of motion of the individual spinous 

processes. 

Fig. 55 Fig. 56 

Note 

• This examination requires accurate fixation and guidance of the pa
tient's trunk . 

• The examiner's fingers must maintain good contact with the spinous 
processes throughout the examination. 

Pathologic Findings 

• The spinous processes do not approximate (during extension) 
and/or do not migrate apart (with flexion) .  

• Pain at the motion barrier: may be due to segmental dysfunction. 
• Soft endfeel :  due to shortening of the postural back muscles (longis

simus dorsi muscles) .  
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Examination Techniques 

Thoracic Spine 
T 1 -T 1 2  

Examination 

Side-bending, passive motion testing. 

Examination Procedure 

• Patient sitting with hands crossed behind the neck . 
• The examiner, standing at the patient's side , fixates the patient's 

trunk against his or her own chest. 
• With the other hand , the spinous processes are palpated (Fig. 57) . 
• The examiner introduces bending to one side by moving the pa

tient's contralateral shoulder and trunk. 
• Rotation of the vertebrae is evaluated. 

Fig. 57 

Note 

• It is imperative to maintain good fixation and accurate guidance of 
the patient's trunk.  

• Good contact with the spinous processes must be maintained 
throughout. 

• During side-bending, the upper thoracic vertebrae usually rotate in  
the direction of  side-bending, whereas the  lower thoracic vertebrae 
move in the opposite direction . 

Pathologic Findings 

• Absence of coupled rotation: may be due to segmental dysfunction 
(somatic dysfunction, degenerative changes) .  

• Pain at the motion barrier: may be due to a segmental dysfunction. 
• Soft endfeel :  due to shortening of the strong, deep rotator muscles 

(rotatores muscles, multifidus muscle, semispinalis muscle) . 
• Hard endfeel : due to dysfunction in the sternocostal joints. 
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Examination Techniques 

Thoracic Spine 
T3- L1 

Examination 

Axial rotation, passive motion testing. 

Examination Procedure 

• Patient sitting with hands crossed behind the neck. 
• The examiner, standing to the patient's side, fixates the patient's 

trunk against his or her own chest. 
• The palpating fingers make contact with the individual spinous pro

cesses to be examined. 
• Rotation to either side is introduced by the examiner by moving the 

patient's contralateral shoulder and trunk (Fig. 58) . 
• Mobility of the individual vertebrae is evaluated. 

Fig. 58 

Note 

• Good fixation and controlled guidance of the patient's trunk is 
imperative. 

• Contact with the spinous processes must be maintained throughout 
the examination . 

Patbologic Findings 

• Absence of vertebral rotation (absence of coupled movements) .  
• Hard endfeel with pain at the motion barrier: indicates segmental 

dysfunction (somatic dysfunction, degenerative changes) . 
• Soft endfeel: may be due to shortening of the deep rotator muscles. 
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Examination 

Passive motion testing. 

Examination Procedure 

• Patient sitting. 
• The operator stands behind the patient. 

Examination Techniques 

Rib I 

• The shoulder on the side to be examined is placed over the examin
er's thigh . 

• The examiner palpates the first rib with his or her index finger. 
• The other hand introduces a combination of flexion and rotation of 

the cervical spine to the opposite side (away from the palpated first 
rib) .  

• This is followed by alternatingly side-bending the patient's neck 
from one side to the other (Fig. 59) . 

• Mobility of the first rib is evaluated . 

Fig. 59 

Note 

• Of utmost importance is a gentle palpation of the first rib (caution : 
brachial plexus) .  

• Compression of the soft tissues must be avoided (scalene muscles, 
nerves, and vascular structures) .  

• Too much palpatory pressure renders this examination valueless. 

Pathologic Findings 

• Absence of a spring-type movement of the first rib : may be the in
dication of a dysfunction , such as a somatic dysfunction in the first 
rib. 

• Localized pain, occasionally referred to the shoulder and arm : may 
be indicative of scalenus anticus syndrome. 
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Examination Techniques 

Ribs III to XII 

Examination 

Respiratory excursion of the individual ribs. 

Examination Procedure 

• Patient is prone. 
• The examiner places both hands over the adjoining ribs. 
• During inhalation and exhalation , individual rib mobility is evalu

ated (Fig. 60) . 
• The same examination is then performed with the patient supine 

(Fig. 61) or with the patient sitting (Fig. 62) . 

Fig. 60 Fig. 61 

Fig. 62 

Note 

• Good palpatory contact with the ribs is mandatory. 

Pathologic Findings 

• Asymmetric rib mobility: may be due to segmental dysfunction in 
the costotransverse joints. 

• Pain more prominent in one position than another: also may be due 
to dysfunction in the costotransverse joint. 
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Examination 

Examination Tachniques 

Lumbar Spine 
L 1 -L5 

Flexion and extension, passive motion testing. 

Examination Procedure 

• Patient sitting astride the examination table, with hands crossed be
hind the neck. 

• The examiner stands to the patient's side and fixates the patient's 
trunk . 

• The palpating fingers are placed over the spinous processes to be 
examined. 

• Alternatingly, passive flexion (Fig. 63) and extension (Fig. 64) are 
introduced. 

• Mobility of the individual spinous processes is evaluated. 

Fig. 63 

Note 

Fig. 64 

• It is mandatory to maintain good bony contact with the spinous pro
cesses during this examination since the range of motion is rather 
small in the individual segments. 

Pathologic Findings 

• Generalized motion restriction, since the spinous processes do not 
undergo gliding movement.  

• Soft endfeel: may be due to shortening of the postural lumbar mus
cles (longissimus dorsi, iliocostalis, and spinalis muscles) .  

• Pain at the barrier (extreme) of range of motion during flexion 
movement: may be due to a disk problem, that is, it may be a dys
function localized to one segment .  

• Localized pain during extension may be due to facet syndrome 
(spondyloarthrosis of the lumbar spine) .  
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Examination Technique. 

Lum bar Spine 
L 1 - L5 

Examination 

Side-bending, passive motion testing. 

Examination Procedure 

• Patient sitting on the table's edge . 
• The examiner, sitting astride the table next to the patient, fixates 

the patient's trunk against his or her own chest and holds the pa
tient's opposite shoulder. 

• The free hand palpates the individual spinous processes.  
• Passive side-bending movement is introduced , alternating from one 

side to the other (Fig. 65) . 
• Vertebral motion of the lumbar spine is evaluated. 

Fig. 65 

Note 

• The extent of side-bending in the individual segments measures ap
proximately 6-8°. 

Pathologic Findings 

• Generalized restriction of side-bending movement. 
• Localized pain at the motion barrier with hard endfeel: may be due 

to segmental dysfunction. 
• Absence of coupled rotation or paradoxical rotation: may also be 

due to segmental dysfunction. 
• Soft endfeel : indicates shortening of the postural lumbar muscles 

(longissimus dorsi , quadratus lumborum muscles) . 
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Examination 

Axial rotation, passive motion testing. 

Examination Procedure 

Examination Techniques 

Lumbar Spine 
L1- L5 

• Patient in .side-lying position, close to the table's edge . 
• Both legs are flexed to 90° at the hip and knee joint. 
• The examiner takes hold of the patient's leg just above the ankles 

(Fig. 66) . Both legs are lifted as far as possible. 
• The palpating fingers are placed over the spinous processes of the 

vertebrae to be examined . 
• By rotating the hip further, the mobility of the segments in the 

lumbar spine is evaluated (Fig. 67) 

Fig. 66 Fig. 67 

Note 

• Correct execution of this technique is mandatory. 
• Coupled rotation in the lumbar spine is rather minimal, measuring 

approximately 2° to either side. 

Pathologic Findings 

• Absence of rotation movement with hard endfeel :  may be due to 
segmental dysfunction. 

• Localized pain at the motion barrier: may be due to segmental dys
function (spondyloarthrosis) ,  as well as to hypomobility (osteo
chondrosis and/or disk problems) . 

• Soft endfeel :  associated with a shortening of the deep lumbar spine 
rotator muscles ( rotatores muscles, multifidus muscle,  semispinalis 
muscle) . 
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Examination Techniques 

Lumbar Spine 
L 1 - L5 

Examination 

Springing test . 

Examination Procedure 

• Patient is prone . 
• The examiner palpates with index and middle fingers the joint pro

cesses of the lumbar vertebra in question. 
• An anterior force is exerted (downward) against the spine through 

the hypothenar eminence of the other hand (Fig. 68) . 
• The examiner and patient observe if pain is induced with this move

ment. 

\ 

Fig. 68 

Note 

• The reliance of this test is largely dependent on a clean palpatory 
technique of the articular processes. 

• Palpation may be difficult due to the strong back muscles. 

Pathologic Findings 

• Localized pain induced with the anterior pressure: may indicate the 
possibility of segmental instability, diskitis, etc. 

• Localized pain and/or referred pain: may also indicate diskopathy 
(osteochondrosis, especially in the L4 -5,  L5-S 1 segments) . 

• Pain induced with superficial palpation: more indicative of a mus
cular insertion tendinosis. 

• A positive test requires further differential diagnostic investigation. 
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Examination 

Examination Techniques 

Lower Lumbar Spine 

Provocative testing of the iliolumbar ligament . 

Examination Procedure 

• Patient is prone. 
• With the thumb, the examiner palpates the iliolumbar ligament be

tween the posterior iliac spine and the spinous processes of L4 and 
L5 (Fig. 69) . 

Fig. 69 

Note 

• Palpation should be performed rather gently (painful insertion ten
dinosis at the transverse processes) .  

Pathologic Findings 

• Localized pain with pressure : may be due to a functional distur
bance in the iliolumbar ligament (segmental dysfunction, diskopa
thy) . 

• When pressing anteriorly (down) upon the spinous processes of 
L4 -L5 ,  the pain localized over the iliolumbar ligament actually be
comes worse: may be due to spondylolisthesis. 
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Examination Techniques 

Pelvic Girdle 
Sacroiliac Joints 

Examination 

Sacroiliac joint nutation , spine test . 

Examination Procedure 

• Patient standing. 
• The examiner, standing behind the patient, localizes and palpates 

the posterior superior i liac spine (PSIS) and the medial sacral crest 
at the same level (Fig. 70) . 

• The patient is requested to lift the ipsilateral leg (hip and knee flex
ion) .  

• The PSIS moves inferiorly as a result of nutation (Fig . 71) . 

Fig. 70 

Note 

Fig. 71 

• With unaltered sacroiliac joint movement, the PSIS usually moves 
inferiorly. 

• In the presence of a sacroiliac joint dysfunction , the PSIS remains at 
the same level ( i .  e . ,  does not move) .  

• Precise palpatory location of the PSIS is mandatory. 
• The patient is allowed to place one hand on the back of a chair for 

support (balance) .  

Pathologic Findings 

• Absence of sacroiliac joint nutation (PSIS remains stationary) .  
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Examination Techniques 

Pelvic Girdle 
Sacroiliac Joints 

Examination 

Nutation in the sacroiliac joint (standing flexion test ) .  

Examination Procedure 

• The back of the standing patient faces the examiner. 
• The examiner palpates the PSIS (posterior superior i l iac spine) on 

either side with his thumbs (Fig. 72) .  
• The patient is requested to bend forward slowly (Fig. 73) . 
• Movement of the PSIS (movement of the ilia) is evaluated . 

Fig. 72 Fig. 73 

Note 

• The ilium does not start to rotate until sacroiliac joint nutation (at 
the end of spinal flexion) has taken place. Physiologically, nutation 
should be symmetrical bilaterally. 

Pathologic Findings 

• Absence of nutation movement while the PSIS on the site of the so
matic dysfunction actually moves more superior and anterior with 
forward flexion of the spine (positive standing flexion test: denotes 
the site at which the PSIS moves superiorly and anteriorly as com
pared to the other side) .  

• Differential diagnosis includes pelvic and hip-joint asymmetry. 
• The differential diagnosis includes unilateral muscle tightening in 

the longissimus dorsi muscle. 
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Examination Techniques 

Pelvic Girdle 
Sacroiliac Joints 

Examination 

Sacroiliac joint, passive motion testing Uoint play) .  

Examination Procedure 

• Patient relaxed, in the prone position. 
• The examiner palpates the sacroiliac joint and the short sacroiliac 

ligaments. 
• The other hand is curved broadly around the ilium with the fingers 

placed anteriorly (anterior superior iliac spine region) .  
• Subsequently , the hand which is placed over the il ium introduces 

posterior movement to the il ium (Fig. 74). 
• The objective of this examination is the evaluation of relative move

ment between the i l ium and sacrum. 

Fig. 74 

Note 

• Displacement of the ilium against the sacrum measures about 
2-3 mm. 

• Specific and well-localized palpation is mandatory. 

Pathologic Findings 

• Absence of sacroiliac joint displacement (hard endfeel): may indi
cate a functional disturbance in the sacroiliac joints. 
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Examination 

Patrick-Faber test . 

Examination Procedure 

• Patient is relaxed, in the supine position. 

Examination Techniques 

Pelvic Girdle 
Sacroiliac Joints 

• The examiner standing to one side of the patient stabilizes the pa
tient's pelvis on that side (fixation) .  

• The patient is then instructed to flex the opposite leg at the hip and 
knee joint, followed by external rotation and abduction in the hip 
joint as far as possible .  

• The heel of the abducted leg is placed against the opposite knee. 
• The distance between the patella and the table edge is measured 

(Fig. 75) . 

Fig. 75 

Note 

• This is a rather nonspecific examination. I n  order to evaluate the 
sacroiliac joint, normal hip movement is a prerequisite. 

Pathologic Findings 

• Asymmetry in the distance between the patella and the table's edge 
when comparing both legs. 

• In the presence of sacroiliac joint dysfunction , the distance between 
the patella and the table's edge is greater on the affected side than 
the noninvolved side . 

• Hard endfeel : may be due to hip joint disorders (differential diag
nostic exclusion of coxarthrosis must be made) .  

• Soft endfeel: may be due to shortening of the adductor muscles. 
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Examination Techniques 

Shoulder Girdle 

Examination 

Sternoclavicular joint. 

Examination Procedure 

• Examiner stands behind the sitting patient. 
• Starting laterally and inferiorly, the thumb of the palpating hand is 

placed at the inferior border of the middle third of the clavicle (Fig. 
76a) .  

• The opposite hand is then placed over the palpating hand so as to 
assist in introducing a translatory movement directed superiorly 
(Fig. 76b) 

Fig. 76a Fig. 76b 

Possible Pathologic Findings 

• In the presence of functional disturbances as well as organic abnor
malities in the sternoclavicular joint such as arthroses, the examiner 
perceives a hard endfeel. 

• The patient may report localized pain. 
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Examination 

Examination Techniques 

Shoulder Girdle 

Acromioclavicular joint, translatory motion testing. 

Examination Procedure 

• Examiner stands behind the sitting patient .  
• One hand becomes the fixating hand, stabilizing the spine of the 

scapula as well as the head of the humerus and the coracoid process 
with the index and middle finger (Fig. 77) . 

Fig. 77 

• It is important to be very gentle when palpating the coracoid pro
cess, especially so as not to induce any pain .  

• The other thumb palpates the lateral portion of the clavicle posteri
orly and introduces translatory movement following the joint sur
faces ( 10° in an inferior direction) .  

• In the unrestricted (freely mobile) acromioclavicular joint ,  transla
tory movement can be performed, ranging between 2-3 mm. 

Possible Pathologic Findings 

• Acromioclavicular arthrosis prevents translatory movement, and 
localized pain as well as pain radiating along the clavicle in the 
direction of the deltoid trigone may be elicited with this testing. 
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Examination Techniques 

Shoulder Girdle 

Axial traction in the glenohumeral joint. 

Examination Procedure 

• Examiner stands to the side of the sitting patient . 
• One hand is placed broadly over the scapula to stabilize it . 
• The opposite hand reaches the axilla from anteriorly such that the 

thumb overlies the major tubercle of the joint (Fig. 78) . 

Fig. 78 

• Axial traction is introduced perpendicular to the joint surface. 
• In the healthy adult, separation of the humeral head from the 

socket can be performed measuring about 3-4 mm. 

Possible Pathologic Findings 

• Shrinking of the capsule is usually accompanied by a hard-elastic 
endfeel .  

• Decreased amount of traction. 
• Patients with degenerative changes in the glenohumeral joint (ar

throsis of the shoulder joint, omarthrosis) may actually report ame
lioration of pain with axial traction . This is a good indicator for mo
bilization treatment . In this situation , however, traction is also im
peded. 

• Increased traction movement with soft endfeel (instability, effusion 
= contraindication for manual therapy!) . 

62 



Examination 

Inferior gliding at the glenohumeral joint. 

Examination Procedure 

• Examiner stands next to the sitting patient . 

Examination Techniques 

Shoulder Girdle 

• One hand gently reaches around the lower third of the patient's 
upper arm. 

• With the elbow flexed 90°, the forearm rests on the examiner's fore
arm. 

• The joint is abducted to 45° and forward flexed to 30°. 
• With the hypothenar eminence placed over the head of the humer

us, the examiner introduces inferior gliding movement (Fig. 79) . 
• Physiologic gliding movement measures only a few millimeters. 

Fig. 79 

Possible Pathologic Findings 
�--

• In the presence of inferior joint-capsule shrinkage or injury to the 
glenoid labrum , the examiner will perceive an elastic endfeel . This 
is in contrast to arthrosis of the shoulder, where there is a hard 
endfeel, often accompanied by intra-articular crepitus. Pain may 
also be elicited, especially in the affected joint. 

