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ABSTRACT: This manuscript is a review of the theoretical and clinical concepts provided during an 

inter-institutional training program on Activity-Based Restorative Therapies (ABRT) and the perceptions 

of those in attendance. ABRT is a relatively recent high volume and intensity approach toward the 

restoration of neurological deficits and decreasing the risk of secondary conditions associated with 

paralysis after spinal cord injury (SCI). ABRT is guided by the principle of neuroplasticity and the belief 

that even those with chronic SCI can benefit from repeated activation of the spinal cord pathways located 

both above and below the level of injury. ABRT can be defined as repetitive-task specific training using 

weight-bearing and external facilitation of neuromuscular activation.  The five key components of ABRT 

are weight-bearing activities, functional electrical stimulation, task-specific practice, massed practice and 

locomotor training which includes body weight supported treadmill walking and water treadmill training. 

The various components of ABRT have been shown to improve functional mobility, and reverse negative 

body composition changes after SCI leading to the reduction of cardiovascular and other metabolic 

disease risk factors. The consensus of those who received the ABRT training was that ABRT has much 

potential for enhancement of recovery of those with SCI. Although various institutions have their own 

strengths and challenges, each institution was able to initiate a modified ABRT program. 

 

Key words: Neuroplasticity, Massed practice, Locomotor Training, Task-specific Practice, Activity-based 
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In June of 2012, representatives from three well-

established rehabilitation centers participated in a week-

long intensive inter-institutional training course on 

Activity-Based Restorative Therapies (ABRT). ABRT, a 

term developed over the last decade, describes a 

relatively recent high volume and intensity approach to 
the deficits induced by neurological paralysis [1]. 

Although this approach to neuro-rehabilitation is 

intended to treat a wide array of neurological conditions, 

its development is rooted in research conducted in spinal 

cord injury (SCI) rehabilitation. For individuals with 

SCI, the goal of ABRT is to provide activation of the 

spinal cord pathways located above and below the level 

of injury through a variety of rehabilitation interventions 
[1]. This increase in neural activity is thought to be 

beneficial toward the restoration of non-functioning 
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neural pathways and toward the promotion of new 

connections and reconnecting of former connections 

[1,2]. 

 

Basic Science: Philosophy and Origin of ABRT 

 

The most obvious result of SCI is spinal paralysis. Spinal 

paralysis is defined as the loss of feeling and/or 

movement caused by damage to the spinal cord [3]. 

Damage to the spinal cord may result in a number of 

challenges making restoration of function difficult. 

These challenges include: (A) damaged glial cells that 

formulate a glial scar blocking transmission of neural 

messages, (B) demyelination of neural axons which 

results in the breakdown of synaptic interaction with 

intact neurons distal to the injury site, and (C) inhibitory 

molecules produced by the body that interfere with 

regrowth of neural axons [4]. These factors often result 

in a formidable glial scar encased oval-shaped lesion 

spanning several spinal levels with axonal demyelination 

throughout the area (Figure 1). While investigative 

treatments continue to develop avenues to breakdown 

glial scars and to block inhibitory molecules, it is 

theorized that ABRT can be utilized to promote 

myelination of the endogenous cells and encourage 

sprouting of new collateral axons [1] and increase birth 

of tripotential progenitor cells [5]. Additionally, ABRT 

is thought to promote spinal learning or central pattern 

generation with task specific training [1,2]. 

 

 

 

 

 
 
Figure 1. Spinal cord lesion with glia scarring and axon demyelination. 

 

 

 

 

 The purpose of this intensive training course was to 

develop and introduce an educational program on the 

principles and clinical practice of ABRT. The purpose of 

this paper is to provide a historical description of the 

theoretical and clinical development of ABRT, provide a 

comprehensive description of the requirements of an 

ABRT program and present information regarding the 

initial implementation of the programs at each facility 

that attended the training course.   

The primary principles and modalities that make up 

ABRT have a long history involving rehabilitation and 

research of spinal cord conditions. Over a century ago, 

Sherrington et al. promoted the thought that walking is 

controlled by a succession of peripheral reflexes [6]. 

Grillner and Rossignol provided support for this idea by 
demonstrating that when the hip joint of spinally 

transected cats is sufficiently extended, the muscle 

spindles of the hip flexor muscles are initiated 

facilitating a stepping motion [7].  

       Later, Lovely and colleagues demonstrated that 

spinally transected cats could regain the ability to walk 

after training on a treadmill with partial weight-bearing 

and manual assistance facilitating the stepping of the 

hind legs [8]. Transferring this idea to humans, Harkema 

et al. provided evidence that individuals with and 

without SCI have increased hip extension activation with 

increased weight-bearing [9]. With increased activation 

of hip extension comes a greater capacity for the 

reciprocal motion of hip flexor and forward stepping. 

