
JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

ORIGINAL REPORT
J Rehabil Med 2019; 51: 113–119

doi: 10.2340/16501977-2508Journal Compilation © 2019 Foundation of Rehabilitation Information. ISSN 1650-1977
This is an open access article under the CC BY-NC license. www.medicaljournals.se/jrm

MANUALLY ASSISTED BODY-WEIGHT SUPPORTED LOCOMOTOR TRAINING 
DOES NOT RE-ESTABLISH WALKING IN NON-WALKING SUBJECTS WITH 
CHRONIC INCOMPLETE SPINAL CORD INJURY: A RANDOMIZED CLINICAL TRIAL

Anu PIIRA, PT, MPH1,2, Anne M. LANNEM, PT, PhD3, Marit SØRENSEN, PhD4, Thomas GLOTT, MD3, Raymond KNUTSEN, 
MD, MPH2,5, Lone JØRGENSEN, PT, PhD1,6, Knut GJESDAL, MD, PhD7, Nils HJELTNES, MD, PhD3 and Synnøve F. 
KNUTSEN, MD, PhD2,5

From the 1Department of Health and Care, Arctic University of Norway, Tromsø, 2North Norway Rehabilitation Center, Tromsø, 3Sunnaas 
Rehabilitation Hospital, Nesodden, 4Department of Coaching and Psychology, Norwegian School of Sport Sciences, Oslo, Norway, 
5Department of Epidemiology and Biostatistics, Loma Linda University, Loma Linda, CA, USA, 6Department of Clinical Therapeutic 
Services, University Hospital of Northern Norway, Tromsø, and 7Department of Cardiology, Oslo University Hospital Ullevål and Institute 
of Clinical Medicine, University of Oslo, Oslo, Norway

LAY ABSTRACT
This randomized clinical trial assesses the effects of ma-
nually assisted body-weight supported treadmill training 
in patients with chronic functionally incomplete spinal 
cord injury acquired > 2 years earlier. Due to recruit-
ment challenges, it was only possible to recruit two-
thirds of the planned number of study participants. The 
intervention group received gait training 5 days per 
week over 12 weeks, and the control group received 
usual care with their local physical therapist. Subjects 
with no baseline gait function did not regain walking abi-
lity. Compared with the control group, the intervention 
group showed modest improvements in walking speed, 
lower extremity strength, and body control. However, 
all between-group differences were non-significant. Be-
cause the target number of study participants was not 
reached, the study was underpowered and non-signi-
ficant, and thus the findings are inconclusive. It does, 
however, seem that this training method has benefits, 
but it is labour-intensive and requires large amounts of 
human resources.

Objective: To assess the effects of manually assisted 
body-weight supported locomotor training in sub-
jects with chronic incomplete spinal cord injury. 
Design: Randomized controlled clinical trial.
Subjects: Twenty subjects with American Spinal 
Injury Association Impairment Scale grades C or D 
and > 2 years post-injury.
Methods: Random allocation to 60 days of body-
weight supported locomotor training, or usual care, 
which might include over-ground walking. Walking 
function, lower extremity muscle strength and ba-
lance were blindly evaluated pre-/post-intervention. 
Results: A small, non-significant improvement in 
walking function was observed (0.1 m/s (95% con-
fidence interval (95% CI) –0.2, 0.4)), but subjects 
without baseline gait function, did not re-establish 
walking. The effect on lower extremity muscle 
strength was 2.7 points (95% CI –1.4, 6.8). No dif-
ference was observed in balance measures. 
Conclusion: Subjects with chronic incomplete spi-
nal cord injury without baseline walking function 
were unable to re-establish gait with manually as-
sisted body-weight supported locomotor training. A 
modest, non-significant, improvement was found in 
strength and walking speed. However, due to study 
recruitment problems, an effect size that was smal-
ler than anticipated, and large functional heterogen-
eity among study subjects, the effect of late-onset 
body-weight supported locomotor training is not 
clear. Future studies should include larger numbers 
of subjects with less functional loss and greater fun-
ctional homogeneity. Intensive training should pro-
bably start earlier post-injury. 

