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Predictors of musculoskeletal pain in the upper extremities
of individuals with spinal cord injury

DC Barbetta1, ACG Lopes1, FNMR Chagas1, PT Soares1, FM Casaro1, MF Poletto2,
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Introduction: Increased demands on the upper extremities (UE) have been associated with a higher occurrence of musculoskeletal
pain in individuals with spinal cord injury (SCI).
Study design: This is a cross-sectional retrospective study.
Objective: The aim of this study was to characterize SCI subjects with musculoskeletal pain in the UE and to determine which
variables could predict musculoskeletal pain in these individuals.
Setting: The study was conducted in SARAH Network of Rehabilitation Hospitals, Brasília, Brazil.
Methods: Five hundred sixty-four electronic medical records were investigated through a retrospective, exploratory and descriptive
analysis to identify individuals with UE pain. A logistic regression model was applied to estimate (odds ratios) whether gender, age, the
level of injury, severity of injury, time of injury, body mass index, type of mobility and locomotion aid could predict the occurrence of
musculoskeletal pain.
Results: The prevalence of musculoskeletal pain in the UE was 27.7%. The odds of having musculoskeletal pain were two times
higher among woman and tetraplegic patients; those over 41 years of age had twice the frequency of pain than did those o24.7 years;
o1 year of injury was a predictor of musculoskeletal pain, compared with the other quartiles (1.1–2.8, 2.9–6.8 and 6.9+ years of
injury). There were no differences between the wheelchair and ambulatory individuals.
Conclusion: Female individuals, those with tetraplegia, aged 440 years and o1 year of injury showed an increased risk of
musculoskeletal pain.
Spinal Cord (2016) 54, 145–149; doi:10.1038/sc.2015.126; published online 28 July 2015

INTRODUCTION

Individuals with spinal cord injury (SCI) have shown a better quality
of life and, consequently, greater survival than they did a few decades
ago. The global prevalence of SCI is estimated to be ~ 236–1009 cases
per one million individuals per year. The estimated incidence in North
America is 39 cases per million per year.1

As a consequence of lower extremity weakness or paralysis after an
SCI, the upper extremities (UE) are used for daily living activities and
to aid in locomotion. The increased use of the UE has been associated
with a higher occurrence of musculoskeletal pain in this population,
with a prevalence ranging from 5 to 78%, based on cross-sectional
surveys and out-patient evaluations.2–4

Dalyan et al.,5used a questionnaire to assess the interference of UE
pain in the activities of daily living. Of the 130 subjects analyzed,
58.5% reported pain and 28% reported decreased independence. The
pain interfered with activities such as transfer skills, pressure relief and
wheelchair mobility, which require UE loading and/or repetitive
movements.4–8

An epidemiological, etiological and pathomechanical literature
review showed that complaints of pain in the shoulder are more
common in tetraplegics, patients with complete injuries, females and
individuals with advanced age. Some risk factors are include the time

of injury, higher body mass index (BMI) and the use of a manual
wheelchair.3

Subbarao et al.,7however, in a logistic regression analysis with a
sample of 451 SCI veterans demonstrated that age, the neurological
level and time of injury showed no significant difference in patients
with or without pain.
Knowing the factors that contribute to the onset of musculoskeletal

pain in the UE is important for establishing resources to prevent this
condition in SCI patients.
Controversial results have been presented in the literature, which

might be due to the influence of socio-cultural factors in the
dependence/independence of patients.
The hypothesis of this study is that advanced age, length of time

since injury and increased BMI have a significant role in upper limb
musculoskeletal pain in manual wheelchair-using individuals with SCI
because these factors are directly related to changes in the mechanical
efficiency of UE joints and the amount of physical strain experienced
during activities of daily living. Repetitive trauma that occurs in
wheelchair transfers and outdoor wheeling appears to be the most
common source of these conditions.3,9 Paraplegic individuals, who are
more independent than tetraplegic patients, have an increased UE
demand in daily activities and resultant overuse. Accordingly, men
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with SCI have a greater risk of UE pain than do women. The lower
activity level in tetraplegic patients and women might contribute to
these subjects having no pain or a low level of pain. Regarding the
completeness of injury, our hypothesis is that subjects with a complete
motor injury have a greater chance of UE pain than do those with an
incomplete motor injury because they have greater motor function
preserved below the neurological level,10 which might include lower
limb function and might decrease the amount of strength in and
overuse of the UE. In addition, individuals with a complete motor
injury are more wheelchair dependent. The biomechanical require-
ments for wheelchair propulsion and transfers might increase the
shoulder and wrist effects.3

Main objective
The aim of this study was to determine the predictors of UE
musculoskeletal pain in spinal cord injury patients.