Dietz and associates verified the importance of weight-

bearing by showing that humans with paraplegia and 

tetraplegia display no muscle activation with passive 
non-weight-bearing movement of the legs [10]. 

Hodgson et al. introduced another primary 

component of ABRT by showing the importance of task-
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specific training [11]. In their study, spinally transected 

cats improved the ability to walk but not stand with 

ambulation training, and improved the ability to stand 

but not walk with standing training. Thus, over the last 

century numerous studies have supported the theory that 

the neuronal circuitry responsible for generating an 

efficient stepping pattern in non-human mammals is 

embedded within the spinal cord [12]. This appears to 

also be true for humans, although the development of the 

stepping pattern with training has not reached the same 

levels of restoration. Nevertheless, the spinal locomotor 

centers of humans with complete and incomplete SCI 

can be activated by appropriate afferent input and 

individuals with incomplete SCI have shown substantial 

benefit from ABRT training [13].  

The principles of training used in ABRT have been 

established upon the results of these and other research 

studies and can be summarized as repetitive task-specific 

training using weight-bearing and external facilitation of 

neuromuscular activation. 

Although the origin of ABRT involves many factors 

spanning a century or more, the rehabilitation process of 

Christopher Reeve is an easily identifiable recent event 

that caused a major shift in the rehabilitation paradigm. 

Christopher Reeve, well known for his portrayal as 

“Superman” in motion-pictures, suffered fractures to the 

first and second cervical vertebrae during an equestrian 

accident. This event, which occurred in 1995, resulted in 

a C2 American Spinal Injury Association Impairment 

Scale (AIS) A, as per International Standards for 

Neurological Classification of Spinal Cord Injury 

(ISNCSCI). This left Mr. Reeve with complete motor 

and sensory loss below the level of injury 

(www.medscape.com/viewarticle/491399) [14].  

Mr. Reeve’s rehabilitation program included 

positioning, passive range of motion exercises and 

functional electrical stimulation (FES) cycling in order to 

decrease the effects of accelerated aging and occurrence 

of secondary complications associated with SCI such as 

pressure ulcers, joint contractures and pneumonia. 

However, Mr. Reeve also unexpectedly regained 

voluntary movement of his left index finger. Although 

this was a relatively small gain physically, it sparked a 

paradigm shift in rehabilitation philosophy 

(www.medscape.com/viewarticle/491399).  

Encouraged by this development five years post-

injury, the rehabilitation team designed a more 

aggressive program of physical activity including 

functional electrical stimulation lower-limb cycling and 

aquatic therapy in order to increase patterned neural 

activity [14]. Unfortunately, Mr. Reeve passed away in 
2004 due to medical complications unrelated to ABRT. 

However, prior to Mr. Reeve’s passing, he reportedly 

regained greater than 70% sensation and more than 20% 

motor ability below the level of injury 

(www.medscape.com/viewarticle/491399); 

www.healingtherapies.info/Aggressive-Rehab2htm) 

[14]. The significant restoration of sensation and motor 

function had heretofore been thought improbable for 

someone with a chronic SCI, thus creating a change in 

the theory of recovery for those with SCI.  

 

Important Physiological Principles 

 
The principle of neuroplasticity is the bedrock of the 

ABRT philosophy. Prior to the development of the 

neuroplasticity principle, healthcare providers practiced 

under the assumption that the central nervous system 

was hardwired and that functional loss due to damage in 

the spinal cord or brain could not be recovered. The 

rehabilitation focus concentrated on compensation for 

the loss rather than restoration [15].   

However, with the advent of the principle of 

neuroplasticity, healthcare providers have gradually 

moved toward the belief that intact but damaged spinal 

pathways and neural synapses may undergo restorative 

changes and that new connections may be developed 

through repetitive physical activities many years after 

injury [1,2,15]. While neuroplasticity had its original 

focus in the brain, this same principle provides impetus 

for rehabilitation of those with SCI. Neuroplasticity is 

defined as the capacity of the nervous system to change 

connections and behavior in response to new information 

and stimulation (www.merriam-webster.com/dictionary 

/neuroplasticity).      

While neuroplasticity is a main principle of focus for 

ABRT, other physical activity driven physiological 

principles are also heavily involved. The “Over-load 

principle” is perhaps the most well-known principle 

relating to exercise and training. A general definition of 

this principle is that the body adapts to workload placed 

upon it; thus, this principle determines the size and 

strength of muscles and helps in determining the 

functional capacity of the cardiovascular system [16]. 

