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Purpose: To determine whether rotator cuff tear (RCT) patterns and scapular morphologic character-
istics are associated with acetabularization of the coracoacromial arch when the remaining rotator cuff
cannot stabilize the humeral head centered on the glenoid.
Methods: Thirty-two consecutive patients incapable of stabilizing the humeral head within the native
glenoid were included and divided into 2 groups: unstable glenohumeral fulcrum kinematics (GHFK)
group (n ¼ 16; absence of acetabularization of the coracoacromial arch) and captured GHFK group
(n ¼ 16; the presence of acetabularization of the coracoacromial arch). Magnetic resonance imaging
(MRI) analysis included tear locations, tear extensions (anterior, posterior, and global), and fatty infil-
tration of the rotator cuff muscles. Plain radiographic and computed tomography image measurements
included acromiohumeral distance, critical shoulder angle, lateral acromial angle, acromial index,
acromial tilt, acromial slope angle, anterior and posterior acromial coverage, and coracoacromial liga-
ment coverage.
Results: Patient demographic characteristics did not differ significantly (P > .05). No differences in tear
patterns were found between patients with unstable GHFK and those with captured GHFK on MRI
(P > .05). Scapular morphologic parameter measurements showed significant differences between the
unstable and captured GHFK groups: anterior acromial coverage (e5.8 ± 13.8� vs. 13.8 ± 11.3�, P < .001),
acromial tilt (34.9 ± 8.9� vs. 26.7 ± 6.2�; P ¼ .005), and acromial slope angle (24.5 ± 8.1� vs. 33.5 ± 7.9�,
P ¼ .003).
Conclusion: Scapular morphologic characteristics, rather than RCT patterns, were associated with the
development of acetabularization of the coracoacromial arch when the remaining rotator cuff could not
stabilize the humeral head. Patients with captured GHFK exhibited larger anterior acromial coverage,
smaller acromial tilt, and a more curved acromion than those with unstable GHFK.

© 2022 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Rotator cuff tendons, enveloping the glenohumeral joint on its There are 2 subtypes of abnormal GHFK: unstable and captured

anterior, posterior, and cranial aspects, assist in stabilizing the
humeral head socketed into the glenoid and preventing it from
proximal migration during deltoid activation.9,21 In patients with
massive rotator cuff tears (MRCTs), if the remaining rotator cuff
cannot control the humeral head centered on the glenoid, ante-
rosuperior escape of the humeral head or impingement on the
acromion or coracoacromial arch occurs, which is classified as
abnormal glenohumeral fulcrum kinematics (GHFK).4,24,28
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GHFK.4 Patients with an unstable GHFK have anterosuperior escape
of the humeral head during attempted active elevation.4-6,28,33

After impinging the acromion or coracoacromial arch, the humer-
al head cannot rotate on the newly formed contact point, resulting
in a loss of range of motion. However, active shoulder motion is
preserved in patients with a captured GHFK, although the
remaining rotator cuff cannot stabilize the humeral head centered
on the glenoid. This outcome is due to a new fulcrum developing
at the undersurface of the acromion or coracoacromial arch,
allowing the humeral head to rotate, which is known as acetabu-
larization of the coracoacromial arch.15,19 The term ‘acetabulariza-
tion’, described by Hamada,9 refers to an excavating deformity
of the acromion undersurface or an excessive spur deformity along
the coracoacromial ligament. According to Burkhart’s findings, the
unstable GHFK was associated with tears that involved virtually all
of the superior and posterior rotator cuff. And the captured GHFK
ulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND
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Figure 1 Radiographic features of different abnormal glenohumeral kinematics during active glenohumeral abduction. (A) An unstable GHFK, which was defined as the humeral
head showing anterosuperior escape without acetabularization of the coracoacromial arch during attempted active glenohumeral abduction; (B) a captured GHFK, which was
defined as the humeral head migrating proximally to impinge at the acromion (or excessive spur formation along coracoacromial ligament) with acetabularization of the cor-
acoacromial arch. GHFK, glenohumeral fulcrum kinematics.
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were associated with tears that involved the supraspinatus, a major
portion of the posterior rotator cuff, and a major portion of the
subscapularis.4 It appears that the abnormal GHFK subtype de-
pends on rotator cuff tear (RCT) patterns. However, the sample size
in Burkhart’s study was relatively small and included only 2 pa-
tients in the unstable GHFK group and 4 in the captured GHFK
group. Furthermore, no studies have verified the association be-
tween RCT patterns and unstable vs. captured GHFK.

In addition to RCT patterns, another structural parameter
potentially associated with acetabularization of the coracoacromial
arch comprises scapular morphologic characteristics. Previous
studies have shown an association between acromion morphology
and MRCTs.3 For example, a high critical shoulder angle has been
clinically and biomechanically identified as a risk factor for
RCTs.23,26 Besides, in patients with captured GHFK, conventional
acromioplasty might result in anterosuperior migration of the hu-
meral head and active shoulder motion loss because the acromion
and the coracoacromial ligament have been found to be ante-
rosuperior restraints of the humeral head.35 However, the rela-
tionship between scapular morphology and the development of
acetabularization of the coracoacromial arch in patients incapable
of stabilizing the humeral head has not been investigated to date.

