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Objective: To assess the association between physical fitness and its recovery

over time on the one hand, and complications and duration of phases of rehabilitation

on the other.

Design and setting: Prospective cohort study at eight rehabilitation centres.

Subjects: People with a spinal cord injury were assessed four times: at the start

of active rehabilitation (n¼ 110), three months later (n¼ 92), at discharge (n¼ 137)

and a year after discharge from inpatient rehabilitation (n¼ 91).

Main measures: Physical fitness was defined as aerobic capacity, determined at

each occasion by the peak oxygen uptake (peak Vo2; L/min) and the peak power

output (peak PO; W) during a maximal exercise test. On these occasions, spasticity,

musculoskeletal and neurogenic pain were determined (1¼ present; 0¼ absent).

During inpatient rehabilitation, complications (urinary tract infection, pulmonary

infection or pressure sore) and bed rest were registered (1¼ complication; 0¼ no

complications, and 1¼ bed rest; 0¼ no bed rest). Complications and bed rest

occurring during the year after discharge were registered similarly.

Results: Multilevel random coefficient analyses revealed associations in

multivariate models (P� 0.05). The peak oxygen uptake was negatively associated

with complications after discharge. The recovery of peak power output over time was

negatively associated with bed rest and spasticity. Both physical fitness and its

recovery were negatively associated with the duration of active rehabilitation.

Conclusion: Results suggest that limiting complications, spasticity or bed rest may

improve fitness. A longer duration of active rehabilitation is not associated with an

increase in physical fitness.

Introduction

Physical fitness, defined as the ability of the
cardiorespiratory and musculoskeletal systems to
attain a certain level of activity, is reduced

following a spinal cord injury for several reasons.1

The level of fitness is established by the aerobic
capacity, for which the peak oxygen uptake
(peak Vo2; L/min) is the gold standard,2,3 and by
the maximal maintainable workload, which is
determined by the peak power output (peak PO;
W).4 Interruption of the spinal cord causes muscle
pareses and autonomic disturbance, both of which
limit the level of fitness.3,5,6 In addition, the occur-
rence of complications is associated with a lower
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level of fitness.7 Therefore, patients with a spinal
cord injury may enter a downward spiral of inher-
ently low fitness, worsened by complications,
which increases the vulnerability to more compli-
cations, further reducing fitness, and so on.8

Physical fitness is a meaningful health indicator,
not only because of its proposed relation to com-
plications, but also because it is associated
with functioning and quality of life.3,9 The level
of fitness is also modifiable; it changes over time
and can give an indication of rehabilitation
outcome.10,11 Longitudinal data show that the
recovery of fitness over time is associated with
age, gender and level of the lesion.10–12

Unfortunately, these data do not indicate modifi-
able determinants and, therefore, do not provide
tools to improve rehabilitation practice.

During spinal cord rehabilitation effort is put
into the treatment of complications and into the
improvement of the physical fitness. Therefore, the
duration of this rehabilitation not only depends
on the severity of the injury, but also on the occur-
rence of complications and on rehabilitation
goals.13,14 Complications are a common problem
interfering with constructive rehabilitation,15,16

and although fitness improves during rehabilita-
tion, it remains low.11,17 Prospective data, col-
lected during and after inpatient rehabilitation,
are needed to get insight into whether the effort
put into a rehabilitation programme is accompa-
nied by an improved outcome.13 The complex
relations between fitness, the occurrence of com-
plications and the duration of rehabilitation
need to be unravelled. This will provide tools to
optimize individual outcome and rehabilitation
strategies. Therefore, we formulated the following
research question: what is the association between
physical fitness and its recovery over time during
and after inpatient rehabilitation on the one hand,
and the occurrence of complications and the
duration of different functional phases of rehabi-
litation on the other, in wheelchair-dependent
subjects with a spinal cord injury?