Key words: spinal cord injury; locomotor training; body-
weight support; treadmill.
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Body-weight supported locomotor training 
(BWSLT) has been used to retrain walking func-

tion after spinal cord injury (SCI) after experimental 
SCI in animals (1) and in uncontrolled human clinical 
studies (2–8). Both older (2, 3) and more recent studies 
(4–8) have reported encouraging results. Locomotor 
gait training increased muscle volume (7), improved 
activation of muscles in the lower limbs (9), increased 
ankle stability (10), and was associated with decreased 
spasticity (11). There is also some evidence that 
BWSLT improves subjects’ wellbeing and quality of 
life (6), and the benefits seem to be sustained (12). A 
2017 review concluded that, so far, locomotor training 
has not proven more effective in restoring walking 
speed and distance walked than the same amount of 
conventional gait training in patients with SCI (13). 

Spontaneous improvement in SCI can occur up to 
2 years post-injury (14), blurring the effects of train-
ing in studies in the early post-injury phase. Such an 
effect attenuation may explain the null findings of a 
large multicentre randomized controlled trial (RCT) 
(n = 146) with subjects enrolled 8 weeks after injury 
(15). On the other hand, early intervention may be 

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2508&domain=pdf
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more effective than a later start. In spite of methodo-
logical differences, there seems to be consensus that 
early gait training in motor incomplete SCI improves 
over-ground walking independently of the training 
method (15). This also seems to hold true for patients 
with chronic incomplete SCI (> 1 year post-injury) (7).

Uncertainty exists, however, as to whether patients 
with incomplete SCI with more severe functional deficit 
also benefit from such training, because patients without 
walking function before training are frequently unable 
to walk independently after intervention (5, 6, 13). 

The aim of the present study was to evaluate the 
effects on physical function of BWSLT with manual 
assistance compared with usual care, in subjects with 
chronic incomplete SCI (2+ years post-injury) and 
severely reduced or no gait function, classified by the 
American Spinal Injury Association (ASIA) Impair-
ment Scale (AIS) as grade C–D (16). 

METHODS 
A single-blinded RCT was conducted in collaboration with the 
3 Norwegian SCI rehabilitation units in order to investigate 
the effect of BWSLT with manual assistance in subjects with 
incomplete SCI who lived outside the Norwegian capital Oslo 
(where another study was recruiting SCI subjects). Fig. 1 shows 
patient flow through recruitment, assessment, intervention and 
follow-up. 

Training protocol

Subjects in the control group received usual care from their 
local physical therapist. Physical therapy sessions varied in 
frequency and, for some, included merely passive movement 
of the joints in the lower extremities and stretching, whereas 
more than 50% of subjects also had some sessions with over-
ground gait training and independent training in the gym. Their 
daily activities and training were recorded in a diary that was 
submitted monthly, and subjects received follow-up telephone 
calls and were advised not to change their training programme/
leisure-time physical activities during the study. 

A treadmill with body-weight support system (Vigor Equip-
ment, Inc., Stevensville, MI, USA) was used for 60 days train-
ing, with 2 daily sessions of BWSLT with manual assistance 
for a total of 90 min per day, 5 days per week during 3 periods, 
each of 4 weeks. The duration of each training session depended 
on each subject’s endurance, ability to maintain correct move-
ments in the lower extremities and ability to maintain normal 
walking rhythm. The aim was to reduce the body-weight sup-
port to < 40% and/or increase walking speed towards normal 
(3–5 km/h). Lower-limb braces or orthoses were not allowed 
during BWSLT, and there was minimal use of handrails for 
support. A mirror placed in front of the subject provided visual 
feedback during training. Each training session involved a team 
of 3–5 persons to facilitate movements of the pelvis and legs. 
Subjects received soft-tissue mobilization/stretching before and 
after each session to prepare for training and reduce spasticity. 
BWSLT also included over-ground training. The subjects were 
given home exercises for use between the training periods, 
selected to improve carry-over of learned skills from treadmill 

to the community environment. Data from each training session 
were recorded in an Excel file.

