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OBJECTIVE

To compare osteoarthritis scores assigned through radiographic evaluation of 18 anatomic regions in the elbow joint
with scores assigned through evaluation of 3-D maximum intensity projection (MIP), 3-D surface rendering (TSR),
and multiplanar reconstructed (MPR) CT images, and to evaluate intraobserver and interobserver agreement of
radiographic and CT scoring.

SAMPLE
Radiographic and CT images of 39 elbow joints in 20 dogs.

PROCEDURES

Images were anonymized and graded independently by 5 observers. One observer graded 12 elbow joints 3 times.
Intraobserver consistency and repeatability, interobserver agreement, consistency among methods, and bias
between methods were calculated.

RESULTS

The most severe changes were observed at the proximal aspect of the anconeal process, and the medial and cranial
aspects of the medial coronoid process. Intraobserver consistency was moderate or better for 11/16 regions with
MIP images, 11/16 regions with TSR images, 17/18 regions with MPR images, and 14/18 regions with radiographic
images. Interobserver agreement was moderate or better for 5/16 regions with MIP images, 9/16 regions with TSR
images, 12/18 regions with MPR images, and 6/18 regions with radiographic images. Mean scores from CT-based
methods were higher than mean radiographic scores.

CLINICAL RELEVANCE

Assessments of osteoarthritis severity in the elbow joints of dogs obtained by examining radiographic images were
generally consistent with assessments obtained by examining CT scans. MPR scores were more consistent and more
comparable to radiographic scores than were MIP or TSR scores.

steoarthritis (OA) of the elbow joint is com-

mon in dogs and most often results from elbow
dysplasia. Detecting OA in the elbow joint is impor-
tant, because the presence and severity of OA are
the basis for breeding recommendations and are
prognostic factors for cartilage damage, future limb
function, and future quality of life.1-> Also, assessing
the severity of elbow OA over time facilitates evalua-
tion of treatments aimed at slowing the progression
of OA.57 Elbow OA in dogs has traditionally been
assessed by means of radiography, with several avail-
able grading schemes, including the International
Elbow Working Group (IEWG) grading scheme,
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based on the size of the largest osteophyte.18-12 CT
is now commonly used for assessing elbow OA,10.13.14
but comparisons of elbow OA severity determined
by means of radiography versus CT are limited.12.15.16

No scheme to grade elbow OA on the basis of
CT images has been reported. Because several types
of reconstructed CT images can be used to evalu-
ate OA severity, including 3-D maximum intensity
projection (MIP), 3-D surface rendering (TSR), and
multiplanar reconstructed (MPR) images,>-19 there
are several options for schemes to grade elbow OA.
However, comparisons of OA severity from MIP, TSR,
and MPR images are lacking. A comparison of elbow
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OA grading from radiographs and from various
reconstructed CT images is warranted. The evalu-
ation should compare radiographs and CT images
acquired contemporaneously, so that OA is identical
on radiographs and CT images.

The aims of our study were to score OA severity
at landmarks around the elbow joint on radiographic
and CT images of dogs, to evaluate intraobserver
and interobserver agreement in radiographic and CT
scoring of elbow OA, and to compare scores from
radiographs and 3 types of reconstructed CT images
(MIP, TSR, and MPR) with each other and with
grades assigned with the IEWG grading scheme. We
hypothesized that scoring of elbow OA with radio-
graphic and CT images would be repeatable within
and among observers. We also hypothesized that
IEWG scores and scores from MIP, TSR, and MPR
images would be higher than scores from radio-
graphic images.

