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Abstract—Although many wheelchair users report shoulder
pain, the prevalence of specific pathologies remains controver-
sial. Rotator cuff impingement, glenohumeral instability, and
biceps tendonitis have been stated as the most commonly
found pathology. This study investigated the prevalence and
identity of shoulder pathology in athletic and nonathletic man-
ual wheelchair users (MWCUs). Fifty-two MWCUs (26 ath-
letes, 26 nonathletes) completed a survey regarding the nature
of their injury, sports involvement, history, and presence of
current and/or past shoulder pathology. Subjects currently
experiencing shoulder pain underwent a clinical examination
of both shoulders. Analysis of variance (p < 0.05) determined
if differences existed between the groups in demographic vari-
ables, history of shoulder pain, and clinical evaluation meas-
ures in those with shoulder pain. Chi-squared (p < 0.05)
analysis verified the frequency distribution and association by
groups and involved limbs for the clinical shoulder test meas-
ures. No difference was found in the incidence of shoulder
pain, past or present, between athletes and nonathletes. Collec-
tively, 61.5% (32/52) of the subjects reported experiencing
shoulder pain, with 29% reporting shoulder pain at the present
time. Years since onset of disability (p = 0.01) and duration of
wheelchair use (p = 0.01) were found to be greater in indi-
viduals who reported a history of shoulder pain. Of the painful
shoulders tested, 44% revealed clinical signs and symptoms of
rotator cuff impingement, while 50% revealed signs of biceps
tendonitis. Instability was found in 28% of the painful shoul-
ders. These findings indicate that involvement in athletics nei-
ther increases nor decreases the risk of shoulder pain in the
manual wheelchair population. Bicipital tendonitis with
impingement syndrome was the most common pathology.
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INTRODUCTION

The National Health Interview Survey on Disability
reported in 1999 that more than 2.3 million individuals in
this country have disabilities requiring the use of a
wheelchair [1]. Manual wheelchair users (MWCUSs) are
included within the disability groups of spinal cord injury
(SCI), lower-limb amputation, stroke, multiple sclerosis,
rheumatoid arthritis, spina bifida, poliomyelitis, and hip
fracture, as well as other groups. More than 176,000 vet-
erans use manual wheelchairs for mobility, with 44,000
manual wheelchairs distributed annually at a cost of over
$28 million, according to the Veterans Health Administration

Abbreviations: ANOVA = analysis of variance, HSD = hon-
estly significantly different, ICC = intraclass correlation coeffi-
cient, MWCU = manual wheelchair user, SCI = spinal cord
injury, VA = Department of Veterans Affairs.
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Prosthetics Department and the Veterans Health Admin-
istration National Prosthetics Database. MWCUSs rely on
their upper limbs for most activities. Demands of wheel-
chair propulsion, as well as the weight-bearing required
for transfers and activities of daily living, expose the
upper limbs to excessive stresses. The upper limb is
structured for mobility rather than stability, and these
increased demands may predispose individuals to injury.

Large discrepancies in the prevalence of upper-limb
pain exist in the literature. It has been reported that 31 to
73 percent of MWCUs experienced shoulder pain since
beginning to use the device (31% [2], 34.5% [3], 51.4%
[4], 59% [5], 73% [6]). However, the literature does sup-
port the shoulder as the most common site of pain
reported by the wheelchair population. Additionally,
there is not agreement regarding the specific pathologies
that most often create the problems. Impingement has
been cited as the most commonly occurring pathology
[2], while others have cited bicipital tendinitis as the
most frequent diagnosis in MWCUs with shoulder
pathology [3]. Researchers have stated that MWCUs
demonstrate degenerative injuries, impingement syn-
drome, rotator cuff tears, glenohumeral instability, avas-
cular necrosis, acromioclavicular joint degeneration, and
distal clavicle osteolysis [2,3,7-9].

The etiology of shoulder pathology is also an area of
discrepancy in the literature. Possible causes of the shoul-
der pathologies include time since onset of injury [3,4],
the repetitive nature of wheelchair propulsion [9,10], the
high-strength requirements placed by wheelchair propul-
sion on the shoulder muscles [2], loading of the joints at
extremes of motion [2,3,11], and muscular weakness or
imbalance [9,12]. Others have concluded that, in con-
junction with high internal joint forces, the abnormal
stresses applied to the subacromial area during wheel-
chair propulsion and transfers contribute to the high rate
of shoulder problems in the paraplegic patient [2,6].

