1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Shoulder Elbow Surg. Author manuscript; available in PMC 2022 June 10.

-, HHS Public Access
«

Published in final edited form as:
J Shoulder Elbow Surg. 2019 May ; 28(5): 833-838. d0i:10.1016/j.jse.2018.10.001.

Physical therapy versus natural history in outcomes of rotator
cuff tears: the Rotator Cuff Outcomes Workgroup (ROW) cohort
study

Rebecca N. Dickinson, DPT2, Gregory D. Ayers, MSP, Kristin R. Archer, PhD, DPTa¢, Run
Fan, PhD, MSP, Cristina Page, BSY, Laurence D. Higgins, MD, MBA®, John E. Kuhn, MD,
MS2, Keith M. Baumgarten, MDf, Elizabeth Matzkin, MD®, Nitin B. Jain, MD, MSPH&¢"
aDepartment of Orthopaedics and Rehabilitation, Vanderbilt University Medical Center, Nashville,
TN, USA

bDepartment of Biostatistics, Vanderbilt University School of Medicine, Nashville, TN, USA

¢Department of Physical Medicine and Rehabilitation, Vanderbilt University Medical Center,
Nashville, TN, USA

dvVirginia Commonwealth University School of Medicine, Richmond, VA, USA

€Department of Orthopaedic Surgery, Brigham and Women’s Hospital and Harvard Medical
School, Boston, MA, USA

fOrthopedic Institute, Sioux Falls, SD, USA

Abstract

Background: We compared the outcomes of patients who performed physical therapy versus
those who did not in a longitudinal cohort of patients undergoing nonoperative treatment of rotator
cuff tears. We also assessed whether there was a dose effect in which the pain and functional
outcomes in patients performing physical therapy plateaued.

Methods: From February 2011 to June 2015, a multicenter cohort of patients with rotator

cuff tears undergoing nonoperative treatment completed a detailed health and demographic
questionnaire and the Shoulder Pain and Disability Index (SPADI) at baseline and 3, 6, 12, and
18 months. Longitudinal mixed models were used to assess whether physical therapy in the first 3
months predicted SPADI scores and dose effect.

Results: Among the 55 patients in our cohort, the performance of physical therapy within the
first 3 months predicted better SPADI scores versus nonperformance of physical therapy at 3
months (P=.02). Scores were similar between groups at 6, 12, and 18 months. A threshold of

16 physical therapy sessions was observed for pain and functional improvement during follow-up,
after which significant improvement was not seen.
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Conclusions: Patients who performed physical therapy within the first 3 months had statistically
significant improvements in pain and function as measured by the SPADI score at 3 months
compared with patients who did not report performing physical therapy. Depending on the
minimal clinically important difference used for the SPADI score, our results could be interpreted
as meeting the minimal clinically important difference threshold or not. Improvement in outcomes
was observed up to 16 sessions of physical therapy, after which outcomes plateaued.

Level of evidence: Level Ill; Retrospective Cohort Comparison; Treatment Study

Keywords

Rotator cuff; nonoperative treatment; conservative treatment; rotator cuff tears; physical therapy;
physiotherapy; dosing

Physical therapy is often the first line of treatment for patients with rotator cuff tears.1.6:7
Several studies have shown improvement in outcomes with physical therapy,1:6:7 whereas
others have not shown improvement.8.10 Physical therapy can be cost-effective if it is
benefitting patients and outcomes; however, it is debated whether the natural history of
rotator cuff tears is such that patients become asymptomatic over time without treatment
and, therefore, the addition of a physical therapy program may have no additional benefits.
In addition, no studies in the literature have described optimal dosing of physical therapy for
rotator cuff tears.

The objective of our study was to determine whether patients who participated in physical
therapy had better pain and functional outcomes over an 18-month follow-up period than
those who did not. We also assessed a “dose effect” of the number of physical therapy
sessions to determine when improvement plateaued in this cohort of patients.

