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Clinical Rehabilitation 2007; 21: 315–330

The effects of upper body exercise on the physical
capacity of people with a spinal cord injury: a
systematic review
Linda Valent Rehabilitation centre Heliomare, Department of Research and Development, Wijk aan Zee, Annet Dallmeijer
VU University Medical Center, Department of Rehabilitation and Medicine, Amsterdam, Han Houdijk Rehabilitation centre
Heliomare, Department of Research and Development, Wijk aan Zee and Institute for Fundamental and Clinical Human
Movement Sciences, Faculty of Human Movement Sciences, Vrije Universiteit Amsterdam, Eelkje Talsma AMC Medical
Research, Department of Rehabilitation, Amsterdam and Luc van der Woude Institute for Fundamental and Clinical
Human Movement Sciences, Faculty of Human Movement Sciences Vrije Universiteit Amsterdam and Rehabititation
Centre Amsterdam, Department of Research and Development,  Amsterdam, The Netherlands

Received 22nd July 2006; returned for revisions 10th September 2006; revised manuscript accepted 5th October 2006.

Objective: To describe the effects of upper body training on the physical capacity
of people with a spinal cord injury.
Data sources: The databases of PubMed, CINAHL, Sport Discus and Cochrane
were searched from 1970 to May 2006.
Review methods: The keywords ‘spinal cord injury’, ‘paraplegia’, ‘tetraplegia’ and
‘quadriplegia’ were used in combination with ‘training’. The methodological quality
of the included articles (both randomized controlled trials and controlled clinical
trials) was assessed with the modified ‘van Tulder et al.’ checklist. Studies were
described with respect to population, test design, training protocol and mode of
training. The training effects on physical capacity, reflected by peak power output
(POpeak) and oxygen uptake (VO2peak), were summarized.
Results: Twenty-five studies were included with a mean score of 8.8 out of 17
items on the quality checklist. The methodological quality was quite low, mostly
because of the absence of randomized controlled trials. Therefore no meta-
analysis was possible. In the 14 articles of acceptable quality the mean (SD)
increase in VO2peak and POpeak, following a period of training, was 17.6 (11.2)%
and 26.1 (15.6)%, respectively.
Conclusions: Due to the overall low quality of studies it is not possible to draw
definitive conclusions on training effects for different lesion groups or training
modes. The results of the relatively few studies with an acceptable quality seem
to support the view that upper body exercise may increase the physical capacity of
people with spinal cord injury. The magnitude of improvement in POpeak and
VO2peak, however, varies considerably among studies.

Address for correspondence: Linda Valent, Rehabilitation centre
Heliomare, Department of Research and Development, Relweg 51,
1949 EC, Wijk aan Zee, The Netherlands.
e-mail: l.valent@heliomare.nl
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Introduction

As a result of a spinal cord injury, the somatic and
autonomic nervous system is damaged. The most seri-
ous consequence is paralysis of muscles below the
level of the lesion, depending in severity on the com-
pleteness and level of lesion. Secondary complica-
tions may occur as a consequence of spinal cord
injury, such as urinary tract infections, spasticity,
hypotension, autonomic dysreflexia, pressure sores,
arm overuse injuries, fractures, venous thrombosis
and respiratory infections.1 Moreover, having lost a
considerable part of the functioning of their (lower)
body, often leading to a wheelchair-dependent life, it
is difficult for those with spinal cord injury to main-
tain an active lifestyle. As a consequence of the spinal
cord injury, the secondary complications and the
sedentary lifestyle of people with spinal cord injury,
deconditioning is likely to occur with increased risk
of obesity, diabetes and cardiovascular diseases.2,3

Deconditioning in turn results in a lower physical
capacity. Therefore people with such injuries, espe-
cially those with tetraplegia, will have difficulty in
coping with the strain of daily activities.4,5 People
with spinal cord injury who are not able to participate
in daily activities appear to be more handicapped (e.g.
in the domains of physical independence and mobility)
and tend to give lower ratings for quality of life.6–8

