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Background. Shoulder pain is a common problem after spinal cord injury (SCI),
with negative effects on daily activities and quality of life (QOL).

Objective. The purpose of this study was to determine the effect of an exercise
program and instruction to optimize performance of upper-extremity tasks on shoul-
der pain in people with paraplegia from SCI.

Methods/Design. Eighty individuals with paraplegia from SCI and shoulder
pain were randomly assigned to receive either an exercise/movement optimization
intervention or an attention control intervention. The exercise/movement optimiza-
tion intervention consisted of a 12-week home-based program of shoulder strength-
ening and stretching exercises, along with recommendations on how to optimize the
movement technique of transfers, raises, and wheelchair propulsion. The attention
control group viewed a 1-hour educational video. Outcome measures of shoulder
pain, muscle strength (force-generating capacity), activity, and QOL were assessed at
baseline, immediately after intervention, and 4 weeks later.

Results. Shoulder pain, as measured with the Wheelchair User’s Shoulder Pain
Index, decreased to one third of baseline levels after the intervention in the exercise/
movement optimization group, but remained unchanged in the attention control
group. Shoulder torques, most 36-Item Short-Form Health Survey questionnaire
(SF-36) subscale scores, and QOL scores also were improved in the exercise/move-
ment optimization group, but not in the attention control group. Improvements were
maintained at the 4-week follow-up assessment.

Limitations. Many of the outcome measures were self-reported, and the partici-
pant dropout rate was high in both groups. Additional studies are needed to deter-
mine whether the results of this study can be generalized to individuals with
tetraplegia.

Conclusions. This home-based intervention was effective in reducing long-
standing shoulder pain in people with SCI. The reduction in pain was associated with
improvements in muscle strength and health-related and overall QOL.
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Upper-extremity (UE) pain is a
common secondary compli-
cation after spinal cord injury

(SCI), with reported prevalence
ranging from 30% to 70%.1–6 Both
the incidence and severity of UE pain
increase with time postinjury.5,7,8

The shoulder joint is the most com-
mon location of UE pain after SCI,5

and the etiology is most commonly
attributed to chronic impingement
syndromes (75%)6,9 and rotator cuff
tears (65%-71%).9 Without interven-
tion, shoulder pain after SCI is asso-
ciated with additional losses in func-
tion and community mobility.4,10–12

Lundquist and colleagues13 identi-
fied pain, in general, as the only fac-
tor correlated with lower quality-of-
life (QOL) scores following SCI.
More specifically, Gutierrez et al14

identified a significant negative cor-
relation between the magnitude of
shoulder pain and both physical
activity and QOL scores following
SCI. These findings highlight the
need to identify interventions that
can reduce shoulder pain and thereby
preserve both UE function and QOL
following SCI.

In contrast to people without disabil-
ities, individuals with SCI who
develop shoulder pain are unable to
rest their arms because they are
dependent upon their UEs for both
locomotion and typical daily activi-
ties. Surgical repair of rotator cuff
tears requires complete arm rest for
6 weeks following surgery.15,16

Therefore, this is not a realistic
option for this population because
adherence to the postsurgical recom-
mendations would be the equivalent
of complete bed rest. More realistic
and appropriate for this popula-
tion is the development of nonopera-
tive, evidence-based interventions
for shoulder pain and rotator cuff
injury.

Strengthening exercises for the rota-
tor cuff muscles are commonly
prescribed for individuals without

disabilities who have impingement
syndrome prior to considering any
shoulder surgical intervention.17–19

Previous studies have demonstrated
that strengthening exercises of the
shoulder rotators and scapular stabi-
lizers in adults without disabilities
who have chronic inflammation
yield improvement and are as clini-
cally effective as surgery, without
the high cost associated with
surgery.19–22

Preliminary evidence suggests that
similar stretching and strengthening
programs modified for the specific
needs of individuals with SCI could
be effective in reducing shoulder
pain secondary to subacromial
impingement syndromes. Three
prior studies documented the impact
of an exercise program on shoulder
pain in individuals with SCI,23–25

with 2 of the 3 studies reporting a
statistically significant decline in
shoulder pain following the stretch-
ing and strengthening interven-
tion.24,25 Small sample size,25 inade-
quate control groups or lack of
randomization,23–25 and insufficient
documentation of the exercise resis-
tance load23 limit the studies’ findings.

Because paralysis of the lower
extremities mandates increased
demands on the shoulder joints from
repetitive weight-bearing activities,
individuals who develop shoulder
pain after SCI may benefit from an
intervention that directly addresses
those tasks. Modification of task per-
formance technique to reduce the
forces on the shoulder joint and
optimize muscle performance has
the potential to protect the joint
complex while preserving functional
ability of the individual. Prior inves-
tigations that have detailed the joint
motions, forces, and muscle activity
patterns during particular UE activi-
ties in people with SCI provide guid-
ance for optimizing task perfor-
mance.26–33 For example, adjusting
the heights of transfer surfaces to
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make them level whenever possible
will reduce the demands on the mus-
cles of the shoulder and thereby
reduce the potential for subacromial
joint impingement.32 Recommenda-
tions from laboratory research and
clinical studies to preserve upper-
limb function after SCI were recently
compiled into a clinical guide for
practitioners.34 However, no known
controlled studies have investigated
the effectiveness of these recom-
mendations on the reduction of
shoulder pain in people with SCI.

The primary purpose of the Strength-
ening and Optimal Movements for
Painful Shoulders (STOMPS) trial was
to investigate the effect of a home-
based exercise program, combined
with instruction to optimize perfor-
mance technique of UE tasks, on
shoulder pain in people with SCI.
Secondary purposes of the STOMPS
trial were to determine the impact of
the intervention on physical activity
and participation, including health-
related and overall self-reported
QOL, and to identify whether
improvements in pain or function
would be maintained for 4 weeks
after the end of the intervention. We
hypothesized that an intervention of
shoulder stretching and strengthen-
ing exercises combined with move-
ment optimization training would
reduce shoulder pain in people
with paraplegia and consequently
improve physical activity and partic-
ipation to a greater extent than an
attention control intervention.

Method
Design Overview
This prospective randomized con-
trolled trial was approved by the
institutional review boards of the
University of Southern California,
Los Angeles, California, and Rancho
Los Amigos National Rehabilitation
Center (RLANRC), Downey, Califor-
nia. All participants were assessed
by a blinded evaluator before and
after the 12-week intervention and at

4 weeks after the end of the inter-
vention (week 16).

Setting and Participants
Participants were self-selected and
volunteered in response to flyers
posted at outpatient clinics at
RLANRC. Informed consent was
obtained, and individuals were
screened to determine eligibility.
People were candidates for inclusion
in the study if they: (1) had postpu-
bescent onset of paraplegia at age
14 years or older, (2) had an SCI of
at least 5 years’ duration, (3) were
between 19 and 75 years of age,
(4) had unilateral or bilateral shoul-
der pain that interfered with at least
one functional task (eg, transfers,
wheelchair propulsion), (5) used a
manual wheelchair for mobility at
least 50% of the time, and (6) had the
ability to understand informed con-
sent. Individuals were not admitted
to the study if any of the following
criteria were present: (1) hospitaliza-

tion within the previous month;
(2) cortisone injection to the shoul-
der within the previous 4 months;
(3) fracture within the previous
year; (4) shoulder surgery to the
painful side within the previous year;
(5) diagnosis of complete rotator
cuff tear, rheumatoid arthritis, adhe-
sive capsulitis at the shoulder, or
complex regional pain syndrome;
(6) positive findings on all 3 clinical
tests for full-thickness rotator cuff
tear ( Jobe’s Empty Can Test,35,36

Codman’s Drop Arm Test,37,38 and
resisted external rotation38); (7) any
serious medical conditions; (8) major
depression; or (9) alcohol abuse.

