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Background: We aimed to evaluate midterm patient-reported outcomes and reoperation rates
following rotator cuff repair in patients with either rheumatoid arthritis (RA) or other inflammatory
arthritis (nonRA-IA) diagnoses.
Methods: We identified all patients with either RA or nonRA-IA who underwent a rotator cuff repair at
our institution between 2008 and 2018. IA diagnoses included RA, systemic lupus erythematosus, pso-
riatic arthritis, and other unspecified inflammatory arthritis. We compiled a cohort of 51 shoulders, with
an average follow-up time of 7.0 years. The average age was 60 years (range 39-81), and 55% of patients
were female. Patients were contacted via phone to obtain patient-reported outcomes surveys. Univariate
linear regression was used to evaluate associations between patient characteristics and outcomes.
Results: A review of preoperative radiographs demonstrated that 50% of patients presented with some
degree of glenohumeral joint inflammatory degeneration. At the final follow-up, the mean visual analog
score for pain was 2 (range 0-8), and the mean American Shoulder and Elbow Surgeons score (ASES) was
77 (standard deviation [SD] ¼ 19). The mean subjective shoulder value was 75% (SD ¼ 22%), and the
average satisfaction was 9 (SD 1.9). The mean Patient-Reported Outcomes Measurement Information
System upper extremity score was 41 (SD ¼ 10.6). Female sex and a complete tear (vs. partial) were both
associated with lower ASES scores, whereas no other characteristics were associated with postoperative
ASES scores. The 5-year Kaplan-Meier survival estimate free of reoperation was 91.8% (95% confidence
interval 83.0-99.8).
Conclusions: Rotator cuff repair in patients with RA or other inflammatory arthritis diagnoses resulted
in satisfactory patient-reported outcomes that seem comparable to rotator cuff repair when performed in
the general population. Furthermore, reoperations were rare, with a 5-year survival rate free of reop-
eration for any reason of over 90%. Altogether, an inflammatory arthritis diagnosis should not preclude by
itself attempted rotator cuff repair surgery in these patients.

© 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/).
Rheumatoid arthritis (RA) is an autoimmune condition that af-
fects approximately 1% of the population1 with a predilection for
women over men.5 The effects of RA or other nonrheumatoid in-
flammatory arthritis (nonRA-IA) diagnoses, such as lupus or pso-
riatic arthritis, on the glenohumeral joint have long been
recognized,5,11 with over 90% of patients with longstanding RA
reported to develop shoulder pathology.5 The inflammatory
changes associated with RA and nonRA-IA can damage the bone,
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cartilage and soft tissues about the shoulder, and a substantial
percentage of patients may develop rotator cuff tears.17

Rotator cuff tear is a common diagnosis in shoulder IA and is
reported in nearly 50% of individuals in the general populationwith
shoulder symptoms20; 20% of these patients ultimately undergo
surgery.12 In general, utilization of rotator cuff repair (RCR) has
continued to grow,3 becoming one of the most common orthopedic
procedures in the United States.8 Surgical treatment of rotator cuff
tears has produced favorable results in patients with full-thickness
tears,19 although the magnitude of benefit remains controversial.18

One of the challenges of RCR is a significant retear rate following
surgery of up to 50% in large tears1,24 which can lead to inferior
clinical outcomes.1,22
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RCR failure has been associated with fatty degeneration of the
rotator cuff musculature,9,16 which plausibly affects the quality of
the tissue available for repair. Similarly, patients with RA and
nonRA-IA may have compromised soft tissues, which could impact
the healing potential of their tendons as well. The outcomes of RCR
in patients with IA have not been well studied, with only 2 small
retrospective studies reporting mixed results. In a prior study of
patients with RA, the outcomes were unsatisfactory in 43% of pa-
tients with a full-thickness tear,21 whereas a more recent study
found similar outcomes between patients with and without RA.13

Over the last 20 years, novel biologically based medications bet-
ter control the manifestations of IA,7 and it is possible that this
innovation may influence modern-day outcomes of RCR in these
patients. We aimed to report on the midterm clinical outcomes and
reoperation rates in patients with either RA or other inflammatory
arthritis. We hypothesized that their outcomes would be inferior to
those generally found in the literature for patients with classic
degenerative tears.

