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Summary
Objective: Assess the fit between the ulnar 
trochlear notch (UTN) and humeral trochlea 
(HT) in elbow radiographs and computed to-
mography (CT) images by measuring the cur-
vature radii in normal joints. 
Methods: Mediolateral extended view (MLE) 
and CT were performed on 16 elbows from 
cadaveric dogs weighing over 20 kg. Curves 
were traced at the subchondral level from 
the UTN central ridge and the HT sagittal 
groove related to the UTN on ~132° joint ex-
tension. Curvature radii were achieved using 
appropriate computer software. 
Results: Intraclass correlation coefficient 
between MLE/CT measurements were stat-
istically significant, with lower limits of a 

95% confidence interval (CI) >0.75. The 
mean differences between MLE/CT 
measurements were -0.71 mm (95% CI: 
-0.97 to -0.45) for UTN and -1.04 mm (95% 
CI: -1.21 to -0.87) for HT. The UTN and HT 
curvature radii typology were similar, with 
maximum radius values at the starting point 
and two intermediate peaks. The UTN curva-
ture radii were bigger than the HT radii, 
with the largest differences in the most 
proximal aspect of the joint and in the sec-
ond intermediate peak. 
Clinical significance: To the authors’ know-
ledge, this is the first report on humeroulnar 
congruity through curvature radii evaluation. 
The software and methodology proposed en-
abled an adequate UTN and HT radii curva-
ture assessment in MLE and CT images. Com-
parative studies in normal and dysplastic 
dogs of various breeds could better clarify 
the role of UTN and HT curvature radii in 
elbow incongruity and dysplasia. 
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Original Research

Introduction
Elbow dysplasia is a developmental dis-
order and a common cause of osteoarthri-
tis and severe thoracic limb lameness in 
young large and giant breed dogs (1, 2). A 
method for early detection of joint changes 
would improve screening effectiveness and 
avoid the transmission of the disease genes 
to offspring (3). 

Elbow incongruity plays an important 
role in the aetiology, treatment options and 
prognosis of elbow dysplasia (4, 5). Altered 
loading patterns result in increased stress 
on the elbow medial compartment (6–8). A 
limited degree of joint incongruity is con-
sidered physiological, but severe incon-
gruity is deemed pathological and may re-
sult in differing grades of elbow dysplasia 
(9-11). Elbow incongruity can occur in as-
sociation with radioulnar unequal growth, 
differing radius and ulna length, or be due 
to humeroulnar incongruity, as a result of 
the elliptical shape of the ulnar trochlear 
notch (UTN) with a lesser curvature radius 
than the humeral trochlea (HT) (12). 

Although humeroulnar incongruity has 
been postulated to predispose to medial 
coronoid disease, a quantitative technique 
to assess this finding does not exist and the 
evaluation remains subjective in nature 
(12). Some methods described in the litera-
ture recommend measuring the joint space 
to quantify incongruity, but this evaluation 
was influenced by elbow flexion angle, pro-
nation and supination (4, 6). Other authors 
proposed defining the UTN and HT by the 
smallest circle that could be described (13, 
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14). As both the UTN and the HT do not 
have an exact circular profile, the definition 
of the smallest circle is merely approximate 
and conditioned by the subjective appraisal 
of the examiner (13-15). Some findings in 
arthroscopic studies, such as changes in the 
appearance of the UTN cartilage, with in-
complete cartilage covering and erosion, 
could also suggest humeroulnar incon-
gruity, but quantification was considered 
challenging (5, 16). 

Despite its variable sensitivity, radiogra-
phy is still the first-choice imaging method 
for elbow dysplasia screening (1). However, 
quantification of elbow geometry is ham-
pered by the proximity of different surfaces 
that make up the joint (12, 17, 18). The de-
velopment of further techniques to stan-
dardize radiographic interpretation of 
morphological variation in the humeroul-
nar joint shape has been claimed (12, 13). 
Computed tomography (CT) has several 
advantages in elbow dysplasia diagnosis, 
such as the ability to interpret images in 
different reconstructed views without the 
superimposition of osseous structures (9). 
New software functions offered by digital 
imaging also enable easier evaluation of 
joint images. Combining those diagnostic 
tools available in clinical practice with 
studies in elbow joint anatomy, may be use-
ful to clarify elbow dysplasia development 
and enable the emergence of new thera-
peutic approaches (18).