Materials and Methods

Patient selection

The study involved a retrospective review of
radiographic and CT images of dog elbow joints
that had been acquired contemporaneously. Data
collection was covered by institutional animal care
and use protocols of the University of California-
Davis Veterinary Medical Teaching Hospital and the
Michigan State University Veterinary Medical Center.
Owners of dogs included in the study had signed an
informed consent form authorizing the analysis of
anonymized patient data. A convenience sample was
selected randomly from the hospital populations
that included elbow joints with OA ranging from mild
to severe. The study objective was to include a sam-
ple with > 10 elbow joints with mild OA, > 10 elbow
joints with moderate OA, and > 10 elbow joints with
severe OA, as determined on the basis of IEWG
radiographic scores. Dogs were selected through
electronic searches of medical records of patients
presented to the University of California-Davis and
Michigan State University between June 1, 2010 and
December 31, 2018 that underwent contemporane-
ous radiography and CT of the elbow joints (defined
as undergoing radiography and CT within 15 days of
each other without surgery between imaging stud-
ies). Dogs were eligible for inclusionif a CT scan of the
elbow joint with slice thickness < 0.7 mm and medio-
lateral and craniocaudal radiographic projections in
DICOM image format with a magnification marker
were available and no fracture or neoplasia was
present. Patients were identified in hospital informa-
tion systems by conducting independent searches
for radiographs and CT scans with the search terms
elbow osteoarthritis, fragmented medial coronoid,
ununited anconeal process, subchondral sclerosis,
and elbow dysplasia, and then cross-referencing
results to identify patients with contemporaneous
imaging studies. Similar numbers of joints with mild,
moderate, or severe OA were included.

Eligible radiographs were screened by 2 of the
authors (MPS and BF) with an open-source DICOM
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image viewer (Horos, version 3.3.6; The Horos Proj-
ect) who assigned a score to each joint with the
IEWG grading system. Potential scores ranged from
0 to 3 points as follows: 0 point, normal (no evidence
of osteophytes or sclerosis in the joint); 1 point, mild
(osteophytes < 2 mm anywhere in the joint or scle-
rosis of the ulnar trochlear notch); 2 points, moder-
ate (osteophytes > 2 but < 5 mm anywhere in the
joint); and 3 points severe (osteophytes > 5 mm any-
where in the joint).1520 One of the screeners was a
board-certified veterinary surgeon with 11 years of
postresidency experience; the other was a veteri-
nary student. The IEWG scores from the 2 screening
observers were used solely for the purpose of iden-
tifying imaging studies to include in the study and
were not used for other analyses.

Image preparation, anonymization,
randomization, and evaluation

All imaging studies selected for inclusion were
anonymized. For each elbow joint, 3-D MIP studies
were created with the DICOM viewer with a win-
dow width of 2,600 HU and window level of 600 HU.
Forty views of an MIP rendering of the elbow joint
with 360° rotation about the long axis of the radius
were exported as a video file with a resolution of
1,024 X 1,024 pixels. TSR studies were also created
with the DICOM viewer with a low threshold value
of 500 HU (bone) without transparency. Forty views
of TSR of the elbow joint with 360° rotation about
the long axis of the radius were exported as a video
file with a resolution of 1,024 X 1,024 pixels. All
video files were viewed with video viewing software
(QuickTime Player, version 10.5; Apple Corp). MPR
studies were created with the radiographic software
from unmodified DICOM images, and a reconstruc-
tion created with the MPR tool of the visualization
software was provided. Observers were instructed
to start the evaluation with the sagittal and frontal
planes intersecting along the long axis of the ante-
brachium. Each observer was free to adjust the ori-
entation of the planes. Radiographic views included
a craniocaudal and flexed mediolateral view of the
elbow joint. Order was randomized within each
image type by means of randomizing software
(randomizer.org).

Five board-certified clinicians (4 American
College of Veterinary Surgeons [ACVS] diplomates
and 1 American College of Veterinary Radiology
diplomate) who had not participated in the patient
selection process reviewed the images indepen-
dently in the following order: MIP, TSR, MPR, and
radiographic images. These individuals had 6, 9, 14,
28, and 31 years of postresidency experience. A day
or more was allowed to elapse between scoring for
each imaging modality. Each observer was blinded
to results from the other observers. One observer
(an ACVS diplomate with 28 years of experience)
performed repeated evaluations of 12 elbow joints
selected randomly from the sample 2 additional
times. The repeated evaluations followed the same
evaluation order, with > 2 weeks between repeated
evaluations.
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Figure 1—Illustrations of a medial or lateral view (A) and a cranial or caudal view (B) of the elbow joint in dogs showing
18 regions of interest when assessing severity of osteoarthritis. The regions were as follows: 1, the cranial aspect of
the humeral condyle; 2, the lateral aspect of the humeral condyle; 3, the medial aspect of the humeral condyle; 4, the
cranial aspect of the radial head; 5, the cranial aspect of the medial coronoid process; 6, the ulnar notch; 7, the humer-
oulnar articulation; 8, the proximal aspect of the anconeal process on the lateral or medial view; 9, the medial humeral
epicondyle; 10, the medial aspect of the humeral condyle; 11, the distal aspect of the humeral condyle; 12, the lateral
aspect of the humeral condyle; 13, the lateral epicondyle; 14, the medial aspect of the medial coronoid process; 15, the
proximal aspect of the radial head; 16, the lateral aspect of the radial head; 17, the medial aspect of the joint capsule
on the cranial or caudal view; and 18, the lateral aspect of the joint capsule on the cranial or caudal view.