Secondary objective
To characterize the SCI patients with a report of musculoskeletal pain
in the upper extremities as well as the main joints involved.

METHODS

Study design
This is a cross-sectional, retrospective study.

Participants
We investigated the medical records, from The Quality Control Department of
the SARAH Network of Rehabilitation Hospitals in Brasília, of 574 SCI in-
patients and out-patients, who were followed after visiting the hospital between
January and July 2010. The inclusion criteria were traumatic-SCI patients with
UE musculoskeletal pain without other comorbidities, such as neuropathic
pain, peripheral nerve injury or upper extremity fractures. Patients with Brown-
Sequard syndrome, central cord syndrome or grade E on the American SCI
Association Impairment Scale (AIS)10 were excluded. The conus medullaris/
cauda equina syndrome was included.

Study variables
The following variables were identified: gender; age; the level of injury;
completeness of injury; time of injury; BMI (weight/(heigh×height)); locomo-
tion and mobility aid; musculoskeletal pain report and location of pain; the data
were collected retrospectively from the medical records.
Upper extremity musculoskeletal pain was considered the variable of interest

and was treated as a simple dichotomous variable (yes or no). This variable was
investigated in the data from the physiotherapy and occupational therapy
patient records. The medical records of all patients were investigated to retrieve
the reports of musculoskeletal pain before January–July 2010. If the patient had
more than one complaint of pain, the first record was considered.
The other variables (gender; age, the level of injury; completeness of injury;

time of injury; BMI; locomotion and mobility aid) were considered indepen-
dent variables and were collected when the pain was reported.
The level and completeness of injury were measured by a physician using the

AIS.10 The neurological level was classified as the ‘most caudal segment of the
spinal cord with normal sensory and motor function’, through the evaluation of
dermatomes and myotomes. For the completeness of injury, the preservation of
sensory and/or motor function below the neurological level were evaluated,
including evaluation of the sacral segments (S4–5).10 The level of injury was
divided into high tetraplegia (C1–5), low tetraplegia (C6–1), high paraplegia
(T2–6) and low paraplegia (T7–S5). When a difference between the sides was
observed, the most rostral level of the injury was considered; the higher the
injury was on the spinal cord, the greater the functional impairment and,
consequently, the more extensive the demands were on the upper extremity.
The completeness of injury was assessed according to the AIS, as follows: A (a
complete motor and sensory lesion), B (preservation of sensory function,

without preservation of motor function), C and D (motor function preserved
below the level of the lesion).10

Percentiles based on quartiles were used to classify the age and the time of
injury. The age was divided into the following intervals:o24.7 years, 24.8–30.9
years, 31.0–40.9 years and 41+ years. The time of injury was separated into the
following quartiles: injury ofo1 year, 1.1–2.8 years, 2.9–6.8 years and 6.9+
years. BMI was treated as a continuous variable. The other variables were
gender, the level and completeness of injury and the locomotion and mobility
aid; these variables were treated as categorical variables.
In addition, the subjects were classified according to their use of locomotion

and mobility aids. Regarding locomotion, the groups were divided into
wheelchair users, household ambulators and community ambulators. We
divided wheelchair users into the following three categories: (1) wheelchair
use and absence of orthostatism; (2) wheelchair use and orthostatism; and
(3) wheelchair use and walking exercises because of the increased demand to
the UE involved in the process of transferring to the standing position and in
the process of remaining in the position and walking.11 Regarding mobility aid,
the patients were classified into the (1) wheelchair, (2) parallel bars, (3) walker,
crutches (unilateral or bilateral), (4) cane (unilateral) and (5) those that did not
use mobility aids groups.

Statistical analysis
Descriptive and exploratory data analyses were performed to demonstrate the
relationship between pain and the independent variables. Student’s t-test was
applied for the continuous variables, and the equivalence among the groups was
assessed using Levene’s test. The associations between the ‘pain report’ and the
categorical variables were tested using the χ2 test and, when necessary, Fisher's
exact test.
A logistic regression model was applied to calculate the odds ratios. In cases

in which the independent variables comprised more than two categories, a
dummy variable was applied, using as the reference the category with the
decreased perception of pain, in accordance with a preliminary exploratory
analysis.
The explanatory variables that were statistically significant (P-valueo0.10)

in the simple regression analysis were tested together in a multiple regression
analysis using the backward stepwise selection method based on the likelihood
ratio, with a 5% tolerance to introduce the variable in the model and a 10%
tolerance to exclude it.
The Statistical Package for Social Sciences, version 13.0 (SPSS, Inc., Chicago,

IL, USA), was used for the analysis.

