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Background: Degenerative rotator cuff tears and osteoarthritis (OA) are associated with differences in
coronal plane scapular morphology, with particular focus on the effect of the critical shoulder angle (CSA)
on shoulder biomechanics. The effect, if any, of axial plane scapular morphology is less well established.
We have noticed wide disparity of axial coracoid tip position in relation to the face of the glenoid and
sought to investigate the significance of this through measurement of the critical coracoid process angle
(CCPA), which incorporates coracoid tip position and glenoid version.
Methods: CCPA, CSA, and glenoid retroversion were measured by three independent reviewers from the
cross-sectional two-dimensional computed tomography (CT) and magnetic resonance imaging of 160
patients in four equal and matched case-control groups: (1) a control group of patients with a radio-
logically normal shoulder and no history of shoulder symptoms who had a CT thorax for another reason,
(2) patients with primary OA with Walch type-A glenoid wear pattern on CT scan, (3) patients with type-
B glenoid primary OA, and (4) patients with magnetic resonance imagingeproven atraumatic tears of the
posterosuperior rotator cuff.
Results: Interobserver agreement was excellent for all measured parameters. The median CCPA was
significantly lower in the type-B OA group (9.3�) than that in controls (18.7�), but not significantly different
in the other study groups. There was a trend toward greater glenoid retroversion in the type-B OA group,
but receiver operating characteristic curve analysis demonstrated the CCPA to be by far the most
powerful discriminator for type-B OA. The optimal cutoff value was calculated for the CCPA at 14.3�with a
sensitivity of 93% and specificity of 90% for type-B OA. Compared with controls, the CSA was significantly
higher in the rotator cuff tear group and lower in both OA groups, but did not differentiate between type-
A and type-B OA.
Conclusion: Combined with a lower CSA, a lower CCPA (<14.3�) is strongly predictive of type-B glenoid
OA. The authors propose a simple model of pectoralis major biomechanics to explain the effect of this
axial plane anatomical variation, which requires further investigation.

© 2021 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Degenerative rotator cuff tears (RCTs) and primary described by the critical shoulder angle (CSA), which combines the

glenohumeral osteoarthritis (OA) are the two major age-related
conditions affecting the shoulder.33,34 There is a growing body of
evidence to suggest that variations in individual scapular
morphology significantly affect joint mechanics and likely
play a significant role in the underlying disease
processes.5,19,32-34,40,43,52,53 Most focus has been on coronal plane
variations that are associated with disease. This has been well
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acromion index and glenoid inclination into a single measure-
ment.34 A higher CSA (>35�) has been strongly associated with
RCTs.10,18,19,34,39,47,53,57 Conversely, a lower CSA (<30�) is found in
patients with OA.8,19,33,39,47,52

The pattern of glenoid wear in primary glenohumeral OA shows
greatest variation in the axial plane.55 Walch has observed that the
majority are either concentric (Walch type-A) or posterior eccentric
(Walch type-B). Each type is subdividedasper the severityof glenoid
erosion (A1-2; B1-3).32,55 The hallmark of type-B OA is posterior
humeral head subluxation, which has been proposed to begin as a
dynamicphenomenon, progressing to static subluxation resulting in
eccentric wear over time, suggesting a strong biomechanical influ-
ence.14,54 This eccentric wear results in formation of a biconcave
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neo-glenoid and an acquired pathological glenoid retroversion
(RV).11,30,36,40,44 Other axial plane variations of scapularmorphology
associated with type-B OA have not yet been reported although
abnormal coracoid morphology has been associated with glenoid
dysplasia in obstetric brachial plexus palsy (OBPP).26,35,38,46,51,58

Through routine assessment of computed tomography (CT)
scans in type-B OA, the senior author observed that the tip of the
coracoid process is more medially placed in the axial plane with
respect to the face of the glenoid. Individual variation in size and
shape of the coracoid process has been well documented, particu-
larly the association of increased lateral offset with RCTs, especially
anterior tears.17,28,41,49,59 An angle incorporating glenoid version
and lateral coracoid offset (the ‘critical coracoid process angle’;
CCPA), akin to the CSA in the coronal plane, has been coined by Sada
et al.43 It is measured on axial cross-sectional imaging (CT or
magnetic resonance imaging [MRI]) and reported to be associated
with RCTs but has not been published in peer-reviewed literature or
studied in the context of OA.

