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Is There A Relationship Between Critical Shoulder Angle
and Fatty Degeneration and Number of Damaged
Tendons in Rotator Cuff Arthropathy Patients?

Rotator Manget Artropatili Hastalarda Kritik Omuz Agisi ile Yagh Dejenerasyon ve Hasarli Tendon Sayisi Arasinda

Iliski Var Midur?
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Eskisehir, Turkey The aim of this study was to investigate the correlation of critical shoulder angle (CSA) in rotator cuff arthropathy patients with

number of damaged rotator cuff tendons and muscle fatty degeneration. Rotator cuff arthropathy patients were included in this
study. True antero-posterior radiographs (Grashey view) were used to measure the angle by the first author. The critical shoulder
angles were measured on radiographs. The Magnetic resonance images (MRI) of same patients were assessed in terms of number of
tendon involvements and fatty degeneration of rotator cuff muscles. There were 28 rotator cuff arthropathy patients comprising 16
females and 12 males. The mean age was 69.92+8.84 years. The right shoulder was affected in 20 patients. The left side was affected
in 8 patients. The damaged rotator cuff tendons were as follows; supraspinatus tendon was affected in all patients, infraspinatus
tendon was affected in 25 patients, teres minor was affected in 14 patients, and subscapularis tendon was affected in 24 patients.
The critical shoulder angle was found 37.60°+1.66° CSA values were found to be higher in patients having fatty degeneration
than others having no fatty degeneration, and it was statistically significant (p<0.001). The CSA values were found to be higher
in patients with having increased number of damaged tendons and with having fatty degeneration of rotator cuff muscles. The hig-
her CSA means the worse rotator cuff arthropathy patients, therefore care should be taken for planning surgical treatment options.
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Bu ¢alismanin amaci rotator manget artropatili hastalarda kritik omuz agisinin (KOA) hasarli rotator manget tendon sayisi ve
kaslarin yagl dejenerasyonu ile iligkisini aragtirmakti. Rotator manget artropatisi hastalar1 bu galigmaya dahil edildi. {lk yazar
tarafindan agiy1 6lgmek igin gergek on-arka radyografiler (Grashey goriiniimii) kullanildi. Kritik omuz agilar1 radyografilerde
ol¢iildii. Ayni hastalarin Manyetik rezonans gériintilleri (MRG), tendon tutulumlarinin sayist ve rotator manset kaslarinin
yagh dejenerasyonu agisindan degerlendirildi. 16 kadin ve 12 erkekten olugan 28 rotator manget artropati hastasi vardi. Orta-
lama yas 69.92+8.84 idi. 20 hastada sag omuz etkilenmisti. 8 hastada sol taraf etkilenmisti. Hasarli rotator manget tendonlar1

Correspondence: su sekildeydi; Hastalarin tamaminda supraspinatus tendonu, 25 hastada infraspinatus tendonu, 14 hastada teres mindr ve 24
Cuneyd GUNAY hastada subskapularis tendonu etkilenmisti. Kritik omuz agisi 37.60°+1.66°0larak bulundu. Yagh dejenerasyonu olan hastalar-
Department of Orthopaedics and da KOA degerleri, yagli dejenerasyonu olmayanlara gore daha yiiksek bulundu ve istatistiksel olarak anlamliyd: (p<0,001). Ha-
Traumatology, Eskisehir Osmangazi sarli tendon sayisi fazla olan ve rotator manget kaslarinda yag dejenerasyonu olan hastalarda KOA degerleri daha yiiksek bulundu.
University, Faculty of Medicine, Daha yiiksek KOA, daha kotii rotator manget artropati hastalari anlamina gelir, bu nedenle cerrahi tedavi segeneklerinin

Eskisehir, Turkey planlanmasi i¢in 6zen gosterilmelidir.
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Critical Shoulder Angle in Cuff Arthropathy

1. Introduction

Rotator cuff tears (RCTs) are a common
pathologic finding among patients who have
shoulder complaints (1,2). Many factors are
related with RCTs, such as smoking,
advanced age, and activity level (3,4). Rotator
cuff tears also can lead to a characteristic
series of degenerative changes including
proximal humeral migration, superior wear,
and inferior osteophyte formation, which are
collectively termed rotator cuff tear
arthropathy (5). Assessing the critical
shoulder angle (CSA) can be helpful during
diagnostic evaluation of patients with
shoulder pain and can help predict the exact
pathology. The CSA is the angle between the
plane of the glenoid and the connecting line to
the most lateral border of the acromion on the
true antero-posterior (AP) radiograph of the
shoulder. The measurement is simple and can
be obtained from plain radiographs. First,
Moor et al. (6) described the CSA, and
reported that smaller CSA was associated with
glenohumeral osteoarthritis (OA) and a larger
CSA was associated with rotator cuff tear
(RCT). Biomechanical studies also support
the theory that higher CSA 1is associated with
a greater risk for development of an RCT.
Massive RCTs often contain a high degree of
muscle atrophy, tendon adhesion, and
abnormal fatty infiltration; In this study, we
aimed to investigate the correlation of CSA
with fatty degeneration of cuff muscles and
number of torn cuff tendons.

