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Abstract
Study design Cross-sectional study.
Objectives To determine the prevalence, patterns, and predictors of musculoskeletal pain in the upper extremity joints
among wheelchair-dependent individuals with post-traumatic paraplegia. Secondarily, to document most common reported
causes of upper extremity pain.
Setting Centre for Orthopaedics, Trauma Surgery and Spinal Cord Injury, Germany.
Methods The study was done by means of a structured questionnaire, which was mailed to the individuals who had been
treated between 1990 and 2007 for newly sustained or pre-existing, accident-related paraplegia (n= 670). The questionnaire
was designed mainly to obtain the information regarding shoulder, elbow, and wrist pain. Additional data included parti-
cipant demographics, mechanism, level and completeness of injury as well as wheelchair dependence and time since injury.
The Frankel classification system was used to define the completeness of injury.
Results Four hundred and fifty-one (67%) questionnaires were included. Pain was reported by approximately 81% of the
participants. Of this sample, 61% had shoulder pain, 33% had elbow pain, and 43% had wrist pain, 19% had shoulder,
elbow, and wrist pain, 27% had shoulder and elbow pain, 34% had shoulder and wrist pain, 21% had elbow and wrist pain.
The main diagnoses were rotator cuff tears for individuals with shoulder pain, epicondylitis for those with elbow pain, and
carpal tunnel syndrome for those with wrist pain. The development of shoulder/elbow and wrist pain correlated with age and
time since injury.
Conclusions Age and the length of time since injury correlated with a higher rate of shoulder, elbow, and wrist pain. The
completeness of injury, neurological level, and gender were correlated with shoulder, elbow, and wrist pain, respectively.

Introduction

As the life expectancy for individuals with spinal cord
injury (SCI) continues to increase [1, 2], issues related to
quality of life and age-related diseases such as muscu-
loskeletal problems are of importance.

Studies have shown that wheeling and other daily func-
tional activities result in massive strain on the upper
extremity joints and soft tissues when compared to the able-
bodied population [3–5]. Others have investigated the
physioanatomic changes (e.g., increased strength) asso-
ciated with the sudden overuse of upper limbs and
demonstrated a link to acute and chronic pain [4–8]. There
is no clear agreement in the literature regarding critical
issues such as the influence of age and duration of wheel-
chair dependence on the upper extremity (shoulder, elbow,
and wrist) pain and its prevalence post-SCI, as the samples
studied were diverse with respect to age, gender, duration,
and level of SCI as well as geographical region [4, 9–12].

Although pathological conditions of the shoulder and
wrist joints in individuals with paraplegia who are wheel-
chair dependent have been extensively studied [3, 13–19],
only a few studies focused on the prevalence of elbow pain
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and its etiologies [20–22]. Several previous studies have
focused primarily on the prevalence of wrist pain. However,
its predictors have not been well studied, as the results may
have been influenced by the fact that they included other
sources of upper extremity pain (e.g., shoulder) in their
overall analyses [4, 21, 23–25].

Our study represents a continuation of the research
conducted over the past decades to extend the current
knowledge of musculoskeletal pain after SCI. The primary
objectives of the current descriptive cross-sectional study
were to determine the prevalence and patterns of muscu-
loskeletal pain in the upper extemity joints (shoulder,
elbow, and wrist) and the correlation with age, gender, time
since injury, completeness of injury, and neurological level
of injury (NLI) in a wheelchair-dependent population with
post-traumatic paraplegia living in Germany. A secondary
objective was to document the most common causes of pain
in upper extremity joints.

Methods

After obtaining the institutional review board approval, a
database search was conducted for patients who were treated
at Heidelberg University Hospital between 1990 and 2007 for
newly sustained or pre-existing, accident-related paraplegia.
These records were reviewed to obtain the following infor-
mation: (1) date and mechanism of injury, (2) completeness of
injury, (3) demographic information, (4) concomitant medical
conditions, (5) time since injury, and (6) NLI. Frankel Grade
Classification was used to determine the completeness of
injury. A complete SCI is defined as a total loss of sensation
and muscle function below the level of injury (Grade A), as
opposed to an incomplete paraplegia which involves pre-
servation of motor or sensory function below the level of
injury (Grades B, C, and D) [26]. Those with Grade D were
not totally wheelchair dependent and were therefore excluded
from the study. NLI was grouped as either “high paraplegia”
(thoracic level T2–T7) or “low paraplegia” (below T7).