The aim of this study was to assess the association of the CCPA
with type-A OA, type-B OA, and degenerative RCTs, as compared
with the normal population.

Materials and methods

Study design and setting

This was a retrospective case-control study looking at patients
who presented to a single trust in the United Kingdom between
2006 and 2020. Ethical approval was granted by the Health
Research Authority (HRA IRAS ID: 288623).

Participants

All cross-sectional shoulder imaging of patients aged 60 years
and above stored on our institution’s picture archiving communi-
cation system (Marosis m-view, Marotech, Seoul, Korea) software
from 2006 to 2020 was screened for the presence of either OA (CT
scan) or RCT (MRI scan), as per the radiologist’s report. Clinical
notes were consulted to apply the following exclusion criteria:
history of trauma, inflammatory joint disease, previous shoulder
surgery, and duplicate scan of the same patient’s shoulder. All CT
scans reported as showing glenohumeral OA were categorized by
the senior author as per the modified Walch classification.6,55

Equal-sized case-control groups of matched imaging studies were
then created (type-A OA, type-B OA, and RCTs). Type B3 (severe
erosion) was excluded as there was no available glenoid landmark
to accurately measure the CCPA. Type C (glenoid dysplasia) and
type D (anterior wear) were excluded because of insufficiently
observed numbers in our sample.

A matched group of controls was created from patients who had
undergone a CT scan of the chest that happened to include the
entire shoulder girdle, for reasons other than shoulder symptoms.
Scans were chosen in order of the date performed, working from
most recent backward. The clinical exclusion criteria were any
documented history of shoulder disease, surgery, or trauma. The
radiographic exclusion criteria were any prior shoulder imaging at
our institution or any sign of degenerative or prior traumatic con-
dition of the glenohumeral or subacromial articulations (eg, spur,
cyst, osteophyte, sclerosis, narrowing, or fracture malunion).

Variables and data sources

Data extracted from scans included outcome characteristics
based on radiologist reports and glenoid morphology (type-A OA,
type-B OA, RCT, and control), confounding data for matching (age/
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sex/side) and radiological measurements performed on case-
control groups.

Radiological measurements

CT and MRI images were viewed on a high-resolution liquid-
crystal display LCDmonitor using picture archiving communication
system (Marosis m-view, Marotech, Seoul, Korea) software func-
tionality to remove patient details, prior markings, and radiologist
reports. MRI images were obtained from a Philips Achieva 1.5T
scanner, and CT imaging procedures were performed on a Siemens
Somatom Definition Edge using a single-energy CT protocol with a
reconstructed slice thickness of 0.5 mm. All measurements per-
formed on MRI were T1 or proton densityeweighted images. All
scans underwent predetermined multiplanar (axial, sagittal, and
coronal) reformatting in the plane of the scapula body as per
established methods.16,23,42 (Fig. 1A).

As per previously described methods, three independent
reviewers measured the CCPA43 (Fig. 1B), CSA (Fig. 1C), and glenoid
RV.16,23,29,34 For the B2 subgroup, the paleo-glenoid, rather than
neo-glenoid, was used to reference the face of the glenoid and,
therefore, estimate the position of the paleo-glenoid posterior rim.
The absence of the paleo-glenoid face in B3 glenoids rendered this
measurement technique impossible and necessitated their exclu-
sion in this study. Glenoids with insufficient paleo-glenoid to
reference the glenoid face were considered B3 and excluded. Gle-
noid RVwas alsomeasuredwith reference to the paleo-glenoid face
as described rather than the neo-glenoid because of the patho-
logical bone loss in the B2 glenoid.11,30,36,40,44 After interobserver
reliability testing, a mean of the reviewer’s results was used for
investigation unless a significant difference (>20%) was identified
in which case a repeat measurement was agreed by all three
reviewers.

Bias

Bias was reduced by blinding of reviewers to assignment of the
Walch glenoid type before measurements and to each other’s
measurements. Patient age, sex, side, and severity matching was
also performed for each of the four case-control groups.

