
COMPUTED TOMOGRAPHY OF CANINE ELBOW JOINTS AFFECTED
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Flexor enthesopathy is an important differential diagnosis for elbow lameness in dogs. The disorder can be
a primary cause of elbow lameness or concomitant with other elbow pathology. Since treatment differs for
primary and concomitant forms of flexor enthesopathy, a noninvasive method for distinguishing between them
is needed. In the current prospective study, computed tomographic (CT) examination was performed before
and after IV injection of contrast in 17 dogs with primary flexor enthesopathy, 24 dogs with concomitant flexor
enthesopathy, 13 dogs with elbow dysplasia, and seven normal dogs. Dogs were assigned to groups based on
results of clinical examination and at least three other imaging modalities. Computed tomographic lesions
consistent with flexor enthesopathy were found in all clinically affected joints with primary flexor enthesopathy
and in 29 of the 30 clinically affected joints with concomitant flexor enthesopathy. Those lesions were not
found in sound elbows or joints affected by elbow dysplasia. Flexor lesions detected in dogs with primary flexor
enthesopathy were not significantly different from those detected in dogs with the concomitant form. Findings
indicated that CT can be applied to detect flexor enthesopathy, but a distinction between the primary and
concomitant forms was not always possible. Authors recommend the use of multiple diagnostic techniques for
treatment planning in affected dogs. C⃝ 2013 American College of Veterinary Radiology.
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Introduction

FLEXOR ENTHESOPATHY IS defined as an abnormality of
the flexor muscles and their attachment to the medial

humeral epicondyle.1–4 It has been recently described as a
differential diagnosis for elbow lameness in dogs.1–4 Syn-
onyms previously reported in the veterinary literature have
included “ununited medial epicondyle.”5–10 Flexor enthe-
sopathy can be considered primary when other underlying
pathology of the elbow joint is absent. Flexor enthesopa-
thy can be considered concomitant when it occurs in the
presence of other elbow pathology such as medial coro-
noid disease and incongruity.2, 3, 6, 9 The role of concomitant
flexor enthesopathy lesions for dogs with elbow lameness
remains unclear.4 A recent study described a prevalence
of 6% for primary flexor enthesopathy and 34% for con-
comitant flexor enthesopathy in a group of lame dogs.2 The
current standard treatments for dogs with elbow lameness
due to primary flexor enthesopathy include infiltration with
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0.5–2 mg/kg bodyweight methylprednisolonacetate (Mod-
erin 20 mg/ml, Pfizer A.H., Louvain la Neuve, Belgium)
or surgical transection of the flexor muscles.1, 3, 11 The cur-
rent standard treatment for dogs with elbow lameness due
to concomitant flexor enthesopathy is surgical removal of
the medial coronoid process fragment and/or cartilage flap
and no treatment of the flexor lesion.2 Effective treatment
planning therefore requires accurate diagnosis of flexor en-
thesopathy and distinction between the primary and con-
comitant forms. Since the clinical signs are often nonspe-
cific, imaging of the lesions is necessary.1–3

Radiography and ultrasonography are good initial
screening methods for detecting flexor enthesopathy in
dogs and characteristics have been previously described.4, 12

However, for some cases with confirmed flexor enthesopa-
thy, both radiography and ultrasonography were unable to
detect flexor lesions.4, 12 In addition, both techniques were
unable to distinguish primary flexor enthesopathy from the
concomitant form.4, 12

Computed tomography (CT) is a noninvasive imag-
ing technique that creates sectional images of anatomic
structures.13 It has a high diagnostic accuracy and sensi-
tivity for detection of bony lesions in elbow joints.14–17 Be-
cause CT produces sectional images of the elbow joint, it
eliminates the problems of superimposition associated with
conventional radiology.15 A recent clinical study concluded
that CT was a valuable technique in the diagnosis of flexor
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TABLE 1. Breed Distribution Within the Four Groups of Elbow Joints

Primary Concomitant
flexor flexor Elbow

Total enthesopathy enthesopathy dysplasia Normal
Breed dogs (Joints) (Joints) (Joints) (Joints)

Labrador
Retriever

12 4 10 8 1

Great Swiss
Mountain dog

5 7 1 0 1

Bernese
Mountain dog

3 0 4 1 0

Rottweiler 5 5 4 0 1
Golden Retriever 5 2 4 2 2
Mixed Breed 3 4 2 0 0
Swiss Shepherd

dog
1 0 1 0 0

Border Collie 1 2 0 0 0
French Bull dog 1 0 0 0 2
Newfoundlander 5 3 5 0 0
Saint Bernard dog 1 0 1 1 0
Dutch Partridge

dog
1 2 0 0 0

Bouvier 1 0 2 0 0
Bullmastiff 1 0 2 0 0
Shepherd dog 1 0 0 2 0
Appenzeller 1 0 0 2 0
English Cocker

