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Introduction

Hematogenous spread of bacteria in neonatal foals often
occurs secondary to a septic nidus in the body. Pneumonia,
colitis and/or an infected umbilicus are the most common
infectious pathologies.1–5 Often, concurrent failure of pas-
sive immune transfer from lackof adequate colostrum intake
shortly following birth compounds susceptibility to hema-
togenous sepsis.1–3,6–8 During sepsis, bacteria translocate
from the blood stream into the musculoskeletal system,
enhanced due to the rich vasculature within the metaphysis,
physis, epiphysis and synovium of joints in neonates. Most
commonly, septic arthritis develops.1–9 In rare cases, infec-
tion of open growth plates (septic physitis) can manifest as a
primary septic lesion or concurrent with septic
arthritis.1,4,8–11

Septic physitis in foals has been documented as a muscu-
loskeletal pathology; however, there is a lack of detail
regarding characteristic radiographic features in the litera-
ture.1,4,6–9,11,12 Radiographic examination is the central

diagnostic imaging modality used to first identify and/or
confirm a diagnosis.1–14 Several isolated case reports and
one prior retrospective study have been published focusing
on clinical presentation and surgical treatment; however,
there is a lack of specific description of radiographic charac-
teristics unique to septic physitis.1,4,8,9,11,12 Computed to-
mography (CT) has been investigated as a very effective
imagingmodality to fully understand the extent of pathology
following initial radiographic diagnosis.10 A prior study
comparing radiographic- and CT images in the diagnosis of
osteomyelitis in foals revealed that CT detected lesions that
were difficult or impossible to identify on radiographs
providing value that CTshould be considered in such cases.13

The use of magnetic resonance imaging (MRI) has also been
described in the literature in foals with primarily osteomye-
litis; however, a low percentage of cases had concurrent
extension into the physis.14

Radiography often precedes advanced diagnostics in clin-
ical practice, is themainstaymodality in ambulatory practice
and advanced imaging (such as CT and MRI) is limited to
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Abstract The objective of this review is to detail the clinical and radiographic features of septic
physitis in foals. Medical records were evaluated from 2008 to 2018 of cases that had
septic physitis based on a combination of clinical and radiographic findings. Ten foals
were diagnosed with septic physitis. In 8 of 10 foals, presence of a discrete, focal,
irregular radiolucency centred on the physis and extending into the epiphysis and
metaphysis was present. In the remaining two foals, subtle irregularity and diffuse
radiolucency along the length of the physis was present. Three foals were able to later
perform athletic function and two were sound but not in training (mean follow-up¼ 12
months). Overall, a distinguishing radiographic feature of septic physitis in foals is the
presence of a focal radiolucency centred on the physis which is associated with the
epiphysis and metaphysis consistent with osteolysis.
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referral centres. Therefore, the objective of this study is to
establish common radiographic features of septic physitis
based on a case series.

Methods

Electronic medical records from a single hospital were
evaluated from 2008 to 2018. Owners approved use of
medical records for research investigation at time of admis-
sion. Medical records were searched for ‘physitis’, ‘septic
physitis’ or ‘infected growth plate’. Cases were then analysed
to determine whether a clinical and/or radiographic diagno-
sis of septic physitis wasmade. Inclusion criteria included (1)
radiographic examination performed and a clinical diagnosis
of septic physitis based on positive culture from aspiration of
the physis or physeal biopsy, septic joint adjacent to the
affected physis, umbilicus content culture/biopsy during
resection or blood analysis; and/or (2) clinical signs charac-
teristic of local infection (heat, pain, swelling associatedwith
the physis), signs of co-morbidity (fever, failure of passive
transfer) and/or clinical pathology consistent with septic
arthritis from synovial fluid adjacent to the affected physis.
Exclusion criteria included (1) a diagnosis of aseptic physitis
by the attending veterinarian or (2) lack of radiographs
available for interpretation. All authors evaluated all medical
records and formulated agreeance on inclusion or exclusion
of individual cases. All authors were involved in data collec-
tion, analysis and formulated collective agreeance.

Clinical parameters recorded included signalment (age at
presentation, gender, breed), primary complaint, anatomical
location, bacteriology results from aspirates or biopsy of the
physis, concurrent septic joint(s), blood culture and/or
infected umbilicus, presence of concurrent synovial sepsis
adjacent or distant from affected physis, clinical pathological
abnormalities on complete blood analysis, established aeti-
ology, medical treatment (including type of antimicrobial
and route), surgical treatment pursued, short-term patient
outcome (defined as survival to discharge) and long-term
patient outcome (defined as sound during veterinary exam-
ination at >3 months following treatment).