The aim of the work presented here was 
to assess humeroulnar geometry and con-
gruity, through the evaluation of the curva-
ture radii from the central ridge of the 

UTN and the HT at the level of the sagittal 
groove, in radiographic and CT images of 
normal elbows. Software previously created 
and validated by the authors to measure 
the UTN and the HT radii of curvature was 
used (19, 20).

Materials and Methods
Animals included

Sixteen normal elbow joints from nine 
middle to large breed adult canine cadavers 
(from 1 to 12 years; 7.7 ± 4.3 years) weigh-
ing 20 to 46 Kg (32.2 ± 7.7 Kg) (six males 
and three females) were included. Two 
joints were excluded due to signs of slight 
elbow dysplasia in the radiographic exam-
ination, CT images, or both. The dogs had 
died for medical reasons unrelated to the 

study. All the animal procedures under-
taken as part of the work described in this 
paper were carried out in compliance with 
the regulations of our institutions, and in 
accordance with the Portuguese and Euro-
pean regulations for animal use and care 
(European Directive 2010/63/EU and 
National Decree-Law 113/2013).

Image acquisition 

First, a mediolateral extended radiographic 
view (MLE) was performed on every joint, 
using a computed x-ray device (13, 20). 
After that, the forelimbs were separated 
from the trunk by removing the extrinsic 
musculature of the forelimb from the 
scapula, and a complete transverse CT scan 
of each elbow was performed. Acquisition 
of CT data was performed on a multislice 

Figure 1 a) Medial view of the ulnar trochlear notch. The central ridge was assessed from the 
 anconeal process to the base of the medial coronoid process (arrowheads). b) Caudal view of the 
 humeral trochlear groove. The curvature was assessed in the sagittal plane from the most proximal and 
caudal point of the groove in contact with the central ulnar trochlear notch ridge, on ~132° elbow 
 extension (arrowheads).

Figure 2 Computed tomography elbow slice and reconstructions. a) Sagittal; b) dorsal; and c) transverse views. The sagittal elbow plane used to study 
humeroulnar congruity was selected using computer software to cross a line (black line) that passed in the humeral trochlea groove in the dorsal and 
 transverse elbow planes. 1 = humerus; 2 = radius; 3 = ulna. 
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• Type five: only the UTN medial com-
ponent was covered with articular carti-
lage. 

Statistical analysis

Data were assessed for normality using 
Shapiro-Wilk’s test and descriptive analy-
sis was performed. The intraclass corre-
lation coefficient (ICC) and Bland-Alt-
man analysis were used to evaluate intra-
observer agreement in three independent 
measurement sessions and the agreement 
between measurements in the MLE views 
and CT images (25, 26). For statistical 
purposes, 20 curvature sequential radius 
points were used, which were selected by 
computer software at similar pre-estab-
lished distances (~5%) from each other 
(25). An ICC value of one indicates per-
fect agreement and zero indicates no 
agreement (25). For the Bland-Altman 
method, if the 95% confidence interval 
(CI) of the mean difference (d) includes 
the zero, statistical agreement is indicated, 
and when the 95% lower and upper limits 
of agreement are small, then these two 
measurements can be considered equival-
ent (26).

Differences between UTN and HT 
measurements on the MLE view and CT 
images were analysed based on the simi-
larity of the curvature radii behaviour ob-
served along the two curves. The curvature 
radii extremes (proximal and distal), two 
intermediates peaks, and three intermedi-
ate minimum values were used to define 

on the reconstructed central sagittal elbow 
CT image, a set of 13 or 14 points was 
marked at subchondral level in the HT 
groove and UTN central ridge, respect-
ively (▶ Figure 3) (19, 20). Then, by curve 
fitting, the joint curves were traced using 
a software that had been developed 
(▶ Figure 4) (19, 20). Three independent 
evaluation sessions of each curvature were 
performed by the same examiner (SAP). 
The sequence of radiographs and CT im-
ages was randomly chosen.

