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Effects of an exercise programme on musculoskeletal and
neuropathic pain after spinal cord injury—results from
a seated double-poling ergometer study

C Norrbrink1, T Lindberg2,3, K Wahman4,5 and A Bjerkefors2,3

Objectives: To assess pain relieving effects of an intensive exercise programme on a seated double-poling ergometer in individuals
with spinal cord injury (SCI).
Setting: Stockholm, Sweden.
Methods: A total of 13 wheelchair-dependent individuals with a thoracic or lumbar SCI were recruited to a 10-week training period
(three times weekly) assessing the effects of regular training on upper-body strength, aerobic and mechanical power, and crossover
effects on functional performance, as well as cardiovascular risk factors. Eight of the participants reported pain and were included in
this exploratory pain protocol and assessed using the International SCI Basic Pain Data set, the Wheelchair Users’ Shoulder Pain Index
and International SCI Quality of Life Basic Data set.
Results: For those with neuropathic pain, median pain intensity ratings decreased from 5 on a 0–10 numerical rating scale at base-
line to 3 at the end of study, and four of seven participants reported an improvement on the Patient Global Impression of Change scale.
For those with musculoskeletal pain (n¼5), median pain intensity ratings improved from 4 at baseline to 0 at the end of study. All but
one rated no musculoskeletal pain at all at the end of study and number of days with pain per week decreased from 5.5 to 0.7. None of
the participants developed pain, because of overuse during the training period and few reported unwanted side effects.
Conclusion: Considering its promising effects and safety, an intensive exercise programme can be tried for treating musculoskeletal
pain and also neuropathic pain following SCI.
Spinal Cord (2012) 50, 457–461; doi:10.1038/sc.2011.160; published online 31 January 2012
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INTRODUCTION

Pain following spinal cord injury (SCI) is a common consequence,
with a high incidence of both musculoskeletal and neuropathic
pain.1 Treatment of long-lasting pain, especially of neuropathic
origin, is difficult with limited effects on intensity reduction. Mainly
pharmacological treatments are recommended,2 but have limited
efficacy and are often associated with adverse events, which limit
compliance. Patient preference is for the non-pharmacological
treatments3 for which reason it is important to study alternatives
to drug treatment.
A large controlled study on the effects of an exercise/movement

intervention for SCI-related shoulder pain4 reported significant
improvements in pain as assessed with a single-item visual analogue
scale and using the Wheelchair User’s Shoulder Pain Index (WUSPI).
Similar positive findings have been reported earlier in studies assessing
the effects of different exercise programmes for SCI-related shoulder
pain.5–7 The effects of exercise on overall pain (non-specified type or
duration) have been assessed in two studies,8,9 where small reductions
in pain intensity ratings were reported.
No study has to our knowledge assessed the effects of an exercise

programme on any type of neuropathic pain. However, a few rodent
studies have reported effects of treadmill training and swimming10–12

in neuropathic pain of central and peripheral origin where signs of
neuropathic pain were reduced after the training period. These studies
concluded that exercise is helpful for neuropathic pain.
The present report is part of a larger study assessing the effects of

regular training on upper-body strength, aerobic and mechanical
power, and crossover effects on functional performance as well as
cardiovascular risk factors in individuals, with SCI using a seated
double-poling ergometer.13 The aim of this exploratory study was to
assess the effects of intense regular exercise on both nociceptive and
neuropathic pain in those individuals presenting with pain.

METHODS

Study design
In all, 13 wheelchair-dependent individuals with thoracic or lumbar injury

(paraplegia since more than 2 years) were recruited from a patients’ organisa-

tion. Participants were to be between 18 and 70 years of age without diagnosed

cardiovascular or lung disease or other diseases (including cognitive impair-

ments) interfering with an intensive training programme. Thirteen persons

with an SCI, eight males and five females with a mean age of 47 years (s.d.