To cope adequately with the strain of daily activi-
ties and to prevent long-term secondary health prob-
lems, it is important to have and maintain an optimum
level of physical fitness. Physical fitness is often
developed during initial rehabilitation9 and must be
maintained in a process of a long-term physically
active lifestyle and/or rehabilitation aftercare. This
requires an understanding – and the availability – of
evidence-based training methods and exercise proto-
cols for people with spinal cord injury. Although
guidelines for upper body training in people with
spinal cord injury have been published by several
authors,10–12 the experimental evidence base of these
guidelines is unclear. Systematic reviews are lacking
or outdated. In 1986, Hoffman3 published a review
study about upper body training in people with spinal
cord injury. However, this review does not describe
the methodological quality of the included studies and
is already quite outdated.

The purpose of the current review is therefore to
systematically summarize the effects of upper body
training on physical capacity in people with spinal

cord injury, while taking into account the method-
ological quality of the studies. Second, we will try to
compare training effects on physical capacity between
people with paraplegia and tetraplegia and between
different modes of training.

Active and functional training of the physical
capacity in wheelchair-dependent people with motor-
complete spinal cord injury must primarily be
acquired through upper body exercise. Therefore,
despite the growing use of electrically stimulated
lower limb exercise and body weight support tread-
mill walking, the scope of this study was on training
of physical capacity of the upper body. Upper body
training is usually performed with exercise in a
wheelchair (on a treadmill) or on a wheelchair ergo-
meter, or with the use of arm crank exercise.13

Recently, however, other upper body training modes
such as circuit resistance training and hand cycling
have been used as well.

The two most important components of physical
capacity are peak oxygen uptake and power output.9

Muscle strength, cardiovascular and respiratory func-
tion are components that contribute to the level of
oxygen uptake and power output.9 In the current
study, peak oxygen uptake and peak external power
output are studied as the prime outcome parameters of
upper body training exercise in spinal cord injury.

The main research question of this study is,
therefore: What are the effects of different modes of
upper body training on physical capacity, reflected by
peak oxygen uptake and power output, in people with
paraplegia or tetraplegia?

Methods

Study identification and selection
The electronic databases of PubMed (MEDLINE),

Sport Discus, CINAHL and Cochrane were systemat-
ically searched with the following (combinations of)
keywords: ‘spinal cord injury’, ‘paraplegia’, ‘tetraple-
gia’ and ‘quadriplegia’, combined with ‘training’. The
search was limited to the English language and
included publications from 1970 up to May 2006.
After this first selection of studies, all hits were
investigated more thoroughly. Of all included articles,
we scanned the references for more hits. To be includ-
ed in this review, studies had to meet the following
inclusion criteria:
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1) The research population is described properly, and
no more than 25% of the subjects have an impair-
ment other than spinal cord injury.

2) The upper extremities are trained.
3) No functional electrical stimulation is part of the

training protocol, meaning that at least in one of
the experimental groups isolated upper body
training is performed.

4) The training protocol is described explicitly.
5) One or both of the main components of physical

capacity peak oxygen uptake (VO2peak) or peak
power output (POpeak) are outcome measures of
the study.

Qualitative assessment
The methodological quality was assessed using the

19-item list of Van Tulder et al.14 This quality assess-
ment list is designed to score the methodological
quality of randomized controlled trials (RCTs).
However non-randomized clinical trials might be
included if the available evidence for RCTs is not suf-
ficient.14 We discussed the available RCTs separately
and scored the methodological quality of all available
articles, which met our inclusion criteria.

Blinding of the assessor (item i) was regarded to be
a relevant item, but blinding of the trainer (item e) or
blinding of the patient (item h) was considered to be
not relevant when comparing a training group with a
group receiving no training at all. The total number of
items that were scored was thus reduced to 17. The
quality score was based on the mean score of two
independent observers (LV and ET) who used a
consensus method to discuss and resolve any
disagreements.