Methods

Study population

This study was approved by our institutional review board. Pa-
tients aged �18 years who had undergone surgical treatment of a
rotator cuff tear with a concomitant diagnosis of RA, systemic lupus
erythematosus, psoriatic arthritis, or other unspecified inflamma-
tory arthritis were identified. The query was limited to procedures
between 2008 and 2018 to allow for a minimum 2-year follow-up.
During this period, we identified 56 shoulders in 52 eligible pa-
tients, 4 of whom were found to be deceased. We were able to
contact 47 of 48 living patients (98%) by phone, ultimately
reporting on 51 shoulders (4 bilateral) with a minimum follow-up
of 2 years (mean 7.0 years; range 2.3-12.7).

Within the group of the 47 patients included, the average age
was 60 (range 39-81) years, and 55% of patients were female
(Table I). Overall, RA was the most common inflammatory arthritis
(24 patients, 49%), whereas 11 patients (22%) presented with un-
specified inflammatory arthritis, 8 (16%) with psoriatic arthritis,
and 5 (10%) with systemic lupus erythematosus. Eighty-two
percent of patients were taking at least one antirheumatoid
medication at the time of presentation, with 65% taking a cortico-
steroid and 22% using a biologic immunomodulator, most
commonly adalimumab (Humira).

Outcomes of interest

Patient demographics and preoperative characteristics were
collected via chart review. Radiographic classification systems
including Hamada and Larson in addition to measurements of ro-
tator cuff tears were completed by 2 fellowship-trained shoulder
and elbow surgeons (D.C.A. and T.H.R.) by consensus. Postoperative
outcomes and reoperations were collected via phone interview and
chart review. The outcomes of interest included pain ratings using a
visual analog scale, the American Shoulder and Elbow Surgeons
score (ASES) for shoulder, the Patient-Reported Outcomes Mea-
surement Information System upper extremity computer adaptive
test (PROMIS-UE), the subjective shoulder value, postoperative
satisfaction, and pain medication use. Patients who ultimately
underwent a shoulder arthroplasty (n¼ 3) were not included in the
aggregate outcomes scores, whereas those who underwent a
revision soft tissue procedures or RCR (n ¼ 2) were included.
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Procedure characteristics

All shoulders included in the study presented with a confirmed
rotator cuff tear and underwent open (n ¼ 22, 44%) or arthroscopic
(n¼ 27, 55%) RCR. Supraspinatus repair was completed in 95% of the
shoulders, infraspinatus repair in 54% of the shoulders, and sub-
scapularis repair in 12% of the shoulders. A complete repair was
accomplished in 85% of the shoulders, whereas only a partial repair
could be achieved in 15% of the shoulders. Suture anchorswere used
in 61% of patients and transosseous fixation was used in 32% of pa-
tients, whereas 8% of the repairs were performed by margin
convergence.Aconcomitantbicepsprocedurewasperformed in33%
of patients, with biceps tenodesis (22.4%) beingmore common than
tenotomy (10.2%). An acromioplasty was performed in 49% of cases.

Analysis

Data are presented using counts and percentages for categorical
variables and means with standard deviations for continuous var-
iables. A generalized linear regression model was used to evaluate
univariate associations between patient characteristics of interest
and relevant postoperative outcomes. Survival free of reoperation
was calculated using Kaplan-Meier survival analysis. In all analyses,
a P value <.05 was considered statistically significant. All analyses
were conducted using SAS version 9.4M6 (SAS Institute, Inc., Cary,
NC, USA) and R version 3.6.2 (R Foundation for Statistical
Computing, Vienna, Austria, 2019).