Randomization and
Interventions
Once determined eligible for inclu-
sion into the study, participants
were enrolled. Decentralized ran-
domization to 1 of 2 intervention
groups was implemented by the
Data Management Center of the

The Bottom Line

What do we already know about this topic?

Shoulder pain is a common problem for patients after spinal cord injury
(SCI). Untreated, shoulder pain may lead to additional losses in function
and community mobility. Preliminary evidence suggests that shoulder
strengthening and stretching exercises may reduce shoulder pain in
patients after SCI.

What new information does this study offer?

This randomized controlled trial demonstrated that a 12-week home
exercise program, paired with instruction to optimize movement perfor-
mance, will result in a significant and persistent reduction in shoulder
pain as well as significant improvements in muscle strength and in health-
related and overall quality of life.

If you’re a patient, what might these findings mean
for you?

Chronic shoulder pain after SCI can be markedly reduced by using a
relatively simple home exercise program coupled with assessment and
modification of performance technique for several upper-extremity
weight-bearing activities.
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Physical Therapy Clinical Research
Network (PTClinResNet) referenc-
ing a computer-generated random-
ization list. Allocation was concealed
until the time of intervention assign-
ment. All of the enrolled and ran-
domized participants received 2 pay-
ments of $50 as incentive for
participation, the first issued at the
baseline visit and the second at the
4-week postintervention visit. At
the end of the final assessment, all
participants were offered the oppor-
tunity to receive the intervention
administered to the other interven-
tion group.

Exercise/movement optimization
group. Participants received
instruction by a physical therapist in
a 12-week shoulder home exercise
program (HEP) and in strategies to
optimize transfers, depression raises,
and wheelchair propulsion tech-
nique. A binder with written instruc-
tions and picture illustrations for all
stretches and exercises, as well as
the necessary exercise equipment of
elastic bands and a dumbbell, were
provided. Participants were asked to
maintain a Physical Activity Calendar
to note any adverse responses to the
HEP and to track adherence to the
exercise program.

The shoulder HEP consisted of a
stretching phase, a warm-up phase,
and a resistive shoulder exercise
phase, all to be performed 3 times
per week for 12 weeks (eAppendix
1; available at ptjournal.apta.org).
The stretching phase included
stretches for the anterior and poste-
rior joint capsules and surrounding
musculature, plus the upper trape-
zius muscle (Fig. 1). The warm-up
phase included 4 non-resisted active
movements. The resistive exercise
phase consisted of the identical 4
exercises performed during the
warm-up phase; however, perfor-
mance instructions promoted either
hypertrophy or endurance. The
physical therapist established a stan-

Figure 1.
Stretching exercises for (A) anterior shoulder joint structures, (B) posterior shoulder joint
structures, and (C) upper trapezius muscle.
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dardized level of resistance at the
initial intervention visit according to
the ability of the participant and
based upon guidelines by the Amer-
ican College of Sports Medicine.39

The level of resistance was manipu-
lated by adjusting the color and
length of the Dura-Band resistive
bands* or the weight of the hand
weight. The bands were selected to
achieve an 8-repetition maximum
resistance level for the hypertrophy
protocol or a 15-repetition maxi-
mum resistance for the endurance
protocol.40,41 The muscle hypertro-
phy exercises targeted shoulder
external rotation and diagonal exten-
sion with adduction motions, and
muscle endurance exercises included
humeral elevation in the scapular
plane and scapular retraction
(Fig. 2). Participants were instructed
to perform 3 sets of 8 repetitions
for each hypertrophy exercise and
3 sets of 15 repetitions for the endur-
ance exercises, with a 1- to 2-minute
rest interval between sets (eAppen-
dix 1).

Participants returned for strength
(force-generating capacity) and tech-
nique performance reassessment 4
weeks into the intervention to:
(1) reassess appropriate levels of
resistance to meet the intended
8- and 15-repetition maximum inten-
sity for the hypertrophy and endur-
ance exercises, respectively, with
adjustment as needed; (2) ensure
that exercises were being performed
appropriately; and (3) indirectly
measure adherence to the exercise
protocol based upon their familiarity
with and ability to perform the exer-
cises. At the end of the 12-week
intervention, participants were
allowed to keep the exercise equip-
ment and were told they could con-
tinue the exercises, stop them, or
restart the exercises if the shoulder
pain recurred.

Movement optimization recommen-
dations were aimed at reducing the
risk of shoulder injury. All partici-
pants were provided with a list of
10 recommendations to improve
performance and efficiency of trans-
fers and depression raises and a list
of 9 recommendations to optimize
wheelchair propulsion (eAppendix
2; available at ptjournal.apta.org)
and received verbal reinforcement
of the concepts. The transfer and
raise maneuver recommendations
focused primarily on modification of
the height of the transfer surface or
positioning of the hand, arm, and
trunk. Recommendations for optimal
wheelchair propulsion performance
focused on propulsion technique
and energy conservation. Partici-
pants were asked to demonstrate
performance of those activities that
provoked shoulder pain. The inter-
vention physical therapist assessed
their task performance observation-
ally and emphasized those specific

recommendations (eAppendix 2) for
the related activities.

Attention control group. The
attention control intervention was
designed as a sham intervention to
give participants time and attention
from a clinician. Participants ran-
domly assigned to this group viewed
a 1-hour instructional video empha-
sizing shoulder anatomy, mecha-
nisms of injury, and general con-
cepts in managing shoulder pain. A
handout on the video and an educa-
tional brochure regarding general
shoulder care were provided to all
attention control group participants.
The information was intentionally
general and did not contain recom-
mendations to change behavior.

Outcomes and Follow-up
All measurements were conducted
by physical therapists who were
trained to perform standardized
assessment procedures (required* For You Inc, 1773 Pine Hollow Rd, McKees

Rocks, PA 15136.

Figure 2.
Muscle strengthening exercises. Hypertrophy exercises using an 8-repetition maximum
resistance for (A) shoulder adduction and (B) shoulder external rotation. Endurance
exercises using a 15-repetition maximum resistance for (C) shoulder elevation in the
scapular plane and (D) scapular retraction.
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to score �90% on a standardization
score sheet that included all compo-
nents of each procedure) and kept
blinded to group assignment. Out-
come measures for each participant
were assessed by the same physical
therapist at baseline, at the end of
the 12-week intervention, and again
at 4 weeks after the end of the inter-
vention. We used the World Health
Organization’s International Classi-
fication of Functioning, Disability
and Health (ICF) model as a theoret-
ical framework for selecting our out-
come measures.42 The primary out-
come measure was the presence and
severity of shoulder pain (in the
body function and structures domain
of the ICF), as measured by the
Wheelchair User’s Shoulder Pain
Index (WUSPI).43 The WUSPI is an
aggregate index of participant-
reported intensity of shoulder pain
during 15 different activities, includ-
ing transfers, activities of daily living,
and mobility, performed from a
wheelchair. The questionnaire uti-
lizes a series of visual analog scales
(VASs) consisting of 10-cm lines
anchored by “no pain” and “worst
pain ever experienced,” with a max-
imum total score of 150. The WUSPI
has been shown to be both reliable
and valid for people with SCI.44

Secondary outcome measures within
the ICF domain of body function and
structures included a single-item VAS
(0–10 cm) for rating shoulder pain45

and measures of shoulder strength.
Muscle strength was assessed by
measuring maximal force produc-
tion with a Micro-FET handheld
dynamometer† (HHD) during resisted
isometric contractions of the follow-
ing shoulder motions: elevation in
the plane of the scapula, adduction,
internal rotation, and external rota-
tion. Measurement of shoulder mus-
cle force production using an HHD
has been shown to be highly reliable

in people with SCI, with intraclass
correlation coefficients for intrarater
reliability from .89 to .96.46 Torque
values were calculated by multiply-
ing the maximal forces by the dis-
tance of the lever arms used for
resistance.