We considered the studies with a score of more
than 50% (9 or more of the 17 items are scored posi-
tive) to be of an ‘acceptable methodological quality’
and studies with less than 9 will be considered to have
a ‘low methodological quality’. Van Tulder et al.14

suggested a quality cut-off point of 50% but this was
chosen arbitrarily.

Quantitative analysis
To provide an overview of the actual effects of

training of the upper body on physical capacity, the
percentage change in POpeak and VO2peak will be
described. Only the effects on physical capacity of the
studies with an acceptable methodological quality
will be discussed further.

Results

After searching the different databases, and following
screening of titles and abstracts for consistency with
inclusion criteria, 40 papers were identified as poten-
tially relevant (Figure 1). After reading the 40 papers
(LV: PhD student and ET: MSc in Human Movement
Science; both experienced in physical therapy
research methods), 15 training studies were excluded
for the following reasons: other outcome meas-
ures,15–23 mixed population,24,25 the population was
not described properly,26 training of both arms and
legs27 or – as was the case in two papers – the results
were already published in other included papers.28,29

The 25 included studies are summarized in 
Table 1.30–54

Qualitative assessment
Only two out of 25 studies appeared to be relevant

RCTs, investigating the effect of training versus no
training in people with spinal cord injury.31,32 Both
studies were of an acceptable, but still rather low,
quality score of respectively 9.5 and 10.5. Only one of
two other studies comparing two groups training on
different intensities42,52 used randomization.52 One
RCT, with a relatively high quality score of 12.5, was
designed to study effects of two different training
positions (supine versus sitting).35 One of the studies
compared training in an untrained group with ‘no
training at all’ in sedentary controls, but without
randomization.49 The remaining studies compared
conditioning effects before and after training without
a control group.

In five out of 25 articles disagreement between the
observers existed on more than two items in one
paper. Scores were averaged if no consensus was
reached and ranged from 6 to 12.5 and the mean score
of all papers was 8.8 � 0.7 (meanSD). The method-
ological quality was acceptable according to our arbi-
trary standard (i.e. �50%) in 14 studies, while 11
studies had a low methodological quality scoring less
than 9 points (Tables 1a, b and c).

Other factors that influenced the quality of research
were noted. Blinding of the assessor was 
not described in the available RCTs.31,32,35

Compliance was described sufficiently in 10
studies.30,31,35,37,41,42,44,50,52 Drop-out rate was not
described in eight studies.36,39,43,47,48,51,53,54 In all
other studies the drop-out rate was described and
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found to be acceptable, with the exception of the
subjects performing the long-term training pro-
gramme in the study of Davis et al.,31 where the cut-
off point of 30% was exceeded. ‘Adverse effects’ were
described explicitly in 10 studies, but in general the
training was well tolerated.30,31,35,37–39,44,45,49,50

Overall the lesion level was described, however not
always the completeness of the lesion, described by
the American Spinal Injury Association – Impairment
Scale55 or the previously used Frankel Scale. Finally,
training status was not always mentioned in the
reviewed studies and its description differed between
studies.

Description of the studies
Subject characteristics

Table 1 summarizes all 25 included studies. Study
populations differed considerably in size and compo-
sition. The number of subjects per study ranged
between 1 and 20 with a mean value of almost 10 sub-
jects per study. With the exception of the study by
Gass et al.,41 hardly any subjects with a Th1–Th5
lesion were enrolled and most studies on subjects with
paraplegia included only subjects with lesions below
Th6.30–32,37–39,45,47,48. Six studies included subjects
with a time since injury less than one year.
39,44,48,51,52,54

Figure 1 Flowchart for the systematic search and selection of papers.
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Training mode and protocol
As can be seen in Table 1, seven studies used arm

crank exercise as the training mode, and seven studies
used wheelchair exercise. The remaining 11 studies
used another training mode (other), often combined
with arm crank exercise.45,48–51 Most often circuit
resistance training or strength training was incorpo-
rated in these studies.41–44,47–51

The training intensities in the studies varied greatly,
using different indicators for workload and ranging
between 40 and 90% of the heart rate reserve (HRR),
peak heart rate (HRpeak), Vo2peak or POpeak. In all
studies subjects trained three times a week or more,
with the exception of Dallmeijer et al.49 (only once a
week). The duration of the training sessions varied
from 20 to 120 min; in most studies the sessions lasted
30 min. The duration of the training period varied
considerably (4–32 weeks).

