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Arthroscopic Treatment of Shoulder Stiffness With
Rotator Cuff Repair Yields Similar Outcomes to

Isolated Rotator Cuff Repair

Parker L. Brush, M.D., Adrian Santana, B.S., Ruchir Nanavati, B.S., Gregory R. Toci, M.D.,

Tariq Z. Issa, B.A., Daniel J. Fletcher, M.D., and Joshua Hornstein, M.D.
Purpose: To compare patient-reported and surgical outcome measures in patients with and without secondary shoulder
stiffness (SSS) undergoing rotator cuff repair (RCR). Methods: Patients undergoing rotator cuff repair from 2014 to 2020
with complete patient-reported outcome measures (PROMs) by the short-form 12 survey (SF-12) were retrospectively
reviewed to identify if operative intervention for SSS was performed alongside the RCR. Those patients with operative
intervention for SSS were propensity matched to a group without prior intervention for stiffness by age, sex, laterality,
body mass index, diabetes mellitus status, and the presence of a thyroid disorder. The groups were compared by rotator
cuff tear (RCT) size, surgical outcomes, further surgical intervention, rotator cuff retear rate, postoperative range of motion
(ROM), and SF-12 results at 1 year after surgery. Delta values were calculated for component scores of the SF-12 and
ROM values by subtracting the preoperative result from the postoperative result. Results: A total of 89 patients with SSS
were compared to 156 patients in the control group at final analysis. The patients in the SSS group experienced a sig-
nificant improvement in the delta mental health component score (MCS-12) of the SF-12 survey that was not seen in the
control group (P ¼ .005 to P ¼ .539). Both groups experienced significant improvement by the delta physical health
component score (PCS-12) of the SF-12 survey (SSS: 7.68; P < .001; control: 6.95; P < .001). The SSS group also
experienced greater improvement of their forward flexion (25.8� vs 12.9�; P ¼ .005) and external rotation (7.13� vs 1.65�;
P ¼ .031) ROM than the control group. Conclusions: Operative intervention of SSS at the time of RCR has equivalent
postoperative SF-12 survey outcome scores when compared to patients undergoing RCR without preoperative stiffness
despite those patients having lower preoperative scores. Level of Evidence: Level III retrospective comparative study.
Introduction
otator cuff tears (RCT) have an estimated preva-
Rlence of 20% in the general population that in-

creases with age as up to 50% of people in their ninth
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Arthroscopy, Sports Medicine, and Rehabilitati
decade life are found to have RCTs.1,2 Despite up to
34% of RCTs being asymptomatic in the general pop-
ulation,3 RCRs are one of the most common ortho-
paedic procedures and have increased in number over
the last two decades with a trend toward arthroscopic
repair.4-6 Rotator cuff tears are frequently complicated
by secondary shoulder stiffness (SSS), as the pain
associated with the tear leads to disuse and secondary
muscular and/or capsular contracture.7,8 Evaluation of
preoperative shoulder stiffness before RCR is not well
documented and its evaluation is inconsistent, but it is
estimated to occur in 9.2 to 23.6% of patients.7,9

Controversy exists as to the proper management of
the stiffness associated with RCT. Although some
studies support restoration of motion prior to surgical
RCR, this treatment strategy can result in lengthening
of the RCT and increased fatty atrophy.10-12 Others
studies support immediate surgical repair of the RCT
with additional operative treatment for stiffness by
manipulation under anesthesia (MUA) and/or capsular
release, reporting improvement similar to those
on, Vol 5, No 4 (August), 2023: 100751 e1
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without SSS and delayed operative intervention.13-17 A
recent systematic review on this topic suggested that
early operative intervention of SSS with RCR provides a
similar outcome to RCR in patients without preopera-
tive stiffness. However, this finding is limited to patients
with nonmassive RCTs, as data on these patients are
limited.18 The purpose of this study is to compare
patient-reported and surgical outcome measures in
patients with and without secondary shoulder stiffness
undergoing rotator cuff repair. We hypothesize that
patients will have similar outcomes regardless of the
presence of SSS or size of the RCT.