Observers calibrated radiographs with a
100-mm-long magnification marker before read-
ing. Observers were free to manipulate images as
deemed necessary for optimal evaluation. Manipula-
tions included stopping video animations and rotat-
ing and magnifying images. Each of 18 anatomic
regions (Figure 1) was assigned a score of 0 point,
normal; 1 point, mildly abnormal (changes < 2 mm);
2 points, moderately abnormal (changes > 2 mm but
<5 mm); or 3 points, severely abnormal (changes >
5mm).23 The largest osteophyte observed in the joint
was then used to assign an IEWG score, as described
elsewhere, 1520

Statistical analysis

Studies of the left and right elbow joints of a dog
were considered independent observations. Normal-
ity of distributions was evaluated with the Shapiro-
Wilk test; standard statistical software (SAS, version
9.4; SAS Institute) was used. Intraobserver consis-
tency was determined by calculating the intraclass
correlation coefficient (ICCs) for triplicate measure-
ments of each region and each scoring method and
comparing them by means of ANOVA (Proc GLM,
SAS Institute).?! Intraobserver repeatability within a
limb for each scoring method was calculated as the
SD (ie, square root of the mean square error).22.23
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Interobserver agreement was determined by calcu-
lating the ICC of measurements of each anatomic
region and each imaging method.?! Consistency
among scoring methods (radiographic, MIP, TSR, and
MPR images) was determined by calculating the ICC
for each anatomic region and observer.20 MIP, TSR,
MPR, and IEWG scores were compared with radio-
graphic scores by calculating the mean score for
all regions for each joint and then comparing mean
scores to determine agreement between observers
and consistency among scoring methods by calcu-
lating ICCs.21 Mean radiographic, MIP, TSR, and MPR
scores were compared pairwise with an ANOVA for
ranked data. Spearman correlation coefficients were
computed and compared statistically with the Fisher
z transformation hypothesis test.?4 Bias and 95% lim-
its of agreement between radiographic, MIP, TSR,
and MPR scores were determined with Bland-Altman
plots.2° Differences between Bland-Altman plots and
differences between the slopes of the regression
lines were compared by means of ANCOVA. ICC val-
ues < 0.5 were considered to represent poor repeat-
ability or consistency, values > 0.5 and < 0.75 were
considered to represent moderate repeatability or
consistency, values > 0.75 and < 0.9 were considered
to represent good repeatability or consistency, and
values > 0.90 were considered to represent excellent
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repeatability or consistency.26 Severity maps of
elbow joints with mild and severe OA were prepared.
For all analyses, values of P < .05 were considered
significant.

Results

Population

Twenty patients were included in the study:
12 neutered males, 4 sexually intact males, and
4 spayed females. Mean age (# SD) was 23 + 17 months,
and mean weight was 31 + 13 kg. Images were avail-
able for both elbow joints for 19 dogs and for 1 elbow
joint for 1 dog, for a total of 39 sets of images. The
study included collection of 15,987 measurements.
Interobserver calculations included 14,235 measure-
ments (39 dogs, 18 regions, 4 scoring methods, and
5 observers in addition to 195 IEWG measurements),
and intraobserver calculations included 1,752 addi-
tional measurements (12 dogs, 18 regions, 4 scoring
methods, and 2 sets of measurements in addition to
24 IEWG measurements).

OA scores

Mean scores (+ SD) for each anatomic region
were calculated (Table 1), and P values for com-
parisons between methods were summarized
(Supplementary Table S1). The anatomic regions
with the highest radiographic OA scores were the
proximal aspect of the anconeal process and the

medial and cranial aspects of the medial coronoid
process (Figure 2). Means scores for all regions
scored with all methods by all 5 observers ranged
from 0.55 to 1.16.

