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Introduction

The critical shoulder angle (CSA) is a morphological
measure combining the glenoid inclination angle (GIA)
and lateral extension of the acromion (LEA) [1]. High
CSA has been associated to patients with cuff tear
arthropathy (CTA), and low CSA to patients with
osteoarthritis (OA) [2]. The CSA is increasing with age,
without sex difference [3]. However, the effect of age on
CSA has not been evaluated for CTA and OA
separately, and more specifically the effect of age on
GIA and LEA, which both influence the CSA. Hence,
our objective was to evaluate the effects of age, sex,
pathology, GIA, and LEA on CSA.

Methods

We included 65 CTA and 184 OA patients, and 174
normal subjects without any sign of pathology as
controls (CTRL). The GIA and LEA were automatically
measured from CT scans [4, 5]. GIA was defined as the
angle between the scapular axis and the glenoid
centerline projected onto the scapular plane. LEA was
the projection of the most lateral point of the acromion
on the scapular axis. CSA was the angle between the line
connecting the inferior and superior borders of the
glenoid, and the line connecting the inferior border of
the glenoid with the most LEA. From these clinical data,
we developed a causal Bayesian network to evaluate the
effects of age, sex, and pathology on CSA as follows:

CSA; ~ N(pi,0)
Hi = Qiseq[i] pathologyli] T

Bsesli],pathologyli] (0g€; — BEE)

In addition, to evaluate the effects of GIA and LEA as
follows:
CSA; ~ N(p,0)
i = Olseqli] pathologyli]
Vsexli] pathologyli] GT Ait
Csexli] pathology[i) LEAs
We used the Hamiltonian Monte Carlo (HMC) method
to estimate the posterior distribution. All variables were
reported as z-score (except age), with CTRL
standardizations, and 89% confidence intervals (CI).
The Bayesian network analysis was performed with R
(RSTAN package).

Results

For CTA, the CSA increased with age for both males
and females (Fig. 1). For OA, age had a slightly negative
effect on CSA for males and females. For CTRL, age
and sex had no effect on CSA.

For the three groups, the CSA increased with the GIA
and LEA. The effects of GIA and LEA on CSA were
similar for CTRL and OA, but differed for CTA, with a
higher GIA effect for CTA-males and a higher LEA
effect for CTA-females (Fig. 2).
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Figure 1: CSA vs age for CTA. Points (red for F and
black for M) represented the real subjects and the line
and the shaded area showed the mean and 89% CI of

the Bayesian model.
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Figure 2: CSA vs GIA (top) and LEA (bottom).

Discussion

Our results showed the relative importance of age, sex,
GIA, and LEA on CSA, and most importantly the
different effects in CTA, compared to OA and CTRL.
These results may be helpful in the early detection of
shoulder pathologies, and may improve the treatments
of CTA and OA, based on simple radiological
measurements of the GIA and LEA.
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