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Context/Objective: Wheelchair users with spinal cord injury (SCI) have a high risk of developing shoulder pain,
caused by rotator cuff disease. Platelet-rich plasma (PRP) is a potential treatment after conservative treatments
fail and prior to surgical intervention; however, it has not been tested in wheelchair users who have recalcitrant
shoulder pain associated with rotator cuff disease. The objective of this pilot project was to test the safety and
potential treatment effect of an ultrasound-guided PRP injection for shoulder pain in the aforementioned
population.
Design: Prospective, quasi-experimental.
Setting: Clinical research center.
Participants: Six wheelchair users with SCI (3 paraplegia, 3 tetraplegia) who had chronic shoulder pain due to
rotator cuff disease (presence of anterior shoulder pain, positive physical examination tests for rotator cuff
disease, and tendinopathy demonstrated by ultrasound) and failed at least six months of conservative treatment.
Interventions: Ultrasound-guided PRP injection into pathological shoulder tendons, targeting the supraspinatus.
Subjects were provided a standardized stretching and strengthening program and were followed for 4, 8, 12,
and 24 weeks post-intervention with outcomes collected at each time-point.
Outcome Measures: Wheelchair User’s Shoulder Pain Index (WUSPI); pain Numerical Rating Scale (NRS);
physical and ultrasound examinations for supraspinatus tendinopathy; 5-point patient global impression of
change (PGIC).
Results: WUSPI (69.9%, P < 0.001), NRS (49.6%, P < 0.01), and physical exam scores (35.7%, P < 0.01)
decreased 24 weeks after treatment. Participants reported overall improvement in their status as a result of the
treatment. No adverse events were noted, and no changes in ultrasound markers for tendinopathy were observed.
Conclusion: A single, ultrasound-guided PRP injection into the supraspinatus tendon, followed by a stretching and
strengthening exercise program, was safe and provided improvements in shoulder pain outcome measures in this
sample for 24 weeks. Lack of blinding, short-term follow-up, and a suitable control group warrant a larger
randomized controlled trial.
Trial Registration: NCT01355549
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Introduction
Shoulder pain is common in individuals with spinal cord
injury (SCI), with a prevalence ranging between 30%
and 73%.1,2 Nichols et al. were the first to coin the
term, “wheelchair user’s shoulder”, when they reported
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that individuals with SCI who used wheelchairs were
more likely to develop pain around the shoulders than
any age group in the general population.3 Shoulder
pain can lead to substantial disability, resulting in
decreased functional independence.4 Although there
are a number of conditions that can cause shoulder
pain in wheelchair using individuals with SCI, rotator
cuff disease is most common.1

Shoulder pain in wheelchair users with SCI often
resolves with non-operative treatments such as rest,
pharmacologic agents (e.g. nonsteroidal anti-inflamma-
tory drugs, corticosteroid injections), modalities (e.g.
heat, ice, ultrasound), exercises, equipment modifi-
cation, and education.2,5 Once these conventional treat-
ments fail, surgery may be indicated to restore function,
reduce pain, and prevent further damage to the rotator
cuff structures.6 In people with SCI, several groups
have evaluated post-surgery outcomes.6–10 Many
reported favorable outcomes with regard to improve-
ments in pain and function.7,9,10 However, post-operat-
ive management included several months of power
wheelchair use, assistance with weight-bearing activities
of daily living (e.g. transfers), and in some cases hospi-
talization.7,9–11 A re-tear rate of 33% was observed in
one study despite these post-operative precautions.10

Participants in two of the studies reported high satisfac-
tion with post-surgical outcomes, indicating surgery
may be a viable option after all others fail.6,10

Considering the costs associated with a surgical pro-
cedure and the functional limitations during the post-
operative period, conservative treatment options that
delay or prevent the need for surgery are preferable.
Autologous blood injections are a promising treat-

ment for muscle injury and tendinopathy.12 It has been
hypothesized that growth factors and cytokines carried
in a person’s own blood act as mediators to induce
healing. Platelets, small cell fragments normally
involved in blood clotting, have been shown to contain
growth factors with healing properties that may
enhance the reparative response after tendon injury.13

