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Lateral Acromioplasty With the Aim of Reducing ®
the Critical Shoulder Angle Using Techniques Based
on the Lateral Acromial Border Result in
Larger-Than-Necessary Resections

Geoffrey C. S. Smith, M.B.Ch.B., and Michael Sawang, M.D.

Purpose: To compare the axial plane orientation and width and length of the acromial resections required to reduce the
critical shoulder angle (CSA) using lateral acromioplasty (LA) techniques that are based on the lateral acromial border
with an ideal resection that is oriented parallel to the glenoid. Methods: This was a retrospective observational cohort
study of symptomatic patients that were investigated for shoulder pain, instability, or fracture with high-quality computed
tomography (CT). The CT scan data were used to create 3-dimensional meshes, and a series of LA resection planes were
mapped. The orientation, width, and length of each resection based on the lateral acromial border (lateral, anterolateral,
posterolateral, and image guided) to reduce the measured CSA to 35° or 30° was compared with an ideal resection that
was oriented parallel to the glenoid. Results: 23 models had CSA 30.1° to 35°, and 13 had CSA >35°. In the models with
CSA >35°, there was no angular difference between the resection planes of the lateral, anterolateral, or image-guided
resections compared with the ideal technique; there were differences in the required width and length of the re-
sections to reduce the CSA to 35° (additional width/length: lateral, 3.2/14.8 mm; anterolateral, 2.8/10.6 mm; postero-
lateral, 6.9/19.2 mm; image guided, 2.4/10.3 mm). Width and length differences were also present in the models with
CSA >30° when the resections aimed to reduce the CSA to 30° (additional width/length: lateral, 2.5/12.5 mm; antero-
lateral, 1.9/8.8 mm; posterolateral, 7.4/19.0 mm; image guided, 1.6/8.8 mm). Conclusions: LA techniques based on the
lateral acromial border did not replicate the ideal resection and may lead to excessive deltoid release which could adversely
affect clinical results. Clinical relevance: Our findings do not support LA techniques based on the lateral acromial
border.

he critical shoulder angle (CSA) measured on a
true anteroposterior radiograph of the shoulder is
the angle between a line connecting the superior and
inferior aspects of the glenoid fossa and another line
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connecting the inferior aspect of the glenoid with the
most inferolateral point on the acromion.’ The acromial
side of the angular measurement is defined by the most
lateral part of the acromion on the radiograph. This has
been termed the critical acromial point (CAP) and is
located 21% =4 10% of the acromial anterior-posterior
length from its anterolateral corner.”

Measurement of the CSA is affected by scapular
rotation.” The use of only well-oriented images results
in an 89% likelihood that the measured CSA is <2°
from the true CSA.” Suter et al.’ classified the
radiographic image quality used for CSA measurement
according to the degree of overlap of the anterior and
posterior glenoid rims (Fig 1). In an Al image, there is
no glenoid double contour, and there is overlap of the
coracoid process and the upper glenoid rim (Fig 1).

The normal CSA range is 30° to 35°, with values >35°
linked to the development of full-thickness rotator cuft
(RC) tears.”* Biomechanical analyses have demon-
strated that an increase in the CSA increases the vertical
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Fig 1. Suter-Henninger Al type anteroposterior radiograph
of a left shoulder characterized by no glenoid double contour
and overlap of the coracoid process and the upper glenoid
.3
rim.

force vector of the deltoid muscle during arm abduc-
tion. This results in a greater shear force acting at the
glenohumeral joint. To maintain stability, a greater
compressive force is required from the rotator cuff.”® It
is hypothesized that chronic overload and overuse of
the supraspinatus could then predispose to an RC tear.’

A lateral acromioplasty (LA) aiming to remove the
most lateral part of the acromion has been proposed to
reduce high CSA, thereby reducing the vertical
component of the deltoid force vector.”*'" This con-
trasts with anterolateral or anterior acromioplasty, in
which the aim is to reduce impingement. The middle
deltoid originates from the entire vertical extent of the
lateral wall of the acromion.'? An LA may therefore
release the middle deltoid origin with the potential for
weakness or deltoid dehiscence.