RESULTS

Of the 574 patient records studied, 10 patients with Brown-Sequard
syndrome, central spinal cord syndrome or AIS E were excluded. Of
the 564 patients who participated in the study, 79% were male, with
an average age of 34 years (range 14–79 years), a mean BMI of
22.4± 4.8 kgm− 2 and an average of 5 years of injury on average
(range 0.4–46 years); 61% of the participants had paraplegia, and
71.3% had a complete motor injury (AIS A and B).
The prevalence of musculoskeletal UE pain was 27.7% (156

patients), with a confidence interval of 24.0–31.4% (confidence level:
0.95). In total, 256 joints were affected, with a 69, 19, 9 and 3%
prevalence of shoulder, wrist, elbow and hand pain, respectively. In the
pain group, 29% of the patients were female, with a mean age of
36± 13.4 years and 4.8± 7.1 years of injury, and the individuals
presented predominantly with low tetraplegia, a complete
motor lesion and use of a wheelchair as the primary mobility aid
(Table 1).
In a comparison of the groups with and without pain, age, the BMI

and the mobility aid showed no statistically significant difference. The
subgroups of the patients using crutches and canes as well as those that
did not use any mobility aid were pooled for the comparative analysis;
however, no difference was observed in these patients with or without
pain. The other variables, including gender, the time of injury, the
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level and completeness of injury, and locomotion, were significantly
different and were submitted to a multiple regression analysis.
Although age did not show a significant difference in the comparison
within the groups, it was considered clinically relevant and included in
the regression analysis (Table 2). The multiple regression analysis
showed that women are twice as likely to experience UE pain as men.
Individuals aged 41 or more years are twice as likely to have pain as are
patientso24.7 years of age. Regarding the time of injury, individuals
with injury that has lasted o1 year have a greater risk of pain than do
the individuals in other quartiles; the former are two times more likely
to experience UE pain than are individuals with 1.1–2.8 years of injury
and three times more likely than individuals with 2.9–6.8 and 6.9+
years of injury. The tetraplegic patients had almost twice the risk
of pain than did the paraplegics. The individuals exclusively using

wheelchairs for locomotion had twice the risk of pain than did
those in the ‘wheelchair+orthostatism’ and ‘wheelchair+walking
exercise’ groups. There was no difference in a comparison with the
ambulators. The household and community ambulators were pooled
for the comparative analysis, and no differences were observed in the
results.

DISCUSSION

This study showed characteristics that might be associated with
musculoskeletal UE pain in individuals with SCI, such as female
gender, age over 41 years, o1 year of injury, low tetraplegia, a
complete motor injury and wheelchair users.
Caution is needed in comparing this study with the results

presented in the literature because our population tended to be
younger (34 years on average) and to have a shorter time of injury
(5 years on average). The heterogeneity of the results could be
attributed to the methodologies adopted in the studies. Many studies
do not discriminate between musculoskeletal pain and
neuropathic pain.
The joint most affected was the shoulder, which is consistent with

the findings in the literature, with a prevalence of up to 70%.3,5,6,12

After SCI, the UE demonstrate failure in primary grip activities and
begin to experience an overload in the performance of repetitive
movements, such as transferring, pushing up and propelling the
wheelchair.6,11 There were some differences regarding the most
affected joints between paraplegics and tetraplegics, including wrist
and shoulder pain, respectively, as the most common complaint.13

Age has been positively associated with ongoing shoulder pain that
is increased in patients aged 31–40 years, with an increased risk of 5%
per year.5,8 The viscoelastic properties of the shoulder ligaments and
capsule might change with age and might impair the performance of
daily living activities and mobility efficiency.3

In this study, the individuals with injury lasting o1 year had a
greater risk of UE pain. Between the first 3 months of in-patient
rehabilitation and discharge, UE musculoskeletal pain showed a
decrease of 30%.14 Seventy-five percent of the tetraplegic patients
reported shoulder pain during the initial rehabilitation, and 78% of
them were pain free at discharge.15

A prospective cohort study showed that 70% of the subjects
presented a ‘Decreased or No/Low pain’ trajectory compared with
30% with a ‘High pain’ trajectory, as measured 5 years after
discharge.16