Secondary outcome measures assess-
ing the ICF domain of activities
included self-selected wheelchair
propulsion speed over a 25-m dis-
tance and the Physical Activity Scale
for Individuals With Physical Dis-
abilities (PASIPD).47 The PASIPD
assesses how physically active a per-
son has been in the previous week
and was designed for people who
have a disability. It covers leisure-
time activities, household activities,
and work-related demands.47

The ICF domain of participation was
addressed by measuring community
involvement and QOL using the
Social Interaction Inventory (SII)
(formerly called the Community
Activities Checklist),48 the 36-Item
Short-Form Health Survey (SF-36)
questionnaire,49 and the Subjective
Quality of Life Scale (SQOL).48 The
SII is a 16-item questionnaire that
asks people to indicate how many
times during the previous 7 days
they engaged in a range of specified
social activities, with a possible
range of scores from 0 to 84.48 Its
test-retest reliability is .87 over a
3-week interval, and it has proven
to be a valid outcome measure for
interventions designed to improve
functioning among people with a
disability, including those with an
SCI.50 The SF-36 is one of the most
widely used health status evaluation
tools and has been proven valid.49

The instrument consists of 36 ques-
tions that require respondents to
rate items related to 8 conceptual
areas, including general health, abil-
ity to perform certain physical tasks,
level of pain, emotional state, and
limitations in usual activities. The
SQOL was developed to assess a per-

son’s self-reported rating of overall
QOL.48 The SQOL uses a 7-point Lik-
ert scale with a low rating of 1 and a
high rating of 7. Descriptors anchor
the low end (“Life is very distress-
ing”), the high end (“Life is great”),
and the middle (“Life is so-so”). Par-
ticipants are asked to make an over-
all rating of their current life, taking
everything into account. It has
shown both good validity and reli-
ability and has been shown to corre-
late negatively with measures of
depression and positively with mea-
sures of life satisfaction.51

Statistical Analyses
Power analysis using a repeated-
measures analysis of variance
(ANOVA) design (power�80%, with
a one-tailed P value of .05) deter-
mined that 30 participants for each
intervention group were required
to detect a significant difference in
change of WUSPI scores between
groups with a medium effect size
(d�0.65, effect size�between-groups
difference in mean change scores
divided by the pooled standard devi-
ation). To compensate for expected
attrition, we planned to enroll 40
participants per group.

Statistical analyses were conducted
at the .05 significance level using
SPSS (version 12.0).‡ Data were
screened for normality using the
Shapiro-Wilks test. Demographic and
medical history characteristics were
compared between the exercise/
movement optimization and atten-
tion control groups using ANOVAs
for means and chi-square or Fisher
tests for proportions.

Primary analyses of the outcome
measures (WUSPI, VAS, shoulder
torque, PASIPD, SII, SF-36, and SQOL)
were conducted using data from
the baseline and immediate postin-
tervention assessments. Because our

† Hoggan Health Industries, 8020 South 1300
West, West Jordan, UT 84088.

‡ SPSS Inc, 233 S Wacker Dr, Chicago, IL
60606.
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primary purpose was to establish
the effects and functional impact of
our intervention, we elected to com-
plete the primary analyses on the
evaluable participants (ie, those par-
ticipants who completed the inter-
vention and returned for the imme-
diate postintervention assessment).
Repeated-measures ANOVA models
were used to determine the interac-
tion effects of intervention group
and time (baseline versus immediate
postintervention). A one-sided test
was used because we hypothesized
that there would be greater improve-
ment in the exercise/movement
optimization group than in the atten-
tion control group and we consid-
ered results of no difference or in the
opposite direction as lack of support
for our hypothesis. When a signifi-
cant interaction between group and
time was identified, post hoc com-
parisons were conducted to deter-
mine whether the changes over time
were significant within each inter-
vention group. Similar analyses were
conducted to evaluate the differ-
ence in shoulder pain outcomes in
response to the exercise/movement
optimization intervention between
participants who demonstrated spe-
cific pain-inducing activities and
those who did not and to evaluate
the persistence of the treatment
effects at 4 weeks for all outcomes in
both intervention groups. In the lat-
ter case, each outcome variable was
compared over time between the
immediate postintervention assess-
ment and the final assessment 4
weeks later.

We also report the results of an
intention-to-treat (ITT) analysis of all
randomized participants across the
3 assessment times using a mixed
linear model analysis to accommo-
date missing values. The means at
each time interval using the ITT anal-
ysis include values from all partici-
pants regardless of whether they
completed the invervention or sub-
sequent outcome assessments. Inter-

vention group and time were
included in the model as fixed
effects, and the intercept of the
dependent variable at baseline across
participants was the random effect.

Role of the Funding Source
Funding for this randomized con-
trolled trial was provided by the
Foundation for Physical Therapy as
part of the first clinical research net-
work, PTClinResNet, and by the
National Institute on Disability and
Rehabilitation Research as part of
the Rehabilitation Research and
Training Center (RRTC) on Aging
With a Disability.

Results
Participant Recruitment,
Retention, and Demographics
Eligible participants were recruited
from outpatient clinics at RLANRC
from March 2004 to December 2005.
Figure 3 shows the consort flow
diagram. Among the 127 individuals
screened for eligibility, a total of 80
participants (40 per intervention
arm) were eligible for randomization
and gave written informed consent.
Table 1 summarizes the demo-
graphic and clinical characteristics
for the 80 randomized participants,
stratified by intervention assign-
ment. No statistically significant
baseline differences were found
between the intervention groups
except for race (P�.03) and high
versus low paraplegia (T2–T7 versus
T8 and below) (P�.01). Greater per-
centages of participants in the exer-
cise/movement optimization group
were African American (20%) and
had high-level paraplegia (T2–T7)
(67%) than in the attention control
group (5% and 40%, respectively).
Overall, 57 (71%) of the participants
were men, and the average (SD)
age was 45.0 (11.2) years. Sixty-four
of the 80 participants had motor
complete (AIS A or B)52 spinal inju-
ries. The average (SD) durations of
SCI and shoulder pain were 20 (11)
years and 66 (80) months, respec-

tively. The majority of participants in
both groups (83%) exhibited posi-
tive clinical signs for subacromial
impingement.38,53,54

Adverse Events and Adherence
Of the 80 participants who were ran-
domized into an intervention group,
9 (11%) withdrew from the study
prior to receiving the intervention
(5 in the exercise/movement optimi-
zation group and 4 in the attention
control group) (Fig. 3). One partici-
pant in the exercise/movement opti-
mization group developed a pressure
ulcer, and 1 participant in the atten-
tion control group withdrew because
of unexplained weight loss. The
remaining 7 participants were lost
to follow-up. An additional 13 partic-
ipants (16%) withdrew from the
study before completing the 12-week
intervention period (9 in the exer-
cise/movement optimization group
and 4 in the attention control group).
Of the 9 participants who withdrew
from the intervention in the exer-
cise/movement optimization group,
6 were lost to follow-up, and 3
dropped out and cited reasons of:
(1) a perception that the exercises
were causing neck pain, (2) renewal
of outpatient physical therapy ses-
sions following a fall in the com-
munity unrelated to the study, and
(3) an infected spider bite. Reasons
for withdrawal in the attention con-
trol group were: 3 participants were
lost to follow-up, and 1 participant
developed a deep vein thrombosis.
Six additional participants in the
attention control group withdrew
from the study after completing the
immediate postintervention assess-
ment but prior to the 4-week
follow-up assessment. Five of the 6
participants were lost to follow-up,
and 1 individual died from aortic dis-
section. No significant differences in
demographics or baseline outcome
measures existed between partici-
pants who withdrew and those who
completed the immediate postinter-
vention evaluation.

