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Introduction

Shoulder instability is one of the most common causes of
shoulder lameness.1,2 Medial shoulder subluxation appears
to account for approximately 80% of all shoulder joint
instability.3,4 The medial glenohumeral ligament is shaped
like a Y with both cranial and caudal arms. The medial

glenohumeral ligament plays a major role in shoulder sta-
bility. One study showed that transection of the medial
glenohumeral ligament led to complete medial luxation of
the joint in canine cadavers.5 Damage to the medial gleno-
humeral ligament has been reported in 66% of unstable
shoulders.1,6,7
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Abstract Objectives This study aimed to describe a stress radiography to detect medial gleno-
humeral ligament rupture and to investigate the repeatability and reproducibility of this
test.
Materials and Methods Six adult Beagle cadavers were used. Both shoulders of each
dog were randomly assigned into two groups: a normal shoulder group (NS group) and
an affected shoulder group (AS group) where the medial glenohumeral ligament was
arthroscopically transected. Goniometry, image analysis and radiography (normal and
stress views) were performed before and after arthroscopic procedures. An abduction
angle was determined for each stress view and an evaluation of the repeatability and
the reproducibility was performed.
Results Abduction angles were significantly larger in the AS group as measured by gonio-
meter (p < 0.001), image analysis (p < 0.001) and radiographic stress view (p < 0.001)
than in the NS group. The abduction angle difference varied from 12° to 29.3° (median
difference of 19.4°) between NS and AS groups. There were good intra-observer and very
good inter-observer agreements. A very good (r ¼ 0.74; r ¼ 0.72, respectively) significant
(p < 0.001) positive correlation between goniometric and radiographic techniques and
between image analysis and radiographic techniques was observed.
Clinical Significance Shoulder abduction angles measured with a stress radiograph-
specific view provide objective data that may contribute to diagnosis of medial
shoulder instability in dogs.
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However, diagnostic characterization of shoulder instabil-
ity in dogs is challenging. Physical and orthopaedic examina-
tions, including manipulation of the glenohumeral joint and
measurement of the abduction angle, are considered to be
essential.2 While Cook and colleagues showed that the abduc-
tion angle test appeared reliable for the diagnosis of medial
shoulder instability, other authors showed that this test could
lead to some false positives and negatives.6,8 Thus, it is
necessary to use other diagnostic elements to confirm the
instability. Additionally, conventional diagnostic imaging can
help establish the diagnosis but radiographic examinations is
often normal with only secondary degenerative lesions.1

Puglisi and colleagues attempted to perform a stress radio-
graphic technique on the scapulohumeral joint and found a
significant difference in themediolateral joint-spacemeasure-
ment between pre- and postoperative stress radiographs.9

Thus, arthroscopy, magnetic resonance imaging, magnetic
resonance arthrography and computed tomographic arthro-
graphyare often required to see shoulder soft tissuestructures
and diagnose shoulder injuries, but these are less commonly
available and are more expensive diagnostic tools.8,10–16

The objective of our study was to describe a new technique
for stress radiographyallowing anaccuratediagnosisofmedial
glenohumeral ligament rupture andmedial shoulder instabil-
ity. Moreover, our purposewas to investigate the repeatability
(intra-observer agreement) and reproducibility (inter-obser-
ver agreement) of this new radiographic technique.

Materials and Methods

Dogs
Six Beagle dogs were euthanatized for reasons unrelated to
the study. None of the dogs had a history of shoulder disease,
and no abnormalities were detected during orthopaedic and
radiographic examinations. Body weight was documented.
Dog cadavers were allowed to thaw for 24 hours at room
temperature before all testing.