Methods
After receiving approval by our Institutional Review

Board with an exempt status, we retrospectively iden-
tified all patients who underwent arthroscopic RCR
with or without arthroscopic lysis of adhesions from
2014 to 2020 using current procedural terminology
codes (arthroscopic RCR: 29827; arthroscopic lysis of
adhesions: 29825).Adult patients (�18 years) who
underwent arthroscopic RCR with preoperative and
one-year postoperative mental health component score
(MCS-12) and physical health component score (PCS-
12) from the 12-item short form survey (SF-12) were
included. Patients with missing SF-12 items preopera-
tively or at 1 year postoperatively were excluded. All
surgeons performed RCR by either single- or double-
row technique based on intraoperative characteristics
of the tear. Patients who underwent RCR without lysis
of adhesions (“control”), and no prior treatment for SSS
were matched to those undergoing arthroscopic lysis of
adhesions and capsulotomy (“SSS”) in a 2:1 manner
controlling for age, sex, laterality, body mass index,
diabetes mellitus, and thyroid disorder.
We collected patient characteristics, demographics,

surgical data, and postoperative outcomes from the
electronic medical record. Patient characteristics
included age, sex, body mass index (BMI), RCT thick-
ness and length, hand dominance, diabetes, smoking
status (nonsmoker, current smoker, former smoker),
thyroid disease, and arthritis (inflammatory and non-
inflammatory) history. We classified RCTs as either
partial or full-thickness tears and full RCT size was
described as either small (<1 cm), medium (1-3 cm),
large (3-5 cm), or massive (>5 cm) as previously
defined in the literature.19,20 These data were obtained
through review of preoperative magnetic resonance
imaging (MRI) and confirmed by operative report re-
view. If differences were observed between imaging
reports and operative reports, operative report findings
were used for their increased accuracy and to account
for tear progression between the two dates.21

Preoperative ROM data were obtained from the
preoperative note closest to the day of surgery, and
postoperative ROM data were obtained from either the
final follow-up note from the surgeon or the final
physical therapy progress note, depending on which
note occurred at a later date, but was not restricted to at
least 1-year follow-up. Forward flexion (FF) and
abduction data are reported in degrees. External rota-
tion (ER) data are reported in degrees of ER with the
shoulder at 0� of abduction. Internal rotation (IR) data
are reported by Apley’s scratch test with numerical
values applied to the spinal level starting with “0”
starting at the sacrum and increasing by one for every
additional vertebral level above the sacrum (i.e., 5 for
L1, 10 for T8). This method for quantifying our data is
adopted from the study by Kim et al.14 A delta ROM
measurement was obtained by subtracting the preop-
erative value from the postoperative value.
Patient-reported outcome measures (PROMs) were

collected through the institution’s prospectively
managed outcomes database (OBERD, Columbia, MO).
A delta value was calculated for PCS-12 and MCS-12,
which was the 1-year postoperative value subtracted
by the preoperative value. Descriptive statistics were
reported as mean and standard deviation for contin-
uous variables. Bivariate analyses were conducted
between the SSS and control groups using independent
t-tests for parametric continuous variables and
Mann-Whitney U-tests for nonparametric continuous
variables. The Pearson’s chi-squared test or Fisher’s
exact test was used for categorical variables, as appro-
priate, with Fisher’s exact test only used in cases of
small cell counts. Subgroup analysis was performed on
full RCTs with large or greater tear size. Multivariate
regression analysis was performed with dependent
variables of delta PCS-12 and delta MCS-12. All
statistical analyses were performed using R Studio
Version 4.0.2 (Boston, MA) with P values <.05
considered statistically significant.

