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Radiographs Are Comparable With 3-Dimensional ~ ®
Computed Tomography-Based Models as a Modality
for the Preoperative Planning of the Arthroscopic
Lateral Acromioplasty: A Retrospective Comparative
Study

Takayuki Oishi, M.D., Ph.D., Naomi Kobayashi, M.D., Ph.D., Yohei Yukizawa, M.D., Ph.D.,
Shu Takagawa, M.D., Ph.D., Hideki Honda, M.D., and Yutaka Inaba, M.D., Ph.D.

Purpose: To compare plain radiographs with 3-dimensional (3D) computed tomography (CT) data for preoperative
planning of arthroscopic lateral acromioplasty (ALA) for patients in whom ALA was performed along with arthroscopic
rotator cuff repair (ARCR). Methods: Patients older than 25 years old who underwent ALA along with ARCR in our
institution between October 2019 and February 2021 were included in this study. Preoperative ALA simulations were
performed on plain radiographs and 3D models based on CT data. The critical shoulder angle (CSA) was compared be-
tween simulations based on radiographs and those based on 3D models. The ALA procedure was performed using the 3D
model simulation, along with ARCR. The CSA after surgery was investigated using radiographs. Results: We evaluated
11 shoulders in 10 patients. There was no significant difference between the mean preoperative CSA on radiographs and
3D models (38.0° £ 2.6° vs 38.6° + 1.8°, respectively; P = .55). The mean CSA after 4-mm ALA simulation using
radiographs was not significantly different to that using 3D models (34.1° £+ 2.6° vs 34.3° + 2.5°, respectively; P = .84).
Four cases (36.4%) required 8-mm ALA to reduce the CSA to <35° on radiographic analysis, and 2 (18.2%) required 8-
mm ALA on 3D model analysis. The mean CSA on postoperative radiographs was significantly smaller than that on
preoperative radiographs (32.1° £ 2.7° vs 38.0° &+ 2.6°, respectively; P < .01). Conclusions: There was no significant
difference between the mean CSA after a 4-mm ALA simulation using radiographs and that using 3D models based on
preoperative CT data, which suggests that radiographs are comparable with 3D CT data models as a reliable modality for
the preoperative simulation of ALA. Level of Evidence: III, retrospective comparative study.

A rthroscopic rotator cuff repair (ARCR) is a widely
used procedure for treating rotator cuff tear
(RCT)." However, a relatively high rate of retear after
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ARCR is reported (13%-27%),”"* and retear after
ARCR therefore remains an unsolved issue with ARCR.

The critical shoulder angle (CSA) is a radiologic
parameter that combines the extent of the lateral
extension of the acromion and the inclination of the
glenoid, and was first advocated by Moor et al.” Previ-
ous studies reported that a large CSA is associated with
development of RCT’” and a high retear rate after
ARCR.'”"'? A previous biomechanical study revealed
that a large CSA destabilized the glenohumeral joint
and charged the supraspinatus tendon with additional
load during arm abduction."’

Arthroscopic lateral acromioplasty (ALA) has been
proposed as a procedure for reducing the CSA and the
load on the supraspinatus tendon after ARCR, which
may improve the integrity of the post-ARCR supra-
spinatus tendon. However, the full procedure for per-
forming ALA in the clinical setting, including
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preoperative  planning, has not yet been
established.'*"”

Plain radiographs could be suitable for the preopera-
tive planning of ALA because the CSA is a parameter
that was originally measured on the anteroposterior
view of the shoulder joint radiograph,’ and a preoper-
ative plain radiograph is usually obtained as a matter of
routine. However, it is difficult to obtain radiograph
images that allow the precise measurement of CSA.'® In
contrast, computed tomography (CT) may be superior
to radiographs for obtaining detailed morphologic in-
formation of the bone. On the basis of this possible
superiority, previous studies used CT data to analyze
the detailed anatomy of the scapula and to measure the
CSA.'72° Moreover, CT data allow for a 3-dimensional
(3D) software model to be created, which allows 3D
simulation and analysis. Therefore, we performed ALA
along with ARCR in patients with a relatively large CSA
using preoperative planning based on a 3D model.