Materials and methods

Patient population

Patients with symptomatic rotator cuff tears scheduled for nonoperative treatment were
recruited into a multicenter longitudinal study termed the Rotator Cuff Outcomes
Workgroup (ROW). The eligibility criteria for the study included age of 45 years or

older and the presence of symptoms including pain and decreased function for at least 4
weeks. Patients were recruited from sports or shoulder clinics in 3 academic settings and

1 community setting between February 2011 and June 2015. The exclusion criteria were a
current shoulder fracture, prior shoulder surgery (on the index shoulder), and active cervical
radiculopathy (elicited as neck pain radiating to the shoulder, arm, and/or hand). Patients
provided informed consent.

Patients were followed up at approximately 3, 6, 12, and 18 months after completion of the
baseline visit at the time of recruitment. Follow-up was performed via mail, and patients
received phone or e-mail reminders if they did not return the questionnaires. Seventy
patients met the eligibility criteria specified earlier and underwent nonoperative treatment.
Of these, patients with missing information on one of the standardized questionnaires (n = 1)
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or who did not undergo follow-up at the 3-month time point (n = 14) were excluded. Thus, a
total of 55 patients were included in this analysis.

Structured history and physical therapy questionnaire

Patients completed a structured shoulder and general health questionnaire at baseline. An
abbreviated version of this questionnaire was completed by patients at each follow-up
time point. The presence or absence of injury or trauma was determined by a physician
from a description of the patient’s injury by self-report. Mental health was assessed using
the Mental Health Inventory (MHI-5),2 a component of the 36-item Short Form Health
Survey.18 MHI-5 scores range from 0 to 100. A score of 68 or less on the MHI-5 is
indicative of a probable mood disorder (including depression).>17 Psychological distress
has been associated with increased pain and decreased function by self-reported scores in
patients with rotator cuff tears.*

All patients were given orders for physical therapy at baseline. This physical

therapy prescription usually provided instructions on rotator cuff strengthening, scapular
stabilization, and stretching exercises that were recommended. Recommendations on the use
of modalities such as electrical stimulation and ultrasound were also provided to the physical
therapist. At 3 months of follow-up, patients were asked whether they underwent formal
physical therapy for their shoulder problem in the past 3 months. Patients could respond by
marking “yes” or “no.” Information on the number of physical therapy sessions and the total
duration for which physical therapy was performed during these 3 months was also elicited.

Outcome measure

Patients completed shoulder pain and function questionnaires including the Shoulder Pain
and Disability Index (SPADI),1# a standardized 13-item questionnaire, at baseline and
follow-up. The SPADI has a pain scale (5 items) and disability scale (8 items) that elicit
information on pain and functional limitations with activities of daily living, respectively.
The composite SPADI score ranges from 0 to 100, with higher SPADI scores reflecting
worse pain and function. If a patient was missing more than 2 items on the SPADI
questionnaire, the SPADI score was assigned a missing value. The minimal clinically
important difference (MCID) for the SPADI score has been reported to be 8, 10, and 13.2
points, 1519

Diagnostic imaging
Shoulder magnetic resonance imaging (MRI) scans were read in a blinded fashion by
consensus by 2 shoulder experts (either L.D.H. and N.B.J. or J.E.K. and N.B.J.). Our
previous work has shown good inter-rater and intrarater reliability for these MRI readings
as compared with a musculoskeletal radiologist.3 The x values ranged from 0.75 to 0.90
for tear presence, tear size, and tear thickness.3 MRI features including tear thickness, tear
size in the longitudinal and transverse planes, fatty infiltration of the rotator cuff muscles,
tendon retraction, and rotator cuff muscle atrophy were assessed. The criteria for each of
these measurements followed standard nomenclature as previously described.3
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Diagnosis of rotator cuff tear

Rotator cuff tears were diagnosed based on the clinical impression of a sports or shoulder
fellowship—trained attending physician and evidence of structural deficit on MRI (when
available). Both of these conditions had to be met for a patient to receive a diagnosis of a
rotator cuff tear. If MRI was unavailable because it was not clinically indicated (n = 11), the
diagnosis was based on the clinician’s impression based on the patient’s history and physical
examination findings.