Methods

Subjects
The present study was part of the Dutch

research programme on the recovery of mobility

following a spinal cord injury. Between 2000 and
2005, all consecutive patients with a traumatic or
non-traumatic spinal cord injury admitted to one
of the eight participating rehabilitation centres
were included if they were wheelchair-dependent,
between 18 and 65 years of age, if they had no
contraindications for exercise, and could complete
an exercise test on at least one occasion.2,11 For a
detailed description of the in- and exclusion
criteria, design and procedure, we refer the
reader to a previous publication.11 The Medical
Ethics Committee approved the experimental
protocol, and prior to participation all subjects
gave a written informed consent.

Design
In this prospective cohort study, subjects

were assessed four times: at the start of active
rehabilitation, when the subject was able to sit in
a wheelchair more than 3 hours at a time (t1),
three months later (t2), at discharge (t3) and one
year after discharge from inpatient rehabilitation
(t4).11 At each rehabilitation centre, one trained
research assistant was responsible for the data
collection. Date of birth and gender were noted
at the start of the study, and on each occasion
the age was calculated. On each occasion, a phy-
sician determined level and completeness of the
lesion. Paraplegia (score¼ 1) was defined as a
lesion below the first thoracic segment; tetraplegia
(score¼ 0) as a lesion at or above the first thoracic
segment. A complete lesion (score¼ 1) was defined
as motor complete (i.e. ASIA category A or B); an
incomplete lesion (score¼ 0) as ASIA category C
or D.18

Procedure
The level of physical fitness

To establish the peak oxygen uptake and
peak power output, subjects performed a graded
maximal wheelchair exercise test on a motor-
driven treadmill, which is a valid method to deter-
mine physical fitness following spinal cord injury.1

A detailed description of the procedure for this
population was given previously.11 The equipment
was calibrated prior to each assessment. The peak
oxygen uptake (L/min) was defined as the highest
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value of oxygen consumption recorded over 30
seconds. The peak power output (W) was defined
as the workload at the highest inclination that the
subject could maintain for at least 30 seconds.19

The research manual provided normative values
as a guideline.17 For the peak oxygen uptake,
the expected mean score ranged from 0.61 to
0.83 L/min for those with tetraplegia, and from
1.34 to 1.44 L/min for those with paraplegia. For
the peak power output, the expected mean score
ranged from 14 to 24W for those with tetraplegia,
and from 54 to 75W for those with paraplegia.

Complications and duration of rehabilitation
On each occasion, the research assistant

determined spasticity (physical examination) and
pain (reported at interview). Spasticity, defined as
the velocity-dependent increase in muscle tone
combined with exaggerated reflexes,20,21 was
assessed at the upper and lower limbs. The starting
positions of subject and research assistant, and
the direction and speed of movements were stan-
dardized. Movements were tested during a slow
passive stretch, and then spasticity was determined
by a fast passive stretch (51 second). Spasticity
was scored as follows: 0¼ no spasticity,
1¼ spasticity and catch during stretch
(i.e. sudden increase in muscle tone blocking
further movement), 2¼ clonus (involuntary rhyth-
mic muscle contraction) less than five beats,
3¼ clonus five beats or more. To facilitate ana-
lyses, the score was recoded into one binary
score: 0 was recoded as ‘no spasticity’ (score¼ 0);
1, 2 and 3 were recoded as ‘spasticity present’
(score¼ 1). Self-report information on musculos-
keletal pain (due to trauma, inflammation or
overuse) at the upper and lower extremities, and
the neck and back was registered. For 13 loca-
tions, the presence and severity of pain was
scored on a 5-point Likert scale. These scores
were recoded into one binary score for the pre-
sence of pain (score¼ 1, regardless of location,
severity or frequency), or the overall absence
of musculoskeletal pain (score¼ 0). Similarly, neu-
rogenic pain (due to spinal cord or nerve root
trauma) was registered if a numb, tingling, burn-
ing, phantom, hot or cold feeling was reported.21

A binary score was created for the presence

(score¼ 1), or the overall absence (score¼ 0)
of neurogenic pain.