Strengthening and Optimal Movements for Painful Shoulders

March 2011 Volume 91 Number 3 Physical Therapy f 311

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/91/3/305/2734987 by guest on 23 April 2024



Adverse events (AEs) were moni-
tored and reported according to the
protocol approved by the Data Mon-
itoring and Safety Committee. There
were 27 cumulative AEs that
occurred in 23 participants. The pro-
portion of participants experiencing
any AE was similar in the
exercise/movement optimization
group and the attention control
group: 12 (30%) and 11 (28%),
respectively. Two AEs (increased
neck pain and elbow abrasion) were
related to the study and occurred
in the exercise/movement optimiza-
tion group. The remaining 25 AEs
were not related to the study, and
9 were considered serious. Serious,
non–study-related AEs associated
with the exercise/movement optimi-
zation group were: a breast biopsy

and lumpectomy, bladder surgery,
wrist surgery secondary to carpal
tunnel syndrome, a pressure ulcer
requiring hospitalization, and a kid-
ney infection requiring hospitaliza-
tion. The exercise program was
interrupted temporarily for 2 partic-
ipants who had serious non–study-
related AEs. The remaining serious
AEs occurred after the intervention
was completed (n�2) or was the rea-
son for withdrawal (n�1). Serious,
non–study-related AEs associated
with the attention control group
were: a death due to aortic dissec-
tion, abdominal surgery and gall
bladder removal, bilateral shoulder
pain following a wheelchair-related
accident in the home, and a femur
fracture requiring bracing following
a fall.

Non–study-related, nonserious AEs
in the exercise/movement optimiza-
tion group were: a fall (n�2), a leg
ulcer (n�1), starting smoking (n�1),
a spider bite developing into an
abscess (n�1), a bladder infection
(n�1), wrist pain (n�1), and a uri-
nary tract infection (n�1). Non–
study-related, nonserious AEs in the
attention control group were: shoul-
der pain (n�1), a fall (n�3), an
emergency cholecystectomy (n�1),
a deep vein thrombosis (n�1), unex-
plained weight loss (n�1), and
migraine and neck pain (n�1).

Four people (out of 26) in the exer-
cise/movement optimization group
were unable to demonstrate ade-
quate performance of the exercises
at the reassessment 4 weeks after

Assessed for Eligibility
(n=127)

Randomized
(n=80)

Excluded
Did not meet inclusion criteria

(n=47)

Attention control group (n=40)
Received allocated intervention (n=36)

Did not receive intervention (n=4)
Reasons: Unexplained weight loss (n=1)

   Lost to follow-up (n=3)

Exercise/movement optimization group (n=40)
Received allocated intervention (n=35)

Did not receive intervention (n=5)
Reasons: Pressure ulcer (n=1)

                   Lost to follow-up (n=4)

Lost to Follow-up at Week 12 (n=6)
Reasons: None given

Lost to Follow-up at Week 12 (n=3)
Reasons: None given

Discontinued Intervention (n=1)
Reasons: Deep vein thrombosis

Discontinued Intervention (n=3)
Reasons: Neck pain, fall, spider bite

Primary Analysis
Immediate Postintervention (n=26)

Primary Analysis
Immediate Postintervention (n=32)

Excluded From Analysis (n=14)
Reasons: No postintervention outcomes

Excluded From Analysis (n=8)
Reasons: No postintervention outcomes

Secondary Analysis
4 Weeks Postintervention (n=26)

Secondary Analysis
4 Weeks Postintervention (n=26)

Additional Participants Excluded
From Analysis (n=0)

Additional Participants Excluded
From Analysis (n=6)

Reasons: Lost to follow-up

▼

▼

▼

▼

▼

▼

▼

▼

▼

▼

▼

Allocated to Intervention Allocated to Intervention

Figure 3.
CONSORT flow diagram for the Strengthening and Optimal Movements for Painful Shoulders (STOMPS) trial.
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beginning the intervention. Two of 4
participants who required additional
instruction in exercise performance
demonstrated an increase in resis-
tance for the 8- and 15-repetition
maximum levels in all 4 exercises,
indicating at least partial adherence.
One participant increased resistance
in only 1 of 4 exercises, and the
other person did not increase the
resistance in any of the exercises,
indicating likely nonadherence to
the exercise program.

Outcomes at Baseline and
Immediately Postintervention
Movement optimization. Of the
35 participants who received the
exercise/movement optimization
intervention, 17 individuals demon-
strated specific activities that pro-
voked shoulder pain and received
instruction from the intervention
therapist in how to modify their
movement performance technique
to reduce stress on the shoulder.
Transfers were modified in 12 partic-
ipants, with specific recommenda-
tions to avoid internal rotation of the
shoulder, to keep hands on transfer
surfaces, to lead with the painful
arm, to lean the trunk forward, and
to use a stool for an intermediate
surface when the target transfer
surface was significantly higher or
lower than the wheelchair. Wheel-
chair propulsion technique or setup
was modified in 6 participants, with
specific recommendations to move
the rear wheel axle forward, to avoid
inclines, and to consider a light-
weight wheelchair.

Bodily function. The primary out-
come measure of WUSPI scores
and secondary outcome measures
of single-item VAS scores, shoulder
torques, PASIPD scores, wheelchair
propulsion speed, and SII, SF-36, and
SQOL scores are summarized in
Table 2. Data are reported as mean
and standard deviation. Analysis of
the WUSPI scores identified a signif-
icant interaction between interven-

tion group and time (P�.001). Shoul-
der pain, as measured with the
WUSPI, was reduced at the immedi-
ate postintervention assessment in
the exercise/movement optimiza-
tion group to approximately one
third of the baseline values (from
51.2�33.0 to 14.9�14.0, P�.001),
but was unchanged for those in the
attention control group (from

45.4�38.8 to 45.6�38.2) (Fig. 4).
The single-item VAS measure of over-
all shoulder pain also was reduced to
one third of baseline values in the
exercise/movement optimization
group (from 5.1�2.8 to 1.4�1.6,
P�.001), but was not significantly
reduced for those in the attention
control group (from 4.7�2.7 to
4.2�2.7) (Tab. 2).