Furthermore, individuals were excluded if they (1) had
an active infection in their upper extremity, (2) were not
mentally able to complete the questionnaire, (3) had known
cervical disc herniation, cervical and thoracic syr-
ingomyelia, tetraplegia, or advanced spinal degenerative
joint disease, and (4) had a history of upper extremity soft-
tissue injury (e.g., brachial plexus injury, tendon rupture, or
dislocation). Accordingly, 670 individuals with paraplegia
were initially included, and a questionnaire was mailed to
all and asked to identify the cause of their injuries, their
demographics, the location of their pain, the nature of their
pain treatment, and their levels of neurological lesions using
a combination of short answers, yes/no responses, and
pictorial representations. Then, they provided their clinical

notes, X-rays, computed tomography (CT) scans, magnetic
resonance imaging (MRI) scans, ultrasounds, and/or elec-
trophysiological exam results for analysis. All diagnostic
procedures should have been done within the last 3 months
prior to the survey to be included in the analysis. Those who
could not provide these data were excluded from the study.
Finally, individuals whose data regarding SCI were missing
were contacted by phone to obtain the required data.

Figure 1 illustrates the inclusion and exclusion process of
our study cohort.

Statistical analysis

The survey data were compiled at the Institute of Medical
Biometry and Informatics. Continuous data were reported as
mean, standard deviation (SD), median, and range. Cate-
gorical data were reported as absolute and relative fre-
quencies in terms of numbers and percentages. An unpaired
t-test and χ2 analysis were used for statistical significance
testing for continuous (age and time since injury in years)
and categorical variables (gender, NLI (T2–T7 vs. below
T7), and completeness of injury), respectively. Associated
factors (variables of interest) for shoulder, elbow, and wrist
pain including age, gender, time since injury, completeness,
and NLI were outlined in this cross-sectional study using
descriptive statistics. Multivariate logistic regression analy-
sis was used to examine the potential influence of the above-
mentioned parameters on the presence of pain. Odds ratios
and their corresponding 95% confidence intervals were
calculated. All analyses were carried out using SAS
9.1 software. The level of significance was set at 5%.

Results

Four hundred and fifty-one individuals (67%) meeting our
inclusion criteria responded to the questionnaire and were
included in the study (322 men and 129 women). The
average age of the cohort was 49.4 years (SD of 14.9,
median 50, interquartile range: 40–61). Age at injury was
29.1 years (SD 16.3, median 24.0, interquartile range:
18–38). At the time of the survey, time since injury ranged
from 0.7 to 65.5 years, with a mean of 20.9 years (SD 13.1,
median 19.9, interquartile range: 10–32). Overall, 65% had
complete paraplegia and 33% had incomplete paraplegia.
Seven participants (2%) did not answer this question and we
could not obtain it from their medical records.

The causes of paraplegia were motor vehicle accidents
(57%), falls (21%), work-related accidents (10%), and
sports-related accidents (4%). “Other accident causes”
accounted for 7% and included gunshot injuries, suicide
attempts, or surgery. Three participants did not answer this
question.
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Two hundred and thirty-six participants (52%) had high
paraplegia and 211 (47%) had low paraplegia. Four parti-
cipants (1%) failed to specify their lesion levels and we
could not obtain it from their medical records. The demo-
graphic data are summarized in Table 1.

Pain was reported by approximately 81% of the
participants: 61% had shoulder pain, 33% had elbow pain,
and 43% had wrist pain. Nineteen percent had shoulder,
elbow, and wrist pain, 27% had shoulder and elbow pain,
34% had shoulder and wrist pain, and 21% had elbow and
wrist pain.