Results
Of 249 patients undergoing arthroscopic RCR with

concomitant shoulder stiffness, 83 (33.3%) had com-
plete patient-reported outcome measures. They were
propensity-matched to a cohort of 991 patients without
shoulder stiffness and complete patient-reported
outcome measures in a 2:1 fashion. Upon further
chart review, 6 patients in the control group were
found to meet criteria for the SSS group and were
moved accordingly, and 4 patients in the control group
were removed due to errors in their SF-12 reports. The
final statistics were performed with 89 patients in the
SSS group and 156 patients in the control group. There
were no differences in age (SSS: 61.9 years vs control:
60.4 years; P ¼ .164), sex (SSS: 51.7% female vs con-
trol: 56.4% female; P ¼ .561), laterality (SSS: 55.1%
right vs control: 62.8% right; P ¼ .290), body mass
index (SSS: 29.2 vs control: 29.3; P ¼ .935), or smoking
status (SSS: 10.1% current smokers vs control: 9.6%



Table 1. Patient Demographics and Disease Characteristics

Complete Cohort

P Value

Large and Massive Tears

P ValueSSS n ¼ 89 Control n ¼ 156 SSS n ¼ 34 Control n ¼ 67

Age (years) 61.9 (7.7) 60.4 (8.4) .164 61.6 (8.0) 63.5 (7.0) .228
Sex (female) 46 (51.7%) 88 (56.4%) .561 17 (50.0%) 36 (53.7%) .885
Laterality: .290 .775

Left 40 (44.9%) 58 (37.2%) 17 (50.0%) 30 (44.8%)
Right 49 (55.1%) 98 (62.8%) 17 (50.0%) 37 (55.2%)

Body mass index 29.2 (5.4) 29.3 (4.4) .935 29.6 (5.65) 29.9 (5.53) .773
Hand dominance: .532 1.000

Ambidextrous 2 (3.8%) 3 (2.3%)
Left 6 (11.3%) 8 (7.1%) 2 (10.5%) 5 (9.8%)
Right 45 (84.9%) 101 (90.2%) 17 (89.5%) 46 (90.2%)

Smoking status: .972 .552
Current smoker 9 (10.1%) 15 (9.6%) 5 (14.7%) 6 (9.0%)
Former smoker 20 (22.5%) 37 (23.7%) 8 (23.5%) 21 (31.3%)
Nonsmoker 60 (67.4%) 104 (66.7%) 21 (61.8%) 40 (59.7%)

Diabetes: 19 (21.3%) 36 (23.1%) .879 7 (20.6%) 16 (23.9%) .805
Type I 7 (7.9%) 4 (2.6%) 2 (5.9%) 1 (1.5%)
Type II 12 (13.5%) 32 (20.5%) 5 (14.7%) 15 (22.4%)

Thyroid disorder: 10 (11.2%) 18 (11.5%) 1.000 3 (8.82%) 7 (10.4%) 1.000
Inflammatory arthritis 11 (12.4%) 20 (12.8%) 1.000 4 (11.8%) 6 (9.0%) .729
Previous shoulder surgery: 21 (23.6%) 31 (19.9%) .601 7 (20.6%) 17 (25.4%) .774
RCR 15 (16.9%) 15 (9.6%) .144 7 (20.6%) 10 (14.9%) .662
Ipsilateral RCR 12 (13.5%) 9 (5.8%) .066 6 (17.6%) 6 (9.0%) .212
GHJ arthritis 12 (13.5%) 24 (15.4%) .828 8 (23.5%) 13 (19.4%) .823
Tear thickness: .572 1.000

Partial 20 (22.5%) 29 (18.6%)
Full 69 (77.5%) 127 (81.4%) 34 (100%) 67 (100%)

Full tear length: .912 .895
Small 10 (14.5%) 15 (12.0%)
Medium 25 (36.2%) 43 (34.4%)
Large 20 (29.0%) 37 (29.6%) 20 (58.8%) 37 (55.2%)
Massive 14 (20.3%) 30 (24.0%) 14 (41.2%) 30 (44.8%)