Studies have shown that individuals with disabilities
who assume less active, sedentary lifestyles are more
likely to have diminished functional capacity and reha-
bilitation potential [13]. Wheelchair athletes were found
to have less frequent hospitalizations and less skin break-
down [13-15]. However, conflicting reports exist on the
benefits or damage of increased training time and/or the
demands on the shoulder, and the relationship to muscu-
loskeletal overuse injuries in this population [16-18]. Lal
et al. found that an increased level of wheelchair activity
(independent mobility compared with assisted mobility)

was correlated to degenerative changes in the shoulder
[18], while Wylie and Chakera found the opposite in
their sample [17]. In the nondisabled population, a simi-
lar discrepancy exists. Rosendal et al. found that lower
fitness levels were strongly associated with the develop-
ment of overuse injuries in military recruits [19], while
Thomee et al. found that chronic overloading and
increased competitive participation was associated with
higher levels of patellofemoral pain [20].

Identifying shoulder pathology in MWCUs is an
important initial step in understanding wheelchair pro-
pulsion mechanics and may assist in identifying the
factors that may contribute to pathology. Improved
knowledge of shoulder pathology and associated
mechanics may lead to efforts to prevent the pathology.
Additionally, no studies have been found that investigate
the difference in shoulder pathology in an athletic-trained
population compared with more sedentary wheelchair
users. Comparing an athletic sample of MWCUs to a
nonathletic sample may provide important information
about whether or not sport activity has a protective effect
on the shoulder joint. Given the large number of veterans
using wheelchairs and the significant incidence of shoul-
der pathology in the wheelchair-using population,
research that provides information on identifying the
pathology and the impact of physical activity may ulti-
mately lead to improving the quality of life of MWCUs.
Therefore, this investigation identified and determined
the prevalence of shoulder pathology in nonathletic ver-
sus athletic symptomatic MWCUSs. We hypothesized the
incidence of shoulder pathology would be greater in non-
athletic wheelchair users with the most commonly occur-
ring pathologies of rotator cuff impingement and gleno-
humeral instability.

METHODS

Following informed consent as approved by the Uni-
versity of Maryland at Baltimore Institutional Review
Board, 52 manual wheelchair users (26 athletes, 26 non-
athletes) participated in this study (Table 1). Subjects
were recruited from community athletic leagues, the
Mid-Atlantic Wheelchair Games, community support
groups, and personal contacts. Inclusion criteria included
use of a manual wheelchair for a duration of at least
1 year, as well as use for at least 50 percent of home and
community mobility. Subjects were classified as athletes
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Table 1.
Demographics of subjects (mean + standard deviation).

Variable Athletes (n = 26) Nonathletes (n = 26) All MWCU (n =52)
Age (years) 417+78 41.2+11.0 41.3+94
Duration of Disability (years) 20.0+7.8 15.2+14.0 176+115
Duration of Wheelchair Use (years)* 19.8+8.0 11.6+104 15.6 +£10.0

Gender

Disabilities Represented in Sample
Spinal Cord Injury 20
Spina Bifida
Amputation
Cerebral Palsy
Multiple Sclerosis
Other

OO FrP,r NW

23 males, 3 females

18 males, 8 females 41 males, 11 females

12 32
3 6
2 4
1 2
2 2
6T 6

*Significant difference between groups (p = 0.003)

TGuillain-Barré (1), tropical spastic paresis (1), brain abscess (1), spinal cord stroke (1), multitrauma (1), postpolio syndrome (1)

if they were involved in organized, competitive wheel-
chair sports of recreational to elite levels of competition.
Nonathletes were self-reported as not participating in ath-
letic endeavors. Each participant completed a survey pro-
viding information on the nature of his or her disability,
duration of wheelchair use, weekly activity level, weekly
training regime, and history of shoulder injury/pain.
Additional questions regarding frequency of pain epi-
sodes, activities that cause shoulder pain, and interven-
tions taken were also included.