Shoulder joint

Four hundred and forty-eight participants (99%) responded
to the question about current shoulder pain. Of those, 61%
had shoulder pain to some degree. Sixty-six percent of
participants with complete paraplegia had shoulder pain
compared to 53% of those with incomplete paraplegia. The

participants with shoulder pain were on average 6 years
older than those without (p< 0.0001).

In fifty-four participants (20%), the pain was due to
rotator cuff tears; in 21% shoulder pain was caused by
bursitis and tendinitis. Shoulder joint arthritis was diag-
nosed in 8% of the cases.

In the multivariate logistic regression analysis, the odds
of developing shoulder pain increased by 3% with each year
of life (OR= 1.030, 95% CI (1.015–1.046), p< 0.001). In
relation to the time since injury, the odds of developing
shoulder pain increased by 2.4% per annum (OR= 1.002,
95% CI (1.000–1.003), p< 0.001). The rate of shoulder
pain was also found to be higher in participants with higher
level of injury. In addition, the odds of developing pain was
significantly higher in participants with complete paraplegia
than in participants with incomplete paraplegia (OR=
1.691, 95% CI (1.089–2.625), p= 0.005). The results from
univariate and multivariate logistic regression analyses for
shoulder pain are summarized in Table 2.
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Fig. 1 Flow diagram illustrating
the process of inclusion and
exclusion of the study cohort
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Elbow joint

All participants answered the question regarding current
elbow joint pain. One hundred and forty-seven (33%)
reported elbow joint pain; 40% of 236 participants with
high level of injury had elbow pain, compared to 28% of
211 participants with low level of injury. The participants
with elbow joint pain were on average 4 years older than
those without (p= 0.011). They were fully wheelchair
dependent on average 3.4 years longer than those without
(p= 0.011).

Elbow pain was caused by epicondylitis in 29%. “Other
causes” were also mentioned by 35%. In 12% of the cases
tennis elbow was cited, and in 8% overuse was cited.

The multivariate logistic regression analysis revealed that
the odds of developing elbow pain increased by 1.8% per
annum (OR= 1.018, 95% CI (1.003–1.034), p< 0.011).
The participants with high level of injury reported elbow
pain more often than those with low-level lesions (OR=
1.56, 95% CI (1.019–2.387), p= 0.022). The results from
univariate and multivariate logistic regression analyses for
elbow pain are summarized in Table 3.

Wrist joint

All participants answered the question regarding current
wrist pain. One hundred and ninety-five participants (43%)

had wrist pain; 36% of 322 men and 63% of 129 women
reported wrist pain.

The participants with wrist pain were on average 6 years
older and had been wheelchair dependent for 4.2 years
longer than the participants without (p< 0.0001). The pain
was due to carpal tunnel syndrome (CTS) in 25% of cases,
where women were affected twice as often as men. In
approximately 19% of the cases, the causes were found to
be tendinitis, and in 19% due to rhizarthrosis. Longer time
since injury was associated with high rates of wrist pain (p
< 0.0007).

The multivariate logistic regression analysis showed
that with each additional year of wheelchair dependence,
the odds of developing wrist pain increased by 3%
(OR= 1.033, 95% CI (1.017–1.049), p< 0.001).
Women were susceptible to wrist pain three times
more often than men (OR= 3.13, 95% CI (2.00–4.90),
p< 0.001). The results from univariate and multivariate
logistic regression analyses for wrist pain are summarized in
Table 4.

Discussion

In addition to neuropathic pain, musculoskeletal pain can
also be debilitating for people living with SCI. Besides its
negative economic consequences in terms of increased
health care costs and lost productivity, pain can severely
diminish an individual’s social and psychological well-
being [27–29].

In this study, we demonstrate that long-term wheelchair
use is associated with upper extremity pain in 81% of the
participants with chronic paraplegia. Furthermore, we show
that shoulder joints (61%) are more commonly afflicted
with pain than wrist (43%) and elbow (33%) joints. Fre-
quently, upper extremity pain affects not only one but
several joints. Pain associated factors were: older age,
longer time since injury (shoulder, elbow, wrist), lesion
completeness (shoulder), higher NLI (elbow), and female
gender (wrist).