2. Materials and Methods

This study was approved by the University
Hospital Institutional Review Board Ethics

Committee (Number: E-25403353-050.99-
171587-02.03.202/17). This study is a
retrospective  analysis of  longitudinally

collected data between 2019 and 2021. The
inclusion criteria for the patients were as
follows; 1) Patients diagnosed as rotator cuff
arthropathy disease 2) Patients who have not
been treated surgically for rotator cuff disease
before admitted to our clinic 3) Patients who
have had true shoulder AP radiograph and
MRI of the affected shoulder joint. Patients
exclusion criteria were as follows; 1) If they
had previous humerus, scapula, or clavicle
fractures 2) If Grashey shoulder radiographs

were not available 3) If radiographs were not
suitable for measurement because of unclear
visualization of bony landmarks 4) If they had
previous rotator cuff surgery 5) Other criteria
for exclusion were diagnoses of avascular
necrosis and inflammatory arthritis. Grashey
(true antero-posterior) views were taken with
patients in standing-up position while rotating
the affected shoulder 30-40 degrees towards
to opposite side. Only radiographs with
visible joint space and minimal overlap of the
posterior and anterior rim of the glenoid were
included into this study. All measurements
were performed electronically on a picture
archiving and communication system (PACS)
workstation in our hospital. The CSA was
calculated using the technique described by
Moor et. al. (6). It was formed between two
lines. First line is formed by connecting the
superior and inferior bony margins of the
glenoid, and second line is drawn from the
inferior bony margin of the glenoid to the
most lateral border of the acromion bony
edge. All patients underwent standardised
antero-posterior radiographs and a standard 3-
Tesla (T) MRI of the shoulder, using a 3.0 T
Siemens Magnetom Verio MRI (Siemens
Medical Solutions, Erlangen, Germany) and
4-channel dedicated shoulder coil, with the
arm positioned in neutral rotation by the
patient’s side. The standard shoulder MRI
protocol included oblique coronal, oblique
sagittal, and oblique axial images oriented to
the axes of the glenohumeral joint. The
number of damaged rotator cuff tendons were
also assessed on MRI views and noted as how
many tendons were affected per one patient.
Fatty infiltration was evaluated with the
criteria established by Goutallier et al., which
classifies infiltration into 4 categories on the
basis of the number of fatty streaks within the
muscle belly on sagittal and coronal views (7).
However, in this study fatty degeneration was
assessed on MRI views and noted, only as
whether presence or absence of pathology in
rotator cuff muscles. The shoulder MRI of the
patients were also evaluated according to
number of involved torn tendons and fatty
infiltration of the rotator cuff muscles as well.
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Statistical Methods

The statistical analysis were performed using
IBM SPSS Statistics version 25. The Mann-
Whitney U test was used for the comparison
of variables. The categorical variables were
expressed as sample size (n) and percent,
continuous variables were expressed as mean
and standard deviation. p<0.05 was accepted
as statistically significant for this study.

3. Results

There were 28 rotator cuff arthropathy
patients comprising 16 females (57.1%), and
12 males (42.9%). The mean age was
69.92+8.84 years (range: 54-89). The right
shoulder was affected in 20 (71.4%) patients.
The left side was affected in 8 (28.6%)
patients. The dominant extremity was

involved in 21 (75%) patients. The damaged
rotator cuff tendons were as follows;
supraspinatus tendon was affected in all
patients (28 patients, 100%), infraspinatus
tendon was affected in 25 patients (25/28,
89.3%), teres minor was affected in 14
patients (14/28, 50%), and subscapularis
tendon was affected in 24 patients (24/28,
85.7%). The critical shoulder angle was found
37.60£1.66 degrees (range: 35-40 degrees).
Each damaged rotator cuff tendons and their
relations with the critical shoulder angle are
shown on Table 1. Patients with and without
fatty infiltration of rotator cuff muscles and its
relations with CSA values are presented on
Table 2. CSA values were found to be higher
in patients having fatty infiltration than others
having no fatty infiltration, and it was
statistically significant (p<0.001).

Table 1. The mean critical shoulder angle values of 28 patients, and their relevance with each damaged
cuff tendon and with fatty degeneration of damaged tendon muscles.