Recruitment and consent

Subjects were recruited from the 3 SCI units in Norway through 
advertisements in national magazines for persons with SCI. 
The Regional Committee of Ethics (REK) in North Norway 
approved the study (P REK NORD 69/2008) (ClinicalTrials.
gov identifier #NCT00854555). All potential study subjects 
gave their written informed consent before final evaluation 
for inclusion. The inclusion criteria were age 18–70 years and 
motor incomplete SCI classified as AIS C–D, with a minimum 
of 2 years since injury. Subjects should primarily be wheelchair 
dependent with or without some walking ability, have body mass 
index (BMI) < 30, be cognitively unaffected and motivated for 
locomotor training. Exclusion criteria included spasticity and 
contractures that inhibited locomotor training, known osteo-
porosis in the lower limbs, pregnancy, participation in other 
intensive training programmes, medical conditions that might 
interfere with the training protocol, and previous knee or hip 
replacement. Subjects were encouraged not to change their 
anti-spasticity medication during the study period.

Setting

Assessments before and after the intervention or control period 
were conducted single blindly at Sunnaas Rehabilitation Hos-
pital outside Oslo. The in-patient intervention site was North-
Norway Rehabilitation Center, Tromsø. 

Randomization was concealed. Allocation to intervention (I) 
or control (C) groups was performed by the sealed envelope 
method, in blocks of 10. The project coordinator prepared the 
sealed envelopes and a staff member, who was not involved with 
the study, selected an envelope for each subject and informed 
the project coordinator on the allocation. 

Outcome measures

Evaluation and testing were carried out prior to randomization, 
within the last month before start of the intervention/control 
period. Post-evaluation took place 2–4 weeks after the final 
intervention/control week. The assessors (physicians and phy-
sical therapists) were blinded to each subject’s group allocation. 

All primary outcome measures used are common in neurolo-
gical and SCI rehabilitation: (i) change in over-ground walking 
speed; (ii) distance walked with use of necessary walking aids; 
and (iii) lower extremity motor score (LEMS), a subscale in 
the ASIA classification that assesses muscle strength. The 
score range is 0–5 for each of 5 key muscles (hip flexors, knee 
extensors, ankle dorsi-flexors, long toe extensors and ankle 
plantar flexors) of each leg, with maximum score of 50 (16). 

Walking speed was assessed with the 10-m walk test (10MWT), 
where subjects are asked to walk 10 m as fast as possible with 
a flying start (17). The mean time of 2 tests was recorded. En-
durance was measured by the 6-min walk test (6MWT), where 
the distance walked within 6 min is measured (17). 

Secondary outcomes were change in balance and aerobic 
capacity. Berg’s balance scale (BBS) was used for dynamic 
balance test, and the Modified Functional Reach test (MFR) 
for postural control. The quality of performance on each of 
the 14 tests is recorded using a 4-point scale (maximum score 
56 points) (18, 19). Higher scores indicate better balance. The 
MFR assesses postural control in the sitting position in subjects 

www.medicaljournals.se/jrm
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115Body-weight supported locomotor training in incomplete SCI

without independent standing ability (20). Aerobic 
capacity was tested on an arm crank ergometer (Lode 
Angio, Groningen, the Netherlands) and breath-by-
breath spirometer (Vmax 220 Sensormedics Corp., 
USA): stepwise, graded exercise until exhaustion. 
Maximal oxygen uptake (VO2max) (l/min) was recor-
ded by a computerized standard open-circuit techni-
que breath-by-breath spirometer. 