Statistical analysis

Results

All analyses were conducted in the R programming environment (R Foundation for
Statistical Computing, Vienna, Austria).13 Continuous variables were summarized using the
median, 25th percentile, and 75th percentile, as well as the mean and standard deviation.
Categorical variables were summarized as frequency counts and percentages. The SPADI
score (lower is better) was analyzed over time using a mixed model with an autoregressive
correlation structure for repeated measures.12 Separate models were developed for the
association of physical therapy (yes or no) with the SPADI score and for the number of
physical therapy sessions with the SPADI score. The effects of physical therapy and the
number of sessions were estimated controlling for baseline SPADI score, patient age, MHI-5
score, and number of comorbidities. We used a restricted cubic spline with 3 knots to
transform number of sessions as a predictor to account for an apparent nonlinear relationship
between number of physical therapy sessions and SPADI score. Because the association

of the SPADI score with performance of physical therapy or number of physical therapy
sessions may not be linear with duration of follow-up, interactions of physical therapy and
number of sessions by time were assessed with only baseline SPADI score as a supporting
covariate. Predicted mean differences in average SPADI score between physical therapy
groups (yes vs no) and between the interquartile range of number of sessions were estimated
and tested using the Ismeans package in R (R Foundation for Statistical Computing).® As
noted, adjustments for multiple comparisons were made using the multivariate ¢distribution.

Fifty-five patients in the Rotator Cuff Outcomes Workgroup (ROW) cohort underwent
nonoperative treatment and had data at baseline and 3 months of follow-up. This included 18
patients (33%) who did not undergo physical therapy and 37 patients (67%) who underwent
physical therapy within the first 3 months (Table I). The median number of physical therapy
sessions attended by patients within the first 3 months was 8. Of the patients who reported
having undergone physical therapy, 86% performed strengthening exercises, 76% performed
stretching exercises, and 22% underwent use of modalities such as electrical stimulation and
ultrasound during their physical therapy sessions. The median age of patients in the cohort
was 65 years, 53% of patients (n = 29) were women, and 49 patients (91%) were white.
Traumatic tears accounted for 42% of patients. No significant different between the 2 groups
was found in their baseline SPADI scores.

Physical therapy within the first 3 months was significantly associated with improved
SPADI scores at follow-up (p = —10.96, standard error = 4.62, P=.021; Table I1I). When
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we adjusting for other covariates (follow-up duration, age, MHI-5 score, baseline SPADI
score, and number of comorbidities), patients who underwent physical therapy within the
first 3 months since enrollment had significantly improved SPADI scores, with a model-
estimated average of 10.96 points lower (95% confidence interval, —20.0 to —1.91 points)
compared with patients who did not undergo physical therapy (£ = .02, Table I11). When
interactions with time were assessed, a larger significant effect size of the difference in the
average SPADI score between the 2 groups was estimated at 3 months (mean SPADI score
difference, —13.03 points; 95% confidence interval, —25.7 to —0.34 points; adjusted £=.043;
Table I11), with the differences between the 2 groups diminishing and not being statistically
significant at 6, 12, and 18 months (Fig. 1).

When adjusted for other covariates, the relationship between the number of physical therapy
sessions and the SPADI score was concave over the follow-up period. The SPADI score
decreased linearly by 1.99 points (standard error = 0.64, £=.003; Table 1V) for every
physical therapy session until the 16th session. Subsequently, a slight increase in SPADI
scores occurred with each additional physical therapy session. Figure 2 shows that the
decrease in SPADI scores plateaued at approximately 16 physical therapy sessions.