Table 1.
Baseline Demographic and Medical History Characteristics Stratified by
Randomization Groups (N�80)a

Variable

Exercise/Movement
Optimization Group

(n�40)

Attention
Control Group

(n�40) P b

Demographics

Sex: male 31 (78%) 26 (65%) .22

Age (y) 47 (9) 47 (12) .16

Latino or Hispanic 21 (53%) 23 (57%) .65

Race

.03
Black or African American 8 (20%) 2 (5%)

White 18 (45%) 19 (48%)

Unspecified or other 14 (35%) 19 (48%)

Medical history

Neurological classification of SCI52

.49

AIS A 25 (62%) 25 (62%)

AIS B 9 (23%) 5 (13%)

AIS C 3 (8%) 5 (13%)

AIS D 1 (2%) 1 (2%)

Unknown 2 (5%) 4 (10%)

High paraplegia (T2–T7) 27 (67%) 16 (40%)
.02

Low paraplegia (T8 and below) 13 (33%) 24 (60%)

Duration of spinal injury (y) 17.9 (9.2) 22.3 (11.8) .07

Duration of shoulder pain (mo)

Right side 66 (69) 65 (94) .95

Left side 71 (61) 61 (97) .65

Special tests

Empty Can Test 24 (60%) 20 (50%) .37

Drop Arm Test 2 (5%) 1 (3%) .51

Resisted external rotation 22 (55%) 18 (45%) .31

Hawkins-Kennedy Test 18 (45%) 19 (48%) .92

At least one of above tests 32 (80%) 34 (85%) .56

Speed’s test 18 (45%) 10 (25%) .07

a Values are mean (SD) for continuous variables, frequency (%) for categorical variables. Chi-square
test was used for categorical variables, and one-way analysis of variance was used for continuous
variables. AIS�American Spinal Injury Association Impairment Scale, SCI�spinal cord injury.
b Values in bold type were significant at P�.05.
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Those participants in the exercise/
movement optimization group who
received specific instruction to mod-
ify their performance technique of
an UE activity had higher scores on
the WUSPI at baseline than those
who did not receive specific instruc-
tion (68.1�28 versus 38.6�30,
P�.04). Pain levels on the WUSPI
were similar, however, at the imme-
diate postintervention assessment,
regardless of whether specific move-
ment optimization instruction was
received (16.1�14 versus 14.8�14,
P�.81).

For the shoulder torque measure-
ments, strength gains were signifi-
cantly greater in the exercise/move-
ment optimization group than in the
attention control group for all 4
motions tested (P�.01 to .05). In
addition, although the magnitudes of
the strength gains were moderate
(18%–32% improvement from base-
line), all muscle groups demon-
strated a statistically significant
increase in maximal torque produc-
tion following the intervention in
the exercise/movement optimiza-
tion group (P�.05).

Activity and participation. Physi-
cal activity (PASIPD scores) and
wheelchair propulsion speed were
not significantly changed after the
intervention in either group (Tab. 2).
Community activity, as measured
with the SII, showed a significant
interaction between group and time,
with a greater increase for the exer-
cise/movement optimization group
than for the attention control group
(P�.03). Although the average SII
scores increased 8.6�32.8 points
in the exercise/movement optimiza-
tion group, the improvements were
not consistent and, consequently,
post hoc testing did not show a
statistically significant improvement
(P�.06). Overall SQOL scores
increased 10% following the inter-
vention for participants in the exer-
cise/movement optimization group

(4.8�1.3 to 5.3�0.9, P�.04), but
were unchanged for those in the
attention control group (5.0�1.4) at
both baseline and immediate post-
intervention assessments. All of the
SF-36 subscales except for general
health and vitality demonstrated a
statistically significant interaction
between participant group and time,
with improvement in scores for par-
ticipants in the exercise/movement
optimization group and no change
for the attention control group
(Tab. 3). The largest improvements
were seen in the SF-36 subscales of
bodily pain (�7.4, SD�11.6), role-
physical (physical limitations in ful-
filling life roles) (�5.8, SD�8.2), and
social functioning (�5.5, SD�10.2)
(P�.05).

Outcomes at 4-Week
Postintervention Follow-up
The reduction in shoulder pain for
participants in the exercise/move-
ment optimization group was main-
tained at the 4-week postinterven-
tion follow-up assessment (Tab. 3,
Fig. 4). For participants in the atten-
tion control group, the high levels
of shoulder pain recorded at the
immediate postintervention assess-
ment were not significantly reduced
at the 4-week follow-up assessment
(Tab. 3). Community activity levels,
overall SQRL scores, and SF-36
scores also were unchanged in both
groups from the immediate postint-
ervention assessment to the 4-week
follow-up evaluation (Tab. 3).

Approximately half of the partici-
pants in the attention control group
requested and received the exercise/
movement optimization interven-
tion at the end of the 4-week
follow-up assessment. This interven-
tion was documented only anecdot-
ally because it was not a formal part
of the STOMPS trial, and no
follow-up assessment was planned.

Intention-to-Treat Analysis
Results of the ITT analysis of all 80
randomized participants across the
3 assessments were similar to those
of the primary analysis, which
included only participants who com-
pleted the intervention. In the ITT
analysis, greater improvement was
seen in the exercise/movement opti-
mization group than in the attention
control group for isometric shoulder
torques (except for external rota-
tion) and scores on the WUSPI,
single-item VAS, PASIPD (physical
activity), SQOL, SF-36 physical com-
ponent score, and SF-36 subscales of
bodily pain, role-physical, and social
functioning (Tab. 4). There were
no significant differences between
groups in response to the interven-
tion using the ITT analysis for the
external rotation torque, wheelchair
propulsion speed, the SII, the SF-36
mental component score, and the
remaining SF-36 subscales.

Discussion
We demonstrated a marked reduc-
tion in shoulder pain levels in indi-
viduals with SCI using a relatively
simple home exercise intervention
coupled with assessment and modi-
fication of performance technique
for several UE weight-bearing activi-
ties. Consequently, this study pro-
vides the only evidence from a ran-
domized controlled trial for the
effectiveness of an intervention that
includes exercise in reducing chronic
shoulder pain in individuals with
SCI. The magnitude of the pain
reduction is particularly noteworthy,
given that the participants’ average
duration of shoulder pain was
greater than 5 years (65.7 months).
Moreover, the extent of pain reduc-
tion demonstrated in this study is
more than 2 times greater than the
estimate of a minimal clinically
important reduction of chronic pain
in patients treated for rotator cuff
disease (1.4 cm on a 10-cm VAS).55
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Table 2.
Mean Change in Outcomes From Baseline (Preintervention) Assessment to Immediate Postintervention Assessment Based on
2-Group Analysis of Evaluable Dataa

Outcome Measure

Exercise/Movement
Optimization Group

(n�26)

Attention
Control Group

(n�32)

Interaction Between
Group and Time

P b Effect Size

WUSPI

<.001 �1.2

Preintervention 51.2 (33.0) 45.4 (38.8)

Postintervention 14.9 (14.0) 45.6 (38.2)

Change �36.3c (34.7) 0.2 (28.3)

95% CI �48.5 to 23.7 �11.2 to 11.2

Single-item VAS

<.001 �1.2

Preintervention 5.1 (2.8) 4.7 (2.7)

Postintervention 1.4 (1.6) 4.2 (2.7)

Change �3.7c (3.3) �0.5 (2.1)

95% CI �2.3 to 5.0 �1.3 to 1.9

Shoulder torque (N�m)

Adduction

.05 0.48

Preintervention 60.5 (31.8) 61.0 (33.2)

Postintervention 74.2 (28.3) 63.3 (19.0)

