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Abstract
Objective—To assess the prevalence of shoulder pain and its association with the use of assistive
devices for mobility in persons with chronic spinal cord injury (SCI).

Design—Cross-sectional analysis conducted within a cohort study.

Setting—SCI service in a hospital and the community.

Participants—Between August 2005 and January 2008, 93 participants with chronic SCI
completed a standardized health questionnaire and pain questionnaire.

Main Outcome Measures—Shoulder pain in last 6 months elicited by use of the McGill Pain
Questionnaire pain diagram.

Results—Of the 93 participants, 65 (69.9%) reported pain at any site in the 6 months before
testing. Shoulder pain, reported by 39.8% of participants, was the third most common site of pain
after the legs and back. When stratified by the use of assistive mobility devices, shoulder pain was
reported by 46.7% of motorized wheelchair users, 35.4% of manual wheelchair users, 47.6% of
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participants using aids such as crutch(es) or canes, and 33.3% of participants walking without
assistance (P = .7 for comparison of 4 groups).

Conclusions—Shoulder pain is highly prevalent in SCI. The authors of previous studies have
largely attributed shoulder pain in SCI to manual wheelchair use. However, our results provide
evidence for similarly elevated prevalence of shoulder pain among motorized wheelchair users and
those patients using crutches or canes. This finding suggests that in addition to overuse injury
from cyclic wheelchair propulsion, the assessment of other mechanical and nonmechanical factors
that lead to shoulder pain in SCI is an unmet research need that may have treatment implications.

INTRODUCTION
The shoulder is the most common site of upper extremity pain in patients with chronic spinal
cord injury (SCI) [1]. Shoulder pain is associated with lower quality-of-life ratings and
physical activity in patients with SCI [2]. In able-bodied patients, shoulder pain is the third
most common musculoskeletal complaint (after back and knee pain) and results in annual
direct expenses of approximately $7 billion in the United States [3,4].

The authors of previous studies [5–9] have reported that the prevalence of shoulder pain in
manual wheelchair users with SCI ranges from 38% to 67%. These authors have attributed
shoulder pain to overuse injury resulting from the use of a manual wheelchair. In other
articles on this topic, authors have reported on the prevalence of shoulder pain stratified by
severity of SCI to be 33% to 70% [10,11]. Some authors have provided data on only the
overall prevalence of shoulder pain in patients with SCI (33%–63%) [1,12–16]. However,
patients with SCI use various modes for ambulation (eg, motorized wheelchairs, cane[s], or
crutches and independent mobility) in addition to hand-propelled wheelchairs. The
association between modes of ambulation (mobility) and shoulder pain in SCI has not been
previously reported. We hypothesized that patients with SCI who use ambulatory devices or
modes other than a manual wheelchair also experience significant shoulder pain because of
biomechanical muscle imbalance. This cross-sectional analysis was intended to generate
hypotheses to be evaluated in subsequent studies that use prospective designs and permit
stronger inferences.

MATERIALS AND METHODS
Patient Population

Since 1994 we have been enrolling a chronic SCI cohort recruited from the VA Boston SCI
Service and from the Greater Boston area by advertisement, as has been described
previously [17]. A recruitment criterion that patients had lived with SCI for more than 1 year
was selected to ensure that participants survived acute injury and related complications.
Participants requiring mechanical ventilation or tracheostomy were excluded. At study
entry, participants had to be free of acute illness. They completed a detailed health
questionnaire and underwent a neurological examination.