Statistical analysis

Sample size. It was estimated that 30 subjects (15 
subjects in each group) were required to obtain a 
statistical power of 0.80 with alpha error 0.05 for 
primary outcomes. The calculations were based on 
the expected differences between intervention and 
control groups obtained from primarily our own 
pilot study (unpublished) and, to a lesser degree, on 
published literature (15, 21). The expected training 
improvements, e.g. differences in change between 
the intervention and control groups, were 0.5 m/s 
(SD 0.6) in 10MWT, 55 m (SD 40) in 6MWT, and 
15 points (SD 7) in BBS.

The main analysis compared mean or median 
changes from baseline to final evaluation. Comparison 
of baseline values between the 2 groups was done 
using χ2 test/Fisher exact test for categorical vari-
ables and independent samples t-test (2-tailed test 
with significance level p < 0.05). For non-normally 
distributed data, the Mann–Whitney test was used. 
Paired samples t-test or Wilcoxon signed-rank test was used to 
analyse change within groups. The difference in change between 
the 2 groups was assessed using linear regression. The data was 
analysed with the 23rd version of SPSS for Windows (IBM SPSS, 
Armonk, NY, USA). Because of low numbers, the intervention 
and control groups were imbalanced on several parameters at 
baseline. Therefore, multivariable analyses adjusting for a priori 
selected variables potentially related to treatment effect were 
also carried out (Table SI1).

RESULTS

As shown in Fig. 1, only 20 of the planned 30 study 
subjects were recruited within a reasonable timeframe. 
Based on search of the medical records from the 3 SCI 
units in Norway, 115 potential participants were iden-
tified based on injury type, time of injury, functional 
level and age. In addition, some subjects contacted 
project workers directly as a result of information they 
had obtained from advertisement campaigns. These 
subjects were pre-screened for eligibility through a 
phone call. A total of 70 subjects who met the inclusion 
criteria, were invited to join the study and, of these, 37 
returned the written consent form. Eight of the 37 did 
not attend the clinical pre-screening, leaving 29 subjects 
who completed the full screening procedure at Sunnaas 
Hospital. However, nine subjects did not meet the in-
clusion criteria and thus 20 subjects were randomized

Two subjects, one from each group, dropped out for 
personal reasons after 1 and 18 weeks, respectively. 
Thus, 9 subjects from each group were available for 
post-analyses. 

The training intervention was well tolerated with no 
adverse events, and there were only minor side-effects, 
such as superficial abrasions, which did not interfere 
with the regular training programme. Baseline data 
on the study subjects are shown in Table I. Some dif-
ferences and potential imbalances in baseline levels 
of outcome variables are seen between the groups in 
strength, distance covered, walking speed, balance 
and aerobic capacity (Table II). Detailed BWSLT data 
were recorded daily for each person in the intervention 
group, and are summarized in Tables III and IV. 

In each group, 2 subjects with AIS grade C (22%) were 
unable to walk at baseline, and did not gain independent 
walking post-intervention. Thus, only 7 subjects in each 
group, those with some ambulatory function at baseline, 
were available for post-intervention testing of walking 
speed (10MWT) and distance covered (6MWT). Fig. S11 
shows individual changes in walking speed (10MWT) 
and distance covered (6MWT) in each group. 

Both groups walked faster (10MWT) at post-test. 
However, the difference between the 2 groups was 
small (0.1 m/s (95% CI –0.2, 0.4)), and not statistically 
significant. 

Endurance (distance walked), as measured by the 
6MWT, improved approximately the same amount in 
both groups; the standard deviations were very large 1http://www.medicaljournals.se/jrm/content/?doi=10.2340/16501977-2508

Fig. 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of 
participants. 

Assessed for eligibility (n= 29) 

Excluded (n=9) 
Not meeting inclusion criteria (n=9) 
Declined to participate (n=0 ) 

 

Analysed (n=9) 

4 wheelchair dependent subjects*  
5 wheelchair independent or combine users 
*Two of these were able to stand and take 1 step and thus 
participated in the walking tests.