12.3), and an injury ranging from T5 to L1 were included in the study, which

was approved by the Stockholm Regional Ethics Board. We certify that all

applicable institutional and governmental regulations concerning the ethical

use of human volunteers were followed during this research.
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A custom-built seated double-poling ergometer modified for persons with

motor impairments in the lower extremities was used in the study. Subjects

trained on the double-poling ergometer three times per week during a 10-week

period, in small supervised groups. Each session lastedB50min and included a

warm-up, four intervals of 6–7min, followed by a cool-down.

The intervals varied between 15 s–3min with 15 s–1min rest. The intensity

of the intervals was determined to lead up to 70–100% of peak heart rate

obtained during the initial maximal oxygen uptake test. If a higher peak

heart rate was detected during training, the level of intensity was adjusted.

Heart rate was measured with a standard heart rate watch (Polar RS 400,

Electro OY, Finland). The intensity in this study was somewhat higher than

previously recommended (50–80%maximum heart rate14). A total of 70–100%

peak heart rate was used not only to optimise oxygen uptake training, but also

to influence upper body strength by implementing a protocol in which

participants were required to perform short, intensive double-poling intervals

for 15 s, which corresponded to 8–15 poling cycles. These short intervals were

alternated with longer intervals of 1 to 3min with the purpose of increasing

aerobic capacity.

During the first two weeks, subjects were taught double-poling technique

and introduced to interval training. After the familiarisation the training

intensity were progressively increased during the training period and a new

programme was introduced every second week. The peak heart rate, distance

and average intensity in each session were documented for each training session

(a more detailed description of the exercise programme is found in Lindberg

et al.15).

Pain protocol
Of the 13 individuals included in the double-poling ergometer study, 8 (62%)

reported pain meeting the basic pain data set criteria (pain present one or more

days during the previous seven) and were thus included in the pain protocol.

For assessing and classifying pain the International SCI Basic Pain Data set

(ISCIPDS:B), was used.16 In this data set the three worst pain locations are

described in detail, for example, localisation, type of pain, pain intensity (rated

on a 0–10 numerical rating scale (NRS)), onset, temporal pattern and number

of days with pain. The data set also comprises six pain interference items rated

on a 0–6 NRS. Further the International SCI Quality of Life Basic Data set

version 1.017 was included in the pain protocol. This Quality of Life (QoL) data

set consists of three questions rated on a 0–10 NRS. At the end of study, the

global pain-relieving effect was rated using the Patient Global Impression of

Change scale (PGIC).18 The total pain relieving effect on all pain components

as well as the effect on the neuropathic pain component(s) was rated using the

PGIC. The WUSPI19 was used for assessing pain from the shoulder girdle in

activity where 15 items are rated on a 0–10 visual analogue scale and

summarised for total WUSPI score.

Participants in this study were assessed before starting the training pro-

gramme and immediately after completion.

Statistics
This part of the original study was carried out as an exploratory study. The

results are presented using descriptive statistics with numbers of observations

presented together with median values and interquartile ranges (IQR) for

categorical data and using mean and s.d. for numerical data. The exception is

the WUSPI where visual analogue scale ratings are presented as mean values

together with s.d. in line with original instructions.19

RESULTS

Participants
Of the eight individuals included in the pain protocol, six were males
and two females, mean age 50.5 years (s.d. 11, range 30–67) with mean
time since injury of 17.8 years (s.d. 7.6, range 7–29). For more
demographic data see Table 1.
The participants had a mean of 2.1 pain locations each. In the seven

with neuropathic pain, 10 different pain locations were included and
assessed. Seven of these were below the neurological level of lesion,
and three at the neurological level of lesion. Most neuropathic pain
problems started at the time of the injury (n=8), but in one

participant it started five years post-injury and in one the duration
was unknown (‘for many years’). Pain was either intermittent includ-
ing paroxysms (n¼4) or constant/continuous (n¼6).
In the five participants with nociceptive musculoskeletal pain, six