On each occasion, the physician used medical
charts and self-report information to determine
whether a complication (urinary tract infection,
pulmonary infection or pressure sore) had
occurred during the previous period, and whether
this had resulted in bed rest. Binary scores were
created for both complications and bed rest.
Either the subject experienced at least one compli-
cation during rehabilitation (score¼ 1), or the
subject had no complications (score¼ 0).
Subsequently, this resulted in bed rest during reha-
bilitation (score¼ 1), or not (score¼ 0). Similarly,
both complications and bed rest after inpatient
rehabilitation were assigned binary scores.

The inpatient rehabilitation period was divided
into two functional phases for each subject.
The first, the acute rehabilitation, was defined
as the number of days between admission to reha-
bilitation, and the moment when the subject could
sit in a wheelchair for more than 3 hours at a time
(i.e. the start of active rehabilitation). The second,
the active rehabilitation, was defined as the
number of days between the start of active reha-
bilitation, and discharge from inpatient
rehabilitation.

Statistics
Random coefficient analysis (MLwiN version

1.1; Centre for Multilevel Modelling, Institute of
Education, London, UK) was used to assess the
association between physical fitness and its recov-
ery over time on the one hand, and complications
and duration of rehabilitation on the other.22,23

Separate models were made for the peak oxygen
uptake and the peak power output. In a previous
publication we have described a similar modelling
procedure.11 Because we investigated fitness and
its recovery, time was consistently modelled as
three variables; the regression coefficients of
these variables each represented the difference
between the level of fitness at one occasion, and
the fitness at discharge. Then, we expanded these
models. First, to assess which variables were asso-
ciated with the level of fitness, complication and
rehabilitation related variables were added to the
models one-by-one. Second, to assess whether
these variables were associated with the recovery
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of fitness over time, interaction terms (between
time and the variable) were added to the models.

Subsequently, all variables and interaction
terms found to be associated with fitness in one-
to-one relations (P� 0.10) were simultaneously
entered into a multivariate model. By alternately
removing non-significant variables and repeating
the analyses, a final model with significantly asso-
ciated variables remained (P� 0.05). To permit
valid assessments, both components of a signifi-
cant interaction term had to be included in the
model. Furthermore, three interactions with time
had to be modelled, even if an association proved
significant over one time interval. We tested and
corrected for the confounding effect of gender and
level or completeness of the lesion by adding these
variables to the models.

Results

The study population consisted of 160 subjects.
Of these subjects, we assessed 110 at the start,

92 three months later, 137 at discharge, and 91 a
year after discharge from inpatient rehabilitation.
Table 1 gives their characteristics and physical
fitness on each occasion. The mean (SD) duration
of acute rehabilitation was 47 (42) days, and
the mean active rehabilitation was 93 (113) days.
In 29 subjects, no assessment was done at the start
of active rehabilitation, in which case subjects were
included three months later. Fifty-four subjects
were discharged within three months after admis-
sion; hence they did not perform an assessment
three months into active rehabilitation. There
were other reasons for not collecting data on a
specific occasion or for dropping out: four subjects
died, seven moved abroad or could not be con-
tacted, two developed psychological problems
interfering with participation, seven became inde-
pendent of a wheelchair, 12 refused further parti-
cipation, and in two instances there were technical
problems. Reasons for not collecting data in this
population have previously been described in more
detail.11 Overall, 22 (14%) subjects were assessed
once, 46 (29%) twice, 53 (33%) on three

Table 1 Descriptive statistics of subject characteristics and physical fitness

Start
(n¼110)

Three months
later (n¼ 92)

Discharge
(n¼ 137)

One year after
discharge (n¼ 91)

