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Evaluation of Critical Shoulder Angle before and after Acromioplasty
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Our study’s main objective was to evaluate the effect of acromioplasty on
the critical shoulder angle (CSA).

Patients and methods:

Thirty patients were included in this study. The CSA was evaluated pre-
operatively, postoperatively and two months post-operatively

Results:

The average CSA for patients before surgery was 34.38+£3.37° (range, 27.4 -
40.0 °) and 31.47°+ 3.48 (range, 24.3 - 37.8 °) postoperatively. The average
decrease was 2.9°. This decrease was highly significant (P-value <0.001**).
Two months post-operatively CSA was 32.18 + 3.29° (range, 23.9-37.6°),
with an average increase of 0.71° with the maintenance of CSA at a level
below the preoperative level This increase was significant (P-value
=0.004%).

Conclusions:

Standardized anterolateral acromioplasty allows for a significant decrease in
the CSA. This study confirms the tight link between the CSA and the
anterior acromion as well as the interest of this angle to quantify
acromioplasty whether anterior or lateral.
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INTRODUCTION:

The cause of rotator cuff tears (RCT)
appears to be multifactorial and is most likely a
combination of functional factors, microtrauma,
and age-related degeneration, the acromion
morphology has been identified as one of the
important etiologic factors of degenerative RCTs
1,2).

Many radiological morphologic  acromial
measurements exist, and a higher incidence of
RCTs was reported by Bigliani with hooked
acromion (type I1l) compared to curved (type II)
or flat (type 1) acromion. The Bigliani
classification is the most popular but lacks inter
and intra-observer reproducibility which has made
it a controversial parameter (3,4).

Research over the last few years has continued to
focus on the shape of the acromion in the coronal
plane, including proposed radiological parameters
to describe the lateral extension of the acromion.
A widely cited study by Moor et al. proposed the
concept of the critical shoulder angle (CSA) (5).
The CSA combines the measurement of glenoid
inclination and lateral extension of the acromion
and provides a quantitative measurement of the

acromion. It is easy to measure on a standard
radiograph and studies of reproducibility have
underscored its reliability (6,7).

The CSA is defined as the angle between the
plane of the glenoid fossa and a line connecting
the inferolateral point of the acromion with the
inferior glenoid margin on standardized anterior-
posterior (AP) radiographs of the shoulder
(upright position) with a visible joint space,
normal CSA ranges from 30 — 35° (8).

Fig. 1. Critical Shoulder Agle (CSA) according to
Moor (5)
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Patients with a CSA greater than 35° are more
likely to develop a pathology of the cuff (5). In
2017, Garcia et al. showed that, after rotator cuff
repair (RCR), a CSA exceeding 38° increases
healing failure (9), which was later confirmed by
Li et al. in 2018 (10). In 2018, Gerber et al. also
demonstrated that, after RCR, patients with a CSA
exceeding 35° had a poorer clinical result and a
higher retear rate compared to patients with a
CSA corrected to 33° or less by acromioplasty
(12).

The CSA has gained popularity and provides a
guantitative measurement of the acromion. It is
easy to measure on a standard radiograph (1).
Acromioplasty remains a questionable procedure
with poor convincing results (2,12,13). Despite
those controversial results, the mechanical
concept of subacromial impingement remains
firmly entrenched, and the straightforward
technique of acromioplasty makes it still widely
practiced (14,15).

PATIENTS AND METHODS:
Study population:

This work was a prospective study of
thirty  shoulders that had  arthroscopic
acromioplasty at Menoufia University Hospital
from March 2021 till the end of April 2022.

The inclusion criteria were patients who need
arthroscopic  acromioplasty as a part of
subacromial decompression or rotator cuff tear
(RCT) repair or arthroscopic arthrolysis of
adhesive capsulitis. Exclusion criteria comprised

the absence of Concomitant fracture or dislocation
to the involved shoulder, Gleno-humeral
osteoarthritis, or Rheumatoid arthritis.