Change 14.3c (20.0) 2.3 (28.8)

95% CI 3.5 to 23.9 �6.9 to 11.4

Elevation (scapular plane)

.01 0.69

Preintervention 37.3 (22.5) 42.3 (20.5)

Postintervention 49.3 (21.8) 44.7 (21.1)

Change 12.0c (17.3) 2.4 (9.5)

95% CI 6.5 to 17.6 �2.5 to 7.4

Internal rotation

.01 0.69

Preintervention 33.2 (16.7) 33.7 (14.6)

Postintervention 41.7 (19.3) 32.8 (13.5)

Change 8.5c (16.2) �0.9 (10.7)

95% CI 3.1 to 12.9 �5.8 to 4.0

External rotation

.03 0.53

Preintervention 25.8 (9.9) 26.3 (11.2)

Postintervention 30.5 (12.2) 25.7 (11.3)

Change 4.7c (8.5) �0.6 (11.2)

95% CI 0.7 to 8.8 �4.2 to 3.0

PASIPD

.16 0.27

Preintervention 13.8 (12.6) 16.2 (11.2)

Postintervention 15.3 (9.0) 14.9 (9.8)

Change 1.5 (12.2) �1.3 (8.9)

95% CI �2.9 to 5.7 �5.1 to 2.5

(Continued)
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Table 2.
Continued

Outcome Measure

Exercise/Movement
Optimization Group

(n�26)

Attention
Control Group

(n�32)

Interaction Between
Group and Time

P b Effect Size

Wheelchair propulsion speed (m/s)

.45 0.14

Preintervention 1.5 (0.4) 1.6 (0.4)

Postintervention 1.5 (0.3) 1.6 (0.4)

Change 0.0 (0.2) 0.0 (0.2)

95% CI �0.1 to 0.1 �0.1 to 0.1

Social Interaction Inventory

.03 0.48

Preintervention 44.8 (24.4) 46.9 (35.1)

Postintervention 53.3 (30.6) 40.8 (16.6)

Change 8.6 (32.8) �6.1 (28.7)

95% CI �2.3 to 19.5 �15.9 to 3.7

Subjective Quality of Life Scale

.04 0.51

Preintervention 4.8 (1.3) 5.0 (1.4)

Postintervention 5.3 (0.9) 5.0 (1.4)

Change 0.5c (0.7) 0.0 (1.2)

95% CI 0.1 to 0.8 �0.4 to 0.3

SF-36 subscales

Physical function

.05 0.44

Preintervention 29.5 (7.8) 28.7 (8.5)

Postintervention 32.1 (7.2) 28.4 (6.5)

Change 2.6c (7.2) �0.3 (6.0)

95% CI 0.0 to 5.1 �2.7 to 2.0

Role–physical

.01 1.45

Preintervention 41.4 (6.4) 43.9 (11.8)

Postintervention 47.2 (9.0) 41.1 (9.0)

Change 5.8c (8.2) �2.8 (1.9)

95% CI 1.7 to 9.8 �6.5 to 0.9

Bodily pain

.02 0.61

Preintervention 39.1 (10.0) 41.0 (9.2)

Postintervention 46.5 (8.1) 41.4 (10.3)

Change 7.4c (11.6) 0.4 (11.5)

95% CI 2.9 to 11.9 �3.7 to 4.5

General health

.16 0.27

Preintervention 47.7 (8.6) 46.5 (12.7)

Postintervention 49.5 (8.5) 46.0 (9.7)

Change 1.8 (8.2) �0.5 (9.1)

95% CI �1.6 to 5.2 �3.6 to 2.2

Physical Component Score

.02 0.57

Preintervention 35.7 (8.6) 36.2 (9.4)

Postintervention 40.0 (6.6) 35.7 (7.3)

Change 4.3c (7.9) �0.5 (8.8)

95% CI 0.8 to 7.6 �3.5 to 2.5

(Continued)
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Although the exercise/movement
optimization intervention signifi-
cantly reduced shoulder pain levels,
participants in this group did not
demonstrate increases in the physi-
cal activity or community activity
measures (wheelchair propulsion
speed, PASIPD scores, and SII
scores). This finding is contrary to
our hypothesis and what would be
expected, given the findings of Guti-
errez and colleagues,14 who docu-
mented a significant correlation

between shoulder pain levels and
both physical activity and commu-
nity activity scores. However, the
improvement seen in health-related
QOL, particularly in scores on the
role–physical and social functioning
subscales of the SF-36, suggests that
the reduction in shoulder pain
allowed individuals to more success-
fully complete their social and life
role activities. This discrepancy in
results might reflect differences
between outcome measures in the

quantification of activity. Both the
PASIPD and the SII measure the
frequency of performing specific
activities (prespecified by the test
designer), whereas the SF-36 permits
the respondent to assess social activ-
ities and life roles in general to
reflect those that are pertinent.

The results of our randomized con-
trolled trial generally are consistent
with the few studies in the literature
that investigated the impact of an

Table 2.
Continued

Outcome Measure

Exercise/Movement
Optimization Group

(n�26)

Attention
Control Group

(n�32)

Interaction Between
Group and Time

P b Effect Size

Role–emotional

.04 0.46

Preintervention 44.8 (11.8) 45.6 (12.1)

Postintervention 48.6 (11.1) 44.5 (11.4)

Change 3.8 (12.3) �1.1 (8.6)

95% CI �0.4 to 7.9 �4.8 to 2.7

Mental health

.03 0.54

Preintervention 48.2 (12.0) 49.0 (11.8)

Postintervention 52.4 (8.4) 46.8 (12.6)

Change 4.2c (11.8) �2.2 (11.9)

95% CI 0.0 to 8.6 �6.4 to 2.0

Vitality

.07 0.39

Preintervention 51.5 (7.6) 49.9 (10.4)

Postintervention 53.9 (9.2) 48.3 (11.6)

Change 2.4 (11.1) �1.6 (9.4)

95% CI �1.7 to 6.4 �5.3 to 2.0

Social functioning

.01 0.61

Preintervention 44.9 (8.7) 43.7 (14.2)

Postintervention 50.4 (8.6) 42.4 (13.4)

Change 5.5c (10.2) �1.3 (12.2)

95% CI 1.0 to 9.9 �5.4 to 2.7

Mental Component Score

.04 0.47

Preintervention 52.7 (12.4) 52.5 (13.5)

Postintervention 56.3 (10.4) 50.6 (14.1)

Change 3.6 (12.2) �1.9 (11.3)

95% CI �1.1 to 8.2 �6.0 to 2.3

a Data are mean (SD) unless otherwise indicated. WUSPI�Wheelchair User’s Shoulder Pain Index, VAS�visual analog scale, PASIPD�Physical Activity Scale
for Individuals With Physical Disabilities, SF-36�36-Item Short-Form Health Survey questionnaire, postintervention�immediately after 12-week intervention,
95% CI�95% confidence interval.
b P values for between-group comparison were obtained from the interaction of treatment group and time using a repeated-measures analysis of variance.
Values in bold type were significant at P�.05
c Within-group P values were significant at P�.05 with post hoc testing using a paired t test.
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exercise program on shoulder pain
in individuals with SCI.23–25 The sim-
ilarities and differences in muscle
strengthening protocols between
this study and prior investigations
are worth noting. Our goal was to
develop an exercise program that
was effective, required minimal
equipment, and was brief enough to
minimize the added burden on par-
ticipants who already have heavy
self-care demands. The rotator cuff
muscles were the primary focus of
our strengthening protocol in this
trial, which was most similar to that
used in the study by Curtis and col-
leagues.23 The primary difference in
protocols between the 2 studies was
that strengthening exercises were
performed 3 times per week in the
STOMPS trial and daily in the study
by Curtis et al. In addition to possible
overtraining with daily exercise, the
more modest reduction in shoulder

pain seen in the study by Curtis and
colleagues was likely related to mild
levels of initial shoulder pain, with
only 50% of participants having
shoulder pain at entry into the study.