The ideal target CSA for the LA is not known. The
axial orientation of the LA is also incompletely
described. Given that the aim of a lateral resection is to
reduce the 2-dimensional (2D) measurement of the
CSA, the plane of the resection should be dictated by
the glenoid plane. However, it is not possible to refer-
ence the glenoid plane while viewing from the
subacromial space at the time of arthroscopy unless
there is a massive RC tear. Therefore, authors have
described an LA that uses an undersurface view of the
acromion as a reference for the resection. Typically, the
stated aim is to resect the entire lateral border of the
acromion of a fixed width extending from the antero-
lateral corner of the acromion to the posterolateral
corner.”* ' The orientation of this resection is there-
fore dictated by the lateral border of the acromion
rather than the glenoid plane. This would be a precise
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technique if the lateral border of the acromion were
parallel to the glenoid plane and the lateral border of
the acromion were straight. However, the lateral border
is not parallel to the glenoid face in patients with RC
tears, in whom the axial tilt of the acromion relative to
the glenoid is 36.4° (range 8° to 54°; standard deviation
[SD] 9.4°)."” Also, the lateral border of the acromion is
not straight in patients with RC tears.'” As a result, it
would likely be difficult to identify the anterolateral and
posterolateral corners of the acromion. Therefore, the
shape and orientation of the acromion may render the
described techniques for LA imprecise and lead to
excessive resection of bone, thereby jeopardizing more
deltoid fibers than required.

The ideal LA would diminish the CSA to the normal
range, thereby reducing the vertical component of the
deltoid force vector while minimizing the additional
risk to the deltoid origin by resecting the minimal
amount of bone. This would necessitate a resection
parallel to the glenoid in the axial orientation. The
amount of bone resection would also depend on
whether the aim was to change the CSA to the upper or
lower end of the normal range. The extent to which the
currently described technique replicates the ideal
resection has not been established.

The purpose of this study was to compare axial plane
orientation and required width and length of the
resultant acromial resections required to reduce the
CSA using LA techniques that are based on the lateral

Fig 2. The right shoulder 3D mesh has been oriented in the
Suter-Henninger Al (S-H Al) view.” The glenoid plane grid
has been tilted while keeping the grid fixed at the inferior-most
point of the glenoid so that the grid intersects the undersurface
of the acromion (in this case at an angle of 30°).
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Fig 3. The right shoulder 3D mesh has been reoriented
perpendicular to the undersurface of the acromion. The
original glenoid plane grid and the tilted glenoid plane grid are
visible. In this transparent view of the 3D mesh, the ideal
resection (green area) appears broad, as the resection plane is
displayed though the entire thickness of the acromion.

acromial border with an ideal resection that is oriented
parallel to the glenoid. The hypothesis was that there
was no difference in the orientation or the required
width and length of the acromial resections required
compared with an ideal resection that is oriented par-
allel to the glenoid.

Methods

Ethics approval was obtained from the University of
New South Wales Human Research Ethics Committee
(HC180247). This was a retrospective observational
cohort study of a diagnostic test. The clinical records of a
single surgeon (G.S.) were searched over a 6-year
period (January 2013 to September 2018) for those
patients who underwent computed tomography (CT)
scan of the shoulder. CT was performed routinely for all
patients undergoing arthroplasty (anatomic and
reverse), glenohumeral instability, and some fractures
during the study period. Exclusion criteria were insuf-
ficient resolution (slice thickness >1 mm); gross glenoid
or acromial deformity (e.g., fracture, bone loss); artifact
(beam hardening, CT arthrography); or incomplete
capturing of the entire scapula. The digital imaging and
communications in medicine (DICOM) data from the
included CT scans were imported into InVesalius
(version 3.1.1, Renato Archer Information Technology
Centre, Brazil), which was used to segment bone from
the CT raw data and to create 3D meshes. The meshes
were then imported into Meshmixer (3.4.35, Autodesk,
San Rafael, CA) for cleaning and analysis. All angular
measurements were acquired using the software’s
orthographic view, eliminating any angular distortion
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that would otherwise arise from changes in perspective.
The viewing perspective or a plane can be marked with
a visible grid. The grid can then be used as a reference to
orient the mesh, because when the mesh is viewed
perpendicularly to a grid, it will appear as a line. A
viewing perspective can also be saved to allow future
reorientation of the mesh to the same position.