Study protocol
Both shoulders of each dog were randomly assigned into two
groups: a normal shoulder group (NS group) and an affected

shoulder group (AS group). Shoulder arthroscopies were
performed on all shoulders. Each dog was positioned in
lateral recumbency with the desired shoulder facing up
(away from the table). A 2.7-mm 30° oblique arthroscope
(Karl Storz;Mittelstrasse, Germany)with a digital camera for
video capture was introduced via a standard caudolateral
portal.17 A craniolateral instrument portal was then estab-
lished. The intact structure of the medial glenohumeral
ligament and the joint capsule was confirmed by probing
(►Fig. 1A). For the AS group, the medial glenohumeral
ligament (both cranial and caudal arms) was transected
transversely on its mid-substance with arthroscopic scissors
(►Fig. 1B and 1C). All procedures were performed by one
investigator (TC, board-certified surgeon). Goniometry,
image analysis and radiographic analysis were performed
on each shoulder.

Goniometry and image analysis
For each shoulder, measurements of the abduction angle
were obtained before and after arthroscopy by the use of a
universal plastic goniometer and with a digital image taken
from the cranial aspect, as described previously.6 Both
techniques were performed in triplicate by one investigator
(VL, resident surgeon), who was completely blinded regard-
ing the allocation of each shoulder.

Radiography
Initially, two standard radiographic projections (mediolat-
eral and caudocranial) were obtained for each shoulder. An
additional stress viewwas performed: dogs were positioned
in dorsal recumbency with the limb to be imaged pulled
cranially and parallel to the table and placed in a radio-
graphic positioning device that provided restraint. The
device was placed to block the whole body of the animal
until the scapula just behind the acromion. The goal was to
maintain the scapula against thebodyand to avoid abduction
of this shoulder. One operator performed shoulder abduction
with the scapula blocked against the thorax by the radio-
graphic positioning device (►Fig. 2). The shoulder abduction
was realized with maximal force without reaching an exter-
nal elbow rotation. During the abduction, the limb was also

Fig. 1 Visualization of the medial glenohumeral ligament with its ‘Y’ shape during arthroscopy (A). Transection of the medial glenohumeral
ligament with arthroscopic scissors (B). Visualization of the transected medial glenohumeral ligament (C).

Veterinary and Comparative Orthopaedics and Traumatology Vol. 32 No. 6/2019

Stress Radiography for Medial Glenohumeral Ligament Rupture Livet et al.434

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



pulled cranially and the X-ray beam was positioned perpen-
dicular to the scapula to avoid distraction. The three radio-
graphic views were taken for all shoulders before and after
arthroscopy. To test the repeatability of the newly described
stress view, three stress views were performed after arthro-
scopy with an interval of 4 weeks between each view (dog
cadavers were thawed and re-frozen each time). All radio-
graphs were performed by two investigators (VL, resident
surgeon;MH, resident radiologist) whowere blinded regard-
ing the allocation of each shoulder.

Radiographic measurements
The distal scapular anatomic axis was determined on the
stress-view radiograph: the midpoint between the medial
and lateral cortices of the scapular body at the point 1/3
down the length of the scapula and the centre of the medial
and lateral cortices at the scapular neck were identified. The
distal scapular anatomic axis was represented by the line
connecting these two points. The proximal humeral ana-
tomic axis was determined on the same radiograph: the
midpoint between the medial and lateral cortices of the
humerus at the point halfway down the length of the
humerus and the centre of the medial and lateral cortices
at a point 1/3 down the length of the humerus were identi-
fied. The proximal humeral anatomic axis was represented
by the line connecting these two points. The abduction angle
was determined by the angle between these two lines
(►Fig. 3). Measurements were performed in triplicate for
each stress-view radiograph byone investigator (VL, resident
surgeon) before arthroscopy, and by three different investi-
gators (TC, board-certified surgeon; VL, resident surgeon;
MH, resident radiologist) after arthroscopy (three stress
views per shoulder). All stress-view radiographs were
shuffled before reading, and a minimum interval of 1 week
between each reading was respected. A standard imaging

Fig. 2 Realization of a new stress-view radiograph: dogs were positioned in dorsal recumbency and placed in a radiographic positioning device
that provided patient restraint. The device was placed to block the whole animal body to the scapula (end of the thorax) (A). One operator
performed shoulder abduction with the scapula blocked against the thorax via the radiographic positioning device (B).

