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Background: Excellent Clinical and patient-reported outcome have been reported following

Reverse Shoulder Arthroplasty (RTSA). However, outcomes in range of motion (ROM)

remain variable. The role and importance of subscapularis repair during RTSA is a topic of

intense debate and the long term-integrity of the subscapularis after repair remains poorly

studied. Aims of this study were to radiologically evaluate pre- and postoperative condition

of the subscapularis muscle in RTSA with concurrent subscapularis tendon repair using

transosseous suture, and to investigate the correlation between clinical and radiological

results.
Methods: Patients who had undergone RTSA with subscapularis repair in our Institute

between January 2010 and November 2016 were included. Constant, UCLA, Simple Shoulder

Test and Visual Analog Scale (VAS) pain questionnaires were administered pre- and post-

operatively. Internal rotation ability was recorded on a 6-point scale. Pre - and postopera-

tively shoulder CT scans were performed by a blinded examiner from which subscapularis

muscle cross-sectional area (SMCSA) and supraspinatus fossa cross-sectional area (SFCSA)

were measured in square millimeters. The SMCSA/SFCSA ratio was employed to standard-

ize values for individual anatomical differences between patients.
Results: The study included 32 patients (32 shoulders). Mean follow-up was 74.6 months §
15.2 months (range 35�117 months). Statistically significant differences were found

between pre- and postoperative VAS score, Constant Score, UCLA and Simple Shoulder

Test scales (P < .0001). A postoperative SMCSA reduction of >35% was found in 38% of

patients. Only 21% of patients maintained their preoperative SMCSA/SFCSA ratio. Overall, a

statistically significant difference in pre and postoperative SMCSA/SFCSA ratios was found

(P < .001). A correlation between radiological findings and clinical outcomes was not found.
Conclusion: Postoperative subscapularis size expressed as SMCSA and SMCSA/SFCSA ratio,

was significantly reduced in the majority of patients treated with non-lateralized RTSA
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design and concurrent subscapularis tendon repair at final follow-up. A correlation

between radiological findings and clinical outcomes was not found. RTSA with subscapula-

ris tendon repair provides a high degree of patient satisfaction, as well as statistically sig-

nificant improvements in clinical outcomes and internal rotation ROM. Being associated

with several advantages, subscapularis repair may be routinely recommended.
Level of evidence: Level II; Prospective Cohort Design; Prognosis Study

� 2020 American Shoulder and Elbow Surgeons. Published by Elsevier Inc. All rights

reserved.
Reverse total shoulder arthroplasty (RTSA) offers a bio- with a non-lateralized RTSA and that clinical outcomes are
mechanical advantage to anatomic total shoulder arthro-

plasty (TSA) in patients with rotator cuff arthropathy. Since

its introduction in 1987 by Grammont [10] et al and approval

by the Food and Drug Administration (FDA) in 2004 [4], the

number of RTSA operations performed annually has

increased dramatically [17]. Currently, the rates at which

RTSA is performed in the United States rivals those of the tra-

ditional TSA [29]. While patient reported outcomes of RTSA

have proven excellent, there remains tremendous variability

in range of motion (ROM) outcomes, particularly with respect

to internal (IR) and external rotation (ER) [4,23].

In the context of anatomic TSA, the subscapularis tendon

serves a critical role in stabilizing the implant, which necessi-

tates its repair [1,20]. However, the role and relative impor-

tance of subscapularis repair during RTSA remains a topic of

debate. Advocates of subscapularis repair maintain that

doing so enhances the stability of the implant, improves

internal rotation, and decreases dead space in the joint,

which subsequently reduces related complications [5,9,24].

Conversely, detractors believe that repairing the subscapula-

ris impairs glenohumeral ER and places increased demand on

the deltoid muscle to perform arm elevation [14,15,24].