Platelet-rich plasma (PRP) is a treatment in which plate-
lets are isolated from a sample of a person’s own blood
using simple cell-separating systems such as centrifu-
gation. The resulting product is a highly concentrated
sample of platelets that can be injected into an injury
site to promote healing. In vitro studies have observed
enhanced collagen formation and cell proliferation,14,
15 and increased synthesis of vascular endothelial
growth factor (VEGF).13

Research studies reporting the use of PRP for
chronic rotator cuff tendinopathy have primarily been
in able-bodied, non-SCI populations. A multicenter,

retrospective review reported moderate improvement
to complete resolution of symptoms after PRP injec-
tions in the rotator cuff in 81% of participants.16

However, a recent systematic review and meta-analysis
demonstrated equivocal results with respect to improve-
ments in pain compared to the control group.17 In the
rotator cuff, PRP has been compared to corticosteroid
injections,18 dry-needling,19 and standardized exercise.20

In a study by Rha et al.,19 able-bodied patients who
received PRP showed greater reduction in pain com-
pared to dry-needling after six months. Symptoms
improved after PRP compared to corticosteroids in a
study by Shams et al.,18 yet the improvements appeared
to dissipate after six months. Kesikburun et al.20

observed no improvements in participants who received
PRP and a standardized exercise program compared to
the control group that received only the exercise
program. The differences in outcomes may be due to
the post-treatment protocol. The study with less-favor-
able outcomes prescribed a strict, 6-week regimen start-
ing with passive supervised range of motion exercises
followed by home-based strengthening and stretching
exercises. The others either provided a less structured
regimen19 or did not allow physiotherapy in any
capacity.18

The only investigation completed in the SCI popu-
lation found that a PRP injection into the biceps
tendon resulted in some pain reduction.21 However,
the supraspinatus is most often the primary source of
rotator cuff pathology in this population22,23 and thus
should be the primary target of any therapy designed
to reduce pain following a diagnosis of tendinopathy.
The objective of this exploratory pilot study was to
test the safety and treatment effect of a PRP injection
under ultrasound guidance into the supraspinatus
tendon in people with SCI who have recalcitrant
shoulder pain caused by rotator cuff disease. Positive
findings may help guide treatment for these ailments
and lead to larger randomized control trials. It was
hypothesized that a PRP injection, followed by a stan-
dardized stretching and strengthening protocol, would
prove to be a safe and result in less pain intensity up
to six months post-treatment. Pain intensity was
measured using a pain numerical rating scale (NRS),
the Wheelchair User’s Shoulder Pain Index
(WUSPI),24 and eight physical examination tests for
rotator cuff disease. The treatment would be considered
safe if no adverse events related to the procedure were
reported. It was further hypothesized that ultrasound
signs for supraspinatus pathology would lessen in sever-
ity, assessed using the Ultrasound Shoulder Pathology
Rating Scale (USPRS).23
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Methods
Subjects
Inclusion criteria included: (1) between 18 and 60 years
of age, inclusive; (2) SCI with neurological level of
injury between C6 and L5, inclusive, that occurred at
least 12 months prior to the Screening Visit; (3) use of
a manual or power wheelchair as primary means of
mobility (> 40 h/week); (4) presence of chronic
shoulder pain due to rotator cuff disease in spite of at
least six months of conservative treatment; (5) presence
of average shoulder pain of 5 or above on an 11-point
numerical rating scale (NRS; 0, no pain; 10,
maximum pain imaginable) during the week leading
up to the Screening Visit; and (6) ability and willingness
to comply with the protocol. Rotator cuff disease was
defined as pain over the anterolateral shoulder with
direct palpation and pain at the shoulder with provoca-
tive tests for rotator cuff disease, and was confirmed
after identifying tendinopathic changes on ultrasound
imaging. Provocative tests included palpation of the
supraspinatus tendon over the greater tuberosity, supras-
pinatus (“empty can”, Jobe’s) test,25 painful arc,26 and
Hawkins–Kennedy test,27 and Neer’s test.28