An important clinical question is whether there is a
discrepancy between preoperative planning performed
using radiographs and that performed using a 3D
model. The purpose of this study was to compare plain
radiographs with 3D CT data for preoperative planning
of ALA for patients in whom ALA was performed along
with ARCR. We hypothesized that the results of pre-
operative planning using radiographs and 3D simula-
tions would be comparable.

Methods

Our institutional review board approved this study
(no. B201200081).

Patient Inclusion

The shoulders of patients of more than 25 years old
(because the epiphyseal line of the acromion closes
around 25 years) who underwent ALA along with
ARCR at our institution between October 2019 and
February 2021 were identified. Patients were diagnosed
with RCT using 1.5- or 3.0-T MRI and the indication for
ARCR was unmanageable pain or functional disability
despite conservative treatment for more than 3 months.
Preoperative CT examination was performed using
Aquilion ONE / GENESIS Edition (Canon Medical
Systems Corporation, Tochigi, Japan) for all patients
indicated for ARCR. ALA was performed on shoulders
with a CSA of >35° on the 3D model based on preop-
erative CT data. All patients who underwent performed
ALA along with ARCR provided written informed
consent before surgery. Shoulders with RCT that did
not include supraspinatus tendon tear, shoulders that
were not operated on according to the results of the 3D
simulation, and shoulders with glenoid fracture
including bony Bankart lesion were excluded from this
study.
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ALA Planning on Radiographs

On preoperative anteroposterior view of shoulder
joint radiograph, the CSA was measured as the angle
made by the line connecting the most superior and
most inferior edge of the glenoid with the line con-
necting the most inferior edge of the glenoid and the
most lateral edge of the acromion (Fig 1). If the CSA
was >35°, the point 4 mm medial from the most lateral
edge of the acromion along its inferior plane was
detected. Referencing this point as the most lateral
point of the resected acromion, the CSA was measured
as the CSA after 4-mm ALA on radiographs (4-mm
CSA-R; Fig 2). If the 4-mm CSA-R was >35° the
medial point 8 mm from the most lateral edge of the
acromion was detected, and the CSA after 8 mm ALA
(8-mm CSA-R) was measured on radiographs. In all
cases, 4 or 8 mm of bone resection was enough to
reduce the CSA to <35°. As described in several pre-
vious studies,'*'>?!'*? the diameter of the bone resec-
tion burr tip can be a good indicator during the ALA
procedure, and the unit of bone resection was defined
as 4 mm in this study.

Fig 1. Measurement of the critical shoulder angle (CSA) on a
plain radiograph of the right shoulder. The CSA was
measured as the angle made by the line connecting the most
superior and most inferior edge of the glenoid and the line
connecting the most inferior edge of the glenoid and most
lateral edge of the acromion.
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Fig 2. The 4-mm ALA simulation on a plain radiograph of the
right shoulder. The point 4 mm medial from the most lateral
edge of the acromion along the inferior plane of the acromion
was detected. Referencing this point as the most lateral point
of the resected acromion, the critical shoulder angle (CSA)
was measured as the CSA after 4-mm ALA on radiograph
(4-mm CSA-R).

