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Evaluation of the Relationship between Critical Shoulder Angle
and Acromial Index Measurements with Rotator Cuff Rupture on

Three-dimensional Models

Abstract

Objective: The relationship between rotator cuff tears (RCTs) and morphological features of
the shoulder joint has yet to be fully explained. The earlier studies were usually done with
two-dimensional radiography images, but joint positions and bone formations could not be
thoroughly evaluated in two-dimensional images. This study aims to assess the relationship between
RCTs and critical shoulder angle (CSA) and acromial index (AI) values in three dimensions.
Methods: In our study, computerized tomography of 24 RCTs (RCT group) and 20 Bankart lesions,
and no RCTs (control group) were examined. CSA and Al were measured on three-dimensional (3D)
glenohumeral joint models obtained by 3D reconstructions of computed tomography examinations.
Results: The RCT group’s CSA was significantly higher than the control group (P = 0.002). Al
values did not differ significantly (P = 0.151) between the groups. In addition, there was a moderate
positive correlation between the Al and CSA values and the age of patients with RCTs (» = 0.309,
r = 0.367). Conclusion: This study differs from earlier studies in some significant respects, such
as Al values were not found to be associated with RCTs. CSA values were associated with RCTs
in parallel with earlier studies. This difference may be because we performed our study on 3D
models. We anticipate that our results will guide clinicians in revealing the etiology of rotator cuff
degeneration and determining the surgical method for treatment.
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Introduction

Critical shoulder angle (CSA) and acromial
index (AI) are variables of rotator cuff
tears (RCT) have been examined the most.
In two-dimensional images, most lateral
part of the acromion reflected in the image
is used when surgical planning is made to
treat pathologies caused by morphological
changes. However, this image can increase
the error rate when performing a surgical
procedure. To  perform  examination
and surgery with greater accuracy,
three-dimensional ~ (3D)  pictures  are
necessary. The study aims to determine any
relationship between RCT and CSA, and Al
values in 3D and how CSA and Al values
impact formation of RCT.I'"!¢

Methods

In this study, computed tomography
scans of applicants to the Orthopedics
and Traumatology Department at Gazi
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University Faculty of Medicine between
2016 and 2019 were retrospectively
evaluated. The research comprised a total
of 44 individuals, including 20 patients
with verified Bankart lesions and no RCTs
and 24 patients with proved RCTs by
arthroscopic surgery (RCT group). The
study excluded those with inflammatory
diseases and a history of trauma. Because
it is not morally acceptable to do computed
tomography on healthy persons in our
nation, the control group was selected from
individuals with Bankart lesions rather
than healthy individuals. According to our
research, evaluating a control group made
up of individuals with Bankart lesions is not
problematic. Since Rhee et al. discovered
that patients with RCT had significantly
different CSA and Al values than those
with Bankart lesions.['"

In this study, images were captured by
General Electric 14 Detector Computed
Tomography. The images obtained were
transferred to MIMICS software (Mimics
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Innovation Suite, Materialize, Leuven, Belgium), and their
3D reconstructions were obtained.['!]

Image analysis and measurements

In our investigation, computed tomography scans from
the RCT and the control groups were 3D reconstructed
to build models of the glenohumeral joint. CSA and Al
measurements were made on these. Two observers measured
the CSA and Al in each patient. To verify interobserver
reproducibility, the results acquired by these two observers
were compared. To assess intra observer repeatability, one
of the observers repeated the measurements after a 3-week
gap. The same researcher took three measurements, and
their average was calculated and assessed.

Critical shoulder angle measurement

The glenoid cavity’s upper and lower edges are connected
by a line. Following that, a line is produced by connecting
the lower border of the glenoid cavity with the acromion’s
outermost point (which is thought to be the extreme point
where the acromion’s medial and lateral borders meet). The
CSA is situated between these two lines [Figure 1].7

Acromial index measurement

A line connecting the top and bottom borders of the glenoid
cavity (Glenoid plane [GP]). The distance between the GP
and the acromion’s most lateral point was recorded (a) The
width between the GP and the most lateral point of the
proximal epiphysis of the humerus was then measured, (b)
The gleno-acromial distance (a) is compared to the
gleno-humeral distance (b) to determine the Al [Figure 2].1'*

Ethical statement

This study received ethics committee approval with the
decision of the Yiiksek Ihtisas University Non-Invasive
Research Ethics Committee numbered 2019/05/02 and
September 13, 2019 dated. This research on humans was
carried out by the “Helsinki Declaration.”