• Absence of pain despite shrinkage of the capsule. 
• Soft endfeel in the presence of effusion. 
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Examination Techniques 

Shoulder Girdle 

Examination 

Superior gliding in the glenohumeral joint. 

Examination Procedure 

• Examiner stands behind the sitting patient. 
• The arm is slightly abducted and flexed slightly forward while the 

examiner places the hypothenar eminence over the head of the hu
merus of the patient. 

• The other hand stabilizes the scapula posteriorly (Fig. 80a) .  
• Starting from this position , the head of the humerus is translated 

superiorly in relationship to the scapula (in a direction parallel to 
the slightly concave joint surface) .  

• A similar translatory movement can be introduced through the 
hand placed in the axilla, keeping in mind that there is to be simul
taneous axial traction as well (Fig. 80 b) .  With this technique, the 
translatory movement is primarily effected through the examiner's 
thumb. 

Fig . 80a Fig. 80b 

Possible Pathologic Findings 

• Restricted translatory movements in the presence of shrinkage of 
the capsule, in particular, the posterior portions, as well as lesions 
of the glenoid labrum and arthrosis of the joint. The patient may 
report pain .  

• Posterior instability allows increased translatory gliding movement. 
The endfeel is soft-elastic. 

• In the case of a dislocated shoulder, posterior gliding is absent. 
• Soft endfeel in the presence of effusion. 
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Examination 

Examination Techniques 

Shou lder Girdle 

Anterior gliding movement in the glenohumeral joints. 

Examination Procedure 

• Examiner stands next to the sitting patient .  
• The stabilizing hand is placed against the axilla from anterior. The 

tip of examiner's thumb may actually reach the lateral margin of the 
scapula. 

• The remaining fingers stabilize the clavicle and coracoid process . 
The arm that is to be examined rests i n  a slightly abducted position 
on the examiner's forearm (Fig. 81) .  

• The examiner introduces an anterior translatory movement by ex
erting a force through the hypothenar against the posterior portion 
of the head of the humerus. 

Fig. 81 

Possible Pathologic Findings 

• If the anterior portion of the joint capsule has shrunk,  a hard-elastic 
endfeel is noticed. 

• Arthrosis of the shoulder may be associated with a hard endfeel . 
Painful crepitus may also be induced. 

• Anterior instability, which is more frequent, allows abnormally 
large gliding movements, and the impression the examiner per
ceives is not unlike that of subluxation. 

• Soft end feel due to effusion. 
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Examination Techniques 

Elbow 

Examination 

Motion testing of pronation and supination (forearm rotation). 

Examination Procedure 

• Examiner stands in front of the sitting patient whose hands are 
placed against the examiner's pelvis so as to be fixated there. 

• With both index fingers, the examiner palpates the radial head as 
well as the radiohumeral joint. 

• Starting from this position, the examiner introduces rotation move
ment simulating pronation (Fig. 82a) and supination (Fig. 82b) . 

• The palpating index finger follows the rotation movement of the 
slightly ellipsoid radial head, which becomes more prominent dur
ing pronation. 

Fig. a2 b 

Possible Pathologic Findings 

• Functional disturbance affecting the proximal radioulnar joint 
causes movement to be asymmetric when comparing one side to the 
other. 

• The joint space is either enlarged or diminished. 
• Abnormally altered joint capsule (painful , more tense) .  
• Decreased range of motion. 
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Examination Techniques 

Examination 

Radioulnar joints, translatory movement. 

Examination Procedure 

• The elbow of the sitting patient is slightly flexed. 

El bow 

• With thumb and fingers of one hand, the examiner stabilizes the 
ulna. 

• With the other hand, the examiner palpates the radial head poste
riorly with his or her thumb, and with the remaining fingers, pal
pates through the extensors (Fig. 83) . 

• Starting from this position , anterior and posterior gliding move
ment is introduced. 

Fig. 83 

Possible Pathologic Findings 

• Translatory movement is diminished in epicondylitis, especially 
when there are trauma-related degenerative changes. Pain may be 
elicited with the application of pressure. 
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Examination Techniques 

El bow 

Examination 

Traction and gliding movement in the radiohumeral joint. 

Examination Procedure 

• Examiner stands at the side of the table. 
• The patient's arm is abducted to 40° in the shoulder (Fig. 84a) .  
• The examiner stabilizes the arm proximal to the elbow joint (Fig. 

84b) .  
• The other hand, placed gently on the distal one-third of the fore

arm, introduces 30° of flexion at the elbow. 
• Starting from this position , traction movement is introduced (Fig. 

84b) .  

� 
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Fig . 84a Fig. 84b 

Possible Pathologic Findings 

• The examiner may perceive a hard endfeel, which is occasionally 
accompanied by pain ,  in particular when there are degenerative 
changes at the elbow joint. 
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Examination 

Radiocarpal joint, translatory movement . 

Examination Procedure 

Examination Techniques 

Hand 

• One hand stabilizes the radius and ulna at the most distal portion 
(Fig. 85a) .  

• The examining hand is placed such that it reaches around the proxi
mal row of the carpal bones. 

• The examiner evaluates traction movement. While introducing 
axial traction, translatory motion is introduced in a palmar and dor
sal direction as well as in directions of the radius and ulna (Fig.  
85 b).  

Fig. 85a Fig. 85b 

Possible Pathologic Findings 

• A functional disturbance affecting the individual joint causes a hard 
endfeel. Inflammatory changes may actually increase mobility 
which becomes a sign of instability. Pain may also be present. 
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Examination Techniques 

Hand 

Examination 

Proximal carpal bones, palpation and angular movement. 

Examination Procedure 

• The index finger of the examining hand is placed over the radial 
fossa (the anatomical snuff-box). 

• The index finger of the other hand is placed over the triquetrum 
along the ulnar side (Fig. 86a) . 

• Introducing ulnar deviation of the hand (Fig. 86b),  the scaphoid 
bone moves towards the radius and becomes more prominent, 
whereas durillg radial deviation (Fig. 86c) , the triquetrum becomes 
more prominent as it moves closer towards the skin .  

• Movement follows along the course of the concave joint surface of 
the distal radioulnar joint. 

L-__ � ______________ �� a LL __ � __________ � ____ � b 

Fig. 86a-c 

Possible Pathologic Findings 

• When there is a disturbance interfering with the radioulnar devia
tion movement , range of motion is actually decreased and the bony 
portions become less prominent on palpation. 

• The scaphoid bone in particular may be subluxed especially with 
degenerative changes or inflammatory processes. 
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Examination 

Examination Techniques 

Hand 

Palpatory and functional examination of the primary carpal bones 
(the scaphoid, lunate, triquetral, and pisiform bones) . 

Examination Procedure 

• The patient's forearm is stabilized against the examiner's trunk. 
• The thumb and index finger (Fig. 87a) are placed over the scaphoid 

bone so as to introduce palmar and dorsal translation , with the ra
dius kept stationary. 

• Similarly, again with the radius stabilized, the lunate is moved in a 
palmar and dorsal direction (Fig. 87b) . 

Fig . 87a Fig. 87b 

• On the other, ulnar side , the distal ulna is fixated while the trique
trum is moved in a palmar and dorsal direction . 

• The pisiform bone is identified while the hand is slightly flexed (em
bedded in the tendon of the ulnar flexor muscle of the wrist ) .  Move
ment in the radial and ulnar direction is introduced for evaluation . 

Possible Pathologic Findings 

• In the presence of a functional disturbance , movement is restricted 
and may be accompanied by pain. 

• The scaphoid bone may be subluxed in the presence of degenera
tive or inflammatory processes. 
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Examination Techniques 

Hand 

Examination 

Metacarpal joint translatory gliding movement, traction. 

Examination Procedure 

• The stabilizing hand fixates the scaphoid and trapezium bones with 
the index finger and thumb. 

• With the fingers of the other hand, the examiner gently takes hold 
of the first metacarpal (Fig. 88). 

Fig. 88 

• In addition to traction, the bone is translatorily moved or translated 
in the palmar and dorsal as well as ulnar directions. 

• Especially in situations of hypermobility, radial translation should 
be performed very carefully, as subluxation or even actual disloca
tion may occur. 

Possible Pathologic Findings 

• A functional disturbance may be identified when there is decreased 
or painful mobility. Instability causes increased range of motion, 
and radial subluxation may occur in arthrosis of the carpal bones. 
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Examination 

Examination Techniques 

Hand 

Metacarpophalangeal joints, interphalangeal joints, translation test
ing. 

Examination Procedure 

• The forearm of the sitting patient is stabilized against the trunk of 
the examiner. 

• The tumb and index finger of one hand stabilize the particular joint 
proximally . 

• The fingers of the other hand are placed similarly over the corre
sponding phalanx, as close to the joint as possible .  

• While introducing traction at the same time, the metacarpophalan
geal joint is translated anteriorly, posteriorly, radially and ulnarly. 
Pure traction movement is also introduced (Fig. 89a, b) .  

Fig . 89a Fig. 89b 

Possible Pathologic Findings 

• Decreased gliding movementltraction after trauma or with degen
erative changes (hard-elastic endfeel) .  

• Increased gliding/traction movement seen with effusion or instabil
ity, soft endfeel in the situation of inflammatory processes. 

• Subluxation in an anterior/posterior direction is often posttraumatic 
and may also be seen with inflammatory processes. 
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Examination Techniquas 

Knee Joints 

Examination 

Femoropatellar gliding: superior-inferior, medial-lateral .  

Examination Procedure 

• With the patient supine, the hip and knee joints are somewhat 
flexed with a towel placed under the popliteal space. 

• The examiner takes hold of the patella with his index finger and 
thumb and subsequently i ntroduces movement of the patella in a 
superior and i nferior direction (Fig. 90a) and a medial and lateral 
direction (Fig. 90 b) .  This gliding movement should be performed 
with the muscles as relaxed as possible . 

-�-iJ)-
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C Fig. 903-c 

• It is emphasized that the femoropatellar joint should never be com
pressed when examining a patient who is suspected of having ar
throsis. 

• Range of motion is evaluated as well as endfeel, crepitus and/or 
grinding motion. 

Possible Pathologic Fmdings 

• D islocation or subluxation . 
• Crepitus. 
• Decreased range of motion. 
• Pain ;  Chondromalacia patellae. 
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Examination 

Examination Techniques 

Knee Joints 

Examination of axial traction , anterior and posterior translation, 
axial rotation. 

Examination Procedure 

• Patient sitting at the edge of the examination table with the thigh 
supported but the leg distal to the knee hanging freely . 

• With one hand placed over the malleoli, the distal leg is moved such 
that the knee is brought into its resting position (most loosely 
packed) . 

• While the examiner introduces axial traction, the thumb and index 
finger of the other hand palpate the medial and lateral joint space 
(Fig. 91 a) .  Of interest is the extent of traction possible ( increasing 
the joint space) .  

• Starting from the same position, axial traction is supplied (Level l ,  
performed through the examiner's thighs) .  The examiner places 
both thumbs around the tibial plateau and subsequently i ntroduces 
anterior and posterior translatory movement (91 b) .  

• Introducing a medial and lateral pressure to the tibial plateau , axial 
rotation is evaluated (Fig. 91 c) .  

b 

c Fig. 91 a-c 
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Examination Techniques 

Knee Joints 

• When introducing gliding movement, not only the range of motion 
but also endfeel as well as the presence of pain are evaluated. 

Possible Pathologic Findings 

• Decreased traction/gliding movement with a hard-elastic endfeel. 
• Pain .  
• Crepitus. 
• Increased gliding movement with soft endfeel (instability ) .  
• Subluxation. 
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Examination 

Proximal tibiofibular joints . 

Examination Procedure 

Examination Techniques 

Knee Joints 

• Patient is supine, and the leg is flexed to 60° at the hip and 70° at the 
knee joint. The foot is placed on the examination table. 

• The tibia is stabilized medially with one hand while the thumb and 
flexed index finger of the other hand stabilize the head of the fibula 
laterally (Fig. 92) . 

• Starting from this position, an anterior and posterior gliding move
ment is introduced. 

F ig .  92 

Possible Pathologic Findings 

• The fibular head is displaced dorsally. 
• Decreased anterior or posterior gliding with hard-elastic endfeel. 
• Increased gliding movement with a soft endfeel. 
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Exllminlltion Tachniques 

Foot 

Examination 

Ankle joint (talocrural joint) ,  translatory gliding movement .  

Examination Procedure 

• Patient is supine with the leg slightly flexed at the hip and knee 
joints. 

• The patient's heel rests against the examination table . The ex
aminer grasps the leg proximal to the ankle joint. The other hand 
stabilizes the foot (Fig. 93a) . 

• A translatory movement is introduced to the ankle joint by moving 
the distal tibia posteriorly and anteriorly (Fig. 93b).  

Fig . 93a Fig. 93 b 

Possible Pathologic Findings 

• Functional disturbances in the ankle joint may express themselves 
as decreased range of motion, hard endfeel, and pain .  

• Decreased gliding seen with degenerative changes or after trauma; 
hard-elastic endfeel. 

• Increased gliding movement with soft endfeel may be due to insta
bility or inflammatory processes. 
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Examination Techniques 

Foot 

Examination 

Tarsus, translatory movement in the talonavicular joint. 

Examination Procedure 

• Patient is supine, and the foot in a neutral position .  
• The examiner stabilizes the talus dorsally with the thumb and ante

riorly with the remaining fingers of the hand (talus with convex 
joint surfaces). 

• The other hand grasps the navicular bone with the thumb placed at 
the dorsum of the foot and the other fingers placed on the sole . 

• Under continued slight axial traction, the examiner introduces 
translatory movement both in the plantar and dorsal directions 
(Fig. 94). 

Fig. 94 

Possible Pathologic Findings 

• Articular changes in the joint itself may decrease range of motion 
with hard endfeel and pain . 

• Soft endfeel is noted with functional disturbances involving the 
talonavicular joint. 
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Examination Techniques 

Foot 

Examination 

Tarsus, translatory movement between the talus and the cuneiform 
bones. 

Examination Procedure 

• The thumb and index finger of the examining hand takes hold of the 
navicular bone (stabilizing hand) (Fig. 95) .  

Fig. 95 

• The thumb and index finger of the other hand take hold of the cu
neiform bones I through I I I .  

• Utilizing constant and simultaneous traction, the examining hand 
introduces movement , in a dorsal and plantar direction . 

Possible Pathologic Findings 

• A functional or organic disturbance involving the joint may cause a 
soft or hard endfeel ,  respectively. Pain may be provoked . 
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Examination 

Examination Techniques 

Foot 

Tarsus, translatory movement,  the calcaneal-cuboid joint .  

Examination Procedure 

• The examiner grasps the calcaneus inferiorly with the entire hand 
(fixation hand) .  

• With thumb and index finger, the examining hand is placed around 
the cuboid. 

• Translatory movement in a plantar and dorsal direction is intro
duced (Fig. 96) . 

Fig. 96 

Possible Pathologic Findings 

• Functional or organic changes affecting the joint elicit soft or hard 
endfeel, respectively. 

• Pain may be exacerbated with this movement in one or the other di
rection. 
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examination Techniques 

Foot 

Examination 

Tarsometatarsal joint, translatory motion testing. 

Examination Procedure 

• The cuboid is firmly grasped laterally between the thumb and index 
finger for stabilization. 

• The examining hand grasps the 5th metatarsal firmly. 
• Translation movement along with some traction is carried out in the 

dorsal and plantar direction (Fig. 97 3, b) .  

�� ______________ � a 

Fig. 97 a + b  
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• In similar fashion , the 4 th metatarsal bone and other metatarsal 
bones can be examined: the first three metatarsal bones require sta
bilization at the cuneiform bones. 

• For the first metatarsal joint, the hands are switched. 

Possible Pathologic Findings 

• Functional or organic abnormalities of the joint are accompanied by 
a soft or hard endfeel, respectively . Pain may be elicited. 
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Examination Techniques 

Pectoralis major Muscle 

Examination 

Length testing. 

Course 

• In general, the pectoralis major muscle is divided into three parts , 
consisting of the clavicular, sternocostal, and abdominal portions. 

• The line of origin extends from the anterior surface of the middle 
third of the clavicle , the sternal membrane, and the anterior layer 
of the rectus sheath in  the uppermost area. 

• The course is essentially horizontal with the abdominal portion 
being more vertical . 

• Line of insertion is the intertubercular groove of the humerus and 
the greater tubercle. 

Function 

• Adduction of the arm and internal rotation. 

Note 

• This is a postural muscle with tendency to shorten.  

Length Testing 

• Patient is supine. 
• The patient's thorax is stabilized by the examiner's hand placed 

broadly over i t .  
• Subsequently, the examiner 

introduces abduction and ex
tension of the arm at the 
shoulder (Fig. 98). The ex
tent of the range of motion 
and the tension in  the pecto
ral muscle are evaluated. 

Pathologic Findings 

Fig. 98 

• Decreased abduction and/or extension with soft endfeel at the 
shoulder: probably due to shortening of the muscle. 

• Pain during the arc of movement or at the extreme of movement re
quires further detailed examination to determine possible articular 
changes. 
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Examination Techniques 

Trapezius Muscle 

Examination 

Palpation, length testing. 

Course 

• It is useful to divide this muscle anatomically and functionally into 
three portions: the descending, the horizontal , and the ascending. 