Each affected region was evaluated using digital radiog-
raphy (Sound, Carlsbad, California, United States). The radio-
graphic setting was determined depending on the location of
the affected limb and based on manufacturer recommenda-
tions. For the carpal joints, proximal interphalangeal joints
and metacarpophalangeal/metatarsophalangeal joints, the
setting was 70 kVp, 1.5 mAs and 0.1 seconds. For the stifle
and tarsal joints, the setting was 75 kVp, 1.8 mAs and
0.1 seconds. In all affected regions, dorsopalmar or dorso-
plantar/craniocaudal and lateromedial projections were
obtained. Radiographic studies were interpreted bymultiple
different unblinded American College of Veterinary Radiolo-
gy radiologists at time of patient examination and had an
associated final radiology report available within the medi-
cal record for recruitment of data.

Radiographic features investigated included documenta-
tion of physeal location and limb or limbs affected. Descrip-
tion of the shape, margination and opacification of

radiographic abnormalities present in the physis were
recorded. To improve objective definition of size and shape,
measurements of any lucent regions were obtained in the
frontal (lateral to medial view) planes on lateromedial
projections and sagittal (dorsal to palmar/plantar, or cranial
to caudal view) planes on dorsopalmar or dorsoplantar/
craniocaudal projections. The maximal total physeal abnor-
mality in relation to the width of the physis within the same
radiographic plane was used for grading and described in
percentage (%) of the normal total width of the physis. Grade
1 was assigned to cases that had <33% of the physis affected,
grade 2, 33 to 66% and grade 3 >66%. If repeat radiographs
were available, serial changes (progression/stasis/regres-
sion) in the radiographic appearance of the physis were
documented along with duration of days between serial
images. Objective data were analysed using descriptive
statistics via commercial software (MS Excel, Microsoft
Corporation, Redmond, Washington, United States).

Results

Ten foals met inclusion criteria and were included in the
study. The mean age of foals was 52 days (range: 14–182
days). There were six colts and four fillies. Breeds included
Thoroughbred (n¼ 4), Quarter Horse (n¼ 2), Standardbred
(n¼ 1), Arabian (n¼ 1), Lusitano (n¼ 1) and Pony of the
Americas (n¼ 1). All of the Thoroughbred, Quarter Horse and
Standardbred foals were bred intended for racing. In nine
foals, the presenting complaint was lameness and in one foal
generalized lethargy.

Anatomical locations of septic physitis included the distal
tibia (4), distal radius (1), proximal first phalanx (1), distal
third metatarsus (1), proximal middle phalanx (1), distal
femur (1) and proximal tibia (1) (►Fig. 1). Clinically, all
infected physes had evidence of subcutaneous oedema,
heat and pain to palpation surrounding the affected physis
consistent with concurrent cellulitis. In 7 of 10 foals, the
lameness was graded as ⅘ (lame at the walk) and in 3 of 10
foals a non-weight-bearing lameness as present.15

An attempt to culture the physeal tissuewas performed in
all ten cases via aspiration or biopsy of bone during surgical
debridement. A positive culture result was obtained in 5/10
of cases. Bacteria isolated included Salmonella enterica (1),
Klebsiella oxytoca (1), Streptococcus zooepidemicus (2) and
mixed growth of Streptococcus dysgalactiae and Escherichia
coli (1).

All 10 foals had documentation of systemic co-morbidity.
Presence of a fever (defined as >102.0F°) was noted at some
point during hospitalization in all 10 cases. Systemic blood-
work was performed in 8 of 10 foals and identified an
abnormal total while blood cell count in four of eight cases
with a mean count of 13.97� 103 cells/µL (range: 11.97–
14.6� 103 cells/µL). Fibrinogen concentration was elevated
in all eight cases (mean: 850mg/dL, range: 600–1100mg/dL).

Concurrent septic arthritis of a synovial joint was present
in 8 of 10 foals. In seven of eight foals, septic arthritis was
located in the joint most closely associated with the septic
physis. In one case, the septic arthritis was in the same limb
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but distant from the region of septic physitis. Synovial fluid
obtained from the affected synovial structures was seros-
anguineous and/or turbid in all affected cases. Culture of
synovial fluid was submitted in four of eight foals, with
positive growth ascertained in one case (Streptococcus zooe-
pidemicus). Non-musculoskeletal systemic co-morbidities
were present in 4 of 10 foals, with two having clinical
symptoms of colitis/diarrhoea, one having pneumonia and
other having an umbilical abscess confirmed on ultrasonog-
raphy and resected at surgery.