The strengthening exercises used
by Nawoczenski and colleagues24

focused primarily on scapular mus-
cles using electromyographic-guided
exercise prescription, but also
included an exercise for the shoul-
der external rotator muscles. The
magnitude of shoulder pain reduc-
tion documented in the study by
Nawoczenski et al was similar to that
found in the STOMPS trial. In con-
trast, Nash and colleagues25 utilized a
gym-based circuit resistance training
program with exercises designed for
overall strength and power building
as part of a general fitness program.
On average, the participants in their
study had less-severe initial shoulder

pain than those in the STOMPS trial
(initial WUSPI score of 32 versus 48,
respectively). Based on our clinical
experience, individuals with moder-
ate to severe shoulder pain do not
tolerate typical power-building exer-
cises with UE weight bearing, such
as dips, at least initially, until their
pain levels have subsided. Therefore,
at least some of the participants
enrolled in the STOMPS trial who
initially had greater pain severity
may not have been able to tolerate
the protocol proposed by Nash
et al.25

One unique characteristic of the
intervention tested in the STOMPS
trial was the inclusion of the move-
ment optimization component. The
goal of this portion of the interven-
tion was to reduce both the forces
transmitted to the shoulder joint and
the magnitude of demands on the

Figure 4.
Bar graphs of shoulder pain as measured by Wheelchair User’s Shoulder Pain Index (WUSPI) scores (mean�SD) over time (baseline,
immediate postintervention, 4-week follow-up) by group (attention control group: blue bars; exercise/movement optimization
group: gray bars). There was a statistically significant interaction between intervention group and time (baseline to immediate
postintervention, P�.001) and a statistically significant reduction in the exercise/movement optimization group (baseline to
immediate postintervention, P�.001). There were no changes in WUSPI scores for the attention control group at any time interval.
Reduction in WUSPI scores was maintained at the 4-week follow-up assessment. Asterisk indicates P�.0001.
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Table 3.
Mean Change (SD) for Outcomes From Immediate Postintervention Assessment to 4-Week Follow-up Assessment Based on
2-Group Analysis of Evaluable Dataa

Outcome Measure

Exercise/Movement
Optimization
Group (n�26)

Attention
Control Group

(n�26)

Interaction Between
Group and Time

P b

WUSPI

.34
Postintervention 14.9 (14.0) 45.4 (37.3)

4-wk follow-up 14.0 (15.2) 39.3 (33.5)

Change �0.9 (34.7) �6.1 (28.3)

Subjective Quality of Life Scale

.56
Postintervention 5.3 (0.9) 4.9 (1.4)

4-wk follow-up 5.5 (0.9) 4.9 (1.4)

Change 0.2 (0.9) 0.0 (1.2)

Social Interaction Inventory

.33
Postintervention 53.3 (30.6) 40.5 (16.6)

4-wk follow-up 46.7 (22.9) 40.0 (13.9)

Change �6.6 (27.0) 0.5 (12.3)

SF-36 subscales

Physical function

.27
Postintervention 32.1 (7.2) 28.9 (6.8)

4-wk follow-up 31.0 (7.1) 29.7 (8.7)

Change �1.1 (5.9) 0.8 (6.0)

Role–physical

.36
Postintervention 47.2 (9.0) 42.2 (9.3)

4-wk follow-up 46.3 (9.0) 42.8 (9.0)

Change �0.9 (9.2) 0.6 (1.9)

Bodily pain

.93
Postintervention 46.5 (8.1) 41.0 (9.2)

4-wk follow-up 47.4 (9.6) 41.4 (10.3)

Change 0.9 (9.2) 0.4 (11.5)

Physical Component Score

.73
Postintervention 40.0 (6.6) 36.4 (7.4)

4-wk follow-up 39.2 (7.2) 36.3 (8.0)

Change �0.8 (7.9) �0.1 (8.8)

Role–emotional

.76
Postintervention 48.9 (11.1) 45.4 (10.9)

4-wk follow-up 49.7 (11.7) 47.4 (12.1)

Change 0.8 (12.3) 2.0 (8.6)

Mental health

.47
Postintervention 52.4 (8.4) 47.1 (12.8)

4-wk follow-up 52.4 (10.2) 48.5 (12.1)

Change 0.0 (11.8) 1.4 (11.9)

(Continued)
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stabilizing muscles of the shoulder
by providing evidence-based instruc-
tion to modify the technique used
to perform activities that provoked
shoulder pain. Participants who
demonstrated a UE activity that pro-
voked shoulder pain and received
specific instruction to optimize task
performance had baseline shoulder
pain levels that were nearly twice as
severe as those of participants who
did not demonstrate a specific UE
task. The intervention was effective
despite the high levels of shoulder
pain, and shoulder pain levels were
similar in the 2 groups at the end of
the 12-week intervention. The com-
bination of improved muscular
capacity through strengthening and
decreased demands by modification
of movement techniques likely
reduced the risk of ongoing subacro-
mial impingement during those
activities performed on a daily basis
after SCI for mobility and function.
Because the 2 components of the
intervention were not tested sepa-
rately, however, it is not possible to
determine the individual contribu-
tions of the exercise program and
movement optimization instruction
to the reduction of shoulder pain.

There are several limitations associ-
ated with the STOMPS trial. All of

the outcomes except for isometric
torques and wheelchair propulsion
speed were self-reported measures,
which could have been susceptible
to bias from participants’ expecta-
tions regarding treatment effective-
ness or desire to please researchers.
We do not believe this was a primary
factor affecting outcomes because
both interventions were presented
to participants equally as potentially
effective treatments, the magnitude
of the changes in the experimental
group was large, and outcomes
unlikely to be improved with
decreased shoulder pain did not
change (eg, general health subscale
of the SF-36). We also had a large
dropout rate in both groups, but this
loss was directly related to the inter-
vention in only one participant. Par-
ticipant dropout is not uncommon in
research studies that require multi-
ple visits over time for individuals
with SCI, who face secondary medi-
cal complications and transportation
difficulties.56 The ITT analysis, how-
ever, confirmed the robustness of
our findings despite the high drop-
out rate.

Among participants in the exercise/
movement optimization group who
completed the 12-week intervention
and immediate follow-up evaluation,

adherence to the exercise program
was high, with only 2 participants
(6%) noted as likely nonadherent.
Because the exercise intervention
was primarily a home-based pro-
gram, however, measurement of
adherence was indirect. We also did
not document whether participants
actually changed their movement
performance after receiving the rec-
ommendations. Additionally, partici-
pants were allowed to continue the
exercise component of the interven-
tion after the 12-week period, so the
4-week follow-up assessment likely
included outcomes from partici-
pants who continued performing
the exercises as well as from those
who stopped the program after 12
weeks. This instruction is reflective
of clinical practice, however, where
clients would be expected to con-
tinue the changes in movement tech-
nique and might choose to continue
the shoulder exercises. Finally, addi-
tional studies would be needed to
determine whether the results of
this study can be generalized to indi-
viduals with tetraplegia, who have
shoulder muscle weakness due to
level of injury that may not respond
to exercise.

