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Background: Individualswho relyonwheelchairs,walkers, and crutches for ambulationhavean increased
incidenceof rotator cuff tearsdue toaltered shoulderbiomechanics and increased force transmission across
the shoulder joint. The purpose of our study is to review our longitudinal outcomes treating upper ex-
tremity ambulators to guide patient expectations and identify risk factors for rotator cuff repair failure.
Methods: A total of fifteen patients were included after a cohort of thirty-nine patients were identified.
The mean age was 54.9 years at the time of index rotator cuff repair, with each patient requiring either
wheelchair, cane, walker, or crutches for ambulation. Clinical outcomes were measured (strength, range
of motion, and pain scores), and patient-reported outcome scores (American Shoulder and Elbow Sur-
geons, Simple Shoulder Test, and University of California Los Angeles functional shoulder assessment
tool) were obtained. No follow-up imaging was obtained unless indicated by a change in clinical status.
Results: Within our cohort, 14 of 15 (93%) presented with supraspinatus tears, 7 of 15 (47%) with
infraspinatus tears, and only 3 of 15 (20%) with subscapularis pathology. Additionally, the rates of
concurrent biceps pathology or acromioclavicular joint pathology were significant at 53% and 73%,
respectively. Only one patient in our cohort experienced known failure of cuff repair, despite longitudinal
follow-up at an average of 97 months following surgery, however, routine follow-up imaging was not
obtained. There were statistically significant improvements in visual analog scale pain scores, forward
flexion ROM and strength, and abduction ROM. Additionally, statistically significant improvements were
noted in all patient-reported outcome scores measured.
Conclusion: Despite the apparent risks associated in rotator cuff repair in upper extremity ambulators,
these patients demonstrate clinically significant improvements following surgery. Appreciating addi-
tional pathology beyond the rotator cuff is important in formulating a treatment plan.

© 2022 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/).
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Individuals who rely on wheelchairs, walkers, and crutches for
ambulation have an increased incidence of rotator cuff tears due to
altered shoulder biomechanics and increased force transmission
across the shoulder joint.3 Previous studies have shown a four-fold
increase in the incidence of rotator cuff tears in wheelchair-bound
patients compared to age and comorbidity-matched peers (63% vs
15 %).1 Several authors have described the outcomes of rotator cuff
repair in this population, although the data are quite limited,
especially in long-term results. Kerr et al described a 33% retear
rate, but satisfactory results with a mean follow-up of 46 months.13

Jung et al found a retear rate of 12% with improvement in ASES and
nstitutional Review Board #5
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alf of American Shoulder and Elbo
Constant scores at a mean of 31 months. In addition, this rela-
tively high incidence of rotator cuff pathology, coupled with a
greater reliance on upper extremity function to perform activities
of daily living, has been shown to delay presentation for treatment
and have a profound negative impact on psychological
well-being.8,18,23,24

While previously studies having described the incidence of ro-
tator cuff pathology and outcomes following rotator cuff repair in
upper extremity ambulators (UEA) patients, to date no other
studies have reported other associated shoulder pathology in this
cohort and the impact of associated comorbidities. Therefore, the
purpose of our study is to review our longitudinal outcomes
treating UEA patients to guide patient expectations and identify
risk factors for treatment failure.We hypothesize that in addition to
rotator cuff tears there will be a high incidence of concomitant
shoulder joint pathology and that outcomes will deteriorate over
time given the high demand placed on the shoulder unique to this
patient population.
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Table I
Patient inclusion and exclusion criteria.

Inclusion criteria
� Underwent shoulder surgerydsurgical codes for rotator cuff repair (29827),

sub-acromial decompression (29826) or acromioclavicular joint resection
(29824).

� Reliance on assisted walking devices (wheelchair, walker, cane, or crutches)
for >6 months.