Subjects who reported to be currently experiencing
shoulder pain answered questions on the behavior of their
shoulder pain and underwent a clinical evaluation of the
shoulder complex. The evaluation consisted of goniomet-
ric measurements of active shoulder range of motion
[21,22] and measurement of upper-limb muscle strength
(shoulder flexion, extension, abduction, adduction, exter-
nal rotation, internal rotation, elbow flexion, elbow exten-
sion) taken by handheld dynamometry (Chattilon Medical
Dynamometer, CSC Force Measurement Inc., Agawam,
MA). Clinical special tests were the Neer Test for rotator
cuff impingement [23,24], “load and shift” for anterior
instability [21,22,25], sulcus sign test for multidirectional
instability [21,22,25], and Speed’s Test for bicipital ten-
donitis [21,22]. Clinical shoulder tests were graded as
“present” or “absent.” One physical therapist with experi-
ence in shoulder pathology performed the specific tests
and the order of the tests was randomized. All tests and
measurements were performed on both upper limbs, three
repetitions, with the subject seated in his or her personal
wheelchair with trunk stabilization as needed. The clinical

test findings were classified as “positive” if the subject
was graded “present” on a minimum of two of the three
repetitions. The shoulder reported to be the most painful
was defined as the involved limb in subjects with bilateral
shoulder pain for strength and range of motion compari-
sons. For shoulder evaluation analysis, both limbs of sub-
jects currently experiencing pain were used for analysis.
For the strength measures, the three trials were averaged
for each upper limb and used for analysis.

DATA ANALYSIS

We used analysis of variance (ANOVA) (p < 0.05) to
determine if intertrial differences existed in the strength
measures. Intraclass correlation coefficients (ICCs) were
calculated to verify the reliability of the measurements.
The acceptable threshold for moderate reliability was set
at R > 0.60 and high reliability was set at R > 0.80.
ANOVA (p< 0.05) established if differences existed
between the groups (all athletes versus all nonathletes, and
athletes versus nonathletes undergoing shoulder evalu-
ation) in demographics variables (age, duration of disabi-
lity, duration of wheelchair use) and shoulder evaluation
findings in those currently experiencing shoulder pain. An
Honestly Significantly Different (HSD) Tukey test was
applied post hoc to significant findings with a Type | error
threshold of p = 0.05. No family-wise error correction was
applied, given the small sample size of this pilot study.
Chi-squared analysis ascertained the frequencies and
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relationship of clinical findings between groups and
between involved and uninvolved limbs.

RESULTS

No difference was found between the groups in any
demographic variable. The mean age of the sample was
41.3 = 9.4 vyears, duration of disability = 116 *
11.5 years, and duration of wheelchair use = 15.6 +
10.0 years. A variety of disabilities was represented in
the sample of both athletes and nonathletes (Table 1).
Several participants reported being ambulatory earlier in
the onset of their disability, but ultimately were required
to use the wheelchair as their primary means of mobility.
Therefore, a difference between duration of disability and
duration of use of the wheelchair was found in this
diverse sample. Fifteen subjects (28.8%) stated that they
were currently experiencing shoulder pain, while 32 of
the 52 subjects (61.5%, 17 athletes, 15 nonathletes)
reported experiencing shoulder pain since the onset of
their disability. As indicated in Table 2, in addition to

Table 2.

night pain, lifting a gallon of milk, reaching overhead,
transfers, and propelling up a ramp/incline were most
often associated as painful activities.

The nonathletic group, both with and without current
shoulder pain, stated 0 hours of athletic training or compe-
tition weekly, while the athletes with shoulder pain self-
reported an average weekly participation of 8.2 +
6.3 hours, and those without pain reported 10 + 4.2 hours
per week. Sports participation included wheelchair basket-
ball, football, tennis, softball, road racing, hand cycling,
and track and field events. Both groups reported intermit-
tent participation in recreational leisure activities such as
hunting, fishing, bowling, and/or gymnasium workouts.

We found a significant difference in the onset of dis-
ability (years, p = 0.01) and duration of wheelchair use
(years, p = 0.01) between the MWCUs who reported
experiencing shoulder pain at any time since the onset of
their disabilities compared with those reporting never
having experienced shoulder pain (Figures 1 and 2). A
total of 15 subjects (6 athletes, 9 nonathletes, mean age =
442 + 10.6 years, duration of disability = 19.6 +

Frequency distribution of painful activities as reported by subjects with history of shoulder pain (n = 32). Subjects were asked if these activities

caused shoulder pain.

