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Introduction
Injuries to the spinal cord result in profound disability and 
severe physiological changes. Paralysis and deconditioning are 
not only responsible for reduced mobility and independence, 
but play a significant role in secondary health complications, 
such as cardiovascular and respiratory dysfunction, metabolic 
syndrome, bone demineralization, immunosuppression, and 
musculoskeletal deterioration. Those factors contribute to lim-
ited quality of life and community integration.1,2

Traditionally, physical rehabilitation after spinal cord 
injury (SCI) aims to optimise motor function and mobility 
based on the level and severity of the injury. Both factors pre-
dict the individual’s ultimate functional capability and needs 
for rehabilitation.3 This approach relies substantially on pro-
viding compensatory strategies focused on the use of the pre-
served muscles above the level of injury, use of leverage and 
momentum to move weak or paralysed body parts, and pro-
vision of assistive devices to increase independence in activi-
ties of daily living (ADL).4,5 While this approach leads to 
improved functional outcomes, it does not promote recovery 

of motor control or sensory awareness in the paralysed body 
parts.6 However, there is growing evidence that suggests that 
the use of regular and intense activity-based therapy (ABT) 
directed to activate the paralysed extremities can promote 
neurological improvements.4,7–13

Activity-based therapy has been defined by Backus et al14 as

any intervention that specifically uses tools and interventions to 
improve muscle activation or sensory function below the level of 
injury in the spinal cord, and does not rely on compensatory mecha-
nisms for improving function after SCI. Such approach include 
interventions that combine intensive active movement with one or 
more of the following: facilitation techniques (use of tactile or vibra-
tory stimulation); electrical stimulation for muscles or nerves (surface 
or indwelling); body weight supported locomotor training (manual or 
robotic); upper extremity robotics; massed practice training.

ABT has shown to promote positive effects on motor func-
tion of people with complete and incomplete injuries.11,13 
Numerous trials have investigated the effects of ABT programs 
on walking variables and balance in standing.7–10,12,13 ABT 
interventions often involve weight-bearing through lower 
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limbs, whole-body coordination exercises, and task-specific 
training performed mainly out of the wheelchair, in positions 
where the trunk must work against gravity. Therefore, ABT 
might contribute to increased strength and control of trunk 
musculature. Improved trunk control may translate to better 
general mobility and independence. Therefore, it is important 
to investigate the effects of ABT in areas of mobility other than 
walking-related outcomes.

Since there is no cure for SCI, the ultimate aim of rehabili-
tation is to facilitate the return to a productive and satisfying 
life.1 Physical interventions that have the potential to reduce 
the effects of the impairments are essential to increase mobility. 
There is evidence that greater mobility contributes for greater 
independence during ADLs,1,5 increased participation in the 
community and life satisfaction.15 Hence, it is crucial to explore 
the potential of ABT as a tool to improve mobility and inde-
pendence for people with SCI.

This study analysed the clinical data collected by therapists 
who deliver an ABT exercise program in the community across 
Australia, with the aim to investigate its effects on general 
mobility, independence, and sitting balance in people with SCI. 
A secondary aim was to identify who might be likely to benefit 
from ABT according to the characteristics of the injury, such as 
neurological level, completeness, and duration. A further aim 
was to seek the optimal duration of treatment, if changes in the 
outcomes of interest were detected. A retrospective study design 
was employed to provide preliminary data on the possible effects 
of ABT for people with SCI and could provide basis for a larger 
study with a comparison group to be conducted.

Methods
Study design

This study employed a retrospective, multicentre, non-con-
trolled design and consists of an interrogation of the clinical 
data collected by the therapists in an ABT program. Participants 
who independently enrolled in the NeuroMoves program in 
four community-based clinics in Australia were consecutively 
recruited. The NeuroMoves program was established in 2008 
in response to requests from people with SCI to participate in 
an ABT program after their discharge from hospital. Data col-
lected by therapists from each centre between January 2012 
and March 2016 were screened for analysis. The centres were 
located in New South Wales (The University of Sydney, 
Cumberland Campus; Lidcombe, Sydney), Victoria (Whitten 
Oval, Footscray; Melbourne), Queensland (Sporting Wheelies 
Disabled Association; Baulking Hills, Brisbane) and Western 
Australia (Edith Cowan University; Joondalup, Perth). This 
study was approved by The University of Sydney Human 
Research Ethics Committee (HREC 2013/824).

Participants

Assessment data from 91 participants were extracted from 
each centre’s electronic database. The data contained in the 

electronic database were compared with the data recorded by 
the therapists on paper files to ensure the accuracy of the data.

The participants were adults (aged >16 years old), who had 
sustained a non-progressive SCI at any level or completeness 
according to the American Spinal Injury Association 
Impairment Scale (AIS A, B, C, and D).

Participants attended the ABT program for at least 3 months 
for a maximum of 12 months, one to four times weekly. They 
underwent assessments of physical impairments, activity level, 
and participation at every 3 months as part of their standard ABT 
program. Data related to mobility, independence, and sitting bal-
ance were extracted from each clinic’s electronic database.

