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Abstract

Background: The success of shoulder arthroplasty, both reverse and anatomical, depends on correcting the
underlying glenoid deformity especially in patients with an osteoarthritis. We hypothesized that the distribution
of glenoid version and especially inclination are underestimated in the shoulder arthritis population, and also that
superior glenoid inclination can be detected through 3-dimensional (3D) software program of computed
tomography (CT) to a greater proportion in patients with rotator cuff insufficiency, but also in patients with
osteoarthritis with an intact rotator cuff. Because of the influence of rotator cuff imbalance on secondary glenoid
wear the values of the critical shoulder angle (CSA) and the fatty infiltration of the rotator cuff are further
analyzed. The aim of our study is to determine; 1) the distribution of glenoid inclination and version; 2) the
relationship between glenoid inclination, version, the critical shoulder angle (CSA) to the status of the rotator cuff;
3) the proportion of patients with both an intact rotator cuff and a superior inclination greater than 10°.

Methods: A total of 231 shoulders were evaluated with X-ray images, 3-dimentional (3D) software program of
computed tomography (CT), and magnetic resonance imaging. The cohort was divided into 3 groups according
to their inclination angles and also grouped as intact-rotator cuff and torn-cuff group.

Results: The median (min/max) values for the 231 shoulders were 8° (− 23°/56°) for the inclination angle, − 11°(−
55°/23°) for the version angle, and 31.5°(17.6°/61.6°) for the CSA. The majority of the glenoids were found to show
posterior-superior erosion. Glenoid inclination angle and CSA were significantly higher in torn-cuff group when
compared with intact-cuff group (P < 0.001, both). The rotator cuff tears were statistically significant in high
inclination group than low inclination group and no inclination group (p < 0.001). In the high inclination group,
41 of 105 (39%) shoulders had an intact rotator cuff, in about 18% of all shoulders.

Conclusion: Our findings show that 3D evaluation of glenoid inclination is mandatory for preoperative planning
of shoulder replacement in order to properly assess superior inclination and that reverse shoulder arthroplasty
may be considered more frequently than as previously expected, even when the rotator cuff is intact.
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Background
The success of shoulder arthroplasty, both reverse and
anatomical, depends on correcting the underlying
glenoid deformity [1–3]. The Walch classification, based
on the wear pattern and two-dimensional (2D) measure-
ments of retroversion of the glenoid and the amount of
posterior subluxation of the humerus, is the most
commonly used classification of glenohumeral pathology
in patients with primary osteoarthritis [4]. However, the
glenoid inclination angle has also been proposed as an
important characteristic of glenoid pathology because
this angle may be associated with rotator cuff tears, as
well as with superior migration of the humeral head [5–7].
Another commonly used characteristic of the glenoid,

the critical shoulder angle (CSA) defined by Moor,
seems to be closely related to glenoid inclination [5, 8].
Several studies have proposed that either the glenoid
inclination or the CSA predisposes to rotator cuff tears
and might cause superior migration of the humeral head
[6, 8–10]. .If so, both coronal and axial deformities of
the glenoid should be corrected in total shoulder arthro-
plasty. Guidelines for selecting implant design have been
established, as have 2D-classifications of glenoid deform-
ities: the transversal plane by Walch et al. [4] and in the
coronal plane by Sirveaux and Favard [11].
A normal intrinsic glenoid inclination angle, as mea-

sured on reformatted computed tomography (CT) scans,
is generally between 0° and 10° [12]. Studies of the retro-
version of the glenoid in osteoarthritic shoulders have
reported normal values of 2° to 4°; a retroversion of 10°
or greater is commonly corrected to avoid overloading
the glenoid components and to prevent early loosening
of anatomical shoulder arthroplasty [13, 14].
Glenoid version and inclination angles can be mea-

sured with different methods [1]. Recently, automated
3D-planning software systems have proven to be as reli-
able and more accurate than 2D-systems for measuring
glenoid version and inclination angles [13, 15, 16]. How-
ever, few studies have evaluated automated 3D-planning
software measurements of glenoid deformity in the
arthritic shoulder and its relationship to the status of the
rotator cuff, especially regarding deviation of glenoid in-
clination. We feel that a significant deviation of glenoid
inclination and version can be the result of both a pre-
existing anomaly and secondary glenoid wear and we
assume that the direction is mainly influenced by the
muscle forces especially the imbalance following rotator