Consistency and repeatability
of OA score

Intraobserver consistency was moderate or
better for 14 of the 18 regions when reading radio-
graphs (median consistency, 0.75; median repeat-
ability, 0.34), 11/16 regions when reading MIP
images (median consistency, 0.62; median repeat-
ability, 0.44), 11/16 regions when reading TSR
images (median consistency, 0.71; median repeat-
ability, 0.42), and 17/18 regions when reading MPR
images (median consistency, 0.71; median repeat-
ability, 0.44; Supplementary Table S2). Interob-
server agreement was moderate or better for 6 of the
18 regions when reading radiographs, 5/16 regions
when reading MIP images, 9/16 regions when read-
ing TSR images, and 12/18 regions when reading
MPR images (Supplementary Table S3). Consis-
tency was moderate or better for 2 of the 18 regions
for observer 1, 8/18 regions for observer 2, 11/18
regions for observers 3 and 4, and 13/18 regions for
observer 5 (Supplementary Table S4). Observers 1
and 2 had 6 and 9 years of postresidency experience,
respectively. Observers 3, 4, and 5 had 28, 31, and
14 years of experience, respectively.

Interobserver agreement (ICC [2,1]) for mean
scores was 0.567 for MIP images, 0.679 for TSR

Table 1—Mean * SD osteoarthritis (OA) severity scores assigned by 5 observers to 18 anatomic regions of the

elbow joint for 39 dogs with elbow OA.

Anatomic region Radiographs MIP images TSR images MPR images
Flexed mediolateral view
Humeral condyle, cranial aspect 0.54+0.71a 1.02+0.94Db 0.96+1.04Db 0.73+0.88 ¢
Humeral condyle, lateral aspect 0.57+0.81a 0.88+0.97b 0.92+1.00b 0.72+1.01a
Humeral condyle, medial aspect 0.61+0.87 a 0.77 £ 0.96 bc 0.64 +0.87 ac 0.82+0.88b
Radial head, cranial aspect 0.83+0.97 a 0.79+0.97 a 0.96+1.00b 0.80+£0.99 a
Medial coronoid process, cranial aspect 0.89+0.84a 0.95+0.95a 1.30+1.17b 1.26+1.19b
Trochlear notch of the ulna 0.85+0.81a 0.87+0.88a 1.36+1.01b 0.76 £+ 0.89 a
Humeroulnar articulation 0.54 +0.79 ab 0.76 £ 0.94 ¢ 0.42+0.74a 0.61+0.84b
Ulnar anconeal process, proximal aspect 0.91+£1.03ab 0.98+1.01la 0.93+1.05ab 0.87+1.10b
Craniocaudal view
Medial humeral epicondyle 0.76 £ 0.95 0.84+0.92 0.80 £ 1.00 0.70 £ 0.88
Humeral condyle, medial aspect 0.71+0.90 a 0.85+0.90b 0.73+0.95a 0.78 £0.94 ab
Humeral condyle, distal aspect 0.29+0.55a 0.47+0.79b 0.57+0.80b 0.48+0.71b
Humeral condyle, lateral aspect 0.43+0.71a 0.74+1.05b 0.45+0.78 a 0.53+0.75a
Lateral humeral epicondyle 0.21+0.49a 0.51+1.04b 0.36 £ 0.72 bc 0.27 £ 0.57 ac
Medial coronoid process, medial aspect 0.85+0.87a 1.10+£1.02b 1.38+1.10c 1.10+£1.12b
Radial head, proximal aspect 0.22+0.48 a 0.50+0.83b 0.75+0.95¢c 0.41+0.72b
Radial head, lateral aspect 0.19+0.43a 0.56+£0.83b 0.83+0.97c 0.65+0.96 b
Joint capsule, medial aspect 0.41+0.75a 0.03+0.16 b 0.00+£0.00b 0.40+0.79a
Joint capsule, lateral aspect 0.11+0.36 a 0.00 £0.00 a 0.00 £ 0.00 a 0.23+0.56 b
All regions 0.55+0.51a 0.79+0.75b 0.81+0.71b 0.68+0.70 a

MIP = Maximum intensity projection; MPR = Multiplanar reconstructed; TSR = 3-D surface rendering.

