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Activity-based locomotor training: improving the movement in 
children with spinal cord injury
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Hongbo Zhao1,2, Xiangjiang Rong1, Qi Zhang2,3*, Tingting Ma2,3, Tiantian Zhou2,3, and Yanqing Zhang2,3

1Department of Capital University of Physical Education and Sports; 2Department of Pediatric Physical Therapy, Beijing Bo ai Hospital, China 
Rehabilitation Research Center; 3School of Rehabilitation Medicine, Capital Medical University. Beijing, China

Abstract

Objective: The objective of this study was to investigate the effects of activity-based locomotor training (ABLT) on motor func-
tion and walking ability in children with spinal cord injury (SCI). Materials and methods: The Chinese National Knowledge 
Infrastructure, WanFang, VIP, PubMed, and Web of Science databases were searched for related studies, with two reviewers 
subsequently evaluating the literature quality using the Cochrane Handbook. Results: A total of 11 studies were eligible, while 
only one met the ABLT standard program criteria. Overall, ABLT significantly improved the lower limb motor function, increased 
walking speed and distance, and improved the daily living ability of children with SCI. Conclusions: The ABLT strategy is of 
great significance to the motor function and walking ability of children with SCI. At present, there exist few studies on the ap-
plication of ABLT for pediatric SCI. Further control studies with a larger sample size are required to improve the ABLT program 
guidelines for children with SCI.
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Resumen

Objetivo: Discuta el impacto del entrenamiento ejercicio basado en la actividad en la lesión de la médula espinal en la función 
de movimiento de los niños y la capacidad de caminar. Materials y métodos: Según China Zhiwang, Wanfang, VIP, PubMed, 
Science Network y otros documentos relacionados como fuente de datos. Dos revisores usan calidad de evaluación manual 
de Cochrane. Resultados: Un total de 11 estudios cumplen con las condiciones. Solo hay un estudio que cumple con los 
proyectos estándar de ABLT. General, ABLT mejora significativamente la función de los niños con lesiones de la médula 
espinal, aumenta la velocidad y la distancia de caminar y mejora la capacidad de la vida diaria. Conclusión: La estrategia 
ABLT es de gran importancia para la función de movimiento de los niños de la médula espinal y la capacidad de caminar. En 
la actualidad, ABLT tiene menos investigación en lesión pediátrica de la médula espinal. Es necesario mostrar la cantidad de 
muestra y controlar la investigación para mejorar las pautas del plan ABLT para el daño de la médula espinal a los niños.

Palabras clave: Entrenamiento ejercicio basado en actividad. Niños. Lesión de la médula espinal pediátrica. Capacidad de 
caminar. Función de ejercicio.
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Introduction

Spinal cord injury in children (SCI) is a serious dis-
abling disease caused by various factors1. The disease 
not only causes motor, sensory and autonomic nerve 
dysfunction below the injury level2, and reduces the 
basic daily living and social participation abilities but 
also causes scoliosis, hip dislocation, pressure ulcers, 
and other complications3. The main clinical manifesta-
tions of SCI are sudden pain in the lower back, lower 
limb motor and sensory disorders, and urinary and 
fecal incontinence, while the attendant imaging reveals 
multi-stage abnormal spinal cord signals centered on 
T9 and T104. The main goal of spinal cord rehabilita-
tion is to restore walking ability and improve walking 
quality after SCI. Extensive locomotor training can re-
store locomotion function after SCI in humans.

Activity-based locomotor training (ABLT) is a reha-
bilitation strategy that, based on scientific and clinical 
evidence, is designed to enhance the recovery of pos-
tural control, balance, standing, walking, overall health, 
and quality of life following neurologic injury or disease. 
The program consists of treadmill training with partial 
weight support, overground assessment, and integra-
tion into family and community activities (Fig. 1). As an 
activity-based therapy, locomotor training is a thera-
peutic intervention that results in neuromuscular activa-
tion below the level of the lesion to promote the recovery 
of motor functioning with the aim of retraining the ner-
vous system to regain the ability to handle and tackle 
specific tasks5. Activation of the neuromuscular system 
occurs during repetitive and progressive practice of the 
desired task, with the so-called ‘activity-dependent 
plasticity’ promoting the functional reorganization of the 
neuromuscular system. Locomotor training focuses on 
task-specific training of the injured components to re-
turn functioning to pre-injury levels of neuromuscular 
control as far as possible.

While studies have demonstrated that ABLT can 
effectively promote neuromuscular recovery and im-
prove motor function in children with SCI, thus en-
hancing their social participation, there is a remarkable 
lack of standardization regarding the techniques and 
methods of assessment used to evaluate the effec-
tiveness of rehabilitation6. Therefore, this study sys-
tematically reviews the clinical research status of the 
ABLT used for children with SCI and discusses the 
effects of the ABLT on rehabilitation in children with 
SCI. Overall, the study provides a reference and 
training guidelines for the clinical application of ABLT.