Therefore, this study aimed to identify whether RCT patterns
and scapular morphologic characteristics are associated with ace-
tabularization of the coracoacromial arch when the remaining ro-
tator cuff cannot stabilize the humeral head centered on the
glenoid. We hypothesized that patients with captured GHFK would
have significant differences in RCT patterns and scapular morpho-
logic characteristics compared with those with unstable GHFK.
Methods

Patient selection

All patients enrolled in this study signed awritten consent form,
and our Institutional Review Board approved the study. From May
2016 to April 2020, 186 consecutive patients with chronic MRCTs
(�2 fully torn tendons13) were invited to participate in our study.
We defined an unstable GHFK (Fig. 1A) as the humeral head
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showing anterosuperior escape without acetabularization of the
coracoacromial arch during attempted active glenohumeral
abduction.4 A captured GHFK (Fig. 1B) was defined as the humeral
head migrating proximally to impinge at the acromion (or at the
excessive spur formation along the coracoacromial ligament) with
acetabularization of the coracoacromial arch during active gleno-
humeral abduction.

Inclusion criteria comprised patients who had unstable or
captured GHKFwith complete reports of active and passive range of
motion and with magnetic resonance imaging (MRI), computed
tomography (CT), and standardized true anteroposterior radio-
graphic images. Because pain significantly influenced the humeral
migration and glenohumeral kinematics as reported previously,17

we excluded patients with a reported visual analog pain score of
> 3. Besides, we also excluded patients with: (i) stiffness on
attempted abduction, (ii) traumatic MRCTs, (iii) neurological
impairment, and (iv) prior shoulder surgery. In total, 32 patients
were included in the study. The patient cohort was then divided
into 2 groups: those with unstable GHFK (n ¼ 16) and those with
captured GHFK (n ¼ 16).

Imaging analysis

Because we have no idea which tear pattern or scapular
morphologic characteristics were associated with the development
of acetabularization of the coracoacromial arch, we detected as
many imaging parameters as possible based on our best
knowledge.

Magnetic resonance imaging (MRI) measurements

Measurements on MRI (6-point Dixon, 3.0-T, Prisma; Siemens
Healthcare, Germany) included rotator cuff fatty infiltration ac-
cording to anMRI adaptation of the Goutallier classification12,14 and
RCT extensions (anterior, posterior, and global). The exact degree of
anterior (subscapularis) and posterior (infraspinatus and teres
minor) tear extension was analyzed on preoperative parasagittal
MRI, according to the methods described by Wieser et al.34 Zero
degrees was defined as the tear extension exactly to be confined by
the equatorial line of the humeral head. A positive or negative value



Figure 2 Measurements of scapular bony parameters based on 3-dimensional reconstruction of a CT scan. (A) Coracoacromial angle (:a) and acromial tilt (:b), according to
Zuckerman36; (B) acromial slope angle (:c), according to Alraddadi1; (C) anterior (:d) and posterior (:e) acromial coverage, according to Beeler3; and (D) coracoacromial lig-
ament coverage (:f) and coracoid process coverage (:g), according to Sakoma.29 CT, computed tomography.
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indicated a tear extension superior or inferior to this line, respec-
tively. The global tear extension (in degrees) was calculated with
the following formula: 180� e (anterior tear extension
angle þ posterior tear extension angle). Additionally, the anterior
and posterior tear extension was divided into 25% increments,
ranging from grade 0 (no tear) to grade 4 (complete tear).11 The
ratio of the anterior and posterior tear extensionwas calculated and
defined as a force couple, with a ratio of 1 indicating a balanced
situation, a ratio > 1 indicating a shift toward a stronger posterior
rotator cuff, and a ratio < 1 indicating a shift toward stronger
anterior rotator cuff.11 The glenoid version angle was measured on
axial MRI scan as described previously.7
Plain radiographic measurements

Each patient underwent true anteroposterior radiographs in
scaption (the scapular plane) without weightlifting, according to
methods described in a previous study.22 To acquire true ante-
roposterior radiographs, the patients were positioned with scap-
ular malrotation inferior to 20� of internal rotation or extension and
inferior to 20� of external rotation or flexion.22 The radiographs
were first taken with the arm in neutral rotation at 0� scaption
(static state). Patients were then required to abduct their arm to 90�

to elicit adequatemuscular activity (active state). Radiographs were
taken again in this active state. Measurements using static, plain
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radiographs included the acromiohumeral distance (AHD),25,30

glenoid inclination (GI),20 the lateral acromial angle (LAA),2 the
acromial index (AI),26 and the critical shoulder angle (CSA).22
Computerized tomography (CT) measurements

A CT (Discovery CT750HD, GE Healthcare, Wisconsin, USA) scan
was performed within 3 days prior to surgery. Three-dimensional
reconstruction of CT scans was performed using the Mimics pro-
gram (21.0, Materialise Corp., Belgium). The lateral acromial roof was
defined as the acromion, which extended beyond the glenoid plane,
according to previously describedmethods.3 The length of the lateral
acromial roof was defined as the anteroposterior extension parallel to
the glenoid plane, whereas the width was defined as the distance
between the most lateral edge and the glenoid plane. The cor-
acoacromial angle and the acromial tilt were defined in accordance
with that of Zuckerman36 (Fig. 2A). Acromial slope angle was deter-
mined as the angle between 2 lines connecting the midpoint on the
inferior acromion with the anterior and posterior ends of the acro-
mion, respectively1 (Fig. 2B). Coverage of the acromion was defined
as the anteroposterior covering angle of the acromion relative to the
glenoid center.3 Anterior acromial coverage was defined as the angle
between the scapular plane and a line connecting the anterior
acromion tip with the glenoid center. A positive value indicated that
the anterior tip of the acromion was anterior to the scapular plane