Fig. 3 Abduction angle measurement on a stress-view caudocranial
radiograph. The distal scapular anatomical axis was determined: the
midpoint between the medial and lateral cortices of the scapular body
at the point 1/3 down the length of the scapula and the centre of the
medial and lateral cortices at the scapular neck were identified. The
distal anatomical axis was represented by the line relative to these
two points. The proximal humeral anatomical axis was determined:
the midpoint between the medial and lateral cortices of the humerus
at the point halfway down the length of the humerus and the centre of
the medial and lateral cortices at a point 1/3 down the length of the
humerus were identified. The proximal anatomical axis was repre-
sented by the line relative to these two points. The abduction angle
was determined by the angle between these two lines.
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software was used for measurements (Osirix; Pixmeo, Gen-
eva, Switzerland).

Recorded data and statistical analysis
The normality of numerical data distribution was tested by
visual approach and D’Agostino & Pearson omnibus normal-
ity test. For clarity, all numerical data were expressed as
median and range. Comparisons were performed with the
Mann–WhitneyU test for non-normally distributed data and
with the Student’s t-test for normally distributed data.
Qualitative data were compared by the Fisher’s exact test.
Spearman’s correlation testing was used to determine if
significant correlations existed between the three techni-
ques used for determining abduction angles in this study. A
p-value of less than 0.05 was considered significant. All
analyses were performed using commercial software (Prism
6.0e; GraphPad Software Inc, La Jolla, California, United
States).

To evaluate intra-observer and inter-observer agreement,
statistical analyses were performed with the software R
3.2.3. The intra- and inter-observer agreements of post-
operative angles were evaluated with the overall concor-
dance correlation coefficient (CCC) and the unified
agreement approach, respectively (Packages epiR, Agree-
ment).18–21 The CCC varies between �1 and 1; a CCC of 1
indicates perfect repeatability or perfect agreement.22

Results

Study cases
Four of the Beagle dogs were female and twowere male. The
median age was 16 months (range: 13–20 months) and the
median weight was 12.2 kg (range: 10.3–13.7 kg). No
abnormality was seen in any shoulder joint on initial radio-
graphs and during the arthroscopic procedure.

Goniometry and image analysis
Median abduction angles and ranges measured by goniome-
try and image analysis before and after arthroscopy in both
groups are shown in ►Table 1. No significant differences
were noted in the measured abduction angles before arthro-
scopy between the AS and NS groups for goniometry
(p ¼ 0.06) or image analysis (p ¼ 0.92). No significant differ-
ences were found in the measured abduction angles before
and after arthroscopy in the NS group for goniometry
(p ¼ 0.34) or image analysis (p ¼ 0.86). Abduction angles
were significantly larger in the AS group after the arthro-

scopic procedure by both goniometry (p < 0.001) and image
analysis (p < 0.001). Abduction angles were significantly
larger in the AS group compared with the NS group after
the arthroscopic procedure by goniometry (p < 0.001) and
image analysis (p < 0.001) (►Fig. 4). Moreover, when com-
paring NS and AS for each dog, abduction angles were
significantly larger for the AS than the NS after the arthro-
scopy procedure by goniometry (p < 0.001) and image ana-
lysis (p < 0.001). The abduction angle varied from 6° to 33°
(median difference of 16°) with goniometry and from 8 to
32° (median difference of 17°) with image analysis between
the NS and AS after arthroscopy. Very good (r ¼ 0.79) sig-
nificant (p < 0.001) positive correlation between the gonio-
metric and image analysis techniques was observed.