Activity “Yes” Response (n)

Pain at Rest 16
Pain When Sleeping 21
Self-Care Activities of Daily Living

Pain with putting on a shirt 12

Pain with pulling on pants 11

Pain with tucking shirt into back of pants 9

Pain with washing/styling hair 15

Pain with washing your back 9
Transfers

Pain with bed to wheelchair 19

Pain with shower/tub to wheelchair 18

Pain with car to wheelchair 20
Propulsion

Pain with level surfaces 13

Pain on inclines/ramps 25

Pain on downhill/declines 9
Pain with Reaching Behind Your Head, Elbow Out to Side 18
Pain with Lifting a Full Gallon of Milk to a Counter (Shoulder-Level) 17
Pain with Lifting a Full Glass to a Counter (Shoulder-Level) 7
Pain with Reaching Straight Overhead 18
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Figure 1.

Onset of disability (mean * standard error, years) vs. history of
shoulder pain (all subjects: n = 32, athletes n = 17, nonathletes n = 15).
Solid = subjects reporting experiencing shoulder pain since onset of
disability. Hatched = subjects reporting no shoulder pain since onset of
disability. * = significant difference (p < 0.05) between MWCUs
reporting a history of shoulder pain and those reporting no history of

shoulder pain.
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Figure 2.

Duration of wheelchair use (mean * standard error, years) vs. history
of shoulder pain (all subjects: n = 32, athletes n = 17, nonathletes n =
15). Solid = subjects reporting experiencing shoulder pain since onset
of disability. Hatched = subjects reporting no shoulder pain since
onset of disability. » = significant difference (p < 0.05) between
MWCU reporting a history of shoulder pain and those reporting no
history of shoulder pain.

14.6 years, duration of wheelchair use =15.6 + 10.6 years,
weight = 174.3 + 41.3 Ib) reported to be currently experi-
encing shoulder pain.

Thirteen subjects underwent clinical shoulder evalu-
ation, while two subjects (one athlete, one nonathlete)
refused the evaluation following the survey. No differ-
ence was found in the demographics (age, onset of dis-
ability, duration of wheelchair use, body weight) of the
two groups currently experiencing shoulder pain. Five of
the subjects (two athletes, three nonathletes) evaluated

FINLEY and RODGERS. Wheelchair users and shoulder pathology

suffered from bilateral shoulder pain, for a total of 18
painful shoulders (n = 7 athletes, n = 11 nonathletes). The
ICC values for the strength and range of motion measures
were all found to be excellent, with a range of R = 0.94 to
0.99. There was no difference in the clinical findings of
strength or range of motion between the groups. Addi-
tionally, no difference was found in range of motion or
strength between the involved (painful) limb and the
uninvolved limb with the groups collapsed. Tables 3 and
4 indicate the range of motion and strength (expressed as
percentage of body weight) by groups.

Chi-squared analysis revealed no significance of
group membership or presence of any of the specific
shoulder pathologies in the involved painful limbs (p <
0.05). The clinical tests revealed 50 percent (9/18) of the
group experienced painful shoulders presented with
bicipital tendonitis, with 44.4 percent (8/18) presenting
with impingement. Similarly, anterior instability (posi-
tive load and shift) was found in 44.4 (8/18), with four
nonpainful shoulders demonstrating instability. These
findings did indicate a significant association of groups
(p = 0.02), in that all four nonpainful shoulders with
instability were among the nonathlete group. Five of the
nine shoulders experiencing bicipital tendonitis were
among those positive for impingement, while two with
anterior instability also were positive for bicipital
tendonitis and three for impingement. Multidirectional
instability (positive sulcus sign) was found in 27.8 per-
cent (5/18) of the painful shoulders, and in two of the
eight nonpainful shoulders.

DISCUSSION

Researchers have reported increased musculoskeletal
problems in groups of athletic MWCUs [16]. However,
Wylie and Chakera found that moderate physical activity
protected shoulders from degeneration with 45 percent of
the inactive groups’ shoulders showing degenerative
changes compared to only 18 percent in the active group
[17]. Converse to our hypothesis, involvement in athlet-
ics was found to neither increase nor decrease the inci-
dence of shoulder pain in this sample of MWCUs.

Increasing time since injury, as well as increasing
age, contributes to a decline in strength and range of
motion [3,4,26]. Upper-body strength measurements have
been found to be higher in active individuals with SCI
than in those who are sedentary. Specifically, individuals
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Table 3.

Shoulder range of motion of involved limb, in degrees, by group (mean * standard deviation). No significant difference between groups (p > 0.05).