The mesh was first oriented into the Suter-Henninger
(S-H) Al view,” and the CSA was measured as origi-
nally described.' The viewing perspective was marked
with a grid. This grid was therefore oriented in the
glenoid plane (glenoid plane grid). A series of LA
resection planes were then mapped by a specialist
fellowship-trained shoulder surgeon (G.S.). The coronal
orientation of all the resections was perpendicular to
the undersurface of the acromion. The axial orientation
of the resection varied according to the technique.

Ideal Resection

The mesh was initially viewed in the S-H A1 position.
The glenoid plane grid was tilted while keeping the grid
fixed at the inferior-most point of the glenoid so that it
intersected the undersurface of the acromion (Fig 2).
The mesh was reoriented until the view was perpen-
dicular to the undersurface of the acromion (Fig 3). The
orientation of the ideal resection was defined by the
tilted glenoid plane grid after the mesh was reoriented
(Fig 3).

Resections Based on the Lateral Acromial Border
The lateral border of the acromion was used to define
the orientation of 3 other resections. The mesh

Anterolateral

Lateral

-
-
ot

Posterolateral

Fig 4. The right shoulder 3D mesh has been oriented
perpendicular to the undersurface of the acromion. The mesh
has been rendered opaque. The lines of best fit for the ante-
rolateral, lateral, and posterolateral acromial-based resections
have been superimposed on the image.
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Fig 5. The right shoulder 3D mesh has been oriented
perpendicular to the undersurface of the acromion. The entire
lateral border (A) and ideal resection (B) planes have been
superimposed on the image. The axial angular difference
angle between 2 resection planes, as well as the width and
length of both the resections, are measured.

remained oriented perpendicular to the undersurface of
the acromion (Fig 4), and resection planes were inser-
ted parallel to this viewing plane.

Entire lateral border resection (lateral): The orienta-
tion of the resection plane was parallel to the lateral
border of the acromion using a line of best fit (LOBF) of
the entire lateral border of the acromion (Fig 4).
Anterolateral lateral border resection (anterolateral):
The orientation of the resection plane was parallel to
the anterior half of the lateral border of the acromion in
a similar way to the entire lateral border resection
(Fig 4). Posterolateral lateral border resection
(posterolateral): The orientation of the resection plane
was parallel to the posterior half of the lateral border of
the acromion in a similar way to the entire lateral
border resection (Fig 4). Image-guided lateral border
resection (image guided): The mesh was viewed
perpendicular to the undersurface of the acromion.
Subsequently, the CAP was estimated as being either in
the anterior, middle, or posterior third of the lateral
acromial border by 1 of the investigators (G.S.) on 2
occasions, 1 month apart. Subsequently either the
anterolateral, lateral or posterolateral lateral border
resections were assigned to that model.

Only those cases in which the measured CSA was
>30° were included. The resections that reduced the
measured CSA to 35° (if the initial CSA was >35°) or to
30° (if the measured CSA was >30°) were mapped. The
length and width of the bone requiring resection to
reduce the CSA to 35° and 30° were measured. The
angle between the orientation of the ideal cut and the
resections based on the lateral acromial border were
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Table 1. Demographic details and diagnoses of the patients in
the study

CSA >30° to CSA >35°

Characteristic 35° (n = 23) (n = 13)
Age (y) 54.6 (21.7) 59.2 (14.2)
Gender

M:F 13:10 6:7

% male 56.5 46.2
Side

Right:left 13:10 7:6

% right 56.5 53.8
Diagnosis

Glenohumeral instability 8 (34.8) 2 (15.4)

Fracture 7 (30.4) 9 (69.2)

Glenohumeral osteoarthritis 7 (30.4) 1(7.7)

Rotator cuff arthropathy 1 (4.3) 1(7.7)

Data are mean (standard deviation) or n (%).
Abbreviation: CSA, critical shoulder angle.

also measured while viewing perpendicular to the un-
dersurface of the acromion (Fig 5).