Table I
A comparison of MRI measurements between unstable GHFK and captured GHFK shoulders.*

Unstable GHFK Captured GHFK P Values

Shoulders, n 16 16
SSP FI 3.6 ± 0.6 3.8 ± 0.6 .559
SSC FI qw65re 2.3 ± 1.0 2.0 ± 0.7 .426
ISP FI 2.8 ± 0.9 2.6 ± 0.9 .700
TM FI 1.0 ± 0.7 0.9 ± 0.8 .649
SSP rupture 4 ± 0 4 ± 0 d

SSC rupture 2.1 ± 1.4 1.8 ± 1.2 .593
ISP/TM rupture 2.8 ± 0.9 2.5 ± 0.8 .426
Anterior tear extension, degy �14 ± 15 �5 ± 16 .123
Posterior tear extension, degy �19 ± 10 �19 ± 15 .957
Global tear extension, deg 213 ± 19 204 ± 26 .255
Force couple ratio 0.8 ± 0.5 0.8 ± 0.6 .917
Glenoid version angle �1.63 ± 4.16 �1.46 ± 4.40 .918

FI, fatty infiltration; GHFK, glenohumeral fulcrum kinematics; ISP, infraspinatus; MRI, magnetic resonance imaging; SSC, subscapularis; SSP, supraspinatus; TM, teres minor.
*Data are presented as mean ± SD.
yNegative value (�) indicates a tear extension inferior to the equatorial line of the humeral head on measurements of the anterior (SSC) and posterior (ISP, and TM) rotator

cuff on parasagittal MRI.
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(negative if posterior). Posterior acromial coveragewas defined as the
angle between the scapular plane and a line connecting the posterior
acromion tip with the glenoid center (Fig. 2C). In addition,
Figure 3 Scapular morphology based on CT scan images and corresponding 3-dimensiona
captured GHFK (A and C) showed larger anterior acromial coverage, a larger acromial slope a
CT, computed tomography; GHFK, glenohumeral fulcrum kinematics.
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coracoacromial ligament coverage and coracoid process coverage
were evaluated according tomethods described inprevious studies29

(Fig. 2D).
l reconstruction of CT scan in patients with captured or unstable GHFK. Patients with
ngle, and a smaller acromial tilt compared with patients with unstable GHFK (B and D).



Table II
A comparison of plain radiographic and CT measurements between unstable and captured GHFK shoulders.*

Unstable GHFK Captured GHFK P Values

Shoulders, n 16 16
AHD, mm 6.7 ± 2.3 5.9 ± 2.3 .318
GI, deg 20.5 ± 14.3 17.5 ± 16.4 .586
LAA, deg 73.6 ± 8.0 78.8 ± 4.9 .037
AI, deg 0.71 ± 0.08 0.72 ± 0.08 .449
CSA, deg 36.2 ± 4.5 37.8 ± 3.8 .262
Acromial tilt, deg 34.9 ± 8.9 26.7 ± 6.2 .005
acromial slope angle, deg 24.5 ± 8.1 33.5 ± 7.9 .003
Length of lateral acromial roof, mm 38.3 ± 9.9 42.5 ± 4.9 .146
Width of lateral acromial roof, mm 28.7 ± 6.1 29.4 ± 4.7 .738
Anterior acromial coverage, degy �5.8 ± 13.8 13.8 ± 11.3 < .001
Posterior acromial coverage, deg 77.2 ± 8.9 72.3 ± 11.0 .181
Coracoacromial angle, deg 108.1 ± 25.5 119.5 ± 9.4 .106
Coracoacromial ligament coverage, deg 57.2 ± 9.1 50.1 ± 7.4 .021
Coracoid process coverage, deg 21.2 ± 4.9 19.5 ± 7.3 .444

AHD, acromiohumeral distance; AI, acromial index; CSA, critical shoulder angle; CT, computed tomography; GHFK, glenohumeral fulcrum kinematics; GI, glenoid
inclination; LAA, lateral acromial angle.

*Data are presented as mean ± SD.
yA positive anterior acromial coverage value indicates the anterior tip of the acromion is anterior to the scapular plane, whereas a negative value indicates the anterior

tip of the acromion is posterior to the scapular plane.
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Statistical analysis

Statistical analysis was performed using SPSS software (version
20.0; IBM Corp., Armonk, NY, USA). Student t-test statistical anal-
ysis was used for comparisons of normally distributed data, and a
ManneWhitney U test was conducted for non-normally distributed
data. Between-group categorical variables were compared using a
chi-square test, except for small sample sizes, in which case a
Fisher’s exact test was performed. Furthermore, the partial corre-
lation coefficient was calculated after adjusting for baseline char-
acteristics, which was classified as strong (> 0.6), moderate
(0.4e0.6), andweak (< 0.4), according to the Pearson coefficient. All
measurements were performed by 2 independent observers.
Intraclass correlation coefficients were calculated to evaluate
interrater reliability. The interpretation of intraclass correlation
coefficients was as follows: poor, < 0.4; marginal, 0.4 to 0.75; good,
> 0.75.18 All data are reported as the mean ± standard deviation
(SD). Statistical significance was defined as a 2-tailed P value < .05.
Results