Ultrasound signs include edema, tendon thickening,
and hypoechoic areas within the tendon consistent
with the absence of tendon tissue (e.g. a tear).29

Subjects were excluded from the study if they: (1)
reported prior PRP treatment in the same shoulder;
(2) reported a history of systemic disorders such as dia-
betes or rheumatoid arthritis; (3) had contra-indications
to the procedure such as infection, coagulopathy, or
were currently taking anti-coagulants; (4) had a gluco-
corticoid injection to the affected shoulder within the
past four weeks; (5) were pregnant; or (6) had any
medical condition, including psychiatric illness, that
would interfere with the interpretation of the study
results or the conduct of the study.

Treatment procedure
Approximately 60 mL of blood was drawn from the
uninvolved arm into a syringe containing an anti-coagu-
lant. The blood was processed using a PRP preparation
system (Harvest® SmartPReP®, Somerset, NJ, USA)
according to instructions. Approximately 6mL of PRP
was obtained from each patient. An 8.4% sodium bicar-
bonate solution was added into the PRP to buffer to
physiologic pH. Between 3 and 5 mL were peppered
into the affected tendon of the participant under direct
ultrasound guidance using sterile technique. The supras-
pinatus was targeted in all participants, with one partici-
pant receiving an additional injection into the biceps
tendon (Table 1). A 5–13 MHz linear probe was used

for all injections and ultrasound measures (12L-RS
probe; GE Logiq e, GE Healthcare, Chicago, Illinois,
USA).
Participants were instructed to rest the arm during the

first 24 h following PRP treatment. This included limit-
ing upper-limb weight-bearing activities (e.g. transfers,
manual WC propulsion, etc.) whenever possible, and
avoiding strenuous upper-limb activities (e.g. driving,
prolonged wheeling, repeated overhead reaching, etc.).
Subjects who drove were recommended to have a
“helper” drive them home following the treatment. A
4-day course of tramadol or oxycodone/acetaminophen
was prescribed for immediate post-injection pain, alter-
natively, participants could take 1–2 acetaminophen
500 mg tablets up to four times daily. Use of aspirin,
NSAIDs, and corticosteroids was prohibited. During
the first week, ADL could be increased as tolerated.
Four weeks after the procedure (i.e. after evaluation at
4-Week Follow-up Visit), participants were allowed to
proceed with normal sporting or recreational activities
as tolerated.
Participants began a standardized stretching protocol

after the 24-hour resting period, which transitioned to a
formal strengthening program one month after PRP
injection. Both stretching and strengthening protocols
were adapted from a randomized controlled trial con-
ducted by Mulroy et al.30 The stretching protocol con-
sisted of maneuvers that targeted the anterior and
posterior shoulder joint structures, as well as the upper
trapezius. Strengthening exercises included scapular
retraction using an elastic band, weighted shoulder
abduction in the scapular plane, and weighted shoulder
external rotation. Participants were instructed to con-
tinue the stretching and strengthening programs for
the duration of the study.

Pain questionnaires
Participants completed questionnaires about functional
and global pain intensity, including the WUSPI24 and
an 11-point NRS. The WUSPI is a well-validated and
reliable tool to measure shoulder pain in people with
SCI during functional activities over the past week.31

The metric utilizes 10 centimeter visual analog scales
across fifteen activities, with total scores ranging from
0 (no pain) to 150 (maximum pain). The NRS is a com-
monly-used metric that inquires about average shoulder
pain over the past week using a 0 (“no pain”) to 10
(“worst pain imaginable”) scale. It is recommended for
use in SCI pain research32 and clinical trials in pain as
a primary outcome measure.33 After the treatment, par-
ticipants were asked how much their overall status has
changed using a 7-item Likert scale with 1 indicating
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“very much improved” and 7 indicating “very much
worse.”34

Physical examination
A modified version of the Physical Examination of the
Shoulder Scale (PESS)23 was included as a clinically-rel-
evant and objective measure of shoulder pain. Five tests
were chosen from the original PESS that were specific to
the supraspinatus tendon: palpation over the greater
tuberosity, the supraspinatus (“empty can” or Jobe’s)
test,25 painful arc test,26 and Hawkins-Kennedy27 and
Neer’s (impingement) signs.28 Other examinations were
eliminated from the analysis because the supraspinatus
was targeted for injection and inclusion of the other
exam scores would likely introduce error. Each maneu-
ver was given a numerical score of 0 (absent), 1 (equiv-
ocal), and 2 (present)23 Scores were summed for a total
between 0 and 10.