� Aged >18 years.
Exclusion criteria
� Previous surgery to the affected shoulder.
� Neurologic impairment of affected shoulder (known cervical disc herniation,

cervical or thoracic syringomyelia or tetraplegia).
� Active shoulder infection at time of surgery.

Table II
Patient demographics.

Sex
Male 8 (53%)
Female 7 (47%)

Age (y)
Mean and SD 54.9 ± 9.12
Median 54
Range 44-75

Dominant hand injured?
Yes 11 (80%)
No 4 (20%)

Smoking status
Smoker 7 (47%)
Nonsmoker 8 (53%)

Diabetes status
Diabetic 4 (27%)
Nondiabetic 11 (73%)

Reason for assistive device use
SCI 4 (27%)
CVA 5 (33%)
Knee OA 2 (13%)
Other 4 (27%)

SCI, spinal cord injury; CVA, cerebrovascular accident/stroke; OA, osteoarthritis; SD,
standard deviation.
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Materials and methods

An institutional review board-approved retrospective chart re-
view was performed on all patients who underwent rotator cuff
repair by the senior author (S.G.) at our institution from 2002 to
2013. Adult patients that were reliant on wheelchairs, walkers, or
crutches for ambulation for a minimum of 6 months prior to sur-
gery were considered UEA and included in the study. Patients with
neurologic shoulder impairment and previous shoulder surgery
were excluded (Table I). Demographic data, medical, and surgical
history and operative reports were reviewed (Table II). In addition,
preoperative radiographs and magnetic resonance imaging (MRI)
were also reviewed to determine rotator cuff tear size, thickness,
chronicity, location, and presence of fatty infiltration using the
Goutallier grading system. MRI and clinical examination were used
to identify concomitant shoulder pathology, including symptom-
atic acromioclavicular (AC) joint, labral, glenohumeral, and biceps
pathology.

All patients underwent surgical treatment after failure of con-
servative treatment consisting of rest, physical therapy, and/or
corticosteroid injection. For rotator cuff repair, all surgeries were
performed arthroscopically by the senior author utilizing single or
multiple Bio-corkscrew anchor(s) (Arthrex, Naples, FL, USA) with
#2 FiberWire suture in a single row with horizontal mattress
technique. The appearance of the cuff tears in each patient varied,
and the technique of repair was at the discretion of the treating
surgeon. If the patient was found to have tenderness over the AC
joint, pain elicited with cross arm adduction on exam or imaging
consistent with AC joint arthrosis, an arthroscopic distal clavicle
excision was performed. If the patient was found to have intra-
articular degeneration of the long head biceps tendon intra-
operatively, an arthroscopic biceps tenotomy was performed at the
discretion of the surgeon. Degenerative labral d�ebridement was
performed at the discretion of the surgeon based on intraoperative
findings, as well.

Postoperatively, patients were seen at regular intervals of 2, 6,
and 12 weeks. Additional follow-up appointments were also
scheduled for 6 months and 1 year postoperatively as needed. All
patients completed a standardized therapy protocol (Table III).
Three shoulder assessment scores were used to determine func-
tionality at the initial preoperative visit and end-of-care visit:
University of California Los Angeles (UCLA) functional shoulder
assessment tool, American Shoulder and Elbow Surgeons Evalua-
tion Form (ASES), and Simple Shoulder Test (SST). The question-
naires involved with the ASES and SST scores were available at the
initial visit, end-of-care visit, and an additional long-term follow-
up conducted over the phone, while the other measurements were
taken at each follow-up visit whenever possible. Range of motion
and strength was determined by the surgeon using a goniometer
and Medical Research Council (MRC) 5-point scale, respectively.
End of care was defined as clinic visit where therapist, surgeon, and
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patient agreed maximal functional outcome had been attained.
Failure of repair was defined clinically by worsening pain, acute
onset of weakness, or loss of function. Imaging studies were not
routinely obtained at the final follow-up. Statistical analysis was
performed using linear regression (analysis of covariance) which
modeled the outcomes of change in UCLA score, pain, forward
flexion, and flexion strength (finale initial). The alpha valuewas set
at 0.05. Two predictors were used in the analysis of covariance
models: initial value of an outcome and a group indicator (for
example, presence of diabetes mellitus). Linear mixed models
(LMMs), accounting for repeated observations within a subject,
were used for modeling change in SST and ASES over time. LMM
explored the effect of a variable of interest (such as diabetes mel-
litus) at both follow-ups controlling for baseline effect at each
follow-up visit. Boxplots are presented for SST and ASES over time
(Figs. 1-9). Separate models investigated the effects of diabetes
mellitus, smoking, acute versus chronic tear, and Goutallier classi-
fication separately (Figs. 1-9). Summary statistics are provided for
each outcome by covariates. Analysis was done using SAS V9.4 (SAS
Institute, Cary, NC, USA).
Results