Surgical technique:

The patient was placed in the beach chair
position, under general anesthesia. A posterior
approach was performed in the soft point to
introduce the arthroscope into the joint or
subacromial space, an anterior approach in the
rotator cuff interval to introduce instruments for
any intra-articular procedures and a lateral
approach for the introduction of the acromioplasty
instruments.

Maximal subacromial-deltoid bursectomy was
performed  (figl-A) with  acromiocoracoid
ligament resection by the radiofrequency probe
(fig 1-B). Thus, the various contours of the
acromion and the protrusion were exposed. Then
Acromioplasty was done through shaving from
lateral to medial and from anterior to posterior
and removing a wedge-shaped portion from the
anterior acromion by removing bone from the
acromial undersurface down to the depth of the
burr-hole or deeper (5-10 mm) anteriorly and
tapering posteriorly (removing only minimal
bone) over a distance of 2-2.5cm (fig 1-C).
Because of the vascularity and potential for
bleeding, the acromio-clavicular joint was dealt
with at the end of the procedure (only if the
preoperative symptoms, signs, and imaging
studies indicated significant AC joint pathology)
(fig 1-D).

Fig 2: arthroscopic views showing steps of subacromial decompression (A) Subacromial bursectomy, (B)
coracoacromial ligament release, (C) Acromioplasty, (D) Acromio-clavicular joint examination.
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Protocol for radiography and measurement :
Pre and postoperative radiography of the
included patients was performed at Menoufia
University  Hospitals. The  patients had
radiological assessment before the surgery and
immediate postoperative x-ray less than 2 months
afterward.
The radiographs were taken with a flat panel
system, providing digital images based on a
standard protocol comprising antero-posterior
radiographs.
The antero-posterior images were taken standing
upright with a descending beam tilted to 20° with
the following parameters: 60—66 kV, 160 mA, 200
ms. The average delivered dose was 32 mA.

The criteria for quality and validation:

We follow the protocol of Blonna et al.
An image not affected by rotation was defined by
the head-on overlay of the anterior and the
posterior edges of the glenoid cavity (1)
If the anterior and the posterior edge of the
glenoid cavity were visible, the maximally
tolerated distance between these two anterior
edges was 5 mm. If not, the image was considered
to have too much risk of skewing the CSA (16).

Statistics:

Data were collected, tabulated, and
statistically analyzed using an IBM-compatible
personal computer with Statistical Package for the
Social Sciences (SPSS) version 26 (SPSS Inc.
Released 2018. IBM SPSS statistics for
windows, version 26.0, Armnok, NY: IBM
Corp.).

Two types of statistical analysis were performed:

a) Descriptive statistics e.g. qualitative data were
expressed as Number (N), and percentage (%),
while quantitative data were expressed as
mean (x), standard deviation (SD), and range
(minimum-maximum)

b) Analytic statistics e.g.

- Student’s t-test (t) is a test of significance used
for the comparison of quantitative variables
between two groups of normally distributed
data.

- ANOVA test was used for the comparison of
guantitative variables between more than two
groups of normally distributed data.

- Repeated measures ANOVA test was used for
comparison of quantitative variables between
more than two consecutive measures in the
same group of normally distributed data, with
LSD test as post hoc test.

- Pearson correlation was used to show a
correlation between two continuous normally
distributed  variables while  Spearman

correlation was used for not normally
distributed ones.