Discussion

In a cohort of 55 patients who were followed up longitudinally after undergoing
nonoperative treatment of rotator cuff tears, we found that, compared with patients who

did not perform physical therapy, patients who did perform physical therapy within the first
3 months had significantly better shoulder pain and function as measured by the SPADI
score during follow-up. Most of this improvement occurred during the first 3 months of
follow-up. However, depending on the MCID for the SPADI score used to interpret the
clinical significance of our results, the difference between the groups may be clinically
meaningful or not. If we used the highest value of the MCID of 13.2 points, the differences
between the 2 groups would not meet the MCID threshold. We also found that improvement
in shoulder pain and function plateaued after approximately 16 physical therapy sessions.
Subsequently, a slight worsening of shoulder pain and function occurred with additional
physical therapy sessions.

Prior literature reviews on physical therapy to treat rotator cuff tears have shown mixed
results. A recent Cochrane review of 60 trials found 1 high-quality study that showed no
clinically important difference in manual therapy and exercise over placebo.!! Bennell et
al! performed a randomized trial in 120 participants. Manual therapy and home exercise
were compared with placebo. No differences between the 2 groups were noted at 11 weeks,
but significant improvements in the SPADI score in the manual therapy and exercise group
over placebo were observed at 22 weeks.! In a cohort of 452 patients with atraumatic full-
thickness rotator cuff tears, Kuhn et al® found that approximately 75% of patients improved
with physical therapy at 2 years of follow-up and did not require surgical intervention.
Tanaka et al16 followed 123 shoulders treated conservatively, of which 65 had improvements
in symptoms and 58 underwent surgery. In our cohort, patients who underwent physical
therapy within the first 3 months had significantly improved outcomes during follow-up,
but it is questionable whether this is clinically significant depending on the MCID for the
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SPADI score used to interpret our results. An interaction with duration of follow-up was
also found, in which most of the benefit was seen in the first 3 months of follow-up. After
this point, the 2 groups had similar SPADI scores. Although we cannot ascertain the reasons
for this, it is possible that patients who did not undergo physical therapy within the first

3 months went on to undergo physical therapy after this point and therefore had delayed
improvement in outcomes. It is also possible that this is the natural history but there are
benefits to physical therapy returning patients to work and activity faster. The MHI-5 score
was not significantly associated with the SPADI score in our study. However, prior work has
shown that mental health is associated with outcomes of physical therapy.*

The threshold for the number of physical therapy sessions for optimal improvement is an
important issue for patients, clinicians, and payers. However, data on this issue are sparse.

In the aforementioned study by Bennell et al,! patients in the manual therapy and exercise
group and placebo group were seen for 10 visits, with improvements in SPADI scores in the
therapy group at 22 weeks, but this study did not report on the optimal number of physical
therapy sessions. Our analysis found that outcome improvement plateaus at 16 physical
therapy sessions, with a slight worsening in outcomes after 16 sessions. The worsening of
outcomes after 16 sessions may be attributed to selection bias in our cohort in which patients
with worse or persistent symptoms may have continued to perform physical therapy after 16
visits. This issue needs further assessment.

Limitations of our study include a relatively smaller cohort of 55 patients and limited ability
to control for more variables. However, data from our analysis are valuable and can be

used to confirm our findings in a larger cohort of patients or clinical trial. Complete data

for all patients at each of our outcome time points were not available. We were unable to
independently verify patient-reported data on physical therapy with actual medical records.
We were also unable to report specifics of the physical therapy interventions including the
duration of sessions and the home exercises given.

Conclusion

In a longitudinal cohort of patients with rotator cuff tears followed up for 18 months,

we found that patients who performed physical therapy within the first 3 months had
statistically significant improvements in pain and function as measured by the SPADI
score at 3 months compared with patients who did not report performing physical therapy.
Depending on the MCID used for the SPADI score, our results could be interpreted as
meeting the MCID threshold or not in the first 3 months. Improvement in outcomes was
observed up to 16 sessions of physical therapy, after which outcomes plateaued. Given the
sample size of our cohort, these findings are preliminary and should be confirmed in larger
studies and ideally in a randomized controlled trial study design.
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Figure 1.