Radiography
Mediolateral and caudocranial radiographic views were
unremarkable. Median abduction angles and ranges mea-
sured on radiographs before and after arthroscopy in both
groups are provided in ►Table 1. No significant differences
were noted in the measured abduction angles before arthro-
scopy between the AS and NS groups for radiographic
measurements (p ¼ 0.06). No significant differences were
found in the measured abduction angles before and after
arthroscopy in the NS group on radiographic exam
(p ¼ 0.94). Abduction angles were significantly larger in
the AS group after the arthroscopic procedure with radio-
graphic stress views (p < 0.001). Abduction angles were
significantly larger in the AS group compared with the NS
group after the arthroscopic procedure with radiographic
measurements (p < 0.001) (►Fig. 4). Moreover, when com-
paring NS and AS for each dog, abduction angles were
significantly larger for the AS than the NS after the arthro-
scopy procedure on radiographic examination (p < 0.001).
The median difference in abduction angle between both
sides after arthroscopy was 19.4° (range: 12°–29.3°). Very
good (r ¼ 0.74) significant (p < 0.001) positive correlation
between goniometric and radiographic techniques was
observed. Very good significant positive correlation
(r ¼ 0.72; p < 0.001) between image analysis and radio-
graphic techniques was also found.

Intra- and inter-observer agreement—For preoperative
shoulder abduction angles on radiographs, there was mod-
erate-to-good intra-observer agreement, with good preci-
sion and excellent accuracy (CCC ¼ 0.80; precision ¼ 0.83;
accuracy ¼ 0.96). For postoperative shoulder abduction
angles, there were good intra-observer agreement (CCC

Table 1 Median (range) abduction angles measured by goniometry, image analysis and radiography for normal shoulders and
affected shoulders with medial glenohumeral ligament rupture

NS group AS group

Before arthroscopy After arthroscopy Before arthroscopy After arthroscopy

Goniometry (degree) 20.0 (14.0–28.0) 21.0 (18.0–28.0) 23.5 (18.0–30.0) 42.0 (30.0–52.0)

Image analysis (degree) 25.0 (14.0–32.0) 24.0 (18.0–30.0) 24.0 (18.0–28.0) 46.0 (30.0–52.0)

Radiography (degree) 36.6 (31.5–42.0) 36.7 (30.2–43.4) 37.5 (31.9–44.7) 53.0 (42.6–60.7)

Abbreviations: AS, affected shoulder; NS, normal shoulder.

Veterinary and Comparative Orthopaedics and Traumatology Vol. 32 No. 6/2019

Stress Radiography for Medial Glenohumeral Ligament Rupture Livet et al.436

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



¼ 0.95; precision ¼ 0.95; accuracy ¼ 1) and very good inter-
observer agreement (CCC ¼ 0.98; precision ¼ 0.98; accu-
racy ¼ 1). Although the precision of the measurements
was not perfect, the accuracy was nearly perfect.

Discussion

This cadaveric study describes a new stress radiographic
view that allowed consistent diagnosis of medial glenohum-
eral ligament rupture, with AS having an increased scapu-
lohumeral abduction angle on radiographic measurements
compared with shoulders of the normal control group.
Median abduction angle measured on radiographs was
36.7° (range: 30.2°–43.4°) after arthroscopy for NS and 53°
(range: 42.6°–60.7°) for AS. The difference in abduction angle
for each dog between the AS and NS varied from 12 to 29.3°
(median difference of 19.4°) after arthroscopy for radio-
graphic measurements. Abduction angles were significantly
larger for AS compared with NS after the arthroscopy pro-
cedure on radiographs (p < 0.001).