ABT intervention

Each participant had their exercise program individually tai-
lored according to their goals and functional abilities by an 
exercise physiologist or physiotherapist trained in ABT. The 
intervention involved three key elements: task-specific train-
ing, weight-bearing tasks, and whole-body muscle strengthen-
ing. This approach involved training in different positions such 
as sitting on the edge of the bed; 4-point kneeling, kneeling, 
standing with partial or full body weight; body-weight sup-
ported  treadmill training; active-assisted exercises; resistance 
training; neuromuscular electrical stimulation and, balance and 
coordination tasks. All of the exercises were performed out of 
the wheelchair, incorporating whole-body movements (refer to 
Appendix A for detailed exercise interventions).

The incorporation and sequencing of the various exercise 
modalities differed across participants according to the indi-
vidual’s level of physical function and neurological impairment. 
Participants were encouraged to perform all modalities of exer-
cise to their maximum capacity, with 1-5 min for recovery, if 
required, between exercises. Participants attended the program 
1 to 4 times per week for 2-h sessions.

Outcome measures

Data from baseline, 3-, 6-, 9-, and 12-month assessments were 
extracted from the electronic databases, according to each cli-
ent’s time in the program.

General mobility. The Modified Rivermead Mobility Index 
(MRMI) was used to measure mobility. It evaluates bed mobil-
ity, postural transfers, and walking ability, including eight activ-
ities from turning over in bed to climbing stairs.16 The MRMI 
has not yet been validated in a SCI population; however, it has 
demonstrated excellent inter-rater reliability (ICC = 0.93) in a 
mixed neurological population.16 Furthermore, it has shown 
high responsiveness and adequate predictive validity with a 
sensitivity of 71% and specificity of 70% in determining inde-
pendent walking ability in a stroke population.17 The authors 
opted to use the MRMI; once no specific measures of general 
mobility were found among the measures validated to the SCI 
population.



Quel de Oliveira et al 3

Independence. The Spinal Cord Independence Measure ver-
sion II (SCIM) was used to assess the ability to accomplish 
activities of daily living. This scale assesses three areas: (1) self-
care (feeding, grooming, bathing, and dressing); (2) respiration 
and sphincter management; and (3) mobility (bed, transfers, 
and indoor/outdoor).18 The SCIM III has demonstrated high 
internal consistency (Cronbach’s α = 0.77-0.91) and inter-rater 
reliability (ICC = 0.96). Moreover, it has shown responsiveness 
similar to the Functional Independence Measure (FIM).19–21 
Ceiling effects were observed in three items: Feeding, Respira-
tion, and Bed mobility, whereas floor effects were observed in 
11 items: feeding, bathing (upper and lower body), dressing 
(upper and lower body), use of toilet, bed mobility, transfers 
from wheelchair (to bed, toilet, car, and ground), and stair 
management.19,22,23

Balance in sitting. The seated reach distance (SRD) test was 
used to evaluate sitting balance. The test consists of measuring 
the ability to reach in different directions as far as possible with-
out falling. The participant is seated in front of a large table 
with its closest edge in line with the greater trochanters and at 
the height of the iliac crests. The table is covered with a large 
paper sheet with five lines: (1) lateral right (3 o’clock); (2) lateral 
left (9 o’clock); (3) 45° right (1:30 o’clock); (4) 45° left (10:30 
o’clock); and (5) forwards (12 o’clock). With a marker pen 
placed in the thumb web space in both hands, participants are 
asked to reach in each direction as far as possible and mark the 
sheet at the most distal reach. The greatest reach distance for 
each direction is recorded in centimetres and then divided by 
the arm length to constitute the score. A final score was obtained 
by calculating the mean score of all directions. The SRD test has 
been validated in a spinal cord population and has been shown 
excellent test-retest reliability with an ICC ranging from 0.80 
to 0.89 for each reach direction.24 It has also shown significant 
correlation with International Standards for Neurological Clas-
sification of Spinal Cord Injury (ISNCSCI) motor scores and 
was able to discriminate between people with acute and chronic 
SCI with a sensitivity of 80% and specificity of 90%.24

Statistical analysis

A linear mixed model (LMM) fixed-effects analysis of variance 
(ANOVA) was used in this study to investigate the change 
across time for all outcome measures. The LMM ANOVA cal-
culated the estimated marginal means from the arithmetical 
means at each time point for all three outcomes of interest. 
This approach was chosen due to the significant amount of 
missing data points at follow-up.

Bivariate regression analyses were conducted to examine 
possible predictors of treatment outcomes, such as AIS, level, 
and duration post-injury. Lesions were categorised into motor 
complete and motor incomplete for the comparisons of the 
effect of completeness. A comparison was also conducted 
between individuals with tetraplegia (above T1 level) and 

paraplegia (T1 level and below). For duration post-injury, the 
participants were allocated into 4 groups for analysis: less than 
1 year, 1 to 5 years, 6 to 10 years, and over 10 years post-injury. 
All posteriori pairwise contrasts were conducted using esti-
mated marginal means derived from the LMM ANOVA.