Chronic shoulder pain commonly results from wear-and-
tear mechanisms associated with daily wheelchair use such
as propulsion, transfers, and overhead movements, causing
overuse-type symptoms [10, 30–32]. In this study, which
only included individuals with post-traumatic paraplegia,
we found a prevalence of shoulder pain of 61%, which is
similar to that reported in a survey of 770 individuals with
paraplegia [7]. There is certainly a large variability in
reported prevalence rates for shoulder pain in the literature
in people with paraplegia (range 30–75%) depending on
study design and study population characteristics (e.g., age,
gender, acute vs. chronic SCI, duration and level of SCI) [4,
5, 8–10, 23, 24, 31, 33–35].

Table 1 Participant characteristics (n=451)

Variable Data*

Age (years) 49.4± 14.9

Time since injury (years) 20.9± 13.1

Gender

Male 322 (71%)

Female 129 (29%)

Level of injury

T2–T7 236 (52%)

Below T7 211 (47%)

Unknown 4 (1%)

Completeness of injury

Complete 294 (65%)

Incomplete 150 (33%)

Unknown 7 (2%)

Mechanism of injury

Motor vehicle accidents 257 (57%)

Falls 96 (21%)

Work related accidents 46 (10%)

Sports related accidents 18 (4%)

Other causes 31 (7%)

Unknown 3 (1%)

*Values are mean± standard deviation (SD) or n (%)
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Table 2 Univariate and multivariate analyses of factors associated with shoulder pain

Variable Univariate analysis Multivariate analysis

With pain (n= 276) Without
pain (n=
172)

p value OR (95%
CI)

p value

Age (years) 52.3± 13.7 45.7± 15.8 <0.0001* 1.030

(1.015–1.046) <0.001*

Time since injury (years) 23.0± 13.2 17.6± 12.3 <0.0001* 1.002

(1.000–1.003) <0.001*

Gender

Male 193 (60%) 129 (40%) 0.3 1.308

(0.831–2.059) 0.181

Female 84
(65%)

45 (35%)

Level of injury

T2–T7 153 (65%) 83 (35%) 0.1 1.416

(0.933–2.149) 0.064

Below T7 121
(57%)

90 (43%)

Completeness of injury

Complete 193 (66%) 101 (34%) 0.0079* 1.619

(1.089–2.625) 0.005*

Incomplete 79
(53%)

71 (47%)

Values are mean ± standard deviation (SD) or n (%)

OR odds ratio, 95% CI 95% confidence interval

*Statistically significant

Table 3 Univariate and
multivariate analyses of factors
associated with elbow pain

Variable Univariate analysis Multivariate analysis

With pain (n=
147)

Without pain (n=
304)

p value OR (95% CI) p value

Age (years) 52.3± 13.2 48.5± 15.6 <0.011* 1.018 (1.003–1.034) <0.011*

Time since injury
(years)

23.2± 12.6 19.7± 13.2 <0.007* 1.001 (0.999–1.002) <0.009*

Gender

Male 99 (31%) 223 (69%) 0.185 1.419 (0.910–2.214) 0.113

Female 48 (37%) 81 (63%)

Level of injury

T2–T7 87 (37%) 149 (63%) 0.034* 1.560 (1.019–2.387) 0.022*

Below T7 58 (27%) 153 (73%)

Completeness of injury

Complete 104 (35%) 190 (65%) 0.087 1.378 (0.868–2.189) 0.054

Incomplete 41 (27%) 109 (73%)

Values are mean ± standard deviation (SD) or n (%)