While several studies have examined the effects of subsca-

pularis repair in the context of RTSA, most have been either

cadaveric [2,3,12,16,19] or based on computer modeling

[15,21,22]. However, the long term-integrity of the subscapu-

laris after repair in vivo remains poorly studied. Dedy et al. [8]

sonographically evaluated the subscapularis tendon in

patients who underwent repair and found it to be absent in

23% of patients after a mean follow-up of 19 months. Simi-

larly, De Boer et al [7] demonstrated only 40% of repaired ten-

dons maintained sufficient integrity at a mean follow-up of

36 months.

We believe that a more accurate evaluation of the condition

of the subscapularis after RTSA and concurrent subscapularis

repair can be achieved utilizing high-accuracy imaging techni-

ques such as computed tomography (CT). Furthermore, no pre-

vious investigation has delineated the impact of subscapularis

condition after RTSA on clinical and functional outcomes.

Therefore, the primary aim of this study was to evaluate, with

pre- and postoperatively shoulder CT scans, the condition of

the subscapularis muscle after RTSA with concurrent subsca-

pularis tendon repair using transosseous suture. The second-

ary aim of this study was to investigate the correlation

between conditions of the subscapularis and clinical as well as

functional outcomes at mid-term follow-up.

The hypothesis is that RTSA with concurrent subscapularis

repair allows for excellent clinical results in patients treated
expression of subscapularis muscle conditions.
Material andmethods

Study population

After receiving approval by the University Ethics Committee,

142 consecutive patients who were scheduled to undergo

RTSA and who provided their informed consent were

enrolled into this prospective study between January 2010

and November 2016. Inclusion criteria consisted of: 1) age

greater than 60; 2) painful rotator cuff arthropathy clinically

established and confirmed by shoulder X-Ray and MRI; and 3)

absence of neurological disease or cognitive dysfunction.

Exclusion criteria included: 1) patients undergoing RTSA for

concentric osteoarthritis; 2) humeral fractures; 3) osteonecro-

sis; 4) history of rheumatoid arthritis; 5) presence of a dys-

plastic glenoid (i.e. Walch classification type A2 or B2 and C)

[30]; 6) presence of neurological disease or cognitive dysfunc-

tion and 7) an intra-operative finding of a degenerated or

irreparable tendon. Several exclusion criteria were adopted in

order to focus the attention on the effect of the subscapularis

repair, eliminating any confounding factor which may affect

results interpretation.
Surgical technique

All patients were treated with the same non-lateralized RTSA

design SMR-system (Lima Corporate, Italy). The same ortho-

pedic surgeon performed all the operations. The delto-pecto-

ral approach was performed in every case. In all cases, a

tenotomy of the subscapularis tendon at the level of the ana-

tomical neck was performed. In addition, a tendon release

was performed in order to allow adequate mobility of the ten-

don stump. The tendon was considered reparable if it could

be reattached to its native location with mild force at 20° of

ER and neutral abduction. When possible, the subscapularis

tendon was reattached with transosseous suture to its origi-

nal insertion. The prostheses were implanted as described by

the manufacturing company (Lima Corporate�). The humeral

stem was placed at 10° of retroversion and the base plate was

placed at 10° of inferior tilt.
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Clinical evaluation

A different orthopedic surgeon who was not involved in sur-

gical procedures, collected a detailed clinical history and per-

formed a thorough physical examination of the shoulder for

all patients. ROMwas assessed by a comparison with the con-

tralateral side. IR was recorded on a 6-point vertebral-seg-

ments related scale [6].

Grade 1: hand positioned at lateral thigh

Grade 2: at the buttock

Grade 3: at the lumbosacral junction

Grade 4: at lumbar spine

Grade 5: at lumbothoracic junction

Grade 6: at interscapular level

Pre- and postoperative dynamometric evaluation of IR

strength with a comparison to the contralateral side was per-

formed. ER ROM was measured postoperatively both with the

arm in abduction and adduction and successively compared

with the contralateral side. Constant Score, UCLA Scale, Sim-

ple Shoulder Test and Visual Analog Scale (VAS) pain ques-

tionnaires were administered to each patient at pre- and

postoperative timepoints. Patient satisfaction, measured on a

scale of 1 to 4 (poor, sufficient, good and excellent), was evalu-

ated postoperatively.
Radiographic evaluation

Pre- and postoperatively shoulder CT scans were performed

and evaluated by the same musculoskeletal radiologist.