In the linear mixed models ANOVA, an unstructured covar-
iance matrix was selected since it presented the lowest −2 LL 
(log likelihood). All data analyses were performed using SPSS 
22. Statistical significance was set at <0.05 for all analyses.

The effect sizes for each pairwise outcome measured at 3 and 
12 months vs baseline were calculated using Cohen’s d to verify 
the early and late effects of the program. Cohen’s f2 was calcu-
lated to verify the magnitude of the interaction effects.25 To test 
for the interaction between total number of sessions and the 
three outcomes of interest, the total number of sessions was 
divided in percentiles, resulting in four groups corresponding to 
25th, 50th, 75th, and 100th percentiles. Pairwise contrasts were 
conducted for each outcome measure and group. All calcula-
tions were performed using IBM SPSS Statistics 22 software.

The minimally important difference (MID) was calculated 
according to the recommendations of Musselman et al,26 using 
a distribution-based approach, based on the effect size for all 
variables. This was accomplished by multiplying the effect size 
representing a MID, Cohen’s d = 0.2 by the pooled standard 
deviation. Those values reflect the amount of change necessary 
to detect differences beyond expected measurement error and 
provide an estimate of clinically significant improvement.

Results
Cases extracted from databases

Figure 1 details the flow of participants included in this study, 
with their reason for exclusions. Not all 91 included partici-
pants had data available for all outcome measures at all five 
assessment time points. There was a substantial drop in the 
number of cases for each outcome measure as time progressed. 
The outcome measure with the greatest loss of cases over time 
was level of independence, followed by mobility. The assess-
ment time point with the lowest number of cases was at 
9 months. Table 1 demonstrates the number of cases per out-
come measures at each time point. It is worth noting that the 
missing points were due to the lack of assessment data and do 
not always represent drop outs.

Participants’ characteristics

Demographic data, number of sessions attended, and the 
weekly frequency of sessions are displayed in Table 2.

Level of independence

There was a significant improvement over 12 months in the 
participants’ level of independence with an overall small to 
medium effect size (P = .000, f2 = 0.13). The change score in the 
SCIM after 12 months, based on the estimated marginal 
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means, was 4 points (95% CI: 2.7-5.3, d = 0.19), corresponding 
to an 8% increase. The distribution-based MID calculated in 
this sample for SCIM was 4.2 points. Major improvements 
were seen between baseline and 3 months, with a change score 
of 1.5 points (95% CI: 0.6-2.4, d = 0.07). No significant changes 
were observed between 9 and 12 months (Figure 2).

Comparison of outcomes between participants with para-
plegia and tetraplegia revealed significant main effects for time 
and impairment group, without a group vs time interaction 
(P = .658). There were significant main effects for time and 
motor completeness with a completeness vs time interaction 
(P = .018). The motor complete group showed a gain of 3 points 

(95% CI: 2.46-3.54) in the SCIM, whereas the motor incom-
plete group had a gain of 7 points (95% CI: 5.82-8.18) after 
12 months of intervention compared with baseline.

In terms of duration post-injury, there was a significant 
main effect for time over 12 months, but no significant effect 
or any interaction between time and duration post-injury. 
Individuals between 1 and 5 years after SCI showed the great-
est improvements in their independence (estimated mean 
SCIM = 5 points, 95% CI: 4.17-5.83), whereas individuals 
between 6 and 10 years post-injury had little to no improvement 
in SCIM (estimated SCIM = 0.6 points, 95% CI: –1.83 to 
3.03). For supplemental data, refer to Appendix B.

Figure 1. Flow of participants in the study. SCI indicates spinal cord injury.

Table 1. Number of cases (percentages of total sample; n = 91) per outcome measure at each time point.

OUTCOME MEASURE BASElINE 3 MONTHS 6 MONTHS 9 MONTHS 12 MONTHS

SCIM 91 (100%) 66 (73%) 48 (53%) 46 (51%) 48 (53%)

MRMI 76 (84%) 58 (64%) 48 (53%) 45 (49%) 47 (52%)

SRD 61 (67%) 50 (55%) 40 (44%) 35 (38%) 37 (41%)

Abbreviations: MRMI, Modified Rivermead Mobility Index; SCIM, Spinal Cord Independence Measure; SRD, seated reach distance.
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Mobility

There was a significant improvement over 12 months in overall 
mobility (P = .000, f2 = 0.12). The change score in the MRMI, 
based on the estimated marginal means, was 2 points (95% CI: 
1-2.3, d = 0.19), corresponding to a 10% change. The distribu-
tion-based MID calculated in this sample for MRMI was 2.02 
points. Greater improvements were observed between baseline 
and 3 months with a change score of 0.7 (95% CI: 0.3-1.2, 
d = 0.08). All changes were significant compared with the base-
line scores; however, no significant changes were noted between 
6 and 9 and 9 and 12 months (Table 1 in Appendix B).