GHJ, glenohumeral joint; RCR, rotator cuff repair; SSS, secondary stiff shoulder.
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current smokers; P ¼ .972) between groups. Further,
there were no differences in the presence of diabetes
mellitus (SSS: 21.3% vs control: 23.1%; P ¼ .879),
thyroid disorder (SSS: 11.2% vs control: 11.5%;
P ¼ 1.000), or inflammatory arthritis (SSS: 12.4% vs
control: 12.8%; P ¼ 1.000) between groups. The groups
were similar with regard to prior shoulder surgery with
21 (23.6%) patients in the SSS group and 31 (19.9%)
patients in the control group. These surgeries included
RCR, acromioplasty, or arthroscopic debridement. We
identified no significant differences with regard to prior
RCR on the ipsilateral shoulder between the SSS
(13.5%) and control (5.8%) groups. The groups had a
similar composition with regard to tear thickness
(partial vs full thickness) (P ¼ .572) and full-thickness
tear length (P ¼ .912). Subgroup analysis of the large
or massive RCTs showed no differences between groups
with regard to demographics and past medical history
(Table 1).
Regarding surgical outcomes, we identified no

patients with complications outside of reoperation and
rotator cuff retear, as diagnosed by MRI in the
postoperative period. The two groups experienced a
similar rotator cuff retear rate (stiff group: 6.7% vs
control: 8.3%, P ¼ .654). There were no differences in
the proportion of patients who underwent reoperation
(SSS: 9.0% vs control: 10.3%; P ¼ .922) or patients
who had subsequent surgery for postoperative rotator
cuff retear (SSS: 4.5% vs control: 4.5%; P ¼ 1.000).
Operations outside of RCR include debridement/
capsular release (6), shoulder arthroplasty (4), super
capsular reconstruction (1), labrum repair (1), and
trapezius transfer for irreparable cuff tear (1). The large
or massive tear subgroups also had similar surgical
outcomes (Table 2).
Preoperatively, the SSS group had a significantly

decreased ROM in terms of FF, abduction, IR, and ER
when compared to the control group (all; P < .05).
There was no difference in the number of days before
surgery that these measures were obtained (SSS: 38.9
days vs control: 34.5 days; P ¼.157). Postoperatively,
the control group maintained a significantly greater
ROM, except for IR, which did not result in a signif-
icant difference (P ¼ .064). There was a significant
difference in days to postoperative ROM measurement
(SSS: 178 days vs control: 215 days; P ¼ .001), with



Table 2. Surgical Procedures and Outcomes

Complete Cohort

P Value

Large and Massive Tears

P ValueSSS n ¼ 89 Control n ¼ 156 SSS n ¼ 34 Control n ¼ 67

Capsular release 89 (100%) 0 (0%) 34 (100%) 0 (0%)
Manipulation under anesthesia 6 (6.7%) 0 (0.0%) .002 1 (2.9%) 0 (0%) .337
Postoperative complications 0 (0.0%) 0 (0.0%) 1.000 0 (0.0%) 0 (0.0%)
Rotator cuff retear 6 (6.7%) 13 (8.3%) .654 4 (11.8%) 7 (10.4%) 1.000
Reoperation 8 (9.0%) 16 (10.3%) .922 3 (8.8%) 8 (11.9%) .746
RCR 4 (4.5 %) 7 (4.5 %) 1.000 3 (8.8%) 3 (4.5%) .601

RCR, rotator cuff repair; SSS, secondary stiff shoulder.

e4 P. L. BRUSH ET AL.
both groups averaging less than 1 year for ROM
outcomes. Despite having decreased ROM compared
to control, the SSS group demonstrated a significantly
greater delta FF (25.8� to 12.9�; P ¼ .005) and delta
ER (7.1� to 1.7�; P ¼ .031). However, these differ-
ences were not seen in the large or massive RCT
subgroups. Instead, the control group was found to
have greater delta abduction (13.6� to 40.3�; P ¼
.032) (Table 3).
Both groups improved in PCS-12 following surgery

(7.7 to 7.0; P < .001), but only the SSS group improved
in MCS-12 following surgery (SSS: 3.4; P ¼ .005; con-
trol: 0.5; P ¼ .539). Patients in the stiff group had
significantly lower preoperative MCS-12 (50.8 to 53.9;
P ¼ .013) but had similar postoperative MCS-12 scores
(54.2 to 52.5; P ¼ .620) (Fig 1). No other significant
differences in preoperative, postoperative, or delta
patient-reported outcome scores for PCS-12 (Fig 2) or
MCS-12. No differences were found between the large
or massive RCT subgroups by SF-12 component scores
(Table 4).
Table 3. Shoulder Range of Motion