Images were obtained with a Toshiba Aquilion 16-slice CT

scanner using the same protocol and calibration technique

for all patients. The scanning parameters were 120 kVp,

125 mAs, field of view 250 mm, and a detector pitch of 15. A

soft-tissue filter and raster artifact suppression tool were

used, producing a 512 matrix of 1-mm-thick slices (slice over-

lap: 0.5 mm). The sagittal-oblique CT slice was reconstructed

in this exact plane from original CT data sets, producing the

typical Y-shaped image [25]. Evaluation was performed at the
Figure 1 –Subscapularis muscle cross-sectional area (SMCSA) an

millimeters in a standardized sagittal-oblique CT slice. Evaluatio

scapular spine was still in continuity with the body of the scapul

delineation of SMCSA. (c) Delineation of SFCSA.
most lateral section on which the scapular spine was still in

continuity with the body of the scapula. The subscapularis

muscle cross-sectional area (SMCSA) and supraspinatus fossa

cross-sectional area (SFCSA) were measured in square milli-

meters (Fig. 1). The SFCSA was not subject to variations dur-

ing the degenerative process of the massive rotator cuff tear.

Thus, the SMCSA/SFCSA ratio was employed to standardize

the SMCSA as it is a validated method for accounting for indi-

vidual anatomical differences between patients [26]. Patients

were divided into three groups according to their SMCSA/

SFCSA ratio: <1.5, 1.5�2 or >2.0. Postoperative reduction in

subscapularis size was evaluated at final follow-up, according

to both the SMCSA/SFCSA ratio groups and the absolute

SMCSA reduction (i.e. <25%, 25-35% and >35% reduction)

compared to their preoperative values.
Statistical analysis

Parametric variables were expressed as medians. Frequencies

and percentages were used to assess the distribution of non-

parametric variables. The Wilcoxon signed rank sum tests and

Chi-square tests were used to analyze differences between pre-

and postoperative results in clinical and radiographic outcomes.

Correlations among parametric and non-parametric variables

were assessedwith Pearson and Spearman correlations, respec-

tively. Clinical correlations with the absolute reduction in

SMCSA were performed using the Wilcoxon-Mann-Whitney

test. Statistical analysis was performed using IBM SPSS Statis-

tics 24 (Armonk, NY, USA) and JMP Pro 12 (Cary, NC, USA). Sta-

tistical significance was defined as P< .01.
Results

Demographics

Of the 142 patients enrolled into this study, 110 met at

least one of the exclusion criteria and were subsequently
d Supraspinatus fossa (SFCSA) were measured in square

n was performed at the most lateral section onwhich the

a. (a) Preoperative delineation of SMCSA. (b) Postoperative
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excluded. Of the 110 patients excluded, 19 suffered con-

centric osteoarthritis, 30 presented for humeral fractures,

8 had a diagnosis of rheumatoid arthritis, in 9 a dysplastic

glenoid was found and 6 suffered from neurological dis-

eases or cognitive dysfunctions. Nine patients were lost to

follow-up and an additional 29 were excluded due to an

intra-operative finding of a degenerated or irreparable sub-

scapularis tendon.

The study population included 32 patients: 8 men (25%) and

24 women (75%). The mean age at the time of surgery was

72.2 § 5.1 years (range 63�88 years). Thirty were right-hand-

dominant (93.7%) and 2 were left-hand-dominant (6.2%). The

operative shoulder was the right in 20 subjects (62.5%) and

the left in 12 (37.5%). The mean follow-up was 74.6 § 15.2

months (range 35�117 months). No cases of periprosthetic

joint infection, periprosthetic fracture, dislocation or axillary

nerve palsy were reported. Two cases of acromion stress frac-

tures were reported in the first three months but none

affected clinical results at the time of the study.
Clinical assessment

Patients reported a statistically significant improvement

across all patient-reported outcome measures at final follow-

up (Table 1). Statistically significant differences were found

between pre- and postoperative VAS score, Constant Score,

UCLA and Simple Shoulder Test scales (P < .0001). At final fol-

low-up, patient satisfaction was reported as poor in 2 patients

(6.25%), sufficient in 2 (6.25%), good in 7 (21.9%) and excellent

in 21 (65.6%). A statistically significant difference between

pre-and postoperative dynamometric evaluation of internal

rotation was reported (P < .1).
Table 2 – Pre- and post-operative range of motion for
patients undergoing medialized RTSA with subscapula-
ris repair (P < .001). ER values are presented as median.