Drop-out (n=1) 
Due to personal

 
reasons

Allocated to intervention BWSLT with 
manual assistance (n= 10) 

Drop-out (n=1)  
Due to personal reasons 

Allocated to control (n=10)   

Analysed (n=9)  

2 wheelchair dependent subjects  

7 wheelchair independent or combine users  

Allocation 

Analysis 

Follow-Up 

Randomized (n=20) 

Enrollment 

Prescreening through the patients registries (n= 115). Invitation to join the 
study (n=70). 37 subjects returned written informed consent form. 

J Rehabil Med 51, 2019
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116 A. Piira et al.

and there was no significant difference bet-
ween the groups (–4.3 m (95% CI –52.7, 
44.1)) (Table V). One subject was unable 
to walk due to pain in his lower limb, thus 
we were only able to repeat the 6MWT in 
6 subjects in the control group. 

Baseline range in LEMS was similar in the 
2 groups, 6 to 46 and 8 to 40 points in the 
intervention and control groups, respectively. 
In the intervention group, LEMS increased 
by a mean of 2.1 points (SD 2.8, p = 0.05), 
whereas there was little change in the control 
group (mean change –0.6 (SD 5.1), p = 0.75). 

The difference in mean changes between the groups was 
2.7 (95% CI –1.4, 6.8, p = 0.19) (Table V). 

As part of the statistical plan, a few a priori variables 
were selected for possible adjustment in the final ana-
lyses. Because of the small numbers, the intervention 
and control groups were imbalanced with respect to 
baseline levels of some of these a priori selected va-
riables. Adjustment by multivariable linear regression 
did not change the main results (Table SI1). 

Other outcomes
Changes in balance, as measured by BBS and MFR, are 
shown in Table V. There was no significant difference 
in change between the groups for either outcome, –1.2 
points 95% CI (–4.3, 1.9), p = 0.42 and 6.6 cm (–5.4, 
18.5), p = 0.26, respectively, for BBS and MFR (Table 
V). There was no significant change in VO2 measure-
ment in any group, nor in the difference between them 
((0.0 l/min, 95% CI (–0.2, 0.3), p = 0.87)) (Table V). 
However, for the VO2 test there were small numbers 

Table I. Baseline demographics of study subjects according to 
intervention or control group

Variables
Intervention 
group (n=10)

Control group 
(n=10)

Sex, n (% males) 6 (60) 9 (90)
Age, years, mean (SD) 46 (14) 54 (13)
Post-injury time in years, median (range)* 5 (2–33) 3 (2–22)
Traumatic injury, n (%) 4 (40) 6 (60)
Injury level, n (%)
  Cervical 3 (30) 5 (50)
  Thoracic 4 (40) 4 (40)
  Lumbar 3 (30) 1 (10)
ASIA classification, n (%)
  AIS C 3 (30) 3 (30)
  AIS D 7 (70) 7 (70)
Marital status, n (%)
  Married 3 (30) 4 (40)
  Other 7 (70) 6 (60)
Smoker, n (%) 1 (10) 1 (10)
Education, n (%)
  < 7 years 1 (10) 0
  Elementary school 0 2 (20)
  High school 6 (60) 4 (40)
  University 3 (30) 4 (40)
At work, yes, n (%) 5 (50) 2 (20)
Use of antispasmodics, n (%) 6 (60) 2 (20)
BMI (kg/cm2), mean (SD) 25.7 (5.1) 25.2 (2.5)
Ambulation ability, n (%)
  Wheelchair dependent 5 (50) 2 (20)
  Wheelchair independent 3 (30) 2 (20)
  Combined user 2 (20) 6 (60)
Use of assistance/day, n (%)
  None 6 (60) 8 (80)
  > 2 h 3 (30) 1 (10)
  3–5 h 0 1 (10)
  > 6 h 1 (10) 0

BMI: body mass index; SD: standard deviation; ASIA: American Spinal Injury 
Association; AIS: American Spinal Injury Association Impairment Scale.