A total of 15 patients met the inclusion criteria. Patients’ ages
ranged from 44 to 75, with a mean age of 54.9 years. All 15 patients
required the use of an assistive device for ambulation both pre-
operatively and postoperatively, with 4 of the patients requiring
use of a wheelchair, 5 requiring a walker, 4 requiring a cane, and 2
requiring crutches. Reasons for requiring assistive device for
ambulation varied, but included prior stroke, spinal cord injury,
lower extremity osteoarthritis, and chronic low back pain. Final
clinic follow-up ranged from 5-40 months, and final phone follow-
up ranged from 57-149 months.

Eleven of the 15 patients experienced a rotator cuff injury of
their dominant extremity (Table II). The average Goutallier grade
for our patient cohort was 2.64, which is higher than many
other published studies. The value for Goutallier grade was
calculated by taking an average of the torn tendons for each
patient. The rate of biceps tendinopathy was 53%, with those
same 8 patients receiving a biceps tenotomy. One superior
labrum from anterior to posterior tear was noted, a biceps



Figure 1 Linear mixed model representing SST scores at baseline, at final clinic follow-
up, and in phone follow-up with relation to the presence or absence of diabetes
mellitus. The presence of diabetes as a comorbidity does not appear to have influenced
SST scores during the course of follow-up. SST, Simple Shoulder Test.

Figure 2 Linear mixed model representing SST scores at baseline, at final clinic follow-
up, and in phone follow-up with relation to the presence or absence of smoking. The
presence of smoking as a comorbidity does not appear to have influenced SST scores
during the course of follow-up. SST, Simple Shoulder Test.

Figure 3 Linear mixed model representing SST scores at baseline, at final clinic follow-
up, and in phone follow-up with relation to the chronicity of rotator cuff tear. The
chronicity of the tear does not appear to have influenced SST scores during the course
of follow-up. SST, Simple Shoulder Test.

Figure 4 Linear mixed model representing SST scores at baseline, at final clinic follow-
up, and in phone follow-up with relation to Goutallier classification as determined by
preoperative MRI. The Goutallier classification of the rotator cuff pathology does not
appear to have influenced SST scores during the course of follow-up. MRI, magnetic
resonance imaging; SST, Simple Shoulder Test.

Table III
Rotator cuff repair therapy protocol.

Follow-up week Protection Exercises

Week 1 Wear sling at all times, off for exercises and bathing � Passive ROM only for shoulder (flexion, abduction, ER/IR) as pain tolerates 3x daily.
� Flexion ¼ 90� , ER ¼ 40� , IR ¼ 40�

� Slow progress to full passive ROM by 3 weeks
� Active ROM to scapula, elbow, wrist, and hand
� Scapular stabilization using manual resistance and proper mechanics
� Pendulum - 5x daily

Week 6 Discontinue sling � Passive ROM as tolerated
� Active/Assisted shoulder ROM (wall walk, cane)
� Emphasize scapular stabilization/proper mechanics