Anatomical preparation 

The elbow joints were prepared using ana-
tomical dissection. The humeroradioulnar 
joints were disarticulated using slow mac-
eration and the articular surfaces of the 
UTN and HT were meticulously cleaned. 
The distribution of the cartilage covering 
was examined macroscopically and graded 
into categories by two examiners (MMG, 
SAP) in accordance with the classification 
system described by Probst and colleagues 
(15, 24): 
• Type one: UTN surface totally covered 

with articular cartilage
• Type two: UTN articular cartilage 

covering with incomplete transverse 
separation

• Type three: UTN articular cartilage 
with complete transverse separation

• Type four: UTN articular cartilage 
covering reduced to the medial aspect 
with a cartilaginous islet area at the lat-
eral coronoid process

S. Alves-Pimenta et al.: Humeroulnar congruity in large breed dogs

helical CT scannera, at 140 kV and 260 
mAs, using a small �eld of view and a bone 
reconstruction �lter. Each elbow was im-
aged separately with the lateral side down. 
Limbs were maintained in a neutral posi-
tion with respect to pronation and supi-
nation, to limit artefactual alterations in 
congruity (21). Images were collected with 
a slice thickness of 1.3 mm and an overlap-
ping increment of 0.6 mm. 

Computer imaging analysis

All the radiographic views and CT images 
were recorded using digital support. 
Image analysis was performed on the 
UTN central ridge, from the anconeal 
process to the base of the medial coronoid 
process and on the HT sagittal groove in 
contact with the UTN on ~132° extension 
(▶ Figure 1) (22). Elbow CT images were 
reconstructed using a bone window 
(window width 1500 and level 300 of 
Houns�eld units) with a DICOM viewerb. 
Multiplane reconstruction views were cre-
ated to allow transverse, dorsal and sagit-
tal images to be observed concurrently. 
Repeatable slice alignment of the UTN 
and HT, to be measured with the software 
on the CT images, was achieved by deter-
mining the central sagittal cross-section 
image (▶ Figure 2). On the MLE view and 

Figure 3 a) Mediolateral radiographic view with ~132° of extension, and 
b) sagittal computed reconstructed elbow tomographic image. A set of 13 or 
14 points was marked at the central ridge of the ulnar trochlear notch, from 
the anconeal process to the base of the medial coronoid process, and on the 
adjacent humeral trochlear groove, respectively. 

Figure 4 a) Mediolateral radiographic view with ~132° of extension, and 
b) sagittal computed reconstructed elbow tomographic image. The joint 
curves were traced by a curve-fitting process on the ulnar trochlear notch 
and on the humeral trochlear groove. 

a  Mx 8000 Philips Brilliance: Philips, Eindhoven, 
 Netherlands

b  Radiant, version 1.9.16: Medixant, Poznan, Poland
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the seven points of interest (P1 to P7). The 
anatomical position of these seven points 
in the radiographic and CT images were 
also calculated and represented in radio-
graphic and CT images using computer 
softwarec to measure their anatomical lo-
calization in the joint. 

All data were analysed using a standard 
computer software systemd and p <0.05 
was considered significant.

Results
Comparison between radiographic 
and CT measurements
The intra-observer repeatability was stat-
istically adequate in all three measure-
ment sessions on each studied variable 
(UTN and HT in the MLE views and CT 
images) with all ICC lower limit 95% CI 
being greater than 0.75 and the d 95% CI 
include zero. The comparison between 
curvature radii in the MLE radiographic 
views and CT images showed an ICC of 
0.85 with a 95% CI from 0.82 to 0.88 for 
the UTN; and an ICC of 0.89 with a 95% 
CI from 0.86 to 0.91 to the HT. The d be-
tween MLE and CT measurements were 
statically significant, the 95%CI of d did 
not include zero, being –0.71 mm (95% 
CI: –0.97 to –0.45) for UTN and –1.04 
mm (95% CI: –1.21 to –0.87) for HT 
(▶ Table 1).

Comparison between UTN and HT

In general the UTN and HT curvature radii 
had a similar typology (proximal and distal 

peaks, two intermediates peaks, and three 
intermediate minimum values) though the 
UTN curvature was bigger than the HT in 
both the MLE radiographic view and sagit-
tal CT images (▶ Figure 5). Some signifi-
cant and non-significant differences were 
observed in the curvature radii of the UTN 
and the HT in these seven points of inter-
est. The biggest differences were registered 
at the beginning of the curve (P1) and on 
the second intermediate peak (P5) (▶ Table 
2). The anatomical location of the seven 
points of interest at the UTN and HT on 
the radiographic and CT image are illus-
trated in Figure 6. 

Articular cartilage covering

Four of 16 elbows were classified according 
to the articular cartilage covering as type 
one, showing complete surface of the UTN 
covered with cartilage; and 12 of 16 elbows 
were classified as type two, showing incom-
plete transverse separation in the UTN ar-
ticular cartilage covering. None of the el-
bows were classified as type three, four or 
five.