Analysis comparing individuals with paraplegia vs tetraple-
gia revealed a significant main effect for time and impairment 
group, with no group vs time interaction (P = .907). A signifi-
cant main effect for time and extent of motor completeness was 
found with no interaction between these main effects (P = .12) 
(Table 2 in Appendix B).

In terms of duration post-injury, a significant effect for time 
over 12 months was observed (Figure 3), with no significant 
effect for duration post-injury (P = .2) or interaction between 
time and duration post-injury (P = .4). Individuals who were 
less than 1 year post-injury demonstrated gains in mobility 
(estimated mean for MRMI = 2.4 points; 95% CI: 1.74 to 
3.06), whereas the individuals between 5 and 10 years post-
injury had little to no improvements (estimated mean for 
MRMI = 0.5 points; 95% CI: –1.13 to 2.13) (Tables 3a and 3b 
in Appendix B)

Sitting balance

There was a significant improvement over 12 months in sitting 
balance (P = .000, f2 = 0.26). The change score in the SRD after 
12 months, based on the estimated marginal means, was 0.2 
(95% CI: 0.1-0.22, d = 0.52), corresponding to 14% change. 
The distribution-based MID calculated in this sample for 
SRD was 0.05. Greater improvements were seen between base-
line and 3 months, with a change score of 0.11 (95% CI: 0.05-
0.16, d = 0.34). All changes in score over time were significant 
when compared with the baseline score; however, no significant 
changes were observed between 3 and 6 months, or 6 and 
12 months, or 9 to 12 months (Figure 4).

Analysis contrasting individuals with paraplegia vs tetraple-
gia demonstrated significant main effects for time and impair-
ment group, but no group vs time interaction (P = .174). 
Comparing motor complete (AIS grade A and B) vs motor 
incomplete (AIS grade C and D) lesions revealed significant 
main effects for time and motor completeness, with no interac-
tion effect (P = .528).

The analysis of duration post-injury on sitting balance 
showed a significant main effect for time, with no effect for 
duration of injury, but with a significant interaction effect for 

Table 2. Participants characteristics.

CHARACTERISTIC PARTICIPANTS (N = 91)

Age (years) 35.3 ± 15.9 (17-77)

Sex M = 65/F = 26

Duration post-injury (mo) 43.1 ± 51.4 (3-244)

 <1 year 32

 1 to 5 years 39

 6 to 10 years 10

 >10 years 10

Tetraplegia/paraplegia 49/42

AIS classification A = 31/B = 36/C = 15/D = 9

Number of sessions attended 56.4 ± 37.2 (15-227)

 25th percentile (⩾26 sessions) 23

 50th percentile (27-51 sessions) 24

 75th percentile (52-72 sessions) 22

 100th percentile (>72 sessions) 22

Frequency of sessions per week 2 ± 0.7 (1-4)

 1× 19

 2× 52

 3× 18

 4× 2

Abbreviations: AIS, American Spinal Injury Association Impairment Scale, F, 
female; M, male.
Values are mean ± SD (range). Raw number of participants is provided for 
duration post-injury divided into four categories, tetraplegia/paraplegia, gender, 
AIS classification, number of sessions attended divided in percentiles and 
frequency of sessions per week.

Figure 2. Changes in SCIM over 12 months. Estimated and arithmetic 

means with SEM. Arithmetic means are based on varied sample sizes at 

each time point. † refers to P < .05 to baseline (time point 0); ‡ refers to 

P < .05 to 3 months; δ refers to P < .05 to 6 months.
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duration of injury vs time (P = .025). Individuals injured for less 
than 1 year showed an estimated mean improvement in balance 
only of 0.06 (95% CI −0.06 to 0.16), whereas all other groups 
had an estimated mean improvement of 0.2 points over 
12 months (1-5 years 95% CI: 0.09 to 0.31; 6-10 years 95% CI: 
–0.14 to 0.54; over 10 years 95% CI: –0.13 to 0.53).

Frequency and total number of sessions

There was no statistical effect of frequency of sessions on the 
three outcomes measured. However, a statistical significant 
interaction effect between total number of sessions and inde-
pendence was identified, indicating that individuals that 
attended more than 72 sessions demonstrated greater improve-
ments than individuals who attended less than 26 sessions 
(P = .01).

Minimally important difference

The distribution-based MID calculated in this sample was 
0.05 for SRD, 2.02 for MRMI, and 4.2 points for SCIM.

Discussion
This study is the first to investigate the effects of a multimodal 
ABT program on general mobility, functional independence, 
and sitting balance in people with SCI, by assessing clinical 
data from a community program. Improvements of medium 
and small magnitude were seen in the three outcome measures 
analysed. Most changes occurred early during the first 3 months 
after commencing ABT, although significant changes were 
detected for up to 9 months of participation. The overall change 
scores over time met or surpassed the MID calculated for this 
sample for all three outcome measures, suggesting that changes 
were clinically significant.