Figure 1: Measurement of critical shoulder angle. GP: Glenoid plane,
CSA: critical shoulder angle, GCI: Inferior point of the glenoid cavity,
AL: Most lateral point of the acromion

Statistical analysis

Data from the research were statistically analyzed using
the software program Statistical Package for Social
Sciences (SPSS) 22.0 (SPSS Inc. Chicago, IL, USA).
Although continuous variables are displayed using the
mean, standard deviation, and median, categorical variables
are presented in the descriptive statistics section using
numbers and percentages (minimum-maximum). Using
both analytical (Kolmogorov—Smirnov/Shapiro—Wilk tests)
and visual (histogram and probability charts) techniques,
the conformity of continuous variables to the normal
distribution was assessed. Separate samples the #-test was
used to compare the data that fit the normal distribution
between the two groups. In order to assess data that didn’t
conform to the normal distribution, the Mann—Whitney
U-test was applied. The Pearson correlation test was used
to assess the association between a few continuous data.
The comparative research employed the Chi-square test.
The Chi-square test was used in a comparative study for
categorical variables among independent groups. The
threshold for statistical significance in this study was
established at P < 0.05.

Results

In our study, a total of 44 people, 22 women and 22 men,
were evaluated. The participants’ average age was 41.41,
and the age range was 17-78. The study examined 21 right
and 23 left shoulders [Table 1].

The control group’s mean age was significantly younger
than the RCT group’s (P = 0.004). Compared to the control
group, the RCT group had a significantly greater percentage
of individuals over the age of 40 (P = 0.001) [Table 2].

The CSA in the RCT group was signficantly greater
than in the control group (P = 0.002). The two
group’s Al values did not significantly differ from one
another (P = 0.151) [Table 3].

Figure 2: Measurement of the acromial index. (a) distance between AL-GP,
(b) distance between HL-GP. GP: Glenoid plane, GCI: Inferior point of
glenoid cavity, AL: Most lateral point of acromion, HL: Most lateral point
of proximal epiphysis of humerus

Journal of the Anatomical Society of India | Volume 72 | Issue 3 | July-September 2023 247



Ince, et al.: Critical shoulder angle and acromial index on 3D models

There was no correlation between Al and CSA scores
in the RCT group (P = 0.543). Moreover, there was no
statistically significant association between CSA scores and
age (P = 0.142). No correlation between age and Al levels
was found (P = 0.078) [Table 4].

In the control group, there was no significant correlation
between the CSA and Al scores (P = 0.913). Furthermore,

Table 1: Distribution of the rotator cuff tears group’s
and the control group’s demographic features (n=44)

Parameters n (%)
Gender*

Female 22 (50.0)

Male 22 (50.0)
Age (years)

Mean+SD 41.41£16.70

Median (minimum—maximum) 40.0 (17.0-78.0)
Age groups

Under 40 years 22 (50.0)

40 years and older 22 (50.0)
Group

RCT group 24 (54.5)

Control group 20 (45.5)
Side

Right 21 (47.7)

Left 23 (52.3)

*Column percentage. SD: Standard deviation, RCT: Rotator cuff tear

there was no correlation between CSA scores and age that
could be considered significant (P = 0.262). Moreover,
there was no distinct correlation between age and Al
scores (P = 0.168) [Table 5].

The mean CSA and Al in women in the RCT group were
found to be 39.35° £ 7.82° and 0.68 £ 0.10, respectively.
CSA and Al averages in men were 43.70° £ 8.96°
and 0.56 + 0.08, respectively. Women’s Al measures
were significantly higher than men’s in the RCT
group (P = 0.012) [Table 6].