Demographic analysis

Each group comprised 4 men and 12 women (unstable GHFK
group, mean age: 62 years [range, 49e72 years]; captured GHFK
group,mean age: 65 years [range, 55e72 years], P¼ .116). The active
shoulder abduction angle in the unstable GHFK group was signifi-
cantly smaller compared with that in the captured GHFK group
(32� ± 12� vs. 101� ± 44�, respectively; P < .001).
MRI measurements

No relevant differences were found in terms of MRI measure-
ments between the unstable GHFK group and the captured GHFK
group, including fatty infiltration, tear location, tear extension,
force couple ratio, and the glenoid version. All patients in each
group showed a complete tear (grade 4) of the supraspinatus (SSP)
and a major portion (range, grade 2e4) of the posterior cuff
(infraspinatus and teres minor). In total, 13 of 16 (81.25%) patients
in each group had a global tear extension involving at least 3 ten-
dons (SSP, ISP, and SSC) with no remaining rotator cuff tendon
connections above the equatorial line of the humeral head. (Table I)
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Plain radiographic and CT measurements

Plain radiographic and CT scan measurements showed differ-
ences between patients with unstable GHFK and those with
captured GHFK in terms of the lateral acromial angle (73.6� ± 8.0�

vs. 78.8 ± 4.9�; P ¼ .037), acromial tilt (34.9� ± 8.9� vs. 26.7� ± 6.2�;
P ¼ .005), the acromial slope angle (24.5� ± 8.1� vs. 33.5 ± 7.9�;
P ¼ .003), anterior acromial coverage (e5.8� ± 13.8� vs.
13.8� ± 11.3�; P < .001), and coracoacromial ligament coverage
(57.2� ± 9.1� vs. 50.1� ± 7.4�; P ¼ .021). In particular, all patients in
the captured GHFK group showed a positive anterior acromial
coverage value (range, 3.18�e32.94�). Further details are shown in
Figure 3 and Table II.
Correlations between scapular morphologic parameters

The strongest correlation was found between anterior acromial
coverage and the acromial slope angle (r ¼ 0.691, P < .001). In
addition, anterior acromial coverage moderately correlated with
acromial tilt (r ¼ e.588, P ¼ .001) and coracoacromial ligament
coverage (r ¼ e.454, P ¼ .012). The acromial slope angle also
moderately correlated with acromial tilt (r ¼ e.401, P ¼ .028) and
coracoacromial ligament coverage (r¼e.537, P¼ .002). There was a
weak correlation between acromial tilt and coracoacromial liga-
ment coverage (r ¼ e.287, P ¼ .125, Table III).

Good interrater reliability for themeasurementswas detected in
all parameters, and the details are shown in Table IV.
Discussion

This study is the first to investigate RCT patterns and scapular
morphologic characteristics in relation to differing abnormal GHFK
when the remaining rotator cuff cannot control the humeral head
centered on the glenoid. The key finding was that scapular
morphologic characteristics, rather than RCT patterns, were sig-
nificant in the development of different abnormal GHFKs. Patients
with captured GHFK exhibited larger anterior acromial coverage,
smaller acromial tilt, and a more curved acromion than those with
unstable GHFK.

Regarding scapular morphology, anterior acromial coverage
showed the most significant difference between patients with
unstable and captured GHFK. In patients with small anterior



Table III
Partial correlation analysis of scapular morphologic parameters.*

Anterior acromial coverage Acromial slope angle Acromial tilt Coracoacromial ligament coverage

Anterior acromial coverage 1 (d) .691 (<.001) �.588 (.001) �.454 (.012)
Acromial slope angle .691 (<.001) 1 (d) �.401 (.028) �.537 (.002)
Acromial tilt �.588 (.001) �.401 (.028) 1 (d) .287 (.125)
Coracoacromial ligament coverage �.454 (.012) �.537 (.002) .287 (.125) 1 (d)

*Values are presented as Pearson coefficients (P value). Strong and moderate correlations are indicated in bold.
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acromial coverage, the superior surface of the humeral head would
contact the coracoacromial ligament rather than the undersurface
of the acromion when the humeral head migrated proximally
(Fig. 4A). Therefore, the humeral head may not rotate on the soft
coracoacromial ligament during deltoid activation, leading to loss
of glenohumeral motion. In contrast, in patients with a large
anterior acromial coverage, the humeral head was able to rotate at
the rigid contact point, which consisted of the superior surface of
the humeral head and the undersurface of the anterior acromion
border (or excessive spur formation along the coracoacromial lig-
ament) (Fig. 4B). Furthermore, the average acromial slope angle in
the captured GHFK group was also larger than that in the unstable
GHFK group. The acromial slope angle indicated curvature of the
acromion in a posteroinferior-anterosuperior direction. A small
acromial slope angle indicated a steep acromion, which would
develop an ineffective contact point between the sidewall of the
humeral head and the sidewall of the acromion (Fig. 4C and D).
When the acromial slope angle was largewith anterior curvature of
the acromion, the humeral head first contacted the undersurface of
the acromion anterior border (or the excessive spur along the
coracoacromial ligament) during proximal migration and devel-
oped an effective contact point (Fig. 4E and F). This effective contact
point has the potential to establish an excavating deformity at the
undersurface of the acromion (or at the undersurface of the
excessive spur formation along the coracoacromial ligament),
namely, acetabularization of the coracoacromial arch.15,19