Spaniel
1 0 0 2 0

Fox Hound 2 0 0 0 4
Total joints 50 29 36 18 11

enthesopathy in dogs.4 However, a detailed analysis of spe-
cific CT findings for primary versus concomitant forms of
flexor enthesopathy was not performed. The addition of IV
contrast with CT could also be a useful method for evaluat-
ing flexor enthesopathy lesions in dogs, since tendon injury
and repair often cause new vessel formation and increased
vascular permeability.18, 19 The main disadvantages of CT
are exposure to ionizing radiation and the need for general
anesthesia.20

The aims of the current study were to describe plain and
IV contrast-enhanced CT characteristics of the flexor mus-
cles and their attachment to the medial epicondyle in elbows
diagnosed with flexor enthesopathy, and determine whether
CT could be used to distinguish primary vs. concomitant
forms of flexor enthesopathy in dogs. It was hypothetized
that (1) CT would be a sensitive technique for detecting
flexor enthesopathy; and (2) CT characteristics would dif-
fer between the two forms of flexor enthesopathy.

Materials and Methods

Dogs

Fifty dogs (n = 50) were prospectively investigated
(Table 1). All of these dogs had also been used in previ-
ously published studies.12 All dogs underwent a complete
CT examination and received additional radiographic (n =
50), ultrasonographic (n = 48), scintigraphic (HiSPECT)

(n = 45), magnetic resonance imaging (MRI) (n = 49) and
arthroscopic (n = 50) examinations. The prospective study
was conducted in accordance with the guidelines of the An-
imal Care Committee of the Ghent University. The elbow
joints of the 50 dogs were divided in four groups based on
findings from at least three different imaging modalities.
For 11 dogs, both elbow joints were assigned to different
groups. Because of technical failures, six joints were ex-
cluded from the study.

Group 1 (primary flexor enthesopathy) consisted of 29
joints of 17 client-owned dogs with a mean age of 56.4
months (range 7–92 months). Eleven dogs were male, six
were female. Dogs were included in this group when at
least 3 of the 6 applied imaging modalities demonstrated
lesions compatible with flexor enthesopathy and no other
elbow lesions were detected.3, 4 Radiographic signs of flexor
enthesopathy were defined as an irregular outline of the
medial epicondyle, bone spur(s), and/or a calcified body.
Ultrasonographic signs were an abnormal fiber structure,
abnormal attachment, irregular outline of the medial epi-
condyle, presence of a calcified body, and/or outward bow-
ing of the flexor tendon. Scintigraphic signs were increased
tracer uptake in the area of the medial humeral epicondyle.
Magnetic resonance imaging signs were an irregular, scle-
rotic medial epicondyle, and thickened flexor muscles with
contrast uptake and/or a calcified body. Arthroscopic signs
were ruptured fibers at the insertion, thickened remnants,
fibrillation, local synovitis, and local cartilage erosion.3, 4

The absence of other elbow disorders such as medial coro-
noid process disease, osteochondritis dissecans, ununited
anconeal process, and elbow incongruity was based on find-
ings from both CT and arthroscopy. Seven elbow joints
from dogs with no signs of elbow pain or lameness and
with flexor enthesopathy lesions were considered subclini-
cally affected and also included in this group.

Group 2 (concomitant flexor enthesopathy) consisted of
36 elbow joints from 24 client-owned dogs with a mean age
of 50.4 months (range 7–104.4 months). Seventeen dogs
were male and seven dogs were female. Dogs were included
in this group when flexor lesions were demonstrated with at
least three diagnostic imaging modalities (using the same
criteria as those used for Group 1) and the additional pres-
ence of medial coronoid disease (n = 29), osteochondritis
dissecans (n = 3) and medial coronoid disease + osteo-
chondritis dissecans (n = 4) was detected using CT and
arthroscopy.3, 4 Eight of the joints included in this group
had been treated arthroscopically for medial coronoid dis-
ease several years (1–6 years) before. Six joints from dogs
with no signs of elbow pain or lameness were considered
subclinically affected and also included in this group.

Group 3 (elbow dysplasia) consisted of 18 elbow joints
from 13 client-owned dogs presenting with thoracic limb
lameness with a mean age of 34.8 months (range 10–126
months). Eight dogs were male and five were female. For
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all dogs included in this group, flexor enthesopathy was ex-
cluded based on the absence of flexor enthesopathy lesions
in at least three other imaging modalities and the presence
of medial coronoid process disease (n = 18) was confirmed
based on CT and arthroscopy.

Group 4 (sound joints) consisted of two laboratory-
owned and five client-owned dogs. The mean age was 64.8
months (range 19–126 months). This group consisted of five
male dogs and two female dogs. For this group, 11 elbow
joints were included in analysis based on absence of flexor
enthesopathy and elbow dysplasia lesions using radiogra-
phy, ultrasonography, scintigraphy, MRI, or arthroscopy.