Several studies have demonstrated positive effects of ABT 
in muscle strength, mobility, balance, and hand function in SCI 
populations, mainly analysing a single modality of ABT, such 
as locomotor training9,10,12,27–32 and electrical stimulation.33–41 
The first trial to investigate a combination of ABT interven-
tions was Harness et al,11 who compared a multimodal intense 
ABT program to self-regulated exercises over a 6-month 
period. The authors reported significant positive effects of 
ABT on motor function of people with complete and incom-
plete SCI, supporting the positive changes in mobility found in 
the present study. However, no effect sizes were reported by 
Harness et al. Furthermore, a randomised controlled trial con-
ducted by Jones.42 Furthermore, a randomised controlled trial 
(RCT) conducted by Jones emplyed a multimodal ABT pro-
gram to 38 people with chronic incomplete SCI. the findings 
revealed that ABT had the potential to promote neurological 
recovery, verified by changes in the lower extremity motor score 
that lead to enhanced walking ability after chronic motor 
incomplete SCI.

In contrast, a more recent randomised controlled trial com-
pared a 12-week multimodal ABT intervention, including 
locomotor training, functional electrical stimulation (FES)-
assisted cycling, trunk, upper and lower extremity exercise with 
an upper-body exercise program.  The results showed no neu-
rological recovery after ABT and no significant differences 
between groups for functional or behavioural variables.43 
Similarly, a case series conducted by Padula et al44 investigated 
the long-term effects of an 18-month multimodal ABT pro-
gram and showed no effects of ABT on activities of daily living 
or participation outcomes.

In the present study, the underlying mechanisms explain-
ing the participants’ improvements in balance, mobility, and 
independence are unclear. One possibility is that the repeti-
tive and intensive nature of the ABT program may have led 

Figure 3. Changes in MRMI over 12 months. Estimated and arithmetic 

means with SEM. Arithmetic means are based on varied sample sizes at 

each time point. † refers to P < .05 to baseline (time point 0); ‡ refers to 

P < .05 to 3 months; δ refers to P < .05 to 6 months.

Figure 4. Changes in SRD over 12 months. Estimated and arithmetic 

means with SEM. Arithmetic means are based on varied sample sizes at 

each time point. † refers to P < .05 to baseline (time point 0); ‡  refers to 

P < .05 to 3 months; δ refers to P < .05 to 6 months.
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to motor learning and improved motor control. Participants 
could have learned new compensatory strategies to move 
their body, using their non-paralysed muscles in a more effi-
cient way.45,46 Moreover, ABT interventions are highly 
repetitive and involve low load tasks, which may have 
improved the strength and endurance of innervated or par-
tially innervated muscles, increasing participant’s physical 
capacity and contributing to the gains in mobility, independ-
ence, and balance. Another hypothesis is that ABT might 
have resulted in neuroplastic changes in the spinal cord or 
brain. Such changes have been reported to occur following 
ABT interventions to the upper limb and body weight-sup-
ported treadmill training.34,47–49

The ABT program had similar effects on the rates of 
improvement in mobility, independence, and balance in sitting 
over time. Our data conflict with the findings of a previous 
RCT, where individuals with paraplegia showed greater respon-
siveness to ABT treatment.42 There is substantial evidence that 
ABT is effective for individuals with motor incomplete injuries 
in areas of mobility, balance, and independence.32,44,50–53 
However, the present study showed that individuals with motor 
complete (AIS grade A and B) and motor incomplete (AIS 
grade C and D) lesions had similar rates of improvement in 
mobility and balance in sitting. The exception was independ-
ence, where greater changes were seen in individuals with 
motor incomplete injuries.

Overall, the individuals who were injured up to 5 years expe-
rienced more benefits from the ABT intervention. However, 
individuals injured for over 10 years also presented changes of 
similar magnitude in independence and sitting balance; the 
exception was for mobility, where minimal improvements were 
shown. Hence, suggesting that chronicity may reduce the 
capacity to improve mobility. These findings are consistent 
with research by Jones42 who verified that individuals who were 
3 years post-injury were more responsive to a multimodal ABT 
intervention and support the fact that ABT can be beneficial 
for people with SCI, regardless the chronicity of injury.

Most of the improvements occurred during the initial 
3 months of exposure to the intervention for all outcomes, 
albeit with small effect sizes. However, individuals continued to 
display significant changes in the level of functional independ-
ence and mobility until 6 and 9 months, respectively. Balance in 
sitting did not change significantly after 3 months of treatment. 
Similar results were reported by Padula et al,44 who analysed 
the effects of a long-term multimodal ABT intervention, find-
ing greater improvements in functional independence in the 
first 3 months of treatment.

In our sample, the total number of sessions was only 
related to changes in independence, demonstrating that 
changes in balance in sitting and mobility can happen even 
with low volume of sessions. There was no statistical signifi-
cant correlation between frequency of intervention and the 
outcomes of interest. The lack of statistical power can be 

attributed to the uneven sample sizes in each subgroup. Only 
two individuals participated in the program for four times 
per week, whereas 62% attended the program two times per 
week, which is below the recommended dose for ABT inter-
ventions of three to five times per week.4 This finding shows 
that high intensity, high volume therapy is hardly feasible in 
a community setting.