Ultrasound examination
A physician visualized the soft-tissue structures in the
subjects’ treated shoulders, using ultrasound, at three
time points: before the treatment and 12 and 24 weeks
post-treatment. The USPRS was used to apply a
numerical score to seven different static and dynamic
ultrasonographic tests that assess shoulder pathology.
Static tests included biceps and supraspinatus tendino-
pathy, glenohumeral joint effusion, bursal thickness,
and irregularity of the greater tuberosity cortical
surface. Dynamic tests assessed degrees of supraspinatus
and subscapularis impingement. A score of zero implies
no observable pathology. Complete details of each test
and its grading system have been published pre-
viously.23,35 Of particular interest for this study was
the 6-point supraspinatus tendinopathy subscale,
which applies a number to the various signs of tendino-
pathy. Lower scores indicate less severe pathology and
higher scores indicated greater degrees of pathology,
with the highest score being a clear full-thickness tear.23

Statistical analysis
All analyses were performed using SPSS v21 (IBM, Inc.,
Armonk, New York, USA). An alpha of 0.05 was con-
sidered significant. Descriptives were calculated for
demographic variables and outcome measures. Mixed
effects models were built to test changes in outcomes
(WUSPI, NRS, PESS, USPRS) over time. Random
intercepts were built into the models to account for
between-subjects heterogeneity. The independent vari-
able was time since treatment (4, 8, 12, and 24 weeks).
Measurements at each post-treatment time point were
compared to baseline; Bonferroni corrections were
applied to each pairwise comparison.

Results
Subjects
Six male participants were enrolled and completed the
study (three with tetraplegia, three with paraplegia).
The average age was 54.5 ± 6.3 years with an average
injury duration of 26.7 ± 11.1 years. All participants
reported bilateral shoulder pain during wheelchair use.
Subject ages, injury durations, races/ethnicities, and
injury characteristics are presented in Table 1.
Ultrasound signs for supraspinatus tendinopathy are
detailed in Table 1
PRP was injected directly into the supraspinatus tendons

of five participants (one into the subacromial space), and
one participants’ biceps tendon (Table 1). Calcifications
present in two participants supraspinatus tendons were
needled at the time of the procedure (Table 1).

Pain and imaging outcomes
The PRP treatment resulted in marked decreases in all
three pain outcomes after 4, 8, 12, and 24 weeks: NRS
(P < 0.01), WUSPI (P < 0.001), and physical examin-
ation findings (P < 0.01). After six months, averages
of 69.9% and 49.6% decreases were observed in
WUSPI and pain NRS scores (Table 2). Subject-specific
and mean changes in WUSPI and NRS scores are

Table 1 Participant demographic information and treatment notes for platelet-rich plasma injection procedure.

Subject
Age
(yrs)

DOI
(yrs)

Race/
Ethnicity

Injury
level

Ultrasound
indicators PRP volume, treatment locations

1* 51 13 W, NH C6 Clear PT tear 3 mL, Bursal and articular side of partial thickness tear
2 48 20 W, H T12 Mild tendinosis 5 mL, Subacromial space
3† 60 45 W, H T12 Possible FT tear 4 mL, Tendon, long axis
4 58 29 W, NH C7 Clear FT tear 3 mL, Tendon, unspecified
5† 62 22 W, NH C5 Clear FT tear 4 mL, Articular sided tear
6 48 31 W, NH T6 Clear PT tear 4 mL, Areas of tendinopathy and partial tear