Training effects

Overall
In Table 2 the pre- and post-training values for

VO2peak and POpeak and the relative change (expressed
in percentage from the pre-training values) after
training are listed. Eighteen of the 21 studies with
data on VO2peak (two case studies and two studies
without data on VO2peak

44,54 were excluded) reported a
significant increase after training, with Hjeltnes 
and Wallberg-Henriksson51 showing improvements
only in the subjects with paraplegia. Three studies
reported no increase in VO2peak.

42,47,49 For the 13 of 21
studies with an acceptable quality (studies in bold in
Table 2), a change in VO2peak between pre-test 
and post-test ranged from 5.1% to 33.5% with a mean
(SD) of 17.6 (11.2)%. Sixteen of 20 studies with 
data on POpeak (two case studies and three studies
without data on POpeak

31,32,41 were excluded) reported
a significant increase after training. Four studies
reported no increase in POpeak.36,42,43,49 For the 
12 of 20 studies with an acceptable quality, the
change in POpeak between pre- and post-test ranged
from 10.1% to 57.2% with a mean (SD) of 26.1
(15.6)%.

Paraplegia and tetraplegia
Only two of nine studies with data on subjects with

both paraplegia and tetraplegia differentiated between
these lesion levels.50,51 As can be seen in Table 2
(studies in bold) and Figure 2a, nine studies of an
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acceptable quality examined the effect on VO2peak in
people with paraplegia,30–32,37,38,45,46,50,51 including
one study examining subjects with a time since injury
of less than one year51 and two studies with a ran-
domized control group.31,32 Improvements in VO2peak

for subjects with paraplegia ranged between 7%30,32

and 30%.45,46,50,51

Eight studies of an acceptable quali-
ty30,37,38,44–46,50,51 used POpeak as outcome measures in
people with paraplegia (Table 2, Figure 2b). 
Two studies however, included subjects with a 
time since injury of less than one year.44,51 The range
of improvements in POpeak was between 10% and
30% in most studies; except for one study (40%).51

None of these eight studies however used a control
group.

Only four studies of acceptable quality are avail-
able on the effect on VO2peak and POpeak in people
with tetraplegia.35,49–51 Hjeltnes and Wallberg-
Henriksson51 (time since injury of less than one year)
and Dallmeijer et al.49 found no effect on VO2peak.
McLean et al.35 found only a small effect of 8.3%,
while Cooney and Walker50 found a considerably
higher improvement of 29.7% after a resistance train-
ing circuit. Only Dallmeijer et al.49 included a rele-
vant, but not randomized, (sedentary) control group.
Except for Dallmeijer et al., all studies35,50,51 found a
significant effect on POpeak, ranging from 13 to 57%
(Figure 2b).

Training mode
Figure 3a,b shows effects of different training 

modes on VO2peak and POpeak. Again the variation
among studies is considerable for both outcome
measures. Taking into account only the studies 
with an acceptable quality, and with subjects at 
least one year post injury (Figure 3a), the gain in
physical capacity – especially in VO2peak – appears to
be higher (30%) in three45,46,50 out of the four 
studies using ‘other modes of training’,45,46,49,50 when
compared with arm crank exercise or wheelchair
exercise (10–20%). All three studies performed
circuit resistance training and in two studies45,46

the same training protocol was used. In the fourth
study of ‘other modes of training’,49 in which 
data were corrected for change in the control 
group, no training effect of ‘quad rugby’ was found,
but this study used a low training intensity and
frequency.
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Discussion