Table II. Outcome measures at baseline

Variables

Intervention group 
(n = 10)
Mean (SD)

Control group 
(n = 10)
Mean (SD)

10MWT, m/s 0.5 (0.5) n = 8 0.5 (0.3) n = 8

6MWT, m 226 (151) n = 7 165 (98) n = 7

LEMS 26.9 (13.0) 28.3 (12.6)
BBS, mean (SD) 32 (19) 29.3 (18.2)
MFR, cm 40 (7) 42 (12)
VO2max, l/min 1.4 (0.5) 1.5 (0.4) n = 8

SD: standard deviation; BMI: body mass index; LEMS: lower extremity motor 
score; 6MWT: 6-min walk test; 10 MWT: 10-m walk test; WISCI: Walking Index 
for Spinal Cord Injury; BBS: Berg’s Balance Scale; MFR: Modified Functional 
Reach test; VO2max: maximal oxygen uptake.

Table III. Body-weight supported locomotor training data from 
the intervention group, n = 9

Characteristics Mean (SD) Min–Max 

Number of daysa 56 (4) 50–60
Days from 1st to last training session 154 (20) 137–189
Distance stepped per training day, mb 1,202 (420) 741–1,746
Effective stepping time on treadmill, min/day 36 (12) 21–54
Used bodyweight support, kgc 24.4 (5.0) 9.1–30.6
Used stepping speed on treadmill, km/h 2.0 (0.3) 1.4–2.3
Used stepping speed on treadmill, m/s 0.6 (0.1) 0.4–0.6

aMajor public holidays prohibited completing 60 training sessions or participants 
travel arrangements from the rehabilitation facility to home. bTotal of 2 training 
sessions up to 90 min on treadmill. cMean kg of all training sessions through 
stays 1 and 3. SD: standard deviation.

Table IV. Mean change in walking distance and walking speed on 
the treadmill from first to last training session

Mean diff (95% CI) p-value

Distance walked per training session, m 301 (–43, 644) 0.08
Speed, km/h 0.9 (0.5, 1.3) 0.001

95% CI: 95% confidence interval.

Table V. Changes in walking speed and walking distance, strength, balance, 
aerobic capacity, from baseline to evaluation 2–4 weeks post-intervention/
control period

Variables

Intervention group 
(n = 9)

Control group 
(n = 9)

Difference in 
mean change 
between the 
groups (95% CI)* p-valueMean (SD) p-value Mean (SD) p-value

10MWT 0.2 (0.3)a 0.14 0.1 (0.2)a 0.23 0.1 (–0.2, 0.4) 0.43
6MWT 25.4 (40.9)a 0.15 29.6 (38.2)b 0.12 –4.3 (–52.7, 44.1) 0.85
LEMS 2.1 (2.8) 0.05 –0.6 (5.1) 0.75 2.7 (–1.4, 6.8) 0.19
BBS 0.0 (2.6) 1.00 1.2 (3.9) 0.33 –1.2 (–4.3, 1.9) 0.42
MFR, cm 0.8 (15.4) 0.88 –5.8 (6.9) 0.04 6.6 (–5.4, 18.5) 0.26
VO2max l min–1 –0.1 (0.2)a 0.37 –0.1 (0.2)c 0.18 0.0 (–0.2, 0.3) 0.87

an = 7, bn = 6, cn = 8, *Change in intervention group – change in control group.
10MWT: 10-m walk test; 6MWT: 6-min walk test; LEMS: lower extremity motor score; BBS: 
Berg’s Balance Scale; MFR: Modified Functional Reach test; VO2max: maximal oxygen uptake; 
SD: standard deviation; 95% CI; 95% confidence interval.

www.medicaljournals.se/jrm
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117Body-weight supported locomotor training in incomplete SCI

of subjects, since 2 subjects missed the baseline tes-
ting, and 3 were unable to perform the post-test due 
to technical problems. 

DISCUSSION 

To the best of our knowledge, the present study is the 
first RCT to include only subjects with longstanding 
incomplete SCI (AIS C and D), > 2 years post-injury, 
i.e. when spontaneous improvement is no longer ex-
pected. In addition, the study included a control group 
that received usual treatment. The treatment effects 
were modest, and not statistically significant. 