Age (years) 40 (14) 38 (14) 39 (14) 37 (13)
Men 81 (74%) 72 (78%) 101 (74%) 69 (76%)
Tetraplegia 24 (22%) 23 (25%) 37 (27%) 16 (18%)
Complete lesion 69 (63%) 64 (70%) 85 (65%) 63 (72%)
Traumatic lesion 80 (73%) 69 (76%) 103 (76%) 70 (78%)
Spasticity 62 (56%) 70 (76%) 92 (67%) 61 (67%)
Neurogenic pain 97 (88%) 83 (90%) 122 (89%) 83 (91%)
Musculoskeletal pain 83 (76%) 69 (75%) 92 (67%) 56 (62%)

Complications total Not applicablea Not applicablea 130 (81%)a 57 (63%)
Pressure sore 73 (46%) 32 (35%)
Urinary tract infection 110 (69%) 40 (44%)
Pulmonary infection 19 (12%) 5 (6%)

Bed rest total Not applicablea Not applicablea 67 (42%) 21 (23%)
Due to pressure sore 45 (28%) 13 (14%)
Due to urinary tract infection 29 (18%) 6 (7%)
Due to pulmonary infection 12 (8%) 3 (3%)

Peak Vo2 (L/min) 1.01 (0.29) 1.13 (0.41) 1.21 (0.44) 1.31 (0.51)
Peak PO (W) 29.7 (15.5) 36.9 (20.8) 40.8 (22.8) 47.8 (25.0)

Values are mean (SD), or number of subjects with this characteristic (%).
aComplications or bed rest during inpatient rehabilitation; subjects assessed at start, three months and/or discharge are
summarized and n¼160.
Peak Vo2, peak oxygen uptake; peak PO, peak power output.
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occasions, and 39 (24%) were assessed on all four
occasions.

The association with complications and duration
of rehabilitation

Table 2 gives the results of the final multivariate
models. There were one-to-one associations
between the level of peak oxygen uptake and com-
plications during rehabilitation, between the
recovery of peak oxygen uptake over time and
spasticity, and between the recovery of peak
power output and pain (P� 0.10). However,
these associations were not significant (P40.05)
in multivariate models.

Below Table 2 examples are given for the
interpretation of the regression coefficients. The
level of the peak oxygen uptake was negatively
associated with complications after discharge.
Both the level of peak oxygen uptake and its
recovery over time were negatively associated
with the duration of active rehabilitation.
The level of peak power output was also
negatively associated with active rehabilitation.
Figure 1 illustrates the association between the
peak power output and bed rest. During
active rehabilitation, the recovery of the peak
power output was negatively associated with bed
rest. After discharge, this recovery was negatively
associated with spasticity.

Table 2 The multivariate association between the (recovery of) physical fitness, and complications and duration of rehabilita-
tion: multilevel random coefficient analyses

Peak oxygen uptake (L/min) Peak power output (W)

Discharge 1.16 (0.97, 1.35) 50 (41, 59)
t1–t3 (0/1)a �0.24 (�0.37, �0.12) �14 (�18, �10)a

t2–t3 (0/1)a �0.03 (�0.17, 0.11) �4 (�8, 0)
t4–t3 (0/1)a 0.20 (0.07, 0.33) 7 (3, 12)a

Spasticity (0/1) n.e.b 0 (�4, 5)
Bed rest during rehabilitation (0/1) n.e. �5 (�11, 3)
Complication after rehabilitation (0/1)c �0.12 (�0.21, �0.03)c n.e.
Active rehabilitation (days)d �10� 10�4 (�16� 10�4, �4� 10�4) �0.06 (�0.08, �0.03)
Bed rest* t1–t3 (0/1)e n.e. 5 (0, 10)
Bed rest* t2–t3 (0/1) n.e. �1 (�4, 3)
Bed rest* t4–t3 (0/1) n.e. �3 (�8, 3)
Spasticity* t1–t3 (0/1) n.s.f �3 (�8, 2)
Spasticity* t2–t3 (0/1) n.s. �1 (�5, 4)
Spasticity* t4–t3 (0/1) n.s. �7 (�12, �1)
Active rehabilitation* t1–t3 (days) 2� 10�4 (�5� 10�4, 8� 10�4) n.s.f

Active rehabilitation* t2–t3 (days) �2� 10�4 (�8� 10�4, 5�10�4) n.s.
Active rehabilitation* t4–t3 (days) �8� 10�4 (�14� 10�4, �2� 10�4) n.s.