Internal Rotation Pre-operative

(% of patients)

Post-operative

(% of patients)

Lateral side of thigh 1 (3.1) 2 (6.25)

Buttock 5 (15.5) 2 (6.25)

Lumbosacral junction 15 (46.9) 10 (31.25)
Range of motion

Patients demonstrated a statistically significance improve-

ment in their preoperative IR ROM at final follow-up

(P < .001). With respect to the 6-point vertebral-segments

scale, preoperatively, 1 patient (3.1%) presented a grade 1, 5

patients (15.5 %) a grade 2, 15 patients (46,9%) a grade 3 and 11

patients (34.5%) a grade 4. Postoperatively, grade 1 to 5 were

found in 2 (6,25%), 2 (6.25%), 10 (31,25%), 16 (50%) and 2

(6,25%) respectively. Patients demonstrated a statistically sig-

nificance improvement in their preoperative ER ROM at final

follow-up (P < .001). ER ROM in adduction improved from 5°
pre- operatively to 20° postoperatively and in abduction

improved from 10° pre- operatively to 45° postoperatively.

Furthermore, a statistically significant postoperative reduc-

tion in ER ROM (P < .001) was found compared to the
Table 1 – Median pre- and post-operative clinical out-
come measures for patients undergoing medialized
RTSAwith subscapularis repair.

Variable Pre-op Post-op P value

Vas (0�100) 72.5 15 <.01

Constant 42 80 <.01

UCLA Score 10 32 <.01

Simple shoulder test 3 10 <.01

Dynamometric evaluation of IR (kg) 6.75 6.0 <.01
contralateral side with the arm both in abduction (45° in the

operated vs 65° in the contralateral side) and in adduction

(20° in the operated vs 47.5° in the contralateral side) (Table 2).
Radiographic results

Preoperative assessment of the SMCSA/SFCSA ratio revealed

a ratio of <1.5 in 4 patients (12.5%), a ratio of 1.5�2.0 in 13

patients (40.6%) and a ratio of >2.0 in 15 patients (46.9%). Post-

operative SMCSA/SFCSA ratio demonstrated a ratio of <1.5 in

21 patients (65.6%), 1.5�2.0 in 9 patients (28.1%) and >2.0 in 2

patients (6.5%) (P < .01) (Table 3). Globally, 21% of patients

maintained their preoperative SMCSA/SFCSA ratio. Of

patients with a preoperative of 1.5-2-0, 92% demonstrated an

inferior SMCSA/SFCSA ratio postoperatively. Of patients with

a preoperative of >2.0, 87% demonstrated an inferior SMCSA/

SFCSA ratio postoperatively. Overall, a statistically significant

difference in pre and postoperative SMCSA/SFCSA ratios was

found (P< .001) (Table 4). Furthermore, 11 patients (34%) dem-

onstrated a postoperative SMCSA reduction of <25%, 9 (28%)

demonstrated a 25-35% reduction and 12 (38%) demonstrated

a reduction of >35% (Fig. 2).
Correlation between radiographic and clinical outcomes

No statistically significant correlation was found between

postoperative VAS score, Constant Score, UCLA and Simple

Shoulder Test scales improvement and the percentage of

SMCSA reduction (P > .01). A significant negative correlation

was found between VAS score and UCLA Score and Simple

Shoulder Test (P < .0001), but not between VAS and Constant

Score. Higher preoperative SMCSA were correlated with

greater reductions in postoperative SMCSA. Patients with the

highest preoperative SMCSA values were most likely to dem-

onstrate postoperative SMCSA reductions >35%. However,

radiographic findings did not correlate with clinical results

(P > .01), except for IR strength reduction. In patients with

SMCSA reductions >35% a significant greater IR strength

reduction was found than in patients with a lower SMCSA
Lumbar spine 11(34.5) 16 (50)

