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ABSTRACT

Objective: The aim of this study was to determine the relation-
ships between glenoid inclination (Gl), acromial index (Al), criti-
cal shoulder angle (CSA), superior inclination (Sl), and symptom-
atic degenerative full-thickness supraspinatus tears (SSTs).

Materials and Methods: Patients who were diagnosed with
SSTs (n=39) between 2015 and 2017 were assessed retrospec-
tively. Controls were matched to age, gender, and side. Mea-
sured GI, Al, CSA, and S| values were compared between the
SSTs and control groups (n=39). The mean age for the SSTs
group was 52.74+5.49 years, and the mean age for the control
group was 51.15+5.22 years.

Results: The mean Gl for the SSTs group was 19.97°+5.62°, and
it was 13.72°+6.55° for the control group (p<0.001). The mean
Al was 0.7+0.08 and 0.67+0.07 in the SSTs and control groups,
respectively (p=0.035). The mean CSA for the SSTs group was
35.05°+4.09° and it was 33.06°+£3.42° for the control group
(p=0.022). The mean S| was 25.13°+5.71° and 25.91°+5.81° in
the SSTs and control groups, respectively (p=0.552). For a cut-off
value of GI 217.35°, sensitivity was 79.54%, and specificity was
79.51% (p=0.001). For a cut-off value of Al 20.67, sensitivity was
61.54% and specificity was 56.4% (p=0.031). For a cut-off value of
CSA >33.45°, sensitivity was 64.12%, and specificity was 64.54%
(p=0.014).

Conclusion: Higher measurement values of glenoid inclination,
acromial index, and critical shoulder angle were associated with
symptomatic degenerative full-thickness supraspinatus tears,
and no correlation was found with superior inclination measure-
ment. The glenoid inclination measurement had the highest

OZET

Amag: Bu calismada glenoid inklinasyon (Gli), akromial indeks
(A), kritik omuz acisi (CSA) ve superior inklinasyon (Si) Slelim-
lerinin semptomatik dejeneratif tam kat supraspinatus tendon
yirtiklari (SSY) ile iligkisinin incelenmesi amaclanmustir.

Gereg ve Yontem: 2015 ve 2017 yillari arasinda SSY tanili has-
talarin verileri retrospektif olarak incelendi. SSY tespit edilen 39
hasta ile yas, cinsiyet ve taraf yonlinden eslestirilmis SSY olma-
digi tespit edilen 39 hasta calismaya dahil edildi. Olciilen Gi, Al
CSA ve Si degerleri SSY grubu (n=39) ve kontrol grubu (n=39)
arasinda karsilastinldi. SSY grubunun yas ortalamasi 52,74+5,49
yil, kontrol grubunun yas ortalamasi 51,15+5,22 yil idi.

Bulgular: Gi ortalamasi yirtik grubunda 19,97°+5,62° iken kont-
rol grubunda 13,72°+6,55° idi (p<0,001). Al ortalamas! yirtik gru-
bunda 0,7+0,08, kontrol grubunda ise 0,67+0,07 idi (p=0,035).
CSA ortalamasi yirtik grubunda 35,05°+4,09°, kontrol grubun-
da 33,06°+3,42° idi (p=0,022). Si ortalamasi yirtik grubunda
25,13°+5,71°, kontrol grubunda ise 25,91°+5,81° idi (p=0,552).
Gruplar arasinda istatistiksel anlamli farklilik bulunan Gi, Al ve
CSA dlctimlerinin duyarlilik, 6zginlik ve cut-off degerleri be-
lirlendi. Buna gére Gi'nin 217,35° cut-off degeri icin duyarliig:
%79,54 iken 6zginligu %79,51 idi (p=0,001). Al'nin 20,67 cut-
off degeri icin duyarlihdi %61,54, 6zginligi %56,4 idi (p=0,031).
CSA'nin 233,45° cut-off degeri icin duyarlihdi %64,12, zginlugd
ise %64,54 idi (p=0,014)..

Sonug: Yiiksek glenoid inklinasyon, akromial indeks, kritik omuz
acisi 8lcim degerleri semptomatik dejeneratif tam kat supraspi-
natus tendon yirtiklari ile iliskili iken superior inklinasyon 8l¢iimd
ile iliski saptanmadi. Glenoid inklinasyon lcimi semptomatik
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sensitivity and specificity in predicting symptomatic degenera-
tive full-thickness supraspinatus tears.