Observers evaluated radiographic images and 3-D MIP, TSR, and MPR CT images and assigned a score for each region from 0
to 3, as follows: 0 point, normal (no evidence of osteophytes or sclerosis in the joint); 1 point, mild (osteophytes <2 mm anywhere
in the joint or sclerosis of the ulnar trochlear notch); 2 points, moderate (osteophytes > 2 but <5 mm anywhere in the joint); and
3 points, severe (osteophytes > 5 mm anywhere in the joint).

Within a row, mean scores with different letters are significantly (P < .05) different.
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Figure 3—Scatterplot of mean CT scores versus mean
radiographic scores of osteoarthritis severity in 39 ca-
nine elbow joints. Scores were assigned by 5 observers
and represent mean scores for the 18 anatomic regions
shown in Figure 1. Each observer assigned scores rang-
ing from 0 to 3 points by reading radiographic images
and 3-D maximum intensity projection (triangles), 3-D
surface rendering (squares), and multiplanar recon-
structed (circles) CT images. Scores assigned by ob-
servers 1to 5 are shown in 5 increasingly darker shades
of gray.
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Figure 2—Severity maps showing mean
osteoarthritis (OA) severity for the
18 regions illustrated in Figure 1 in
elbow joints that received a mean Inter-
national Elbow Working Group score of

1 point (mild OA; A) or 3 points (severe
2 OA; B). In elbow joints with mild OA,

Lateral

changes were most visible at the medial
and cranial aspects of the medial coro-
noid process, the ulnar notch, the proxi-
mal aspect of the anconeal process, and
medial aspect of the humeral condyle.
In elbows with severe OA, changes were
most visible at the cranial aspect of the
radial head, medial aspect of the con-
dyle, and ulnar notch.

Lateral

images, 0.814 for MPR images, 0.739 for radio-
graphic images, and 0.554 for IEWG scores. Con-
sistency among methods (ICC [3,1]) was 0.816 for
observer 1, 0.706 for observer 2, 0.749 for observers
3and 4, and 0.715 for observer 5 (Figure 3).

Comparisons of scoring methods

MIP scores were significantly different from
radiographic scores for 12/18 regions, TSR scores
were significantly different from radiographic scores
for 11/18 regions, and MPR scores were significantly
different from radiographic scores for 8/18 regions.
Median differences between radiographic and CT
scores were 0.20 for MIP scores, 0.22 for TSR scores,
and 0.11 for MPR scores.

Spearman correlation coefficients relative to
radiographic scores for all observers combined were
0.653 for MIP images, 0.716 for TSR images, 0.742
for MPR images, and 0.881 for IEWG scores (P < .001
for all comparisons). Mean scores for all methods
differed significantly; bias relative to radiographic
scores, as determined from Bland-Altman plots,
was +0.23 for MIP images (P < .001), +0.26 for TSR
images (P < .001), +0.12 for MPR images (P = .042),
and +0.95 for IEWG scores (P < .001; Figure 4).
Bias was significantly greater for IEWG scores than
for MIP, TSR, and MPR scores (P < .001 for all com-
parisons), and was significantly greater for TSR
than MPR scores (P = .042). Overestimation of MIP,
TSR, MPR, and IEWG scores relative to radiographic
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Figure 4—Bland-Altman plots (average of mean CT and mean radiographic scores for the 18 anatomic regions
shown in Figure 1 vs the difference between mean CT and mean radiographic scores) of osteoarthritis scores for
39 canine elbow joints assigned by examining maximum intensity projection (MIP; A), 3-D surface rendering (TSR;
B), and multiplanar reconstructed (MPR; C) CT images and a Bland-Alton plot of radiographic scores versus Inter-
national Elbow Working Group (IEWG scores; D). Solid lines represent the regression line, shaded areas represent
the 95% CI of the regression line, and dashed lines represent the 95% prediction interval. A positive bias of 0.23 was
present for MIP images, 0.26 for TSR images, 0.12 for MPR images, and 0.95 for IEWG scores. For IEWG scores,
overestimation of osteoarthritis (OA) scores, compared with radiographic scores, increased significantly (P = .025)

as OA scores increased. SR = Surface rendering.

scores increased as scores increased. This increase
was significant for IEWG scores (P = .025). Elbow
joints with IEWG scores of 1 point had mean radio-
graphic scores ranging from 0.06 to 0.83, elbow
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joints with IEWG scores of 2 points had mean radio-
graphic scores ranging from 0.17 to 1.61, and elbows
with [EWG scores of 3 points had mean radiographic
scores ranging from 0.28 to 2.44 (Figure 5).