Notes. W = White. H/NH = Hispanic/Non-Hispanic. PT = partial thickness. FT = full thickness. DOI = duration of injury. All participants
were male.
* Biceps tendon injection (2 mL) in addition to supraspinatus.
† Supraspinatus intratendinous calcifications needled in addition to PRP injection.
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presented in Figures 1 and 2, respectively. The average
decrease in modified PESS scores was 35.7% (Table 2).
Frequencies of positive signs between baseline and six
months post-treatment for each physical examination
test are presented in Table 3. No changes in ultrasound
markers for supraspinatus were found after 24 weeks
(Table 2). Two participants reported their status as mini-
mally improved as a result of the intervention, while
three reported much improved and one reported very
much improved.

Discussion
Shoulder pain is common in the SCI population and is
most likely caused by tendinopathy of the rotator cuff
structures due to overuse from activities of daily
living.1 In this way, people with SCI are unique in
their near-constant exposure to upper limb loading,
and thus the inability of their tendons to heal after
such repeated exposure. PRP was thought to be a
useful treatment in this population because of its
innate healing properties, which may help to offset the

deleterious effects of chronic wheelchair use without
the need for surgery. This was the first investigation to
present outcomes of a PRP injection in the degenerative
rotator cuffs of a sample of wheelchair users with SCI.
Overall, the intervention reduced global and activity-
specific pain intensity after six months without any
changes in ultrasound signs for supraspinatus tendino-
pathy. No adverse reactions to the treatment were
reported.
The approximate 50% and 70% reductions in NRS

and WUSPI scores, respectively, after 24 weeks were
similar to other groups who reported functional and
general pain outcomes in the able-bodied popu-
lation.19,20 Only one group has reported on the efficacy
and safety of PRP for shoulder pain in the SCI popu-
lation, reporting overall positive outcomes.21 It is diffi-
cult to compare their findings due to their targeting of
the biceps tendon and a shorter follow-up period of
eight weeks. Additionally, although their participants
had a history of chronic shoulder pain for at least six
months, there was no indication as to whether they

Table 2 Changes in pain outcome measures after four, eight, twelve, and twenty-four weeks post-treatment.

Baseline Week 4 Week 8 Week 12 Week 24

WUSPIa 97.2 (27.8) 38.4 (21.0) 31.1 (29.4) 29.8 (32.4) 29.6 (30.1)
NRSb 6.0 (1.9) 2.86 (2.0) 2.83 (1.5) 2.5 (2.6) 3.0 (1.7)
PESS-STc 9.0 (1.3) 2.4 (1.0) 4.0 (3.2) 3.0 (2.7) 5.17 (2.9)
USPRS-STe 3.2 (1.7) NA NA 3.3 (1.5) 3.2 (1.3)

Notes. WUSPI = Wheelchair User’s Shoulder Pain Index. NRS = Numerical Rating Scale. PESS-ST = Physical Examination of the
Shoulder Scale supraspinatus tendon subscale. USPRS-ST = Ultrasound Shoulder Pathology Rating Scale supraspinatus tendon
subscale.
aP < 0.001; significantly different from baseline at all points (P < 0.001).
bP < 0.01; significantly different from baseline at all points (P < 0.01).
cP < 0.01; significantly different from baseline at all points (P < 0.05).
eP > 0.05.

Figure 1 Subject-specific changes (dotted lines) and mean
changes (solid black line) in Wheelchair User’s Shoulder Pain
Index (WUSPI) scores over the 24-week follow-up period.