cuff insufficiency. However, with intact rotator cuff
tendons and fatty infiltration of muscles Goutallier
classification degree less than 3, we expected superior
inclination exceeding 10° in a certain, hitherto unknown
proportion. Furthermore, we were interested in evaluat-
ing the relationship of CSA as a preexisting anatomical
variation in these cases.
Thus, in patients with primary and secondary osteo-

arthritis and, within the latter, rotator cuff arthropathy
of the shoulder joint, we sought to determine 1) the
typical degree of glenoid version and inclination angles,
as well as the most common direction of glenoid erosion
and distribution of the arthritic glenoid angles; 2) the
relationship between glenoid inclination, version, the
CSA and, the status of the rotator cuff to the glenoid
inclination angles; and, especially 3) the proportion of
patients with osteoarthritis having both an intact rotator
cuff and a superior inclination greater than 10°.

Methods
We retrospectively evaluated the preoperative character-
istics of patients with primary and secondary osteoarth-
ritis and rotator cuff arthropathy scheduled for primary
shoulder replacement at our institution between March
2015 and March 2018. Patients with proximal humerus
fractures, fracture sequelae, revision surgery, and chronic
or neglected shoulder dislocation were excluded. All
patients were evaluated with standard anterior-posterior
(AP) radiographs, CT scans reformatted in the scapular
plane, and with the validated preoperative Glenosys
automated 3D software planning program (Imascap,
Brest, France) [17]. Magnetic resonance imaging (MRI)
was used in 43 patients for further preoperative evaluation
of rotator cuff pathology, especially when we expected that
CT images did not always differentiate properly between
fibrosis, fat accumulation and muscle atrophy. Addition-
ally, the status of rotator cuff tendons and size of tears
were evaluated and noted intraoperatively. The CSA was
measured with Moor’s technique [8] from standard AP
radiographs with the arm in the neutral position. The
automated 3D software program generated scatter plots of
the distribution of glenoid version and inclination angles
for all shoulders and for those with and without intact
rotator cuffs.
The direction of glenoid erosion was determined on

3D reconstructions of CT scans, and the inclination and
version angles were determined with the automated 3D
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software program. The transition line between the
neoglenoid and the paleoglenoid in cases of glenoid wear
were determined in the 3D reconstruction and glenoid
wear was grouped to the 2D classifications for primary
osteoarthritis according to Walch [4] and in cuff tear
arthropathy cases according to Sirveaux and Favard [11].
The direction (perpendicular to the transition line) of
glenoid wearing area was graphed to the orthogonal
coordinate system. The direction of the glenoid erosion
was categorized as postero-superior, posterior, postero-
inferior, and antero-inferior. The allocation to the 2D
classifications of Walch et al. additionally, Sirveaux and
Favard was performed by two independent observers
with Walch [4] and Favard [12] using standard transver-
sal and coronal standard planes of the CT scans.
Patients were divided into three groups according to

the size of the superior glenoid inclination angle: those
with an inclination angle of 10° or more (the high-
inclination group), those with an angle between 0° and
9° (the low-inclination group), and those with an angle
of 0° or less (the no-inclination group).
To evaluate the status of the rotator cuff regarding

tendon tears, muscle atrophy and fatty infiltration
according to Goutallier et al [18]. were evaluated thru
CT scans for all, and in addition 43 patients with MRI’s.
Further, rotator cuff status was noted intraoperatively,
especially regarding the size of full thickness rotator cuff
tears that involved one or more tendons. The allocation
to groups was created according to CT, MRI, and surgi-
cal reports. Patients were divided into two groups, one
with intact rotator cuffs (the intact-cuff group) and one
with full thickness rotator cuff tears of at least the
supraspinatus tendon (the “torn-cuff” group). Rotator
cuff arthropathy related to the findings in standard AP
radiographs were classified according to Hamada et al.
[19] grade 1–5. Because of the difficult differentiation
between rotator cuff tear arthropathy Hamada 4 and 5
and other types of secondary osteoarthritis including
rheumatoid arthritis and late stage crystal-related OA,
we did not split our evaluation between the patients
within the “torn-cuff” group.