Damaged Non-demaged CSA (°) for damaged CSA (°) for pvalue
tendon (n) tendon (n) tendon non-damaged
tendon
Supraspinatus 28 0 37.60°£1.66° - p<0.001
Infraspinatus 25 3 37.80°+1.63° 36.00°+1.00° p=0.090
Teres minor 14 14 38.35°+1.15° 36.85°+1.79° p=0.021
Subscapularis 24 4 37.87°+1.56° 36.00°41.41°  p=0.042

CSA (Critical shoulder angle mean+Std. Deviation)

Table 2. The relationship between CSA and fatty degeneration

Patient (n) CSA (°)

Fatty infiltration (+) 22 38.13°£1.35°
Fatty infiltration (-) 6 35.66°+1.21°

CSA (Critical shoulder angle mean+Std. Deviation)

4. Discussion

Moor et al. (6) first described the critical
shoulder angle (CSA) for patients, who have
high propensity for rotator cuff problems. The
benefit of using the CSA is that it combines
the lateral extension of the acromion and the
inclination of the glenoid fossa into a single
quantifiable measurement. Once it was
introduced, studies demonstrated its strong
relationship with rotator cuff tears (8). In
addition, the literature has quantified
measurement ranges, suggesting that patients
with CSAs from 35° to 39° are at the highest

risk for rotator cuff disease (6). Gerber et al.
showed that CSAs >38° substantially increase
the ratio of joint shear to joint compression
forces (instability ratio) and lead to
compensatory supraspinatus tendon overload
(9). Moor et al. stated that, the mean CSA was
38.0° (29.5° to 43.5°) in the RCT group and
28.1° (18.6° to 35.8°) in the OA group. Of
patients with a CSA>35°, 84% were in the
RCT group and of those with a CSA < 30°,
93% were in the OA group (6). Despite using
CSA in rotator cuff disease patients evaluation
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preoperatively, also Garcia et al. (10) reported
that increased CSA was significantly
correlated with worse postoperative outcomes.
The average CSA wvalues correlated with
rotator cuff disease vary in the literature from
35° to 39° (6). Our results obtained for this
study was similar with the literature. CSA
measurements on radiography could provide a
better guidance for assessing and predicting
the severity of damaged rotator cuff muscles
compared to MRI, which is expensive and
time consuming imaging modality according
to radiography. It has been shown that a
malrotation in the conventional radiographs
exceeding 20° leads to substantial overlap
between the anterior and posterior glenoid
rims, decreasing the reproducibility (6).
Hence, all CSA measurements in this study
was done on true antero-posterior (Grashey
views) radiographs.

As mentioned by Chalmers et al. (11), the
CSA is not correlated with tear size or tear
progression, and does not seem to change with
time. Their results suggest that the CSA is
unlikely to be related to rotator cuff disease
and they have found no change in the CSA at
a mean of 6 years, suggesting this is a stable
measurement. In contrast to this, it was stated
that the CSA also may correlate with tear size
(12) and might be larger in patients with
degenerative cuff tears than in patients with
traumatic tears (13). It was reported in a study
that (14), concurrent glenohumeral OA and
full-thickness RCT are associated with greater
CSA values compared with patients with
glenohumeral OA alone. Our study results are
consistent with these reports, as our average
CSA was 37.60°£1.66° (range: 35°-40°). In
our study, fatty degeneration of the damaged
rotator cuff muscles had more CSA values
than having no fatty degeneration and were
found to be statistically significant (p<0.001).
Scheiderer et al. reported a study, in which
they have found higher CSA values associated
with increased re-tear risk after isolated
supraspinatus tendon repair at short-term

follow up. The average CSA was 35.3° for the
intact group and 37.4 for the re-tear group.
They showed that, the mean CSA for the re-
tear group was significantly higher than that
for the intact group (p=0.014) (15). According
to our results, we guess that worse damaged
cuff muscles may show more CSA values
than less damaged cuff muscles. Rotator cuff
arthropaty patients need shoulder arthroplasty
in their future life. Assessing the CSA values
on true antero-posterior radiographs helps us
to imagine the severity of the disease. As
nearly all shoulder arthroplasty candidates
receive preoperative radiographs, we believe
the CSA should be measured and used as an
adjunct to help determine the need for MRI
preoperatively. On MR images, fatty
degeneration of damaged cuff muscles can be
seen and the best type of surgery planning
also can be made for these patients easily. We
believe that the CSA may prove to be a useful
tool to help orthopaedic surgeons to determine
when it is necessary to order a MRI study to
evaluate the rotator cuff before surgery. As
with all studies, this current study is not
without limitations. First, the retrospective
nature of the study may have introduced bias.
Second, being lack of multiple observers
grading radiographs, and increasing the
number of graders may have changed our
results. Third, having small number of
patients.

5. Conclusions

This study results confirm an association
between the CSA and RCTs. Assessing the
CSA may be helpful during diagnostic
evaluation of patients with severe rotator cuff
disease and can help predict the magnitude of
the pathology especially fatty degeneration of
rotator cuff muscles. However, further
prospective research with more patients is
warranted to highlight the topic in more detail.
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