The mean CSA and Al in women in the control group were
found to be 34.70° £ 4.00° and 0.63 £ 0.05, respectively.
The mean CSA and Al in men were found to be
33.80° + 5.34° and 0.58 + 0.14, respectively. The control
group demonstrated no significant correlation between
gender, CSA, and Al (P = 0.827, P = 0.238).

Discussion

Many researchers have studied subjects such as RCT, the
etiology of tears, and the biomechanics of rotator cuff
muscles. Neer conducted early studies on RCT, subacromial
space, and tendon lesions due to reduced subacromial
space.’” Studies have shown that many biomechanical
factors, glenoid cavity, and morphometric properties of
the proximal extremity of the humerus play a role in the
etiology of RCT. Al and CSA measurements are the most
frequently used to define these morphometric properties.

Table 2: Comparison of the rotator cuff tears group’s and the control group’s demographic features (n=44)

RCT group (n=24), n (%) Control group (n=20), n (%) P
Gender*
Female 17 (70.8) 5(25.0) 0.006*
Male 7(29.2) 15 (75.0)
Age (years)
Mean+SD 52.92+12.97 27.60+7.71 0.004°
Median (minimum-maximum) 55.00 (21.00-78.00) 28.50 (17.00-47.00)
Age groups
Under 40 years 3(12.5) 19 (95.0) 0.001*
40 years and older 21(87.5) 1(5.0)
Side
Right 16 (66.70) 5(25.0) 0.014°
Left 8(33.30) 15 (75.0)

*Column percentage, *Continuity correction, "Independent samples #-test. SD: Standard deviation, RCT: Rotator cuff tear

Table 3: Comparison of critical shoulder angle and acromial index measurements of rotator cuff tears and
control group (n=44)

RCT group (n=24) Control group (n=20) P
CSA
Mean+SD 40.62+8.22 34.02+4.95 0.002*
Median (minimum—maximum) 41.00 (27.80-53.80) 34.90 (25.90-40.75)
Al
Mean+SD 0.65+0.11 0.60+0.13 0.151*

Median (minimum-maximum)

0.64 (0.44-0.88)

0.60 (0.41-0.83)

“Independent samples #-test. SD: Standard deviation, Al: Acromial index, CSA: Critical shoulder angle, RCT: Rotator cuff tear
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Table 4: Relationship between critical shoulder angle
and acromial index and age values in rotator cuff
tears group

r(P)
CSA (n=24) Al (n=24)
Al —0.130 (0.543) -
Age 0.309 (0.142) 0.367 (0.078)

r: Pearson correlations coefficient, Al: Acromial index, CSA: Critical
shoulder angle

Table 5: Relationship between critical shoulder angle
and acromial index and age values in the control group

r (P)
CSA (n=20) Al (n=20)

Al 0.026 (0.913) R

Age ~0.263 (0.262) —0.321(0.168)

r: Pearson correlations coefficient, Al: Acromial index, CSA: Critical
shoulder angle

Table 6: Evaluation of rotator cuff tears group according
to gender (n=24)
Female (n=17)

Male (n=7) P

CSA
Mean+SD 39.35+7.82 43.70£8.96  0.227°
Median 38.50 45.30
(minimum-maximum) (27.80-53.50) (31.10-53.80)

Al
Mean+SD 0.68+0.10 0.56+0.08 0.012¢
Median 0.66 0.5
(minimum-maximum)  (0.55-0.88) (0.44-0.66)

*Mann—Whitney U-test. SD: Standard deviation, Al: Acromial index,
CSA: Critical shoulder angle

Nyfteler et al. provided the first description of the Al and
claimed that it was connected to RCT.I'"¥ The CSA was
discovered for the first time by Moor ef al. and has been
associated to diseases such shoulder instability, rotator cuff
injuries, and osteoarthritis.””? The full-thickness RCT patient
group in our study had considerably higher CSA scores
than the control group. The Al values did not, nevertheless,
demonstrate any significant difference.

Ames et al. investigated the connection between the Al
and full-thickness RCT. They used standard anteroposterior
radiographs. The study’s findings revealed that the size
of the AI and the size of the full-thickness RCT had no
correlation.?!]