The literature on the effects of upper body training in
people with spinal cord injury appears to be limited in
quantity and quality. One of the problems in research
concerning persons with spinal cord injury is the fact

that the intervention groups (and control groups if
present) are almost always rather small and heteroge-
neous, and the statistical power of the studies is thus
limited. The heterogeneity is caused by variation in
lesion level, completeness of lesion, gender and 
age. Time since injury (TSI) and training status are

Figure 2 The effects on VO2peak (a) and POpeak (b) between different lesion groups. TP, tetraplegia; PP, paraplegia. Square sym-
bols are studies including subjects with time since injury �1 year and diamond symbols are studies with time since injury �1
year. Filled symbols are studies of an acceptable quality and open symbols are studies of a lower quality. Results from the stud-
ies of Taylor et al.,32 Davis et al.31 and Dallmeijer et al.49 are corrected for changes in control group. Results from the studies
of Cooney and Walker50 and Hjeltnes and Wallberg-Henriksson51 are depicted separately for tetraplegia and paraplegia.

Figure 3 The effects on VO2peak (a) and POpeak (b) between different training methods. ACE, arm crank exercise; WCE,
wheelchair exercise; OTHER, other modes of training. Square symbols are studies including subjects with time since injury
�1 year and diamond symbols are studies with time since injury �1 year. Filled symbols are studies of an acceptable quality
and open symbols are studies of a lower quality. Results from studies of Taylor et al.,32 Davis et al.31 and Dallmeijer et al.49

are corrected for changes in a control group. The results from the studies of Cooney and Walker50 and Hjeltnes and Wallberg-
Henriksson51 are combined for tetraplegia and paraplegia.
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also factors that are expected to affect the training
effects.

Besides the heterogeneous population, different
training protocols and modes account for the variation
in outcome of the different studies. Moreover, the dif-
ferent maximal exercise test designs to measure phys-
ical capacity (i.e. interval or continuous, the initial
power, power increments at each step and the duration
of the exercise bouts) might influence the test results.
For these reasons the different studies cannot be easi-
ly compared and interpreted.

Methodological quality
According to Martin Ginis and Hicks,56 the value of

an RCT is indisputable, but in people with spinal cord
injury it appears to be a very difficult design because of
the heterogeneity of the group and due to the more
practical problems of vulnerability for diseases and
transportation to the training facility. As a consequence
the risk of drop-out or poor compliance is high,
especially in people with higher lesion levels.
Randomization is the most important tool to deal with
heterogeneity, however, the problem remains that large
subject numbers are needed to secure statistical power
in heterogeneous groups. Therefore the value of studies
with a quasi-experimental design should certainly – but
carefully – be taken into account, because otherwise
important and scarce information will be lost. Only two
out of 25 studies appeared to be relevant RCTs, but
both were of a relatively low methodological quality.
Therefore, we decided to include and assess the quali-
ty of non-randomized controlled clinical trials as well,
using the quality list by van Tulder et al.14 Items com-
mon to RCTs are scored, but also other relevant items
such as compliance, drop-out and adverse effects.
Studies without an RCT design still could achieve a
low but acceptable score by scoring points on the other
items. The overall mean score for all studies was just
below the cut-off point of 50%. Due to the overall low
methodological quality (absence of control groups) and
the heterogeneity of the studies, statistically pooling of
the results could not be performed in the current study.

Training effects

Overall
Almost all studies concluded that a training inter-

vention has a positive effect on the physical capacity

as reflected by improvements in VO2peak and POpeak.
One must be aware, however, that studies that did not
find any significant changes may have remained
unpublished. Above that, the overall quality of the
presented studies is limited. The magnitude of the
training effect appears to differ considerably between
studies. From our review it appears that studies of a
lower methodological quality generally tended to find
larger training effects, especially in VO2peak as is
shown in Figures 2a and 3a.