Statistical methods
All data were analyzed with the Statistical Package for
the Social Sciences (SPSS) software (version 17.0, SPSS
IncChicago, IL, USA). All continuous variables are
expressed as mean ± standard deviation, if they show
normal distribution (p > 0.05 in Kolmogorov-Smirnov
test). All continuous variables are expressed as median,
if they show non-parametric distribution. All categorical
variables are defined as frequency and percentage. The
categorical variables between the groups were analyzed
by using the Chi square test or Fisher Exc. test. We
compared the inclination angles and CSA values by

inclination group (high, low, and no) and by rotator cuff
status (intact or torn) with Mann Whitney U test and
Student T tests. Correlations between the inclination
angle, the version angle, and the CSA were assessed with
Spearman’s Correlation. The level for statistical signifi-
cance was predetermined at p < 0.05. Cronbach’s alpha
reliability and interobserver correlation were evaluated
among the researchers to classification, measurement of
glenoid erosion, inclination and version angles of
glenoid. Cronbach’s alpha was 0.96; the inter-observer
correlation coefficient was 0.94 (95% CI 0.91–0.99).

Results
The 202 eligible patients (mean [min-max] age, 70 [35–
90] years) provided a sample of 231 shoulders; 144 (62%)
female shoulders and 87 (38%) male shoulders. Of the
231 shoulders, 7 had avascular necrosis, 13 had rheuma-
toid arthritis, 111 had primary osteoarthritis and, 100
patients suffered from secondary OA with rotator cuff
deficiency (e.g. cuff arthropathy). Of the latter only 27
were rated as Hamada stage 4 and stage 5.
Median (min/max) values for the 231 shoulders were

8° (− 23°/56°) for the inclination angle, − 11° (− 55°/23°)
for the version angle, and 31.5° (17.6°/61.6°) for the CSA
(Table 1). The glenoid inclination angle was significantly
correlated with the CSA (r = 0.55, P < 0.001) and insignifi-
cantly with glenoid version (r = − 0,08, P = 0.2). Glenoid
version angle was not correlated with CSA (r = − 0.05, P =
0.41; Table 1). Of the 231 shoulders of osteoarthritis 35
(15.1%) were classified as Walch B2 (biconcave posterior
wear), 19 (8.2%) as B3 and, 13 (5.6%) cases of the rotator
cuff arthropathy cases with biconcave wear were allocated
to the E2 type, 20 (8.6%) to E3 according to Sirveaux and
Favard. (Table 2). The rotator cuff muscles fatty infiltra-
tion according to Goutallier classification given in Table 3.
Because some cases could be rated both in the axial 2D
CT planes as B2 or B3 and in the Sirveaux-Favard classifi-
cation as E2 or E3, the numbers in Table 2 exceed the
total number of all cases. Most of the shoulders with torn
rotator cuffs showed posterior-superior direction of
glenoid erosion (n = 69, 69%; Table 1). Glenoid inclination
angle and CSA were statistically significantly higher in
torn-cuff group when compared with intact-cuff group
(P < 0.001, both; Table 1). Glenoid inclination angle was
correlated with rotator cuff tears (r = 0.44, P < 0.001) and
with CSA (r = 0.55, p < 0.001). CSA was also correlated
with rotator cuff tears (r = 0.61, p < 0.001). The distribu-
tion of glenoid inclination and version angle of the cohort
was given at Fig. 1. The distribution of glenoid inclination
and version angle for the torn- cuff group and the intact-
cuff group were given at Figs. 2 and 3.
The proportion of torn rotator cuffs was significantly

higher in the high-inclination group than in the low-
inclination group (61% vs 31%) and in the no inclination
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group (61% vs 21%); however, the proportions did not
differ between the low-inclination and no-inclination
groups (31% vs 21%; Table 4). Median glenoid inclination
angle and CSA differed significantly between the torn-cuff
group and the intact-cuff group in the high-inclination
group (Table 4). In the low and no-inclination group,
median CSAs, but not median inclination angles differed
significantly by rotator cuff status (Table 4). In the high
inclination group, 41 of 105 (%39) shoulders had an intact
rotator cuff or about 18% of all shoulders.