Keywords: Acromial index, critical shoulder angle, glenoid incli-
nation, rotator cuff tear, superior inclination

dejeneratif tam kat supraspinatus tendon yirtiklarinin dngéril-
mesinde en ylksek duyarlilik ve 6zglnlige sahipti.

Anahtar Kelimeler: Akromiyal indeks, glenoid inklinasyon, kritik
omuz agisi, rotator manset yirtigi, superior inklinasyon

INTRODUCTION

Although various factors such as age, gender, overuse,
and scapula morphology are held responsible for rota-
tor cuff tears (RCTs), there are still many points waiting
to be clarified in its etiology (1-3). With a better under-
standing of the importance of scapula morphology as
a risk factor, various radiological parameters have been
described consecutively to evaluate this relationship (4).
Historically, subacromial impingement owing to scapular
morphology as described by Neer had been recognized
as a risk factor for RCTs (1). For a long time, the hook ac-
romion in the sagittal plane described by Bigliani et al.,
as well as the thickening and shortening of coracoacromi-
al ligament, have been considered to be correlated with
RCTs (5-6). Attention was then turned to the orientation
of the glenoid in the coronal plane (4). While some stud-
ies stated that glenoid inclination (Gl) is associated with
RCTs, no correlation could be demonstrated in a study
by Moor et al. (3, 4, 7). This situation will lead to the need
to describe the superior inclination (Sl), which takes into
account the position of the acromioclavicular joint in
the coronal plane in the measurement of Gl later on (8).
The acromial index (Al), which was described by Nyfeller
et al. and takes into account the amount of coverage
of the humeral head by the acromial extension, found
widespread support in revealing the aforementioned
relationship (9, 10). On the other hand, the most widely
accepted predictor for RCTs has been the critical shoul-
der angle (CSA) defined by Moor et al., which combines
acromial extension with Gl (11). However, the evidence
in the recent literature is conflicting about the strength
of the association of all the aforementioned radiological
parameters, including CSA, with RCTs, which is a hetero-
geneous group (12, 13). Therefore, the aim of this study
was to simultaneously evaluate the relationship between
CSA, Al, GI, and Sl with only full-thickness supraspinatus
tears (SSTs). The study also aimed to determine the clin-
ical usability of the parameters that could be correlated
with SSTs.

MATERIAL AND METHODS

The data of 218 patients who were admitted with com-
plaints of shoulder pain and underwent magnetic reso-
nance imaging (MRI) at a single center (Acibadem Maslak
Hospital) between 2015 and 2017 were analyzed retro-
spectively. Exclusion criteria were:

1. having a true shoulder AP radiograph with >5 mm
overlapping between the anterior and posterior bor-
der of the glenoid,

. being younger than 40 years of age,
. having arthrosis,

. having had a glenoid or humeral fracture or deformity,
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. having an isolated subscapularis and infraspinatus tear
or a partial SS tear,

6. having previous shoulder surgery.

Thirty-nine patients diagnosed with SSTs (19 female/20
male, 15 left/24 right) and 39 patients (21 female/18 male,
16 left/23 right) who had intact rotator cuff and were
matched for age, gender, and sides were included in the
study (Table 1). The control group was formed by match-
ing method from patients who were admitted to the clin-
ic with the complaint of shoulder pain and did not have a
rotator cuff tear on MRI within the specified time. While
it was determined that in the specified control group 34
patients had at least one of the diagnoses subacromial
bursitis (n=21), supraspinatus tendinosis (n=13), or sub-
acromial impingement syndromes (n=11), the shoulder
MRI scan evaluation of 5 patients was found to be with-
in normal limits. The mean age of the SSTs group was
52.74+5.49 years, and the mean age of the control group
was 51.15£5.22 years. Measurements were carried out on
true shoulder AP radiographs using the techniques orig-
inally described for Gl, Al, CSA, and Sl (Figure 1-4) (3, 8,
9, 14).