The main limitation of the current study was the significant 
amount of missing data in the database, reducing the statistical 
power of the analysis, and the validity of the findings. The con-
siderable amount of missing data reflects the reality of a com-
munity-based exercise program where people participate for 
different lengths of time according to their goals, medical, 
social, and financial status. In this sample, some of the reasons 
why people have left the program were due to medical compli-
cations, such as urinary tract infections and pressure injuries. 
Other common cause of exit was the distance to travel to the 
program, financial burden, and acquisition of the desired level 
of functionality.

Another reason of missing data was due to therapists not 
conducting all assessments at the appropriate time points due 
to forgetting about it, participant refusing to be reassessed, and 
participant cancelling the session where the assessment should 
have been conducted. Since the aim of this study was to inves-
tigate the outcomes obtained by people attending a commu-
nity-based exercise program without manipulation of the 
intervention, we expected to have missing data. The statistical 
analysis accounted for missing data by estimating the missing 
data points.

The lack of a control group was another relevant source of 
bias that reduced the methodological power of this study and 
affected the generalisation of the results as it was not possible 
to establish a comparison of the effectiveness of ABT interven-
tions with other physical interventions. However, the present 
study may provide the basis for an RCT to be conducted. 
Furthermore, the data were collected by therapists trained in 
each of the outcome measures. However, bias in the consist-
ency of the tests may have arisen across the sites.

Conclusions
This study provided preliminary evidence about the positive 
effects of ABT on functional independence, mobility, and bal-
ance in sitting for individuals with SCI. Improvements of greater 
magnitude happened in earlier phases of ABT exposure, with 
changes in mobility continuing until 9 months. Individuals expe-
rienced benefits regardless their level, severity, or duration post-
injury. Those aspects must be taken into consideration when 
prescribing ABT interventions delivered in the community and 
planning discharge. Furthermore, the present study has provided 
insight of some of the barriers of implementing ABT programs 
in the community according to the evidence-based recommen-
dations, such as frequency, volume of therapy, and inconsistent 
data collection between therapists.



8 Journal of Central Nervous System Disease 

Acknowledgements
The authors would like to acknowledge NeuroMoves Exercise 
Program (Spinal Cord Injuries Australia) for providing access 
to their clinical data and the physiotherapy student David 
MacDonald from the Faculty of Medicine and Health Sciences, 
Macquarie University for his support with data cleansing.

Author Contributions
Conceived and designed the experiments: All authors. 
Analyzed the data: CQO and GD. Wrote the first draft of the 
manuscript: CQO. Contributed to the writing of the manu-
script: JM, KR and GD. Agree with manuscript results and 
conclusions: All authors. Jointly developed the structure and 
arguments for the paper: CQO, GD, JM. Made critical revi-
sions and approved final version: All authors. All authors 
reviewed and approved of the final manuscript.

Supplemental Material
Supplemental material for this article is available online.

ORCID iD
Camila Quel de Oliveira  https://orcid.org/0000-0002 
-3991-0699

RefeRenCeS
 1. Harvey LA. Physiotherapy rehabilitation for people with spinal cord injuries. J 

Physiother. 2016;62:4–11.
 2. Galea MP. Spinal cord injury and physical activity: preservation of the body. Spi-

nal Cord. 2012;50:344–351.
 3. Kirshblum SC, O’Connor KC. Levels of spinal cord injury and predictors of neu-

rologic recovery. Phys Med Rehabil Clin N Am. 2000;11:1–27, vii.
 4. Behrman AL, Harkema SJ. Physical rehabilitation as an agent for recovery after 

spinal cord injury. Phys Med Rehabil Clin N Am. 2007;18:183–202, v.
 5. Harvey LA, Lin CW, Glinsky JV, De Wolf A. The effectiveness of physical 

interventions for people with spinal cord injuries: a systematic review. Spinal 
Cord. 2009;47:184–195.

 6. Behrman AL, Bowden MG, Nair PM. Neuroplasticity after spinal cord injury 
and training: an emerging paradigm shift in rehabilitation and walking recovery. 
Phys Ther. 2006;86:1406–1425.

 7. Behrman AL, Lawless-Dixon AR, Davis SB, et al. Locomotor training progression 
and outcomes after incomplete spinal cord injury. Phys Ther. 2005;85:1356–1371.

 8. Dobkin B, Apple D, Barbeau H, et al. Weight-supported treadmill vs over-
ground training for walking after acute incomplete SCI. Neurology. 
2006;66:484–493.

 9. Harkema SJ, Schmidt-Read M, Lorenz DJ, Edgerton VR, Behrman AL. Bal-
ance and ambulation improvements in individuals with chronic incomplete spi-
nal cord injury using locomotor training-based rehabilitation. Arch Phys Med 
Rehabil. 2012;93:1508–1517.