Materials and Methods

Protocol and registration

This systematic review was conducted according to 
the Cochrane Handbook and is reported following the 
guidelines of the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses declaration (Fig. 2).

Information sources and search

The data sources were the Chinese National Knowl-
edge Infrastructure, WanFang, VIP, PubMed, and Web of 
Science databases. To identify relevant studies, the fol-
lowing search terms were used: children or SCI or pedi-
atric SCI and locomotor training, sports training, or ABLT.

Inclusion and exclusion criteria

The selection criteria were built based on the PICOs 
approach, which includes participants, interventions, 
comparators, outcomes, and study design.

The inclusion criteria were as follows: (i) studies 
compiled in Chinese or English; (ii) children aged 
1-17  years with complete or incomplete SCI; (iii) 
intervention including body-weight-support treadmill 
training (BWSTT), robot-assisted gait training 
(RAGT), overground training (OGT), and community 
and family integration walking training; (iv) a control 
group was set up; (v) the outcomes mainly included 
the evaluation of body structure and function, activi-
ties and participation (e.g., American Impairment 
Scale [AIS], 6 min walking test [6MWT], 10 m walk-
ing distance [10WMD], Walking Index of SCI II [WIS-
CI II] and the upper extremity and lower extremity 
motor score scales [UEMS, LEMS]); (iv) the study 
type was a randomized controlled study, cohort 
study, case report study, or cross-sectional study.

The exclusion criteria included the following: (i) du-
plicate studies; (ii) congenital SCI (spina bifida); and 
(iii) reviews or systematic reviews.

Data collection process

Literature screening and data extraction

The relevant databases were searched manually, 
and the resultant literature was imported into Endno-
teX9.0. The titles and abstracts of the studies were 
initially screened to identify those that did not meet the 
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inclusion criteria. Following this, the content was read 
to ascertain whether it conformed to this review. The 
assessment was conducted independently by two re-
searchers, with any differences resolved through dis-
cussion and negotiation and the final results determined 
by the consensus of the research group.

Evaluation of the risk of bias

Two authors independently assessed the risk of bias. 
In the case of disagreement, the subject was discussed 
with another author. The risk of bias was assessed using 
the Cochrane risk-of-bias tool for literature. Here, a study 
is considered to be at a “low risk of bias” if all five domains 
are assessed to be at low risk of bias, while it is consid-
ered to be at an overall ‘high risk of bias’ if determined to 
be at a high risk of bias in terms of at least one domain. 
The tool was applied to each outcome of interest.

Results

Literature search and article selection

We identified 606 potentially relevant studies 
through the database search, including 30 from the 
Chinese database and 576 from the English database. 
In total, 37 studies were identified after inclusion and 

exclusion criteria were applied. Finally, by reading the 
full text, 11 studies were obtained for this review, in-
cluding 10 case reports and 1 prospective study7-17.

Risk of bias in the individual studies

As noted, the risk of bias was assessed independently 
by two researchers, with any differences resolved 
through discussion and negotiation and the final results 
determined by the consensus of the research group. The 
seven adopted items were as follows: (i) random se-
quence generation (10 studies had a high-risk bias and 
one a low-risk bias); (ii) distribution hiding (11 studies 
were high-risk bias); (iii) implementation bias (11 studies 
were high-risk bias; (iv) measurement bias (10 studies 
were high-risk bias and one was low-risk bias); (v) incom-
plete data (11 studies had low-risk bias); (vi) selective 
reporting bias (eight studies had high risk of bias, one 
had low risk of bias and two studies had unclear risk of 
bias); and (v) other bias (11 were low-risk bias). The qual-
ity assessment results are shown in figure 3.

Basic characteristics of children with SCI

The 11 selected studies included 38 subjects, ranging 
in age from 1 to 17, with more males than females. 
The most frequently involved localization was the chest 

Activity-Based Therapy

Activity-Based Locomotor training

Activity-Dependent Plasticity

Task Specific TrainingNeuromuscular Activation below the level of lesion

Intrinsic to Extrinsic

Execute the movement during
the neuromuscular activation
attempting a specific motor

task as it is intended

Electrical stimulation
• Epidural stimulation
• Neuromuscular electrical

Stimulation
• Direct muscle stimulation

Locomotor Training
• Treadmill training with partial

weight support
• Overground assessment
• Integration into family and

community activities

 Figure 1. Key elements and basis for activity-based locomotor training.
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606 Citations Screened