pain locations were included. The duration of their pain ranged from
8months to more than 10 years, with unknown onset in one partici-
pant. The temporal pattern of pain was related to movement (n¼3),
lasted between one and 24h (n¼1) or was constant/continuous
(n¼2). Pain was localised to the shoulder girdle area in all five
individuals, and in neck (n¼1), elbow (n¼2), forearm (n¼2), wrist
(n¼2) and hand/fingers (n¼1).
One patient had experienced nociceptive visceral pain located in the

abdomen for many years. This was described as constant/continuous
daily pain.
Of those individuals not included in the pain protocol, three

reported intermittent musculoskeletal pain. These individuals were
not included because their reports of pain were not covered by the
inclusion criteria (pain during the previous 7 days). One of the three
had recurrent low-back pain radiating into the legs, one recurrent
ischial pain and pain from shoulders once or twice a month, and one
recurrent shoulder pain when playing basketball.
Three participants were on analgesic drugs at baseline (opioids,

n¼2; nonsteroidal anti-inflammatory drugs, n¼1) and one at the end
of study (opioids).

Pain intensity—neuropathic pain
Seven individuals reported in total 10 locations classified as neuro-
pathic pain. Median intensity during the previous 7 days was 5 (range
1–7) on a 0–10 NRS at base-line and 3 (range 0–7) at the end of study
(Figure 1). Number of days with pain was unaffected with a mean of
5.8 days (range 2–7 at baseline and 0–7 at the end of study). Six of the
ten pain locations (in four of the seven individuals) reportedly
decreased X1.8 units (Figure 1).
Of the locations where pain was reported to decrease, five (of seven)

were below the level of lesion and one (out of three) at the level of
lesion.

Pain intensity—nociceptive pain
Five individuals were classified as having nociceptive musculoskeletal
pain at six pain locations and one had nociceptive visceral pain.
Median intensity ratings in those with musculoskeletal pain decreased
from 4 at baseline (range 2–7) to 0 at the end of study (range 0–4). All
but one participant rated no pain at all and one improved 2 units on

Table 1 Demographic and pain data on the eight individuals

included in the pain protocol

No. Gender Age

(years)

NLL AIS TSI No of

pains

NocP

(MS/VI)

NeuP Analgesics

1 M 49 T5 A 29 3 MS+VI NeuP Yesa

2 M 67 T5 A 14 3 NeuP

3 M 45 T6 B 25 3 MS NeuP Yesa,b

4 F 55 T5-8 C 15 1 MS Yesa

5 M 45 T12 A 25 2 NeuP

6 M 58 T12 A 14 2 MS NeuP

7 F 30 T12 A 13 1 NeuP

8 M 55 L1 A 7 2 MS NeuP

Abbreviations: AIS, ASIA impairment score; MS, musculoskeletal pain; NeuP, neuropathic pain;
NLL, neurological level of lesion; NocP, nociceptive pain; TSI, time since injury; VI, visceral
pain.
aAt enrolment.
bAt the end of study.
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the 0–10 NRS, Figure 2. Number of days with pain decreased from 5.5
(range 2–7) to 0.7 (range 0–4).
Nociceptive visceral pain increased from 1 at baseline to 5 at the end

of study, reportedly unaffected by exercise. The neuropathic and the
musculoskeletal pain intensity in the same individual decreased.

WUSPI
Five participants reported shoulder pain and were assessed using the
WUSPI (Table 2). Total mean WUSPI score at baseline was 37 and at
the end of study 18.

Patient global impression of change—PGIC
The PGIC was used to rate the global effect of the treatment period on
all types of pain and on neuropathic pain separately.

For all types of pain all eight participants reported an improvement
(from minimally—very much improved); one reported being very
much improved, four much improved and three minimally improved.
For those with neuropathic pain four of the seven participants (57%)
reported an improvement; two being much improved and two mini-
mally improved. Three reported no change.

Pain interference and QoL
Median ratings of pain interference decreased for three of the six items
included in the pain interference scale: ratings on amount of satisfac-
tion or enjoyment from family-related activities, interference in day-
to-day activities, and interference with mood. All median ratings of
QoL improved, especially satisfaction with physical health (Q2), which
increased from 5 to 8 (Table 3).