AJVR



IEWG

IEWG Score

-0.5-

T T T T 1
0.0 0.5 1.0 1.5 2.0 25

Mean Radiographic Score

Figure 5—Scatterplot of International Elbow Working
Group (IEWG) scores versus mean radiographic os-
teoarthritis scores for the 18 anatomic regions shown
in Figure 1 for 39 canine elbow joints. Scores were as-
signed by 5 observers. Mean radiographic scores varied
widely for dogs with IEWG scores of 1, 2, or 3 points.

Discussion

Findings of our study indicate that evaluation
of elbow OA in dogs with MPR images is repeat-
able within and among observers, and consistent
with radiographic evaluation when findings for
18 regions of the elbow are compared. Evaluation of
TSR images was also repeatable within and among
observers, and consistent with radiographic evalua-
tion, albeit less so than evaluation of MPR images.
Evaluation of MIP images appears less repeatable.
Consistency between evaluation methods appears
higher for observers with more than 10 years of
experience than for observers with less than 10 years
of experience.

The use of MIP images to evaluate elbow OA
in our study led to a slight overestimation of the
mean OA score (mean score difference, +0.23)
compared with the radiographic score. Thus, we
accepted our hypothesis that MIP scores would be
higher than radiographic scores. Intraobserver con-
sistency when reading MIP images was moderate
or better for 11/16 regions evaluated, and interob-
server consistency was moderate or better for only
5 of these 16 regions. We therefore rejected the
hypothesis that CT scoring of elbow OA on the basis
of MIP renderings was repeatable within or among
observers. MIP images are not commonly used for CT
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assessment, compared with TSR and MPR images.
Compared with TSR images, MIP images have the
potential to demonstrate differences in attenuation,
which could be pertinent for detecting subchondral
sclerosis that would not be visible on TSR images.
In our study, scores for the evaluation of the troch-
lear ulna notch, where subchondral sclerosis would
be anticipated, were higher for TSR images than
for images obtained with the other 3 methods. This
was likely because bone changes at the surface of
the notch were more visible on TSR images than on
images obtained with other methods. Observers did
not specifically grade subchondral sclerosis relative
to the presence of osteophytes or enthesophytes.
MIP renderings have been used to optimize position-
ing when acquiring radiographs of the human knee
joint.2” MIP contrast-enhanced magnetic resonance
images have been shown to have high specificity
(> 0.98) and to be superior to physical examination
for detection of rheumatoid arthritis and prediction
of joint destruction.28-30

The use of TSR images to evaluate elbow OA
also led to a slight overestimation of mean OA score
(mean score difference, +0.26) compared with radio-
graphic scores. Thus, we accepted the hypothesis
that TSR scores would be higher than radiographic
scores. Intraobserver consistency was moderate
or better for 11/16 regions evaluated, and interob-
server consistency was moderate or better for 9 of
these 16 regions. We therefore accepted the hypoth-
esis that CT scoring of elbow OA on the basis of TSR
images was repeatable within and among observers.
Surface renderings have been used sparsely to evalu-
ate OA. Compared with volumetric renderings, TSR
images can detect surface changes and could facili-
tate the evaluation of anatomic relationships between
bones, but they cannot detect changes occurring
below the bone surface, such as sclerosis or cysts.31.32
TSR images have been used to evaluate the integrity
of the subchondral bone in joints with OA.33