Are the present results poor compared with previous 
studies? 

There are a number of previous RCT training studies 
in SCI (13). However, they merely compare various 
training forms without a control group receiving 
the non-intensive training that is usual at this stage 
post-injury. In the present context, these studies must 
therefore be regarded as observational, presenting the 
sum of spontaneous improvements and true training 
effects. Only one non-randomized study from 1995 has 
a control groups similar to ours (3). The positive results 
of this study sparked interest in conducting training 
studies, but the findings have not been replicated. A 
large observational multicentre study recruited 146 
patients early after SCI (8 weeks post-injury). The 
patients were unable to walk, or needed assistance 
to ambulate (15). Similar to our study, authors report 
measured, but not statistically significant, improvement 
in walking speed. A meta-analysis of the effects of 
training is inconclusive (13), but methodological is-
sues complicate comparison of the studies. In general, 
uncontrolled studies achieve better results, probably 
due to spontaneous recovery, assessors’ bias etc. (2–6). 

The majority of subjects in the current study had 
some walking function at baseline, and both their 
walking distance and speed increased or were main-
tained in the intervention group. However, the im-
provements were modest. The small improvement in 
walking speed (0.1 m/s) may, however, be clinically 
relevant (15, 22), but this is uncertain, since a walking 
speed of at least 0.44 m/s is required for community 
walking (7, 22, 23). A minimum of 46 m (22) or 31 
m (13) increase in the 6MWT is considered clinically 
meaningful, but the improvement in both of the groups 
in the current study was smaller. 

In line with this research, most previous studies 
report small effects. Some found increased walking 
speed of magnitude similar to the current study (0.2 
m/s increase for the intervention group) (4, 5, 7, 13), 2 

studies report greater (6, 24), and 2 somewhat poorer 
improvement (8, 21). On average, our subjects impro-
ved distance walked/endurance by 25 m, comparable 
to the findings of 2 other studies (8, 21). Two studies 
have reported better results among those with post-
injury time from 8 weeks to < 3 years (5, 15) and one 
reports poorer improvement (24). 

Similar to 3 observational studies (5, 6, 21), subjects 
in the current study who were unable to establish 
walking function, had poorer baseline neurological 
status (5, 6, 21) and balance (5) than the rest of the 
group. On the other hand, and in line with previous 
findings (5, 6, 21), subjects in the current study with the 
weakest walking function tended to make the largest 
percentage improvement.

Lower extremity muscle strength can predict 
walking function in subjects with SCI, and scores of 
30 or more are common in subjects with functional/
community walking ability, whereas scores < 20 are 
associated with poor walking ability (7, 25, 26). LEMS 
improved 2.7 points more in the intervention group 
than among controls (not significant). Several studies 
have shown that BWSLT improves lower limb strength 
in subjects with SCI (3, 7, 8, 15, 21). Two studies (4, 
21) report improvement of similar size as in the pre-
sent study, whereas another study (7) found as much 
as 9.1 points improvement in LEMS in the BWSLT 
group vs 2.9 points reduction in the physical therapy 
group, possibly due to early onset of training and bet-
ter baseline function. In contrast to our study, others 
have found that those with higher baseline LEMS 
experience most improvement in walking speed (7, 
25, 26). An improvement of > 6 points in LEMS may 
be needed to detect a significant clinical change. It is 
thus questionable whether the present small, border-
line significant improvement in LEMS contributes to 
subjects’ walking ability. However, it is possible that 
BWSLT can improve postural stability in standing and 
sitting positions, through increased muscle strength 
and coordination. The clinical importance of the cur-
rent findings seems to be modest, but even a small 
improvement may be important to an individual who 
struggles to cope with activities of daily living (5, 13).