Results

Radiographic characteristics

Altogether, radiographs were available for review in 48 of 51
(94%) shoulders, whereas 47 of 51 (92%) shoulders hadMRI imaging
available. The review of preoperative radiographs demonstrated
that 50% of patients presented with inflammatory degenerative
changes involving the glenohumeral joint. Glenohumeral changes
secondary to inflammatory arthritis were determined to be Larson
grade 0 in 65%, grade 1 in 31%, and grade 3 in 4% of the shoulders. In
addition, 79% of shoulders were classified as Hamada 1, 19% were
Hamada 2, and 2% had evidence of Hamada 3 changes related to
their underlying rotator cuff tears (Table II). The supraspinatus
demonstrated a full-thickness tear in 85% of the shoulders and
partial thickness in 15%. The infraspinatus had no tear in 62% of
shoulders, a full-thickness tear in 21% of shoulders, and partial
thickness tearing in 17%. The subscapularis was intact in 51% of
patients, had a full-thickness tear in 11%, and a partial thickness in
38% of shoulders. The average number of tendons torn was 1.8
(range 1-3) per shoulder. Fatty infiltrationwas graded as 0 in 61% of
patients, and grade 1 or 2 in 39% of patients using the Fuchs clas-
sification on MRI imaging.6

Patient-reported outcomes

At the most recent follow-up, the mean time since surgery was
7.0 years (range 2.3-12.7 years). The mean pain was 2 (range 0-8),
and the mean ASES score was 77 (SD ¼ 19; Table III). The mean
subjective shoulder value was 75 % (SD ¼ 21.8%), and the average
satisfaction score was 9 (SD ¼ 1.9). The mean PROMIS Upper Ex-
tremity score was 40.8 (SD¼ 10.6). Altogether, 69% of patients were
on prescription pain medications, although these were not neces-
sarily prescribed for their shoulder pathology.



Table I
Baseline characteristics.

Age
Mean (SD) 60.4 (9.25)
Median 59.2
Range 38.8-81.2

Sex
Female 27 (55.1%)
Male 22 (44.9%)

Body mass index*

Mean (SD) 31.5 (5.79)
Median 30.3
Range 20.4-45.3

Smoking history
Never 34 (70.8%)
Former 10 (20.8%)
Current 4 (8.3%)

Diabetes history
No 43 (87.8%)
Yes 6 (12.2%)

Autoimmune diagnosis
Rheumatoid arthritis 24 (49.0%)
Unspecified inflammatory arthritis 11 (22.4%)
Psoriatic arthritis 8 (16.3%)
SLE 5 (10.2%)
Psoriatic arthritis and RA 1 (2.0%)

Antirheumatic medications
Yes 40 (81.6%)
No 9 (18.4%)

Biologic medications
No 38 (77.6%)
Yes 11 (22.4%)

Corticosteroids
No 32 (65.3%)
Yes 17 (34.7%)

Follow-up time (years)
Mean (SD) 7.0 (2.62)
Median 6.8
Range 2.3-12.7

SD, standard deviation; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis.
*Sample size of 43 patients. Sample size for all other outcomes was 49 patients