• The origin of the trapezius muscle extends between the occipital 
bone and the spinous processes of C 1 through T 12 .  

• The line of insertion extends from the center of the posterior sur
face of the clavicle over the acromioclavicular joint to the superior 
border of the spine of the scapula .  The fibers of the ascending por
tion insert at the inferior edge of the spine of the scapula. 

• The muscle bundles arising from the occipital bone run sharply i nfe
riorly, whereas the fibers of the central portion run almost horizon
tally in a transverse direction, and the fibers of the ascending por
tion run upwards. 

Function 

• Descending portion : elevation of the shoulder blade. 
• Horizontal portion : adduction of the shoulder blade. 
• Ascending portion: depression of the scapula. 

Note 

• The trapezius muscle is of great significance in the routine diagnos
tic work-up of functional disturbances. 

• There is a close relationship between segmental dysfunctions affect
ing the thoracic and lumbar spine and individual muscle bundles of 
the trapezius muscle which have undergone myotendinotic changes 
(taut, palpable bands) .  

• Due to its subcutaneous location, the trapezius muscle can provide 
valuable information about texture, displaceability and possible 
myotendinotic changes (taut bands) . 

• Palpation of the muscle insertion follows along the direction of the 
muscle fibers . 

• This postural muscle tends to weaken when involved. 
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Length Testing 

• Patient sitting. 

Examination Techniques 

Trapezius Muscle 

• The examiner stabilizes the patient's shoulder on the side to be ex
amined . 

• With the other hand , the examiner cradles the patient's temporal 
area. 

• III the next step, and according to the course of the muscle fibers, 
the examiner introduces side-bending to the opposite side (Fig. 
99a) with rotation to the same side ( 1 )  or the opposite side (2) 
(Fig. 99b) . 

• Evaluated are muscle tension, range of motion , endfeel , and the 
contour of the muscle. 

Fig. 99a Fig. 99b 

Pathologic Findings 

• Motion restriction with soft endfeel: indication of muscle shorten
ing. 

• Painful insertion tendinoses at the spine of the scapula or clavicle. 
• Myotendinotic changes of individual muscle bundles ("taut 

bands") .  

85 



Examination Techniques 

Levator scapulae Muscle 

Examination 

Length testing. 

Course 

• Arises by four fasciculi from the transverse processes of C l -C4. 
• Insertion is at the medial border of the scapula. 
• The muscle fibers run laterally and i nferiorly and, starting at 

C 5 -C6,  are covered by the trapezius muscle. 

Function 

• Elevation of the shoulder blade. 

Note 

• This is a postural muscle which, when involved, tenjs to shorten. 

Length Testing 

• Patient sitting. 
• The examiner, standing behind the patient, palpates the insertion 

of the levator scapulae muscle at the medial border of the scapula 
(Fig. lOOa) . 

• Starting from the neutral position, the examiner introduces a com
bination of cervical spine flexion and rotation to the opposite side 
(passive movement, Fig. lOOb) .  

• Evaluated are i nduction of pain, motion restriction , and tension in 
the levator scapulae muscle. 

Fig. 1 00a Fig. 100b 
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Pathologic Findings 

examination Techniques 

Levator scapulae Muscle 

• Motion restriction with soft endfeel : may be due to shortening of 
the muscle. 

• Quite frequently, there is localized pain at the medial border of the 
scapula. 

• An insertion tendinosis which is painful ,  can often be palpated. 
• If there is simultaneous myotendinosis affecting the levator scapu

lae and trapezius muscles (descending portion) ,  there is localized 
pain at the intersection of these muscles (at T 1 approximately three 
finger-breadths lateral to the spinous process) .  
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Examination Techniques 

Sternocleidomastoid Muscle 

Examination 

Length testing. 

Course 

• This large round muscle can be divided into the sternal and clavi
cular portions. 

• The sternal portion originates at the anterior surface of the manu
brium of the sternum. 

• The clavicular portion originates at the superior surface of the mid
dle third of the clavicle. 

• This muscle courses in a screwlike manner obliquely across the side 
of the neck. 

• The insertion extends from the mastoid process to the center of the 
superior nuchal line . 

Function 

• Bilateral contraction results in flexion of the head . 
• Unilateral contraction results in side-bending towards the side of 

the contracted muscle and rotation of the head to the opposite side 
(typical presentation of torticollis) . 

Note 

• This postural muscle tends to shorten when involved. 

Length Testing 

• Patient sitting. 
• The patient's trunk rests against the thigh of the examiner, who 

stands behind the patient . 
• The examiner palpates the clavicular and sternal origins of the ster

nocleidomastoid muscle with thumb and index finger. 
• The other hand introduces maximal flexion to the head , maximal 

side bending to the opposite side with subsequent minimal rotation 
to the same side (Figs. 101, 102) . 
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Fig. 101 

Pathologic Findings 

Examination Techniques 

Sternocleidomastoid Muscle 

Fig.  102 

• Motion restriction with soft endfeel at the extreme (barrier) of 
movement with very prominent muscle contour: associated with 
shortening of the muscle. 

• Slowly progressive vertigo : suspect circulatory compromise related 
to the vertebral artery. 

• Vertigo occurring immediately with onset of the maneuver: may 
indicate the possibility of the cervical type of vertigo and requires 
further neurologic investigation . 

89 



Examination Techniques 

Scalene Muscles 
Anterior, M edial, Posterior Scalene M uscles 

Examination 

Length testing. 

Course 

• The anterior and middle scalene muscles originate at the transverse 
processes between C3 and C7 and insert at the first rib. 

• The posterior scalene muscle originates at the posterior tubercles of 
the transverse processes of C6 and C 7  with the insertion being at 
the anterior surface of the second rib . The fiber direction of all 
three muscles is lateral and inferior. 

Function 

• Bilateral contraction induces cervical spine flexion. 
• Unilateral contraction results in side-bending of the head to the 

same side as the contracted muscle and also introduces cervical 
spine rotation in the opposite direction. 

Note 

• The insertions at the first rib are very tender when palpated. 
• This is a postural muscle which tends to shorten when involved. 

Length Testing 

• Patient sitting. 
• The examiner stands behind the patient and fixates the shoulder 

girdle. 
• The index finger and thumb of one hand palpate the insertions of 

the scalene muscles along the first rib . 
• The other hand introduces passive extension and rotation move

ment to the opposite side (Fig. 103) which introduces tension to the 
muscle. 

Fig. 103 
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Examination Techniques 

Scalene Muscles 
Anterior, M edial, Posterior Scalene M uscles 

Pathologic Findings 

• Soft endfeel at the motion barrier. 
• Localized pain in the pectoral triangle, which occasionally radiates 

into the arm (the thoracic outlet syndrome should be included in 
the differential diagnosis) . 

• The "elevated first rib" is often seen with myotendinotic changes of 
the scalene muscles ( hard , taut, palpable bands of the muscles) . 
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Examination Techniques 

Erector spinae Muscle, Long issimus l u mborum Muscle 

Examination 

Length testing. 

Course 

• The anatomy of the longissimus and il iocostalis muscles, which 
form part of the sacrospi nal system , is such that their origins at the 
pelvis cannot be differentiated from one another. Thus, just like a 
two-headed muscle, they share a common and remarkably broad 
origin .  

• The longissimus lumborum muscle arises from the superior and an
terior portions of the i l iac tuberosity. It inserts via two tendons at 
each lumbar vertebra. 

• The lateral row inserts at the posterior surface of the lumbar trans
verse processes. 

• The medial row inserts at the mammilary processes. 
• The longissimus lumborum muscle lies deep to the i liocostalis and 

longissimus thoracis muscles. 

Function 

• Bilateral contraction causes extension of the spine. 
• Unilateral contraction results in side-bending of the spi ne to the 

same side as contraction. 

Note 

• The longissimus lumborum muscle is a strong muscle that can cause 
a functionally abnormal position (segmental dysfunction) in a 
lumbar vertebra. 

• This muscle is a postural muscle , which tends to shorten when 
affected.  



Examination Techniques 

Erector spinae Muscle, Long issimus lu mborum Muscle 

Length Testing 

• Patient sitting at the edge of the examination table . 
• First, the muscle contours are evaluated for symmetry. 
• The patient is then requested to bend forward . 
• Both range of motion and endfeel are evaluated (Fig. 104) . 

Fig .  1 04 

Pathologic Findings 

• Prominent erector spinae muscle contours with readily apparent 
increased tension: an indication of muscle shortening. 

• Significant loss of flexion motion in the lumbar spine with soft 
endfeel .  

• Caution : Compensatory scoliosis may also be present i n  the case of 
acute disk herniation. 
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Examination 

Length testing, palpation. 

Course 

• Origin is at the anterior surface of the sacrum between the 2nd and 
4th foramina. 

• Starting at the lateral surface of the sacrum, the piriform muscle 
projects laterally through the greater sciatic foramen.  

• Insertion at the tip of the greater trochanter. 

Function 

• External rotation of the thigh. 

Note 

• This is a postural muscle with tendency to shorten . 

Length Testing 

• Patient is supine . 
• The hip on the side that is to be examined is flexed to 70°. 
• Subsequently, the examiner introduces abduction of the thigh while 

maintaining pressure against the femur (fixation of the pelvis) .  
• The examiner evaluates whether there is motion restriction and 

pain provocation (Fig. 105) . 

Fig. 105 
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Pathologic Findings 

Examination Techniques 

Piriform Muscle 

• Decreased adduction of the thigh with soft endfeel :  may be an 
indication of muscle shortening .  

• Decreased range of motion accompanied by stretch pain. 
• During the length-testing procedure , the piriform muscle may also 

be palpated directly; when the muscle is shortened it has a hard , 
cordlike consistency. 



Examination Techniques 

Psoas major Muscle 

Examination 

Length testing. 

Course 

• The muscle originates at the anterior inferior surface of the trans
verse processes of L l  through L 5 .  

• Portions of the muscle fibers may also arise from the lateral and 
anterior sections of the intervertebral discs of L 1 through L5 .  

• Insertion is at the anterior half of the lesser trochanter of the femur . 

Course 

• Downward, alongside the lumbar spine (psoas shadow on X-rays),  
reaching the true pelvis, below the inguinal ligament with insertion 
at the minor trochanter. 

Function 

• Flexion of the thigh , and some participation in adduction and exter
nal rotation of the thigh . 

• Unilateral contraction causes both the pelvis and trunk to rotate in 
the opposite direction. 

Note 

• This is a postural muscle which tends to shorten when affected. 

• 
• 

• 

• 

• 
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Length Testing 

Patient is prone. 
The examiner stabilizes the patient's pelvis by pressing one hand 
flat against the pelvis in  the direction of the examination table. 
The other hand grasps the 
patient's thigh. 
Extension is introduced to 
the ipsilateral hip joint by 
moving the thigh upward 
(Fig. 106). 
The examiner observes the 
behavior at the thoraco
lumbar junction. 

r---__ 

Fig. 1 06 



Pathologic Findings 

Examination Techniques 

Psoas major Muscle 

• Restricted hip extension with soft endfeel : most likely due to short
ening of the psoas major muscle. 

• Restricted hip extension with hard endfeel : may be due to degener
ative changes within the joint itself. Sacroiliac joint function must 
be excluded. 

• Prominent retraction of the thoracolumbar area; indicates signifi
cant shortening of the psoas major muscle. 

Variation 

• Patient standing. 
• The height of the examination table is adjusted exactly to the height 

of the standing patient's ischium. 
• The patient actively flexes the hip and knee . 
• Guided by the examiner, the patient then reclines onto the exami

nation table. 
• One knee is brought up towards the chest so as to reverse the 

lumbar lordosis (fixation in this position ) .  
• The leg that is being examined hangs freely off the table ( Fig.  107) . 

Fig. 107 

Pathologic Findings 

• During the positioning phase , the free leg actually rises above the 
horizontal plane of the table. 

• Soft endfeel when pressing the free leg downward. 
• If the rectus femoris muscle is shortened at the same time, the knee 

will extend as well . 

97 



Examination Techniques 

Rectus femoris Muscle 

Examination 

Length testing. 

Course 

• Origin is at the anterior inferior il iac spine and the upper rim of the 
acetabulum of the hip joint. Insertion is at the patella within its 
retinaculum. 

Function 

• The rectus femoris muscle is part of the quadriceps femoris system.  
• Knee extension. 

Note 

• This is a postural muscle which tends to shorten when affected. 

Length Testing 

• Patient is prone . 
• The patient's pelvis is fixated by one of the examiner's hands push

ing against the sacrum in direction of the table. 
• With the other hand, the examiner flexes the patient's knee , evalu

ating simultaneous movement at the pelvis girdle (Fig. 108) . 

Fig. 1 08 
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Pathologic Findings 

Examination Techniques 

Rectus femoris Muscle 

• With progressive knee flexion, the patient's pelvis on the tested side 
begins to lift off the examination table as a result of hip flexion due 
to a shortened rectus femoris muscle . 

• In a differential diagnosis, this must be distinguished from nerve 
root irritation (upper lumbar spine - reversed Lasegue sign) . 

Note 

• The length of the rectus femoris muscle can be tested at the same 
time as when examining the hip flexor muscles (see p. 97 and Fig. 
109) . 

• If there is shortening of the rectus femoris muscle, forced knee 
flexion causes the thigh to continue to rise above the horizontal 
line. 

Fig. 109 
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Examination Techniques 

Hamstring Muscles 
Biceps femoris, Semitendinosu s  M u scl e,  
Semimem branosus M uscle 

Examination 

Length testing. 

Course 

• All three muscles arise from the ischial tuberosity. The short head 
of the biceps femoris has an additional attachment at the posterior 
surface of the mid-femur. The biceps femoris inserts at the head of 
the fibula. 

• The semitendinosus and semimembranosus muscles insert at the 
pes anserinus and the lateral joint capsule of the knee . 

Function 

• Flexion of the leg at the knee and external rotation of the leg when 
the knee is flexed.  

Note 

• This is a postural muscle which tends to shorten when affected. 

Length Testing 

• Patient is supine. 
• The examiner places both hands over the leg proximal to the patella 

and introduces passive hip flexion ( Fig. 1 10) .  
• There should be no knee flexion whatsoever .  
• It may be helpful to fixate the patient's pelvis with a belt. 

Fig. 1 1 0  
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Examination Techniques 

Hamstring Muscles 
B iceps femoris, Semitendinosu s  M uscle 

Semimem branosus M u scle 

Pathologic Findings 

• Loss of flexion motion at the hip with the knee extended and a soft 
endfeel: clear indication of shortening of the hamstring muscles 
("pseudo-Lasegue sign") .  

• Loss of hip flexion with the knee extended and hard endfeel : may 
indicate a possible root irritation in the lumbar spine with root irri
tation secondary to a herniated disk. 

• Degenerative changes affecting the hip must be excluded . 
• Decreased hip flexion with a hard endfeel along with pain in the 

lumbar spine : most likely due to root irritation secondary to a 
ruptured lumbar disk. 
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Examination Techniquas 

Abdominal Muscles 
Transversu s  a bdominis M uscle, 
Rectus a bdominis M uscle, 
External and Internal Oblique M uscles 

Examination 

Strength and endurance testing. 

Course 

• Due to their anatomic arrangement, the superficial abdominal mus
cles function very effectively as a unit. 

Function 

• With the pelvis fixed, both oblique abdominal muscles produce for
ward flexion to the spine. Unilateral oblique muscle contraction 
causes the thorax to be rotated into the direction opposite to that of 
muscle contraction . It is also involved when performing Valsalva 
maneuver. 

• The rectus abdominus muscle causes the spine to flex and plays a 
major role in the Valsalva maneuver. 

Note 

• These are phasic muscles which have a tendency to weaken when 
affected . 

Strength Testing 

• Patient is supine , with the legs slightly flexed at hip and knees (to 
eliminate psoas major muscle action) . 

• The arms are then elevated slightly (Fig. 1 1 1 ) .  
• The patient is requested to lift both the head and upper thoracic 

spine (down to the shoulder blades) off the examination table (Fig. 
112) . 

• The patient is requested to remain in this position for 30 seconds. 

Fig. 1 1 1  Fig. 1 12  
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Examination Techniques 

Abdominal M uscles 
Transversu s  a bdominis M uscle, 

Rectus a bdominis M uscle, 
External and Internal O bliq u e  M uscles 

Pathologic Findings 

• The patient is unable to assume the requested position. 
• If the patient is able to assume the requested position, he or she is 

unable to maintain it for 30 seconds. 
• The patient is unable to maintain his or her feet on the examination 

table during this test. 



Examination Techniques 

Gluteus maximus Muscle 

Examination 

Strength testing. 

Course 

• The gluteus maximus muscle can be divided into a superficial and 
deep layer. 

• The line of origin for this muscle extends from the iliac crest via the 
posterior superior i liac spine to the lateral sacral l ine to the coccyx. 

• The course of the muscle is in a lateral and inferior direction.  
• The superior portions pass into the iliotibial band at the level of the 

greater trochanter whereas the inferior fibers insert at the gluteal 
tuberosity of the femur (thus forming a l ine of insertion that is 
10 cm long) . 

Function 

• Extension of the hip .  
• Abduction and external rotation of the thigh. 

Note 

• This is a phasic muscle which tends to weaken when affected. 

Strength Testing 

• Patient is prone ;  the knee is ex
tended to 90° (so as to elimi
nate hamstring function ) .  

• The patient is then requested 
to lift the thigh off the table, at 
least 10- 15  cm (Fig. 113) . 