Because the acromial tilt and coracoacromial ligament coverage
both negatively correlated with anterior acromial coverage and the
acromial slope angle, the smaller acromial tilt and coracoacromial
ligament coverage values in the captured GHFK group were
Table IV
Interrater reliability for the measurements.

r* 95% CIy

X-ray parameters
Acromiohumeral distance 0.93 0.87e0.97
Glenoid inclination 0.96 0.91e0.98
Lateral acromial angle 0.79 0.59e0.89
Acromial index 0.86 0.73e0.93
Critical shoulder angle 0.86 0.72e0.93

CT scan parameters
Acromial tilt 0.85 0.72e0.93
Acromial slope angle 0.79 0.55e0.90
Length of lateral acromial roof 0.80 0.57e0.91
Width of lateral acromial roof 0.82 0.66e0.91
Anterior acromial coverage 0.95 0.90e0.98
Posterior acromial coverage 0.85 0.72e0.93
Coracoacromial angle 0.88 0.77e0.94
Coracoacromial ligament coverage 0.86 0.73e0.93
Coracoid process coverage 0.88 0.78e0.94

MRI parameters
Anterior tear extension 0.92 0.82e0.96
Posterior tear extension 0.90 0.71e0.96
Glenoid version angle 0.80 0.62e0.90

CT, computed tomography; MRI, magnetic resonance imaging.
*r, intraclass correlation coefficients.
y95% CI, 95% confidence interval.
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presumably due to a larger anterior acromial coverage and a larger
acromial slope angle in this group. It was readily observable that an
excessive spur along the coracoacromial ligament significantly
reduced the coracoacromial ligament coverage, and a more curved
acromion reduced the acromial tilt. Additionally, the lateral acro-
mial angle in the captured GHFK group was larger than that in the
unstable GHFK group, suggesting that a flatter undersurface of
the acromion in the lateral-medial directionwasmore beneficial for
the development of acetabularization of the coracoacromial arch.

No relevant differences were found in RCT patterns between
patients with unstable and captured GHFK. Therefore, the subtypes
of the abnormal GHFK (according to whether there was acetabu-
larization of the coracoacromial arch) depended on scapular
morphologic features rather than RCT patterns. Interestingly, most
patients (81.25%, 13/16) with unstable and captured GHFK had
global RCT extension involving all the rotator cuff connections
above the equatorial line of the humerus (supraspinatus, infra-
spinatus, and superior subscapularis). This finding is partially
consistent with Burkhart’s study,4 in which the captured GHFK was
associated with supraspinatus, a major portion of the posterior
rotator cuff, and a major portion of the subscapularis. However, in
Burkhart’s study,4 no subscapularis tears were found in the un-
stable GHFK group, which was not in line with our findings. It may
be owing to the small number cases (only 2 patients) in Burkhart’s
study. Three patients with unstable GHFK in our study also had no
subscapularis tears. Nonetheless, the majority of the patients with
unstable GHFK (13/16) had superior subscapularis tears. Our result
agreedwith previous studies inwhich supraspinatus, infraspinatus,
and subscapularis tendons have been reported to be important
stabilizing structures of the glenohumeral joint, and massive tears
involving the supraspinatus, infraspinatus, and superior sub-
scapularis have been associated with the superior translation of the
humeral head during active abduction.8,10,16,27,28,31,32 Therefore, it
appears that RCT patterns might determine the stabilizing function
of the remaining rotator cuff and be associated with the develop-
ment of abnormal (unstable and captured) GHFK. Further studies
are required to compare RCT patterns between patients with
normal and abnormal GHFK.

One advantage of this study was that we undertook plain ra-
diographs in active scaption to evaluate unstable or captured
GHFK, which enabled us to detect abnormal kinematics such as
humeral head anterosuperior translation and impingement be-
tween the humeral head and the coracoacromial arch during
deltoid and rotator cuff activation.28 Most previous studies have
analyzed the stabilizing function of the rotator cuff using static,
plain radiographs. However, static, plain radiographs cannot
reflect the true rotator cuff stabilizing function because the del-
toid muscle and the rotator cuff are not activated in this state and
because the acromiohumeral distance is increased due to gravity.
While the determining of an abnormal GHFK by using static, plain
radiographs was challenging, it was straightforward using plain
radiographs in active scaption (Fig. 5). Therefore, we recommend
that anteroposterior view radiography in active scaption should
be performed preoperatively to determine whether an unstable or
captured GHFK is involved. When considering the treatment



Figure 4 Specific scapular morphologic characteristics in patients with captured GHFK and those with unstable GHFK based on 3-dimensional reconstruction of a CT scan. (A) A
small anterior acromial coverage led to a soft contact point between the superior surface of the humeral head and the coracoacromial ligament; (B) a large anterior acromial
coverage led to a rigid contact point between the superior surface of the humeral head and the undersurface of the acromion anterior border (or the excessive spur formation along
the coracoacromial ligament); (C, D) a small acromial slope angle led to a contact point between the sidewall of the humeral head and the sidewall of the acromion; (E, F) a large
acromial slope angle led to a contact point between the superior surface of the humeral head and the undersurface of the acromion anterior border (or the excessive spur formation
along the coracoacromial ligament). CT, computed tomography; GHFK, glenohumeral fulcrum kinematics.
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strategies for patients with a captured GHFK, acromioplasty
should be cautiously performed or not be performed because both
the hyperplastic acromion and excessive spur formation along the
coracoacromial ligament were beneficial to the development of
acetabularization of the coracoacromial arch. If these patients
undergo thorough acromioplasty but have a failure of surgery or
rotator cuff retear, the shoulder function may not return to its
485
previous state and becomeworse because such patients preserved
their active motion or partial active motion preoperatively. In
patients with unstable GHFK, bony surgeries such as anterior
acromial coverage enhancement and adjusting the acromial slope
may potentially be applied to transfer the unstable GHFK to
captured GHFK if these patients cannot meet the surgical in-
dications for reverse shoulder arthroplasty or if soft tissue