OR odds ratio, 95% CI 95% confidence interval

*Statistically significant

Upper extremity sequelae in individuals with paraplegia 699



Controversial results with respect to predictors of
shoulder pain have been presented in the literature. While
some studies indicated that longer time of injury represents
an independent predictor [9, 23, 24, 35], others have been
inconclusive or contradictory [4, 5, 8, 21, 36]. Given the
obvious link between age and time since injury, it is quite
difficult to determine the precise influence of age alone on
the development of pain. Gironda et al. found that shoulder
pain positively correlates with the duration of wheelchair
dependence but not with age [7]. Likewise, Akbar et al.
reported that length of time since injury plays a major role
in the development of rotator cuff tears in people with
paraplegia and that age is of secondary importance [3]. On
the other hand, Sie et al. reported that the prevalence of
upper limb pain decreased slightly in individuals with
paraplegia lasting more than 20 years [4]. Similar findings
were reported by Barbetta et al. with higher shoulder pain
rates observed in individuals with injury lasting less than 1
year [25]. Both studies argued that subjects with longer time
of injury may gain new skills and develop new strategies to
improve muscle strength for performing daily living activ-
ities and thus experience reduced pain. It is worth men-
tioning that the results of these studies may have been
influenced by the fact that they included other sources of
pain (such as wrist pain) in their overall analysis. In the
current study, we found that the odds of developing
shoulder pain increased by 3% with each year of life for
individuals with paraplegia. Longer length of time since
injury increased the odds by 2.4% per annum. Thus, both
factors represented independent predictors of shoulder pain.
While these data seem innocuous on an annual basis alone,

their importance becomes clear over time as life expectancy
increases.

The majority (>70%) of shoulder pain reported among
individuals with paraplegia is believed to be due to
mechanical impingement and soft-tissue damage such as
tendinitis [37]. These findings are partly in concordance
with ours, where rotator cuff tear and tendinitis were the
most common causes of shoulder pain. Samuelsson et al.
reported a prevalence of shoulder pain up to 37%, and 70%
of these had a rotator cuff tear [8]. Similarly, Akbar et al.
showed that the prevalence of rotator cuff tears was sig-
nificantly higher in the group with paraplegia compared to
able-bodied volunteers (63% vs. 15%) [3]. Interestingly,
high muscle forces were found to be associated with less
shoulder pain intensity [11]. Hence, we believe that the
cause of shoulder pain is more likely to be a combination of
overuse, poor sitting posture, repetitive overhead arm
positioning, scapula–thoracic dyskinesia, and the develop-
ment of muscle imbalance.

There is also a reported connection between NLI and
shoulder pain; higher lesion levels appear to increase the
risk of developing musculoskeletal pain [38–41]. Previous
studies reported greater shoulder movement deficits and
higher rates of rotator cuff tears in individuals with an SCI
level above T7 [38, 42]. Our study tested that hypothesis
with respect to shoulder pain. While the present study found
no statistically significant difference related to the level of
injury, we did find that participants with complete para-
plegia experienced shoulder pain more often with an odds
ratio of 1.7. The negative impact of complete injury on the
prevalence of shoulder pain has been recently investigated

Table 4 Univariate and
multivariate analyses of factors
associated with wrist pain

Variable Univariate analysis Multivariate analysis

With pain (n=
196)

Without pain (n=
255)

p value OR (95% CI) p value

Age (years) 53.3± 14 47.1± 15.1 <0.0001* 1.033 (1.017–1.049) <0.001*

Time since injury
(years)

22.7± 13 18.5± 13 <0.0007* 1.000 (0.999–1.002) 0.014*

Gender

Male 114 (36%) 208 (64%) 0.0001* 3.128 (1.996–4.902) <0.001*

Female 81 (63%) 48 (37%)

Level of injury

T2–T7 98 (42%) 138 (58%) 0.45 0.983 (0.650–1.488) 0.271

Below T7 95 (45%) 116 (55%)

Completeness of injury

Complete 128 (44%) 166 (56%) 0.086 0.983 (0.753–1.848) 0.459

Incomplete 64 (43%) 86 (57%)

Values are mean ± standard deviation (SD) or n (%)

OR odds ratio, 95% CI 95% confidence interval

*Statistically significant
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in a prospective cohort study. The authors have associated
shoulder pain with the decreased postural trunk control that
is related to the lower muscular strength observed in those
individuals with complete injuries [14]. Based on a survey
obtained from 482 individuals with SCI, Noreau et al.
reported that shoulder pain was also more common in
individuals with complete injuries [36]. In a multifaceted
longitudinal study, completeness of injury itself was asso-
ciated only with decreased shoulder range of motion but not
shoulder pain [43].