CT Examination and Measurements

A four-slice helical CT device (GE Lightspeed QX/I;
General Electric Co., Milwaukee, MI) was used for all scans.
Prior to CT, dogs were sedated using acepromazine (0.01
mg/kg, IV) (Placivet R⃝; Codifar, Wommelgem, Belgium)
with medetomidine (28 µg/kg, IV) (Domitor, Pfizer Ani-
mal Health, Brussels) and then anesthetized with propo-
fol (6 mg/kg, IV). After intubation, anesthesia was main-
tained with isoflurane in oxygen. Dogs were positioned on
the scanning table in left lateral recumbency with both el-
bow joints parallel and extended cranially in order to scan
both elbow joints simultaneously.17 The head of the dogs
was pulled back to the lateral side to avoid artifacts.17 A
wedge was positioned between the elbow joints in order
to make them parallel to each other. A lateral scout view
was performed to confirm correct positioning. Acquisition
variables were 120 kV and 140 mA with a display field of
view of 21 cm. A matrix size of 512 × 512, beam pitch
of 0.75, slice pitch of 3 (HQ), and tube rotation time of
1 s were used. Transverse CT slices, in bone and soft tis-
sue algorithm, of 1.25-mm thickness with an overlap of
0.6 mm were obtained from the proximal part of the ulna to
3 cm distal to the radial head, parallel to the humeroradial
joint space. Immediately after this first scanning session,
2 ml/kg of 62.24 g iopromid (Ultravist 300; N.V. Sher-
ing S.A., Berlin, Germany) of contrast was injected intra-
venously by hand at a flow rate of 1 ml/s and contiguous
slices in soft tissue algorithm were repeated. No pressure
injector was used. The DICOM studies were retrieved and
analyzed on a computer workstation using image analy-
sis software (Merge Efilm, Merge eMed, Milwaukee, WI).
Images of all elbow joints were evaluated in bone and soft
tissue window with window width and level adjusted as
needed. Two-dimensional, sagittal, and dorsal planar im-
ages were made with an image reconstruction interval of
0.6 mm. Findings for each elbow were recorded based on
a consensus between a board-certified ECVDI diplomate
(HvB) and the clinical head of the CT/MRI unit with 20
years experience (IG). Both assessors were unaware of the
findings from other modalities and the final diagnosis at the

TABLE 2. Osteoarthritis Grading Scheme used for CT15

Osteoarthritis grade Definition

0 (absent) No osteophytes present
1 (mild) Osteophytes <2 mm present
2 (moderate) Osteophytes 2–5 mm present
3 (severe) Osteophytes >5 mm present

time of image interpretation. The following bony and soft
tissue parameters were recorded for each elbow: appearance
of the medial humeral epicondyle (irregular delineation,
sclerotic cortex, thickened cortex); presence/appearance of
a calcified body (length (<3 mm, 3–mm, >5 mm), width
(≤3 mm, >3 mm), close to medial epicondyle (<5 mm),
and remote from medial epicondyle (≥5 mm)); thickening
of the flexor muscles and contrast enhancement of the flexor
muscles. Irregular and thickened medial epicondyle cortex
characteristics were defined based on the periosteal margin
of the medial epicondyle at the level of the flexor enthe-
sis, while sclerosis was defined based on the subchondral
margin of the medial epicondyle at the level of the flexor
enthesis.

Thickening and contrast enhancement of the flexor mus-
cles were based on comparison to normal elbow joints.
Thickening of the flexor muscles was characterized by en-
largement of the muscle belly and loss of fat density sur-
rounding the flexor muscles. Contrast enhancement was
calculated by measuring the Hounsfield units (HU) within
a region of interest and comparing pre and postcontrast
CT studies. Enhancement was determined as the difference
in value between both density measurements. A difference
of 10 HU was considered as the lower limit to be regarded
as positive for increased enhancement.

In addition, the medial coronoid process was evaluated
and the presence of lesions recorded (fragment, fissure, scle-
rosis, osteophytosis, demineralized tip). The medial aspect
of the humeral condyle was inspected for the presence of os-
teochondritis dissecans lesions or an irregular delineation
(kissing lesions). The presence of osteoarthritis was deter-
mined using a previously described four-point ordinal grad-
ing scheme (Table 2).15

Statistical Analysis

Statistical analyses were selected and performed by a sta-
tistical consultant and the first author (EdB). A Fisher’s
exact test was used to compare the frequencies of the
different flexor enthesopathy parameters between dogs af-
fected by primary flexor enthesopathy and dogs affected
by concomitant flexor enthesopathy. A Mann–Whitney
test was used to compare the flexor enthesopathy features
between clinically and subclinically affected joints within
each flexor enthesopathy group (SPSS statistics; IBM:
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TABLE 3. Flexor lesions Seen in CT Scans of Clinically and Subclinically Affected Joints with Primary Flexor Enthesopathy and Concomitant Flexor
Enthesopathy