Complete Cohort

SSS n ¼ 89 Control n ¼ 156

Days before surgery 38.9 (26.3) 34.5 (24.4)
Days after surgery 215 (133) 178 (123)
Preoperative FF 122 (39.7) 145 (39.7)
Postoperative FF 145 (21.7) 155 (22.4)

Intragroup P value <.001 .001
Preoperative abduction 89.9 (32.0) 111 (42.0)
Postoperative abduction 101 (27.1) 135 (25.5)

Intragroup P value .004 <.001
Preoperative ER 37.0 (24.3) 56.5 (23.6)
Postoperative ER 43.6 (16.7) 57.6 (24.4)

Intragroup P value .031 .485
Preoperative IR 4.9 (4.3) 6.8 (3.8)
Postoperative IR 6.2 (3.3) 7.3 (4.0)

Intragroup P value .072 .046
Delta FF 25.8 (36.3) 12.9 (42.0)
Delta abduction 13.7 (29.1) 27.4 (37.4)
Delta ER 7.1 (25.0) 1.7 (23.9)
Delta IR 1.5 (4.7) 1.0 (4.0)

All values for range of motion are in degrees with exception to internal
during Apley’s scratch test.
ER, external rotation; FF, forward flexion; IR, internal rotation; SSS, se
On multivariate regression analysis, the SSS cohort
was associated with more improvement by MCS-12
(estimate: 3.03; P ¼ .028) and no difference in
improvement by PCS-12 (estimate: 1.19; P ¼ .411).
Prior ipsilateral rotator cuff repair (PCS-12; P ¼ .420;
MCS-12; P ¼ .299) and RCT thickness (PCS-12;
P ¼ .854; MCS-12; P value ¼ .522) were not associated
with a difference in outcomes. Male sex was also
associated with a greater improvement by MCS-12 after
surgery (estimate: 2.77; P ¼ .036) (Table 5).

Discussion
The most important finding of this study is that pa-

tients with SSS undergoing RCR achieved similar SF-12
scores postoperatively as patients without SSS who
underwent RCR despite having lower baseline scores.
The patients in our SSS group were found to have a

significantly lower MCS-12 score preoperatively than
the control group. However, the SSS group ultimately
demonstrated an improvement in their mental health
by MCS-12 after surgery that was not seen in the
P Value

Large and Massive Tears

P ValueSSS n ¼ 34 Control n ¼ 67

.157 35.8 (22.6) 32.0 (24.3) .317
<.001 218 (137) 199 (139) .139
<.001 116 (43.2) 135 (44.6) .061
<.001 145 (22.0) 154 (25.1) .006

<.001 <.001
<.001 87.0 (38.0) 90.7 (47.5) .849
<.001 102 (28.2) 132 (26.9) <.001

.089 .001
<.001 31.3 (23.8) 50.6 (22.4) <.001
<.001 42.2 (15.3) 57.8 (22.7) .002

.016 .101
<.001 4.2 (4.1) 5.5 (3.3) .002
.064 5.8 (3.6) 8.0 (3.7) .027

.151 .004
.005 29.0 (35.3) 25.6 (44.8) .625
.128 13.6 (30.9) 40.3 (35.6) .032
.031 11.2 (21.0) 6.16 (24.1) .237
.406 2.8 (6.0) 2.8 (6.0) .867

rotation, which is calculated by each vertebral level above the sacrum

condary stiff shoulder.