Only the studies of Taylor et al.32 and Davis et al.31

were executed with small but relevant randomized
control groups, and both show modest improvements
in VO2peak of 10.5% (exp.) versus 4% (control) and
15.9% (exp.) versus 3% (control), respectively (Table
2). The post-test of the experimental group in the
study by Taylor et al.32 showed a significant improve-
ment in VO2peak compared to the pre-test, and a trend
but not significant improvement in comparison to the
control group. In this instance the small subject sam-
pling probably compromised the statistical power. In
the study of Davis et al.,31 a significant difference
between the control and experimental groups was
only attained when the subjects continued training for
a longer period than eight weeks (i.e. after 16 and 24
weeks of training). In Table 2 we only reported the
results after eight weeks of training because the
reported drop-out rate was regarded to be unaccept-
able after continuation of the training period.

Most studies of acceptable quality were executed
without a control group and found gains in both
POpeak and VO2peak within a range of 10–30%. The
effect of training in the studies without a control
group may be overestimated, as is shown from the
studies with a control group.31,32,49 The influence of a
learning effect (on the test) or normal daily fluctua-
tions in health and fitness (not uncommon in people
with a high spinal cord injury) may appear as con-
founding factors. In most studies in the current review
it is unclear to what extent possible methodological
confounds might have influenced the training effects.

We decided to highlight training studies in subjects
injured within the last year (time since injury less than
one year)39,44,48,51,52,54 (Table 2 and Figures 2 and 3)
because the effects on the outcome measures may
possibly be (also) attributed to neurological recovery,
especially in people with tetraplegia. Higher gains in
physical capacity are therefore expected in this group.
Higher gains, however, can also be explained by an
extremely inactive (often bed-bound) period in the
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first period after injury, which seems to be confirmed
by the data on change in POpeak. Studies with a time
since injury of less than one year show higher POpeak
increases compared with studies with a time since
injury of more than one year (Figures 2b and 3b).
However, there is no clear evidence to assume
higher gains in VO2peak. For example, Hjeltnes and
Wallberg-Henriksson51 found no improvement in
VO2peak when training people with tetraplegia shortly
after injury, whereas a large improvement was seen in
people with paraplegia. Also, De Groot et al.52 found
an improvement in VO2peak of 33.5% in a mixed group
of people with paraplegia and tetraplegia during reha-
bilitation. Unfortunately no control groups were pres-
ent in these studies to control for the possible influ-
ence of neurological recovery.

Paraplegia and tetraplegia
Due to the low number of studies of acceptable

quality (especially in people with tetraplegia) it is dif-
ficult to draw conclusions on training effects in rela-
tion to lesion level. The few available studies on peo-
ple with tetraplegia vary considerably in training
effect on both POpeak and VO2peak. From our review it
seems, however, that both paraplegia and tetraplegia
may benefit from training and no relative differences
in training effect seem to be present. Jacobs and
Nash12 stated that the magnitude of improvement in
VO2peak is inversely proportional to the level of spinal
lesion. However, they referred to absolute values of
VO2peak, whereas in this review we investigated the rel-
ative gain (percentage change) in training effect,
which is not the same. Moreover it has to be remarked
that the training studies on subjects with paraplegia
most often examined subjects with lesion level Th6 or
below, which may be explained by the fact that lesion
levels above Th6 are relatively scarce due to the pro-
tection of the thorax. The results on gain in physical
capacity may not reflect those with high lesion para-
plegia. People with lesion of Th6 or higher may expe-
rience autonomic dysfunction that alters cardiac func-
tions during acute exercise. As such, people with
injuries above Th4 may react differently to training
than subjects with lesions below T613 as well as those
with injuries above T1. However, from the current
results on the people with paraplegia and tetraplegia,
the relative gain in physical capacity due to upper
body training does not necessarily seem to be related
to level of lesion.