Some authors have stated that the adaptation process of gaining
new UE skills after an SCI could lead to musculoskeletal pain. Subjects
with a longer time of injury gain ability in and muscle strength for
performing daily living activities and thus experience reduced pain.14

The reduction in reported pain might be influenced by a decrease in
the activity level because of aging.13

Regarding the level of injury, this study showed a two-fold greater
risk of UE pain in tetraplegics, which corroborates the findings
presented in the literature. This risk appears to be associated with
the following factors: immobilization or a reduction in the range of
motion in the acute phase, which leads to muscle shortening and
shoulder capsule tightness; impaired muscle strength and balance
resulting from weakness; paralysis resulting from partial innervations;
and spasticity, which could lead to variations in the pathogenesis of
pain among tetraplegic and paraplegic individuals.3,14,14–17

The completeness of the injury was an additional predictor of UE
pain. Some authors have associated shoulder pain with the overuse/
overload experienced in wheelchair propulsion and transfers, and with
the decreased postural trunk control that is related to the decreased

Table 1 Comparative analysis of the groups with and without pain

Characteristics of the sample

(n=564)

With pain Without pain P-value

Female gender, n (%) 45 (29) 75 (18) 0.007

Age (years), mean (s.d.) 36.0 (13.4) 32.9 (11.4)

median (Q1–Q3) 32.5 (26.2–44.3) 30.2 (24.2–38.8)

Age (years), n (%) 0.185

⩽24.7 31 (22) 110 (79)

24.8–30.9 37 (26) 104 (74)

31.0 –40.9 41 (29) 100 (71)

41.0+ 47 (33) 94 (67)

Time of injury (years), mean (s.d.) 4.8 (7.1) 5.4 (6.2)

median (Q1–Q3) 1.7 (0.5-5.9) 3.2 (1.3-7)

Time of injury (years), n (%) o 0.001

⩽1.0 61 (43) 80 (57)

1.1–2.8 33 (23) 108 (77)

2.9–6.8 28 (20) 113 (80)

6.9+ 34 (24) 107 (76)

BMI, mean (s.d.) 22.5 (5.3) 21.9 (4.7) 0.312

Level of injury, n (%) o 0.001

C1–5 9 (6) 23 (6)

C6–1 76 (49) 113 (28)

T2–6 30 (19) 116 (28)

T7–S5 41 (26) 156 (38)

AIS, n (%) 0.039

A 81 (52) 236 (58)

B 31 (20) 54 (13)

C 19 (12) 29 (7)

D 14 (9) 40 (10)

Conus medullaris/cauda equina 11 (7) 49 (12)

Locomotion, n (%) o 0.001

Wheelchair users 99 (64) 168 (41)

Wheelchair+orthostatism 23 (15) 105 (26)

Wheelchair+walking exercise 17 (11) 76 (19)

Household ambulators 8 (5) 23 (6)

Community ambulators 9 (6) 36 (9)

Mobility aid, n (%) 0.101

Wheelchair 116 (74) 261 (64)

Parallel bars 10 (6) 44 (11)

Walkers 19 (12) 60 (15)

Crutches 4 (3) 24 (6)

Canes 3 (2) 14 (3)

No mobility aid 4 (3) 5 (1)

AIS: American Spinal Cord Injury Association Impairment Scale; BMI: body mass index; C:
cervical; L: lumbar; n: numberQ1: Quartile 1; Q3: Quartile 3; T: thoracic
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preservation of the motor unit.3 The ‘High pain’ trajectory over 5 years
applied to more patients with lower muscle strength than did the ‘No
or Low pain’ trajectory.16

Our study showed that women are twice as likely to experience pain
in the UE, which was in agreement with a literature review by Dyson
et al.3 Women have physiological and anatomical differences in the
shoulder and apply a higher percentage of force to propel a wheelchair
than do men, which increases the risk for rotator cuff abnormalities,
edema, arthrosis, subacromial spur formation and coracoacromial
ligament thickening.3,18 A study that analyzed the difference in the
aging process of men and women with SCI, controlling for con-
founders such as age (older than 40 years) and time of injury (at least
20 years), found no difference in the relationship to chronic pain
complaints between the genders. However, in the qualitative analysis,
women reported that pain affected the performance of activities of
daily living and presented significantly increased hand pain, which was
associated with arthritis.19