All results are regression coefficients (95% CI) in the final multivariate model. Significant relations (P� 0.05) are printed bold.
The regression coefficient indicates the difference in fitness associated with an increase in the independent variable of one
unit. Interaction terms are joined by asterisks (*). A correction was made for gender, level and completeness of the lesion.
aTime modelled as three variables: t1–t3 indicates the difference between fitness at the start and that at discharge; t2–t3
indicates the difference between fitness at three months and that at discharge; t4–t3 indicates the difference between fitness
a year after discharge and that at discharge. For the peak power output, for example, the regression coefficient for t1–t3a

indicates the difference between start and discharge was – 14W, (i.e. during active rehabilitation it improved 14W); the
regression coefficient for t4–t3a indicates that after inpatient rehabilitation it improved 7W.
bn.e., variable not entered, because no relevant one-to-one association with fitness (P40.10).
cIf a complication occurred (variable takes on a ‘1’) the peak oxygen uptake was 0.12 L/min lower than in the absence of a
complication (variable takes on a ‘0’).
dIncrease in duration of 1 day was associated with a difference in peak oxygen uptake of �10�10�4 L/min, and peak power
output of �0.06W.
eThe interaction term, bed rest*t1–t3, for example, indicates that the difference between start and discharge peak power
output was 5W smaller in the presence of bed rest (i.e. there was less recovery during rehabilitation).
fn.s., variable not significant in final multivariate model (P40.05).
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Discussion

This study revealed associations between physical
fitness, and both complications and the duration
of rehabilitation. Although causality cannot be
established, the associations found describe a com-
bination of longitudinal and cross-sectional rela-
tions and, therefore, provide more valid
information than cross-sectional data alone.22

The overall level of fitness was low, which may
partly be attributed to the fact that this study
did not limit itself to men or wheelchair athletes
or people with paraplegia.6,17 However, it does
illustrate the necessity to utilize every opportunity
to improve fitness following spinal cord injury.
Our results may help clinicians to target preven-
tion and treatment strategies more effectively
and, therefore, interpretations and suggestions
for clinical practice are presented.

The association with complications
Unexpectedly, physical fitness and its recovery

over time were not associated with complications
during inpatient rehabilitation in our multivariate
models. However, the recovery of fitness was

negatively associated with bed rest, which suggests
that it is not the actual occurrence of complica-
tions but its consequences (i.e. bed rest) that are
of influence. Our findings seem to correspond with
studies in healthy, able-bodied subjects, which
show the deconditioning effect of bed rest.24,25

Clinicians need to be aware of possible negative
associations with bed rest. We would advise
them to minimize bed rest, prevent deconditioning
if bed rest is required, and to anticipate a lower
level of fitness after bed rest by gradually
resuming activities. Studies have shown the
positive effect of exercise programmes in the
able-bodied population,26,27 but rehabilitation
research needs to investigate how deconditioning
during bed rest can be prevented in those with a
spinal cord injury.

A possible increase in the severity of spasticity
over time could explain the negative association
found with fitness after discharge.28 Both contrac-
tures and sudden contractions of muscles interfere
with functioning in most patients.29 Besides ham-
pering performance during the actual exercise test,
spasticity could lead to reduced activity, which
may eventually affect fitness.29 Considering this
long-term effect, clinicians should assess spasticity
at follow-up visits. Although the quantification
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Figure 1 Data show the association between the peak power output (peak PO; W) and bed rest (0/1), when all other

variables in the final model remain constant. During active rehabilitation (i.e. between start and discharge) the recovery

of peak PO over time was negatively associated with bed rest.
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of spasticity is difficult,30,31 clinicians need to
assess spasticity, investigate its interference with
activities of daily life, and initiate treatment if
necessary.21,29