Statistical analysis was conducted using SPSS (IBM
SPSS Statistics for Windows, version 26.0; IBM Corp.,
Armonk, NY). Data were tested for normality using the
Kolmogorov-Smirnov test. Normally distributed data
are expressed using means and standard deviation (SD).
Angular differences between the ideal resection and the
other techniques were calculated and comparisons
performed with paired ¢ tests. Two comparisons were
made: models with CSA >35° and models with CSA
>30°. Pearson’s correlation coefficient was used to
assess the relationship between CSA value and the
angular difference between the ideal resection and the
other methods. Comparisons of the mean length and
width of the ideal resection to the other techniques were
carried out with paired ¢ tests. Two comparisons were
made: models with CSA >35° reducing the CSA to 35°
and models with CSA >30° reducing the CSA to 30°.

Results
After initial exclusion, there were 53 CT scans. The
mean CSA was 32.8° (SD 4.7°). 17 cases had a CSA
<30° and were excluded. The study group consisted of
23 models (23 patients) with a CSA of 30.1° to 35° and

Table 2. Mean width and length of the lateral acromial
resections required to reduce the CSA using the ideal
orientation technique

Width of Resection Length of Resection

Angle (mm) (mm)

CSA>35° reducing 4.7 (2.2) 27.1 (10.6)
CSA to 35°

CSA >30° reducing 5.5 (3.4) 29.2 (11.2)
CSA to 30°

Data are mean (standard deviation).
Abbreviation: CSA, critical shoulder angle.
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Table 3. Axial angular difference between the ideal resection plane and the resections based on the lateral acromial border for

those models with CSA >35° and CSA >30°

Axial angular Difference

Angle Lateral Anterolateral Posterolateral Image Guided
CSA >35°

Ideal 7.5 (17.5), P = .146 —2.7 (13.6), P = .496 19.7 (17.3), P = .001 —1.7 (13.1), P = .656
CSA >30°

Ideal 8.6 (12.7), P < .001 0.5 (11.1), P = .805 21.7 (14.4), P < .001 0.5 (10.5), P = .792

Data are mean (standard deviation).
Abbreviation: CSA, critical shoulder angle.

13 with a CSA >35°. The demographic data of the pa-
tients and their diagnoses are presented in Table 1.

There were no discrepancies between each of the al-
locations of the perceived best image-guided resection
technique. 33 models were allocated to the antero-
lateral resection and 3 to the lateral resection. The
mean width and length of the resections required to
reduce the CSA using the ideal orientation are shown in
Table 2. The mean angular differences between the
resection planes of each of the techniques and the ideal
resection plane are shown in Table 3 (angular differ-
ence of ideal compared to lateral, anterolateral,
posterolateral, and image guided). The results of the
assessment of the correlation between CSA value and
the angular difference between the ideal resection and
the other methods are shown in Table 4. Results of the
assessment of the width and length of the acromial
resections and the pairwise comparisons of the tech-
niques are shown in Tables 5 and 6.

Discussion

The results of this study show that among scapulae
with CSA >35°, there was no angular difference be-
tween the orientation of an ideal LA that aims to reduce
the CSA (which necessitates that the plane of resection
is based on the orientation of the glenoid) and the
typically performed LA (entire lateral border resection).
However, the standard deviation was high (17.5°),
implying considerable wvariability in the shape and
orientation of the lateral border of the acromion. A
greater width and length of acromial resection was
required to reduce the CSA to the upper end of the
normal range using the entire lateral border resection
compared with the ideal orientation, and these differ-
ences were clinically meaningful (additional width 3.2
mm, additional length 14.8 mm). The additional length
and width of acromial resection mean that more of the
deltoid origin would be released from the acromion
than is necessary if the results are replicated in vivo.
Therefore, alternative techniques that better replicate
the ideal resection would be beneficial.