Study size

The study included 160 patients in matched case-control groups
of 40 (type-AOA, type-B OA, RCT, and control). This sample size was
reached based on similar studies conducted.34,43,47,49 Group char-
acteristics were defined by the scans displaying type-B2 OA, rarest
of the studied pathologies. Twenty B2 glenoids were added to 20 B1
glenoids chosen by order of the scan date, to create a group of 40
type-B glenoids. A group of 40 type-A glenoids was then created
matched to the type-B group for patient age, sex, side, and severity
of erosion (A1 vs. A2). The same process was followed to create the
RCT group. As per the classification system proposed by Cofield,
large and massive tears were considered severe.12

Statistical methods

Results were recorded through Microsoft Excel, and statistical
analysis was performed with the SPSS statistical software (IBM,
Armonk, NY, USA) and STATA (version 11; Stata Corp, College
Station, TX, USA). Normality testing was assessed using visual
comparison of plotted data and Shapiro-Wilk test of normality. All
angle analyses were treated as nonparametric. Median difference
and 95% confidence intervals (CI) were calculated via the
Hodges-Lehmann estimator and compared using Mann-Whitney U



Figure 1 (a) Multiplanar reformatting of shoulder CT scans as per the plane of the
scapula body. (b) The CSA measured in the coronal plane on multiplanar reformatted
CT scans. The angle is formed from the most superior point of the glenoid rim to the
most inferior point of the glenoid rim, to most infero-lateral projection of the acromion
(yellow lines). (c) The CCPA measured in the axial plane on multiplanar reformatted CT
scans. The angle is formed from the most anterior point of the glenoid rim to the most
posterior point of the glenoid rim, at the level of the mid glenoid, to most antero-
medial projection of the coracoid (yellow circle and lines). CT, computed tomogra-
phy; CCPA, critical coracoid process angle; CSA, critical shoulder angle.
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tests at a significant level of 0.05. Demographic datawere normality
distributed and were analyzed using Student’s T test and
chi-squared test where appropriate. Receiver operating character-
istic (ROC) curve analysis was performed to find cutoffs and
compare CCPA, CSA, and glenoid RV as discriminators between
type-B OA and controls.

Interobserver reliability of the measurements was assessed by
calculating the intraclass correlation coefficient (ICC) of each
parameter using the two-way mixed-effects model. We considered
ICCs of 0.7 or higher to be sufficient for the reliability as in similar
studies.9

Results

The groups were well matched for baseline characteristics
(Table I). Interobserver agreement between the three reviewers
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was demonstrated to be excellent for both CCPA and CSA mea-
surements (ICCCCPA, 0.980; ICCCSA, 0.960). Table II highlights the
average and observed distribution of CCPA, CSA, and RV for the four
patient groups (Table II).

The CCPA was significantly lower in patients with type-B OA
than that in controls (9.3�vs. 18.7�, respectively, P < .05) (Tables II and
III). Shoulders with greater severity of posterior erosion had a lower
median CCPA, but this did not reach statistical significance (B1; 10.1
[7.9-12.0] vs. B2; 7.6 [5.2-10.0], P ¼ .27). There was no significant
difference of the CCPA between controls and patients with type-A
OA (P ¼ .425) or RCT (P ¼ .194).

The median CSA was significantly higher in the RCT group and
significantly lower for both OA groups than that in controls
(Table II) (Table III). There was no significant difference between
values for type-A and type-B OA groups (27.4�vs. 27.8�, respectively,
P ¼ .736). Subgroup analysis found no significant difference for the
CSA between OA grade severity for either type-A (A1; 27.5 [26.3-
29.2], A2; 27.1 [23.3-29.9], P ¼ .875) or type-B groups (B1; 28.4
[25.8-30.8], B2; 26.8 [25.6-29.5] P ¼ .599). Fig. 2 is a graphical
depiction of the interplay between the CCPA and CSA for each
group, presenting all the data along with the median and inter-
quartile range. Patients with type-B OA have a lower CCPA and CSA,
whereas those with RCT or type-A OA are discriminated from
controls by the CSA alone.

Compared with controls, median glenoid RV was not signifi-
cantly different in any of the study groups, but there was a trend
toward increased RV in the type-B OA group (controls; 4.4�, type-A
OA; 5.35 [P ¼ .315], type-B OA; 5.5 [P ¼ .102], RCT; 3.5 [P ¼ .780])
(Tables II and III).