Overall, in 8 of 10 foals, the septic physis had a focal,
irregularlymarginated radiolucent region centredwithin the
physis, involving both epiphysis andmetaphysis (►Fig. 1). In
the remaining two foals, subtle irregularity and less pro-
nounced radiolucency extended diffusely along the length of
the physis and into the metaphysis and epiphysis. When

evaluating the extent of radiolucency relative to the width of
the physis, in the frontal (lateral tomedial) plane, themedian
radiolucent area was 53.4% (31.2 out of 63.2mm; range:
15–45mm) of the physeal distance. In the sagittal (dorsal to
palmar/plantar or cranial to caudal) plane, the median
radiolucent area was 41.0% (28.8 out of 73mm; range:
18–53mm) of the physeal width. When measuring the
maximal diameter of the radiolucent area in a proximal to
distal orientation, themedian diameter was 22.8 mm (range:
3–55mm). Radiographic grading of the physes included
grade 1: 1 (10%) case, grade 2: 6 (60%) cases and grade
3: 3 (30%) cases.

Repeat radiographs were performed in 6 of 10 cases.
Progression of lesion (enlargement in radiolucent abnormal-
ity in physis) was present in one foal, stasis of the radiolucent
area was present in four of six foals, and regression of the

Fig. 1 Radiographic examples of septic physitis in foals in varying anatomical physeswith a brief description of the physeal lesions (arrows are pointing the
abnormal lesions). (A) Dorsoplantar projection, distal third metatarsus (severe extensive lysis throughout the physis that extends into the metaphysis and
epiphysis), 1-month-old Thoroughbred colt; (B) craniocaudal projection, proximal tibia (severe focal lysis centred on the mid physis that extends into the
metaphysis andphyses), 1-month-oldPonyofAmericafilly; (C) lateromedial projection, distal femur (variablemild tomoderate focal lysis in the cranial physis
that extends into the metaphysis and epiphysis), 3-week-old Thoroughbred colt; (D) dorsopalmar projection, distal radius (variable mild to moderate ill-
defined lysis throughout the physis that extends into themetaphysis and epiphysis), 2-week-old Thoroughbred filly; (E) dorsoplantar projection, distal tibia
(variablemild lysis throughout the physis, worsemedially, that extends into themetaphysis and epiphysis), 2-week-old Quarter Horse colt; (F) dorsopalmar
projection, proximal middle phalanx (moderate focal lysis centred region of the mid physis that extends into the metaphysis and epiphysis), 3-month-old
Thoroughbred colt.
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lesion (reduction in radiolucent abnormality extending into
the epiphysis and metaphysis) was present in one foal
(►Fig. 2). The mean duration to repeat radiographs was
8 days (range: 4–21 days).

All septic physitis cases received systemic antimicrobial
therapy, often in combination. Antibiotic medications in-
cluded ceftiofur (n¼ 3; 25mg/kg intravenously [IV] twice
daily [BID]), gentamicin (n¼ 3; 6.6mg/kg IV once daily
[SID]), amikacin (n¼ 2; 2.2mg/kg IV SID), penicillin (n¼ 2;
22,000 iu/kg, intramuscular or IV, BID or QID respectively),
chloramphenicol (n¼ 1; 50mg/kg by mouth TID), marbo-
floxacin (n¼ 1; 5mg/kg IV SID) and/or oral rifampin (n¼ 1;
5mg/kg by mouth BID). Treatment was augmented with
surgical debridement of the affected physis under general
anaesthesia in 4 of 10 cases. In one case, gentamicin infused
calcium sulphate beads were deposited into the osteolytic
area of the physis intra-operatively to provide local antimi-
crobial support and act as an osteoconductive graft. Intrave-
nous regional limb perfusionwas performed in 6 of 10 cases,
utilizing amikacin or gentamicin.

Six of 10 horses were discharged from the hospital with
improvement in lameness (short-term survival) and 4 of 10
foals were euthanatized during active treatment due to
inability to resolve septic physitis and/or systemic co-mor-
bidities. Of the six discharged, threewere in active training at
1-year post-discharge, two were sound but not in work and
one foal was lost to follow-up. Of the four foals euthanatized,
all four cases had concurrent septic arthritis as a co-morbid-
ity. Additionally, one had a concurrent infected umbilical
abscess.

Discussion

The gold standard for diagnosing septic physitis and/or septic
arthritis in foals is a positive microbial culture directly from
the affected physis and/or adjacent infected synovial struc-

tures.1,2,5 In this study, all cases had amicrobial culture from
the infected physis attempted; however, only 5 of 10 cases
yielded positive bacterial growth. This diagnostic challenge
is well established in the literature.2,5,16,17 It is common for
false negative bacteriology following culture of septic joints
and osteomyelitis. Similarly, septic physitis is also a difficult
pathology to obtain positive identification of infecting bac-
teria following aspiration or biopsy culture attempts. To
maintain confidence that all cases in this study were truly
categorized as septic physitis, the authors relied upon cul-
ture or cytology from the adjacent infected synovial struc-
ture and evidence of infectious systemic co-morbidities
consistent with generalized sepsis as support in the remain-
ing cases wherein no positive growth was obtained from the
physis itself. Although not definitive, detecting the classical
radiographic abnormalities strongly implicates an infectious
process underlying the radiographic abnormalities seen.