Compliance and adverse events
None of the 13 participants included in the protocol dropped out of
the study. All completed the 30 training sessions. None developed pain
owing to overuse and none of those with neuropathic pain reported
an increase in intensity. One participant (not included in the pain
protocol) reported transient low-back pain owing to difficulties with
finding a good sitting position in the double-poling ergometer.

DISCUSSION

This exploratory study included eight individuals with pain (62% of
the total sample), but as the effects of regular exercise on pain,
especially on neuropathic pain, are poorly documented we believe
that our findings are of much interest. Four of the five individuals
with musculoskeletal pain reported having no problem with pain after
the 30 training sessions and four of seven with neuropathic pain (six of
ten pain locations) showed a clinically significant pain intensity
reduction of X1.8 units on a 0–10 NRS.20 All participants reported
a favourable effect on their global pain using the PGIC and four of
seven (57%) on their neuropathic pain. Considering the duration of
neuropathic pain it is rather surprising that this amount of pain relief
can be obtained after only 10 weeks of regular exercise. The results on

Figure 1 Neuropathic pain intensity ratings. In all, seven individuals

reported 10 different pain problems classified as neuropathic. The figure
shows line-plots of neuropathic pain intensity ratings on a 0–10 NRS from

base-line to the end of study.

Figure 2 Nociceptive musculoskeletal pain intensity ratings. Five individuals

had six different pains problems classified as nociceptive musculoskeletal

pain. Line plots of musculoskeletal pain intensity ratings on a 0–10 NRS

from baseline to the end of study.

Table 2 Wheelchair User’s Shoulder Pain Index (WUSPI)

Item: Mean (s.d.)

Baseline End of study

(1) Transfer from bed to wheelchair 3.9 (4.0) 1.1 (1.4)

(2) Transfer from wheelchair to car 3.0 (3.1) 1.3 (2.3)

(3) Transfer wheelchair—tub/shower 2.7 (3.2) 0.8 (1.4)

(4) Loading wheelchair into car 2.9 (2.9) 1.8 (3.2)

(5) Pushing chair for X10min 1.6 (2.6) 0.3 (0.7)

(6) Pushing up ramps/inclines outdoors 2.1 (3.3) 0.6 (0.9)

(7) Lifting objects from overhead shelf 3.7 (2.8) 2.6 (3.3)

(8) Putting on pants (trousers) 2.3 (2.6) 1.1 (2.0)

(9) Putting on t-shirts/pullover 2.6 (2.8) 1.2 (1.9)

(10) Putting on button-down shirt 2.5 (2.9) 1.3 (2.0)

(11) Washing back 2.5 (2.8) 1.3 (2.0)

(12) Daily activities at work or school 1.9 (1.5) 0.6 (0.9)

(13) Driving 1.6 (1.7) 0.9 (1.8)

(14) Household chores 2.6 (2.7) 1.2 (1.8)

(15) Sleeping 1.8 (2.6) 1.7 (2.5)

Ratings of pain intensity at activity using the Wheelchair Users’ Shoulder Pain Index (WUSPI)
in the five individuals reporting musculoskeletal pain from the shoulder region. Data are
presented as mean values together with s.d. Total mean value at baseline was 37 and at the
end of study 18/150.
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neuropathic pain are particularly interesting since no studies on
exercise for neuropathic pain in humans have been published to our
knowledge; but rodent studies on signs of neuropathic pain confirm
our findings.10–12 Aerobic exercise on a treadmill improved signs of
peripheral neuropathic pain in rodents and the effect depended on
exercise intensity, but not on frequency.12 In another study of signs of
neuropathic pain in rats with spinal-cord contusion, treadmill training
decreased allodynia, whereas swimming only had a transient effect.10