Was the function too poor at baseline? 
We chose to study subjects with poor baseline walking 
function since data on their training effects are scarce. 
Previous studies included no, or only a few, subjects 
who were unable to stand or to move at least 1 step (4, 
7, 15). In the large observational study the majority of 
non-responding subjects were among those with poor 
baseline function (5). However, in addition, a large 
proportion (13 of 19 AIS D and 15 of 50 AIS C) who 
were unable to ambulate at baseline, had regained some 
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blind design reduces evaluation bias. Post-injury time 
>2 years reduces spontaneous improvement, allowing 
a lower number of study subjects. The main weakness 
is the slow rate of patient recruitment, which forced us 
to close the study when only two-thirds of the target 
patient number was reached. Post-hoc analysis revea-
led that, assuming better balanced groups, we would 
need a study size between 76 and 208 participants to 
detect significant improvements. Thus, the study was 
statistically underpowered, resulting in unbalanced 
groups at baseline (Table I), and a low probability 
of detecting modest improvements. The number of 
eligible and willing subjects was overestimated. Due 
to our 2-year post-injury requirement, some subjects 
had adapted well, and were reluctant to invest time, 
travelling and efforts on a project with an uncertain 
outcome. Another limitation is that we relied on usual 
care for the control group. At least 2 control subjects 
increased their training during the trial, attenuating the 
effect size of the intervention. Also, the majority of the 
control group had over-ground gait training as part of 
their regular physical therapy. Despite the limitations 
of the present study, our experience illustrates the 
complexity of conducting such clinical research.

Conclusion

BWSLT with manual assistance was well tolerated, 
and led to statistically non-significant improvements 
in walking and lower extremity muscle strength. The 
present results neither prove nor disprove the efficacy 
of this training, but suggest that the benefit is, at the 
best, modest in patients with poor function long after 
injury. Future research should include a higher number 
of participants and use block randomization based on 
function. 
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walking function at the final evaluation (5). Thus, poor 
baseline function does not preclude benefit, but training 
is perhaps most useful for those who can already walk 
a little (4, 5, 7, 8).

Was the onset of training too late? 
In 3 trials with early enrolment (≥ 7 months, 9–11 
months or 1+ years post-injury) walking ability im-
proved significantly (7, 8, 24). Yang et al., studying 22 
participants with post-injury time ≥ 7 months, found 
significant 27-m improvement in distance walked in the 
BWSLT group (focus on endurance training), similar to 
our findings, compared with 10 m in controls (precision 
training) (8). Harkema et al. report the greatest impro-
vements among those recruited ≤ 1–3 years post-injury, 
compared with later onset of training, whereas training 
initiated > 3 years post-injury, resulted in less functional 
improvement (5). Findings among the group with long-
est post-injury time were similar to our results. Several 
of our subjects were included even later than this. In-
terestingly, some have also reported good results with 
training starting several years after SCI (21). BWSLT 
should possibly start earlier, but then spontaneous re-
covery of function is frequent, and a much larger study 
is required to account for large variations (27). 

Improvements in secondary outcomes
Balance control scores were below 45 at baseline, indi-
cating poor balance (18), and did not improve. Some (3, 
5, 21), but not all BWSLT studies (7), show improved 
balance. Falls and fall-related injuries are well-known 
complications after SCI (28), and improvement gained 
in truncus stability and balance after BWLT could 
contribute to the prevention of such events.

In spite of the training, there was no improvement in 
maximal oxygen uptake. Alexeeva et al. (7) reported 
similar findings. The negative findings are, however, 
not surprising because testing was done with arm crank 
cycling, while training was directed at legs and trunk. 

Could our training programme be non-optimal? 
The present training protocol was conventional. We 
doubt whether patients would tolerate more intense or 
longer training, and this was also limited by available 
resources. Furthermore, recently no correlation was 
found between training dose and outcome in various gait 
training protocols (29). However, increasing the amount 
of over-ground training could be considered (4, 15, 24). 

Study strengths, weaknesses and limitations
This study has several strengths. The single-centre 
study design reduces method variation, and the single-
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