RESULTS:

® The average CSA was 34.38+3.37° (range,
27.4 - 40.0 °) preoperatively and 31.47°+ 3.48
(range, 24.3 - 37.8 °) postoperatively. The
average decrease in the CSA after arthroscopic
acromioplasty was 2.9°. This decrease was
Highly significant (P-value <0.001**)

® The average two-month postoperative CSA
was 32.18 * 3.29° (range, 23.9-37.6°), with an
average increase of 0.71° range (0.1-3.1°) in
the CSA after two months follow-up in 85.3 %
of cases with p-value 0.004* ( between Post-
operative and 2-month Post-operative CSA),
This increase was significant (P-value
=0.004*)

® Finally, the average decrease in the CSA after
arthroscopic  acromioplasty (between pre-
operative and 2 months post-operative) was
2.2°. This decrease was Highly significant (P-
value<0.001**)

CSA

4.38

32.18

31.47

Pre-operative Post-operative 2-month post-

operative

Fig 3: Line graph showing mean of CSA progress

® The effect of the acromioplasty for the group
of patients with a CSA > 34° was highly
significant, with an average decrease of 2.9 °.
Before surgery, 16 patients 53 % had a CSA
> 34°, and after surgery 7 patients 23%, this
means that, for 56 % of the acromions at risk
(CSA > 34°), the anterolateral acromioplasty
met the theoretical aim of reducing the CSA
under 34°.

® No significant differences were found in the
decrease of CSA in both groups, preoperative
CSA > 34° and CSA 30-34°, both groups
decreased with the same amount with an
average of 2.9°.

® There was an insignificant correlation between
CSA and all socio-demographic, preoperative,
and intraoperative parameters as regards age,
sex, manual working, diabetes millets,
smoking, affected side, dominance, history of
trauma, rotator cuff tear size, number of
anchors, frozen shoulder, preoperative
conservative  period, and history of
subacromial injection.
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DISCUSSION:

The shape of the acromion in the coronal
plane, including radiological parameters to
describe the lateral extension of the acromion, has
been analyzed several times in different ways.
Neer et al. proposed subacromial impingement as
a potential risk factor. Moreover, it was found in
many other studies that hooked acromion is more
likely to be associated with RCTs. Furthermore,
there is controversy about acromial spur as a
cause or the result of RCTs. The subacromial spur
can be produced by the traction load of the
coracoacromial arch, which is required for
superior stability of the humeral head when RCTs
are present (17,18).

Moor et al. proposed the concept of the critical
shoulder angle (CSA) in 2013 (5), in the last few
years studies confirmed the close link between
CSA and the acromioplasty procedure either
lateral or anterolateral Acromioplasty, 2017
Gerber et al. revealed that Arthroscopic lateral
acromioplasty  performed in addition to
arthroscopic RCR can reduce the CSA without
significantly compromising the deltoid origin,
deltoid muscle, or function with level IV of
evidence (4,19).

In 2019, Billaud et al. reported that standard
anterior acromioplasty significantly decreased
CSA, even without lateral resection (16).

The hypothesis that acromioplasty reduces
acromial coverage was supported by our data. In
addition, there was a significant postoperative
difference in the CSA.

This work was a prospective study of thirty
shoulders that had arthroscopic anterolateral
acromioplasty during the period from March 2021
till the end of April 2022 with measurement of
CSA preoperative, immediate postoperative, and
two months postoperative.

The population of our study was relatively
homogenous  concerning gender, with a
predominance of females. The average age was 52
years. These characteristics are typical for a
population operated on for tendinopathy of the
rotator cuff. For 76.6 % of the patients in the
study, the acromioplasty was performed in
association with a repair of the cuff. This
corresponds with our normal practices, with a
predominance of cuff repair relative to
subacromial decompression only. We
systematically perform an acromioplasty in
association with a repair of the degenerated cuff.
Our results reveal a significant decrease in the
CSA by 2.9° after arthroscopic anterolateral

acromioplasty, this decrease was Highly
significant.

In 2019, Billaud et al. studied the change in the
CSA after anterior acromioplasty in Ninety
patients. They found a decrease of 2.9° we,
therefore, found the same pronounced decrease in
the CSA. (16)

Gerber et al. in 2018 studied the change in the
CSA after a 6 mm lateral acromioplasty on 49
patients and found a reduction of the CSA by 3.6
°, so our results are quite similar to Gerber et al.
(19)

We also showed that, for the group of patients
with a CSA > 34°, the effect of the acromioplasty
was highly significant, with an average decrease
of 2.9°. Before surgery, 16 patients 53 % had a
CSA > 34°, and after surgery 7 patients 23%, this
means that, for 56 % of the acromions at risk
(CSA > 34°), the anterolateral acromioplasty met
the theoretical aim of reducing the CSA under
34°.

