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ARTICLE INFO ABSTRACT

Background: Such myriad consequences of musculoskeletal pain were common 
and distorted the level of functioning after spinal cord injury (SCI). No known data 
identifies pain-related factors in ambulatory individuals with SCI.

Objective: To examine the risk factors for musculoskeletal pain in ambulatory 
patients with SCI.

Materials and methods: A total of 138 ambulatory participants with SCI were  
interviewed and evaluated for their demographics, SCI traits, levels of locomotor  
disability (Functional Independence Measure-Locomotor), and data on musculoskeletal 
pain, including area, cause, and severity of pain using a body chart diagram and 
Visual Analogue Scale. Then, logistic regression was used to analyze risk factors 
associated with musculoskeletal pain.

Results: Precisely, 55.07% of the 138 ambulatory individuals with SCI reported 
musculoskeletal pain. The common top three areas of pain include the lower back 
(27%), hip (23%) and shoulder (15%). Factors associated with musculoskeletal pain 
include being a man and FIM-L 6 in which males had OR=3.56 (95% CI, 1.62-7.84; 
p=0.002) and FIM-L 6 had OR=2.57 (95% CI, 1.08-6.10; p=0.032).

Conclusion: The present findings revealed that musculoskeletal pain is highly  
prevalent in ambulatory individuals with SCI. Ambulatory individuals with SCI who 
are males and able to walk at least 50 meters while using gait devices are most 
concerned about musculoskeletal pain problems.
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Introduction 
	 Spinal cord injury (SCI) directly results in permanent 
sensorimotor and autonomic deterioration.1 In addition, 
an increasing number of coronaviruses in 2019 (COVID-19) 
affected adaptation to the new normal medical services 
model, which limited the number of people admitted to 
rehabilitation care.2 Therefore, ambulation with disabilities  
without health care follow-up after SCI may increase  
complications.3

	 Musculoskeletal pain is a chronic condition commonly  
reported in individuals with SCI.4 It is characterized by  
injury related to the overuse, strain, and wear and tear of 
the musculoskeletal structure.5 It usually gets worse with 
movement and better with rest.5 A previous study showed 
that musculoskeletal pain frequently occurred in individuals 
with SCI in the first 5 years after injury4. Another study 
reported that 68 of 100 individuals with SCI experienced 
musculoskeletal pain.5 The problem with pain significantly 
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interfered with mental and physical health, which led to a  
significant increase in the rate of hospitalization and cost 
of care, as well as a decline in quality of life.5-8 Despite  
evidence that musculoskeletal pain is a common problem 
for individuals with SCI, the various factors associated with 
the development of musculoskeletal pain in SCI among 
ambulatory individuals are unknown. 
	 Regarding concerns about advancing age, which declines 
in the musculoskeletal system, daring behaviors in males, 
having an excessive BMI, experiencing high levels of locomotor 
disability, as well as the cause, level, severity, and stage 
of the injury, are most likely to be associated with pain. 
However, existing evidence has not yet supported these 
hypotheses in ambulatory individuals with SCI.5-14 The 
data regarding factors associated with musculoskeletal 
pain could provide for ambulatory individuals with SCI 
who have a high risk of developing this issue.   Therefore, 
the study aimed to investigate risk factors associated with 
musculoskeletal pain in ambulatory individuals with SCI.

Materials and methods
Participants
	 Ambulatory individuals with SCI who visited community  
hospitals and tertiary rehabilitation centers were invited 
to participate in this study. The inclusion criteria were  
ambulatory individuals with SCI, both traumatic and 
non-traumatic causes, aged at least 18 years, and capable 
of walking independently, with or without a walking device, 
for at least 15 meters.15,16 Participants were excluded if 
they had joint or extremity deformities, had present medical  
conditions that might limit walking ability, could not  
understand and follow commands, and had any underlying 
diseases that caused pain.14 The ethical committee (HE 
591462) authorized the trial, and eligible subjects provided 
written informed permission before participating in the 
study.