Primary flexor enthesopathy Concomitant flexor enthesopathy

Clinical Subclinical Clinical Subclinical
CT Flexor lesion (n = 22)∗ (n = 7)∗ (n = 30)∗ (n = 6)∗ P-value†

Medial Irregular 18 2 26 1 0.78
Epicondyle Sclerotic cortex 20 5 28 1 0.74

Thickened cortex 20 5 28 0 0.52

Flexor Thickened 21 6 27 2 0.17
muscle Contrast enhancement 22 5 27 2 0.17

Total 17 2 20 0 0.45

Calcified body Length
<3 mm 5 1 7 0 1.00
3–5 mm 5 0 8 0 0.76
>5 mm 7 1 5 0 0.22

Width
≤3 mm 11 1 15 0 1.00
>3 mm 6 1 5 0 0.35

Location
Close 5 0 12 0 0.17
Remote 12 2 8 0 0.04

∗n = number of joints.
†P-value = probability.

Armonk, NY). Significance for all tests was set at a value of
P < 0.05.

Results

Computed tomographic abnormalities of the medial
humeral epicondyle and the attaching flexor muscles were
found in all clinically affected joints with primary flexor en-
thesopathy and in 97% of the clinically affected joints with
concomitant flexor enthesopathy. Computed tomography
demonstrated flexor pathology in all subclinically affected
joints of the primary group and in 3 of the 6 subclinically
affected joints of the concomitant group. Abnormalities
of the flexor muscles and their attachment to the medial
humeral epicondyle were not found in sound elbow joints
or those affected by elbow dysplasia.

Appearance of the Medial Humeral Epicondyle

An irregular outline of the medial humeral epicondyle
was seen in 69% of the joints with primary and in 75%
of the joints affected by concomitant flexor enthesopathy
(P-value 0.78; Table 3; Figs. 1–3). Sclerosis of the medial
epicondyle was seen in 86% of the joints with primary and
81% of the joints affected by concomitant flexor enthesopa-
thy (P-value 0.74; Table 3; Figs. 1–3). A thickened cortex
was present in 86% of the joints with primary and 78% of the
joints with concomitant flexor enthesopathy (P-value 0.52;
Table 3; Figs. 1–3). A combination of all three abnormali-
ties of the medial epicondyle was seen in 69% of joints with
primary and 67% of joints with concomitant flexor enthe-
sopathy (Figs. 1–3). No statistically significant differences
were found in the appearance of the medial humeral epi-

condyle between clinically and subclinically affected joints
in both flexor enthesopathy groups (P-value primary 0.78,
P-value concomitant 0.63).

Thickening of the Flexor Muscles

Thickening of the flexor muscles was seen in 93% of the
joints with primary flexor enthesopathy and 81% of the
joints with concomitant flexor enthesopathy (P-value 0.17;
Table 3; Figs. 1 and 3). A statistically significant difference
in thickening was found between clinically and subclini-
cally affected joints in the concomitant flexor enthesopathy
group (P-value 0.04). No significant difference in thicken-
ing was found between clinically and subclinically affected
joints in the primary flexor enthesopathy group (P-value
0.64).

Presence of a Calcified Body

More than half of the joints of both flexor enthesopa-
thy groups showed a calcified body on CT: 65.5% of the
joints with primary and in 55.5% of the joints with con-
comitant flexor enthesopathy (P-value 0.45; Figs. 1–3). The
only group of joints where no calcification was found was
the subclinically affected joints of the concomitant flexor
enthesopathy group (Table 3). No differences were found
in length of the calcified body between flexor enthesopa-
thy groups. The width was mostly medium (1–3 mm) in
both groups. A significantly higher number of joints with
primary flexor enthesopathy had a calcified body located
remote to the medial humeral epicondyle (P-value 0.04;
Table 3). In a minority of joints of both flexor enthesopathy
groups multiple calcifications were noticed. A statistically
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FIG. 1. Computed tomography images of the left elbow joint from a 4.5-year-old female Rottweiler with primary flexor enthesopathy. (A–C) Lateromedial
extended (A), flexed (B) and 15◦ oblique craniolateral–caudomedial (C) radiographic images showing a clear spur (black arrow), mild osteoarthritis (small
white arrow), an irregularly outlined medial coronoid process (broad white arrow), and a mild, patchy sclerotic aspect (white arrowhead). On the transverse
CT images in bone algorithm (D–F), an irregularly delineated medial humeral epicondyle with a sclerotic and thickened cortex is visible (broad white arrow)
with a small calcified body located close to the medial humeral epicondyle within thickened flexor muscles (small white arrow). The medial coronoid process
shows hypo-attenuating new bone formation at the tip of the medial coronoid process representing an osteophyte (white arrowhead). Transverse CT images in
soft tissue algorithm before (G) and after (H) IV injection of contrast demonstrate thickening of the flexor muscles with heterogeneous contrast enhancement
(black arrows). The reconstructed image in dorsal plane after IV contrast (I) shows thickening of the flexor muscles (black arrow) and contrast enhancement
within the flexor muscles (white arrow).

significant difference in length, width, and location of a
calcified body was found between clinically and subclin-
ically affected joints of both flexor enthesopathy groups
(P-value 0.04).