OA scores obtained when reading MPR images
were only slightly higher than radiographic scores,
with MPR scores overestimating radiographic scores
by only 0.12, on average. We rejected the hypoth-
esis that MPR scores would be higher than radio-
graphic scores. MPR images, however, revealed
more changes at the cranial and medial aspects of
the medial coronoid process (mean score differ-
ence, +0.37 and +0.25, respectively), most likely
because of enhanced visualization of regions where
the bones were superimposed when viewed on
radiographs. The small bias between MPR and radio-
graphic scores suggests that the progression of OA
of the elbow joint in dogs could be evaluated with
MPR renderings as well as radiographs. In a study3*
comparing the sensitivity and specificity of CT and
radiography to detect elbow dysplasia in 180 dogs,
both CT and radiography were highly sensitive (CT
sensitivity, 100%; radiography sensitivity, 98%), but
CT had a higher specificity (93%) than radiography
(64% to 69%). In our study, intraobserver consis-
tency was moderate or better for 17/18 regions, and
interobserver consistency was moderate or better
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for 12/18 regions when reading MPR images. Thus,
we accepted the hypothesis that the interpretation
of MPR images was repeatable within and among
observers. MPR images are the standard CT render-
ing method to evaluate elbow OA in dogs.?® Osteo-
phytes, enthesophytes, and subchondral sclerosis
are visible on all 3 MPR views.2* Coronoid fragmenta-
tion and radioulnar fit are evaluated on transverse-
plane images, radioulnar and humeroradial fit are
evaluated on sagittal-plane images, and radioulnar
fit is evaluated on frontal-plane images.3> In a study3®
in which 8 observers read 84 MPR views of the coro-
noid process twice, intraobserver and interobserver
repeatability of evaluations of abnormalities of the
medial coronoid process, osteophytes, and subchon-
dral sclerosis ranged widely from poor to excellent,
depending on the parameter evaluated. Agreement
was poor for grading subchondral sclerosis, fair to
moderate for medial coronoid abnormalities, and
moderate for detection of osteophytes.®® Those
findings were similar to the findings of our study.
In human elbows, the evaluation of elbow OA from
MPRs has been shown to have good to excellent
intraobserver and interobserver repeatability, and to
be more repeatable than radiographic assessment.3”
When evaluating human knee joints, reformatted
coronal (frontal)-plane CT images were more sen-
sitive and more accurate than radiographs for the
detection of osteophytes and subchondral cysts.38
When evaluating OA in human hip joints, a CT-based
6- to 8-mm-thick slab reconstructed in the coronal
(frontal) plane had higher intra- and interobserver
reliability than radiographs.3°

When scoring radiographs with the IEWG grad-
ing system, the mean OA score was higher than the
mean radiographic score by nearly a full grade (mean
score difference, +0.95). Thus, we accepted the
hypothesis that IEWG scores would be higher than
radiographic scores. This overestimation is logical,
because IEWG scoring is based on the most severely
affected region, rather than the mean severity for all
regions, and elbow OA is not distributed uniformly
in the elbow joint. For example, OA is often more
pronounced on the medial aspect than on the lateral
aspect of the joint.10 [IEWG grading had the lowest
interobserver agreement numerically (0.554) of all
methods evaluated in our study.

Consistency of scoring across modalities
appeared higher for the 3 observers with more
than 10 years of experience since completing resi-
dency training, compared with consistency for the
2 observers with less than 10 years of experience.
Expertise in reading medical images is complex and
highly dependent on the number of cases read,*°
and is, therefore, dependent on the number of years
of clinical experience. Accuracy differences among
observers may also have resulted from differences in
computer hardware or from differences in visualiza-
tion techniques.

In our study, the scoring of OA severity in
18 regions allowed us to produce a severity map
of OA for the dogs included in the study. OA was
most severe on the medial and cranial aspects of the
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medial coronoid process, the proximal aspect of the
anconeal process, and the medial aspect of the joint.
Severity maps, also named heat maps, have been
reported for arthritic human hips.** Severity maps
may be a potential tool to predict clinical disease and
assist in therapy development.4243 Severity maps are
useful in the development of deep neural networks
that can be used to evaluate radiographic signs of
OA, as reported for human knees.*4

We conclude from our results that scoring OA
severity at 18 regions of the elbow joint in dogs can
be done with acceptable intraobserver consistency
and interobserver agreement on the basis of TSR and
MPR images, and that MIP, TSR, and MPR scores are
only slightly higher than scores obtained from read-
ing radiographs. We also concluded that MPR scor-
ing appeared more consistent and closer to radio-
graphic assessments than MIP and TSR scoring.
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