Fig 1. Graphical representation of mental
health component score (MCS-12) scores
before and after surgery. MCS-12, mental
health component score; SSS, secondary
shoulder stiffness. *Significantly different
postoperative score compared to the pre-
operative score.
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control patients. Thus, resulting in a similar post-
operative score despite their worse baseline status.
Further, these patients were found to have a significant
increase in their physical function by PCS-12. Both
groups in our study, on average, experienced PCS-12
improvement above the previously reported minimal
clinically important differences for shoulder pathology
(6.5) and RCTs (5.4).22,23 The improvement by delta-
PCS-12 and postoperative PCS-12 were also similar
between groups, signifying preoperative stiffness, if
surgically treated, does not impede a patient’s physical
function recovery. Overall, these findings support
operative intervention of SSS in the setting of a RCT, as
patients with SSS are able to achieve similar outcomes
by the SF-12, as patients without preoperative SSS
despite higher preoperative disability. Our findings are
supported by other authors who have demonstrated
equivalent functional outcomes by American Shoulder
and Elbow Surgeon score, Constant score, and Simple
Shoulder Test for patients who have their SSS treated at
the time of the RCR.14,16,17 However, the regression
analysis in this study suggests a potentially greater
improvement by MCS-12 in those with SSS. Patient-
reported outcomes by the 36-Item Short Form survey
have been used in orthopaedic surgery for years.24 The
mental health component score of this survey has
previously demonstrated a stronger correlation with
shoulder pain and function than RCT severity.25 In
addition, a prior systematic review has also suggested a
correlation between psychological distress and worse
preoperative pain and function in RCTs.26 Our study
uses the SF-12, which has strong inter-class correlation
with both the physical and mental health components
of the 36-Item Short Form with the added benefit of a
lower respondent burden.27,28

In this study, we include 101 (41%) full-thickness
RCTs classified as large or massive by length.19 These
large-sized tears are more prevalent in older
Fig 2. Graphical representation of physical
health component score (PCS-12) scores
before and after surgery. SSS, secondary
shoulder stiffness. *Significantly different
postoperative score compared to the pre-
operative score.



Table 4. Patient-Reported Outcome Measures

Complete Cohort

P Value

Large and Massive Tears

P ValueSSS n ¼ 89 Control n ¼ 156 SSS n ¼ 34 Control n ¼ 67

MCS-12 Preoperative 50.8 (10.0) 53.9 (9.17) .013 52.2 (9.94) 54.6 (9.09) .187
Postoperative 54.2 (7.82) 54.4 (8.36) .620 55.1 (6.60) 55.1 (8.53) .582
Delta 3.4 (10.9) 0.5 (9.9) .062 2.9 (10.1) 0.5 (9.9) .261
Intragroup P value .005 .539 .102 .675

PCS-12 Preoperative 37.5 (8.10) 38.5 (8.26) .371 40.0 (8.48) 38.9 (7.85) .537
Postoperative 45.2 (11.0) 45.4 (10.4) .905 46.2 (10.9) 45.0 (10.9) .744
Delta 7.7 (11.3) 7.0 (10.5) .622 6.2 (12.3) 6.1 (10.8) .990
Intragroup P value <.001 <.001 .006 <.001

MCS-12, mental health component score; PCS-12, physical health component score; SSS, secondary stiff shoulder.
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populations and can comprise 40% or more of all RCTs
in patients older than 60.2 Their prevalence emphasizes
the importance of understanding how to best manage
all facets of their treatment. Previous reports on oper-
ative treatment of SSS excluded patients with large and
massive tears, or included a nonrepresentative portion
of large and massive tears.14,16,17,29 Our subgroup
analysis on these patients with large and massive tears
found no significant differences between SSS and
control groups with regard to SF-12 component scores.
Further, our regression analysis did not suggest a dif-
ference in outcomes by SF-12 in those with partial or
full-thickness tears. Unlike the full cohort, the subgroup
did not show any significant differences between the
SSS and control groups with regard to changed MCS-12
scores after surgery (2.9 to 0.5; P ¼ .261). Our study
may be underpowered to detect a difference at this ef-
fect size, but it is important to note that the two groups
did have equivalent postoperative results. Both sub-
groups had significant improvement by PCS-12 above
the MCID for RCTs (5.4), suggesting that surgical
treatment of preoperative stiffness in large and massive
RCTs does not impact 1-year postoperative physical
function.22