Variable Athletes (n = 5) Nonathletes (n = 8)
Flexion 1525+ 11.0 1469+ 16.1
Extension 63.8+15.9 65.9+9.7
Abduction 149.0 £ 20.9 152.4+15.7
External Rotation 86.2 +23.2 91.5+12.6
Internal Rotation 53.5+£15.3 48.2+10.4

Table 4.

Strength of involved upper limb, by groups, expressed as percentage of body weight, (mean + standard deviation). No significant difference

between groups (p > 0.05).

Variable

Athletes (n = 5)

Nonathletes (n = 8)

Shoulder Flexion 11.9+6.7 155+10.4
Shoulder Extension 11555 15.8+8.1

Shoulder Abduction 9.7+49 154 +12.2
Shoulder Adduction 155+5.6 209+12.1
Shoulder External Rotation 13.2+6.2 14.0+6.7

Shoulder Internal Rotation 129+5.1 18.2+10.5
Elbow Flexion 12.8+8.9 22.4+10.1
Elbow Extension 13.0+6.8 20.7 £10.0

participating in weight lifting and in field events such as
throwing games demonstrated greater strength values
[27]. The current study did determine that individuals
who reported a history of shoulder pain had longer dura-
tion since the onset of their disability and duration of
wheelchair use. However, the study did not support this
finding, in that no difference was found in the strength or
range of motion measures of athletes compared to non-
athletes. A potential bias and limitation of this study is the
use of a convenience sample. Although not involved in
athletics, the individuals who were willing to participate
may have been more active and may not represent the
population of nonathletic wheelchair users.

Current findings indicated that 29 percent of the sam-
ple reported current shoulder pain, with a total of 18 pain-
ful limbs. The clinical evaluation showed that bicipital
tendonopathy was the most commonly occurring pathol-
ogy (9/18) in this sample, with concomitant impingement
in more than half of those individuals (5/9). Bayley et al.
discovered that nearly 31 percent (29/94) of subjects with
paraplegia had shoulder pain, and further investigation
revealed that 23 (79%) had a diagnosis of impingement
syndrome [2]. In contrast, Gellman et al. reported bicipital
tendonitis as the most common pathology [3].

Impingement syndrome, especially when chronic, has
been shown to involve the rotator cuff tendons and/or the
long head of the biceps [23,24,28]. It is possible that the
Neer impingement maneuver created contact of the
supraspinatus and the long head of the biceps with the
coracoacromial arch, resulting in a positive impingement
test [29]. Without the use of a longitudinal study and fur-
ther diagnostic measures, it is not possible to determine
whether the impingement or the biceps tendinopathy was
the primary pathology and which was secondary. Instabil-
ity was found in 8 of 18 painful shoulders in the current
study. Of the eight subjects with anterior instability, more
than half also had a second positive finding (2 = biceps
tendinopathy, 3 = positive impingement). It has been well
documented that impingement and tendon inflammation
can result from instability [29-32]. Interestingly, instabil-
ity was also found in four nonpainful shoulders. The pres-
ence of instability may be an adaptation to the demands of
manual wheelchair propulsion and activities and may
allow these individuals to remain independent. However,
impingement syndrome is known to be a secondary condi-
tion of instability, and these individuals may be at risk for
developing further pathology [32]. Because evaluations
were not performed on all subjects, the incidence of
asymptomatic shoulder instability is not known.
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Several researchers have stated that reaching overhead
[5,6,26], transfers [4—6,26], and propelling a wheelchair
[4-6,26] are the activities most associated with shoulder
pain in the manual wheelchair population. The results of
the current survey support these previous findings, with
propulsion up an incline reported as painful by 78 percent
of those subjects who had a history of shoulder pain.
Future research would benefit from the use of a more
detailed, validated survey in conjunction with comprehen-
sive shoulder evaluations of both symptomatic and asymp-
tomatic individuals.

CONCLUSIONS

Involvement in athletics neither increases nor
decreases the risk of shoulder pain in the manual wheel-
chair population. Clinicians should therefore encourage
and educate all MWCUs on the benefits of activity,
including competitive sports. Activities most associated
with shoulder pain include transfer, propulsion, and
reaching overhead. Impingement syndrome, including
involvement of the bicipital tendon, is the most com-
monly occurring pathology. Further research into shoul-
der function during various activities of daily living is
needed for researchers to understand the mechanisms of
these pathologies.
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