unless otherwise specified.
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Univariate linear regression demonstrated that male sex was
associated with a significantly higher ASES score (mean ¼ 85) in
comparison to females (mean ¼ 71, P ¼ .01). A complete RCR was
also associated with a higher ASES score (mean ¼ 81) in compari-
son to partial repairs (mean ¼ 59). With the numbers available,
variables that were not associated with ASES scores included age,
size of tear (square millimeter), type of inflammatory arthritis, use
of antirheumatic medications, use of corticosteroids, and a history
of smoking. Patients with a Fuchs fatty infiltration score of 1/2 had a
mean ASES of only 72 in comparison to a mean of 82 in those
without fatty infiltration, although this difference did not reach
significance (P ¼ .09). PROMIS-UE scores were also significantly
higher in males (mean 46) vs. females (mean ¼ 37, P < .01). With
the numbers available, no other characteristics were significantly
associated with PROMIS-UE scores. Univariate regression also
demonstrated that pain scores were higher in those with a partial
repair (mean ¼ 4.2) vs. those with a complete repair (mean 1.8,
P ¼ .02). In addition, patients with a Fuchs fatty infiltration score of
1/2 had a mean pain score of 3.1 in comparison to a mean of 1.6 in
those without fatty infiltration (P ¼ .04). Similarly, patient satis-
faction was higher in those with a complete repair (mean ¼ 9.3) vs.
those with a partial repair (mean ¼ 7.8; P ¼ .03). Average satisfac-
tion also trended higher in males (mean ¼ 9.6) vs. females
(mean ¼ 8.8; P ¼ .05). With the numbers available, no other char-
acteristics were significantly associated with either pain intensity
or satisfaction at most recent follow-up.
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Reoperations

In total, 5 of 51 shoulders (9.8%) underwent reoperation. Two of
these patients were treated with reverse shoulder arthroplasty
procedures at 2.2 and 5.9 years following their index rotator cuff
repair surgeries. One patient who experienced a retear was treated
first with an anterior latissimus dorsi transfer to the lesser tuber-
osity for an irreparable subscapularis tear at 0.6 years from the
index repair before being converted to a reverse shoulder arthro-
plasty at 5.3 years from the initial procedure. Two additional pa-
tients only required soft tissue procedures and were included
within the patient-reported outcomes analysis. One patient
required amini-open revision cuff repair at 0.4 years from the index
procedure, whereas the second underwent a biceps tenotomy at 0.4
years followed by an arthroscopic revision cuff repair for a trau-
matic retear at 5.7 years. Kaplan-Meier estimates for survival free of
reoperation demonstrated a 93.9% (95% CI 87.4e100.0) 1-year
survival rate, a 91.8% (95% CI 83.0-99.8) 5-year survival rate, and
an 88.4% (95% CI 77.4-98.9) 10-year survival rate. Based on the size
of the cohort and the low reoperation rate, there was not adequate
statistical power to further investigate risk factors associated with
failure.

Discussion

Inflammatory arthritis such as RA and the medications used to
treat these diagnoses including corticosteroids can directly impact
the bone and soft tissues around the glenohumeral joint. The
impact of these factors on outcomes following rotator cuff repair in
inflammatory shoulders is unclear. We aimed to further understand
the outcomes of cuff repair surgery in inflammatory arthritis by
collecting midterm patient-reported outcomes in a series of 51
shoulders treated at a single institution. Our results demonstrated
generally positive outcomes, with an average ASES score of 77, a
satisfaction score of 9 out of 10, and a Kaplan-Meier 5-year survival
rate greater than 90%. Male sex, less fatty infiltration, and complete
rotator cuff repairs were factors found to be associated with
improved clinical outcomes. These results suggest that a concom-
itant diagnosis of inflammatory arthritis by itself should not
disqualify these patients from consideration of rotator cuff repair
when indicated. Furthermore, we did not find evidence supporting
that antirheumatic medications, including corticosteroids,
adversely impact outcomes.

There are limited studies in the literature to compare our results
with. A previous study evaluating outcomes of rotator cuff repair in
patients with RA reported on 23 shoulders who underwent surgery
between 20 and 30 years ago.21 At an average follow-up of 9.7
years, these authors reported a mean ASES score of 69, a mean pain
score of 2, and a patient satisfaction score of 7. Altogether 35% of the
shoulders were assigned an unsatisfactory result. Although the
average pain score is similar in our study, ASES scores (77) and
patient satisfaction (9/10) were notably higher in the present study,
although these differences may not exceed the minimal clinically
important difference.23 The reason for these differences is unclear,
but it may relate to better overall control of inflammatory arthritis
symptoms with newer antirheumatic medications, including bio-
logic therapies,7 and possibly to improved surgical techniques and
more common use of arthroscopic repair surgery in more recent
years. The overall revision rate in the previous study of 8.7% is very
similar to what we observed and suggests that differences in repair
failures do not seem to be driving the differences in outcomes.