The influence on the reported pain of assuming an orthostatic
position and performing walking exercises was investigated; these
activities involve strength and repetitive UE movements that impose
increased biomechanical demands on the upper limb joints and
muscles. Pain reports were more frequent in wheelchair-dependent
patients who do not stand or perform gait exercises. Bias should be
considered with regard to the restrictions imposed by pain or overload
during the standing and walking exercises in our program.
The literature supports a 67% incidence of shoulder pain that starts

from the initial phases of wheelchair dependency.8 The biomechanics
of wheelchair propulsion, which include extreme positions of the

shoulder such as extreme internal rotation and abduction, might
predispose to shoulder impingement, particularly with a narrowed
humeroacromial space.2,20 Otherwise, the orthostatic posture allows
the shoulder joint to remain in the most favorable position, with a less
anterior tilt of the scapula and internal rotation of the glenohumeral
joint.11 The use of a mobility aid (wheelchair, parallel bars, walkers,
crutches and canes) was not considered a predictive factor of
shoulder pain.
The UE biomechanics of hand rim wheelchair propulsion com-

bined with the skeletal muscle overload demands during transfer
activities, require more effort from a heavier person.3,14 Despite the
trend of a higher BMI being an important predictor of musculoskeletal
UE pain,14,16 it was not considered statically significant in this survey.
This finding is consistent with the results of McCasland et al.12 A
regression analysis was used to evaluate the relationship between the
injury level and completeness to the occurrence of UE pain. Age,
gender and the BMI were considered confounding variables. Older
individuals, with incomplete lesions, a higher FIM motor score and a
higher BMI had an increased risk of UE pain.14 Our population had,
on average, a normal BMI (22.4± 4.8 kgm− 2) and ~ 68% of the in-
patients had a BMI o25 kgm− 2, which could influence the results.
This retrospective and cross-sectional design study has some

limitations. A retrospective analysis could lead to informational
retrieval bias resulting from errors in measurement or data acquisition.
Observational analysis does not allow us to establish a causal nexus. In
addition, other important factors that were not addressed in this study
might influence the onset of musculoskeletal pain in individuals with
SCI, including the following: the level of functional independence; the
features of the wheelchair used (including the weight and the
positioning of the rear axle); spasticity; and other factors with equal
or greater importance.

CONCLUSION

Musculoskeletal pain in the upper extremities of SCI patients is an
incapacitating condition. Characteristics related to the individual and
to the SCI are key factors, which should be established. Despite the
difficulty of comparing studies, variables such as age, gender, the level
of injury, the time of injury and the use of a wheelchair should be
highlighted in physical evaluations to anticipate possible complaints of
pain both in the rehabilitation setting and in everyday life. These
factors demonstrate a clear influence on the pain process and should
be considered in future studies. The research process is essential to
understanding the biomechanics involved in task performance and to
optimizing the interventional resources, which could protect the upper
limb joints and prevent pain.
Musculoskeletal pain and its etiology should not be minimized by

considerations regarding the loss of motion and bladder and bowel
changes, among other challenges for SCI patients. On the basis of this
study, we initiated an awareness of complaints of pain by SCI patients
as well as adequate physical and functional assessment processes for
these patients.
This study, in addition to our critical literature review,2,3,8,12 is

beneficial to our rehabilitation team for promoting assistance for
in-patients and out-patients. Our current focus includes the following
aims: preventing UE pain and increasing the knowledge related to UE
biomechanics; implementing appropriate daily live activity techniques,
including wheelchair propulsion, avoiding overuse and weight-bear-
ing; designing a balanced muscle fitness program for UE; establishing a
nutritional orientation aimed at weight control; developing a pre-
scription of the wheelchair and defining postural optimization; and,

Table 2 Logistic regression for association between pain and the

characteristics of the individuals

Variables Odds ratio* CI 95%

Gender
Male 1.0

Female 2.2 1.3 3.4

Age (years)
⩽24.7 0.5 0.3 0.9

24.8–30.9 0.8 0.4 1.4

31.0–40.9 0.8 0.5 1.5

41.0+ 1.0

Time of injury (years)
≤1 1.0

1.1–2.8 0.4 0.2 0.7

2.9–6.8 0.3 0.2 0.5

6.9+ 0.3 0.2 0.6

Level of injury
Paraplegia 1.0

Tetraplegia 1.9 1.2 3.0

Locomotion, n (%)
Wheelchair users 1.0

Wheelchair + orthostatism 0.5 0.3 0.8

Wheelchair + walking exercise 0.5 0.3 1.0

Household ambulators 0.6 0.3 1.5

Community ambulators 0.5 0.2 1.1

Abbreviations: CI, confidence interval n, number.
*Logistic regression model.
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evaluating the indication for adaptive devices and environmental
changes.
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