Contrast Enhancement by Flexor Muscles

Ninety-three percent of the joints with primary flexor en-
thesopathy and 81% of the joints with concomitant flexor
enthesopathy showed increased contrast enhancement in
flexor soft tissues (P-value 0.17; Table 3). Increased en-
hancement was also a frequent finding in subclinically af-
fected joints from the primary group (Table 3). A signif-
icantly higher contrast enhancement was found in joints
with primary flexor enthesopathy (mean difference in con-
trast enhancement between pre and post contrast CT: 42
HU) compared to joints with concomitant flexor enthe-

sopathy (mean difference in contrast enhancement between
pre and post contrast CT: 23 HU) (P-value 0.0001). En-
hancement was visible within and around the flexor mus-
cles (Figs. 1–3). Thickening without contrast enhancement
was seen in one subclinically affected joint with primary
flexor enthesopathy and in one clinically and one subclin-
ically affected joint with concomitant flexor enthesopathy.
No statistically significant differences in contrast enhance-
ment were found between clinically and subclinically af-
fected joints in both flexor enthesopathy groups (P-value
primary 0.92, P-value concomitant 0.54).

Association between Flexor Abnormalities and Gradation
of Osteoarthritis

Calcified bodies were often seen in combination with
severe (grade 3) osteoarthritis in both flexor enthesopa-
thy groups (Table 4). Other abnormalities of the medial
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FIG. 2. Computed tomographic images of the right elbow joint from a 5.2-year-old male Dutch partridge dog with primary flexor enthesopathy. Radiographic
images (lateromedial extended (A), lateromedial flexed (B), and 15◦ oblique craniolateral–caudomedial (C) projections) show a spur (small white arrow) and
a medium and large calcified body close to the medial humeral epicondyle (small black arrows). The medial coronoid process is unclearly delineated (broad
black arrow) with a mild amount of subtrochlear sclerosis (black arrowhead) and moderate osteoarthritis (broad white arrow). The transverse CT image in
bone algorithm at the level of the humeral epicondyles (D) shows moderate osteoarthritis (small white arrows) and an irregular delineation of the caudal
aspect of the medial humeral epicondyle with a sclerotic and thickened cortex (broad black arrow). A large calcified body is visible close to the medial humeral
epicondyle (broad white arrow). The joint space between the humerus and ulna is widened, suggesting incongruency (small black arrow). The transverse CT
image in bone algorithm at the level of the medial coronoid process (E) demonstrates an osteophyte (black arrow). A large calcified body within the flexor
muscles is visible (white arrow). The transverse CT image in soft tissue algorithm after IV contrast at the level of the humeral epicondyles (F) shows contrast
enhancement within the flexor muscles and around the calcified body (black circle). On the three-dimensional reconstructed dorsal image (G), the large calcified
body is visible just below the medial humeral epicondyle (white arrow). The dorsal reconstruction after IV contrast (H) demonstrates contrast enhancement
within the flexor muscles and around the calcified body (black arrow; white arrow pointing at the calcified body).

humeral epicondyle and the flexor muscles were also present
in combination with lower grades of osteoarthritis (grade
0 and grade 1), which was more prominent and statistically
significant in the primary group (P-value 0.002; Table 4).