A more recent study compared 29 patients with RA undergoing
rotator cuff repair to a group of matched controls without the



Table III
Postoperative outcomes (average 7.0-year follow-up).

Pain intensity
Mean (SD) 2.3 (2.31)
Median 2.0
Range 0.0-8.0

Pain rating
0 18 (36.7%)
1 5 (10.2%)
2 6 (12.2%)
3 4 (8.2%)
4 6 (12.2%)
5 5 (10.2%)
6 3 (6.1%)
7 1 (2.0%)
8 1 (2.0%)

ASES score
Mean (SD) 77.0 (19.12)
Median 80.0
Range 35.0-100.0

SSV
Mean (SD) 74.8 (21.77)
Median 85.0
Range 25.0-100.0

Satisfaction
Mean (SD) 8.8 (1.92)
Median 10.0
Range 3.0-10.0

Satisfaction rating
3 1 (2.0%)
4 2 (4.1%)
5 2 (4.1%)
6 2 (4.1%)
7 2 (4.1%)
8 6 (12.2%)
9 5 (10.2%)
10 29 (59.2%)

PROMIS Upper Extremity score*

Mean (SD) 40.8 (10.58)
Median 40.5
Range 24.8-61.0

OTC pain meds
No 40 (81.6%)
Yes 9 (18.4%)

Prescription pain meds
No 15 (30.6%)
Yes 34 (69.4%)

ASES, American Shoulder and Elbow Surgeons; OTC, over the counter; SD, standard
deviation; SSV, subjective shoulder value.

*Sample size of 48 patients for the PROMIS Upper Extremity score. Sample size
for all other outcomes was 49 patients.

Table II
Radiographic tear characteristics.

Hamada classification
1 38 (79%)
2 9 (19%)
3 1 (2%)

Larson classification
0 31 (65%)
1 15 (31%)
2 2 (4%)

Supraspinatus tear
Full tear 40 (85%)
Partial tear 7 (15%)

Infraspinatus tear
No tear 29 (62%)
Full tear 10 (21%)
Partial tear 8 (17%)

Subscapularis tear
No tear 24 (51%)
Full tear 5 (11%)
Partial tear 18 (38%)

Teres minor tear
No tear 47 (100%)

Glenohumeral articular change
No 24 (51%)
Yes 23 (49%)

Number of tendons torn*

Mean (SD) 1.8 (0.8)
Median 2
Range 1-3

Tear size sagittal (mm)y
Mean (SD) 19 (12)
Median 16
Range 5-60

Tear size coronal (mm)z
Mean (SD) 20 (12)
Median 17
Range 6-53

Tear size area (mm)x
Mean (SD) 491 (584)
Median 269
Range 30-3196

Fuchs classification
0 28 (61%)
1 16 (35%)
2 2 (4%)

SD, standard deviation.
*Sample size of 47 patients.
ySample size of 45 patients.
zSample size of 46 patients.
xSample size of 44 patients.
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disease.13 At an average follow-up of 46 months, these authors
reported similar outcomes in both groups. More specifically, they
observed ASES scores of 78.1 and 85.5 and visual analog scale pain
scores of 2.5 and 1.8 in the RA and control groups, respectively.
Interestingly, the ASES and pain scores they observed in RA patients
were very similar to what we reported in our series (ASES 77, visual
analog scale Pain 2.3), highlighting consensus between the studies.
Although this study was smaller in scope than ours and used his-
torical patients who did not have access to current antirheumatic
therapies, it is notable that they were able to compare outcomes
directly with non-RA patients and found no difference between
groups. This bolsters the results of our case series because our
patient-reported outcomes mirrored those reported here.