Three other potential techniques that were based on
the lateral border of the acromion were evaluated in
this study. The anterolateral technique reflects that the

CAP is located on average 21% of AP length of the
acromion posterior to its anterolateral corner.” The
posterolateral technique was included because,
although the typical CAP location is anterolateral, it
may range from 3% to 46% of AP length of the
acromion posterior to its anterolateral corner.” The
image-guided resection technique aimed to replicate
the surgeons’ selection of the orientation of the resec-
tion based on the location of the CAP on an axillary
radiograph.

The results of this study demonstrated that in scap-
ulae with CSA >35° there is no angular difference
between the orientation of an ideal LA and the ante-
rolateral and image-guided resections. Again, this was
subject to high SDs (anterolateral, 13.6°; image guided,
13.1°), and there were thus clinically relevant differ-
ences in the width and length of acromial resections
(anterolateral, additional width 2.8 mm, additional
length 10.6 mm; image guided, additional width 2.4
mm, additional length 10.3 mm). Given the typical
location of the CAP, it is unsurprising that the
posterolateral resection was angularly different from
the ideal orientation and resulted in a greater required
width and length of resection to reduce the CSA to 35°.
As the models were allocated to the anterolateral
resection in the majority of cases in the image-guided
technique, the results are similar to the anterolateral
technique, as would be expected.

The role of acromioplasty in the surgical treatment of
subacromial impingement syndrome and rotator cuff
tears is controversial. Anterolateral acromioplasty does
not improve outcome after rotator cuff repair and does
not lead to improved outcomes compared with

Table 4. Assessment of the correlation between CSA value
and the axial angular difference between the ideal resection
and the resections based on the lateral acromial border

Resection Method Pearson’s Correlation Coefficient

Lateral —0.225, P =.168
Anterolateral —0.325, P = .044
Posterolateral —0.193, P = .238

Image Guided —0.294, P = .082

Abbreviation: CSA, critical shoulder angle.
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Table 5. Results and pairwise comparison of width and length of the acromial resections required to correct the CSA to 35° for
those models with CSA >35° (n = 13) using the ideal resection and the resections based on the lateral acromial border

Technique Resection Width (mm) Comparative Technique Mean Difference (mm) SEM P 95% Confidence Interval
Width
Ideal 4.7 (2.2) Lateral —3.2 0.9 .041 —6.3 to —0.1
Anterolateral —2.8 0.6 .006 —4.8 to —0.7
Posterolateral —6.9 0.9 <.001 —9.9 to —3.9
Image guided —2.4 0.5 .009 —4.3 to —0.5
Length
Ideal 27.1 (10.6) Lateral —14.8 3.2 .005 —25.6 to —4.0
Anterolateral —10.6 3.0 .040 —20.8 to —0.4
Posterolateral —19.2 2.8 <.001 —28.7 to —9.6
Image guided -—10.3 3.0 .050 —20.6 to 0.0

Data for resection width and length are mean (standard deviation).

Abbreviation: CSA, critical shoulder angle; SEM, standard error of the mean.

nonoperative treatment of subacromial impingement
syndrome.'*'® Although a high CSA value has been
linked to a higher risk of retear after RC repair,'” "’
there is no current evidence to demonstrate that an LA
may diminish the risk of retear after RC repair. How-
ever, as the rationale for LA is based on cuff overload
rather than mechanical impingement, the assumption
that its results are likely to be equivalent to that of
anterolateral acromioplasty may be erroneous. Further
clinical studies are required to assess the role of LA.
The clinical relevance of this study is that none of the
described or potential acromial-based lateral acromio-
plasty resection methods investigated in this study
sufficiently replicate the ideal resection to recommend
their routine use which may lead to excessive deltoid
release which could adversely affect clinical results.
Instead, the variability of the shape and orientation of
the lateral acromion suggest that either a preoperative,
patient-specific, CT-based plan of the orientation of the
resection is required or an operative technique is used
that enables referencing of the orientation of the gle-
noid rather than referencing the acromion. Further
studies are required to assess whether a technique that
closely replicates the ideal resection is possible. If an