• The patient should be able to 
maintain this position for at 
least 8 - 10 seconds. 

Pathologic Findings 

Fig. 1 13  

• The patient i s  unable to  assume the starting position for this 
examination. 

• The patient is able to assume the position but unable to maintain it 
for 8-10 seconds. 
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Examination Techniques 

Gluteus medius Muscle 

Examination 

Strength testing. 

Course 

• Origin is at the triangle formed by the anterior and posterior gluteal 
l ines and the external lip of the iliac crest . 

• This muscle is fan-sbaped, and tbe overall course is lateral and infe
rior. 

• Tbe insertion is at the outer surface of the greater trochanter. 

Function 

• Abduction of the thigh. 
• The deeper fibers cause flexion and internal rotation of the tbigb. 
• The superficial fibers are involved in extension and external rota

tion of the thigh. 

Note 

• This is a phasic muscle which tends to weaken when affected .  

Strength Testing 

• Patient in side-lying position. 
• The knee is flexed to 90° (to el iminate 

action of the tensor fasciae latae mus
cle ) .  

• In the second step, the patient is re
quested to abduct tbe hip (to 30-45°) . 

• Maintain this position for 8 - 10 seconds 
( Fig.  114). 

Pathologic Findings 

Fig. 1 1 4  

• Patient is unable to perform the maneuver at all .  
• The patient returns to neutral position before the 8 - 10 seconds 

have elapsed . 
• Compensatory movement of the abducted leg by substituting with 

hip flexion. 
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Examination Techniques 

Cervical Spine 
Zones of I rritation CO, C 1 

Localization 

• The zones of irritation of CO and C l are situated in the occipital 
region, related to the occiput and atlas. 

• CO is lateral and superior to the superior end of the mastoid notch 
whereas C l  is medial and inferior to it (Fig. 115) . 

Palpation 

Fig . 1 1 5  Zones of irrita
tion in  the cervical spine 
region 

• The palpating finger localizes the bare bony part (no muscle attach
ments) located between the splenius capitis and obliques capitis 
superior muscles. 

Note 

• As it is difficult to differentiate these zones of irritation from inser
tion tendinoses of the numerous muscles originating at this loca
tion , provocative testing may need to be done . 
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Localization 

Examination Techniques 

Cervical Spine 
Zones of I rritation C 2-C7 

• The individual zones of irritation are located over their respective 
intervertebral joints (Fig. 116) . 

Palpation 

Fig. 1 1 6  Zones of irrita

tion in  the cervical spine 
reg ion 

• The palpating fingers make contact with the spinous processes. 
• In the next step, the fingers glide laterally over the strong semispi

nalis capitis muscle (approximately 2 cm) . 
• A groove formed by the semispinalis capitis and longissimus capitis 

muscles allows the palpating fingers to go deeper so as to palpate 
the intervertebral joints . 

Note 

• Localization of the individual zone of irritation is such that it is 
found one finger-breadth superior to the respective spinous process 
( i .  e . ,  irritation zone of C2 is one finger-breadth superior to the in
ferior edge of the spinous process of C2) . 
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Examination Techniques 

Cervical Spine 
Zones of I rritation C 2 - C 7  

Provocative Testing 

• In general ,  all zones of irritation in the cervical spine respond to 
provocative testing.  

• A decrease of pa in  perception or any palpable tissue response indi
cates the appropriate therapeutic direction for the segment in ques
tion (Fig. 1 17) .  
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Fig. 1 1 7  Provocative tests: quantitative changes at the zone of irritation .  
Z I  zone of  irritation 
SP spinus process 
AP articular p i l lar  
PB pathologic motion barrier 
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Procedure 

Examination Techniques 

Cervical Spine 
Zones of I rritation C 2 -C7 

• The palpating finger remains i n  contact throughout the examination 
without exerting too much pressure . 

• The examiner introduces passive rotation to the cervical spine to 
either side (Figs. 118, 119) . 

• Both quantitative (patient response to pain) and qualitative (ex
aminer response) changes of the zones of i rritation are taken into 
account. 

• These principles also apply to all  other zones of irritation in the 
spine.  

F ig .  118 F ig .  119 



Examination Techniques 

Thoracic Spine 
Zones of I rritation T 1 -T 1 2  

Localization 

• Localized at the transverse process of the thoracic vertebra at the 
level of the costotransverse joint (Fig. 1 20). 

Fig.  120 Zones of irritation in  the region of  the thorax and r ibs (example:  T 7)  
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Examination Techniques 

Thoracic Spine 
Zones of I rritation T 1 -T 1 2  

Palpation 

• Patient is relaxed, in the prone position . 
• Patient is positioned such that thoracic kyphosis becomes somewhat 

exaggerated. 
• Starting laterally, the palpating thumbs move medially along the 

course of one rib on either side, thereby displacing the longissimus 
system medially (Fig. 121) .  

\'> 
-" <.:: ... ..-} 

L--= _________ "'�=' Fig. 121 

Note 

• In the mid thoracic spine, the transverse process is located three fin
ger-breadths superior to that of its respective spinous process. 

• In the upper and lower portions of the thoracic spine, the difference 
between the level of the transverse process and the spinous process 
is two finger-breadths. 
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Examination Techniques 

Thoracic Spine 
Zones of I rritation at the R i bs 

Localization 

• I n  the region of the costal angle,  between the longissimus muscle 
and the i liocostalis thoracis muscle ( Fi g .  122) . 

Fig. 122 Zones of irritation in the region of the thorax and ribs (example:  T 7 )  

Palpation 

• Patient is  prone.  
• The thoracic kyphosis is somewhat exaggerated through appro

priate positioning. 
• The palpating thumb localizes the angle of the rib by moving two 

finger-breadths laterally from the transverse process of the respec
tive vertebral . 

• Palpation is in a posterior-inferior direction. 
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Localization 

Examination Techniques 

Lumbar Spine 
Zones of I rritation L l - L 5  

• Transverse processes of the respective lumbar vertebrae (costal pro
cesses; Fig. 1 23) . 
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Fig. 123 Zones of irritation in the l u m bar spine region (example L3) 
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examination Techniques 

Lumbar Spine 
Zones of I rritation L 1 - L 5  

Palpation 

• Patient is prone . 
• The palpating thumb localizes the specific transverse process of the 

lumbar vertebra in question (make good bony contact) . 
• Starting laterally, the examiner moves medially between the iliocos

talis lumborum muscle and the oblique abdominal muscles (Fig. 
124) . 

Fig. 124 

Note 

• The transverse process is located approximately two finger
breadths superior to its respective spinous process. 

• Palpation of the transverse processes of L 5  is more difficult. 
• Zones of irritation must be differentiated from insertion tendinoses 

of the lumbar musculature. 
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Examination Techniques 

Sacroiliac Joint and Pelvis 
Zones of I rritation 5 1 -5 3  

Localization 

• In the area of the lateral portion of the sacral crest, located along an 
imaginary line connecting the posterior superior iliac spine (PSIS) 
and the sacral horn (Fig. 125) . 

• S 1 is localized approximately 1 cm below the tip of the PSIS. 
• S 3  is approximately at the level of the sacral horn. 
• S 2  is in between S 1 and S3 .  

Fig. 125 Zones o f  irrita
tion at the sacrum 

Palpation 

• Patient is relaxed, in the prone position. 
• First, specific bony structures such as the PSIS ,  sacral crest, spinous 

process of L5-S 1 and sacral horn are palpated. 
• The palpating thumb localizes the portion of the sacrum where 

there is no muscle attachment (between the erector spinae muscle 
and the gluteus maxim us muscle; Fig. 126) . 

\ 

Fig. 126 
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Examination Techniques 

Sacroil iac Joint and Pelvis 
Zones of I rritation 5 1 -5 3  

Note 

• Due to its anatomic position , palpation of these zones is relatively 
easy , even for the novice. 

• Defi nite differentiation must be made between the individual zones 
of irritation by way of provocative testing ( the so-called "ventrali
zation maneuver" according to Sutter) .  

• With anterior force directed downward against the sacrum and in 
the direction of the examination table ,  the zone of irritation should 
diminish . 

• When the anterior pressure is relieved again,  the pain reappears at 
the previous zone of irritation , often accompanied by a rather 
stabbing pain ( Fig.  1 27). 

Fig. 127 
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Radiologic Diagnosis 

• Specific radiologic studies of the spinal region in question become 
indicated once functional disturbances have been diagnosed clini
cally or when contraindications for manual therapy need to be de
termined via these studies. 

• This strategy holds especially true for elderly patients when suspect
ing osteoporosis, primary and secondary tumors, or other bony ab
normalities. 

• In order to demonstrate segmental hypermobility or hypomobility 
in the cervical and lumbar spine, functional X-rays are recom
mended: primarily lateral projections, and occasionally AP projec
tions. 

Cervical Spine 

• Routine studies before manual treatment include lateral and AP 
views of the cervical spine. 

• After cervical spine trauma, the open-mouth view should be uti
lized so as to exclude fracture of the dens or injury to the atlanto
axial and atlanto-occipital joints. 

• In the case of significant degenerative changes and when suspecting 
root compression, the oblique views are indicated so as to evaluate 
the intervertebral foramina as well as the sulci of the spinal nerves. 

• When taking functional cervical spine X-rays for flexion and exten
sion movements, the patient should be standing upright with the 
thoracic spine stabilized. 

• Flexion and extension movements should only be introduced by an 
examiner who has acquired biomechanical experience (Fig. 128). 

Fig. 128a Fig. 128b 
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Radiologic Diagnosis 

• Measurements are follows: The vertebral bodies are projected over 
each other in the flexion and extension positions, and a line is 
drawn along the edge of the X-ray. Segmental range of motion of 
the vertebrae is recorded in a functional diagram (Figs. 129, 130). 

• Values are deemed pathologic when they fall outside two standard 
deviations (either above or below) of those values established for 
young, healthy adults. 
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Fig. 130 Functional diagram for flexion and extension in the cervical spine (J. 
Dvorak et aI., 1988) 



Radiologic Diagnosis 

Thoracic Spine 

• The AP view (Fig. 131) clearly reveals the root of the arch and the 
spinous processes but less so the articular processes or joint spaces. 

• Typically, the head of the rib, in its close anatomic relationship to 
the disk, can be visualized in addition to the neck of the rib laterally 
and the tubercle of the rib. The costotransverse joint space is visible 
in the lower segments. 

• Due to its oblique and inferiorly directed arrangement, the tip of 
the spinous process in the midthoracic spine is projected over the 
next inferior vertebral body. 

2 

3 

4 

5 

Fig. 131 Radiograph of the thoracic 
spine, AP view (after L. Lewit); 1) 
spinous process, 2) root of the arch, 
3) rib, 4) transverse process, 5) cos

totransverse joint 
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Radiologic Diagnosis 

• Positional asymmetries should not be overinterpreted. Vertebral 
rotation should only be suspected when positional asymmetry is 
found in addition to an asymmetry in the distance between the root 
of the arch and the outer margin of the vertebral body. 

• The lateral view (Fig. 132) clearly reveals the shape 'of the vertebrae 
and the intervertebral discs as well as the intervertebral foramina, 
the joint space and the articular processes. 

• The ribs are frequently projected over the vertebral arch and the 
spinous process. 

• In the lateral view, abnormal posture, growth abnormalities (e. g., 
status post Scheuermann's disease, or juvenile kyphosis), and de
generative disk disease can be demonstrated. 
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Fig. 132 Radiograph of the 

thoracic spine, lateral view 

(after L. Lewit); 1) inferior ar
ticular process; 2) joint 
space; 3) superior articular 

process; 4) intervertebral fo

ramen; 5) vertebral arch; 
6) rib; 7) transverse process 



Radiologic Diagnosis 

Lumbar Spine and Pelvis 

• The plate size commonly used for thorax exposures (35 mmX 
43 mm) is actually very well suited to provide an anteroposterior 
view of both the entire lumbar spine and pelvis, induding the sym
physis pubis and femoral heads (Fig. 133). This view, taken with the 
patient in the standing position, provides more meaningful informa
tion than the narrow view of the spine alone or a pelvic view with 
the patient in the supine position. 

Fig.133 Lumbar spine and pelvis, AP view. Facet joints at L 4-L5 and L5-S 1 lie 

in frontal plane on the right and in sagittal plane on the left 
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Radiologic Diagnosis 

• Pelvic torsions that may cause a functional disturbance in the sacro
iliac joint can be recognized by the asymmetric appearance on the 
radiograph (Fig. 134). In this view, the examiner evaluates whether 
the symphysis pubis is level (unilateral elevation of the symphysis) 
and if there is asymmetry of the obturator foramina, or unilateral 
hiking of the pelvis crest with the ilium being narrower on one side 
when compared to the other. 

Fig. 134 Pelvic torsion (patient supine). Asymmetric projection of the pelvic 

halves, superior symphysis, and asymmetric obturator foramen 

• This view also allows preliminary interpretation of the hip joint, 
especially the relationship between the femoral head and neck, the 
hip socket, and the leg length. 

• Whether, and to what extent, a leg-length difference causes 
changes in the lumbar spine is in part dependent on the position of 
the lumbar facet joints. 

• Between L 1 and L3, the facet joints, because their orientation is 
more in the sagittal plane, can be well visualized on an AP view. In 
contrast, asymmetries are frequently seen in the facet joints at the 
L4-LS level, and in particular the LS-S 1 level. Radiographically, 
these joints appear oriented more in the frontal plane unilaterally. 
Such changes may then alter the relationship of the loading forces, 
leading to abnormal movement patterns and thus contributing to 
asymmetric degenerative changes. 
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Radiologic Diagnosis 

• In the lumbar spine specifically, the shape and positional relation
ship of the vertebral bodies, the intervertebral disks, and the roots 
of the vertebral arch are evaluated (Fig. 135). 

Fig.135 Radiograph of the lumbar spine, AP view (after L. Lewit); 1) spinous 
process; 2) upper articular process; 3) vertebral arch; 4) interarticular area; 
5) joint space; 6) inferior articular process; 7) spinal cana; 8) posterior inferior 

iliac spine (PSIS); 9) sacroiliac joint; 10) intervertebral disk; 11) transverse pro

cess; 12) vertebral body; 13) vertebral arch; 14) sacroiliac joint 



Radiologic Diagnosis 

• The lowermost lumbar vertebra has the greatest tendency to reveal 
an anomaly such as spina bifida occulta (the incomplete union of 
both laminae to form the spinous process), which is usually of less 
significance than those unilateral junctional abnormalities, for in
stance, in which the transverse processes have become unfittingly 
large. In the latter case, these huge transverse processes may make 
actual contact with the lateral mass of the sacrum, leading to irrita
tions in that area and subsequently causing sclerosis in the adjoining 
bony components. 

• The lateral view (Fig. 136) which should, if possible, always include 
the femoral heads, may demonstrate a pelvic torsion. The pelvic 
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Fig. 136 Lateral view of the lumbar spine, radiograph (after L. Lewit); 1) verte
bral arch; 2) interarticular space; 3) inferior articular surface; 4) superior articular 

surface; 5) joint space; 6) intervertebral foramen; 7) transverse process 



Radiologic Diagnosis 

crests would then appear as incongruent, and would intersect at the 
level of the facet joints (Fig. 137). 

Fig. 137 Lateral view of the lumbosacral junction that may reveal pelvic torsion 

when the pelvic crests intersect at the level of the facet jOints 

• The degree of the spinal curvatures in the sagittal plane (i. e., exag
gerated versus reversed lordotic curvature in the lumbar spine), 
along with variations in the sacral base inclination, have been used 
to define three pelvic types: the arch-type (high assimilation) pelvis, 
the normal pelvis (block pelvis), and the flat-type pelvis. 

• It is also possible to statically differentiate between a real spondylo
listhesis with a bony break in the interarticular portion and an ante
rior or posterior pseudolisthesis with spondyloarthrosis and osteo
chondrosis. 

• For manual therapy, differentiation between instability and osteo
phytic reaction is of greater significance than the recognition of the 
mere presence of pelvic type, junctional anomalies, or spondylolis
thesis. 
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Radiologic Diagnosis 

• Instability can be detected on a radiograph by so-called traction 
marks that are due to overstretching of the outermost fibers of the 
annulus (Figs. 138, 139). On the radiograph, these appear as hori
zontal ossifications up to 1 mm in length projecting from the edge 
of the vertebral body. This is in contrast to the marginal osteo
phytes that grow towards each other and restrict movement but 
usually do not cause segmental dysfunction. 
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Fig. 138 Lateral view of the lumbar spine with traction marks at the L3-L4 seg
ment 



Radiologic Diagnosis 

• In contrast, hypermobile spinal segments are frequently associated 
with segmental dysfunction and require very specific therapy. 

• Functional views in extension and flexion may occasionally reveal 
excessive hypermobility, however, with "normal values" assuming 
a rather large range. 

Traction spurs 

Osteophytes 

Fig. 139 Instability results in overstretch of the outermost fibers of the annulus 
fibrosus, leading to horizontal traction marks. Osteophytes grow towards each 
other, leading to less mobility and greater stabilization where they grow to
gether 
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Indications. Contralndlcations. Complications 

Indications 

• The goal of manual therapy is the restoration of function of the in
dividual spinal segments and/or entire spinal regions as well as the 
extremity joints. 

• If a reversible functional disturbance is suspected (i. e., somatic 
dysfunction), specific manual therapy can be expected to restore 
function. 