ALA Planning Using a 3D Model Based on CT Data

ALA planning was performed using a 3D model
created and analyzed using Mimics and 3-matic soft-
ware (Materialize, Leuven, Belgium). First, a 3D model
based on preoperative CT data was created. In this
model, the most superior and inferior points on the
glenoid were detected, and the most lateral point of the
acromion was detected on the Al or C1 type view ac-
cording to the Suter-Henninger classification.”’ The
preoperative CSA was measured on the 3D model using
the angle measuring function in the software (preCSA-
3D; Fig 3). Next, an ALA simulation was performed on
the 3D model. A previous anatomical study revealed
that the acromion has 3 facets on its lateral side, that is,
the anterior, middle, and posterior facets.?* Therefore, a
simulated resection was performed for each of the 3
facets. On the 3D model, the planes perpendicular to
each facet were created on the lateral edge of the
acromion and were then moved 4 mm medially. The
lateral lesions on these planes were deleted, and if there
was an anterior bone spur, it also was deleted. This
model after the serial deletions was considered as
the post-4 mm ALA planning model. On this model,
the CSA was measured in the same way as on the
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preCSA-3D model and was defined as the CSA after
modeling the 4-mm ALA on the 3D model (4-mm CSA-
3D). The serial method for performing 4-mm ALA
simulation on the 3D model is shown in Figure 4. If the
4-mm CSA-3D was >35° an 8-mm ALA planning
model was made in the same way, and the CSA after 8
mm ALA was measured on the 3D model (8-mm CSA-
3D). In all cases, 4 mm or 8 mm of bone resection was
enough to reduce the CSA to >35° on the 3D model.
All CSA measurements using radiographs and 3D
models were performed twice after an interval of at
least 6 weeks by 2 investigators with more than 10
years of experience as orthopaedic surgeons. Intra-
observer and interobserver reliability were analyzed
using intraclass correlation coefficients.

Surgical Technique

All operations were performed by a single senior
surgeon (T.0.) with the patient in a beach-chair posi-
tion under general anesthesia. The sagittal and coronal
lengths of the RCT were measured by a probe with a
scale, and the larger of the 2 lengths was adopted as the
tear size for that case (<1 cm, small; 1-3 ¢cm, medium;
3-5 cm, large; >5 cm, massive tear). The rotator cuff
repair was performed using the transosseous-
equivalent suture bridge technique with suture an-
chors. Partial tears of 50% or more of the thickness
were converted to a complete tear and repaired. ALA
was performed according to the preoperative planning
on the 3D model using a burr with a tip diameter of 4
mm. The diameter of the burr tip was referred for
quantifying the width of the bone resection during the
procedure (Fig 5). Moreover, if there was a bone spur in
the anterior edge of the acromion, an arthroscopic
standard anterior bone resection was performed.

Postoperative Evaluation

The postoperative CSA (postCSA-R) was measured
on a radiograph obtained within 1 month after the
operation, in the same way as the CSA measurement
on the presurgical radiograph described previously.

Statistical Analysis

A priori power analysis was performed with a confi-
dence level of 95% and statistical power of 80% using
the data reported by Moor et al.” With a mean differ-
ence of 4.9° between the groups and a standard devi-
ation of 3.3, a minimum of 6 patients per group was
needed to detect significant differences in CSA mea-
surements using radiographs and 3D models. The mean
CSA measured on the preoperative radiograph (pre-
CSA-R) was compared with the mean preCSA-3D using
a paired t-test. Similarly, paired f-tests were used for
comparisons between 4-mm CSA-R and 4-mm CSA-
3D, and between preCSA-R and postCSA-R. The
number of cases that needed 4 mm ALA to reduce the



CSA to <35° and the number of cases that needed 8
mm ALA to reduce the CSA to <35°, were investigated
on both radiographs and 3D models, and were then
compared using the Fisher exact test. A P < .05 was
considered statistically significant.

Results

Between October 2019 and February 2021, ARCR
was performed on 41 shoulders of 40 patients at our
institution. All patients were older than 25 years.
Sixteen of these 41 shoulders had a CSA of >35° on the
preoperative 3D model. Fifteen shoulders underwent
ALA, with one being excepted because of an isolated
subscapularis tendon tear. Of these 15 shoulders, 3

Fig 4. A series of images of
arthroscopic lateral acromioplasty
(ALA) simulation on the 3D
model of the right shoulder. (A-
B) Perpendicular plane to middle
facet was created on the lateral
edge of the acromion and was
then moved 4 mm medially. (C)
Perpendicular planes to each facet
were created and were then
moved 4 mm medially. The
lateral lesions from these planes
were deleted, and if there was an
anterior bone spur, it was also
deleted. The model after the serial
deletions was considered as the
model after 4 mm ALA planning.
(D) The critical shoulder angle
(CSA) was measured and defined
as the CSA after 4-mm ALA on
the 3D model (4-mm CSA-3D).
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Fig 3. (A) The 3-dimensional (3D)
model based on preoperative computed
tomography data of the right shoulder.
(B) Measurement of the critical shoul-
der angle (CSA) on the 3D model. The
most superior and inferior points were
detected on the glenoid, and the most
lateral point of the acromion was
detected on the Al or Cl type view
according to the Suter-Henninger clas-
sification. The CSA was measured using
the angle measuring function in the
software as the preoperative CSA on
the 3D model (preCSA-3D).