Further review of the recent rotator cuff repair literature on
classic degenerative cuff tears is helpful to further understand the
relative outcomes in patients with and without IA. In a recent study
comparing mini-open cuff repair to arthroscopic cuff repair, the
average ASES score at 2-year follow-up was 91 in the mini-open
group and 83 in the arthroscopic group.4 These numbers are
slightly higher than we observed (77) but could be due to the
33
shorter follow-up period within this study. An additional study
evaluating the correlations between various patient-reported
outcome scores following rotator cuff repair observed an average
ASES of 81.2 at 2 years postoperatively, a number very similar to our
study.2 Finally, a large matched-pair analysis comparing operative
and nonoperative management of rotator cuff tears reported that
average ASES scores at final follow-up >24 months were 81 in the
operative group and 69 in the nonoperative group. Our average
ASES score is very comparable to that presented by this group and
clearly superior to the group treated nonoperatively in their
study.19 Although there is some variation, the average ASES score in
our study approximates values found in other studies. This is
impressive, considering that patients with IA can have underlying
articular pathology, which could degrade ASES scores even if the
rotator cuff repair remains intact.

An additional comparison between our results to outcomes
following reverse shoulder arthroplasty (RSA) in IA patients is also
helpful, as surgeons may be inclined to move straight to arthro-
plasty in older patients with IA and a large or massive rotator cuff
tear. In our study, 35% of patients presented with glenohumeral
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degenerative changes (Larson grade 2 or 3), making the decision
between cuff repair and arthroplasty relevant. A previous case se-
ries of IA patients reported a mean post-RSA ASES score of 76,10

which is very similar to the mean score of 77 we observed post-
rotator cuff repair. Importantly, there is evidence that RA is asso-
ciated with a higher risk of postoperative infection after primary
RSA,15 in addition to the literature demonstrating an increased rate
of scapular spine fractures in IA patients, with a 24% prevalence
observed in a RA cohort.14 Furthermore, a recent systematic review
highlighted that postoperative RSA clinical outcomes were inferior
in IA patients when compared with the general population. Alto-
gether, these results highlight that RSA for rotator cuff tears in IA
patients likely results in similar functional outcomes in comparison
to rotator cuff repair but may bring with it the risk of more sig-
nificant postoperative complications.

The strengths of our study include our ability to compile the
largest cohort in the literature of IA patients undergoing rotator cuff
repair. In addition, we were able to use phone interviews to collect
high-quality patient-reported outcomes at an average follow-up of
7 years with a very high follow-up rate. The principal weakness of
our study is that it is a case series without a direct comparative
group. However, rotator cuff repair in general is well studied in the
literature, and our outcomes can be easily compared with those
presented in prior studies. Another limitation is that we are lacking
certain important additional outcomes, including an assessment of
healing with imaging and radiographic changes at the gleno-
humeral joint over time. Furthermore, we were unable to extract
enough operative details to make comparisons between repair
constructs, which could have changed substantially during the
2008-2018 study window. Also, due to the limited size of the group
and the low number of failures, we did not have statistical power to
rigorously evaluate other associations of interest, such as type of
inflammatory arthritis, tear size, or patient age. Finally, the pre-
sumption with IA is that the inflammatory process could be
affecting the glenohumeral joint and rotator cuff; however, we
were unable to quantify this process using inflammatory markers
as has been done previously.13

Conclusion

Rotator cuff repair in patients with RA or other inflammatory
arthritis diagnoses resulted in satisfactory patient-reported out-
comes that are comparable to the general population. Furthermore,
reoperations were rare, with a 5-year survival rate of over 90%.
Altogether, an inflammatory arthritis diagnosis by itself should not
be considered a contraindication for attempted rotator cuff repair
surgery in inflammatory shoulders when indicated.
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