Table 3.
Continued

Outcome Measure

Exercise/Movement
Optimization
Group (n�26)

Attention
Control Group

(n�26)

Interaction Between
Group and Time

P b

Social functioning

.06
Postintervention 50.4 (8.6) 41.7 (14.2)

4-wk follow-up 47.0 (10.7) 44.9 (10.8)

Change �3.4 (13.4) 3.2 (12.2)

Mental Component Score

.33
Postintervention 52.7 (12.4) 52.5 (13.5)

4-wk follow-up 56.3 (10.4) 50.6 (14.1)

Change 3.6 (12.2) �1.9 (11.3)

a Data are mean scores (SD) unless otherwise indicated. Postintervention�immediately after 12-week intervention, WUSPI�Wheelchair User’s Shoulder Pain
Index, SF-36�36-Item Short-Form Health Survey questionnaire.
b P values for between-group comparisons were obtained from the interaction of treatment group and time using a repeated-measures analysis of variance.
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Table 4.
Mean Change in Outcomes Over 3 Time Intervals—Preintervention, Immediately After 12-Week Intervention, and 4 Weeks
Postintervention—Based on 2-Group Intention-to-Treat Analysis of All Dataa

Outcome Measure
Exercise/Movement

Optimization Groupb
Attention

Control Groupc

Interaction Between
Group and Time

P d

WUSPI

<.001
Preintervention 53.7 (35.4) 46.3 (37.3)

Postintervention 14.9 (14.0) 45.6 (38.2)

4-wk follow-up 13.7 (15.3) 40.1 (32.8)

Single-item VAS

<.001
Preintervention 5.3 (2.7) 4.8 (2.7)

Postintervention 1.4 (1.6) 4.2 (2.7)

4-wk follow-up 1.4 (1.5) 3.9 (2.8)

Shoulder torque (N�m)

Adduction

.05
Preintervention 57.6 (28.7) 59.3 (31.4)

Postintervention 74.2 (28.3) 63.3 (19.0)

4-wk follow-up 75.0 (28.9) 63.9 (19.2)

Elevation (scapular plane)

.03
Preintervention 38.4 (21.2) 40.4 (19.8)

Postintervention 49.3 (21.8) 44.7 (21.1)

4-wk follow-up 51.4 (22.5) 48.7 (18.7)

Internal rotation

.05
Preintervention 34.4 (16.3) 32.8 (13.8)

Postintervention 41.7 (19.3) 32.8 (13.5)

4-wk follow-up 42.6 (15.1) 38.5 (14.7)

External rotation

.09
Preintervention 27.1 (10.8) 25.3 (10.3)

Postintervention 30.5 (12.2) 25.7 (11.3)

4-wk follow-up 28.6 (8.8) 29.7 (7.6)

PASIPD

.03
Preintervention 15.7 (12.2) 16.7 (11.2)

Postintervention 15.3 (9.0) 14.9 (9.8)

4-wk follow-up 19.0 (15.4) 13.7 (6.1)

Wheelchair propulsion speed (m/s)

.70
Preintervention 1.5 (0.4) 1.5 (0.4)

Postintervention 1.5 (0.3) 1.6 (0.4)

4-wk follow-up 1.4 (0.3) 1.5 (0.4)

Social Interaction Inventory

.14
Preintervention 45.7 (24.2) 45.4 (32.8)

Postintervention 53.3 (30.6) 40.8 (16.6)

4-wk follow-up 46.7 (20.7) 40.0 (13.9)

Subjective Quality of Life Scale

.05
Preintervention 4.8 (1.3) 5.0 (1.4)

Postintervention 5.3 (0.9) 5.0 (1.4)

4-wk follow-up 5.4 (1.0) 4.9 (1.4)

(Continued)
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Table 4.
Continued

Outcome Measure
Exercise/Movement

Optimization Groupb
Attention

Control Groupc

Interaction Between
Group and Time

P d

SF-36 subscale

Physical function

.28
Preintervention 29.9 (8.2) 28.4 (8.4)

Postintervention 32.1 (7.2) 28.4 (6.5)

4-wk follow-up 31.0 (7.1) 29.7 (8.7)

Role–physical

.01
Preintervention 41.2 (7.9) 42.6 (12.1)

Postintervention 47.2 (9.0) 41.1 (9.0)

4-wk follow-up 46.3 (9.5) 42.8 (10.8)

Bodily pain

.01
Preintervention 37.6 (9.6) 40.6 (9.3)

Postintervention 46.5 (8.1) 41.4 (10.3)

4-wk follow-up 47.4 (9.6) 41.9 (8.5)

General health

.62
Preintervention 47.5 (8.6) 45.3 (12.3)

Postintervention 49.5 (8.5) 46.0 (9.7)

4-wk follow-up 48.8 (7.8) 45.2 (8.8)

Physical Component Score

.05
Preintervention 35.2 (8.1) 35.4 (9.4)

Postintervention 39.9 (6.5) 35.7 (7.3)

4-wk follow-up 39.2 (7.2) 36.3 (8.0)

Role–emotional

.15
Preintervention 44.1 (11.2) 45.5 (12.9)

Postintervention 48.9 (11.1) 44.5 (11.4)

4-wk follow-up 49.7 (10.7) 47.4 (12.1)

Mental health

.07
Preintervention 49.1 (10.3) 48.3 (11.9)

Postintervention 52.5 (8.4) 46.8 (12.6)

4-wk follow-up 52.4 (10.2) 48.5 (12.1)

Vitality

.07
Preintervention 50.2 (7.4) 49.6 (10.8)

Postintervention 53.9 (9.2) 48.3 (11.6)

4-wk follow-up 55.5 (7.4) 49.7 (11.0)

Social functioning

.05
Preintervention 44.3 (8.3) 43.2 (14.7)

Postintervention 50.4 (8.6) 42.4 (13.4)

4-wk follow-up 47.0 (10.5) 44.9 (10.8)

Mental Component Score

.12
Preintervention 52.5 (10.7) 52.2 (13.8)

Postintervention 56.6 (10.4) 50.6 (14.1)

4-wk follow-up 56.6 (11.3) 54.5 (11.4)

a Data are mean (SD) unless otherwise indicated. WUSPI�Wheelchair User’s Shoulder Pain Index, VAS�visual analog scale, PASIPD�Physical Activity Scale
for Individuals With Physical Disabilities, SF-36�36-Item Short-Form Health Survey questionnaire, postintervention�immediately after 12-week intervention.
b Preintervention: n�40; postintervention: n�26; 4-week follow-up: n�26.
c Preintervention: n�40; postintervention: n�32; 4-week follow-up: n�26.
d P values for between-group comparison were obtained from the interaction of treatment group and time using a repeated-measures analysis of variance.
Values in bold type were significant at P�.05.
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Conclusions
The STOMPS trial is the first to doc-
ument the efficacy of a home exer-
cise program paired with instruction
to optimize movement performance
techniques for activities that involve
UE weight bearing. Together, they
create a comprehensive intervention
that was effective in reducing long-
standing shoulder pain in people
with SCI. The significant reduction
in pain following the exercise/move-
ment optimization intervention was
accompanied by significant improve-
ments in muscle strength and health-
related and overall self-reported
QOL. These positive results were
maintained for at least 4 weeks after
the active intervention period.
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