Week 8 None � Passive, full ROM
� Active shoulder ROM
� Submaximal isometrics to shoulder

Week 10 None � Active/Passive ROM
� Strengthening -slow steady progression
� Ensure scapular stabilization/proper mechanics when strengthening

ROM, range of motion; ER, external rotation; IR, internal rotation.
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Figure 5 Linear mixed model representing ASES scores at baseline, at final clinic
follow-up, and in phone follow-up with relation to the presence or absence of diabetes
mellitus. The presence of diabetes as a comorbidity does not appear to have influenced
ASES scores during the course of follow-up. ASES, American Shoulder and Elbow
Surgeons.

Figure 6 Linear mixed model representing ASES scores at baseline, at final clinic
follow-up, and in phone follow-up with relation to the presence or absence of
smoking. The presence of smoking as a comorbidity does not appear to have influ-
enced ASES scores during the course of follow-up. ASES, American Shoulder and Elbow
Surgeons.

Figure 7 Linear mixed model representing ASES scores at baseline, at final clinic
follow-up, and in phone follow-up with relation to the chronicity of rotator cuff tear.
The chronicity of the tear does not appear to have influenced ASES scores during the
course of follow-up. ASES, American Shoulder and Elbow Surgeons.

Figure 8 Linear mixed model representing ASES scores at baseline, at final clinic
follow-up, and in phone follow-up with relation to Goutallier classification as deter-
mined by preoperative MRI. The Goutallier classification of the rotator cuff pathology
does not appear to have influenced SST scores during the course of follow-up. MRI,
magnetic resonance imaging; ASES, American Shoulder and Elbow Surgeons; SST,
Simple Shoulder Test.
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tenotomy was performed in this patient and the superior labrum
was d�ebrided. Seventy-three percent of patients exhibited
symptomatic AC joint degeneration, and 100% of our cohort
received a subacromial decompression, and 73% of the patients
underwent distal clavicle excision. Sixty-seven percent of pa-
tients required glenohumeral/labral degeneration d�ebridement.

Overall, all patients showed a significant improvement in pain
and clinical outcome scores (Table IV). Improvement in pain from
preoperative to end-of-care appointment (average 12 months
postoperative; range 5-40 months) was 5 visual analog scale points
(P� .001). Average improvement in forward flexionwas 35 degrees
(P � .001) and abduction was 30 degrees (P ¼ .002). Average
improvement in forward flexion strength was 0.8 MRC grades
(P ¼ .01). Average functional improvements were also significant as
measured by UCLA (14.8 points, P < .001), SST (6.47 points,
P < .001), and ASES scores (45.11 points, P < .001). Long-term
functional scores obtained from phone interviews conducted at
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an average of 97 months postoperatively (range, 57-149 months)
showed decreased SST (2.3 points, P ¼ .01) and ASES (19 points,
P ¼ .01) from initial postoperative measurements but maintained
improvement relative to preoperative values (P < .001).

Assessment of medical comorbidities and rotator cuff charac-
teristics on rotator cuff repair outcome at the end of healing was
equivocal. In patients with diabetes, there was no statistically sig-
nificant difference in final pain, range of motion or UCLA, SST, or
ASES scores compared to patients without diabetes. Similarly, in
patients with a chronic as opposed to an acute tear there were no
statistically significant differences. However, in patients with
smoking history, the difference in gain of flexion strength was
statistically significant (0.56 ± 0.20 P ¼ .0186). One patient did
demonstrate new onset weakness and pain at follow-up, an MRI
was performed, and a retear was identified. The patient underwent
conservative treatment with physical therapy and was able to
continue use of a wheelchair for ambulation. We are unable to



Figure 9 ASES scores in relation to acute or chronic tears demonstrate that for both
acute and chronic tears, there is an improvement from baseline in final clinic follow-
up, but this effect does appear to diminish by the final phone follow-up. ASES,
American Shoulder and Elbow Surgeons.
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determine if other asymptomatic retears occurred as final follow-
up imaging was not routinely obtained.