There are limited data on the prevalence of elbow pain in
individuals with paraplegia. In our study, the prevalence
was 33%. Similar rates have been reported by Dalyan et al.
and Pentland et al. (35% and 31%, respectively) [21, 24]. In
other studies, the prevalence is reported as 5–23% [4, 20,
23]. Elbow pain associated with chronic overuse has been
widely studied in the able-bodied population, and its most
common pathology is lateral epicondylitis (i.e., tennis
elbow) [44] and it occurs in those who frequently perform
forceful and repetitive movements [45]. Wheelchair users in
particular have an elevated risk of developing epicondylitis
[5, 21]. In this study, 43 persons (29%) who reported elbow
pain were diagnosed with an inflammatory condition such
as epicondylitis. This is in contrast to the 0.004–0.007% of
the general able-bodied population that suffers from epi-
condylitis [46, 47].

Advanced age, high level of injury, and longer time since
injury were significantly correlated with the presence of
elbow pain. Lack of information on the net impact of
these parameters on the development of pain makes it dif-
ficult to compare present results with several previous
publications.

In the current study, the estimated prevalence of wrist
pain of 43% lies within the reported range (15–48%) in the
literature [4, 21, 24, 48]. We found that the prevalence of
wrist pain appears to be related to the duration of SCI.
Long-term stresses on the sensitive structures of the wrist
due to pressure, hyperextension, and microtrauma likely
influence the complaints in older individuals with an odds
ratio of 3.3% per annum [19, 49]. Additionally, women
were found to experience wrist pain more frequently than
men with an odds ratio of 3.13. Since the majority of studies
investigating the prevalence of wrist pain in the population
with paraplegia has focused on the CTS and associated
factors, it is not possible to make a fair comparison with our
results [4, 16, 18, 19, 50].

CTS was the most common pathology for participants,
being diagnosed in 25%. This is lower than the prevalence
of CTS in the literature on persons with paraplegia, which is
found to be between 40% and 78% [4, 16, 18, 19, 50]. This
disparity could be attributed mainly to the subjectivity of
the diagnostic criteria and to the fact that people with CTS
could present with paresthesia but not with pain, which

would lead to an underestimation of our reported
prevalence.

With respect to the etiology of CTS in the population
with paraplegia, Gellman et al. concluded that CTS occurs
in people with paraplegia as a result of repetitive trauma
from wheelchair use and ischemia secondary to repetitive
rather than chronic increases in pressure in the carpal tunnel
[16]. This has been supported by other investigations [17,
51].

Women were found to report CTS twice as often as men.
Interestingly, this dichotomy holds true for the general
population as well [52–55]. Two studies have failed to find
such a correlation in individuals with paraplegia [18, 50].
Further research is required to validate these findings.

Limitations

The study has several limitations. As indicated, the study
design is cross-sectional, which limits the assessment of
causality. Furthermore, the study was done by means of a
questionnaire and the participants were not evaluated
directly. In addition, the diagnoses were probably made by
different people based on different criteria, hence may not be
consistent for similar pathologies. This could undoubtedly
influence the significance of the observed results. Another
main limitation is the response behavior, which could have
opposing effects on these results. For example, individuals in
pain may have been more interested and thus more likely to
participate in the present study, but pain-related interference
may also have made it less likely that people in pain actually
answered the questionnaire and participated.

Conclusion

Age and the length of time since injury correlated with a
higher rate of shoulder, elbow, and wrist pain. The com-
pleteness of injury, neurological level, and gender were
correlated with shoulder, elbow, and wrist pain,
respectively.

On the basis of these findings, strategies for the man-
agement and prevention of upper extremity pain would be
of paramount benefit in this unique population.
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