Discussion
Measuring glenoid inclination and version angles are
critical when planning either anatomic or reverse shoul-
der arthroplasty. Fortunately, both the version and
inclination angles can be measured reliably [17, 20]. The
evaluation of the rotator cuff is crucial in determining
the type of arthroplasty. Reverse shoulder arthroplasty is
mandatory when the rotator cuff is torn. The effects of
glenoid version and inclination on rotator cuff integrity
are not clearly established. Some recent studies focused

on the relationship between rotator cuff integrity, fatty
infiltration and glenoid deformity [21–24]. Increased
glenoid retroversion was associated with a high cross-
sectional area of the supraspinatus and infraspinatus, ra-
ther than the low cross-sectional area of subscapularis
[22]. Posterior cuff ratio was found to be high in cross-
sectional areas of patients with Walch B2 types rather
than in Walch A types. Posterior humeral subluxation
and glenoid retroversion was as well were related to pos-
terior cuff ratio [21]. Moreover Aleem et al. [21] did not
find a correlation of glenoid inclination with rotator cuff
muscle area whereas, Walker et al. [24] and Donohue
et al. [23] described the association of increased poster-
ior muscle fatty infiltration with posterior glenoid bone
loss and glenoid retroversion, which is in line with our
findings. Our data showed that posterior and posterosu-
perior glenoid wear was seen in 98% of patients with
rotator cuff tears compared to only 91,5% in rotator cuff
intact patients. Unfortunately, the number of patients
with rotator cuff intact and significant posterior fatty in-
filtration were too small for statistical evaluation.
Our values are in line with previously published

CT-based studies; the mean (SD) inclination angle
was reported as 4.63° (4.86) in non-arthritic cohort
[25]. Moreover, in another study, mean (SD) version
and inclination angles were found to be − 15.1 (10.6),
8.9 (9.9) [26]. Our results are also similar to those of
another study that compared the reliability of mea-
surements made with a 3D software program that re-
ported mean (SD) values of − 9.75 (12.81) for version
angle and 7.28 (7.38) for inclination angle in arthritic
shoulders [15]. In our study, only a few of shoulders
had an inferior inclination angle of less than 0°. Most
shoulders in our sample had higher retroversion and
superior inclination angles. Moreover, the median

Table 1 Preoperative Direction of Glenoid Erosion Patterns and Joint Angles for 231 Shoulders from 202 patients with Osteoarthritis
Undergoing Shoulder Replacement

Category All shoulders (N = 231) Intact rotator cuff (n = 131) Torn rotator cuff (n = 100)

Direction of glenoid erosion, n (%)a

Posterior-superior 116 (50.2) 47 (35.8) 69 (69)

Posterior 102 (44.2) 73 (55.7) 29 (29)

Posterior-inferior 11 (4.7) 9 (6.8) 2 (2)

Anterior-inferior 2 (0.9) 2 (1.5) 0 (0)

Joint angles, median (min/max°)b

Inclination angle 8 (− 23/56) 6 (−19/24)c 14 (− 23/56)c

Version angle −11 (−55/23) −13 (− 55/21)d −9 (− 38/23)d

Critical shoulder angle 31.5 (17.6/61.6) 29.2 (17.6/40.4)e 36.7 (21.9/61.6)e

a Measured with the 3D CT
b Measured with the Glenosys automated 3D software planning program
c P < 0.001
d P = 0.85
e P < 0.001

Table 2 Preoperative Walch and Sirveaux/Favard Classification
distribution of 231 Shoulders from 202 Patients with
Osteoarthritis Undergoing Shoulder Replacement

Walch Classification Sirveaux/Favard Classification

A1 38 (16,4%) E0 24 (10,4%)

A2 19 (8,2%)

B1 47 (20,3%) E1 25 (10,8%)

B2 35 (15,1%)

B3 19 (8,2%) E2 13 (5,6%)

C 3 (1,2%)

D 3 (1,2%) E3 20 (8,6%)
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version angle we found was the same as that reported
by Iannotti and Bercik et al. [13, 14].
Our data showed that in osteoarthritic patients, the