Figure 2 Subject-specific changes (dotted lines) and mean
changes (solid black line) in pain Numerical Rating Scale (NRS)
scores over the 24-week follow-up period.
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had failed conservative treatment prior to enrolling in
study. Similar to the present investigation, Ibrahim,
et al. described a reduction in visual analog pain
scores for the injected arm after eight weeks with no
change in ultrasound markers for pathology.21 In con-
trast, however, marked decreases in physical examin-
ation findings for supraspinatus pathology were
observed in the current investigation. One study that fol-
lowed able-bodied participants for a year showed a con-
tinued decrease in pain measures between six and twelve
months.20 It is possible the same pattern would have
been observed in this sample, yet this was not tested.
Future investigations should continue to follow individ-
uals for at least one year to determine when pain levels
begin to reverse toward baseline.
Participants were given a standardized stretching and

strengthening program to complete after the PRP treat-
ment. It is entirely possible that the observed pain
reductions were due to the exercise and stretching
program. The largest comparative study of PRP to phys-
ical therapy in able-bodied individuals showed no differ-
ences between the two interventions after 12 months.36

In wheelchair users with SCI, Mulroy et al. conducted a
12-week home-based exercise, stretching, and movement
optimization intervention.30 In the 26 individuals who
received the intervention, the reductions in WUSPI
scores were virtually no different than those in the
present study who received the PRP injection (70.9%
versus 70.0%, respectively).30 Interestingly, Numerical
Pain Rating Scale reductions were greater in their study
(72.5% versus 49.6%). It is possible that differences in
sample characteristics were at least partially responsible
for these observations. Participants in the study by
Mulroy et al. were on average younger with shorter
injury durations, lesser WUSPI scores, and fewer physical
examination signs for shoulder pathology than the current
sample.30 Considering the improvements noted in this
sample, there is a need for further investigation with a
larger sample size, randomization, and a control group.
Future studies could also include pain measurements of
the untreated, contralateral limb for comparison.

Individuals with SCI often present signs of soft-tissue
pathology in multiple locations within the shoulder; for
example, the biceps tendon, supraspinatus tendon, sub-
acromial bursa, or glenohumeral joint. It is important to
note that different approaches were taken depending on
the participants and their specific pathology. For
example, supraspinatus tendon calcifications were
needled in two participants and an additional injection
was performed in one participant’s biceps tendon. The
introduction of this treatment heterogeneity introduces
some error in that these additional procedures may
have influenced the effect of the intervention on out-
comes. However, it is important to consider this hetero-
geneity during treatment to optimize outcomes.

Limitations
This was a pilot study; thus, the primary limitations were
the small sample size, lack of a control group and ran-
domization, and a relatively short follow up period of 24
weeks. Recruiting a larger sample and conducting a ran-
domized, controlled, double-blinded study would help to
show efficacy of the treatment. Although PRP volume
and location of the injection were recorded, additional
data should be collected on the count and concentration
of platelets in the PRP product. These variables would
provide a more complete understanding of the treatment
effects, and perhaps be used to predict a more successful
outcome. The sample only consisted of White (Hispanic
and non-Hispanic) males. Including a higher percentage
of females and people of other races in future studies
would improve generalizability to the SCI population.

Conclusions
A PRP injection under ultrasound guidance, followed by
a shoulder stretching and strengthening program, reduced
functional and general shoulder pain intensity for up to 24
weeks. No adverse events related to the procedure were
reported. This pilot study showed that PRP is a safe and
potentially efficacious treatment for recalcitrant shoulder
pain caused by rotator cuff disease in wheelchair users
with SCI. A larger, more definitive randomized controlled
trial is warranted. Inclusion of quantitative outcome
measures, such as MRI T2 mapping or quantitative ultra-
sound, may yield additional insight into evidence of
tendon healing after PRP treatment.

Disclosures
This data was presented at the 2018 Academy of Spinal
Cord Injury Professionals Annual Meeting in New
Orleans, Louisiana, USA. A subset of these data were
also presented at the 2019 Meeting of the American
Spinal Injury Association in Honolulu, Hawaii, USA.

Table 3 Numbers and percentages of participants with
positive physical examination findings at baseline and at 24
weeks after treatment with Platelet-Rich Plasma.

Test Baseline Week 24

GT Tenderness 5 (83.3%) 4 (66.7%)
Empty Can 5 (83.3%) 3 (50.0%)
Painful Arc 5 (83.3%) 3 (50.0%)
Neer’s Impingement 4 (66.7%) 2 (33.3%)
Hawkin’s Impingement 5 (83.3%) 3 (50.0%)

Notes. GT = greater tuberosity.
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