Discussion
Accurate quantification of elbow joint con-
gruity is important, both to guide potential 
clinical intervention and to advance our 
understanding on the aetiopathogenesis of 
developmental elbow disease (13, 18, 27). 
The absence of an appropriate imaging 
method for the accurate clinical diagnosis 
of humeroulnar incongruity makes this a 
more interesting challenge and the investi-
gation of UTN and HT curvature radii can 
bring some important additional informa-
tion on this issue. 

We decided to assess the UTN and HT 
in contact at ~132° elbow angle, based on 
the elbow angle during the mid-stance 
phase of the canine gait cycle (13, 22, 23, 
30). However, images using other joint 
angulations can also be used, since the ana-
tomical UTN and HT areas for analysis are 
selected independently in images, based on 
~132° elbow angulation and not by the vis-
ualized contact areas. 

Our results showed good intra-observer 
agreement in repeated measurement 
sessions, with all ICC lower limits 95% CI 

Table 1  
Comparison between 
curvature radius 
measurements ob-
tained at the medio -
lateral radiographic 
view and at the 
 sagittal computed 
 tomography image.

UTN

HT

 CI = confidence interval; CT = sagittal computed tomographic image; d = mean differences; HT = humeral trochlear groove; 
ICC = intraclass correlation coefficient; LA = limits of agreement; SD = standard deviation; SEM = standard error of the mean; 
UTN = ulnar trochlear notch.

Mediolateral radiographic view / CT measurements

ICC

0.85 

0.89 

ICC 95% CI

0.82 to 0.88

0.86 to 0.91

d ± SEM (mm)

-0.71 ± 0.13

-1.04 ± 0.09

d 95% CI (mm)

-0.97 to -0.45

-1.21 to -0.87

d ± SD (mm)

-0.71 ± 2.43

-1.04 ± 1.64

95% LA (mm)

-5.48 to 4.06

-4.25 to 2.17

Table 2  
Mean of the differ-
ences and 95% confi-
dence interval 
 observed between the 
ulnar trochlear notch 
and the humeral troch-
lear groove curvature 
radii at the seven 
points of interest (P1 
to P7) selected in the 
mediolateral radio-
graphic view and 
 sagittal joint 
 computed tomography 
 reconstruction.

Selected 
points

P1

P2

P3

P4

P5

P6

P7

* p <0.05; CI = confidence interval; UTN = ulnar trochlear notch; HT = 
humeral trochlear groove.

Mean of the differences and 95% CI of UTN-HT  
curvature radii (mm)

Mediolateral 
 radiographic view

6.25* (5.90 to 6.60)

1.03* (0.46 to 1.59)

1.41* (0.44 to 2.37)

0.04 (-0.37 to 0.44)

1.77* (0.92 to 2.63)

0.86* (0.14 to 1.57)

0.68 (-0.51 to 1.86)

Sagittal computed 
 tomography image

2.94* (1.64 to 4.25)

1.94* (1.35 to 2.53)

0.30 (-1.19 to 1.78)

-0.24 (-0.70 to 2.22)

1.94*(1.13 to 2.74)

0.93 (-0.02 to 1.88)

0.83 (-1.51 to 3.16)
c  Image Pro Plus, version 6: Media Cybernetics, 

Rockville, MD, USA
d  SPSS Version 23: IBM Corp., Armonk, NY, USA
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The curvature radius of a curve at a par-
ticular point can be defined as the radius of 
the approximate circle at that point (11). 
The radius dimension changes when we 
move along a curve, unless it is a circle. 
Larger curvature radii values correspond to 
a more open curve and smaller values cor-
respond to a more enclosed curve. A bigger 
mean UTN radius curvature than HT was 
expected, as the UTN is the peripheral joint 
surface. The UTN and HT curvatures’ dif-
ferent radii values along their extensions 
were also expected, due to their ellipsoid 
shapes (8). The definition of the points of 
interest (P1 to P7) based on the curvature 
radii behaviour (i.e. extremes and inter-
mediates peaks of maximum and mini-
mum curvature radius values) was not 
based on other studies and is only intended 
to be a way to objectively quantify the as-
sociation of the UTN and HT radii curva-
ture differences to the joint congruence. 
The curve areas with small UTN and HT 
radii differences (e.g. P4), and others with 
larger differences (for, e.g., intermediate 
radii peaks, P3 and P5) that correspond to 
relatively flat areas can be fundamental to 
adequate joint load transmission. These 
findings may be also associated with some 
of this sample’s characteristics, as the most 
representative (75%) of the joints had type 
two articular cartilage covering. The ab-
sence of cartilage recovery has been di-
rectly associated with a lower load bearing 
support in these regions (24). Previous bio-
mechanical studies also report that some 
individuals had a bicentric load trans-
mission through the humeroulnar joint at 
low loads with a lack of contact at the cen-
tral UTN (7, 11). The areas of greater con-
tact between joint surfaces in the elbow 
were established at the radial head, medial 
aspect of the distal UTN, and on the cran-
iolateral surface of the proximal UTN (7, 
28). Other studies also suggested a nearly 
bicentric, subchondral density associated 
with load transmission in the UTN (9, 11). 
Our curvature radii UTN and HT typology 
would allow a higher humeroulnar joint 
contact between P1-P3 and P5-P7 and lower 
between P3-P5.