CSA was higher in those with secondary osteoarthritis
with torn rotator cuffs than in those with intact rotator
cuffs and that the CSA was positively correlated with
glenoid inclination. Our findings are consistent with
those of Moor et al. [8] who reported that a CSA greater
than 35° was associated with rotator cuff tears but not
with osteoarthritis and that a CSA of less than 30° was
associated with osteoarthritis but not rotator cuff tears.
Moreover, our results confirm the positive correlation
between glenoid inclination and CSA reported by Dagget
et al. [5].
In primary arthritis, glenoid wear may be either central

or peripheral (mostly posterior), but the association of
the direction of glenoid erosion to the deviation of
inclination has not been established [4, 27]. In rotator
cuff arthropathy, the humeral head generally migrates
progressively upwards from the center, leading to super-
ior glenoid erosion [12]. The difference in biomechanics
of osteoarthritic shoulders with intact rotator cuffs but

different degrees of pre-existing superior or inferior
inclination may be related to the individual pattern of
muscle forces and the position of the scapula, described
as “extrinsic” inclination by Levigne et al. [28] Cases in
our group with secondary osteoarthritis with rotator cuff
tears, increased superior inclination and posterior-
superior glenoid wear pattern, especially with excessive
values was related to rotator cuff arthropathy. Neverthe-
less, in our “intact cuff” group also posterior-superior
glenoid wear, but mostly to a minor extend was seen in
35.8% of the patients. In literature this was attributed to
rotator cuff muscle atrophy or fatty infiltration [23, 24].
A CT study of patients with arthritic shoulders with

B2 glenoid erosion found a different glenoid version
angle between the arthritic and normal glenoids in the
contralateral shoulder, mostly in the posterior-inferior
wear, but no difference in glenoid inclination [27]. How-
ever, in our cohort of rotator cuff intact osteoarthritic
patients 35.8% of the shoulders had posterior-superior
and 55,7% posterior glenoid erosion. Posterior-superior
glenoid wear may be related to concomitant rotator cuff
muscle atrophy and fatty infiltration even when our

Table 3 Preoperative Fatty Infiltration of Rotator Cuff Muscles according to Goutallier Classification for 231 Shoulders from 202
patients with Osteoarthritis Undergoing Shoulder Replacement

Category Intact rotator cuff (N = 131) Torn rotator cuff (N = 100)

Goutallier classification, n (%) 0 1 2 3 4 0 1 2 3 4

Supraspinatus 1 (0.7) 29 (22.1) 83 (63.3) 16 (12.2) 2 (1.5) 0 (0) 1 (1) 24 (24) 18 (18) 57 (57)

Infraspinatus 1 (0.7) 17 (12.9) 74 (56.4) 34 (25.9) 5 (3.8) 0 (0) 2 (2) 19 (19) 30 (30) 49 (49)

Teres minor 6 (4.5) 62 (47.3) 50 (38.1) 10 (7.6) 3 (2.2) 0 (0) 17 (17) 39 (39) 32 (32) 12 (12)

Subscapularis 6 (4.5) 61 (46.5) 48 (36.6) 15 (11.4) 1 (0.7) 1 (1) 13 (13) 23 (23) 46 (46) 17 (17)

Fig. 1 The distribution of glenoid inclination and version angle of
the cohort

Fig. 2 The distribution of glenoid inclination and version angle for
the torn-cuff group
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rotator cuff intact group was not composed exclusively
of B2 classified patients. Moreover, the scatter plots for
patients with and without torn-rotator cuffs revealed
postero-superior and posterior distribution patterns not
only in most of the patients with rotator tears but in
those with intact cuffs as well. Our study comprised all
arthritic patients rather than only B2 patients, this may
be the cause of postero-inferior / postero-superior or
posterior erosion disagreement. Some studies have found
significant differences in glenoid inclination between
shoulders with and without torn rotator cuffs [5, 8], but
others have not [9, 29]. Daggett et al. [5] claimed that
the degree of glenoid inclination was the crucial factor
distinguishing patients with torn rotator cuffs from those
with primary osteoarthritis. Favard stated that normal

intrinsic glenoid inclination is generally between 0° and
10° [12].
The rate of secondary insufficiency described by