However, swimming was concluded to be beneficial for relieving signs
of neuropathic pain in rodents with peripheral nerve injury.11 In all of
these studies it seems like the intensity and the duration of the training
period are important parameters for obtaining an effect on neuro-
pathic pain. Unfortunately, we did not monitor pain relief over time in
our study.
The amount of effect on neuropathic pain seen in our study is in

line with the effects of anticonvulsant and antidepressant drugs
studied for treating SCI neuropathic pain.21,22 Thus, an intensive
aerobic exercise programme could be considered also in individuals
with SCI neuropathic pain.
The effects on musculoskeletal pain were less surprising, but still

interesting, as our study assessed the effect of a combined aerobic and
strengthening exercise programme as opposed to previous studies on
shoulder pain, where focus has been mainly on strengthening exer-
cises.4,5 The fact that none of our participants developed pain during
the training period, but instead improved, might be because of the
interval-training programme design, with repeated breaks and safe
movements between 80 degrees of flexion and 40 degrees of extension.
Median value in pain intensity ratings decreased from 4 to 0 and
number of days with pain the previous 7 days from 5.5 to 0.7 in our
study. Mean WUSPI score decreased from 37 at baseline to 18 at the
end of study, similar to others’ findings in exercise studies of SCI
shoulder pain.5–7 The results of our and other studies5–7 show that an
intense exercise programme for at least 10 weeks should be prescribed
for musculoskeletal overuse syndromes as a supplement to, or instead
of, a pharmacological approach, and should be evaluated before
considering surgery.

We also found a small decrease in pain interference items (already
relatively low at baseline) and an increase in ratings of QoL, especially
on satisfaction with physical health, from a median of 5 to 8, a
substantial increase reflecting satisfaction with the outcome. These
results are supported by Hicks et al.8 in an RCT assessing long-term
exercise training for overall pain as well as by studies on strengthening
programmes for shoulder pain.4 We were surprised to find this
amount of increase in satisfaction as baseline values were collected
in the summer, at the end of vacation and then again in wintertime
with much snow, limiting everyone in a wheelchair in their daily
activities.
A limitation of this exploratory study was the low number of

participants and the lack of control group with SCI, who were to take
part in the tests and not in the training. However, it was decided early
on not to attempt to recruit such a group based on the limited
number of potential subjects and the additional difficulty in finding a
group of persons with a sufficient match of critical variables with the
experimental group. The exercise programme was designed and
evaluated for assessing the effects on aerobic and mechanical power,
and not primarily for pain, for which reason no general conclusions
can be drawn from our study. Still, the results indicate that an
intensive exercise programme can be of value for treating SCI
neuropathic pain. They also highlight the importance of studying
the effects in a large randomized controlled trial, with long-term
follow-up. Exercise intensity, number of training sessions per week
and length of training period are important parameters to monitor.
Despite the lack of studies on exercise as treatment for SCI neuro-
pathic pain, we recommend health-care staff to consider prescribing
regular physical training for this group as it is a safe treatment option
with many more advantages than just pain relief.
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Table 3 Ratings of pain interference using the International Spinal Cord Society’s (ISCOS) Basic pain data set and ratings of Quality of Life

using the ISCOS Quality of Life basic data set version 1.0 at baseline and at the end of study, including all individuals with neuropathic and

nociceptive pain (musculoskeletal and visceral)

Baseline End of study

Median Range Median Range

Pain interference items

How much do you limit your activities in order to keep your pain from getting worse? 0 0–5 0 0–3

How much has your pain changed your ability to take part in recreational and other social

activities?

0.5 0–5 0.5 0–2

How much has your pain changed the amount of satisfaction or enjoyment you get from family-

related activities?

1.5 0–5 1 0–4

In general, how much has pain interfered with your day-to-day activities in the last week? 1 0–4 0 0–2

In general, how much has pain interfered with your overall mood in the past week? 1.5 1–4 0 0–3

In general, how much has pain interfered with your ability to get a good night’s sleep? 0 0–5 0 0–5

Quality of Life

Satisfaction with life as a whole 7 4–8 8 5–9

Satisfaction with physical health 5 2–8 8 7–9

Satisfaction with psychological health, emotions and mood 7.5 4–9 8 4–9
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