cases were excluded because the ALA was not per-
formed according to the results of the 3D simulation,
and one shoulder was excluded because of a bony
Bankart lesion on the glenoid. Finally, 11 shoulders in
10 patients (7 female, 3 male) with a mean age of 62.7
years (range, 48-77 years) were investigated in this
study (Fig 6). The characteristics of the included cases
are summarized in Table 1. The mean preoperative CSA
on radiographs (preCSA-R) was 38.0° £+ 2.6°, and the
mean preCSA-3D was 38.6° £+ 1.8°. There was no sig-
nificant difference between the mean preCSA-R and
preCSA-3D (P = .55). The mean 4-mm CSA-R and
4-mm CSA-3D were 34.1° + 2.6° and 34.3° + 2.5°,
respectively, and showed no significant difference
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Fig 5. Intraoperative images of the right shoulder. (A) Posterior portal view. The arthroscopic image of the arthroscopic lateral
acromioplasty (ALA) procedure using a bone resection burr of 4-mm diameter. (B) After the ALA procedure, the deltoid tendon
can be seen at the bone resection site. (C) Lateral portal view of the bone resection site.

(P = .84). Four of the 11 cases (36.4%) needed 8-mm
ALA to reduce the CSA to <35° according to radio-
graphic analysis, and 2 of 11 (18.2%) needed 8-mm
ALA according to 3D model analysis (Table 2). The
mean postCSA-R was 32.1° £ 2.7°, which was signifi-
cantly smaller than the mean preCSA-R (32.1° + 2.7°
vs 38.0° £ 2.6° P < .01). The CSA measurements taken
using the radiographs and 3D models are summarized
in Table 3. The intraclass correlation coefficients for
intra-observer and inter-observer reliability of all CSA
measurements were >0.7. The reproducibility of all
measurements was considered high.

Discussion
The most important finding of the current study is
that there was no significant difference in mean CSA
between radiograph-based after 4 mm ALA simulation

41 shoulders
underwent ARCR

and 3D preoperative CT model-based 4-mm ALA
simulation. This result implies that plain radiographs
are comparable with 3D models as a modality for the
preoperative planning of ALA. This is an important
matter because a plain radiograph is inexpensive to
acquire and routinely obtained as part of the preoper-
ative examination before ARCR by most shoulder
surgeons.

Several studies reported the effect of a lateral exten-
sion of the acromion on the rotator cuff. Gerber et al."’
performed a biomechanical study and found that a
larger CSA made the glenohumeral joint unstable
during abduction of 6-61°, and increased the load by
13% to 33% on the supraspinatus tendon to stabilize
the arm in space. Nyffeler et al.”” investigated lateral
extension in patient groups with a full-thickness RCT,
osteoarthritis of the shoulder, and an intact rotator cuff.

16 shoulders with CSA > 35°

26 shoulders excluded
with CSA < 35°

1 shoulder excluded

with isolated SSc tear

15 shoulders
underwent ALA

o ALA was not performed

3 shoulders excluded

according to the result of 3D simulation

1 shoulder excluded

with bony Bankart lesion

11 shoulders included

Fig 6. Flowchart of patient inclusion and exclusion. (3D, 3-dimensional; ALA, arthroscopic lateral acromioplasty; ARCR,
arthroscopic rotator cuff repair; CSA, critical shoulder angle; SSc, subscapularis.)
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Table 1. Patient Characteristics

Data
Total cases 11 shoulders of 10 patients
Mean age, y 62.7 (48-77)
(range)