Results seem to correspond with the postulated
downward spiral caused by the association
between physical fitness and complications.
The inherently low fitness may be negatively
affected by its association with bed rest and spas-
ticity. The association found with complications
after discharge may suggest that those with a
lower physical fitness are at risk of complications,
further reducing fitness, and so on. However,
whether complications affect fitness, or whether
a low physical fitness predisposes to complications
after discharge remains undecided. Although
cause and effect cannot be established with the
present design, we recommend structural follow-
up visits, not only to address functioning and
community reintegration, but also to determine
the level of fitness, the presence of spasticity and
the occurrence of complications.

The association with duration of rehabilitation
Goals change during rehabilitation, and this

may explain the negative association found
between fitness and the duration of active rehabi-
litation. Initially treatment will focus on medical
stability, psychological adaptation, strengthening
and aerobic training, which will contribute to an
increase in fitness.32 When a certain level of
fitness has been reached, rehabilitation may
become dominated by functional goals, such as
community ambulation or vocational rehabilita-
tion; aerobic training will become a secondary
goal.32 As a consequence, one would expect
an increase in duration of rehabilitation to be posi-
tively associated with functioning, but others
failed to establish this relation.13,33 These see-
mingly remarkable findings call for a more
detailed evaluation of the effect of rehabilitation.
Therefore, we assessed the association between
fitness and the hours of exercise-related therapy
by means of Spearman correlations. This explora-
tory investigation revealed no association for the
absolute level of fitness, or the relative recovery
of fitness over time. Because of the negative
association with the duration of active

rehabilitation, we recommend aerobic training
and activity programmes to be continued to pre-
vent deconditioning during later phases of
rehabilitation.

Subsequently, results could imply that the dura-
tion of rehabilitation was not determined by a
training goal, but by arranging postdischarge facil-
ities, such as community care, home adaptations
or assistive equipment.13,34 If this is the case, we
believe that the realization of these facilities needs
to be improved. First, because patients need to
adjust to life outside the rehabilitation centre,
and second, because budgetary problems in
health services ask for an efficient organization.14

With early insight into the expected individual
outcome, procedures could be started sooner,
sometimes even prior to inpatient rehabilitation.
Therefore, the early evaluation of patients’ pre-
dicted outcome and needs, and the structural mon-
itoring of their progress is important.35 In
addition, we see it as a task for decision-makers,
financers and suppliers of equipment to reduce
procedural difficulties.

The current design and analytic procedure
need some consideration. One year after discharge
the population comprised fewer subjects with
tetraplegia. This may have influenced results, but
the analyses allowed us to include longitudinal
data with a different group composition.22 Since
the peak power output is more influenced by the
technique of wheelchair propulsion, results for
the peak oxygen uptake and peak power output
differed to some extent.4 Those not restricted by
bed rest or spasticity may adapt to wheelchair
skills more easily and, as a consequence, these
variables may be associated with the peak
power output. Besides the described difficulties
in defining and objectively quantifying spasticity
or pain,21,30,31 their binary scores need to be
considered when interpreting data. This recoding
enabled us to investigate their association with
fitness, bearing in mind duration of rehabilitation,
in one multivariate model. This statistical choice
may have resulted in the loss of information on the
association with the degree of spasticity, pain or
complications. However, secondary analyses
revealed that although one-to-one associations
with more detailed variables (i.e. variables not
recoded into binary scores) existed, these were
not significant in multivariate models.
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Therefore, recoding had no effect on the
conclusive findings of this study. In the present
study, the association between fitness and given
(medical) therapy, guidance or education unfortu-
nately could not be evaluated. Although difficult
to quantify, the thorough registration of rehabili-
tation characteristics and their conditions and
intensities will facilitate an investigation of the
effect of rehabilitation in future.
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