Various authors have attempted to de-
scribe humeroulnar incongruity by 
measuring the joint spaces (6, 12). How-
ever, these parameters present some limi-

and may be associated with some kind of 
radiographic or tomographic imaging arte-
fact. We also found it easier to score bends 
using the CT rather than the MLE view, 
possibly due to the greater contrast ob-
served between subchondral bone and 
joint space in the CT images and the ab-
sence of osseous structures superposition. 
However, d were very small (1 mm or less), 
and their 95%CI limits of agreement were 
small enough for us to consider them ac-
ceptable for clinical purposes, thus curva-
ture radii measurements using radio-
graphic and CT evaluation are identical 
and can be used interchangeably (25, 26).

S. Alves-Pimenta et al.: Humeroulnar congruity in large breed dogs

>0.75 and non-significant mean differ-
ences, so in future studies one measure-
ment session could be enough. In fact, we 
found that marking the joint subchondral 
bone is fairly objective, resulting in quite a 
good level of similarity across different 
measuring sessions. We found a good cor-
relation between the MLE radiographic 
views and sagittal CT images in the UTN 
and HT curvature radii, with a lower limit 
95% CI >0.75 and similarity in the typol-
ogy of both curves. However, in general, 
the CT curvature radii were slightly bigger 
(in UTN and HT) resulting in significant 
differences. This last fact was not expected 

Figure 5 Relationship between the radii of curvature (mean ± standard error of the mean) found 
along the ulnar trochlear notch (UTN, grey) and the humeral trochlear groove (HT, black) on the medio -
lateral extended radiographic views. The seven points of interest (P1 to P7 ) used for statistical purposes 
were defined based on curvature typology as well as the maximum and minimum curvature radius 
 values. 

Figure 6 Illustration of the seven points of interest (P1 to P7) in the ulnar trochlear notch and in the 
humeral trochlear groove. a) Mediolateral extended radiographic view of the elbow. b) Sagittal 
 computed tomography image of the elbow.
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tations as joint spaces easily change de-
pending on the limb positioning in radio-
graphic and CT imaging (4-6, 29). The 
UTN and HT curvature radii measuring 
methodology presented in this report en-
ables their evaluation separately and inde-
pendent of joint angulation, which can be a 
very important factor in terms of clinical 
use (19, 20). 

This was an ex vivo study that can be as-
sociated with several limitations, and the 
results should be interpreted with caution. 
First, radiography and CT are good diag-
nostic tools for assessing subchondral 
bone, however they cannot evaluate the in-
tegrity of the articular cartilage (4). Sec-
ondly, we only studied the UTN central 
ridge and the HT groove, not all joint 
structures. The step between the radius and 
ulna, which is also an important factor in 
elbow incongruity assessment, was not in-
vestigated in this study. Thus extrapolation 
of our results should be interpreted in this 
context.

Conclusions

To the best of the authors’ knowledge, the 
present paper is the first report on 
humero ulnar curvature congruity assess-
ment through curvature radius evalu-
ation. Curvature radii measurements can 
be used inter changeably in the MLE 
radiographic views and sagittal CT im-
ages. The software and methodology pro-
posed enabled accurate measurements of 
the humeroulnar curvature radii and may 
be useful in future clinical studies of 
elbow congruity for detection of early 
changes in elbow dysplasia. Further 
breed-specific studies would be necessary 
to assess the variation that may occur in 
the points of interest. Future comparative 
research between normal and dysplastic 
dogs would be useful to assess the early 
variation occurring at the points studied, 
and the role of incongruity in the develop-
ment of elbow dysplasia.
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