In August 2005, we introduced a pain questionnaire that was administered to the participants
during their study visit. Participants (n = 94) tested between August 2005 and January 2008
were included in our study. One participant with missing data on the pain questionnaire
(described in the section “Pain and Mobility Questionnaires”) was excluded. The final
dataset for analysis included 93 participants. The study was approved by the Institutional
Review Boards at VA Boston Healthcare System, Brigham and Women’s Hospital, and
Harvard Medical School, and informed consent was obtained from each participant.
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Neurological Examination
The assessment of motor level and completeness of injury was performed at the same time
as other questionnaires were administered and based on American Spinal Injury Association
(ASIA) Impairment Scale (AIS) [18]. Motor level and completeness of injury was
determined by examination. Participants were a priori grouped into 1 of 7 motor injury
levels and severity groups. Because complete C5 is the highest level of SCI where the use of
a manual wheelchair is possible (although difficult) [19], we classified complete tetraplegia
in our study into C3-C4 (few persons were in this group because those on mechanical
ventilation were excluded) and C5-C8. Other neurologically complete groups included
motor complete T1-T6 and T7-T12. Participants with motor incomplete SCI (AIS C, the
majority of key muscles below the neurological level grade <3/5; or AIS D, at least one-half
of the key muscles grade ≥3/5) were grouped into cervical AIS C and D; T1-T12 AIS C and
D; and lumbar and sacral AIS complete and incomplete.

Pain and Mobility Questionnaires
To assess mobility, participants were asked “how you usually get around” and given the
following options: motorized wheelchair more than half the time; hand-propelled wheelchair
more than half the time; walk with aid more than half the time; and walk without assistance
more than half the time.

To assess pain, participants were asked whether they experienced pain in the last 6 months.
They were then asked to indicate the site of their pain from one of the following: head, neck,
shoulders, hands, chest, abdomen, genitals, back, buttocks, thighs, legs, and feet. These sites
were based on the pain diagram in the McGill Pain Questionnaire [20].

Statistical Analysis
We examined the prevalence of pain at various sites in participants with SCI and stratified
prevalence of shoulder pain by mobility. We compared the prevalence of shoulder pain
across mobility groups and level and severity of SCI by using the χ2 test. Logistic regression
was used to assess whether mobility was associated with shoulder pain, with an adjustment
for age and gender. We considered a P value of <.05 to be statistically significant. We
performed statistical analysis by using SAS for Windows (version 9.2) from SAS Institute
Inc. (Cary, NC).

RESULTS
The mean age of participants in our study was 53.6 ± 15.1 years (Table 1). Because this
cohort comprised mostly veterans, most participants (93.6%) were men. Incomplete
tetraplegia formed the largest group of participants in our study (31.2%). Twelve (12.9%)
participants had complete tetraplegia.

Of the 93 participants, 65 (69.9%) reported pain at one of the sites in the 6 months before
testing. The most common sites of musculoskeletal pain in our study included legs (47%),
back (45%), shoulder (40%), feet (39%), and hands (30%) (Figure 1; Table 2). No
differentiation between neuropathic and musculoskeletal pain was made.

Of the 65 participants who reported pain in the 6 months before testing, 37 (56.9%) reported
shoulder as one of the sites of pain. Therefore, the overall prevalence of shoulder pain in our
cohort was 39.8%. Participants using crutch(es) or canes (47.6%; 95% confidence interval
[95% CI] 26.3%–69.0%) and patient using motorized wheelchairs (46.7%; 95% CI 21.4%–
71.9%) reported the greatest prevalence of shoulder pain. The prevalence of shoulder pain in
participants using manual wheelchairs was less and similar to the prevalence of participants

Jain et al. Page 3

PM R. Author manuscript; available in PMC 2011 April 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



ambulating independently (35.4%; 95% CI 6.9%–49.0% versus 33.3%; 95% CI 2.5%–
64.1%). The 4 groups were not statistically different (P = .7). The 4 mobility groups were
not statistically different when logistic regression was performed and adjusted for age and
gender (data not presented because of small sample size, which resulted in wide confidence
intervals).

None of the participants with C5 and C6 complete tetraplegia used manual wheelchairs. The
highest level that a participant using a manual wheelchair scored in our study was C7
complete tetraplegia. When stratified by motor level and severity, participants with motor
complete C5-C8 SCI (55.6%) and incomplete thoracic (50%) had the greatest prevalence of
shoulder pain (Table 3).

DISCUSSION
We assessed the prevalence of shoulder pain in SCI and its association with the mode of
ambulation including hand-propelled wheelchairs. Shoulder pain was highly prevalent in
SCI with an overall prevalence of 39.8%. The authors of most studies did not report on the
association between mobility devices and shoulder pain and did not stratify patients who
used motorized wheelchairs or manual wheelchairs. We found that shoulder pain in SCI was
not limited to patients who used a manual wheelchair.