Although the SSS group in our study had reduced
ROM, this reduction from normal ROM is less severe
than seen in other studies where stiff groups were
observed to have FF limited to 100�.16,17 This suggests
that operative treatment of SSS can be beneficial for
patients with less severe loss of ROM than previously
Table 5. Multivariate Regression Analysis for Delta PCS-12 and D

Predictors

Delta PCS-12

Estimate CI

Stiff shoulder 1.19 �1.65e4.04
Prior ipsilateral RCR �2.01 �6.88e2.86
Full-thickness tear 0.33 �3.15e3.81
Age �0.15 �0.32e0.03
BMI �0.12 �0.37e0.14
Sex e Male �2.12 �4.85e0.61

BMI, body mass index; CI, confidence interval; MCS-12, mental health
reported. This finding is supported by authors who
report equivalent outcomes by different measures.14,29

Both groups of patients in our study improved by FF
and abduction ROM after surgery, but only the SSS
group experienced significant improvement by ER. This
difference in ER improvement is most likely due to the
capsulotomy that was performed in the SSS group.
Patients with SSS associated with a RCT can develop
capsular contracture; thus, releasing this contracture by
capsulotomy can provide additional ROM improve-
ments beyond that of only an RCR. The control group
had higher postoperative ROM in all planes except IR.
However, patients can continue to find improvement in
ROM beyond our average follow periods of 215 days in
SSS group and 178 days in the control group.30,31 Thus,
the patients in our study likely continued to experience
modest improvements in ROM after final evaluation
recording with potential catch-up in the SSS group
given their shorter follow-up.
Operative treatment for SSS in our study consisted of

capsulotomy in all cases, and MUA in only 6 cases. Both
MUA and capsulotomy are reported as potential mo-
dalities for treating SSS in the case of a RCT.14,16,17,29

However, review articles on the treatment of adhesive
capsulitis and shoulder stiffness describe serious
complications that can occur from MUA, including
fractures, neurovascular injury, and rotator cuff
pathology. These complications are not typical after a
capsulotomy.32,33 Given the potential complications
from MUA, we find capsulotomy to be the preferred
elta MCS-12

Delta MCS-12

P Value Estimate CI P Value

.411 3.03 0.32e5.73 .028

.420 �2.45 �7.08e2.18 .299

.854 1.08 �2.23e4.39 .522

.095 �0.04 �0.20e0.12 .613

.376 0.00 �0.24e0.25 .980

.128 2.77 0.18e5.36 .036

component score; PCS-12, physical health component score.
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treatment method. The patients in our study treated by
capsulotomy for SSS had a similar rotator cuff retear
rate diagnosed by MRI at 6.7% compared to previously
cited 10-21%, and we observed no complications
outside of retear.34,35 The control group experienced a
similar rotator cuff retear rate as well at 8.3%. Patients
in our large to massive RCT groups experienced a
higher rotator cuff retear rate (10.9%) than the full
cohort, which is supported by the current literature as
large to massive RCTs are 2-3 times more likely to have
a retear.34

Limitations
The limitations of this retrospective study include

selection bias and confounding factors that may not
have been considered. Rotator cuff tear size may have
been misclassified in operative reports and may not be
consistent between surgeons. Our distinction of SSS
was based on the presence of current procedural ter-
minology codes and operative treatment as opposed to
objective ROM assessment. This could lead to poten-
tially misidentifying patients with or without shoulder
stiffness. Range-of-motion measurements were not
standardized and, thus, susceptible to error and bias. In
addition, the follow-up time for ROM measurements
was limited by documentation, which resulted in a
short duration of follow-up under 1 year. Our follow-
up ROM and SF-12 scores are limited to 1 year after
surgery. Postoperative MRIs were only performed on
symptomatic patients, limiting our ability to identify all
potential rotator cuff retears.

Conclusion
Operative intervention of SSS at the time of RCR has

equivalent postoperative SF-12 survey outcome scores
when compared to patients undergoing RCR without
preoperative stiffness despite those patients having
lower preoperative scores.
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