Table 1: Patient demographics

SST group  Control group

(n=39) (n=39) p

Variables Mean+SD Mean=SD

Age (years)  52.74+5.49 51.15+5.22 0.194*
Gender, n 0.651**

Female 19 21

Male 20 18
Side, n 0.817**

Left 15 16

Right 24 23

*: Independent samples t test, **: Pearson Chi-square test, Max: max-
imum, Min: minimum, SST: supraspinatus tear, SD: standard deviation
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Figure 1: The B-angle measurement. Glenoid inclination
(Gl) was obtained as 90° subtracted from the B-angle
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Figure 2: The acromial index (Al) measurement. Al is
obtained by dividing the length from the glenoid joint
face to the acromion (GA) by the length from the glenoid
joint face to the lateral border of the humeral head (GH)

Statistical analysis

A Pearson Chi-Square test was used to compare cate-
gorical variables. An independent sample t-test was used
to compare measurements between groups. Diagnostic
screening tests (sensitivity, specificity) and ROC Curve
analysis were used to determine cut-off for variables. Sig-
nificance was evaluated at the p <0.05 level at least (SPSS
26.0.0.0 MacOS).

This study was approved by the Clinical Research Ethical
Committee of the Acibadem Mehmet Ali Aydinlar Uni-
versity (ATADEK) (Date: 24.06.2022, No: 2022-11/29).
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Figure 4: The superior inclination (SI) measurement

RESULTS

A statistically significant difference was found between
the groups in all parameters evaluated except Sl. The
mean Gl for the SSTs group was 19.97°+5.62° and it was
13.72°+6.55° for the control group (p<0.001). The mean
Al for the SSTs group was 0.7+0.08 and it was 0.67+0.07
for the control group (p=0.035). The mean CSA for the
SSTs group was 35.05°+4.09° and it was 33.06°+3.42° for
the control group (p=0.022). The mean S| for the SSTs
group was 25.13°+5.71° and it was 25.91°+£5.81° for the
control group (p=0.552) (Table 2). Based on detected
significance, the cut-off point, sensitivity and specificity
were calculated for GI, Al, and CSA. For a cut-off value
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of GI217.35°, sensitivity was 79.54%, while specificity was
79.51% (p=0.001). For a cut-off value of Al >0.67, sensi-
tivity was 61.54%, while specificity was 56.4% (p=0.031).
For a cut-off value of CSA >33.45°, sensitivity was 64.12%,
while specificity was 64.54% (p=0.014). Table 3 summa-
rizes the values calculated by diagnostic scan tests and
ROC Curve analysis for Gl, Al, and CSA.

Table 2: The evaluation of measurements between
groups

SST group  Control group
(n=39) (n=39) p
Variables Mean=SD MeanzSD
CSA 35.05°+4.09° 33.06°+3.42° 0.022*
Al 0.7+0.08 0.67+0.07 0.035*
Gl 19.97°+5.62° 13.72°+6.55° 0.000*
Sl 25.13°+5.71° 25.91°+5.81° 0.552*

*. Independent samples t test, Al: acromial index, CSA: critical
shoulder angle, Gl: glenoid inclination, Max: maximum, Min: min-
imum, SD: standard deviation, SI: superior inclination; SST: supra-
spinatus tear

The SI measurement technique, which was first described
by Chalmers et al., unfortunately does not express that
classical glenoid inclination is excessive in the superior
direction, which is the connotation of the phrase itself (8).
In many studies, the line expressing the scapular spine
(1st line) and the line connecting the top and bottom
points of the glenoid articular surface (2" line) are used
for measuring the conventional glenoid inclination (14).
However, a third line extending from the intersection of
the two lines to the acromioclavicular (AC) joint is also
needed in this technique. The angle the authors refer to
with Sl is the angle between this third line and the second
line. However, this angle is affected by the position of the
AC joint in the coronal plane and lacks an actual expres-
sion of the glenoid inclination. In their study comparing
patients with full-thickness rotator cuff tears and patients
without tears, the authors reported higher Sl values in the
tear group but stated that this difference was not clini-
cally significant (8). No other study using the technique
specified in the current literature could be found. Also,
considering the findings of our study, it was concluded
that the use of the Sl technique has no place in predicting
RCT.

Table 3: Diagnostic scan tests for CSA, Al, Gl and ROC Curve outcomes

Diagnostic scan ROC curve
Variables p
Cut off Sensitivity Specificity AUC 95% ClI
CSA >33.45° 64.12 66.73 0.655 0.532-0.779 0.014*
Al >0.67 61.54 56.4 0.635 0.512-0.758 0.031*
Gl >17.35° 79.54 79.51 0.778 0.669-0.888 0.001*