ROC curve analysis demonstrated the CCPA to be the best
discriminator for type-B OA of all the measured values with the
highest area under the curve (CCPA; 0.964 [95% CI 0.93-0.997], CSA;
0.734 [95% CI 0.623-0.85], glenoid RV 0.607 [95% CI 0.481-0.732])
(Fig. 3). The optimal cutoff value was calculated for the CCPA at 14.3�
with a sensitivity of 93% and specificity of 90% for type-B OA when
combined with a low CSA.

Discussion

This study has demonstrated that both the CCPA and CSA are
very significantly smaller in patients with type-B OA, regardless of
severity, than those in controls. This differs from type-A OA, where
only the CSA is smaller. Although there was trend toward higher
native glenoid RV measured from the paleo-glenoid face, this did
not reach statistical significance, and ROC curve analysis demon-
strated the CCPA to be a much more powerful independent
discriminator of type-B OA. Patients with RCTs did not have a
significantly higher CCPA. A possible explanation for this is a likely
lower number of subscapularis (SSC) tears than in previous cora-
coid studies.4,59 We purposefully did not classify cuff tears by the
anatomical position as arthroscopy is the gold standard for this, and
the accuracy of MRI for the detection of SSC tears is relatively
low.13,50

The role of individual scapular morphology in the development
of degenerative shoulder conditions has been an area of intense
research over the last few years. Increasing evidence has indicated
that underlying coronal plane variation is implicated in the pro-
gression of shoulder degeneration to either OA or RCTs, with pre-
vious findings with respect to the CSA replicated in this
study.8,10,18,19,33,34,39,47,53,57 This article sought to further
understanding of axial plane scapular morphology and association
with posterior wear patterns of OA. Glenoid RV has been suggested
to be associated with posterior subluxation of the humeral head
and type-B glenoid pattern of degenerative wear.32,55 Multiple
studies have suggested the glenoid RV to be an acquired rather than



Table I
Baseline characteristics of each group.

Demographic Control RCT Type-A OA Type-B OA

Number 40 [ - ] 40 [ P ¼ 1.0] 40 [ P ¼ 1.0] 40 [ P ¼ 1.0]
Severity low - 20 [ P ¼ 1.0] 20 [ P ¼ 1.0] 20 [ P ¼ 1.0]
Severity high - 20 [ P ¼ 1.0] 20 [ P ¼ 1.0] 20 [ P ¼ 1.0]
Age 72.1 (70.0 to 74.2) [ - ] 71.8 (70.2 to 73.3) [P ¼ .785] 72.4 (70.4 to 74.4) [P ¼ .836] 71.7 (69.2 to 74.1) [P ¼ .791]
Female 27 [ - ] 26 [P ¼ .813] 27 [P ¼ 1.0] 26 [P ¼ .813]
Male 13 [ - ] 14 [P ¼ .813] 13 [P ¼ 1.0] 14 [P ¼ .813]
Left 22 [ - ] 22 [P ¼ 1.0] 23 [P ¼ .823] 21 [P ¼ .823]
Right 18 [ - ] 18 [P ¼ 1.0] 17 [P ¼ .823] 19 [P ¼ .823]

RCT, rotator cuff tear; OA, osteoarthritis.
Severity low (small/moderate cuff tear, A1 OA or B1 OA), severity high (large/massive cuff tear, A2 OA or B2 OA).
Age is presented as mean (CI). All other results presented as number (n). [P value by compared with the control group].

Table II
Median CCPA, CSA, and glenoid retroversion (degrees) across four patient groups.

Measurement Control (n ¼ 40) RCT (n ¼ 40) Type-A OA (n ¼ 40) Type-B OA (n ¼ 40)

CCPA 18.7 (16.4 to 20.5), SD 3.6 20.3 (16.8 to 22.6), SD 6.9 17.0 (12.5 to 23.5), SD 7.1 9.3 (6.3 to 11.3), SD 5.7
CSA 30.8 (28.9 to 32.0), SD 2.6 37 (34.1 to 38.4), SD 4.6 27.4 (24.2 to 29.7), SD 3.7 27.8 (25.5 to 30.6), SD 4.2
RV 4.4 (2.25 to 6.9), SD 3.4 3.5 (1.9 to 7.5), SD 3.4 5.35 (1.1 to 9.1), SD 5.9 5.5 (3.0 to 8.05), SD 3.8

RCT, rotator cuff tear group; OA, osteoarthritis; CSA, critical shoulder angle; CCPA, critical coracoid process angle; RV, retroversion; SD, standard deviation.
Median values (25% to 75% interquartile range).