Discussion

Our study found satisfactory patient-reported outcomes at final
clinic follow-up (5-40 months), and long-term phone follow-up
(57-149 months). Based on clinical examination, only one pre-
sumed retear is reported in our cohort of 15 patients. Overall, there
was attrition in outcomes over time, with decreased ASES and SST
scores at phone follow-up compared to final clinic follow-up.
However, these scores were still improved as compared to the
preoperative baseline.

Historically, rotator cuff repair in UEA patients was controversial
due to the high risk of retear and complex tear patterns. However,
more recent studies have demonstrated short-term success for
rotator cuff repair in UEA patients.6,9,11-13,17,19 Nevertheless, studies
assessing long-term outcomes of rotator cuff repair in UEA have
remained elusive in part due to the relatively small patient popu-
lation and lack of standardized long-term functional assessments.

In the present study, despite the increased functional demands
of the shoulder postoperatively in UEA patients, we found a sig-
nificant improvement in pain, range of motion, and strength at final
clinic follow-up, and patient-reported outcomes demonstrate long-
term function improvements. However, over time we did see a
decrease relative to initial end of healing outcome measurements.
This attrition over time could be secondary to known age-related
changes in cuff quality as well as increased wear due to the
unique biomechanical stresses on the shoulder when the upper
extremity is used for ambulation.14 Specifically, biomechanical data
Table IV
Outcomes after rotator cuff repair at final in-office follow up visit.

Measurement Baseline Final follow-up

VAS pain score 5.9 0.9
Forward flexion 112 147
Forward flexion strength* 3.6 4.4
Abduction 108 138
UCLA score 14.4 29.2
SST score 4.06 10.53
ASES score 41.0 86.11

VAS, visual analog scale; UCLA, University of California Los Angeles; SST, simple shoulder
*Measured in MRC (0-5 scale, with 0 ¼ paralysis, and 5 ¼ normal strength).
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demonstrate that during the push phase of wheelchair propulsion,
the infraspinatus, anterior deltoid, and pectoralis major provide
power and aremost prone to fatigue.20 It should be noted, however,
the significant heterogeneity in our study and that only 4 of 15
participants utilized wheelchair as the primary modality of
ambulation. Routine surveillance MRI could possibly detect these
changes over time and could be considered an area for further
research moving forward.10

The majority of our patients had supraspinatus tears (93%),
which is consistent with previous studies, including a 2013 sys-
tematic review performed by Mall et al examining tear character-
istics in all populations found that 84% of patients with a rotator
cuff tear had a supraspinatus tear, 39% had an infraspinatus tear,
and 78% demonstrated tears of the subscapularis.15 Our incidence
was slightly higher for supraspinatus involvement; however, the
rate of subscapularis tears was far greater in the general RCT pop-
ulation, only 3 of 15 patients in our group of UEAs. Akbar et al
compared 100 paraplegic, wheelchair-bound patients with 100 age
matched controls and performedMRI of the shoulder. In comparing
the wheelchair-dependent group to the control group, the rate of
supraspinatus tears was 61% vs. 14%, subscapularis tears 12% vs. 2%,
and infraspinatus tears 19% vs. 3%, respectively.1 Based on these
findings, and biomechanical studies of UEAs that demonstrate
increased stress on the anterosuperior rotator cuff, our rates of
specific tendons torn redemonstrate the findings from these prior
studies, despite limited sample size.16

In addition to rotator cuff tears, our study also revealed a high
incidence of concomitant shoulder pathology in the UEA population.
Themajority of our patients (73%) also had symptomatic AC arthritis,
highlighting the importance of comprehensive approach to shoulder
treatment. Much like rotator cuff tears in the general population,
concomitant shoulder pathology is quite common among UEAs.
Specifically, biceps tendinopathy (including appears quite common,
with incidence between 40% and 83%).10,13 Additionally, AC joint
arthritis, CA ligament thickening, and bursitis appear quite
frequently.10