Lumbothoracic junction 0 2 (6.25)

External Rotation Operative

Shoulder

Non-op Shoulder

ER in Abduction 45° 65°
ER in Adduction 20° 47.5°

Pre-operative Post-operative

ER in Abduction 10° 45°
ER in Adduction 5° 20°



Table 3 – Pre- and post-operative SMCSA/SFCSA ratio
groupings for patients undergoing medialized RTSA
with subscapularis repair (P < .01).

Subscapularis

(SMCSA)/ Supraspinatus

Fossa Area (SFCSA)

Pre-op

(% of patients)

Post-op

(% of patients)

< 1.5 4 (12.5) 21 (65.6)

1.5�2.0 13 (40.6) 9 (28.1)

> 2.0 15 (46.9) 2 (6.3)
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reduction (P< .001). Functional outcomes were not influenced

by postoperative SMCSA reduction. No statistically significant

correlation was found between gender and pre- or postopera-

tive clinical and radiological results, but the postoperative

SMCSA in men was statistically higher (P < .001).
Discussion

The principle findings of this study were that postoperative sub-

scapularis size was significantly reduced in the majority of

patients at the final follow-up. Nevertheless, a non-lateralized

design RTSA with subscapularis tendon repair provides a high

degree of patient satisfaction, as well as statistically significant

improvements in patient reported outcomes and internal rota-

tion ROM. Our hypothesis that the condition of the subscapularis

muscle would correlate with clinical outcomes, was rejected. In

fact, similar clinical results were reported regardless the postop-

erative SMCSA reduction and SMCSA/SFCSA ratio.

The dislocation rate following RTSA has been reported to be

between 0% and 9% [29] and is more common with a non-lat-

eralized RTSA design [9]. In our case series of patients treated

with a non-lateralized design RTSA and subscapularis repair

with transosseous suture to its original insertion, no disloca-

tions (0%) were reported. This result substantiates the find-

ings of previous investigations which have studied
Table 4 – Radiographic evaluation expressed as number of pa
same pre-operative SMCSA/SFCSA ratio.

Subscapularis Area

(SMCSA)/Supraspinatus

Fossa (SFCSA) Pre op

Subscapular

�1.5 1.5

�1.5 4 0

12.5 0

100.00 0

1.5-2.0 12 1

37.5 3

92.3 7

>2.0 5 8

15.6 25

33.3 53

Total 21 9

65.6 28

NOTE. Overall, a statistically significant difference in pre and post-operat

operative ratio � 1.5 remained all at the same ratio post - operatively. 92.3

post � operatively. Only 13.3% of those with a preoperative ratio> 2 remai

tionship between 1.5 and 2 and 33% to a ratio � 1.5.
dislocation rates after subscapularis repair in the context of

RTSA. In a consecutive series of 138 patients, Edwards et al [9]

demonstrated that subscapularis integrity increased stability

and reduced the dislocation rate in patients undergoing non-

lateralized RTSA. Furthermore, these authors reported no dis-

locations amongst the 62 patients who underwent RTSA with

subscapularis repair, but seven dislocations among those 76

patients who underwent when RTSA without subscapular

repair. Taken together, these findings support the claim that

subscapularis repair in the setting of non-lateralized RTSA

may provide additional stability to the prosthesis and result

in reduced dislocation events [5,9,24].

In addition to decreased dislocation rates, increased IR ROM

is another reported advantage of the subscapularis tendon

repair [23]. RTSA has traditionally been associated with sig-

nificant residual deficits in ROM, particularly of IR and ER.

Boileau et al [4] reported improvements of only 2 vertebral

levels for IR and of only 4° for ER after RTSA. However, with

the exception of subscapularis repair, few patient or surgical

factors have been shown to demonstrate improved outcomes

in IR/ER postoperatively [23]. The results of the present inves-

tigation confirm this finding, as patients who underwent sub-

scapularis repair experienced a statistically significant

improvement in the 6-point vertebral-segments related scale.