Protocol
	 Participants were interviewed and assessed by 
one physiotherapist for their demographic information 
(including gender, age, body weight, and height) and SCI 
features, such as post-injury duration, cause, severity, 
and levels of SCI diagnosis using the International 
Standards for Neurological Classification of SCI (ISNCSCI).17 
Subsequently, the physiotherapist assessed participants 
present level of musculoskeletal pain using dichotomous 
variables (yes /no pain), areas of pain using a body chart 
diagram, and intensity of pain using the Visual Analogue 
Scale (VAS), ranging from 0 to 10.18 The participants were 
first interviewed about their musculoskeletal pain. The 
area of pain was localized using a body chart diagram. 
The participants evaluated pain intensity using the VAS 
scale by placing a mark at a point on a 10 cm line to rate 
the pain intensity; the far left indicated no pain, and the 
far right indicated the most intense pain imaginable.18,19 
The definition of musculoskeletal pain in this study was 
bone, joint, or muscle pain caused by repetitive strain 
or overuse.4 In addition, participants who suffer from 
neuropathic pain often describe the sensation as being like 

an electric shock or a burning sensation.20 active, passive, 
and accessory movement tests were used to differentiate 
musculoskeletal pain from neurological pain. Furthermore, 
we distinguish neuropathic pain from musculoskeletal 
pain using this essential feature of neuropathic pain.4,20 

Individuals with SCI with a VAS scale ≥ 1 were allocated 
to the musculoskeletal pain group, and those with a VAS 
scale <1 were in the no-pain group.21

	 The Functional Independence Measure-Locomotor 
(FIM-L) criteria were used to evaluate the participants’ 
levels of locomotor disability.16 The FIM-L5 is an exception 
(household locomotion), in which participants walk only 
short distances (a minimum of 15 meters independently 
with or without a device). The activity takes more 
than a reasonable amount of time, or there is safety 
consideration. With FIM-L6, patients have modified 
independence. They can walk at least 50 meters but use a 
brace (orthosis) or prosthesis on the leg, special adaptive 
shoes, cane, crutches, or walker; they take more than a 
reasonable amount of time to complete the activity; or 
there are safety considerations. With FIM-L7, patients 
have complete independence. They can walk a minimum 
of 50 meters without an assistive device. The patients 
perform the activity safely.16

Statistical analysis
	 The study data was analyzed using STATA ReleSTATA10. 
The normal distribution was verified through a Kolmogorov- 
Smirnov test. Descriptive statistics were applied to evaluate 
demographic factors, SCI features, and the prevalence of 
musculoskeletal pain. The severity of SCI was categorized 
into 4 subgroups: 1) C1-C4 AIS A, B and C; 2) C5-C8 AIS 
A, B and C; 3) T1-S3 AIS A, B and C; 4) AIS D at any injury  
level according to international SCI core data set with the 
reference. Mann-Whitney U tests for continuous data 
and the Chi-square test for categorical data were used 
to compare group results. Logistic regression analysis 
(odds ratio [OR]) was used to analyze risk factors of  
musculoskeletal pain. The factors associated with  
musculoskeletal pain in ambulatory individuals with SCI 
included age (<65, ≥65 years), gender (male and female), 
BMI (normal and overweight), levels of locomotor disability 
(FIM-L5, 6, and 7), causes (traumatic and non-traumatic), 
levels of SCI diagnosis (tetraplegia and paraplegia) and 
stages of injury (sub-acute and chronic). The significant  
difference was set as a p-value of < 0.05.

Results
	 At the beginning, 174 individuals with SCI were 
interested in participating in this research. Nevertheless, 
36 participants were excluded because they were unable 
to ambulate (N=15), had osteoarthritis of the knee (N=12), 
had brain involvement (n=5), and had pressure sores 
(N=4). Finally, a sample of 138 completed this research. 
The demographic and SCI characteristics data were non-
normal distribution and presented in median values, 
as shown in Table 1. Most participants were males, and 
the median age was 54.5 years (40.0-65.0) at the chronic 
stage, during which the median time since injury was 42 
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months (13.00-91.25). Injury levels among the individuals 
ranged from C4 to the cauda equina with AIS C and D. 
	 Seventy-six of the 138 participants complained of 
moderate musculoskeletal pain, with an average VAS score 
of 5 (the median value of the intensity of pain score was 
between 4 and 6). The most common areas of pain were 

the lower back (27%), hip (23%), and shoulder (15%), as 
shown in Figure 1. Logistic regression analysis found that 
factors associated with musculoskeletal pain were male 
gender (OR, 3.56; 95% CI, 1.62-7.84; p=0.002) and FIM-L 
6 (OR, 2.57; 95% CI, 1.08-6.10; p=0.032), as presented in 
Table 2.

Table 1. Demographics and characteristics of participants.