• Acute painful spinal syndromes are rewarding indications for spe
cific manual therapy. 

• Even though these syndromes tend to have a rather high percentage 
of spontaneous recovery, it has been borne out that manual therapy 
is superior to such conservative treatment as rest, pure pain medi
cation, or only physiotherapeutic management. 

• Empirical findings have been supported by controlled studies. 
• Patients with chronic and chronic-recurrent spinal syndromes, usu

ally due to degenerative changes such as osteochondrosis and spon
dyloarthrosis, are candidates for manual therapy, however, treat
ment results are usually less spectacular. 

• Secondary symptoms, including pain, may be positively influenced 
by manual therapy. 

• Treatment of patients with chronic back pain, who as a rule reveal a 
significant muscular imbalance with shortening and weakening of 
individual muscle groups, will usually be treated with mobilization 
techniques without impulse, or muscle techniques, rather than tech
niques that utilize impulse (i. e., classic thrust techniques). 

• Manual treatment of both the extremity joints and the spinal seg
ment plays an important role in pain treatment. These manual tech
niques induce presynaptic inhibition of pain transmission at the 
level of the spinal cord, by stimulation of the mechanoreceptor in 
the periphery. Adequate manual therapy may then prepare the pa
tient for appropriate physical therapy and muscular rehabilitation. 

• In the treatment of cervical syndromes, the presence of vertigo re
quires special attention. It is imperative to exclude other causes for 
vertigo first (differential diagnosis) before attempting to treat the 
patient in whom cervical vertigo is diagnosed. Once a diagnosis of 
cervical vertigo has been made, the use manual therapy may be 
very favorable. 

• An individual listing for specific disorders (i. e., a list of indications) 
becomes dispensable as long as the guidelines of manual diagnosis 
have been followed and classic orthopedic and medical examina
tions have been included wherever indicated. 
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Indications. Contraindications. Complications 

Indications 

• In summary, the following clinical situations affecting the muscolo
skeletal apparatus have been found to be amenable to manual ther
apy: 
1. Acute, painful functional disturbances in the spinal segments 

without radicular symptomatology. 
2. Chronic and chronic-recurrent spinal syndromes, accompanied 

by secondary muscular changes (increased tone; palpable, taut 
bands) accompanied by muscular imbalance. 

3. Symptomatic treatment of pain in patients with degenerative 
changes affecting the spinal peripheral joints. 

Patient Res onse to Manual Thera 

• If the patient feels improvement after treatment, the treatment can 
be repeated until the patient is symptom-free or until the treatment 
goal has been reached. 

• Occasionally, and in particular after mobilization with impulse 
techniques (thrust techniques), the patient's symptoms can be ex
acerbated for minutes to hours after treatment but show improve
ment the day after treatment. In this situation, the treatment regi
men should be continued as well. Previous examination of findings 
should be re-evaluated, however, and should be very well docu
mented. 

• If treatment causes progressively worsening symptoms over days, 
the manipulative treatment regimen should be discontinued. Pre
vious examination findings need to be reviewed and re-evaluated. If 
additional symptoms become apparent, the patient may need to be 
referred to a neurologist, rheumatologist, or physiatrist. 

• In case of immediate neurologic complications or those that occur 
after a latency period of hours to days, the patient should be re
ferred to a medical center for further in-depth neurologic evalu
ation and possible hospitalization. The treatment procedure as well 
as diagnostic findings must be documented very carefully. 
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Indications. Contra indications. Complications 

Contraindications 

• Acute lumbar disk herniation with radicular symptomatology. 
• Acute cervical disk herniation with or without radicular symptoms. 
• Recent soft-tissue injuries to the cervical spine (4-8 weeks after the 

accident). 
• Vascular vertigo due to vertebral-basilar insufficiency. 
• Bony malformations in the spine. 
• Spinal cord abnormalities. 
• Marked osteoporosis, metabolic abnormalities affecting the bone 

with an increased tendency to have pathologic fractures. 
• Ankylosing spondylitis in the acute inflammatory stage. 
• Inflammatory processes affecting the spine in the presence of rheu-

matoid arthritis. 
• Post-traumatic segmental hypermobility. 
• Tumors and metastases. 
• Complications are actually rare when the guidelines for approp.riate 

manual therapy are followed, including appropriate indication and 
contraindication. Complications are less likely to occur when the 
practitioner has greater experience in the various techniques. On 
the average, out of approximately 400 000 treatments to the cervi
cal spine, one major complication may occur. 

• Manual therapy of the thoracic and lumbar spine rarely leads to 
complications. though there continue to be reports that manipula
tive intervention causes disk protrusion resulting in radicular symp
tomatology. 
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Manual Therapy 

Concepts of Manual Therapy 

• It is felt that manual therapy stimulates the individual mechano
receptors. 

• Stimulation of the mechanoreceptor presynaptically inhibits pain 
conduction at the level of the gelatinous substance in the spinal 
cord. 

• The exact mechanisms by which the effects of manual therapy come 
about, in particular those of the classic thrust techniques (mobili
zation with impulse), have not been conclusively elucidated. It is 
conceivable that, in addition to alleviating pain, the treatment tech
niques release an otherwise dislodged meniscoid (i. e., in the cervi
cal spine) or that specific rotatory techniques displace the nucleus 
pulposus away from the nerve structures, thereby relieving pressure 
from the facet joints over the nerve root. 

• Restoration of muscle balance plays a paramount role in prevention 
of pain recurrence in spinal syndromes. 

• Stretching of the shortening tonic muscles as well as strengthening 
of the weak phasic muscles, including appropriate instructions for 
home training and back school, have become a routine component 
of manual therapy. 

(The following sections on manual therapy are based primarily on 
the text Manual Medicine: Therapy by W. Schneider, J. Dvorak, 
V. Dvorak and T. Tritschler [Stuttgart: Thieme, 1988]. ) 
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Manual Tharapy 

Concepts of Manual Therapy 
Mobilization without Impulse 

Basic Principles 

Vertebral Column 

• The spinal segments adjoining the restricted spinal segments are 
carried to their respective barriers (slack is taken up). 

• The operator should make bony contact only with those structures 
that are located outside a zone of irritation. 

• Mobilization is to be performed in the pain-free direction. 
• The direction of mobilization is determined by the results obtained 

through provocative testing. Mobilization is done in the direction in 
which the pain and nociceptive reactions are diminished. 

• The duration of the mobilization technique ranges between 3 and 
10 seconds. 

• Mobilization should not go beyond the anatomic motion barrier. 
• Traction may be utilized to treat pain as well. 

Extremity Jo ints 

The restricted joint is carried to its present neutral position (resting 
position). 

• The hands are placed as close to the joint as possible, and in most 
instances the proximal joint partner is fixated, with the distal part 
being mobilized. 

• Mobilization direction is chosen according to the convex or concave 
rule, leading to greater mobility in that particular joint (Schmidt, 
Dvorak). 

• Traction may be used to help alleviate pain prior to applying these 
specific mobilization techniques. 

• Mobilization of the individual joint should not go beyond the ana
tomic motion barrier. 

• Mobilization without impulse must be performed gently and with
out inflicting pain on the pat ient. 
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Manual Therapy 

Concepts of Manual Therapy 
Mobilization with Impulse (Classic Thrust) 

Basic Principles 
V ertebral Column 

• In the United States, manipulation is a rather general term refer
ring to any therapeutic procedure in which the hands are used to 
treat the patent. In Europe, manipulation specifically refers to what 
is described in the English language (or according to American os
teopathic terminology) as "high velocity, low amplitude thrust." 

• Slack is taken up in the spinal segments adjoining the restricted 
joints (the neighboring segments are at their respective barriers). 

• Positioning of the patient should not be painful. 
• The choice of direction for the mobilization with impulse is deter

mined by the results from provocative testing. Mobilization is ef
fected in the direction in which pain and nociceptive reactions are 
diminished (Fig. 140). 

• The impulse force should be of sufficient magnitude to introduce 
movement in the restricted joints but not beyond the anatomic bar
rier. 

Extremity Joints 

• The restricted joint is brought to its present neutral position. 
• The operator places his hands close to the joint and fixates the prox

imal joint partner. The impulse is usually introduced perpendicular 
to the treatment plane. 
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ZI zone of irritation 
SP spinous process 
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Fig. 140 Provocative testing for quantitative changes in the zone of irritation. 
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Manual Therapy 

Concepts of Manual Therapy 
Neuromuscular Therapy 

• Neuromuscular therapy is a form of treatment in which those tech
niques are utilized that improve mobility and stretch the muscles 
either by direct muscle action or as a consequence of associated 
neuromuscular reflex mechanisms. 

NMT 1: Mobilization Util iz ing D irect Muscle Force 
of the Agonis ts 

• Starting from the engaged pathologic barrier, the patient effects 
mobilization by contracting the appropriate agonistic muscles. This 
brings about movement beyond the pathologic barrier. 

• The slack is taken up in the spinal segments adjoining the restricted 
joint. 

• NMT 1 teaches the patient those mobilization techniques he or she 
can later perform on his or her own (i.e. , self-mobilization). 

NMT 2: Mobilization Util iz ing Postisometric Relaxation 
of the Antagonis ts 

• If muscle testing reveals shortened tonic muscles, then there will al
ways be diminished associated regional mobility, be it in the spinal 
areas (Fig. 141a) or the extremity joints. Isometric contraction of 
one muscle followed by stretching of that muscle during the postiso
metric relaxation phase may lengthen it, often restoring its normal 
length. 

• NMT 2 may be most beneficial in cases in which there is a soft 
endfeel observed while evaluating angular range of motion. 

Basic Principles 
• The incriminated muscle is brought into to a position of maximal 

stretch, at which point the patient is requested to optimally contract 
the muscle isometrically in a direction away from the pathologic 
motion barrier (Fig. 141b). 

• Then, during the postisometric relaxation phase, the muscle is 
stretched for about 3-10 seconds (Fig. 141 c). 

• Stepwise stretching: starting from this newly gained position, the 
patient is again requested to isometrically contract the muscle to the 
maximum, which is then again stretched during the postisometric 
relaxation phase. 

• In most cases, the patient needs to learn a stretching-exercise pro
gram that is followed at home on a regular basis. 
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Manual Therapy 

Concepts of Manual Therapy 
Neuromuscular Therapy 

� -x' 
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� 
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Fig. 141 NIv1T 2 (i. e., rotation right [- 0y] is limited by shortening of the right 
transversospinal muscle system) 

a Conflict situation: 
+z-(+z') = + 0y 
+x-(+x') = + 0y 
Red: shortened rotation antagonist muscles (rotator muscles) 
Gray: rotation agonist muscles (rotator muscles) 
PB: pathologic motion barrier 

b I sometric contraction: 
+z'-(+z") = + 0y' } . . . 

+x'-(+x") = + 0y' 
extent of IsometriC contraction 

Red: shortened antagonist rotator muscles 
Gray: rotation agonist muscles 
PB: pathologic motion barrier 

resistance 
direction of isometric contraction 
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Manual Therapy 

Concepts of Manual Therapy 
Neuromuscular Therapy 

c 

B 

A 

Abb.141c 
c Mobilization step: 
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Red: rotation agonist muscles 
(rotator muscles) 

Gray: rotation agonist muscles 
that provide stretch (rotator 
muscles) 

A: fixed vertebra 
B ,  C mobilizing vertebra 

PB : pathologic motion barrier 
� mobilization/stretching 
� direction 

NMT 3: Mobilization Util izing Recip rocal Inhibition 
of the Antagon ists 

• Isometric contraction is in the direction of motion restriction. The 
muscles antagonistic to those muscles that need to be relaxed are 
isometrically contracted, with the restricted joints being fixated. 
This is in contrast to NMT 1 in which the spinal segments adjoining 
the restricted joint are fixated. 

• This technique is utilized when isometric contraction of the short
ened tonic musculature is painful. 
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Manual Therapy 

Concepts of Manual Therapy 
Back School 

Back School, Home Exercise Program 

• The physician must be convinced of the effectiveness of a home ex
ercise program. The patient must be motivated and ready to fully 
participate in such a program. 

• Home exercises: These are based on specific findings of regional re
striction so that the patient can mobilize these areas by him- or her
self as well as stretch certain muscles and strengthen certain others. 

• Back school: These are usually run by physical therapists emphasiz
ing physiologic posture, movement, and restoration of muscular 
balance (10-12 lessons). The physician provides basic information 
about functional anatomy, biomechanics, and pathology affecting 
the spine in two 20-minute lectures. 

• The back school has proved to be one of the best preventive mea
sures for functional spinal syndromes. 
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Manual Therapy 

Cervical Spine 
CO-C1 

Treatment 

Mobilization without impulse: flexion-extension. 

I ndication 

• Flexion -extension restriction in the upper cervical spinal joint. 
• Hard endfeel with pain at the extreme of motion. 
• Sublocalized suboccipital pain, possibly radiating towards the 

occiput. 
• Zone of irritation, CO-Cl. 
• Shortening of the suboccipital muscles. 

Treatment Procedure 

• Patient sitting. 
• Standing at the patient's side, the operator stabilizes the patient's 

trunk against his or her thigh. 
• The atlas is gently fixated at the articular pillars by the operator's 

thumb and index finger. 
• With the other hand placed broadly over the patient's temporal 

region, the patient's head is cradled in the operator's arm and stabi
lized against the operator's chest (Fig. 142). 

• Passive mobilization without impulse is introduced by alternatingly 
moving back and forth between flexion and extension beyond the 
pathologic barrier. 

Fig. 142 

Note 

• It is important to achieve good stabilization of the head and a gentle 
fixation of the atlas. 
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Manual Therapy 

Cervical Spine 
CO-C4 

Treatment 

Mobilization without impulse: axial traction. 

Indication 

• Motion restriction in the upper cervical spine. 
• Hard endfeel at the motion barrier, sometimes accompanied by 

pain. 
• Diffuse pain in the neck region. Pain with movement. 
• Zones of irritation. 
• Shortening of the suboccipital muscles. 

Treatment Procedu re 

• Operator stands behind the sitting patient. 
• The operator places both hands flat over the side of the patient's 

head in the parietal region. 
• The forearms fixate the patient's shoulders. 
• During exhalation, passive traction is introduced (Fig. 143). 

Fig. 143 

Note 

• Traction should be synchronized with inhalation and exhalation 
movement. 

• This is a rather gentle treatment with minimal risk. 

139 



Manual Therapy 

Cervical Spine 
C1-C2 

'fieatment 

Mobilization NMT 2, rotation. 

Indication 

• Rotation restriction in the upper cervical spinal joints. 
• Localized suboccipital pain with radiate towards the occiput. 
• Zones of irritation C 1, C 2. 
• Shortening of the suboccipital muscles with soft endfeel and occa

sional pain at the barrier of movement. 

'fieatment Procedure 

• Patient sitting. 
• Standing at the patient's side, the operator fixates the patient's 

trunk against his or her thigh. 
• The operator places the thumb and index finger mer the articular 

processes of C 2, thereby fixating the vertebra. 
• With the other arm, the operator cradles the patient's head and 

places the small finger over the posterior arch of the atlas. 
• The spinal segment in question is carried to its pathologic motion 

barrier. 
• Against equal and opposite operator resistance, the patient is 

requested to contract isometrically the shortened rotation-antago
nist muscles (1; Fig. 144a). 

• During the postisometric relaxation phase, passive rotation to the 
head is introduced, at which time the shortened muscles are 
stretched (2; Fig. 144b). 

Fig.144a Fig. 144b 

Note 

• The individual mobilization advance is rather small. 
• Force applied must be carefully dosed in the suboccipital region. 
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1i'eatment 

Mobilization with impulse, rotation restriction. 

Indication 

• Segmental hypomobility. 

Manual Therapy 

Cervical Spine 
C2-C6 

• Hard endfeel at the motion barrier with pain at the end of move
ment. 

• Localized pain, occasionally shoulder, arm, and neck pain. 
• Zones of irritation. 

1i'eatment  Procedure 

• Operator stands behind the sitting patient. 
• The operator places the second metacarpal bone over the vertebra 

below the spinal segment to be mobilized. 
• The small finger of the other hand is placed over the vertebra above 

the segment to be mobilized in order to stabilize it. 
• By turning the patient's head, passive cervical spine rotation is in

troduced to the motion barrier of the spinal segment involved 
(localization of the spinal segment in question). 

• During exhalation, a rotatory impulse force (thrust) is introduced 
(Fig. 1 45). 

Fig. 145 

Note 

• This is the technique of choice for problems in the midcervical 
spine. 

• Make sure that the patient is relaxed. 
• This technique should only be applied by an experienced operator. 
• If dizziness occurs with positioning, the procedure must be termi

nated immediately. 
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Manual Therapy 

Cervical Spine 
C2-C6 

Treatmen t 

Mobilization with impulse, rotation. 

Indi cation 

• Segmental motation restriction with hard endfeel. 
• Pain at the extreme of movement (motion barrier). 
• Pain in the neck, localized or occasionally radiating to the shoulder 

and area between the shoulder blades. 
• Zones of irritation, C2-C6. 

Treatmen t�ocedure 

• Patient sitting. 
• The operator stands at the patient's side. 
• The middle finger through which the impulse force is introduced is 

placed over the articular pillar of the vertebra in question. 
• The other hand fixates the patient's head at the parietal region. 
• Passive lateral side-bending is introduced to the neck so as to guide 

the restricted segment to its pathologic motion barrier. 
• Following along the inclination of the facet joints, the impulse 

(thrust) is introduced through the transverse process in an anterior 
and superior direction (Fig. 146). 
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Note 

Fig. 146 

• This technique requires very good localization and exact position
ing at the motion barrier. 