Surprisingly, No significant differences were
found in the decrease of CSA in both groups,
preoperative CSA > 34° and CSA 30-34°, both
groups decreased with the same amount with an
average of 2.9°. A 2018 meta-analysis reported
that associating acromioplasty with rotator cuff
repair improved results for pain and ASES score
(20).

Bouchard et al. reported a low rate of failure for
acromioplasty in a partial tear of the bursal side of
the cuff, which they considered to be a useful
indication (21), It should also be noted that
acromioplasty is without risk for deltoid insertion,
even in case of lateral resection (19).
Nevertheless, several studies found no
contribution of acromioplasty, whether isolated or
associated with cuff repair; according to some,
simple bursectomy is enough (2,22,23)

We follow up the CSA after two months after
arthroscopic anterolateral acromioplasty, results
show an increase between Post-operative CSA
and 2-month Post-operative CSA in 85.3 % of
cases with an average 0.71° range (0.1-3.1°), with
the maintenance of CSA at a level below the
preoperative level, this result was significant.

A possible explanation for this result is due to the
small sample size or might be due to bone growth
of the anterolateral acromion that occurred within
these two months due to over-curettage of the
anterolateral acromion, another explanation for
this result might be that the immediate post-
operative CSA was falsely measured due to
postoperative pain and shoulder muscles spasm
that might be skewing the CSA.

Mean preoperative CSA was 34.38°, then
decreased postoperatively to 31.47° with an
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amount of 2.9° then increased with 2 months
follow-up by an amount of 0.71° to be 32.18°
with the final decrease of 2.2°.

All preoperative and intraoperative parameters,
risk factors e.g (age, sex, manual working,
diabetes millets, smoking, affected side,
dominance, history of trauma, rotator cuff tear
size, number of anchors, frozen shoulder,
preoperative conservative period, history of
subacromial injection ) had a non-significant
effect on CSA decrease either in postoperative or
two months postoperative results.

A possible explanation for this non-significant
result might be due to the small sample size, the
major effect of the critical shoulder angle is the
acromioplasty itself.

Study limitation:

Our study has several limitations :

- A small sample size of only 30 patients,

- The Acromioplasty technique was carried out
by three surgeons who, at the time of
performing the procedure, were aware that the
CSA would be evaluated. This might give a
chance for possible intention bias.

- Multiple parameters of included patients e.g
(rotator cuff patients and adhesive capsulitis
patients and subacromial impingement).

- The certain heterogeneity in rotator cuff tear
sizes involved led to selection bias, which
could affect the outcomes and the ability to
compare our results with those of previous
studies.

- Measurement errors could exist despite the
excellent inter-observer agreement. To reduce
such errors, measurements were performed
independently.

- Anteroposterior radiographs were taken in this
study, Recent studies cautioned that factors
such as patient positioning, gantry, and plate
positioning influenced the reliability of
measuring GTA. In radiographic
standardization as a protocol, 100% accuracy
cannot be achieved in various measurements,
causing some aberration in the technique. This
may have led to some bias

- The study missed a correlation between the
clinical outcomes (pain scores, cuff healing)
and the change of CSA that may be warranted
in future studies.

anterior acromion and the CSA. In most cases,
acromioplasty allows for the CSA to drop below
the threshold of 34°. Our study also suggests that
the CSA could be a good measurement tool to
quantify the resected bone after acromioplasty.

CONCLUSION:

Our study confirms the initial hypotheses.
Standardized anterolateral acromioplasty allows
for a significant decrease in the CSA. Our results
confirm the tight link that exists between the
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