Variable Total
(N=138)

Pain
(N=76)

No pain
(N=62) p value

Age at injury (years) a 54.50
(40.00-65.00)

53.50
(40.25-66.75)

55.00
(37.50-64.25)

0.550

Time since injury (months)a 42.00
(13.00-91.25)

42.00
(18.25-83.75)

42.50
(8.75-42.50)

0.583

Body mass index (kg/m2)a  21.95
(18.97-25.20)

21.95
(18.82-25.07)

21.90
(19.10-25.62)

0.966

Gender: male; N (%)b 90 (65) 57 (75) 33 (53) 0.008*
Etiology: traumatic; N (%)b 59 (43) 31 (41) 28 (45) 0.606
Levels and severity of SCI; N (%)b

C1-4 AIS A, B and C 1(1) 0 (0) 1 (2) 0.068
C5-8 AIS A, B and C 6 (4) 6 (8) 0 (0)
T1-S3 AIS A, B, and C 44 (32) 26 (34) 18 (29)
AIS D at any NLI 87 (63) 44 (58) 43 (69)

Walking devices used; N (%)b

Independence 48 (34) 22 (46) 26 (54) 0.417
Cane 12 (37) 4 (61) 8 (33)
Crutches 12 (9) 8 (67) 4 (33)
Walker 50 (20) 29 (58) 21 (42)

Level of locomotor disability; N (%)b

FIM-L7 46 (33) 20 (43) 26 (57) 0.141
FIM-L6 76 (55) 47 (62) 29 (38)
FIM-L5 16 (12) 9 (56) 7 (44)

Note: NLI: neurological level of injury, FIM-L: functional Independent Measure-Locomotion score FIM-L5: participants walk only short 
distances (a minimum of 17 m) independently with or without a device, FIM-L6: participants walk a minimum of 50 m (150 ft) but use a 
brace (orthosis) or prosthesis on the leg, special adaptive shoes, cane, crutches, or walker, FIM-L7: participants walk a minimum of 50 
m (150 ft) without assistive device, adata were presented in terms of the median (interquartile range: Q1-Q3). The findings between the 
groups were compared using the Mann-Whitney U test, bthese variables were categorized data, and a chi-square test was used to compare 
differences between groups according to the following criteria, gender: male/ female, etiology: non-traumatic/ traumatic,*indicates a 
significant difference between groups (p<0.05).
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Discussion
	 Few is known about musculoskeletal pain in ambulatory 
individuals with SCI; therefore, this study aimed to explore 
factors contributing to musculoskeletal pain in people 
with SCI. The findings demonstrated that 55.07% of 
ambulatory individuals with SCI reported moderate pain, 
and the top three areas of suffering were lower back, hip, 
and shoulder suffering (Figure 1). In addition, ambulatory 
individuals with SCI who were male gender and had a high 
level of locomotor disability (FIML-6) were associated with 
an increased risk of musculoskeletal pain (Table 2).
	 Approximately 55% of individuals with SCI experience 
musculoskeletal pain; the pain data showed the association 
between chronic SCI with ambulation and various levels 
of locomotor disability, including FIM-L6 (62%), FIM-L7 
(43%), and FIM-L5 (56%) (Table 1). The lower back, hip, 
and shoulder were most affected (Figure 1). Different 
impairments between the lower limbs and the use of a 
walking device to compensate for these impairments are 

important causes of asymmetrical walking in individuals 
with neurological disorders, which may encourage 
patients to learn to limit the asymmetrical use of their 
limbs, increasing their risk of musculoskeletal pain and 
joint damage in the lower limb of greater use.22 Moreover, 
the extreme use of the upper limbs to compensate for loss 
of strength and/or mobility in lower limbs might induce 
an injury to the upper extremity structures.22,23 Therefore, 
areas of pain were shown in the lower back, hip, and 
shoulder (Figure 1). However, previous studies reported 
that the area most affected by pain was the shoulder.5,22 
The reason might be that most of the participants were 
wheelchair users.24 The present findings focused only 
on ambulatory individuals with SCI who could walk and 
who had a high risk of developing musculoskeletal pain. 
Therefore, medical rehabilitation could find an effective 
strategy to prevent negative effects for these individuals 
with SCI.       