Presence of other Elbow Disorders

Abnormalities of the medial coronoid process were seen
in all joints with elbow dysplasia and in all but one of
the joints affected by concomitant flexor enthesopathy
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FIG. 3. Computed tomographic images of the left elbow joint from a 3.7-year-old male Bernese mountain dog with concomitant flexor enthesopathy. Row
A: Radiographic images (lateromedial extended, flexed and 15◦ oblique craniolateral-caudomedial projections) demonstrating a medium and large calcified
body near the medial humeral epicondyle (black arrows). The medial coronoid process is fragmented (broad white arrow), with severe osteoarthritis (small
white arrow) and subtrochlear sclerosis (white arrowhead). Row B–D: Transverse CT images in bone algorithm (left column), in soft tissue algorithm (middle
column) and in soft tissue algorithm after IV contrast (right column) at different levels of the elbow joint. Row B is at the level of the humeral epicondyles,
showing new bone formation (black arrow) and an irregular delineation with a thickened and sclerotic cortex (white arrow). A small calcified body is visible
at the level of the flexor muscles (black arrowhead). The soft tissue algorithm shows a hyperattenuating joint capsule (middle column, white arrows) and a
calcified body within the flexor muscles (middle column, black circle). There is contrast enhancement of the joint capsule (right column, black arrow), within
the flexor muscles and around the calcified body (right column, black circle). ME = medial humeral epicondyle, LE = lateral humeral epicondyle, U = ulna.
Row C is at the level of the distal humeral condyles with new bone formation (white arrow). A hyperattenuating joint capsule (middle column, white arrow)
and thickened, more hyperattenuating (presumably due to fibrosis or mini mineralizations) flexor muscles (middle column, black circle) are visible. Contrast
enhancement of the flexor muscles is visible (right column, black circle). MC = medial humeral condyle, LC = lateral humeral condyle, R = radius, U = ulna.
Row D is at the level of the medial coronoid process showing a large, displaced fragment (left column, black arrow) and osteophytes (left column, white arrow).
A thickened, hyperattenuating appearance of the flexor muscles is visible (middle column, black circle) with contrast enhancement (right column, black circle).

(Table 5; Fig. 3). In 55% of the joints with primary flexor
enthesopathy, osteophytes on the medial coronoid pro-
cess were found (Figs. 1 and 2). Osteochondritis dissecans
without medial coronoid process disease was seen in three
joints affected by concomitant flexor enthesopathy (22%).
Kissing lesions affecting the medial humeral condyle were
found in 11% of the joints affected by elbow dysplasia,
28% of joints with concomitant flexor enthesopathy, and
6% of joints with primary flexor enthesopathy (Table 5;
Fig. 4).

Discussion

In the present study, CT demonstrated flexor pathology
in all clinically affected joints with primary flexor enthe-
sopathy and in 97% of the clinically affected joints with
concomitant flexor pathology. This suggests that CT can
be considered a sensitive technique for detecting flexor
enthesopathy in dogs. In humans with a similar condi-
tion (medial epicondylitis or Golfer’s elbow), the diagnostic
work-up mostly includes radiography, ultrasonography and
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TABLE 4. Correlation Between Osteoarthritis Grade and CT Flexor Lesions for Joints Affected by Primary Flexor Enthesopathy and Joints affected by
Concomitant Flexor Enthesopathy

Irregular, thickened, sclerotic epicondyle Thickened flexor muscles with contrast Calcified body

PFE (n = 25)§ CFE (n = 28)§ PFE (n = 27)§ CFE (n = 29)§ PFE (n = 19)§ CFE (n = 20)§

Grade 0 2 1 5 1 0 0
Grade 1 13 8 12 8 3 2
Grade 2 5 9 5 9 5 5
Grade 3 5 10 5 11 11 13

Gradation of osteoarthritis is based on a four-point ordinal grading scheme.15

§ PFE = primary flexor enthesopathy, CFE = concomitant flexor enthesopathy, n = number of elbow joints with each CT flexor lesion.

TABLE 5. Distribution of Osteoarthritis Grade, Appearance of the Medial
Coronoid Process, Osteochondritis Dissecans and Longitudinal Sclerotic
Stripes of the Medial Part of the Humeral Condyle for Elbows Affected

by Primary Flexor Enthesopathy, Elbows Affected by Concomitant
Flexor Enthesopathy, and Elbows Affected by Elbow Dysplasia

PFE CFE ED
Pathology (n = 29)§ (n = 36)§ (n = 18)§

Osteoarthritis Grade 0 6 1 13
Grade 1 13 13 3
Grade 2 5 10 2
Grade 3 5 12 0

MCP Fragment 0 24 11
Fissure 0 2 4
Sclerosis 0 0 1
Osteophytes 16 20 3
Demineralised tip 0 3 0

OCD 0 3 0
MCD + OCD 0 5 0
Sclerotic stripes MHC 2 10 2

Gradation of osteoarthritis was based on a four-point ordinal grading
scheme.15

§PFE = primary flexor enthesopathy, CFE = concomitant flexor enthe-
sopathy, ED = elbow dysplasia, MCP = medial coronoid process, OCD =
osteochondritis dissecans, MHC = medial part of the humeral condyle, n
= number of elbow joints.