Sex

Male, n 3

Female, n 7
Laterality

Right, n 5

Left, n 6
Tear size, n partial, 3; small, 0; medium, 4; large, 4; massive, 0

They found an association between the lateral exten-
sion of the acromion and a full-thickness RCT and
assumed that a large lateral extension of the acromion
makes the force vector of the middle deltoid more
vertical during shoulder joint abduction, predisposing
the supraspinatus tendon to degeneration. Further-
more, several previous studies have reported a rela-
tionship between a large CSA and high rate of retear
after ARCR.'”'? On the basis of these previous studies,
ALA, a procedure used to reduce the CSA, may reduce
the retear rate after ARCR because it reduces the load
on the supraspinatus tendon.

There are a few reports evaluating the clinical practice
of ALA along with ARCR.'"'” Olmos et al."” performed
ALA of 6 mm width along with ARCR in patients with a
CSA >35°. They found that the CSA was not corrected
to <35° in most patients with a preoperative CSA of
>40°, and concluded that further studies are necessary
to verify the ideal bone resection amount for individual
patients when performing ALA. Gerber et al.'* per-
formed ALA with an average width of 6 mm (range, 3-8
mm) along with ARCR in patients with a CSA of 34° or
greater. Although they obtained a mean postoperative
CSA of 33.9°, the CSA correction was insufficient in
some cases, and they proposed a preoperative planning
method using MRI for more precise ALA. On the basis
of these previous reports, we tried a new preoperative
planning method for ALA using 3D models based on CT
data. Furthermore, Sakoma et al.”* demonstrated that
the segments of deltoid muscle playing a main role in
shoulder abduction originate from the anterior and
middle facet of the lateral acromion. Theoretically, bone
resection on the anterior and middle facet is needed for

Table 2. The Numbers of Cases Needing 4- and 8-mm ALA to
Reduce the CSA to <35° on Radiographs and 3D Models

4 mm 8 mm
Radiograph, n 7 4
3D model, n 9 2

NOTE. Fisher exact test, P = .64.
3D, 3-dimensional; ALA, arthroscopic lateral acromioplasty; CSA,
critical shoulder angle.
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Table 3. Summary of the CSA Measurements on
Radiographs and 3D Models

Degree
PreCSA-R 38.0 + 2.6 (36-42)
PreCSA-3D 38.6 &+ 1.8 (35.5-42.8)
4-mmCSA-R 34.1 + 2.6 (32-38)
4-mmCSA-3D

8-mmCSA-R (4 cases)
8-mmCSA-3D (2 cases)
PostCSA-R

33.3 £ 0.8 (32-34)
32.5 £ 2.0 (30.5-34.6)
32.1 + 2.7 (28-37)

NOTE. Data are presented as mean =+ standard deviation (range).

3D, 3-dimensional; CSA, critical shoulder angle; PreCSA-R, the
mean preoperative CSA on the radiographs; PreCSA-3D, the mean
preoperative CSA on 3D models based on preoperative CT data; 4-
mmCSA-R, the mean CSA after 4 mm arthroscopic lateral acromio-
plasty (ALA) simulation using radiographs; 4-mmCSA-3D, the mean
CSA after 4 mm ALA simulation using 3D models; 8-mmCSA-R, the
mean CSA after 8 mm ALA simulation using radiographs; 8- mmCSA-
3D, the mean CSA after 8 mm ALA simulation using 3D models;
PostCSA-R, the mean postoperative CSA on radiographs.

(
(
343 + 2.5 (31.3-40.7)
(
(

clinical effectiveness when performing ALA, and we
therefore invented a novel method for the preoperative
planning of ALA, with resection of each facet of the
lateral acromion. In the current study, the mean 4-mm
CSA-R and 4-mm CSA-3D were not significantly
different, and the number of cases requiring 8 mm ALA
to reduce the CSA to <35° according to radiographs
was not significantly different to that according to the
3D models. On the basis of these results, ALA per-
formed according to the simulation using radiographs
could make the force vector of the deltoid more hori-
zontal, which could reduce the load on the supra-
spinatus tendon after ARCR.