• The impulse is introduced during exhalation. 
• The rotation movement introduced with the impulse should be 

rather small. 
• In the hands of an experienced practitioner, this becomes a gentle 

and very efficient technique. 
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Treatment 

Mobilization NMT 2, rotation restriction. 

Indication 

Manual Therapy 

Cervical Spine 
C2-C7 

• Segmental rotation restriction with soft endfeel. Pain at the motion 
barrier. 

• Very frequently, the patient presents with chronic pain in the neck 
region, which may occasionally radiate towards the occiput or 
shoulder area. 

• Zones of irritation. 
• There may be shortening of the deep rotator muscles (postural mus

cles such as the rotatores muscles, multifidus muscle, semispinalis 
muscle) and the descending portion of the trapezius muscle as well 
as the levator scapulae muscle. 

Treatment Procedure 

• Patient sitting. 
• The operator, standing at the patient's side, stabilizes the patient's 

trunk against his or her thigh. 
• The inferior partner of the spinal segment that is to be treated is 

fixated by the operator's thumb and index finger placed gently over 
the articular processes. 

• The other hand cradles the patient's head as well as the upper cervi
cal spinal joints. 

• By rotating the head only so far, the operator localizes exactly the 
segment in question and finaLly guides it to its pathologic barrier. 

• The patient is then requested to isometrically contract the short
ened rotation-antagonist muscles by pushing in the opposite direc
tion (away from the pathologic barrier; 1). The operator provides 
equal but opposite resistive force with the fixating hand (Fig. 147a). 

• During the postisometric relaxation phase, the operator introduces 
passive rotation mobilization beyond the pathologic barrier with 
simultaneous stretching of the shortened muscles (2 ; Fig. 147b). 

Fig. 147 a Fig. 147b 
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Manual Therapy 

Cervical Spine 
C2-C7 

Note 

• Important: Gentle fixation of the cervical spine is of the utmost 
importance. 

• During the isometric contraction, the patient is also requested to 
look in the same direction as the contraction. 

• During the mobilization phase, the patient looks in the same direc
tion as the stretching. 
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Treatment 

Mobilization with impulse, rotation restriction. 

I ndication  

Manual Tharapy 

Cervical Spine 
C2-C6 

• Segmental motion restriction with hard endfeel. 
• Pain at the motion barrier. 
• Localized pain in the midcervical spine, pain occasionally radiating 

through the shoulder regions. 
• Zones of irritation. 

Treatment Procedure 

• Operator stands behind the sitting patient. 
• With the second metacarpal bone and thumb, the operator fixates 

gently the inferior vertebra of the restricted spinal segment. 
• The small finger and hypothenar of the other hand (impulse-induc

ing hand) fixates the articular pillar of the superior vertebra of the 
restricted movement. 

• By introducing passive rotation to both the head and the cervical 
spine, the operator localizes the pathologic motion barrier. 

• Subsequently, a rotatory mobilizing impulse (thrust) is introduced 
(Fig. 148). 

Fig. 148 

Note 

• The impulse force is introduced during exhalation; the patient 
should be totally relaxed. 

• Important: Positioning at the pathologic motion barrier of the 
restricted motion segment must be exact. 

• In the hands of an experienced operator, this technique is very 
efficient. 
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Manual Therapv 

Cervicothoracic Junction 
C6-T3 

Treatment 

Mobilization with impulse, rotation. 

Indicatio n 

• Rotation restriction with hard endfeel and pain at the motion 
barrier. 

• Localized pain in the cervicothoracic region, occasionally radiating 
to the shoulder region and the area between the shoulder blades. 

• Zones of irritation. 

Treatme nt Procedure 

• Patient is sitting with the thoracic kyphosis somewhat exaggerated 
and the cervical spine flexed. Operator stands behind the patient. 

• The thumb of the mobilizing hand is placed over the lateral portion 
of the spinous process of the restricted vertebra. 

• With the other hand, the operator introduces passive cervical spine 
rotation through the patient's head. The spinal segment is carried to 
its pathologic motion barrier. 

• An impulse force in the opposite direction of cervical spine rotation 
is applied against the spinous process (Fig. 149 ). 

Fig. 149 

Note 

• This technique requires rather strong forces, and the patient may 
report discomfort early on, even during the positioning phase. 

• The impulse hand must avoid compression of the lateral neck 
triangle. 
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Manual Therapv 

Cervicothoracic Junction 
C6-T3 

Treatment 

Mobilization with impulse, rotation and side-bending restriction. 

Indication  

• Motion restriction of the cervicothoracic junction. 
• Hard endfeel with pain at the motion barrier. 
• Diffuse and radiating pain in the neck and arm region. 
• Zones of irritation. 

Treatment Procedure 

• Patient· is prone. 
• The thoracic spine and cervical spine are somewhat flexed. 
• The operator, standing at the side of the patient, introduces 

maximal passive side-bending and rotation of the cervical spine by 
moving the patient's head. 

• Subsequently, the operator places one hand over the patient's head 
so as to fixate it against the table. 

• The mobilizing hand is placed broadly over the shoulder; the arms 
are crossed. 

• During exhalation, the operator introduces a laterally and inferiorly 
directed impulse force through the hand placed over the shoulder 
(Fig. 1 50). 

Fig. 150 

Note 

• This is a rather nonspecific mobilization technique for the cervico
thoracic junction. 

• It is imperative to position the patient very gently. 
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Manual Therapy 

Thoracic Spine 
T3-T10 

1i'eatme nt 

Mobilization with impulse, traction. 

Indicatio n  

• Motion restriction in the thoracic spine. 
• Localized pain in the thoracic area; pain may occasionally radiate 

along the ribs in a beltlike distribution. 
• Zones of irritation. 

1i'eatme nt Procedure 

• Patient is prone. 
• The thoracic kyphosis is exaggerated by positioning such that the 

apex is localized to the same region of the spinal area that is to be 
mobilized. 

• The operator, standing at the patient's side, places both hands 
broadly (thenar eminences) over the transverse processes of the 
segments to be mobilized. 

• Simultaneously, both hands effect an impulse against the respective 
transverse processes with the direction being superior and slightly 
anterior (Fig. 1Sl). 

Fig. 151 

Note 

• This is a rather efficient, yet nonspecific, manipulation technique. 
• Important: Impulse force is introduced during exhalation. 
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Manual Therapy 

Thoracic Spine 
T3-T10 

lleatment 

Mobilization with impulse, rotation restriction. 

Indication  

• Motion restriction in the thoracic spine with hard endfeel. 
• Localized pain in the midthoracic spine. 
• Pain may be radiating in the thoracic spine along the ribs. 
• Zones of irritation. 

lleatment Procedure 

• Patient is prone. 
• The patient's thoracic kyphosis is exaggerated by positioning such 

that the apex is identical to the segment to be mobilized. 
• The operator stands at the patient's side. 
• The operator rests his or her crossed hands over the thoracic spine. 
• Both pisiform bones are placed with good bony contact over the 

neighboring transverse processes. 
• The operator then introduces an impulse force directed against the 

transverse processes in an inferior direction (in the direction of the 
examination table) (Fig. 152). 

Fig. 152 

Note 

• The impulse force must be introduced during exhalation (small 
resistance) . 

• This is an efficient and very specific mobilization technique and 
representative of the classic thrust techniques. 
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Manual Therapy 

Thoracic Spine 
T3-T10 

Tre atment 

Mobilization without impulse, rotation. 

Indicatio n 

• Rotation restriction in the midthoracic spine. 
• Pain at the extreme (barrier) of motion. 
• Localized pain. 
• Zones of irritation. 

Treatment Procedure 

• Patient sits astride the examination table. 
• The operator, standing at the patient's side, reaches around the pa

tient in front and places the hand across the opposite shoulder. 
• With the other thumb placed over the spinous process of the verte

bra that is to be mobilized, the operator is able to fixate this verte
bra. 

• Subsequently, the operator introduces passive rotation to the tho
racic spine, gently moving beyond the motion barrier and mobiliz
ing the restricted area. 

• The thumb provides resistance in the opposite direction (Fig. 153). 

Fig. 153 
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Manual Therapy 

Thoracic Spine 
T6-T12 

Treatment 

Mobilization with impulse, rotation. 

Indication 

• Segmental motion restriction. 
• Hard endfeel with pain at the extreme (barrier) of motion. 
• Localized pain with occasionally may radiate towards the ribs. 
• Zones of irritation. 

Treatment Procedure 

• Patient sits astride the examination table. 
• The operator, standing at the patient's side, reaches around the 

patient so as to stabilize both shoulders in front. 
• The patient may cross his or her hands in the neck. 
• The pisiform bone of the mobilizing hand is placed over the trans

verse process of the vertebra to be mobilized. 
• Subsequently, the operator introduces rotation to the thoracic spine 

from above until the restricted segment is engaged at its pathologic 
barrier. 

• A short rotatory impulse is effected against the transverse process 
(Fig. 1 54). 

Fig. 154 

Note 

• The impulse force should be introduced during exhalation. 
• This is a gentle yet efficient technique. 
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Manual Therapy 

Ribs 
Rib I 

Treatment 

Mobilization without impulse. 

Indication 

• Rib I motion restriction during exhalation (exhalation restriction). 
• Pain with movement in the supraclavicular region. Nocturnal pares

thesias affecting the arm may occur. 
• Zone of irritation at rib I. 
• Shortening of the scalene muscles. 

'fieatment Procedure 

• Patient sitting. 
• The operator, standing behind the patient, stabilizes with his or her 

thigh and elbow the shoulder on the side opposite to that of the rib 
in guestion. With the thumb at the neck, the mobilizing index finger 
carefully palpates the first rib. 

• With the other hand, the operator introduces side-bending of the 
head and the cervical spine towards the side of the rib to be mobil
ized (Fig. 155). 

• Passive mobilization in an inferior and medial direction during 
exhalation. 

Fig. 155 

• The first rib must be palpated very gently and carefully. Too force
ful a pressure may cause paresthesias in the arm. 
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Manual Tharapy 

Ribs 
Ribs VI-XII 

• Rib motion restriction. 
• Localized stabbing pain, often associated with respiratory move

ment. 
• Pain may also radiate along the ribs in a beltlike manner. 
• Zones of irritation at the ribs. 

• Patient is prone. 
• The operator fixates the rib to be mobilized at the costal angle with 

his or her pisiform bone. 
• The other hand is placed over the anterior iliac spine. 
• The involved rib is passively by the operator's rotating the patient's 

pelvi and lumbar spine to the level of the involved rib (rotation is 
away from the examination table) (Fig. 1 56). 

Fig. 156 

Note 

• This is a gentle and efficient mobilization technique for the lower 
ribs. 
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Manual Therapy 

Ribs 
Ribs III-X 

Treatment 

Mobilization with impulse. 

Indication  

• Rib motion restriction. 
• Pain is posterior and often associated with respiratory movement. 
• The pain may also course along the involved ribs radiating to the 

sternum. 
• Zone of irritation at the ribs. 

Treatment Procedure 

• Patient is prone. 
• The thoracic kyphosis is somewhat exaggerated (by flexing the pa

tielH's spine). 
• The operator places his or her thenar eminence broadly over the 

costal angle of the involved rib. 
• The thenar eminence of the other hand is placed against the spinous 

process of the vertebra that corresponds to the restricted vertebra. 
• An impulse force is effected against the rib in an anterior and infe

rior direction (following the course of the rib; Fig. 157). 

Fig. 157 

Note 

• The impulse force is introduced during exhalation. 
• Important: Good bony contact must be made with the rib to be mo

bilized. 
• This is a rather efficient mobilization technique. 
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Treatment 

Mobilization without impulse, rotation. 

Indicatio n 

• Rotation restriction. 

Manual Therapy 

Lumbar Spine 
L1-L5 

• Hard endfeel with pain at the extreme (barrier) of motion. Pain 
may be localized or diffused in the lumbar spine and may also occa
sionally radiate in a beltlike manner. 

• Zones of irritation. 

Treatment Procedure 

• Patient in side-lying position. 
• The leg that is in direct contact with the examination table is ex

tended, whereas the upper leg is flexed at the hip and knee joint. 
• The patient places one hand under his or her head. 
• The operator standing at the patient's side places one index and 

middle finger over the spinous process of the vertebra to be mobil
ized. To be exact, specific location is on the side of the spinous pro
cess that faces the table (1; Fig. 1 58a). 

• With his other hand, the operator fixates the superior vertebral 
partner of the restricted segment by placing the fingertips of the in
dex finger or the thenar eminence over the spinous process, specifi
cally the portion that is pointing away from the table (2). 

• The thoracic and lumbar spine are rotated by the operator so as to 
localize exactly the segment to be mobilized and engage it at its 
pathologic banier. 

• The operator introduces direct traction to the inferior spinous pro
cess, thereby effecting passive rotation-mobilization beyond the 
pathologic motion barrier (Fig. 1 58b). 

Fig. 158 a Fig. 158 b  

Note 

• The patient's head should be rotated in the opposite direction as far 
as possible. 
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Manual Therapy 

Lumbar Spine 
L1-L5 

Treatment 

Mobilization without impulse, NMT 2, rotation. 

Indicatio n 

• Segmental rotation motion restnctlon with soft endfeel due to 
shortening of the deep rotator muscles in the lumbar spine (rota
tores muscles, multifidus and semispinalis muscles), and possibly 
involvement of the quadratus lumborum muscle. 

• Localized pain which may also radiate to the side in a beltlike 
manner. 

Treatment Procedure 

• Patient in side-lying position. 
• By rotating the thoracic and lumbar spine, the operator engages the 

pathologic barrier of the spinal segment to be mobilized. 
• In the next step, the patient is requested to contract isometrically 

the shortened muscles away from the motion barrier (1; Fig. 159a). 
• Subsequently, during the isometric relaxation phase and to stretch 

the shortened muscles as well, mobilization is introduced to the seg
ment beyond the pathologic barrier (2; Fig. 159b). 

Fig. 159 a  Fig. 159 b 

Note 

• Isometric contraction should occur during inhalation. 
• Stretching and mobilization occurs during exhalation. 
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Treatment 

Mobilization with impulse, rotation. 

I ndication 

• Segmental original rotation motion restriction. 

Manual Therapy 

Lumbar Spine 
L1-L5 

• Hard endfeel with pain at the extreme (barrier) of motion. 
• Localized and/or radiating pain along the spine or, distributed in a 

beltlike manner, in the buttocks region or the legs. 
• Zones of irritation. 

Procedure 

• Patient is in the side-lying position, close to the edge of the exami
nation table. 

• The operator, standing at the patient's side, grasps the patient's 
lower arm so as to draw the shoulder closer towards him- or herself. 

• There the thoracic and lumbar spine are rotated by the operator un
til the pathologic barrier of the spinal segment in question is local
ized and engaged. 

• Once in this position, the operator stabilizes the rotated shoulder 
against the examination table. 

• Subsequently, the leg that is away from the table is flexed at the hip 
and knee joints. 

• After the operator has placed his or her own knee against the lateral 
portion of the patient's knee, he or she is able to indirectly induce 
passive rotation to the patient's pelvis in the opposite direction. 

• The mobilizing hand is placed flat over the lumbar spine and the 
upper portion of the sacrum, while the forearm rests on the pa
tient's buttocks. 

• The operator then places further pressure against the opposite 
shoulder as well as the patient's knee so as to increase tension and 
engage the segment at its motion barrier. 

• With the spine engaged in this manner, an impulse force is intro
duced through the hand placed at the lumbar spine; the direction is 
anterior and inferior (Fig. 160). 

Fig. 160 
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Manual Therapy 

Lumbar Spine 
L1-L5 

• The impulse force is introduced during exhalation. 
• Positioning should be very gentle and not too time consuming. 
• If the patient cannot totally relax, the technique should not be 

employed. 
• If the patient has hip joint problems, he or she may be able to 

assume the necessary position for set-up of this technique. 
• This is a rather nonspecific treatment technique for the lumbar 

spine. 
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Manual Therapy 

Lumbar Spine 
L1-L5 

Treatment 

Mobilization with impulse, rotation. 

Indicatio n 

• Segmental rotation restriction. 
• Hard endfeel with pain at the extreme (barrier) of motion. 
• Localized pain or pain radiating to the gluteal regions and/or the 

legs. 
• Zones of irritation. 

Treatment Procedure 

• Patient in side-lying position, near the edge of the examination 
table. 

• Positioning and engagement of the spinal segment at the pathologic 
motion barrier is identical to that for the mobilization technique 
without impulse previously described for the same area. 

• The middle finger and index finger of the mobilizing hand are 
placed together over the spinous process of the incriminated verte
bra. 

• During the next step, a short, intensive, rotatory impulse force is in
troduced against the spinous process of the segment to be mobilized 
in an anterior and superior direction following rotation (Fig. 161). 

Fig. 161 

Note 

• This is a specific and well-localized treatment technique. 
• It is imperative to position and engage the spinal segment that is to 

be mobilized very carefully. 
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Manual Therapy 

Lumbar Spine 
L2-L5 

Theatment 

Mobilization without impulse; flexion and extension. 

Indication 

• Flexion and extension restriction in the lumbar spine. 
• Hard endfeel with pain at the extreme (barrier) of movement. 
• Zones of irritation. 
• Shortening of the longissimus lumborum muscle. 