*: Receiver operating characteristic, Al: acromial index, AUC: area under the curve, Cl: confidence interval, CSA: critical shoulder angle, GI: glenoid

inclination, ROC: receiver operating characteristic

DISCUSSION

Although there are studies in the current literature re-
porting that scapula morphology may not be a risk fac-
tor in the development of rotator cuff tears, our study’s
findings revealed that scapula morphology may be as-
sociated with SSTs (12, 13). Only the superior inclination
parameter was not found to be related to SSTs among
the parameters evaluated in this study. Otherwise, Gl,
Al, and CSA have been shown to be associated with
SSTs. Based on this relationship, the sensitivity, speci-
ficity, and cut-off values of these parameters were de-
termined in a patient who presented with shoulder pain
and underwent direct radiography. All three parameters
have been found to be clinically usable in making pre-
dictions for SSTs. In addition, for a Gl 217.35° cut-off val-
ue, it stood out with 79.54% of sensitivity and 79.51% of
specificity (p=0.001).

One of the interesting findings in our study is the conclu-
sion that the glenoid inclination, which was examined in
earlier periods, is more useful, with its higher sensitivity
and specificity than the more popular predictors, than Al
and CSA today. Before interpreting this data, it should be
noted that various techniques have been described for
Gl measurement, and the B angle is more useful in terms
of reproducibility and reliability, as indicated by Maurer
et al. (14). Based on this finding, the B angle was used
in Gl measurements in our study, and Gl was calculated
according to the 90-B definition as stated by Garcia et
al. (15). Measuring Gl with a standardized, reliable, and
reproducible method may have allowed the existing rela-
tionship to be clearly demonstrated.

The acromial index refers to the degree of coverage of
the humeral head by the acromion. This radiological
predictor has continued to attract the attention of clini-
cians since it was first described. It is widely supported
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in the literature that it is associated with RCTs (3, 9-11).
However, the main reason for the interest is that it is a
radiological parameter that can be corrected with lateral
acromioplasty during rotator cuff repair (10, 16). More-
over, it has been reported that the risk of re-tear following
repair of RCTs is higher in patients with high values of Al
(17). Therefore, acromioplasty is usually recommended in
patients with high values of Al (10, 16, 17). On the other
hand, in a study by Chalmers et al. in which 110 patients
with full-thickness RCTs were evaluated, the width of the
acromion was evaluated instead of the acromial index
(12). Acromion width was not found to be a statistically
significant risk factor for retear and lateral acromioplasty
was not recommended in that study. Contrary to Chalm-
ers et al., the findings of our study support that lateral
acromioplasty can be performed in patients with high
values of Al in parallel with other studies reported in the
literature (10, 12, 16, 17).

The critical shoulder angle defined by Moor et al. is one
of the most popular predictors (3). CSA can be somehow
defined as a geometric combination of acromial index
and glenoid inclination (3). It has been reported that the
high value of CSA is associated with both RCTs and retear
after repair (15, 18, 19). However, some recent studies re-
porting that high values of CSA are not associated with
RCTs (12, 13, 20). It was thought that the reason for this
might be that CSA measurement can be affected by the
anteversion of the scapula (21). Therefore, measurements
should be made only on well-standardized true shoul-
der AP radiographs. In our study, the mean CSA of the
patients in the SSTs group was higher than the control
group (p=0.022). However, the sensitivity and specificity
of CSA were lower than that of the Gl predictor (64.12%
and 66.73% for CSA, 79.54% and 79.51% for Gl; respec-
tively). This may be due to the confounding effect of
scapula anteversion. Re-comparison of these two predic-
tors using 3-dimensionally corrected MRI slices may be
the subject of future studies.

This current investigation has several limitations. First-
ly, it was a retrospective study and may have selection
bias by its nature. The fact that the measurements were
carried out once by a single observer is another limited
aspect of the study. However, the strengths of the study
are having detailed exclusion criteria, the fact that mea-
surements were carried out by a senior surgeon trained
in shoulder and elbow surgery, that fact that low-quality
true anteroposterior shoulder radiographs that do not
provide the strictly necessary adequacy were not includ-
ed, and having a homogeneous control group in terms
of age, gender, and side. Also, not including subscapu-
laris tears, infraspinatus tears, or partial thickness supra-
spinatus tears allowed a homogeneous comparison to
be carried out.

CONCLUSION

The findings of this study support the statement that high
measurement values of Gl, Al, and CSA are associated
with SSTs, while high measurement values of Sl are not.
Gl, Al, and CSA can be used in clinical practice to predict
SSTs in patients with shoulder pain by taking the cut-off
values determined in our study as a reference. Addition-
ally, Gl measurement stands out with its high sensitivity
and specificity among the parameters examined in the
prediction of SSTs.
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