 10. Field-Fote EC, Roach KE. Influence of a locomotor training approach on walk-
ing speed and distance in people with chronic spinal cord injury: a randomized 
clinical trial. Phys Ther. 2011;91:48–60.

 11. Harness ET, Yozbatiran N, Cramer SC. Effects of intense exercise in chronic 
spinal cord injury. Spinal Cord. 2008;46:733–737.

 12. Behrman AL, Ardolino EM, Harkema SJ. Activity-based therapy: from basic 
science to clinical application for recovery after spinal cord injury. J Neurol Phys 
Ther. 2017;41:S39–S45.

 13. Jones ML. Activity-based therapy for recovery of walking in individuals with 
chronic spinal cord injury: results from a randomized clinical trial. Arch Phys Med 
Rehabil. 2014;95:2239–2246.e2.

 14. Backus D, Apple D, Hudson L. Neural and functional outcomes after lower 
extremity and walking activity-based interventions for persons with spinal cord 
injury: a research synthesis. Top Spinal Cord Inj Rehabil. 2011;16:65.

 15. Dijkers MP. Correlates of life satisfaction among persons with spinal cord injury. 
Arch Phys Med Rehabil. 1999;80:867–876.

 16. Walsh JM, Barrett A, Murray D, Ryan J, Moroney J, Shannon M. The Modified 
Rivermead Mobility Index: reliability and convergent validity in a mixed neuro-
logical population. Disabil Rehabil. 2010;32:1133–1139.

 17. Tsang RC, Chau RM, Cheuk TH, et al. The measurement properties of modi-
fied Rivermead mobility index and modified functional ambulation classification 
as outcome measures for Chinese stroke patients. Physiother Theory Pract. 
2014;30:353–359.

 18. Catz A, Itzkovich M, Tesio L, et al. A multicenter international study on the 
Spinal Cord Independence Measure, version III: Rasch psychometric validation. 
Spinal Cord. 2007;45:275–291.

 19. Anderson KD, Acuff ME, Arp BG, et al. United States (US) multi-center study 
to assess the validity and reliability of the Spinal Cord Independence Measure 
(SCIM III). Spinal Cord. 2011;49:880–885.

 20. Invernizzi M, Carda S, Milani P, et al. Development and validation of the Italian 
version of the Spinal Cord Independence Measure III. Disabil Rehabil. 
2010;32:1194–1203.

 21. Bluvshtein V, Front L, Itzkovich M, et al. SCIM III is reliable and valid in a 
separate analysis for traumatic spinal cord lesions. Spinal Cord. 2011;49: 
292–296.

 22. Glass CA, Tesio L, Itzkovich M, et al. Spinal Cord Independence Measure, ver-
sion III: applicability to the UK spinal cord injured population. J Rehabil Med. 
2009;41:723–728.

 23. Ackerman P, Morrison SA, McDowell S, Vazquez L. Using the Spinal Cord 
Independence Measure III to measure functional recovery in a post-acute spinal 
cord injury program. Spinal Cord. 2010;48:380–387.

 24. Boswell-Ruys CL, Sturnieks DL, Harvey LA, Sherrington C, Middleton JW, 
Lord SR. Validity and reliability of assessment tools for measuring unsupported 
sitting in people with a spinal cord injury. Arch Phys Med Rehabil. 
2009;90:1571–1577.

 25. Selya AS, Rose JS, Dierker LC, Hedeker D, Mermelstein RJ. A practical guide 
to calculating Cohen’s f2, a measure of local effect size, from PROC MIXED. 
Front Psychol. 2012;3:111.

 26. Musselman KE. Clinical significance testing in rehabilitation research: what, 
why, and how? Phys Ther Rev. 2014;12:287–296.

 27. Wessels M, Lucas C, Eriks I, de Groot S. Body weight-supported gait training 
for restoration of walking in people with an incomplete spinal cord injury: a sys-
tematic review. J Rehabil Med. 2010;42:513–519.

 28. Hicks A, Adams M, Martin GK, et al. Long-term body-weight-supported 
treadmill training and subsequent follow-up in persons with chronic SCI: effects 
on functional walking ability and measures of subjective well-being. Spinal Cord. 
2005;43:291–298.

 29. Field-Fote EC. Combined use of body weight support, functional electric stimu-
lation, and treadmill training to improve walking ability in individuals with 
chronic incomplete spinal cord injury. Arch Phys Med Rehabil. 2001;82: 
818–824.

 30. Morawietz C, Moffat F. Effects of locomotor training after incomplete spinal 
cord injury: a systematic review. Arch Phys Med Rehabil. 2013;94:2297–2308.

 31. Fritz S, Merlo-Rains A, Rivers E, Peters D, Goodman A. An intensive interven-
tion for improving gait, balance, and mobility in individuals with chronic incom-
plete spinal cord injury: a pilot study of activity tolerance and benefits. Arch Phys 
Med Rehabil. 2011;92:1776–1784.

 32. Wernig A, Muller S, Nanassy A, Cagol E. Laufband therapy based on ‘rules of 
spinal locomotion’ is effective in spinal cord injured persons. Eur J Neurosci. 1995 
7:823–829.