Table III
Median difference of CCPA, CSA, and glenoid RV (degrees) between pathological shoulders and controls.

Measurement RCT (n ¼ 40) Type-A OA (n ¼ 40) Type-B OA (n ¼ 40)

CCPA 1.3 (95% CI -0.7 to 3.1) [P ¼ .194] -0.8 (95% CI -3.3 to 1.6) [P ¼ .425] -9.75 (95% CI -11.6 to -8.0) [P < .05]
CSA 6.2 (95% CI 4.8 to 7.6) [P < .05] -3.3 (95% CI -4.7 to -1.87) [P < .05] -2.67 (95% CI -4.2 to -1.2) [P < . 05]
RV -3.0 (95% CI -1.8 to 1) [P ¼ .780] 1.1 (95% CI -1.1 to 3.4) [P ¼ .315] 1.3 (95% CI -0.3 to 2.9) [P ¼ .102]

RCT, rotator cuff tear group; OA, osteoarthritis; CSA, critical shoulder angle; CCPA, critical coracoid process angle; RV, retroversion, CI, confidence interval.
Median difference (95% confidence intervals using the Hodges-Lehmann estimator) [P values vs. control using Mann-Whitney U test].

W. Wynell-Mayow, C.C. Chong, O. Musbahi et al. JSES International 6 (2022) 447e453
causal pathology due to posterior bone loss after static
subluxation.11,30,36,40,44

The authors noticed patients with type-B OA tend to have a
more medially positioned coracoid process tip. A combination of
glenoid version and coracoid projection is taken into account with
the CCPA.44 This angle is defined as the angle subtended by three
points: the anterior glenoid rim, the posterior glenoid rim, and the
tip of the coracoid (Fig. 1B).43 An equivalent angle called the cor-
acoglenoid angle has been described by Asal et al and investigated
with respect to SSC tendon pathology.4 This references the anterior,
rather than posterior, glenoid rim at the point of the angle. We
prefer the CCPA as it is more akin to the CSA, which is well-known
and easily remembered.

Glenohumeral stability is accepted to be provided by a combi-
nation of active and static restraints.7 A muscle’s ability to impart
compression or sheer at a joint is a function of its line of action.2,60

Biomechanical modeling of the CSA suggests that the position of
the acromion dictates the deltoid (DLT) attachment and, therefore,
its vector of pull.52,53 Combined with variations in native glenoid
inclination, this results in either repetitive excessive glenohumeral
superior translation and subacromial impingement (resulting in
RCT) or higher joint compression forces (resulting in
OA).21,33,34,48,52,53 Given the observed progression of type-B OA
patterns from dynamic humeral head subluxation to static sublux-
ation with eccentric glenoid wear, the authors suggest a similar
model implicating the position of the coracoid tip combinedwith the
glenoid version in the axial plane.14,55,56 This study measured the
glenoid version from the face of the paleo-glenoid allowed by
the exclusion of the B3 glenoids with the insufficient paleo-glenoid
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to accurately measure the face. The exclusion of B3 glenoids and
the use of the paleo- rather thanpathologically acquired neo-glenoid
are proposed to explain this study’s lower level of association be-
tween glenoid RV and type-B OA than in the literature.11,30,36,40,44

Biomechanical studies have established pectoralis major (PM) as
the major dynamic destabilizing force acting on the glenohumeral
joint in the axial plane;1-3,24,27,31,37 an electromyography study has
shown increased activation of PM in patients with anterior insta-
bility.21 Furthermore, section of the PM tendon and, more recently,
botulinum toxin injection into the PM muscle bellies are estab-
lished treatments for chronic recurrent anterior instability where
other forms of surgery are not indicated.15,22,45 A number of mus-
cles (DLT, SSC, teres major) can produce dynamic posterior trans-
lation of which the middle DLT is the most significant potential
posterior destabilizer, but it appears that no one single muscle is
responsible for counterbalance of the PM.2,22,27 It follows, therefore,
that significant alterations in the vector of pull of the PM might
result in imbalance between anterior and posterior translatory
forces acting across the joint. As the PM converges on its tendinous
insertion on the lateral lip of the bicipital groove of the humerus, it
courses over the conjoint tendon of the short head of biceps and
coracobrachialis, close to its coracoid insertion, in an arrangement
reminiscent of a simple pulley mechanism (Fig. 4). The functional
implication of this vector of the PM has been used as a biome-
chanical justification for PM transfer under, rather than over, the
conjoint tendon in SSC-deficient shoulders.25 We postulate that
medial positioning of the coracoid tip reduces the pulley effect
produced by the conjoint tendon, resulting in a smaller anterior
force vector of the PM. Combined with normal or excessive glenoid