MRI.21, 22 In dogs, recent studies on the diagnosis of flexor
enthesopathy demonstrated an inability of both radiogra-
phy and ultrasonography to detect and distinguish the two
forms of flexor enthesopathy.4, 12

The mean age of the dogs with primary flexor enthesopa-
thy in the current study was 4.7 years, which is compara-
ble to previous reports on medial epicondylar lesions.3, 6, 9

Concomitant flexor enthesopathy was seen in dogs with
a mean age of 4.2 years. Since many joints were chroni-
cally affected or had been treated arthroscopically several
years before, the mean age was higher than would be ex-
pected for medial coronoid disease which was the main
concomitant disorder.23 The mean age of dogs affected by
elbow dysplasia was 2.9 years, which is consistent with liter-
ature on elbow dysplasia describing both young and older
dogs.24–27 The higher mean age of dogs with normal elbow
joints compared to both flexor enthesopathy groups in the
current study is considered irrelevant since no pathology
was present. In both flexor enthesopathy groups, male dogs
were more frequently affected than female dogs. This find-

FIG. 4. Transverse CT image in bone algorithm at the level of the joint
space demonstrating a sclerotic stripe or kissing lesion of the medial part of
the humeral condyle (black arrow). Osteoarthritic changes are visible (white
arrows) at the level of the ulna and the radial head. There is a fragmented
coronoid process; the large fragment is displaced cranially (gray arrow). R:
radius; U: ulna.

ing suggests a gender predilection, which is consistent with
literature.6, 9, 23 Primary and concomitant flexor enthesopa-
thy were mainly seen in medium- and large-breed dogs. The
Great Swiss Mountain dog was the most represented breed
in the primary flexor enthesopathy group (24%), followed
by Rottweiler (17%) and Labrador Retriever (14%). This
higher prevalence in the Great Swiss Mountain Dog was
remarkable, since it is considered a less common breed.
Both normal and elbow dysplasia groups were mostly rep-
resented by medium- and large-breed dogs. However, some
small-breed dogs (French Bulldog, Appenzeller and En-
glish Cocker Spaniel) were included in both control groups,
which is justified since medial coronoid disease has also
been described in small-breed dogs.26

In eight joints of the concomitant group (which had pre-
viously been treated for medial coronoid disease and/or
osteochondritis dissecans) no signs of flexor enthesopathy
were found at the time of initial treatment. Apparently,
some joints affected by medial coronoid disease and/or
osteochondritis dissecans may develop concomitant flexor
enthesopathy after arthroscopic treatment.4 Trauma caused
by arthroscopic intervention or increased inflammation in-
duced by the lesions or the arthroscopic treatment may
have caused the development of enthesopathy and local
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myopathy. However, in the authors’ experience, this is not
routinely observed. An ongoing study on the long-term
clinical and radiographic follow-up with special attention
to this condition should clarify this evolution. In cases of re-
current lameness after initial treatment of medial coronoid
disease it is unclear whether the relapse can be explained by
the medial coronoid process problem or by the development
of flexor enthesopathy.4

Bony changes at the flexor attachment to the medial epi-
condyle were easily diagnosed with CT. Frequent signs seen
in both flexor enthesopathy groups were sclerosis and a
thickened cortex of the medial humeral epicondyle. An ir-
regular outline of the medial epicondyle was less frequently
seen. No significant differences in bony changes were found
between the two flexor enthesopathy groups. These changes
at the medial epicondyle can be explained as a skeletal re-
sponse to high tensile forces within a tendon, as is described
in medial epicondylitis in man.28 However, an irregular out-
line of the medial epicondyle has also been described as a
sign of osteoarthritis and considered to be an expected
finding in any joint affected by an elbow disorder, simi-
lar to the radiographic epicondylar changes.1–3, 12 Indeed
most elbows of both flexor enthesopathy groups in our
study with an irregular outline of the medial epicondyle
showed a moderate-to-severe grade of osteoarthritis. An ir-
regular outline was absent in joints with elbow dysplasia,
and most of these joints had no osteoarthritis. However,
some joints of the primary and concomitant group showed
an irregular outline without other bony changes suggestive
for osteoarthritis. Therefore, this CT sign should not be ex-
clusively considered as an early sign of osteoarthritis, but
also regarded as a specific sign of flexor enthesopathy.

Both thickening of the flexor muscles and contrast en-
hancement were found in 93% of the joints with primary
and 81% of the joints with concomitant flexor enthesopa-
thy. The higher contrast enhancement in the primary flexor
enthesopathy group may indicate that pathology was con-
centrated in that area. However, since contrast enhance-
ment was also seen in both flexor groups it cannot be used
as a distinctive parameter. Thickening of the flexor muscles
can be explained by the presence of fibrous or granulation
tissue between or within the flexor muscles, formed as a
reparative response to microtrauma exerted on the flexor
muscles.29 An increase in contrast concentration within the
flexor muscles can be explained by an increase of blood flow
and vascular permeability of the tendon tissue, which is in
turn part of the tendon injury and repair mechanism.19 A
similar increase in contrast concentration was described in
inflammatory and neoplastic tissue caused by an increase
in perfusion and vascular permeability.18 Since the addi-
tional costs for contrast-enhanced CT are quite low and it
only requires a few additional slices, we recommend this
additional examination for the diagnostic work-up of any
elbow suspected for lesions other than elbow dysplasia.