English database (n = 576)
· PubMed
· Web of Science

Inclusion/Exclusion Criteria Applied
569 Articles Excluded

After Title/Abstract Screen

26 Articles Excluded
After Full Text ScreenInclusion/Exclusion Criteria Applied

37 Articles Retrieved

Conclusion: The ABLT strategy is of great significance to the motor
function and walking ability of children with spinal cord injury

11 Articles Included
· 10 Case reports
· 1 Prospective study

Chinese databases (n = 30)
· Chinese National Knowledge
· WanFang
· VIP

Figure 2. Flow chart of the system review.

of the spinal cord, followed by the cervical segment and 
the lumbar segment. The cause of injury in seven of the 
studies was traumatic SCI (motor vehicle accident, 
snowboarding accident, football match accident, gunshot 
accident), and two studies involved non-traumatic SCI 
(spinal cord disease). Two studies involved traumatic or 
non-traumatic SCI but were not specifically documented. 
The sensorimotor function of the patients was evaluated 
according to the International Standards for Neurological 
Classification of SCI Scale18. Here, there were seven 
A-level subjects, six B-level subjects, nine C-level sub-
jects, and four D-level subjects.

Efficacy of ABLT in children with SCI

Improvement in motor function and walking 
ability

Eight studies evaluated the LEMS, and only one study 
reported a decrease in the LEMS score12. Six  studies 
reported that ABLT improved the WISCI II score, five 

reported that ABLT improved the 6MWT scores, and 
seven reported that ABLT improved the 10MWT scores. 
The AIS grading of three children changed and that of 
five children did not. The motor function and walking 
ability scales are shown in table 1.

Improvement in daily living ability

Four studies recorded the patients’ abilities for basic 
daily activities. Except for the study by Fox et al.12, the 
scores on the daily living ability scale were all im-
proved, indicating that the children’s ability to partici-
pate in basic daily life was improved after receiving 
ABLT. Six studies recorded that the patient needed 
assistive devices to complete family or community 
walking, including activities using rolling walkers, 
wheelchairs, crutches, hip, knee, and ankle orthoses, 
and orthopedic insoles. Among them, the O’Donnell 
and Harvey13 study reported that these children 
achieved independent walking. The daily living ability 
scale scores are shown in table 2.
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Discussion

In this systematic review of 11 included studies, we 
found that ABLT can be an effective intervention in helping 
to develop or restore walking ability in children with SCI.

The incidence of pediatric SCI in the USA is ap-
proximately 2/10,000 children19. Spinal cord injuries in 
children have devastating consequences. SCI often 
leads to severe disability due to permanent neurologi-
cal impairment. Walking recovery, or the development 
of walking, is a major goal for children with SCI and 
their families. ABLT is a rehabilitation strategy 

designed to enhance the recovery of postural control, 
balance, standing, walking, health, and quality of life 
after neurologic injury or disease based on scientific 
and clinical evidence20,21. At present, other than loco-
motor training, few broadly accepted clinical treat-
ments for SCI exist.

ABLT has a good effect on the rehabilitation of SCI. 
The study by Harkema et al.22 indicated that rehabilita-
tion that includes intensive activity-based therapy can 
result in functional improvements in individuals with 
chronic incomplete SCI. The study by Lucas et al.23 
reported that the improvements in children with ac-
quired SCI following ABLT were maintained, indicating 
that the program is neurotherapeutic. While not 
achieving complete recovery of trunk control, the im-
mediate effects and sustained improvements provide 
support for a clinical shift to neurotherapeutic ap-
proaches and for continued research to achieve en-
hanced recovery. Following SCI, ABLT can induce the 
body to release neurotrophic factors to generate new 
structures or functions, including the germination of 
nerve fibers and synapses and the regeneration of 
injured distal nerve fibers, thus enhancing the plastic-
ity of the spinal cord and promoting the reorganization 
of neuronal circuits24.

Table 1. Motor function and walking ability scale score

               Scale
Study

LMES WISCI II 6MWT 10MWD AIS

Nymark et al.7 Unclear Unclear Unclear ↑0.70 Unclear

McCain et al.8 ↑6 ↑12 ↑61.57 ↑0.17 C→D

Freivogel et al.9 Unclear Unclear Unclear ↑0.70 Unclear

Behrman et al.10 ↑0 ↑13 Unclear Unclear C→C

Prosser11 ↑23 ↑12 Unclear Unclear A→C

Fox et al.12 ↓3 ↑0 Unclear Unclear C→C

O’Donnell and 
Harvey13

↑2 ↑3 ↑12.90 ↑1.4 C→C

Berman et al.14 ↑0 Unclear ↑245.33 ↑0.90 C→C

↑5 Unclear ↑35.00 ↑0.26 C→D

↑1 Unclear ↑6.40 ↑0.42 C→C

Hornby et al.15 ↑42 ↑16 ↑237.00 ↑0.26 Unclear

Murillo et al.16 Unclear Unclear ↑200.00 ↑0.15 Unclear

Behrman et al.17 ↑11.4 Unclear Unclear Unclear Unclear

LEMS: lower extremity motor score; WISCI II: walking index of spinal cord injury II; 
6MWT: 6 min walking test; 10MWD: 10 m walking distance; AIS: American impairment 
scale. 
↑Represents the numerical value of each scale improvement after training.