 33. Beekhuizen KS. New perspectives on improving upper extremity function after 
spinal cord injury. J Neurol Phys Ther. 2005;29:157–162.

 34. Beekhuizen KS, Field-Fote EC. Massed practice versus massed practice with 
stimulation: effects on upper extremity function and cortical plasticity in indi-
viduals with incomplete cervical spinal cord injury. Neurorehabil Neural Repair. 
2005;19:33–45.

 35. Kapadia N, Zivanovic V, Popovic M. Restoring voluntary grasping function in 
individuals with incomplete chronic spinal cord injury: pilot study. Top Spinal 
Cord Inj Rehabil. 2013;19:279–287.

 36. Popovic M, Kapadia N, Zivanovic V. Improving voluntary upper limb function 
in individuals with chronic incomplete spinal cord injury. J Spinal Cord Med. 
2014;37:637.

 37. Popovic M, Kapadia N, Zivanovic V, Furlan J, Craven B, McGillivray C. Func-
tional electrical stimulation therapy of voluntary grasping versus only conven-
tional rehabilitation for patients with subacute incomplete tetraplegia: a 
randomized clinical trial. Neurorehabil Neural Repair. 2011;25: 
433–442.

 38. Popovic MR, Thrasher TA, Adams ME, Takes V, Zivanovic V, Tonack MI. 
Functional electrical therapy: retraining grasping in spinal cord injury. Spinal 
Cord. 2006 44:143–151.

 39. Nasser MET, Reda MAEH Awad MR, Amin IR, Assem SA. Effect of massed 
practice and somatosensory stimulation on the upper extremity function in 
patients with incomplete cervical spinal cord injury. Alexandria J Med. 
2014;50:189–196.

 40. Lu X, Battistuzzo CR, Zoghi M, Galea MP. Effects of training on upper limb 
function after cervical spinal cord injury: a systematic review. Clin Rehabil. 
2015;29:3–13.

https://orcid.org/0000-0002-3991-0699
https://orcid.org/0000-0002-3991-0699


Quel de Oliveira et al 9

 41. Field-Fote EC, Tepavac D. Improved intralimb coordination in people with 
incomplete spinal cord injury following training with body weight support and 
electrical stimulation. Phys Ther. 2002;82:707–715.

 42. Jones ML. Activity-based therapy for recovery of walking in chronic spinal cord 
injury: results from a secondary analysis to determine responsiveness to therapy. 
Arch Phys Med Rehabil. 2014;95:2247–2252.

 43. Galea MP, Dunlop SA, Geraghty T, et al. SCIPA full-on: a randomized con-
trolled trial comparing intensive whole-body exercise and upper body exercise 
after spinal cord injury. Neurorehabil Neural Repair. 2018;32:557–567.

 44. Padula N, Costa M, Batista A, et al. Long-term effects of an intensive interven-
tional training program based on activities for individuals with spinal cord 
injury: a pilot study. Physiother Theory Pract. 2015;31:568–574.

 45. Nielsen JB, Willerslev-Olsen M, Christiansen L, Lundbye-Jensen J, Lorentzen 
J. Science-based neurorehabilitation: recommendations for neurorehabilitation 
from basic science. J Mot Behav. 2015;47:7–17.

 46. Borella MdP, Sacchelli T. The effects of motor activities practice on neural plas-
ticity. Rev Neurocienc. 2009;17:161–169.

 47. Wolpaw JR. Spinal cord plasticity in acquisition and maintenance of motor skills. 
Acta Physiol (Oxf). 2007;189:155–169.

 48. Chisholm AE, Peters S, Borich MR, Boyd LA, Lam T. Short-term cortical 
plasticity associated with feedback-error learning after locomotor training 
in a patient with incomplete spinal cord injury. Phys Ther. 2015;95: 
257–266.

 49. Dunlop SA. Activity-dependent plasticity: implications for recovery after spinal 
cord injury. Trends Neurosci. 2008;31:410–418.

 50. Harkema SJ, Hillyer J, Schmidt-Read M, Ardolino E, Sisto SA, Behrman 
AL. Locomotor training: as a treatment of spinal cord injury and in the pro-
gression of neurologic rehabilitation. Arch Phys Med Rehabil. 2012;93: 
1588–1597.

 51. Behrman AL, Harkema SJ. Locomotor training after human spinal cord injury: 
a series of case studies. Phys Ther. 2000;80:688–700.

 52. Field-Fote EC, Lindley SD, Sherman AL. Locomotor training approaches for 
individuals with spinal cord injury: a preliminary report of walking-related out-
comes. J Neurol Phys Ther. 2005;29:127–137.

 53. Quel de Oliveira C, Refshauge K, Middleton J, de Jong L, Davis GM. Effects of 
activity-based therapy interventions on mobility, independence, and quality of 
life for people with spinal cord injuries: a systematic review and meta-analysis. J 
Neurotrauma. 2017;34:1726–1743.