Predicted differences in average Shoulder Pain and Disability Index (SPADI/) score between
patients who reported performing physical therapy and patients who reported not performing

physical therapy in first 3 months during 18 months of follow-up.
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Figure 2.

Relationship between number of physical therapy sessions and Shoulder Pain and Disability
Index (SPADI) score during 18 months of follow-up.
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Summary of selected baseline demographic, disease, and treatment characteristics of patients undergoing
nonoperative treatment of rotator cuff tears in ROW cohort
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Data

Female patients 53% (29)
Age, yr 61/65/68 (64 + 8)
White patients 91% (49)
MHI-5 score 75/85/90 (79 + 16)
SPADI score at baseline, points  27/40/57 (44 + 23)
No. of comorbidities

<1 45% (25)

>1 55% (30)
Physical therapy at 3 mo

No 33% (18)

Yes 67% (37)

Total No. of sessions at 3 mo

0/8/17 (9 + 10)

Trauma
No 53% (29)
Yes 42% (23)
Missing 5% (3)

ROW, Rotator Cuff Outcomes Workgroup; MHI/-5, Mental Health Inventory; SPADI, Shoulder Pain and Disability Index.

The sample size was 55 patients for all data except total number of sessions at 3 months (n = 52). Continuous variables are presented as lower
quartile/median/upper quartile (mean + standard deviation). Numbers after percentages are frequencies.
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Relationship of physical therapy participation with SPADI score at 18 months’ follow-up in ROW cohort

Estimate Standard error P value
Intercept 46.58 21.33 03"
6-mo follow-up” -3.89 248 12
12-mo follow-upf -6.36 2.61 027
18-mo follow-up” -10.61 1.92 <001
Age -0.35 0.30 .25
MHI-5 score -0.06 0.14 .67
SPADI score at baseline 0.53 0.10 <.001”
No. of comorbidities 0.23 4.67 .96
Participation in physical therapy” ~ =10.96 4.62 0217

SPADI, Shoulder Pain and Disability Index; ROW, Rotator Cuff Outcomes Workgroup; MH/-5, Mental Health Inventory.

*
Statistically significant.
7 . .
Approximate time frame.

t
Yes versus no.
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Table Il

Mixed model-based mean differences in SPADI score between patients who participated in physical therapy
within first 3 months and patients who did not by period in ROW cohort

Period Estimate Lower 95% CI  Upper 95% CI P value

3mo -13.03 -25.72 -0.34 .04
6 mo -1.26 -17.80 15.28 >.99
12 mo -4.34 -20.33 11.66 .89
18 mo -11.59 -24.80 1.61 .10

SPADI, Shoulder Pain and Disability Index; ROW, Rotator Cuff Outcomes Workgroup; C/, confidence interval.

Pvalues were adjusted using the multivariate #distribution. The mixed model included baseline SPADI score, time, categorical physical therapy
(yes vs no), and interaction between physical therapy and time.
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Relationship of number of physical therapy sessions with SPADI score at 18 months’ follow-up in ROW

Table IV
cohort
Estimate Standard error P value
Intercept 47.19 19.84 02
6-mo follow-upf —4.60 2.69 09
12-mo follow-up 7 -7.16 2.87 o
18-mo follow-up 4 -11.60 2.09 <001”
Age -0.30 0.28 .30
MHI-5 score -0.05 0.13 71
SPADI score at baseline 0.45 0.09 <001
No. of comorbidities 0.66 4.23 .88
2

No. of PT sessions

First set -1.99 0.64 003*

Second set 1.42 0.63 03%

Page 14

SPADI, Shoulder Pain and Disability Index; ROW, Rotator Cuff Outcomes Workgroup; MH/-5, Mental Health Inventory; PT, physical therapy. A
higher SPADI score represents worse shoulder pain and function.

*
Statistically significant.

prproximate time frame.

17tThe relationship of the number of PT sessions to the SPADI score was not linear. The first set represents the initial decrease in SPADI scores with
an increasing number of PT sessions. The second set represents the subsequent increase in SPADI scores with additional PT sessions after the first

set.
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