Figure 5 Determination of abnormal GHFK using plain radiographs. In patients with unstable GHFK, plain radiographs in active scaption (A) showed an obvious proximal migration
of the humeral head, which could not be observed on static, plain radiographs (B). In patients with captured GHFK, plain radiographs in active scaption (C) showed the humeral
head abutted on the undersurface of the acromion, which could not be observed using static, plain radiographs (D). GHFK, glenohumeral fulcrum kinematics.
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procedures such as partial repair and superior capsular recon-
struction have failed. Further studies are necessary to provide
proper treatment strategies for patients with captured and un-
stable GHFK.

This study had some limitations. First, acetabularization of the
coracoacromial arch should be verified intraoperatively, based on
abrasion of the coracoacromial ligament at the anterior acromion
undersurface and an excavating deformity at this site. However,
this study focused on preoperative radiography in active scaption
but intraoperative observations. Second, this was a retrospective
descriptive study, which could only identify relevant differences
between unstable and captured GHFK in terms of scapular
morphology and RCT patterns. Prospective studies are required to
further investigate these correlations. Third, a larger sample size
would be necessary to detect statistically significant differences.
However, it took a long time to collect these patients with
captured or unstable GHFK. These patients were all in the
advanced stage of rotator cuff tears, and recruitment of
completely pain-free and stiffness-free patients with no degen-
erative changes was not possible. Also, it may be difficult to enroll
more patients with captured GHFK because these patients may
preserve an active arm elevation angle > 90�, which make them
not present to the hospital or may not agree to participate in the
study. Last, there was some inaccuracy when measuring
486
3-dimensional bony parameters using 2-dimensional images.
Therefore, it is important to employ 3-dimensional measurement
techniques in future studies.

Conclusion

This study showed that scapular morphologic characteristics
rather than RCT patterns were associated with the development of
acetabularization of the coracoacromial arch when the remaining
rotator cuff could not stabilize the humeral head. Patients with
captured GHFK exhibited larger anterior acromial coverage, smaller
acromial tilt, and a more curved acromion than those with unstable
GHFK.

Disclaimers:

Funding: This study received grants from “National Natural Science
Foundation of China (Grant No. 81671920, 81871753, 81772341)”,
“National Key Research and Development Program of China (Grant
No. 2018YFC1106200, 2018YFC1106202)”. “New Frontier Technol-
ogies Joint project of Shanghai Hospital Development Center
(SHDC12017121)”.
Conflicts of interest: The authors, their immediate families, and any
research foundation with which they are affiliated have not



C. Chen, C. Wu, J. Xu et al. JSES International 6 (2022) 479e487
received any financial payments or other benefits from any com-
mercial entity related to the subject of this article.

References

1. Alraddadi A, Alashkham A, Lamb C, Soames R. Examining changes in acromial
morphology in relation to spurs at the anterior edge of acromion. Surg Radiol
Anat 2019;41:409-14. https://doi.org/10.1007/s00276-018-2141-y.

2. Banas MP, Miller RJ, Totterman S. Relationship between the lateral acromion
angle and rotator cuff disease. J Shoulder Elbow Surg 1995;4:454-61.

3. Beeler S, Hasler A, Getzmann J, Weigelt L, Meyer DC, Gerber C. Acromial roof in
patients with concentric osteoarthritis and massive rotator cuff tears: multi-
planar analysis of 115 computed tomography scans. J Shoulder Elbow Surg
2018;27:1866-76. https://doi.org/10.1016/j.jse.2018.03.014.

4. Burkhart SS. Fluoroscopic comparison of kinematic patterns in massive rotator
cuff tears. A suspension bridge model. Clin Orthop Relat Res 1992;284:144-52.

5. Burkhart SS, Hartzler RU. Superior capsular reconstruction reverses Profound
pseudoparalysis in patients with Irreparable rotator cuff tears and Minimal or
No glenohumeral arthritis. Arthroscopy 2019;35:22-8. https://doi.org/10.1016/
j.arthro.2018.07.023.

6. Burks RT, Tashjian RZ. Should We have a Better Definition of pseudoparalysis in
patients with rotator cuff tears? Arthroscopy 2017;33:2281-3. https://doi.org/
10.1016/j.arthro.2017.07.024.

7. Cameron KL, Tennent DJ, Sturdivant RX, Posner MA, Peck KY, Campbell SE, et al.
Increased glenoid Retroversion is associated with increased rotator cuff
Strength in the shoulder. Am J Sports Med 2019;47:1893-900. https://doi.org/
10.1177/0363546519853591.

8. Collin P, Laedermann A, Le Bourg M, Walch G. Subscapularis minor - an
analogue of the Teres minor? Orthop Traumatol-surg Res 2013;99:S255-8.
https://doi.org/10.1016/j.otsr.2013.03.003.

9. Cooper DE, O'Brien SJ, Warren RF. Supporting layers of the glenohumeral joint.
An anatomic study. Clin Orthop Relat Res 1993;289:144-55.