Table 2. Factors associated with musculoskeletal pains among ambulatory individuals with spinal cord injury (SCI).
Variable Total (N) Pain, N (%) No pain, N (%) aOR (95% CI) p value
Gender
  Female 48 19 (25) 29 (47) 1
  Male 90 57 (75) 33 (53) 3.56 (1.62-7.84) 0.002*
Age
   <65 years 87 48 (63) 39 (63) 1
   ≥65 years 51 28 (37) 23 (37) 0.81 (0.36-1.79) 0.607
Cause
  Traumatic 59 31 (41) 28 (45) 1
  Non-traumatic 79 45 (59) 34 (55) 1.45 (0.67-3.13) 0.340
Body mass index
  Normal (18-23.0 kg/m2) 79 46 (61) 33 (53) 1
  Overweight (≥23.0 kg/m2) 59 30 (39) 29 (47) 0.96 (0.87-1.06) 0.130
Stage of injury
  Sub-acute stage (<12 months) 32 15 (20) 17 (27) 0.90 (0.29-1.44)
  Chronic stage (≥12 months) 106 61 (80) 45 (73) 0.56 (0.23-1.31) 0.181
Level of SCI diagnosis
  Tetraplegia 23 11 (14) 12 (19) 1
  Paraplegia 115 65 (86) 50 (81) 0.49 (0.18-1.31) 0.157
Levels of locomotor disability
  FIM-L7 46 20 (26) 26 (42) 1
  FIM-L6 76 47 (62) 29 (47) 2.57 (1.08-6.10) 0.032*
  FIM-L5 16 9 (12) 7 (11) 2.30 (0.62-8.60) 0.214

Note:  SE: standard error, aOR: adjusted odds ratio, 95%: CI95% confidence interval, AIS: American Spinal Injury Association (ASIA) 
Impairment Scale, aaOR: significant difference from the reference group for which the value was set at 1.0 (p<0.05), *significant 
difference between groups (p<0.05).
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	 This study proves the hypothesis that male individuals 
with SCI are at a greater risk of musculoskeletal pain 
than females with SCI. This finding aligns with the study 
of Hassan&Kamrujjaman, who reported an increased 
prevalence of pain in males with SCI than females 
with SCI.25  However, other studies have indicated that 
females with SCI are more likely than males to experience 
musculoskeletal pain.12,13,25  Barbetta et al. found that 
women are twice as likely to suffer from upper extremity 
pain due to physiological, and structural variances in their 
shoulders and because more women use their forearms 
to propel their wheelchairs than men.12   In the present 
study, we hypothesize that male challenges and daring 
behaviors improve self-confidence to execute everyday 
tasks more than females, which promotes the risk of 
musculoskeletal injury. According to van Drongelen et al., 
participants with higher functioning levels measured by 
FIM who perform too many activities of daily living (ADL) 
are more likely experience complaints from overuse. In 
contrast, participants with lower functioning levels who 
perform fewer tasks are less likely to experience overuse 
pain complaints.24 Furthermore, Phonthee et al. reported 
that improved functional ability may lead to greater 

Figure 1. Percent reported area of pain (The percent of pain in each area was derived from
the total 191 pain areas and each area was included from both sides)

integration of walking into everyday activities and reduced 
reliance on a wheelchair. High ability levels might also 
be accompanied by increased confidence and decreased 
movement awareness.14 Thus, challenge and courage in 
male ambulatory with SCI may explain a higher risk of pain 
than those in females.
	 Furthermore, the current findings demonstrate that 
participants with FIM-L6 (able to walk at least 50 meters 
with AAD) have a higher risk of musculoskeletal pain 
than those with FIM-L7 (able to walk at least 50 meters 
independently) and FIM-L5 (able to walk maximum 17 
meters with or without AAD). Participants with FIM-L6 
are a group of individuals who can walk a long distance 
or can walk to participate in their community, but they 
also need AAD. A previous study found that persons with 
arthritis who frequently use canes or walkers to decrease 
weight on their legs are especially susceptible to joint 
inflammation caused by repetitive forces.22   Therefore, 
long-distance walking with AAD may promote the risk of 
musculoskeletal pain more than long-distance without 
AAD and short distances with or without AAD. This finding 
indicates that even though patients with SCI can walk 
independently, AAD use also induces the risk of pain. 
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Therefore, intervention or follow-up to wean off of AAD 
after SCI is crucial.             
	 Finally, this study did not find an association between 
musculoskeletal pain and age, the SCI diagnosis level, and 
the injury stage (Table 2). The researcher supposes that 
most of the study participants were at a chronic stage and 
may have almost full functional recovery. In addition, most 
of them had a lower level of SCI diagnosis. Therefore, they 
could preserve musculoskeletal structure during walking 
and contributed to showing non-significant in age, level of 
SCI diagnosis, and stage of injury in this study. However, 
this study has some limitations regarding its findings’ 
clinical implications. The design of this study was cross-
sectional; therefore, it was unable to confirm the causality 
of pain. Thus, further exploration of long-term follow-up 
musculoskeletal pain is needed.

Conclusion
	 The finding found that male individuals with SCI and 
FIM-L6 had a high risk of developing musculoskeletal pain.  
Daring behaviors in men and AAD-related long-distance 
walking may increase the incidence of musculoskeletal 
pain in ambulatory patients with spinal cord injury.
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