Likewise, “Wolf’s law” and its derivative “The 

Mechanostat theory”, asserts that bone strength adapts to 

mechanical loads with the greatest caused by muscle 

contractions [17]. Loss of muscle activity and the 

associated positive effects on the muscular, skeletal and 

cardiovascular systems results in negative effects on all 

three systems. Reportedly, after SCI, the average cross-

sectional area of sub-lesional skeletal muscle decreases 

by as much as 45-80% [18]. Similarly, after SCI, there is 

a decrease of up to 33% of bone mass below the level of 

injury within the first three to four months and up to 50% 
within the first 3 years [18-25]. When SCI results in loss 

of input from the sympathetic nervous system (T6 and 

above), bradycardia, bradyarrhythmia and hypotension 

http://www.medscape.com/viewarticle/491399
http://www.medscape.com/viewarticle/491399
http://www.medscape.com/viewarticle/491399
http://www.healingtherapies.info/Aggressive-Rehab2htm
http://www.merriam-webster.com/
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often result [26]. The combination of impaired 

autonomic control, decreased musculature available for 

exercise, sedentary lifestyle and the resultant decreased 

cardiovascular fitness increases the risk of 

cardiovascular disease which has emerged as a leading 

cause of death for those with SCI [27]. There is also 

consistent information indicating that there is a higher 

prevalence of cardiovascular disease (CVD) after SCI in 

comparison to the ambulatory population.  For instance, 

the prevalence rates of symptomatic CVD has been 

approximated to be 30-50% for those with SCI while in 

the general able-bodied population the prevalence is 

approximately 5-10% [28,29]. In addition, asymptomatic 

prevalence of CVD has been reported to be 60-70% in 

persons with SCI [30,31]. These are alarming statistics 

that place significant burden upon the patient, family, 

and society as a whole. 

A third component of body composition, fat, is also 

typically affected by SCI. The “Energy balance 

principle” states that the body’s energy storage (adipose 

tissue) is guided by the formula (changes in energy store 

= energy intake - energy expenditure). Thus, with 

decreased physical activity after SCI, fat mass (FM) and 

percent body fat mass increase. Percent body fat 

frequently reaches 30% or more and is associated with 

an average 58% greater cross-sectional area of visceral 

adipose tissue in those with SCI compared to age and 

waist circumference-matched able-bodied individuals 

[32].  

Therefore, there is ample evidence that body 

composition changes play a major role in negatively 

affecting the health of the individuals with SCI. It is 

fairly obvious that dramatic bone loss after SCI can lead 

to neurogenic osteoporosis and an increased risk of 

fractures [22,33]. Reportedly, following SCI, 14% of 

individuals will have fractures in the first five years, 

28% within ten years, and 39% within 15 years of injury 

[34]. It is also obvious that individuals with SCI-related 

paralysis have significantly decreased muscle mass and 

increased FM. Increased adipose tissue and decreased 

muscle mass have been closely related to an increased 

risk of coronary artery disease and metabolic syndrome 

which is often a precursor to diabetes mellitus. Metabolic 

syndrome includes reduced glucose tolerance, 

hyperinsulinemia, dyslipidemia, elevated blood pressure 

and waist circumferences greater than 40 inches in 

males. Dyslipidemia is characterized by elevated 

triglyceride, elevated low-density lipoprotein levels and 

depressed high-density lipoprotein cholesterol levels, 

with the latter being the characteristic dyslipidemic 

change in individuals with SCI related paralysis and an 
independent risk factor for development of CVD 

[32,34,35].  

 

Medical Management 

 
The medical management of individuals with SCI is vital 

during a program of ABRT. This process includes 

evaluation and the monitoring of several organ systems 

affected by paralysis for a variety of conditions. In order 

to ensure the safety of the participants, initial medical 

examination and subsequent management includes 

screening for autonomic dysreflexia, deep venous 

thrombosis, osteoporosis, urinary tract infections, 

respiratory infections including pneumonia and soft 

tissue injuries  i.e., pressure ulcers and musculo-skeletal 

overuse injuries. These screens are very important 

because any single or combination of these problems 

could have devastating consequences on long-term 

health and independence. A complete neurological 

examination including an assessment of sensory and 

motor function is performed initially and periodically 

during the program. This is important for the initial 

development of a personalized ABRT program and to 

document changes throughout the program.  

  

Key Therapeutic Components of ABRT 

 

As with all comprehensive rehabilitation programs, 

exercise designed to develop joint range of motion and 

muscle strength are incorporated into all phases of the 

ABRT program and are especially essential for the 

initiation of weight bearing activities. The five key 

therapeutic components of ABRT are (A) weight-bearing 

activities, (B) FES, (C) task-specific practice, (D) 

massed practice, and (E) locomotor training, all applied 

in the context of optimal neuro-stimulation above and 

below neurologic injury level.      