The authors of previous studies [1,6–12,14,16,21–24] have reported a wide range of
prevalence of shoulder pain in SCI (33%–67%). The reasons for these variations include the
different definitions of shoulder pain used (acute episode versus chronic occurrence). There
were variations in survey methodology, including in-person questionnaires, structured
versus unstructured interviews, and mail surveys. The study populations also varied from
investigations that were limited to wheelchair athletes [23] to studies that surveyed SCI
populations in the community [12]. Our study included persons exhibiting a range of injury
levels and severity and with a range of mobility modes.

Brose et al [6] reported a 67% prevalence of shoulder pain in 49 wheelchair users with
chronic SCI (28.6% with tetraplegia and 67.3% with paraplegia) who participated in the
National Veteran Wheelchair Games. Curtis et al [7] reported on 195 patients with SCI who
used manual wheelchairs. Fewer than 15% of participants reported shoulder pain before
using wheelchairs, whereas 59% of participants with tetraplegia and 42% with paraplegia
reported current shoulder pain. Gironda et al [12] performed a mail survey among manual
and motorized wheelchair users with SCI and reported that 83% of participants had
experienced shoulder pain at some point since they began using wheelchairs. Nichols et al
[14] reported a 51.4% prevalence of shoulder pain in 708 members of Spinal Cord Injuries
Association and associated shoulder pain with wheelchair use and transfers.

Ballinger et al [25] conducted a study of 89 men and reported that among participants with
shoulder pain, 3.7% had high tetraplegia (C4 and higher AIS A or AIS B who would not be
expected to use a manual wheelchair, and C4 and higher AIS B and C injuries); 48.1% had
low tetraplegia (C5 and below AIS A, B, and C injuries), 40.7% had AIS A, B, and C
paraplegia; and 7.4% had AIS D injuries as compared with participants without shoulder
pain, where 4.8% participants had high tetraplegia, 35.5% had low tetraplegia, 46.8% had
paraplegia, and 12.9% had AIS D injuries. Participants with C4 and higher complete injuries
would not be expected to use a manual wheelchair. Turner et al [26] conducted a study in
294 participants with SCI and reported that 132 (45%) patients had shoulder pain. When
stratified by level of injury, the prevalence of shoulder pain was greater in higher levels and
linearly decreased in lower levels of injury. We found that participants with AIS complete
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and incomplete SCI had a high prevalence of shoulder pain and that differences between
groups by level and severity of SCI were not statistically significant.

The prevalence of shoulder pain stratified by mode of ambulation has not been previously
reported. We found that shoulder pain was more prevalent in those patient using crutch(es)
and canes and those using motorized wheelchairs as compared with those using manual
wheelchairs. However, these differences did not reach statistical significance possibly
because of our modest sample size. Our study provides data in contradiction to the
conventional hypothesis that the primary concern for shoulder disorders and
symptomatology in SCI is among manual wheelchair users [5–9]. It is likely that factors
other than or in addition to the use of manual wheelchairs, such as the excessive use of the
upper extremities for activities of daily living, transfers, ischial pressure relief, and reaching
from a seated position in a wheelchair leads to upper extremity injury. It is also likely that
biomechanical changes in the musculature as the result of neurologic weakness or muscle
plasticity in SCI leads to shoulder pain. It is possible that some patients using motorized
wheelchairs in our cohort were prompted to do so because of shoulder pain in the past when
using other assistive devices for mobility. Shoulder pain may have existed in the years
before the use of a motorized wheelchair, but this possibility was not investigated. Another
possibility is that patients with primary neurological disorders are at risk for chronic
generalized pain syndromes. However our data did not permit us to address this hypothesis
with sufficient rigor.