Theatment Procedure 

• Patient in side-lying position, close to the edge of the examination 
table. The hip and knee joints of both legs are flexed. 

• The operator, facing the patient's trunk, leans over him. 
• One hand is placed over the spinous process of the superior partner 

of the restricted spinal segment. 
• While fixating the patient's sacrum with his arm, the hand of the 

same arm palpates the spinous process of the lower partner of the 
segment in question. 

• The operator introduces passive mobilization by enhancing lumbar 
flexion while simultaneously introducing distraction directed to
wards the spinous process of the lower vertebra (Fig. 1 62). 

I====--======='",�::::J Fig. 162 

Note 

• When applied carefully, this may be a good technique in acute, 
painful syndromes. 

160 



Treatment 

Manual Therapy 

Sacroiliac Joint 

Mobilization without impulse, anterior motion restriction (ventrali
zation) . 

Indication 

• Sacroiliac joint (SIJ) motion restriction. 
• Acute localized or chronic pain radiating to the gluteal area in a 

beltlike distribution. 
• Zones of irritation. 

Treatment Procedure 

• Patient is prone. 
• The operator places his or her hand over the half of the sacrum that 

faces the restricted SIJ. 
Through the assistance of the other hand, an anteriorly directed 
pressure is introduced so as to perform passive sacrum mobilization 
(Fig. 163). 

Fig. 163 
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Manual Therapy 

Sacroiliac Joint 

Treatment 

Mobilization without impulse, NMT l. 

I ndicatio n 

• Sacroiliac joint (SU) motion restriction. 
• Acute localized pain. 
• Pain may be chronic and in beltlike manner radiating to the gluteal 

region. 

Treatment Procedure 

• Patient is prone. 
• One hand is placed over the half of the sacrum that faces the 

restricted SU. The other hand is utilized for support of stabili
zation. 

• With the sacrum stabilized, the patient is requested to lift his or her 
pelvis off the table on the restricted side (the hip joint is slightly ex
tended, the leg straight; Fig. 164) . 

Fig. 164 

Note 

• This mobilization procedure is repeated in multiple steps. 
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Treatment 

Mobilization with impulse. 

Indication 

• Sacroiliac joint (SI1) motion restriction. 
• Acute, localized deep back pain. 

Manual Therapy 

Sacroiliac Joint 

• Pain may also be chronic and diffuse in distribution, sometimes ra
diating towards the buttocks, either unilaterally or bilaterally. 

• Zones of irritation at the sacrum. 

Treatment Procedure 

• Patient in side-lying position, lying on the side opposite the re
stricted $11, close to the edge of the examination table. 

• The patient flexes the leg that is not in contact with the examination 
table at both the hip and knee joints. 

• The operator, standing at the patient's side, rotates the upper 
shoulder away, thus introducing rotation to the thoracic spine and 
lumbar spine. 

• The patient is stabilized in this position by the operator's fixating 
the shoulder against the examination table. The mobilizing hand is 
placed over the patient's pelvis, to which the mobilizing forces will 
be introduced. 

• Slack is taken up by the operator rotating the shoulder further away 
while simultaneously guiding the patient's knees with his or her own 
knee. 

• The impulse is effected 
through the patient's pelvis 
and is directed anterior and in
feriorly (Fig. 165). 

Note 

Fig. 165 

• This technique should not be utilized when the patient suffers from 
hip problems that would prevent adequate positioning. 

• The impulse force is effected during the exhalation phase. 
• A shortened piriform muscle may impede appropriate positioning, 

in which case the muscle should be stretched prior to engaging this 
technique. 
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Manual Therapy 

Sacroiliac Joint 

1leatment 

Mobilization with impulse. 

Indication 

• Sacroiliac joint (SIJ) motion restriction. 
• The pain can be either localized or diffuse and is deep in the lower 

back. Pain may also occasionally radiate towards the buttocks and 
the posterior thigh. 

• Zones of irritation, S 2, S l over the sacrum (correlating with provo
cative testing). 

1leatment Procedure 

• Patient in side-lying position, lying on the side of the restricted SIJ, 
close to the edge of the examination table. 

• The operator, standing at the patient's side, grasps tl:e patient's dis
tal forearm and pulls the patient's shoulder towards him- or herself. 

• The operator then rotates the shoulder as far as possible and stabi
lizes it in this position against the examination table. 

• The patient flexes the leg away from the table at both hip and knee 
joints. 

• The operator places his or her knee over the lateral aspect of the 
patient's flexed knee for further stabilization. 

• The operator places the hypothenar eminence of the mobilizing 
hand over the half of the sacrum that points in the direction of the 
table. The impulse is directed anteriorly (Fig. 166). 

\._-------' Fig. 166 

Note 

• The impulse force is introduced during exhalation. 
• A shortened piriform muscle may impede adequate positioning. 
• If the patient has any hip problems, this technique should not be en

gaged. 
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Manual Therapy 

Sacroiliac Joint 

lreatment 

Mobilization with impulse. 

Indication 

• Sacroiliac joint (SIJ) motion restriction. 
• Localized pain or chronic and deep pain in the lower back with radi

ation towards the buttocks region , occasionally to the posterior 
thigh. 

• Zone of irritation , S3 (according to provocative testing). 

Treatment Procedure 

• Patient in side-lying position, close to the edge of the examination 
table. 

• The restricted SIJ is on the side on the table. 
• Positioning is identical to that listed for the mobilization technique. 
• The operator places the hypothenar eminence of the mobilizing 

hand over the half of the sacrum on the same side as the restriction. 
• At the same time, the hand and forearm are placed broadly over 

the sacrum. 
• Slack is taken out in the SIJ to be mobilized. The patient's opposite 

shoulder is rotated away, and by monitoring the patient's knees 
with his or her own knee, the operator prepares the patient such 
that a thrusting can be effected next. 

• The impulse occurs in an inferior and anterior direction (Fig. 167) . 

Fig. 1 67 

Note 

• The impulse force is introduced during the exhalation phase. 
• Hip pain may become prominent with positioning. This may indi

cate that excessive rotation has been introduced to the thoracic/ 
lumbar spine. 

• A shortened piriform muscle may make positioning more difficult. 
• If it is difficult to stabilize and position the hip joint through the 

flexed leg, it may be due to arthrosis of the hip. 
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Manual Therapy 

Pectoralis major Muscles 

lreatment 

Stretching, NMT 2 .  

Indication 

• Diminished arm abduction and external rotation. 
• Soft endfeel due to shortening of the pectoralis major muscle. 
• Pain which may be present in the axilla at the end of arm abduction 

and external rotation. 
• The insertions at the ribs are quite tender to palpation (insertion 

tendinoses) . 

lreatment Procedure 

• Patient is supine, close to the edge of the examination table. The 
patient's arm is passively abducted and elevated. 

• With his other hand, the operator fixates the patient's thorax at the 
sternum. 

• The patient is requested to contract isometrically the pectoralis ma
jor muscle ( 1 ) .  The operator provides an equal but opposite resis
tant force to the patient's arm. 

• During the postisometric relaxation phase, the arm is passively 
abducted, with additional slight traction (2; Fig. 168). 

Fig. 168 

Note 

• Before applying these techniques, painful changes affecting the 
humeroscapuJar joint must be excluded. 
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Manual Therapy 

Trapezius Muscle, Descending Portion 

Treatment 

Stretching, NMT 2. 

I ndication 

• Gross side-bending restriction andlor rotation restriction in the cer-
vical spine. 

• Soft endfeel with pain at the extreme (barrier) of motion. 
• Acute local pain. 
• Chronic pain of diffuse distribution in the neck region; pain radiat

ing towards the occiput; pain in the shoulder and arm as well as in 
the interscapular region. 

Treatment Procedure 

• Patient sitting. The operator, standing behind the patient, stabilizes 
the patient's shoulder with his forearm on the side that is shortened. 

• With his other hand and arm, the operator cradles the patient's 
head and introduces passive side-bending to the cervical spine. 
Depending on the course of the shortened muscles that need to be 
stretched, rotation is introduced to either the same or opposite 
sides. 

• The patient is requested to contract isometrically the shortened 
muscle for approximately 7 - 10 seconds ( 1 ;  the operator's forearm 
rests on the patient's shoulder). 

• During the postisometric relaxation phase, the muscle is passively 
stretched by mobilizing the shoulder girdle inferiorly and laterally 
(2; Fig. 169). 

Fig. 169 

Note 

• This technique requires several repetitions. 
• Isometric contraction should occur during inhalation. 
• Stretching should occur during exhalation. 
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Manual Therapy 

Levator scapulae Muscle 

Theatment 

Stretching, NMT 2. 

Indi cation 

• Flexion restriction and/or rotation restriction in the cervical spine. 
• Soft endfeel with pain at the extreme (barrier) of motion. The in

sertions at the border of the shoulder blade are tender. 
• Pain in the neck region may be recurrent or chronic, occasionally 

radiating towards the occiput or the region between the shoulder 
blades. 

Treatme nt Procedure 

• Patient sitting. The operator, standing behind the patient, places 
the thumb of one hand flat over the spine of the shoulder blade. 
The other hand is then placed flat over the patient'� head, so as to 
introduce passive cervical spine flexion with slight side-bending and 
rotation to the opposite side. 

• The patient is requested to contract isometrically the shortened le
vator scapulae muscle against equal but opposite resistance (effec
tively, the patient attempts to extend the cervical spine against re
sistance for approximately 7 - 10 seconds). 

• During the postisometric relaxation phase, the muscle is passively 
stretched by the operator as he introduces further passive cervical 
spine flexion and rotation to the opposite side (2; Fig. 170). 

Fig .  1 70 

Note 

• Isometric contractions should occur during inhalation. 
• Stretching should be done during the exhalation phase. 
• This technique is repeated several times. 
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Manual Therapy 

Sternocleidomastoid Muscle 

Treatment 

Stretching, NMT 2. 

Indication 

• Motion restriction of side-bending and rotation in the cervical 
spine. 

• Soft endfeel with pain at the extreme of movement. 
• Painful muscle insertions at the clavicle and mastoid process. 
• Chronic neck pain, occasionally radiating towards the occiput 

and/or supraclavicular region . 

Treatment Procedu re 

• Patient sitting with back to the operator. 
• The operator places one thumb against the clavicle, thus stabilizing 

this area ( 1 ) .  
• With his other hand , the operator introduces side-bending to the 

opposite side and rotation to the same side by moving the patient's 
head (2 ) .  

• The patient is then requested to contract isometrically the short
ened sternocleidomastoid muscle against equal but opposite resis
tance ( the head is held stationary by the operator, thus resisting tnis 
movement). Overall contraction duration is 7- 10  seconds (3; 
Fig. 171). 

• During the postisometric relaxation phase, the operator passively 
stretches the muscle by furthering side-bending movement to the 
opposite side (4 ; Fig. 172). 

Fig. 171 Fig. 172 

Note 

• The treatment procedure should be immediately terminated when 
signs of possible vertebral artery compression develop, such as 
vertigo, nausea, or spontaneous nystagmus. 
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Manual Therapy 

Iliopsoas Muscle 

1reatment 

Stretching (NMT 2). 

Indicat ion  

• Diminished hip extension. 
• Soft endfeel due to shortening of the iliopsoas muscle. 
• The pain is often diffuse in the inguinal or abdominal region. 
• In addition, the erector spinae muscle in the lumbar area is often 

shortened and the abdominal muscles are quite frequently weak
ened. 

1reatment Procedure 

• Patient standing at the end of the examination table. 
• The examination table is adjusted to the level of the patient's 

sacrum. 
• The nontreatment leg is maximally flexed at the hip and knee and 

held up by the patient. 
• Under the guidance of the operator, the patient is then reclined 

onto the examination table. The pelvis is stabilized. 
• With the operator providing an equal but opposite resistant force, 

the patient is requested to contract isometrically the involved ilio
psoas muscle for 7 - 10 seconds ( 1 ) .  

• During the postisometric relaxation phase, the muscle is stretched 
by increasing hip extension (2; Fig. 173) . 

Fig. 173 

Note 

• The lumbar lordosis must be reversed during this procedure (sup
port through a neck roll introducing cerebral spine flexion). 
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Manual Therapy 

Rectus femoris Muscle 

Treatment 

Stretching, NMT 2. 

Indication  

• Diminished hip flexion with soft endfeel. 
• Shortening of the rectus femoris muscle. 
• Localized or diffuse thigh pain. 

Treatment Procedure 

• Patient is prone. 
• The operator stabilizes the patient's pelvis with one hand. 
• Utilizing passive knee flexion, the hip is extended as far as possible. 
• The patient is then requested to contract isometrically the short

ened rectus femoris muscle against equal but opposite resistance ( 1 )  
for approximately 7 - 10  seconds (Fig. 174a) .  

• During the postisometric relaxation phase, the rectoris femoris 
muscle is stretched further by increasing hip extension (Fig. 174b). 

Fig. 1 74a F ig .  1 74 b  

Note 

• This is one of the most frequently shortened muscles. 
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Manual Tharapy 

Piriformis Muscle 

Treatment 

Stretching, NMT 2. 

Indication 

• With the hip flexed, thigh adduction and external rotation are di-
minished. 

• Soft endfeel. 
• The pain can be localized to the buttocks region. 
• Pain may also radiate towards the thigh. 
• Pain induced with movement which may be localized or projected. 
• Localized pain upon palpation of the muscle. 

Treatment Procedure 

• Patient is supine and flexes the hip to 70° . 
• The operator stabilizes the patient's pelvis and then introduces 

adduction to the thigh to the extreme (barrier) of movement. 
• The patient is then requested to contract isometrically the piriform 

muscle against equal but opposite resistance ( 1 ;  Fig. 175a) .  
• During the postisometric relaxation phase, the shortened piriform 

muscle is stretched (2) by the operator's further adducting the leg at 
the hip (Fig. 175 b). 

Fig. 175a F ig .  175b 

Note 

• The possibility of hip joint disease must be excluded. 
• Radicular irritation of the sciatic nerve must be differential-diag

nostically excluded. 
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Manual Therapy 

Biceps femoris Muscle, Semitendinosus Muscle, 
Semimembranosus Muscle 

Treatment 

Stretching, NMT 2 .  

Indication 

• Hip flexion is diminished with the knee extended. 
• Soft endfeel with pain at the extreme (barrier) of movement. 
• Chronic stretch pain at the posterior thigh. 

Treatment Procedure 

• Patient is supine. 
• The patient's pelvis is fixated against the table with a belt. 
• With the patient's knee extended, the operator introduces hip 

flexion to the barrier (passive flexion).  
• The patient is then requested to contract isometrically and against 

equal but opposite resistance the hamstring muscles ( 1 ;  Fig. 176). 
• During the postisometric relaxation phase, the muscles are passive

ly stretched by the operator's increasing hip flexion (2) . 

Fig. 1 76 

Note 

• The hamstring muscles are some of the most frequently shortened 
muscles. 
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Back School 

Aim 

Prevention. 
• Through: 

a) Improvement of overall physical fitness 
b) Reduction of inappropriate, uneconomical posture and move

ment patterns; automatic stereotypes need to be altered, 
• This can only occur when: 

the patient can be motivated to become the responsible partici
pant, 
the patient recognizes and learns about his or her own fitness 
and abilities as well as limits, 
the patient enhances his or her consciousness about posture and 
movements so that he or she can continually evaluate these and 
eventually correct them as the need arises. 

• This requires that both physician and physical therapist 
- cooperate well, 
- have a good knowledge of the field, and 
- invest the necessary time and patience. 

• It is not enough 
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- just to hand out a few exercises, via pamphlets, or 
- just to inform about ergonomic posture at work. 

Content 

Overview 

This may serve as a recommendation for a back school program to 
be headed by a physical therapist with 12 lessons, each 50 minutes 
long: 
Lesson 1: Lecture by the Physician 
Lesson 2: Muscle Stretching 
Lesson 3: Spinal Mobilization 1 
Lesson 4: Spinal Mobilization 2 

Lesson 5: Strength 
Lesson 6: Strength Endurance 1 

Lesson 7: Strength Endurance 2 

Lesson 8: Coordination 1 

Lesson 9: Coordination 2 

Lesson 10: Aerobic Endurance J 

Lesson 11: Aerobic Endurance 2 

Lesson 12: Encouragement to Actively Participate in Sports 



Back School 

• Depending on the group's composition, the following factors are 
considered and individually emphasized: 

mobility, 
strength, 
endurance, 
coordination. 

• Depending on the performance level of the individual group, the 
exercises can range from easy to difficult, from simple to complex 
movement patterns. 

Participants 

• Patients with spinal problems in the subacute to the chronic stage 
without I�adicular symptomatology. 

• The patients must be willing to cooperate and to become a member 
of a group. 

• One of the best ways to determine which patient belongs in which 
group is to utilize such criteria as mobility and strength. The pa
tient's gender should not be a critical determinant. 

• Group size should be kept small, with maximum of 10 members. 

Therapist 

• The therapist should obtain a good history of the patient's back 
pain as well as the various activities the patient is involved in at 
work and in his leisure time. 

• A significant motivating factor is the "role model effect" of the 
therapist; he or she must indentify him- or herself fully with the 
concept of the back school. The therapist must be able to encourage 
and stimulate the patient by having a positive outlook him- or her
self. 

• Authoritative demeanor is a negative learning factor and should be 
avoided. The willingness to communicate with the patient is very 
important. 