A calcified body was found in the majority of joints for
both flexor enthesopathy groups, which is consistent with
literature describing a calcified body as the most frequent
sign of flexor enthesopathy.1, 3, 5, 6, 9, 10, 30, 31 The presence of a
calcified body can be considered part of the tendon degen-
eration process in tendinopathies.11 In man, several stages
of medial epicondylitis have been described. In the early
stages, inflammatory or synovitic characteristics may be
visible. In later stages, results of microtearing can be seen,
characterized by tendon degeneration and often accompa-
nied by the presence of calcified bodies.11 Although the
length of the calcified bodies in our study was mostly larger
in the primary form this was not a significant difference.
Also the width of the calcified body was not different be-
tween both groups. The only significant difference was the
localization of the calcified body. In a significantly higher
number of joints affected by primary flexor enthesopathy,
the calcification was located further away from the medial
humeral epicondyle than in concomitant flexor enthesopa-
thy joints. However, this finding alone was insufficient to
make a distinction between both forms of flexor enthesopa-
thy. In nearly all cases of flexor enthesopathy a calcification
was seen in combination with grade 2 or 3 osteoarthritis.
Similar to medial epicondylitis in man, the presence of a cal-
cified body presumably represents a later stage of the disor-
der, involving degenerative changes of the elbow joint.11 In
contrast, abnormalities of the medial humeral epicondyle
and the flexor muscles were correlated with lower grades
of osteoarthritis, especially in joints with primary flexor
enthesopathy.

All seven subclinically affected joints of the primary
flexor enthesopathy group and 3 of 6 subclinically af-
fected joints of the concomitant flexor enthesopathy group
demonstrated clear CT signs of flexor enthesopathy. Al-
though there were some statistically significant differences
in specific details, these features were not conclusive be-
cause they were also seen in the other groups at a lower
frequency. The high number of subclinically affected joints
detected with CT is consistent with a previous study of 200
elbows, which described medial epicondylar changes as co-
incidental findings.1 However, three subclinically affected
joints with concomitant flexor enthesopathy were not de-
tected on CT or radiography. These joints were diagnosed
with concomitant flexor enthesopathy based on additional
ultrasonographic, scintigraphic, MRI, and arthroscopic ex-
amination. The absence of flexor pathology on both radiog-
raphy and CT can be explained by the fact that, in the early
stage, only the soft tissues are affected. The detection of
pathology found with other diagnostic techniques does not
necessarily have a clinical meaning, since this was mainly
seen in subclinically affected joints.

Computed tomographic and arthroscopic findings were
used as reference standards to confirm or exclude elbow
dysplasia in this prospective study.15 In 55% of the joints
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diagnosed with primary flexor enthesopathy, CT revealed
osteophytes at the medial coronoid process. Based on
the CT findings these joints could have been diagnosed
with concomitant flexor enthesopathy, because of suspected
medial coronoid lesions. However, arthroscopic examina-
tion of these joints excluded an abnormal appearance of
the medial coronoid process. In all but one joint of the con-
comitant group, CT confirmed an abnormal appearance of
the medial coronoid process. In this one joint, CT showed a
normal medial coronoid process while arthroscopy demon-
strated chondromalacia. This can be explained by the pres-
ence of cartilaginous lesions that are not detectable by
CT.15 With CT, all cases of osteochondritis dissecans in
the concomitant group were correctly diagnosed. Longi-
tudinal sclerotic stripes of the medial part of the humeral
condyle (kissing lesions) were a frequent finding in joints of
the concomitant group with severe degrees of osteoarthri-
tis. The presence of those sclerotic stripes reflects the sever-
ity of lesions in chronically affected joints with concomi-
tant flexor enthesopathy. However, CT also demonstrated
sclerotic stripes of the medial part of the humeral condyle
in two joints diagnosed with primary flexor enthesopathy.
These joints showed severe degenerative changes and the
sclerotic stripes of the medial part of the humeral condyle

were considered part of the degenerative process. Since the
enthesis (the attachment site of the flexor muscles at the me-
dial humeral epicondyle) is often damaged in joints affected
by flexor enthesopathy, the underlying synovial membrane
may be consequently disrupted, involving the entire joint
and resulting in degenerative changes.4

In conclusion, results of the current study supported our
first hypothesis that CT can be considered a sensitive tech-
nique for the detection of flexor enthesopathy in clinically
affected canine elbow joints. However, study results rejected
our second hypothesis in that only minor significant differ-
ences in CT signs of flexor enthesopathy were identified
and these were insufficient to make the difference between
the primary and the concomitant form. Furthermore, dis-
crete lesions of the medial coronoid process may be difficult
to diagnose with CT, which makes an indirect distinction
between the primary and concomitant form not always pos-
sible solely based on CT findings. This illustrates the need
for multiple diagnostic modalities to differentiate between
primary and concomitant forms of flexor enthesopathy.
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