Hamid et al. prospectively evaluated acromion morphology
on 216 patients. As a result of their studies, they could not
find a relationship between RCT and Al values.? According
to our research, there was no significant difference in the
Al scores between the two groups. Using anteroposterior
radiographs, Moor et al. analysed the Al, lateral acromial
angle, and CSA in the patient population having RCT
and the comparison group. They discovered a significant

difference between the study group and the control group’s
mean Al, lateral acromial angle, and CSA values.'! In
our investigation, there was no significant different in the
3D assessment between the two groups. These current
findings result from the use of radiography and 3D imaging
techniques.

Moor et al. examined the relationship between age, trauma,
and CSA with RCT. They evaluated the CSA on standard
radiographs of 599 patients. As a result of their studies, the
mean age and CSA values of patients with full-thickness
RCT were found to be significantly greater than those with
intact rotator cuffs.!® The full-thickness RCT group in our
study had a mean age that was significantly older than the
control group.

Cherchi et al. in their study, aim to evaluate the relationship
between CSA and RCT and measured the CSA using
goniometers on standard radiographs. They reported that
the CSA was significantly greater in RCT group.F!

Gomide et al. measured the CSA on the radiographic
images of two patient groups with full-thickness RCT and
asymptomatic patients. They found that the patient group
having RCT had mean CSA scores that were substantially
greater than those of the control group.” In our
investigation, the full-thickness RCT patient group’s CSA
values were considerably greater than those of the control
group.

Pandey et al. studied patients with full-thickness RCT,
partial RCT, and the healthy control group. Their research
evaluated the CSA and Al using standard radiography and
ultrasonography images. As a result of the study, high CSA
and Al values were associated with full-thickness RCT. In
addition, investigators reported that the CSA and Al values
were not associated with partial RCT.l'"! Our study’s RCT
group consists of patients who underwent full-thickness
RCT. According to our research, there is a relationship
between CSA scores and full-thickness RCT. In contrast,
no correlation was identified between AI scores. This
difference is due to our measurements on 3D models.

Heuberer et al. evaluated radiographic images of five
different shoulder pathologies with several variables in
a retrospective study conducted on 1000 patients. The
study’s findings revealed that the CSA is a more reliable
general measure than the Al for predicting and identifying
various pathologies. Also, researchers noted that the CSA
was highest in RCT participants and lowest in osteoarthritis
patients.! In our study, the CSA values in the patient group
with RCT and the control group differed significantly. Yet,
there was no distinction in the Al values.

When the studies are examined since the CSA and Al
parameters were defined, it is seen that the studies were
primarily performed using radiographic examinations.
Since it is difficult to accurately determine the position
of the glenoid cavity of the scapula in two-dimensional
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radiographic images, the need for 3D images is increasing.
For this reason, recent studies have turned to 3D imaging
techniques.

In addition, unlike the CSA, the evaluation of the Al
was not significant in the 3D measurements in our study.
Therefore, more studies are needed to evaluate the Al
measurement on 3D images.

Gerber et al. created a model of a shoulder with a
supraspinatus tear and a normal shoulder in a biomechanical
study they performed by creating a mechanical shoulder
simulation. As a result of their research, they found that a
high CSA may cause excessive load on the supraspinatus,
especially during an active abduction at low degrees.**

Conclusion

As a result, the measurements we made on 3D
glenohumeral joint models were compared with the results
of two-dimensional radiographic evaluation found in the
literature. Unlike most two-dimensional radiographic
assessments, Al values were not associated with RCT. In
contrast, it was discovered that CSA scores were related
to RCT in parallel with two-dimensional radiographic
evaluation. We think this difference may be because we
performed our study on models obtained by 3D computed
tomography reconstruction. However, we recommend that
these factors be considered in future studies, as we cannot
determine whether the RCT we evaluated within the scope
of the study are degenerative or traumatic due to the age
difference between the groups. We anticipate our results
will guide clinicians in revealing the etiology of rotator
cuff degeneration and determining the surgical method for
repair.
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