Figure  3. Risk of bias summary: review authors’ judgments about 
each risk of bias item for 11 literatures.
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No one form of locomotor training has been deter-
mined to be superior. The combination of multiple re-
habilitation programs is the best way to achieve the 
rehabilitation effect of children with SCI17. The ABLT 
reported in this study consisted of BWSTT, RAGT, 
OGT, and community and family integration walking 
training. The BWSTT method allows patients to be in 
an upright position using suspension devices, which 
can reduce the issue of upper limb weight for lower 
limb walking to varying degrees and can change the 
weight loss ratio and treadmill speed, such that walk-
ing training can be carried out with the assistance of 
therapists25. With the help of therapists, the LEMS, 
WISCI II, 6MWT, and 10MWD scores of the children 
in a number of the studies were improved8,13,15. Murillo 
et al.16 found that after 2 months of RAGT, children with 
thoracic complete SCI could use a walker for thera-
peutic walking with the help of therapists. Moreover, 
this method has a good effect on preventing pressure 
ulcers and improving intestinal function and lower limb 
blood circulation. The reconstruction of lower limb mo-
tor function is of great significance to the self-care and 
social integration of affected children7-11,13-17. Altizer 
et al.26 demonstrated that following RAGT, children can 
engage in simple family activities, participate in 

community entertainment activities, and eventually re-
turn to school and integrate into collective life.

The ABLT program not only significantly improved 
motor function and walking ability, as assessed by the 
6MWT, 10MWD, and WISCI II scores, in children with 
SCI, but also had additional benefits. LT has the po-
tential to decrease secondary complications that re-
sult from SCI in childhood. The majority of children in 
a review study completed by Schottler et al.27 demon-
strated that children with SCI developed scoliosis if 
they had a complete injury. Hip dysplasia also oc-
curred in 57% of children. Increased upright mobility, 
including ABLT, can potentially decrease these com-
plications. Research with adults supports that stand-
ing for > 20 min, 3-4  times/week, following SCI, can 
improve personal well-being, circulation, spasticity, 
bowel and bladder function, and digestion. One study 
within this review assessed bowel and bladder func-
tion to have improved in children with SCI following 
ABLT16. Therefore, outcomes such as improved bowel 
and bladder management, bone density, cardiovascu-
lar endurance, and overall quality of life should also 
be assessed in addition to just ambulation outcomes 
such as the 6MWT, 10MWD, and WISCI II with future 
research.

This review has some limitations. The studies that 
were relevant to this review were mainly case reports, 
and the effects of different training methods on the 
motor function and walking ability of children could 
thus not be compared. Furthermore, the application of 
ABLT to children with SCI is in its nascent stages.

Conclusions

The ABLT method is a means of rehabilitation for 
children with SCI. Compared to other conventional 
exercise training programs, intelligent exercise train-
ing is characterized by high accuracy, high intensity, 
repeatability, and fun, which provides a strong guar-
antee for the recovery of children’s walking ability, an 
enhancement in lower limb muscle strength, an im-
provement in quality of life, and the prevention of 
complications. With the development of intelligent re-
habilitation programs, ABLT will be more widely used 
to benefit more children with SCI.
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Table 2. Daily living ability scale score

Study Scale Score Auxiliary appliance

Nymark et al.7 Unclear Unclear Unclear

McCain et al.8 Unclear Unclear Crutches, AFOs, 
orthopedic insoles

Freivogel et al.9 Unclear Unclear Unclear

Behrman et al.10 Unclear Unclear Rolling walker

Prosser11 Wee FIM II Unclear Rolling walker

Fox et al.12 GMFM‑66 0 Rolling walker

O’Donnell and 
Harvey13

Unclear Unclear Independent walking

Berman et al.14 FIM Unclear The wheelchair

ADL ↑6 Unclear

Unclear Unclear Manual 
wheelchairs, LKAFO

Hornby et al. 15 Unclear Unclear Unclear

Murillo et al. 16 Unclear Unclear Unclear

Behrman et al. 17 Unclear Unclear Unclear

Wee FIM II: The Functional Independence Measure‑II for Children; GMFM‑66: Gross 
Motor Function Measurement‑66; FIM: functional independence measure; ADL: activities 
of daily living; AFOs: ankle foot orthoses; LKAFO: left knee‑ankle‑foot orthosis.
↑Represents the numerical value of each scale improvement after training.
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