This finding is intuitive, as the subscapularis represents the

main internal rotator of the shoulder but also has broad clini-

cal significance, as IR is a fundamental movement required to

perform key portions of many ADLs, including dressing or

bathing. For this reason, maintaining the integrity and there-

fore the functionality of the subscapularis may be advisable.

While subscapularis repair may improve IR in patients

undergoing non-lateralized RTSA, doing so, especially if

repaired with high degrees of tension and if a lateralized

design is employed, may limit ER. This may be especially

undesirable in patients with existing posterior cuff deficien-

cies who already struggle with ER. Furthermore, Valenti et al
tients, percent of all patients, percent of patients with the

is Area (SMCSA)/ Supraspinatus Fossa (SFCSA)

Post op

�2.0 >2.0 Total

0 4

.00 0.00 12.5

.00 0.00

0 13

.1 0.00 40.7

.7 0.00

2 15

.0 6.3 46.9

.3 13.3

2 32

.1 6.2 100,0

ive SMCSA/SFCSA ratios was found (P < .001). All patients with a pre-

% of those with a pre-operative ratio between 1.50 and 2 became <1.5

ned in the post-operative >2, 53.3% switched to a post-operative rela-



Figure 2 –All patients presented a post-operative subscapularis muscle cross-sectional area (SMCSA) reduction. A post-oper-

ative SMCSA reduction of <25%, 25�35%, >35%was respectively found in 34%, 28% and 38% of patients.
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[28] reported that lateralized design implants offer significant

gains in ER, suggesting that subscapularis repair may be

unnecessary with this type of implant. However, these find-

ings have been largely derived from cadaveric studies or com-

puter-based modeling. Interestingly, in an investigation of

lateralized RTSA, Friedman et al [11], in a large series of

patients (340 treated with subscapularis repair and 251 with-

out) demonstrated superior clinical outcomes and ROM

results in patients treated with subscapularis repair com-

pared to those without repair, in contrast with findings of

other computer modeling studies [15]. With the exception of

postoperative dislocations, which were more common in

patients who did not undergo subscapularis repair, no differ-

ences in overall complications were reported between the

two groups. In our study there was a significant postoperative

improvement in ER ROM either with the arm in abduction or

in adduction. Although a significant reduction in postopera-

tive ER ROM was found compared to the non-operative side,

this reduction did not seem to affect patients’ functional out-

comes and satisfaction.

Previous investigations have demonstrated that following

RTSA, the subscapularis functions as an adductor for the first

70° of arm abduction [22]. As a result of these biomechanical

alterations, a demand is placed on the deltoid to generate a

greater force in low and mid-levels of abduction [14]. In an

effort to address this biomechanical shortcoming, King et al

[18] recently proposed an “over-the-top” repair technique.

This technique, according to the authors, repairs the upper

third subscapularis above the new center of rotation follow-

ing RTSA, which may result in improved ROM, strength and

clinical results, as the subscapularis acts as an abductor in

lower degrees of shoulder elevation. We believe that subsca-

pularis plays a different role in lateral versus medial RTSA

designs. If true, this would help explain the different results

reported in the literature. As such, in a lateralized-design

RTSA, subscapularis repair may be unnecessary since this

design affords a greater degree of deltoid wrapping and
resulting stability. In summary, subscapularis repair in the

lateralized-RTSA design may result in excessive limitations

in ER and abduction ROM without clinically important

improvements in IR and stability. On the other hand, the

non-lateralized design may benefit from subscapularis repair,

which is less technically challenging and does not require

high degrees of tension needed in lateralized RTSA [29]. Fur-

thermore, because inferior scapular notching is more com-

mon and deltoid wrapping less significant than in lateralized

designs, subscapularis repair contributes significantly to

anterior stability in non-lateralized RTSA.