10. Ernstbrunner L, El Nashar R, Bouaicha S, Wieser K, Gerber C. Scapular
morphologic characteristics and rotator cuff tear pattern are independently
associated with chronic Pseudoparalyis: a Matched-Pair analysis of patients
with massive rotator cuff tears. Am J Sports Med 2020;48:2137-43. https://
doi.org/10.1177/0363546520929353.

11. Ernstbrunner L, El Nashar R, Favre P, Bouaicha S, Wieser K, Gerber C. Chronic
pseudoparalysis Needs to Be Distinguished from pseudoparesis: a structural
and biomechanical analysis. Am J Sports Med 2021;49:291-7. https://doi.org/
10.1177/0363546520969858.

12. Fuchs B, Weishaupt D, Zanetti M, Hodler J, Gerber C. Fatty degeneration of the
muscles of the rotator cuff: assessment by computed tomography versus
magnetic resonance imaging. J Shoulder Elbow Surg 1999;8:599-605.

13. Gerber C, Fuchs B, Hodler J. The results of repair of massive tears of the rotator
cuff. J Bone Joint Surg Am Vol 2000;82A:505-15.

14. Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty muscle degen-
eration in cuff ruptures. Pre- and postoperative evaluation by CT scan. Clin
orthopaedics Relat Res 1994:78-83.

15. Hamada K, Fukuda H, Mikasa M, Kobayashi Y. Roentgenographic findings in
massive rotator cuff tears. A long-term observation. Clin Orthop Relat Res
1990:92-6.

16. Holscher T, Weber T, Lazarev I, Englert C, Dendorfer S. Influence of rotator cuff
tears on glenohumeral stability during abduction tasks. J Orthop Res 2016;34:
1628-35. https://doi.org/10.1002/jor.23161.

17. Keener JD, Wei AS, Kim HM, Steger-May K, Yamaguchi K. Proximal humeral
migration in shoulders with Symptomatic and Asymptomatic rotator cuff tears.
J Bone Joint Surg Am Vol 2009;91A:1405-13. https://doi.org/10.2106/
jbjs.H.00854.

18. Li H, Chen YZ, Chen JW, Hua YH, Chen SY. Large critical shoulder angle has
higher risk of tendon retear after Arthroscopic rotator cuff repair. Am J Sports
Med 2018;46:1892-900. https://doi.org/10.1177/0363546518767634.
487
19. Matsen FA, Somerson JS, Hsu JE, Lippitt SB, Russ SM, Neradilek MB. Clinical
effectiveness and safety of the extended humeral head arthroplasty for
selected patients with rotator cuff tear arthropathy. J Shoulder Elbow Surg
2019;28:483-95. https://doi.org/10.1016/j.jse.2018.08.020.

20. Maurer A, Fucentese SF, Pfirrmann CWA, Wirth SH, Djahangiri A, Jost B, et al.
Assessment of glenoid inclination on routine clinical radiographs and
computed tomography examinations of the shoulder. J Shoulder Elbow Surg
2012;21:1096-103. https://doi.org/10.1016/j.jse.2011.07.010.

21. Minagawa H, Itoi E, Konno N, Kido T, Sano A, Urayama M, et al. Humeral
attachment of the supraspinatus and infraspinatus tendons: an anatomic study.
Arthroscopy 1998;14:302-6.

22. Moor BK, Bouaicha S, Rothenfluh DA, Sukthankar A, Gerber C. Is there an as-
sociation between the individual anatomy of the scapula and the development
of rotator cuff tears or osteoarthritis of the glenohumeral joint? a RADIO-
LOGICAL study OF the critical shoulder angle. Bone Joint J 2013;95B:935-41.
https://doi.org/10.1302/0301-620x.95b7.31028.

23. Moor BK, Wieser K, Slankamenac K, Gerber C, Bouaicha S. Relationship of in-
dividual scapular anatomy and degenerative rotator cuff tears. J Shoulder
Elbow Surg 2014;23:536-41. https://doi.org/10.1016/j.jse.2013.11.008.

24. Mulieri P, Dunning P, Klein S, Pupello D, Frankle M. Reverse shoulder arthro-
plasty for the treatment of Irreparable rotator cuff tear without glenohumeral
arthritis. J Bone Joint Surg Am Vol 2010;92A:2544-56. https://doi.org/10.2106/
jbjs.I.00912.

25. Nove-Josserand L, Edwards TB, O'Connor DP, Walch G. The acromiohumeral
and coracohumeral. intervals are abnormal in rotator cuff tears with muscular
fatty degeneration. Clin Orthopaedics Relat Res 2005:90-6. https://doi.org/
10.1097/01.blo.0000151441.05180.0e.

26. Nyffeler RW, Werner CNL, Sukthankar A, Schmid MR, Gerber C. Association of a
large lateral extension of the acromion with rotator cuff tears. J Bone Joint Surg
Am Vol 2006;88A:800-5. https://doi.org/10.2106/jbjs.D.03042.

27. Rhee YG, Cho NS, Song JH, Park JG, Kim TY. Volumetric evaluation of the rotator
cuff musculature in massive rotator cuff tears with pseudoparalysis. J Shoulder
Elbow Surg 2017;26:1520-6. https://doi.org/10.1016/j.jse.2017.03.017.