The investigation of cause of shoulder pain is an unmet need in SCI and will help guide
treatment. There are many causes of shoulder pain in SCI related to shoulder pathology,
including rotator cuff tears, labral tears, and osteoarthritis of the glenohumeral joint.
Shoulder pain may also result from nonshoulder-related pathology such as cervical
radiculopathy and heterotopic ossification [27]. A few smaller studies and case series have
described the etiology of shoulder pain in SCI. Campbell and Koris [22] studied 13 patients
and reported that anterior instability was the cause in 5 patients, multidirectional instability
in 3 shoulders, capsular contracture/capsulitis in 3, and other diagnoses comprised the
remaining 2 patients. Escobedo et al [28] found evidence for rotator cuff tears on magnetic
resonance imaging in 73% of their SCI population. A recent case-control study was
conducted between persons with paraplegia who had been using wheelchairs for at least 30
years and able-bodied control patients [21]. It was not specified whether those using
motorized wheelchairs were excluded. The authors reported that the prevalence of rotator
cuff tears was 4 times greater (63% versus 15%) in patients with paraplegia as compared
with the able-bodied control patients.

We did not have imaging and standardized questionnaire and physical examination data that
would assist in understanding the etiology of shoulder pain in SCI. These are potential areas
of research for future work. Another limitation of our study is a relatively small sample size
of 93 participants, including few female patients; therefore, it is an exploratory analysis.
Longitudinal studies are needed to strengthen causal inference and exclude bias caused by
previous shoulder problems leading to the use of a motorized chair.

CONCLUSION
The overall prevalence of shoulder pain in SCI is high. Most researchers have previously
focused on wheelchair propulsion as a cause of shoulder pain in SCI and patients with SCI
not using wheelchairs have been excluded from many studies. Although manual wheelchair
use may be one of the predisposing factors for shoulder-related pathology in SCI, our data
provide evidence that those patients not using manual wheelchairs may be at similar or
greater risk for shoulder disorders leading to shoulder pain.
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Figure 1.
Pain sites in participants with SCI in 6 months before interview. SCI = spinal cord injury.
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Table 1

Baseline characteristics of 93 participants with SCI

Characteristics

Age in years, mean ± SD 53.6 ± 15.1

Gender

 Male, n (%) 87 (93.6)

Motor level and severity of SCI*†

 C3-C4 AIS complete 3 (3.2)

 C5-C8 AIS complete 9 (9.7)

 T1-T6 AIS complete 8 (8.6)

 T7-T12 AIS complete 10 (10.8)

 Cervical AIS C and D 29 (31.2)

 Thoracic AIS C and D 22 (23.7)

 Lumbar and sacral AIS complete and incomplete 12 (12.9)

AIS = ASIA Impairment Scale; SCI = spinal cord injury.

*
As per American Spinal Injury Association Impairment Scale (AIS)

†
Expressed as n (%).
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Table 2

Musculoskeletal pain sites in 93 participants with SCI

Pain Sites

Mobility Device*

Motorized Wheelchair† (n = 15) Manual Wheelchair† (n = 48) Crutch or Cane† (n = 21) No Device† (n = 9)

Neck 6 (40) 12 (25) 8 (38) 2 (22)

Shoulder 7 (46.7)† 17 (35.4)† 10 (47.6)† 3 (33.3)†

Arms 5 (33) 13 (27) 8 (38) 2 (22)

Hands 7 (47) 13 (27) 7 (33) 2 (22)

Back 6 (40) 18 (38) 13 (62) 5 (56)

Buttocks 4 (27) 11 (23) 4 (19) 1 (11)

Thighs 6 (40) 11 (23) 9 (43) 1 (11)

Legs 6 (40) 18 (38) 14 (67) 6 (67)

Feet 4 (27) 16 (33) 12 (57) 4 (44)

SCI = spinal cord injury.

*
Expressed as n (%).

†
Significant.
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Table 3

Shoulder pain by AIS motor level and severity of SCI in 93 participants

Motor Level and Severity of Injury Total Number of Participants Participants with Shoulder Pain*

C3-C4 AIS complete 3 1 (33.3)

C5-C8 AIS complete 9 5 (55.6)

T1-T6 AIS complete 8 3 (37.5)

T7-T12 AIS complete 10 3 (30.0)

Cervical AIS C and D 29 12 (41.4)

Thoracic AIS C and D 22 11 (50.0)

Lumbar and sacral AIS complete and incomplete 12 2 (16.7)

P = .5 for comparison of 4 groups.

AIS = ASIA Impairment Scale; SCI = spinal cord injury.

*
Expressed as n (%).
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