According to Cook and colleagues, a hyperabduction angle
of the shoulder > 50° measured by goniometry and image
analysis is considered positive for medial shoulder instabil-
ity.6 In our study, the median abduction angle measured by
goniometry was 42° (range: 3°0–52°) for AS. Even if these
results were significantly larger than before medial gleno-
humeral ligament transection, the hyperabduction test was
positive for onlyone dogwith thismethod. In the same study,
the comparison of AS and NS appeared to be more relevant
than a single absolute value of the abduction angle. Cook and
colleagues found a relatively large difference in abduction
angles (>20°) between AS and NS during goniometry and
imaging analysis.6 In our study, a median difference of 16°
(range: 6°–33°) with goniometry was observed. Even if the

abduction angle difference between the NS and AS appears
smaller in our cadaveric study for goniometry and image
analysis, a significant differencewas nevertheless found. This
difference between our result and Cook and colleagues could
be due to the use of cadavers, as well as the fact that only the
medial glenohumeral ligament was transected in our study
in contrast to Cook and colleagues’ study, wherein muscles
such as the subscapularis were also severed. Moreover,
Cook’s study included 15different breeds (mean bodyweight
of 36.3 kg), whereas our study used a homogeneous popula-
tion with only Beagles (mean body weight of 12.0 kg).

Even if Cook and colleagues showed that shoulder abduc-
tion angles measured under sedation provide objective data
for diagnosis of shoulder instability in dogs,6 Devitt and
colleagues found that a negative hyperabduction test was
7.14 timesmore likely in a dog without medial compartment
changes than in a dog with a positive hyperabduction test.8

These investigators also showed that the abduction angle test
had good sensitivity but low specificity. Thus, while an
abduction angle > 50° may be a consistent feature of medial
shoulder instability, it may also be a consistent feature of any
disorder of the thoracic limb that results in significant loss in
muscle strength or muscle mass. The results of Cook and
colleagues’ work are valuable in establishing reference
ranges for abduction angles of the shoulder, yet notable
limitations to that study exist. For example, the control group
was not subjected to the reference standard test of arthro-
scopic evaluation. Failing to subject the control group to the
same reference standard does not allow for a valid compar-
ison of a diagnostic test. A radiographic evaluation is there-
fore relevant to support a positive hyperabduction test.
Moreover, radiography remains the most common imaging
modality used for investigating thoracic lameness. Radio-
graphy is readily accessible, inexpensive and can be per-
formed after sedation with minimal morbidity.

Based on our results, comparison between radiographic
abduction angles of both shoulders could be an interesting
value to diagnose medial shoulder instability. However, in
clinical setting, when a bilateral shoulder affection is sus-
pected, the test reported here could not be used in that way.
Thus, normal radiographic abduction angles need to be
determined in a larger population and with different breeds
of dog to be used as a cut-off for the diagnosis of medial
shoulder instability.

In our study, the median abduction angle measured with
the new stress radiographic view was 53° (range: 42.6°–
60.7°) after medial glenohumeral ligament rupture in the AS.
Abduction angles were significantly larger after medial
glenohumeral ligament rupture (p < 0.001). Compared
with Cook and colleagues’ goniometry results (53.7 � 4.7),
abduction angles measured by radiographs were closer than
abduction angles measured by goniometry in our study.6

Very good significant correlation was found between gonio-
metry and imaging analysis measurements and radiographic
measurements, allowing this new diagnostic tool to be
considered reliable. Radiographic abduction angle results
were within the reference range compared with other
shoulder abduction studies.6 Advantages of radiographic

Fig. 4 Box plot showing shoulder abduction angles for the affected
shoulder group and normal shoulder group after arthroscopy using
goniometric (gonio), image analysis (image) and radiographic (radio)
techniques. The line transecting the box is the median, and the
boundaries of the box show the 25th and 75th percentiles.

Veterinary and Comparative Orthopaedics and Traumatology Vol. 32 No. 6/2019

Stress Radiography for Medial Glenohumeral Ligament Rupture Livet et al. 437

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



measurements include a better repeatability of the radio-
graphic measurements compared with the use of a universal
plastic goniometer. In fact, the radiographic measurements
performed in the present study used specific landmarks,
such as specific bone reliefs and bone lengths, whereas
goniometry uses external landmarks that are less reliable
and more difficult to reproduce. Disadvantages include
difficult and critical positioning to avoid rotation of the
limb during abduction.