The most common radiographic feature of septic physitis
identified in this dataset is a focal, irregularly marginated
radiolucency centred on an open physis, with extension into
both the metaphyseal and epiphyseal bone. This radiograph-
ic appearance is likely a result of focal lysis that develops due
to active infection; however, histopathological evaluation
would be necessary to confirm this conclusion. Bacterial
infection surrounding and within bone induces widespread
inflammation and recruitment of osteoclastic and collage-
nase activity, leading to local lysis.5–7,11,12 It has also been
reported that necrotic growth cartilage, secondary to infec-
tion, may not ossify correctly and could form areas of
retained cartilage that can protrude to the epiphysis and/
or metaphysis which can appear as radiolucent areas on
radiographs when compared with adjacent areas with nor-
mal ossification.18

Aseptic physitis is a non-infectious, inflammatory condi-
tion of the physes.11,12 Most often observed in foals, wean-
lings and yearlings, the condition is associated with high-

Fig. 2 Dorsopalmar projections of the left front middle phalanx of a 3-month-old Thoroughbred colt with radiographic improvement following
medical treatment of septic physitis in the proximal physis of the middle phalanx, left forelimb (arrow is pointing the abnormal lesion). (A) Day 0
(moderate lysis centred in the mid physis that extends into the metaphysis and epiphysis); (B) day 6 (improvement of the described lysis of the
physis); (C) day 21 (resolution of the described lysis in the physis).
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energy nutrition and rapid phase of bone growth.5,11 In
aseptic physitis, a more diffuse, irregular margination of
the physis is apparent without the development of focal
osteolysis.12 It is important to note not all septic physitis
cases present typical radiographic changes; two cases iden-
tified in our study lacked a focal lucency and more closely
resembled the appearance of aseptic physitis. For these two
cases noted, concurrent clinical symptoms of septic physitis
and positive bacterial culture were obtained to help classify
them as septic versus aseptic. One potential explanation for
the less classic radiographic appearance is that there were
cases of septic physitis that were caught earlier in disease
progression. It is well established that changes to bone
density on radiographs can be delayed before being radio-
graphically apparent.12 These two cases highlight an impor-
tant point that a lack of a characteristic appearance of septic
physitis on imaging, differentiation between septic versus
aseptic physitis may be difficult and misclassification could
occur.

Outcome following treatment of septic physitis beyond
individual case reports and case series is limited to one
retrospective report in which all foals received both medical
and surgical treatment.1 In this report, 15 of 17 treated foals
with long-term follow-up were successfully treated.1 This
prognosis is moderately improved compared with the long-
term outcome identified in our dataset. Potentially, pursing
surgical curettage of the physis more often could improve
case survival. This group of affected foals had a higher
prevalence of comorbidities (i.e. umbilical abscess, pneumo-
nia, diarrhoea) that likely resulted in a lower prognosis
despite aggressive treatment of the septic physis. It is also
unknown whether financial limitations influenced inability
to achieve clinical resolution of septic physitis in our study.
Overall, this study maintains consistency with the literature
that aggressive treatment of septic physitis can result in a fair
to favourable prognosis. A larger cohort of clinical cases is
urgently needed to draw firm conclusions regarding medical
treatment versus combined medical and surgical treatment
of septic physitis, and subsequent influence on prognosis for
survival and future athleticism.

To best characterize septic physitis in clinical cases, CT
should be considered. CT has been previously described as a
post-mortem diagnostic to better delineate the extent of
pathology seen on radiographs.10 The authors are currently
recommending CT, performed under sedated restraint, in
ongoing clinical cases to better evaluate and prognosticate
severity of septic physitis to clients at the onset of diagnosis.

Limitations of this study include the retrospective nature
of the investigation. The inability to obtain a positive culture
from the affected physis itself in selected cases limits the
absolute confirmation of septic physitis as being present. The
small sample size precludes statistical analysis. Ideally,
comparing size of radiolucency with outcome would be of
clinical interest to identify any underlying correlations.
Radiologists were not blinded to the clinical findings of the
patient prior to interpreting radiographic images.

In conclusion, a characteristic radiographic feature of
septic physitis is a radiolucency centred on the affected

physis that is focal and irregular in margination. The size
of the radiolucency is variable, presumably due to
differing degrees of osteolysis, bacterial pathogenicity,
chronicity of infection and differing physeal regions. In
this retrospective report, anatomical locations affected are
highly variable, with a slight predisposition toward the distal
tibial physis in this retrospective report. Careful attention to
common radiographic features of affected physes will facili-
tate equine veterinarians establishing a correct and timely
diagnosis.
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