28. Sahara W, Yamazaki T, Inui T, Konda S. Three-dimensional kinematic features
in large and massive rotator cuff tears with pseudoparesis. J Shoulder Elbow
Surg 2021;30:720-8. https://doi.org/10.1016/j.jse.2020.07.021.

29. Sakoma Y, Sano H, Shinozaki N, Itoigawa Y, Yamamoto N, Itoi E. Coverage of
the humeral head by the coracoacromial arch: relationship with rotator cuff
tears. Acta Med Okayama 2013;67:377-83. https://doi.org/10.18926/AMO/
52011.

30. Saupe N, Pfirrmann CWA, Schmid MR, Jost B, Werner CML, Zanetti M. As-
sociation between rotator cuff abnormalities and reduced acromiohumeral
distance. Am J Roentgenol 2006;187:376-82. https://doi.org/10.2214/
ajr.05.0435.

31. Su WR, Budoff JE, Luo ZP. The Effect of anterosuperior rotator cuff tears on
glenohumeral translation. Arthroscopy 2009;25:282-9. https://doi.org/
10.1016/j.arthro.2008.10.005.

32. Su WR, Budoff JE, Luo ZP. The Effect of Posterosuperior rotator cuff tears and
Biceps Loading on glenohumeral translation. Arthroscopy 2010;26:578-86.
https://doi.org/10.1016/j.arthro.2009.09.007.

33. Tokish JM, Alexander TC, Kissenberth MJ, Hawkins RJ. Pseudoparalysis: a sys-
tematic review of term definitions, treatment approaches, and outcomes of
management techniques. J Shoulder Elbow Surg 2017;26:E177-87. https://
doi.org/10.1016/j.jse.2017.02.024.

34. Wieser K, Rahm S, Schubert M, Fischer MA, Farshad M, Gerber C, et al. Fluo-
roscopic, magnetic resonance imaging, and electrophysiologic assessment of
shoulders with massive tears of the rotator cuff. J Shoulder Elbow Surg
2015;24:288-94. https://doi.org/10.1016/j.jse.2014.05.026.

35. Wiley AM. Superior humeral dislocation. A complication following decom-
pression and debridement for rotator cuff tears. Clin Orthop Relat Res
1991;263:135-41.

36. Zuckerman JD, Kummer FJ, Cuomo F, Simon J, Rosenblum S, Katz N. The in-
fluence of coracoacromial arch anatomy on rotator cuff tears. J Shoulder Elbow
Surg 1992;1:4-14.

https://doi.org/10.1007/s00276-018-2141-y
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref2
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref2
https://doi.org/10.1016/j.jse.2018.03.014
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref4
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref4
https://doi.org/10.1016/j.arthro.2018.07.023
https://doi.org/10.1016/j.arthro.2018.07.023
https://doi.org/10.1016/j.arthro.2017.07.024
https://doi.org/10.1016/j.arthro.2017.07.024
https://doi.org/10.1177/0363546519853591
https://doi.org/10.1177/0363546519853591
https://doi.org/10.1016/j.otsr.2013.03.003
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref9
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref9
https://doi.org/10.1177/0363546520929353
https://doi.org/10.1177/0363546520929353
https://doi.org/10.1177/0363546520969858
https://doi.org/10.1177/0363546520969858
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref12
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref12
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref12
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref13
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref13
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref14
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref14
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref14
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref15
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref15
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref15
https://doi.org/10.1002/jor.23161
https://doi.org/10.2106/jbjs.H.00854
https://doi.org/10.2106/jbjs.H.00854
https://doi.org/10.1177/0363546518767634
https://doi.org/10.1016/j.jse.2018.08.020
https://doi.org/10.1016/j.jse.2011.07.010
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref21
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref21
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref21
https://doi.org/10.1302/0301-620x.95b7.31028
https://doi.org/10.1016/j.jse.2013.11.008
https://doi.org/10.2106/jbjs.I.00912
https://doi.org/10.2106/jbjs.I.00912
https://doi.org/10.1097/01.blo.0000151441.05180.0e
https://doi.org/10.1097/01.blo.0000151441.05180.0e
https://doi.org/10.2106/jbjs.D.03042
https://doi.org/10.1016/j.jse.2017.03.017
https://doi.org/10.1016/j.jse.2020.07.021
https://doi.org/10.18926/AMO/52011
https://doi.org/10.18926/AMO/52011
https://doi.org/10.2214/ajr.05.0435
https://doi.org/10.2214/ajr.05.0435
https://doi.org/10.1016/j.arthro.2008.10.005
https://doi.org/10.1016/j.arthro.2008.10.005
https://doi.org/10.1016/j.arthro.2009.09.007
https://doi.org/10.1016/j.jse.2017.02.024
https://doi.org/10.1016/j.jse.2017.02.024
https://doi.org/10.1016/j.jse.2014.05.026
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref35
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref35
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref35
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref36
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref36
http://refhub.elsevier.com/S2666-6383(22)00063-9/sref36

	Are scapular morphologic characteristics or rotator cuff tear patterns associated with acetabularization of the coracoacrom ...
	Methods
	Patient selection
	Imaging analysis
	Magnetic resonance imaging (MRI) measurements
	Plain radiographic measurements
	Computerized tomography (CT) measurements
	Statistical analysis

	Results
	Demographic analysis
	MRI measurements
	Plain radiographic and CT measurements
	Correlations between scapular morphologic parameters

	Discussion
	Conclusion
	Disclaimers:
	References