Low Back Pain Program 

Lecture by the physician 

• Objectives: 
presentation of theoretical principles 
a) for a better understanding of the overall program and 
b) to help develop an internal understanding and visualization 

of movement; 
positive influence on the overall group dynamic process. 
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Back School 

• Content: 
Anatomy/biomechanics of the spine 
Pathology 
Spondylogenic pain 
Muscular imbalance 
Posture and movement 
Information about additional diagnostic procedures, examina
tion techniques, medications, assistive devices, surgical inter
vention, etc. 
Discussion 

• The theoretical aspects should be presented in a brief but clear 
manner, utilizing overhead projectors, slides, and a skeleton model 
for demonstration purposes. 

Practical Lessons 

• The patient's basic goal is to improve the following factors: 
Mobility 
a) muscle stretching and 
b) mobilization of the spine and peripheral joints 
Strength and strength endurance 
Coordination 
Endurance 

This will then lead to better posture and movement as well as in
creased awareness of what is appropriate movement. 

Mobility 

• Muscle stretching: 

Shortened tonic muscles inhibit their phasic antagonists as well as 
synergistic muscles, allowing muscular imbalance to develop. 
If this muscular imbalance can be positively influenced, the muscu
loskeletal system and the spine can react to other outside challenges 
more appropriately. 

• Exercise Program 
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Stretching, passive static and active static: 
Hamstring muscles 
Lumbar back extensors 
Deep gluteal muscles 
Hip flexors 
Adductors 
Calf muscles 
Neck and chest muscles 



Back School 

• Note 
The selection of the starting position for the individual muscles 
should be individualized for the requirements of a particular 
group of participants. 
The exercises must be explained clearly, and the patient's per
formance should be corrected whenever necessary. 
The stretching program should also be performed at home on a 
regular basis. 

• Mobilization 
The goal of mobilization is to improve mobility in the various spinal 
segments and regions. 

• Exercise Program 
Acti ve mobil iza tion, I um bar spi ne/pelvis, 

thoracic spinelthorax, 
cervical spine/shoulder girdle, 

starting from the simple and progressing to the more difficult start
ing positions. Relationships between movement in the pelvis, legs, 
arms, and spine should be addressed specifically and repeatedly 
emphasized. 

• Note 
These exercise should also help in the activities of daily life, where 
they may serve to decrease pain so as to improve the musculoskele
tal system's reaction to outside forces and to help in relaxation as 
well. 

Strength/Strength Endurance 

The goal is to train for strength in those muscles that stabilize the 
thrunk, required by the activities of daily life. 

• Exercise Program 
Strengthening, Dynamic-slow: 

Straight and oblique abdominal muscles 
Gluteal muscles (gluteus maximum, medius, and minimis mus
cles) 
Shoulder blade fixator muscles 
Thoracic spine extensor muscles 

• Note 
Correct execution of these exercises is important; tonic synergy 
patterns must be eliminated, assuring correct movement se
quences as well as appropriate breathing techniques. 
In order to assure appropriate results with these techniques, the 
patient's limits and program must be determined. 
Appropriate instruction must be given for home training exer
cises. 
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Back School 

Coordination 

Good motor coordination can only occur when there is a harmo
nious, effective, and economical interplay between movements. 

• Exercise Program 
Of use are exercise on nonstationary surfaces (ball), exercises for 
lower extremity movement, and exercises for upper extremity in
volvement. 

Endurance 

W hile in the back school, the participant should be stimulated to 
also get involved in aerobic endurance training such as swimming, 
bicycle riding, jogging, and cross-country skiing. 
The person should be motivated to improve present physical stami
na by actively participating in a program. 

• Exercise Program 
working on an economical running technique 
Pulse measurements (180 minus patient's age) 
Appropriate breathing techniques 
Development of a training program (stretching, regeneration, 
loading forces, etc.) 

Important Features That Should Be Included in Each Lesson 

• Discussion: questions should be answered. 
• "Warming up" to improve stretchability of the tissues. As the start

ing point for endurance training, the intensity of the warming-up 
period progresses from one lesson to the next. 

• The patient must be instructed to breath appropriately. 
• Relaxation and certain other positions that would decrease stress 

and load 011 the musculoskeletal system must be integrated into the 
patient's daily routines. 

• Activities of daily living: Appropriate lying and sitting, standing 
and bending or stooping, lifting and carrying. 

• Ergonomics in the workplace and economical movement patterns. 
This should not be a separate portion, but rather integrated into 
each lesson. 

• Alternating static and dynamic influences; the participant in a 
group should become aware of these changes and integrate them 
appropriately into his activities of daily life. 

• Repetition; continued and regular repetition is of the utmust impor
tance and the home program must be re-evaluated from time to time. 

• The exercise group should be challenging but not disappointing to 
the patient, as this is a good way of learning about one's individual 
abilities. 

• Last, but not least, this program should be fun and should motivate 
the participant to pick up other training methods and exercises that 
he or she can perform on his or her own and on a regular basis. 
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Index 

A 
Abdominal muscles, strength and 

endurance testing, 102- 103 
Ankle joint see Foot 
Atlantoaxial joint 

axes of movement. °12 
transected, L3 
see also Ccrvical spinc 

Atlanto-occipital joint 
alar ligaments, 14-15 
axes of movement, 12 
ligamentous apparatus, 14 
ranges of movement, II 
see also Cervical spine 

Atlas vertebra 
palpation of the transverse 

process, 40-41 
see also Cervical spine 

B 
Back school 

coordination program, 178 
endurance program, 178 
low back pain program. contcnt 

and practical lesson, 
L75-176 

mobility, exercise program, L37. 
176-L77 

participants. 175 
program content. 174 

principles, 178 
strength/endurance program. 177 
therapist. 175 

Biceps femoris muscle 
length testing. 100-101 
stretching, NMT-2, 173 

Biomechanics of the spine, 1-25 
primary axes. 9. LO 

C 
Calf, phasic/tonic muscles, 5 
Cervical spi ne 

CO-CI 
flexion and extension, 30 
mobilization without impulse, 

flexion and extension, 138 
zones of irritation, 106 

CO-C3 
anatomic relationships and 

motion, 11-14 
axial rotation, 31 
biomechanics, 11-L5 
end rotation of the axis, 40-41 

forced rotation of the axis, 
39-40 

mobilization without impulse, 
axial traction, 139 

provocative testing, 33 
CI-C2 

axial rotation, 32 
mobilization utilizing 

postisometric relaxation of 
antagonists, 140 

C2-C6 
mobilization with impulse, and 

rotation, 142 
mobilization with impulse, 

rotation restriction, 141, 145 
C2-C7 

mobilization utilizing 
postisometric relaxation of 
antagonists, 143- 144 

provocative testing, 108-109 
zoncs of irritation, 107-109 

C3-C6, axial rotation, 45 
C3-C7 

anatomic relationships and 
motion, 14-17 

axial rotation. 13, 15, 16 
biomechanics, 15-18 
facet joints and axes of 

movement, 15 
segmental arches of 

movement, L6 
vertebral artery, 17 

cervicothoracic junction 
axial rotation, 38, 44 
flexion and extension, 36, 42 
mobilization with impulse, and 

rotation, 146 
mobilization with impulse, 

side-bending restriction, 147 
rotation with extension, 34-35 
side-bending, 37, 43 

Dc Kleijn hanging test, 18 
radiologic diagnosis, 1 17-118 
reclination test, 17 
vertcbral artery see Vertebral 

artery 
Craniocervical junction see 

Atlanto-occipital joint 

o 
De Kleijn hanging test, cervical 

spine, 18  
Diskopathies, root irritation, 

53-55,101 
Dizziness see Vertigo 181 



E 
Elbow 

pronation and supination, motion 
testing, 66 

radiohumeral joint, traction and 
gliding movement, 68 

radioulnar joint, translatory 
motion testing, 67 

Enkephalins 
production by spinal cord, 24 
release from joints in 

dysfunctional positions, 25 
Erector spinae muscles, length 

testing, 92-93 

F 
Foot 

G 

ankle joint, translatory 
movement 

calcaneal-cuboid joint, 81 
gliding movement, 78 
talonavicular joint, 79 
talus and cuneiform bones, 80 

phasic/tonic muscles, 5 
tarsometatarsal joint, translatory 

movement testing, 82 

Gluteus maximus muscle, strength 
testing, 104 

Gluteus medius muscle, strength 
testing, 105 

H 
Hamstrings 

biceps femoris muscle 
length testing, 100-101 
stretching, NMT-2, 173 

semimembranosus muscle 
length testing, 100-101 
stretching, NMT-2, 173 

semitendinosus muscle 
length testing, 100-101 
stretching, NMT-2, 173 

Hand 
interphalangeal joints, translation 

testing, 73 
metacarpal joints, translatory 

gliding movement, 72 
metacarpophalangeal joints, 

translation testing, 73 
primary carpals, palpation and 

functional examination, 71 
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Index 

proximal carpals, palpation and 
angular movcmcnt, 70 

radiocarpal joint, translatory 
movcment, 69 

Homc exercisc program see Back 
school 

5-Hydroxytryptaminc, action, 23 

Iliac spine, posterior superior, 
sacroiliac joint nutation, 
57-58 

Iliolumbar ligament, provocativc 
testing, 55 

Iliopsoas muscle, strctching, 
NMT-2, 170 

Ilium see Sacroiliac joint 
Intervcrtebral joints 

innervation, 23-24 
neurophysiology, 22-24 

J 
Joints, neurophysiology, 22-24 

K 
Kibler skin fold, 27 
Knee joints 

L 

axial traction, axial rotation, 
anterior and posterior 
translation, 75-76 

femoropatcliar gliding, 74 
proximal tibiofibular joints, 77 

Lasgue sign . 
pseudo-Lasgue sign, 101 
reversed, 99 

Levator scapulae muscle 
length testing, 86-87 
stretching, NMT-2, 168 

Longissimus lumborum musclcs, 
length testing, 92-93 

Lumbar spinc 
axial rotation, 53 
biomechanics, 18-19 
diskopathies, 53-55 
facet joints and axes of 

movcment, 19, 19 
facet syndrome, 51 
flexion and extension, 51 
lower, provocative testing of the 

iliolumbar ligament, 55 
mobilization with impulse 

flexion and extcnsion, 160 



Index 

Lumbar spine mobilization with 
impulse 

rotation, 157 -159 
mobilization without impulse 

NMT-2, rotation, 156 
rotation, 155 

radiologic diagnosis, 121-127 
AP views, 121, 123 
lateral views, 124-127 

side-bending, 52 
spondylarthrosis, 51, 53 
spondylolisthesis, 55 
springing test, 54 
traction spurs (marks), 126-127 
zones of irritation, 113-114 

Lumbosacral junction, pelvic 
torsion, 125 

Lunate bone, palpation and 
functional examination, 
70-71 

M 
Manual therapy 

contraindications, 130 
extremity joints, 133 
indications, 128-129 
principles, 131 
vertebral column, mobilization 

without/with impulse, 
132-133 

see also specific joints and regions 
Mechanoreceptors, 22 
Meniscoid, anatomic arrangement, 

22-23 
Muscle see Skeletal muscle 
Myosis 

etiology, 7 
pathology, 8 

Myotendinosis 
defined,4 
pathology, 8 
spondylogenic reflex syndrome, 

29 
Myotenone 

defined, 8 
types, 9 

N 
Nausea and dizziness see Vertigo 
Neuromuscular therapy 

mobilization 
direct muscle force of agoniS1S, 

134 
post isometric relaxation of 

antagonists, 134-136 

reciprocal inhibition of the 
antagonists, 136 

NMT see Neuromuscular therapy 
Nociceptors, 22-23 

o 
Occiput see Atlanto-occipital joint 
Opioids, naturally produced see 

Enkephalins 

p 
Paravertebral muscles 

anatomic relationships, 1 
conflict situation, 2-3 

Patrick-Faber test, sacroiliac 
joints, 59 

Pectoralis major muscle 
length testing, 83 
stretching, NMT-2, 166 

Pelvic girdle 
anatomic arrangement and 

function, 19-21 
arch-type (high assimilation), 125 
flat-type, 125 
functional unit, 19 
normal (block) pelvis, 125 
pelvic torsion, 122, 125 
radiologic diagnosis, 121-122 
sacroiliac joint 

anatomic arrangement and 
function, 19-21 

see also Sacroiliac joint 
symphysis, shearing forces, 

19-22 
and thigh, phasic/tonic muscles,S 

Piriform muscle 
length testing, 94-95 
stretching, NMT-2, 172 

Pisiform bone, palpation and 
functional examination, 
70-71 

Postural muscles 
fast/slow twitch fibers, 3 
functional pathology, 3 
overview, 6 

PSIS see Iliac spine, posterior 
superior 

Psoas major muscle, length testing, 
96-97 

R 
Radiologic diagnosis, 117 -127 

cervical spine, 117-118 
lumbar spine, 121-127 
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pelvic girdle, 121-122 
sacroiliac joint, 122-123 
thoracic spine, 119-120 

Reclination test, cervical spine, 17 
Rectus femoris muscle 

length testing, 98-99 
stretching, NMT-2, 171 

Rheumatism, noninflammatory 
soft -tissue 

etiology, 7 
pathology, 8 

Ribs 

S 

rib I 
"elevated first rib," 91 
mobilization without impulse, 

152 
passive motion testing, 49 

ribs IIJ to XIl, respiratory 
excursion of the individual 
ribs, 50 

ribs Ill-X, mobilization with 
impulse, 154 

ribs Vl-XII, mobilization 
without impulse, 153 

scalene muscles, length testing, 
90-91 

zones of irritation, 112 
see also Thoracic spi ne 

Sacroiliac joint 
anatomic arrangement, 19-21 
body posture and effects, 21 
degenerative change, 20 
mobilization with impulse, 163, 

164, l 65 
mobilization without impulse, 

NMT- l 162 
anterior motion restriction 

(ventralization), 161 
"nutation" (nodding) movement, 

21 
spine and standing flexion 

tests, 56-57 
passive motion test, 58 
Patrick-Faber test, 59 
pelvic girdle, zones of irritation, 

115-116 
radiologic diagnosis, 122 -123 
sacral suspension, 20 

Scalene muscles, length testing, 
90-9\ 

Scalenus anticus syndrome, 49 
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Scaphoid bone, palpation and 
functional examination, 
70-71 

Scapula see Levator scapulae 
muscle; Shoulder girdle 

Scoliosis, compensatory, in acute 
disk herniation, 93 

Semitendinosus muscle, stretching, 
NMT-2,173 

Serotonin see 5-Hydroxytryptamine 
Shoulder girdle 

acromioclavicular joint, 
translatory motion testing, 
61 

glenohumeral joint 
anterior gliding, 65 
axial traction, 62 
inferior gliding, 63 
superior gliding, 64 

phasicltonic muscles, 5 
stcrnoclavicular joint, 60 

Skeletal muscles 
fast/slow twitch fibers compared, 

4 
functional pathology, 3 
neuromuscular therapy, l 34-136 
palpation, 27-28, 27-29 
phasic/Ionic muscles, 4, 5 
spondylogenic reflex syndromc, 

29 
vertebral column, rotation and 

coupling pattern, 9, to, II 
zones of irritation, 28-29 

Skin -rolling test, 27 
Spina bifida occulta, 124 
Spine see Vertebral column 
Spondylogenic reflex syndrome, 29 
Sternocleidomastoid muscle 

T 

length testing, 88-89 
stn:tching, NMT-2, 169 

Talocrural joint see Foo!' ankle 
joint 

Tendinoses, types, 8 
Thigh/pelvic girdle, phasicltonic 

muscles, 5 
Thoracic outlet syndrome, 91 
Thoracic spine 

biomechanics, 18 
facet joints and axes of 

movement, 18 
gross motion testing, 19 



Index 

Thoracic spi ne 
radiologic diagnosis, 119-120 
Tl-Tl2 

flexion and extension. 46 
side-bending. 47 
zones of irritation. 110-111 

T3-L1. axial rotation. 48 
T3-TIO 

mobilization with impulse. 148, 
149 

mobilization without impulse, 
rotation. 150 

T6-T12, mobilization with 
impulse. rotation. 151 

see also Ribs 
Traction spurs (marks). lumbar 

spine, 126-127 
Trapezius muscle 

length testing, 84-85 
stretching. NMT-2. 167 

Triquetrum, palpation and 
functional examination. 
70-71 

Trunk. phasic/tonic muscles. 5 

V 
Ventralization maneuver. 116, 161 
Vertebrae 

model for receptor activity. 
correct/incorrect position. 25 

segmental dysfunction, 25-26 
vertebral unit (motion segment). 

10 

Vertebral artery 
compression see Vertigo 
course, 17 
provocative testing of CO-C3, 33 
reclination test, 17 

Vertebral column 
anatomy and biomechanics, 1-25 \ 
back school, home exercise 

program. 137, 1 72-178 
biomechanics, 1-25 
examination, 26 

see also specific regions 
manual therapy, mobilization 

without/with impulse, 
132-133 

paravertebral muscles, 1-3 
paravertebral palpation of the 

skin, 26-27 
see also Cervical spine; Lumbar 

spine; Pelvic girdle; 
T horacic spine; 

Vertigo, caused by compression of 
vertebral artery, 33, 35, 89, 
169 

W 
Wrist see Hand 

Z 
Zones of irritation, 106-116 

defined, 28 
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