Our results demonstrate that there is no correlation

between the radiographic status of the subscapularis muscle

after repair and clinical outcomes. The effects of muscle fatty

infiltration and degeneration on clinical outcomes has been

matter of great interest, not only for shoulder [13] but also for

hip surgery [27]. Recently, innovative CT scan-based methods

of evaluation for fatty infiltration and atrophy were proposed

[25]. Furthermore, Dedy et al [8] utilized sonography to evalu-

ate the integrity of the subscapularis tendon at a mean fol-

low-up of 19 months following RTSA. The authors found the

tendon to be intact in only 13% of patients, absent in 23%

patients and with various grades of attenuation in the

remaining cases. No differences in patient reported and clini-

cal outcomes were demonstrated between patients with

intact and attenuated or absent subscapularis tendons. How-

ever, a significantly higher IR ROM was found in patients in

whom the tendon was intact or mildly attenuated rather

than absent and ER ROM did not differ according to subscapu-

laris tendon quality. Similarly, De Boer et al [7] demonstrated

that 40% of repaired subscapularis tendon maintain integrity

after 36 months, but that the degree of tendon integrity did

not correlate with ROM, strength and functional scales

scores.

In our study a CT scan assessment of subscapularis muscle

area was performed pre- and postoperatively. The overall

reduction in subscapularis size, as expressed by
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postoperative SMCSA/SFCSA ratio and absolute SMCSA

reduction, could be explained as the natural rotator cuff

muscles degeneration developing after a mean follow-up of

74.6 § 15.2 months in an elderly study population or as dam-

age related to the surgical procedure [13,27]. Interestingly, the

changes found in subscapularis did not affect clinical results

and patients satisfaction reported at the same follow-up.

Therefore, despite the reduction of SMCSA found, we support,

if technically possible, to repair the subscapularis tendon for

the associate advantages (greater implant stability, improved

internal rotation, decreased dead space in the joint and

reduced related complications).

Based on the results of the present investigation, we recom-

mend subscapularis repair whenever tendon conditions per-

mit, as doing so allows for excellent clinical outcomes,

restoration of IR/ER ROM, and maintenance of strength, as

well as increases stability of the implant. Further study will

be necessary to better elucidate role and contribute of subsca-

pularis in RTSA.

This study has several strengths. Firstly, the length of fol-

low-up, because patients in the study cohort were examined

at a mean 74.6 months after their operation. Secondly, all sur-

geries were performed by the same expert shoulder surgeon.

Thirdly, the exclusion of difficult glenoid (A2, B2 and C [30])

allow reproducible surgical technique with 10° of glenoid

inclination and 10° of humeral retroversion. Lastly this is the

first study, to our knowledge, investigating the possible corre-

lation between subscapularis condition on CT scan and clini-

cal outcomes.

It also has several notable limitations: Firstly, the sample

size of 32 is relatively small. However, in order to directly

study the effects of subscapularis integrity on clinical and

radiographic outcomes, precise inclusion and exclusion crite-

ria were applied. Secondly, the absence of a control group to

make comparison with not-repaired subscapularis or lateral-

ized-design RTSA. However, the outcomes in these groups

has been studied extensively in the literature. A further

potential limitation was that a single examiner performed all

CT scan evaluation.
Conclusion

Postoperative subscapularis size, expressed as SMCSA and

SMCSA/SFCSA ratio, was significantly reduced in the majority

of patients treated with non-lateralized RTSA design and con-

current subscapularis tendon repair at final follow-up. Higher

preoperative SMCSA were correlated with greater reductions

in postoperative SMCSA. Despite these subscapularis deterio-

rations, RTSA with subscapularis tendon repair is associated

with a high degree of patient satisfaction, as well as statisti-

cally significant improvements in clinical outcomes and

internal rotation ROM. A correlation between radiological

findings and clinical outcomes was not found. Further studies

would be necessary comparing RTSA with and without a con-

current subscapularis repair. Subscapularis repair may not be

necessary to achieve good clinical results with a non-lateral-

ized RTSA for rotator cuff arthropathy, although several

advantages of the subscapularis repair can support its rou-

tinely use
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