Puglisi and colleagues attempted to perform a stress
radiographic technique on the scapulohumeral joint of 20
small dogs.9 Stress radiographs (mediolateral and caudocra-
nial views) were taken using approximately 11 kg of force
before and after bilateralmedial instability surgically created
in six dogs. No differences were noted in four measurements
of the scapulohumeral joint between survey radiographs and
preoperative stress radiographs. A significant difference was
found in themediolateral joint-spacemeasurement between
pre- and postoperative stress radiographs. On the caudocra-
nial view, no significant difference was found between pre-
and postoperative radiographs. In our study, we used a
caudocranial stress radiographic view that created an abduc-
tion of the scapulohumeral joint, which was different com-
paredwith Puglisi and colleagues. Our results confirmed that
different stress radiographic views of the scapulohumeral
joint allowed a precise and simple diagnosis of medial
shoulder instability. However, we did not use a standardized
force like Puglisi and colleagues, because the abduction was
performed by an operator, and because no device exists to
realize such stress views.

Intra-observer and inter-observer agreements were very
good in our study. The three investigators had different
experience levels with shoulder pathologies and shoulder
radiographs (one board-certified surgeon, one resident sur-
geon and one resident radiologist), but no differences
occurred between measurements.

In our study, we did not measure the force applied during
the radiographic abduction test which could have been
interesting to improve the repeatability of the test. However,
without a forcemeasurement, it can be included in every day
practice. The maximal force to abduct the shoulder without
an elbow rotation was chosen as in the abduction angle test
described by Cook and colleagues.6 Finally, the force neces-
sary to induce a maximal shoulder abduction is not known
and could be breed specific.

Our study is limited by its use of cadavers and small sample
size. This study used only Beagle dogs, and thus limited the
conclusions to only this small-breed dog. One of the most
important limitations isourmodel, basedonanacute lesion for
all the medial glenohumeral ligaments that may not fully
represent the great variety of lesions that can be found in
living dogs. The anatomical landmarks that we chosewere not
described before, and the accuracy of these measurements
remains to be determined. We used a similar radiographic
method previously developed for the canine radius and femur
and we hypothesized that it could be applied for the humerus
and the scapula to determine the anatomical axis of those
bones.23,24 Investigators were all specialists or residents, and

measurements by non–board-certified veterinarians could
have been performed to confirm the reproducibility of this
method. In our study, the repeatability of the positioning was
good as all the measurements performed on three different
viewsweresimilar.Nevertheless, radiographswererealizedby
the same two investigators. Repeatability of the positioning
shouldbeassessedwithotheroperators. Thenewradiographic
method also requires the presence of an operator performing
abduction of the shoulder during the taking of the radiograph.
Therefore, this implies ionizing radiation exposure that is
contrary to radiation protection and that is not compatible
with law in several countries. One method to apply the same
constraint without an operator would be interesting to
develop to be used without concern for associated radiation.
Finally, this technique requires a specific device to position the
animal and its forelimb and anaesthesia is required to realize
the stress view. However, this device is quite simple and
initially used in our practice to perform stress radiograph of
thehips byblocking thewholebody. Therefore, anydevice that
can maintain an adequate lateral pressure on the dog’s body
and scapula can be used.

Because medial instability is reported to comprise the
largest percentage of shoulder instability cases in dogs, we
sought to develop an objective diagnostic technique that
would specifically address this type of pathology through a
cadaver pilot study.1 We conclude that shoulder abduction
angles measured with a stress radiographic-specific view
provide objective data thatmaycontribute to the diagnosis of
medial shoulder instability in dogs. Shoulder abduction
angles are significantly larger in AS with the medial gleno-
humeral ligament transected than in NS in beagle dogs.
Future clinical prospective studies are needed to determine
how this additional diagnostic information should influence
the diagnostic approach of shoulder lameness.
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