Training mode
From the limited studies of acceptable quality it is

difficult to say whether a training effect is more
prominent in arm crank exercise, wheelchair exercise
or other training methods. On the other hand the train-
ing effect in the three studies on circuit resistance
training45,46,50 seems to be relatively high compared to
the studies with arm crank exercise and wheelchair
exercise. Unfortunately, no control group was present
in these three studies and the training status of the
subjects was not described. Moreover, the relatively
long training duration (45 min) and long training period
(12 weeks) may also have contributed to the larger
training effect. However, the relatively long and vari-
able training sessions appeared to be well sustainable
and tolerated, as ‘no adverse effects’ were reported.
Circuit resistance training (including short bouts of
arm crank exercise) may therefore be a more effective
method of training compared with isolated wheelchair
exercise and arm crank exercise, because of the
variety in training stimulus. Last but not least, more
variety in training may be more attractive to perform
and is likely to increase motivation and adherence of
the subjects.

Other outcome measures
Muscle strength and pulmonary function are other

outcome measures that contribute to the level of phys-
ical capacity.9 It appeared to be impossible to com-
pare the effects on muscle strength between the few
studies with available data,44,45,47,49,51,53 because of
large differences in tested muscle groups and test
methods (dynamic, isometric, manual, etc.). All stud-
ies claim significant improvements in muscle
strength, but again, no control groups were present in
any of the studies involved. Other upper body training
studies in spinal cord injury,16,18,19 all excluded from
this review because they lacked data on VO2peak and
POpeak, also reported improvement in muscle strength.
In the high quality RCT of Hicks et al.19 improve-
ments in different muscle groups were reported
between 19 and 34%.

From the few studies on pulmonary func-
tion32,39,41,48 only one study was of an acceptable
quality and no gain was found.32 Only Sutbeyaz
et al.,48 who incorporated respiratory exercises in the
training sessions, found a (low) improvement of 1.1%
in forced vital capacity (FVC). Other upper body
training studies in spinal cord injury, again excluded
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from this review because they lacked data on VO2peak or
POpeak, found an improvement of 9%18 in FVC or no
improvement at all,20 although both studies lacked a
control group.

Conclusion

In general, the methodological quality of the studies on
the effects of upper body training in people with a spinal
cord injury is low (e.g. RCTs are scarce) and acceptable
in just over 50% of the studies. The results of this review
suggest that evidence is weak to support the view that
controlled upper body exercise increases the physical
capacity of people with spinal cord injury. The magni-
tude in improvement in POpeak and VO2peak varies
considerably among studies. For the studies of an
acceptable (but still rather low) quality a range in
increase of 10–30% is common. Relatively few studies
have been executed in people with a tetraplegia or high
paraplegia (�Th6). Nevertheless, the relative gain in
POpeak and VO2peak after training seems to be comparable
between both lesion groups. When looking at differ-
ences between training modes, circuit resistance
training, including a programme of weight lifting and
arm cranking or other aerobic exercises, may appear to
be more effective in increasing physical capacity than
wheelchair exercise or arm crank exercise only. This
statement, however, is based on a trend in the data rather
than empirical testing and further study is required to
confirm these findings. Due to the low number of studies
and the overall low quality it is not possible, however, to
derive definitive – evidence-based – conclusions and
guidelines when comparing training effects between
lesion groups or different training modes.

Recommendations
Regular exercise in people with spinal cord injury

seems beneficial for overall fitness, even when insti-
tuted early after injury and for those with high spinal
cord lesions. Continued and extended research is
clearly needed to find stronger evidence to support this
view. It is very important for future research to per-
form training studies with a high methodological qual-
ity in the field of upper body training in people with
spinal cord injury. An urgent need for RCTs exists,
especially in people with tetraplegia. The RCT design
is more complicated in people with spinal cord injury

and may require multicentre collaboration to limit
effects of heterogeneity, and to solve more practical
problems such as transportation to the training facility
in order to secure sufficiently large subject numbers
and thus statistical power. Furthermore, a more
detailed study description of the subject selection and
population, training and test protocol, drop-out rate,
compliance and adverse effects are necessary to
improve the methodological quality and comparability
of future studies. Additional research should focus on
effects of different training protocols and modes, even-
tually resulting in training guidelines for (un-)trained
people with different levels of spinal cord injury.
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