Although multiple studies exist following longitudinal out-
comes of rotator cuff repair in UEAs, few have documented this
extended amount of follow-up or used standard reproducible
outcome measures. Kerr et al had an average final follow-up of 46
months (24-82 months) but determined outcome based on clinical
in-office examination and ultrasound evaluation.13 Jung et al had an
average final follow-up of 32.1 months, but in their final visit they
assessed rotator cuff repair integrity via MRI.12 Fattal et al had an
average follow-up of 18months.6 Our study included phone follow-
up at an average of 97 months demonstrates that not only do these
patients improve in the 1-2-year postoperative timeframe but they
also experience improvement compared to preoperative functional
status, although this effect does appear to diminish over time. We
only report one known retear in our cohort of 15 patients, although
without MRI or ultrasound evaluation of each patient, we cannot
confirm that this was the single retear in our cohort.
Average change from preoperative baseline Level of significance

�5.0 P � .001
þ35 P ¼ .003
þ0.8 P ¼ .01

þ30 P ¼ .002
þ14.8 P � .001
þ6.47 P � .001

þ45.11 P � .001

test; ASES, American Shoulder and Elbow Surgeons; MRC, Medical Research Council.
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With the exception of Goldstein et al, other studies regarding
rotator cuff repair in this population have not accounted for the
impact of comorbidities on outcomes.7 It is well-documented that
both diabetes and smoking increase the risk of rotator cuff tear and
prevent tendon-bone healing following repair.4,5,21,22 Smoking also
exhibits a dose and time-dependent relationship with cuff tears.2

Although 47% of our study population smoked and 27% had dia-
betes, we were unable to identify a statistically significant differ-
ence in SST or ASES scores in the diabetic or smoking patients
within our population. On further analysis, UEA patients who
smoked were found to have a statistically significant difference in
gain of flexion strength, compared with those that were non-
smokers. This could be explained by previously exhibited poor
tendon healing in smokers.21 However, given the small sample size
and confounding variables such as variable follow-up and
concomitant shoulder pathology these results should be inter-
preted with caution.

Limitations of this study include the retrospective nature of the
study and small sample size (n ¼ 15), which limit the generaliz-
ability of our findings. However, our findings are consistent with
other studies’ findings with regard to cuff tendon involved and
functional outcomes.6,12,13 In addition to small sample size, there
was significant heterogeneity of our study population with regard
to UEA type and overall shoulder pathology. Although the majority
of literature on rotator cuff repair in UEA patients has focused on
wheelchair ambulation, our study featured a significant proportion
of patients who utilize other ambulatory devices such as crutches,
canes, and walkers. Although each of these increase force trans-
mission across the shoulder joint, there are likely different
biomechanical implications which alter specific rotator cuff tear
injury pattern and retear rate. Furthermore, there is evidence to
suggest the size of rotator cuff tear is greater in those with pro-
longed use of crutches preoperatively; however, there is little evi-
dence available regarding tear rates in those with prolonged use of
walkers. A future prospective study with more patients would
enable greater intergroup comparisons and may ultimately influ-
ence treatment and postoperative rehabilitation. Our study did not
include final follow-up imaging studies (ultrasound or MRI), which
significantly limits our ability to conclude true retear rate. Although
only one symptomatic retear was identified, the actual retear rate
could be much higher.

Conclusion

Although our sample size limits generalizability, our results
confirm previous reports that rotator cuff repair in UEAs is associ-
ated with long-term improvements in pain and patient-reported
functional outcomes. Appreciating additional pathology beyond
the rotator cuff is important in formulating treatment plan.
Comparing an age and comorbidity-matched cohort that does not
require assistive devices for ambulation could provide further
insight into outcomes of UEAs following rotator cuff repair.
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