Young et al. corresponds well with our high-inclination
group with intact rotator cuff. Our high-inclination
group had significantly higher proportion of shoulders
with rotator cuff tears. Nevertheless, in this group,
shoulders with intact rotator cuff were also common;
39% of the high-inclination group; 17.7% of all shoul-
ders. This frequency of preoperative intact rotator cuffs
may explain the high incidence of secondary rotator cuff
dysfunction in the mid- to long-term follow-up after
anatomical shoulder arthroplasty in osteoarthritic shoul-
ders with intact rotator cuffs at time of the index surgery
(16.8%; 87/518) as reported in a multicenter study pub-
lished by Young et al. [7]. Nevertheless, this inference
needs the support of clinical data with mid- to long-
term follow-up. Favard et al. [12] claimed that the
secondary rotator cuff insufficiency seen in patients with
an anatomic prosthesis after a long-term follow-up could
be related to tendon overload caused by superior transla-
tion, which is caused by a superior glenoid inclination
angle of 10° or more. Thus, our findings of larger
proportions of osteoarthritic shoulders with increased
superior inclination and intact rotator cuff are compatible
with Young et al. [7] and Favard et al. [12] statements.

Limitations of the study
Our study has some limitations. Rotator cuff insufficiency
was related to the findings on CT scans and operation
notes, but were augmented by only 43 MRI examinations,
taken only in cases when CT scans were inconclusive.
Second, retrospective preoperative data were used for this
study. Further studies investigating the clinical outcome
after both anatomical and reverse shoulder arthroplasty of
patients with superior glenoid inclination exceeding 10 de-
grees are warranted in order to improve surgical decision

Fig. 3 The distribution of glenoid inclination and version angle for
the intact-cuff group

Table 4 Preoperative Characteristics of 231 Shoulders from 202 Patients with Osteoarthritis Undergoing Shoulder Arthroplasty, by
Inclination Angle and Rotator Cuff Status

Characteristic Superior glenoid inclination angle

High inclincation (≥ 10°)n = 105 Low inclincation (0° to 10°) n = 97 No inclincation (≤0°) n = 29

Intact-cuff Torn-cuff Intact-cuff Torn-cuff Intact-cuff Torn-cuff

Shoulders, n (%) 41 (39) 64 (61) a 67 (69.1) 30 (30.9) a 23 (79.3) 6 (20.7) a

Inclination angle, median
(min/max), degrees

14 b (10/24) 14 b (10/56) 5c (1/9) 6 c (1/9) -5d (−18/0) −3 d (−23/0)

CSA angle, median
(min/max), degrees

31.3 e (21.5/38.8) 37.8 e (21.9/61.6) 28.6 f (17.6/40.4) 32.6 f (23.9/43.0) 26.9 g (18.0/31.3) 36.7 g (27.4/49.7)

CSA critical shoulder angle
a Difference between high inclination vs low inclination and no inclination, P < 0.001
b Difference between intact-cuff and torn-cuff groups, P < 0.001
c Difference between intact-cuff and torn-cuff groups, P = 0.114
d Difference between intact-cuff and torn-cuff groups, P = 0.518
e Difference between intact-cuff and torn-cuff groups, P < 0.023
f Difference between intact-cuff and torn-cuff groups, P = 0.002
g Difference between intact-cuff and torn-cuff groups, P < 0.001
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making in osteoarthritic patients. Additionally, in rotator
cuff intact shoulders with increased superior inclination
the influence of minor rotator cuff atrophy and fatty infil-
tration degrees needs further attention.

Conclusion

� In rotator cuff deficient patients especially suffering
from cuff tear arthropathy superior glenoid erosion
is to a larger proportion directed to posterior-
superior.

� Based on automated 3D software measurements the
majority of patients with secondary osteoarthritic
patients with rotator cuff tears show increased
superior inclination and wear which is mainly
located posterior-superiorly. However, to a
considerable amount (35.8%) this finding present as
well in rotator cuff intact osteoarthritic shoulders.

� As 18% of all osteoarthritic shoulders with intact
rotator cuff had a superior glenoid inclination of
more than 10°, future rotator cuff problems might
be considered in anatomical shoulder arthroplasty,
even when the rotator cuff is intact at the time of
surgery.
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