ideal orientation of the resection of the lateral acromial
border is surgically possible, the commonly described 5-
mm width seems appropriate to reduce the CSA to
either the upper end of the normal range if the CSA is
>35° (mean width of resection required using the ideal
orientation is 4.7 mm) or to the lower end of the
normal range if the CSA is >30° (mean width of
resection required using the ideal orientation is 5.5
mm).

Given the results of this study, the technique of any
LA should be adequately described in all future clinical
outcome studies. The LA techniques in this study
involved a vertical resection of the lateral wall of the
acromion perpendicular to the undersurface of the
acromion. A less aggressive obliquely oriented beveling
of the inferior aspect of the lateral acromion is also
described.” This would reduce the CSA measurement,
but from a biomechanical perspective it would only
partially release the middle deltoid. As a result, the
vertical component of the deltoid force vector would
be only partially changed. In contrast, a vertical LA
would theoretically modify the described biomechan-
ical link between high CSA and RC tears. Additionally,
the present study reflects the theory that the reduction

Table 6. Results and pairwise comparison of width and length of the acromial resections required to correct the CSA to 30° for
those models with CSA >30° (n = 36) using the ideal resection and the resections based on the lateral acromial border

Technique Resection Width (mm) Comparative Technique Mean Difference (mm) SEM P 95% Confidence Interval
Width
Ideal 5.5 (3.4) Lateral —2.5 0.4 <.001 —3.7to —1.2
Anterolateral —-1.9 0.3 <.001 —2.8to —0.9
Posterolateral —7.4 0.7 <.001 —9.4to —54
Image guided —-1.6 0.3 <.001 —2.4t0 —0.8
Length
Ideal 29.2 (11.2) Lateral —12.5 1.6 <.001 —17.2to —7.8
Anterolateral —8.8 1.8 <.001 —14.1 to —3.6
Posterolateral —19.0 1.6 <.001 —23.7to —14.3
Image guided —8.8 1.7 <.001 —13.9to —3.8

Data for resection width and length are mean (standard deviation).

Abbreviation: CSA, critical shoulder angle; SEM, standard error of the mean.
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of the 2D measurement of the CSA should be the aim
of a 3D resection. Instead, it may be that other scap-
ular morphological factors that result in variances in
the CSA may be more relevant to the high-risk acro-
mion for the development of RC tears than the CSA
value per se.

Limitations

The main limitation of this study is that the study
population was defined by the acquisition of high-
quality CT images rather than including only those
patients with rotator cuff tears in whom an LA might be
considered. Furthermore, the integrity of the rotator
cuff in the included patients was not assessed. This
study population was used because CT-based models
were required for mesh generation and subsequent
accurate assessment of the resections. Additionally,
only 13 patients had a CSA >35°. However, the results
of this study were not different when comparing re-
sections of all patients with CSA >30° (36 scapulae), in
whom the aim was to reduce the CSA to 30° and just
those with CSA >35° (13 scapulae), in whom the aim
was to reduce the CSA to 35°. Additionally, some pa-
tients with RC tears do not have a CSA >35°, and the
target CSA for an LA technique is not known. Also,
there was no correlation between the CSA and the axial
angular difference of the resection planes for the lateral,
posterolateral, and image-guided resection technique,
and therefore assessment of all patients with a CSA
above the lower end of the normal range may be
justified. There was a correlation between CSA value
and the axial angular difference between the antero-
lateral resection and the ideal resection, which may be
explained by scapulae with a high CSA having an
acromion that is more externally rotated in the axial
plane.'” But, considering the other results of this study,
the anterolateral resection was not notably different
from the other acromial-based resection methods.

Conclusions
LA techniques based on the lateral acromial border
did not replicate the ideal resection and may lead to
excessive deltoid release, which could adversely affect
clinical results.
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