Figure 3 Receiver operating characteristic (ROC) curves for the critical coracoid process angle (CCPA) in blue, the critical shoulder angle (CSA) in orange, and the glenoid retro-
version (RV) in gray for the prediction of type-B osteoarthritis. The reference line is indicated in yellow.

Figure 2 The scatter plot of the CSA against the CCPA to demonstrate the relationship of the two angles for each group. Each point represents a single scandRCTs (blue), type-A OA
(green), type-B OA (purple), and controls (orange); group median (X) and 25%-75% interquartile range (bubble). RCT, rotator cuff tear; OA, osteoarthritis.
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RV, this results in recurrent posterior translation of the humeral
head (Fig. 4). When combined with the increased joint reaction
force resultant from a low CSA, we suggest that a low CCPA con-
tributes to the development of posterior OA wear patterns.
Conversely, a normal CCPAwith a more usual projecting coracoid is
proposed to be protective in centralizing the humeral head andwas
associated either with type-A OA or with a normal shoulder in this
study, depending on the value of the CSA.

Indirect support for our model comes from the observation of
scapula dysplasia found in the shoulders of patients affected by
OBPP. Significant increase in the coracoid overlap or lateral pro-
jection has been demonstrated in patients with OBPP who have a
dysplastic retroverted glenoid and posterior subluxating humeral
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head.26,35,38,46,51,58 Ourmodel is suggestive that this lateral coracoid
elongation might develop as a protective mechanism to maximize
the anterior PM force vector. However, further biomechanical
modeling and longitudinal cohort studies are needed to investigate
the author’s proposed theoretical model of the effect of the CCPA on
glenohumeral forces. Further modeling of the sagittal plane scap-
ular morphology may be beneficial in creating a 3-dimensional
understanding of glenohumeral stability.

Limitations

This study is retrospective and, therefore, vulnerable to selec-
tion bias. This has been mitigated through the case-control study

mailto:Image of Figure 3|eps
mailto:Image of Figure 2|tif


Figure 4 A medial position of the coracoid tip reduces the CCPA. This reduces the
pulley effect on the pectoralis major as it slings over the conjoint tendon, resulting in
reduced anterior translation force. The resulting imbalance results in excess posterior
translation of the humeral head, which may be combined with excessive glenoid
retroversion in some cases. CCPA, critical coracoid process angle.
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design. The radiological inclusion/exclusion criteria for control
scans were strict, although patients were not directly contacted
about shoulder symptoms. The consistency of the CSA result with
the literature indicates that the sample is representative of a typical
patient population. When reviewing scans, the diagnosis of OA vs.
RCT was usually obvious; however, blinding to assignment of type-
A or type-B was possible for borderline cases. Scans compared were
mixed modalities (CT/MRI); however, all patients with OA and
control patients had a CT scan. Both CT andMRI have been validated
as reliable comparable measures of scapula morphology with good
interobserver and intraobserver reliability.20 The most severe type-
B3 glenoids or completely destructed unclassifiable glenoids were
excluded because of a lack of landmarks for measurement and may
be a source of bias. Type C and D glenoids were excluded because of
low numbers; the relationship of the CCPA to these patterns is
therefore unknown and an avenue for further research. A larger
study including sufficient numbers of these less common and more
dysplastic glenoid patterns may add further weight to the theory of
altered PM biomechanics.

Conclusions

This study has evaluated and has demonstrated the association
of a low CCPA, combined with a low CSA, in patients with type-B
primary OA of the glenohumeral joint, whereas a normal CCPA
and low CSA are associated with type-A OA. An abnormal CCPAwas
not associated with degenerative RCTs. The CCPA is a reliable
radiological index, measured on cross-sectional imaging in the
axial plane, incorporating coracoid tip position and glenoid version.
An explanatory model of altered PM biomechanics is offered but
requires further validation.
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