CT data provide us detailed morphologic information.
Previous studies have used CT data for the investigation
of scapula anatomy, glenoid inclination, and the
CSA.'”?" Bouaicha et al.'®* compared CSAs measured
on radiographs with those measured on CT in patients
with different clinical shoulder pathologies and could
not find a significant difference between radiographs
and CT. In the current study, we measured the CSA of
the 3D model on the plane defined by the most superior
point of the glenoid, the most inferior point of the
glenoid, and the most lateral point of the acromion, in
the same manner as that of Bouaicha et al.'® Our result
was consistent with their result, in that preCSA-R and
preCSA-3D were not significantly different. Moreover,
the results of the 4-mm ALA simulations on radio-
graphs and 3D models were not significantly different
in the current study.

Some authors reported the results of ALA simulation
using 3D models based on CT data.”*?” Karns et al.”’
simulated 2.5- and 5-mm ALA and found that 5-mm
ALA could reduce CSA to <35° in cases with CSA of
up to 38°. Although the current study included cases
with CSA of >40°, ALA simulation of up to 8 mm
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reduced the CSA to <35° in all included cases. In most
cases, ALA of up to 8 mm width may be enough to
reduce CSA to an adequate range when it is performed
with ARCR.

There was no statistically significant difference among
the numbers of cases needing 4 mm and 8 mm ALA to
reduce the CSA to <35° on radiographs and 3D models.
However, there was a difference in 2 cases between the
results of radiographs and those of 3D models, which is
a significant difference in clinical practice. The resection
unit of 4 mm, which was defined as the diameter of
burr tip, is arbitrary, so a new procedure or device that
enables bone resection of units smaller than 4 mm, e.g.,
1 mm, should be developed for more precise bone
resection.

The ALA procedure was validated in respect to safety
considerations in cadaver and in vivo studies.'*'”>?'*?
Marchetti et al.”> and Altintas et al.”' performed 10
mm ALA in cadavers, and Gerber et al."* performed up
to 8 mm ALA in vivo. All cases showed no injury to the
lateral deltoid origin. In our study, postoperative MRI
was available for 6 cases, and we could not find any
injury to the lateral deltoid origin.

In the current study, arthroscopic bone resection ac-
cording to the simulation using 3D models was per-
formed, and the postoperative CSA in all but one case
was <35°. One case with preCSA-3D of 38.8° showed a
simulated 4-mmCSA-3D of 33.8°, but a postCSA-R of
37°. Although we referred to the diameter of the burr
tip during the ALA procedure, as in previous ALA
studies,'>?!"?* the precise bone resection on the lateral
acromion that was simulated, especially the posterior
portion, was deemed technically demanding. To ach-
ieve the utmost performance of ALA, some ingenuity
should be exercised, and a detailed comparison be-
tween the simulated ALA model and the model after
the ALA procedure may be helpful. In addition, further
investigations into the functional and structural out-
comes of ALA accompanied by ARCR are needed to
fully evaluate the efficacy of the preoperative planning
performed in the current study.

Limitations

This study is not without limitations. It is a retro-
spective study involving a series of performed by a
single surgeon. Thus, there could be selection and
observer biases. Furthermore, the sample size was
relatively small, although the number of patients was
statistically sufficient. Finally, the radiograph protocol
of the shoulder joint was not standardized for precise
measurement of CSA. The measurement of CSA on
radiographs is influenced by the viewing perspective,’
and the appropriate radiograph image for the precise
measurement of CSA is difficult to obtain.'® In fact, all
but 2 of the preoperative radiographs were inappro-
priate for precise measurement of the CSA according to
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the Sutter-Henninger classification, with 1 case classi-
fied into A-1 type, one case into C-1 type, seven cases
into D-1 type and 2 cases into D-3 type. However,
despite the lack of appropriate radiographs, the results
of preoperative planning on radiographs were compa-
rable with that on 3D models.

Conclusions
There was no significant difference between the mean
CSA after 4-mm ALA simulation using radiographs and
that using 3D models based on preoperative CT data,
which suggests that radiographs are comparable with
3D CT data models as a reliable modality for the
preoperative simulation of ALA.
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