Weight-bearing activities include a wide variety of 

activities using all four limbs individually or in 

combination. These activities include tall kneeling, 

weight bearing on arms while seated (sides, front and 

back), quadruped (all four limbs), standing using frames 

or other supportive devices, and a variety of locomotor 

activities. Weight-bearing activities have not only been 

shown to slow the loss of bone during the acute stage of 

SCI [35] and decrease extensor muscle spasms [36], but 

also to provide a wide range of benefits imperative to 

overall health [37,38]. Walters and associates reported 

that standing for 30 minutes or more per day has been 

shown to significantly improve quality of life, decrease 

incidents of pressure ulcers, decrease bladder infections, 

improve bowel regularity and the ability to straighten 

one’s legs [39].  

FES includes upper- and lower- limb cycling and 
resistive exercise training via electrical stimulation of 

individual muscle groups. FES can also be utilized to 

assist movements during gait training, standing, 
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transferring and various other upper and lower limb 

activities. Some of the more obvious benefits of FES 

activity include the improvement of body composition 

through the increase in lean mass (LM), decrease in FM 

and increase in bone mineral density (BMD) below the 

level of injury [39,40-42]. In turn, the positive body 

composition changes reduce the risk of cardiovascular 

and metabolic diseases [43]. FES of the lower-limbs, 

particularly repetitive FES cycling, has been reported to 

increase stroke volume [44,45] and help reverse 

myocardial disuse atrophy [45,46]. There is also growing 

evidence from several trials that FES training for a 

minimum of three days per week for two months or more 

can improve oxidative metabolism [47,49], exercise 

tolerance [45,50-52] and cardiovascular fitness 

[45,47,48,50,52,53]. An additional possible benefit of 

FES is the reduced risk of pressure ulcers through 

increased gluteal muscle hypertrophy and associated 

increased vascularization [54,55,56].  

One of the more encouraging benefits of FES is the 

incremental cellular changes that appear to be possible in 

the nervous system (2). Rodent studies using electrical 

stimulation have produced the birth of tripotential 

endogenous neural progenitor cells in the spinal cord 

[5,57]. A large number of these cells have developed into 

myelin producing oligodendrocytes which provides great 

hope for the restoration of axonal re-myelination of 

damaged neurons [5,57]. Overall, whether it be through 

neural or body composition alterations, regular FES 

activity has been shown to increase the quality of life of 

those with SCI [58].  

Task-specific practice is thought to be imperative to 

the development of skilled movements. The key to 

learning any skill begins with repetition of the same 

movement over and over to develop the motor pattern. 

This component of the ABRT program is driven by the 

goals of the participant and the rehabilitation team. 

Because functional restoration has been shown to be at 

least partially dependent on task specific training [10] 

functional activities that relate to these goals are 

included in the program, i.e., walking, transfers, and bed 

mobility.  

Massed practice is a vital component of the program 

as the number of repetitions and the extended amount of 

activity time is thought to be crucial in initiating positive 

results in the spinal cord whether it be stimulating re-

myelination or developing new neural connections. The 

program consists of up to five hours of therapy daily. 

This time may include the skilled physical therapy and 

occupational therapy training sessions, restorative 

exercise with technicians or other therapy professionals 
trained for specific activities such as FES cycling, water 

treadmill training and patient self-exercise, which may 

include a planned and well-rehearsed home rehabilitation 

program. Massed practice is altered as the patient is able 

to tolerate the activities. The order of activities, skilled 

monitoring of the participants abilities, and well-timed 

rest breaks are important to the success of the massed 

practice component.   

The fifth vital component of ABRT is locomotor 

training which includes BWSTT during which the 

participant is secured from an overhead support via an 

upper-body harness and trained on a moving treadmill. 

During BWSTT, the participant ambulates while trained 

staff members facilitate the movements of each leg while 

stabilizing the trunk. Each staff member is specially 

trained so that hand placements over specific muscle 

tendons and muscle bodies help to facilitate muscle 

activation, while assisting with the completion of the 

desired activity. All trainers coordinate their actions with 

the actions of the other trainers and the participant in 

order to result in the skilled ambulatory activity. The 

speed of the treadmill and the amount of weight bearing 

during the activity is determined and controlled by 

trained staff. In addition to promoting the restoration of 

walking via neuroplasticity [13,59], BWSTT has been 

shown to increase maximum voluntary muscle 

contractions by 28-34% and decrease spasticity [60]. 

BWSTT is also conducted on an underwater 

treadmill in a therapeutic pool, although instead of a 

mechanical harness, water buoyancy decreases the 

amount of weight bearing depending on the depth of the 

water. For this activity, ABRT staff members are trained 

to utilize their feet and legs as well as their hands and 

arms in order to facilitate the participant’s leg 

movements under water. Standing and over-ground gait 

training are also utilized in order to provide practical 

training leading to functional community ambulation. 

 

Practical Application 

 

Because of the devastating nature of SCI, a primary 

focus of the ABRT team is to remain positive and 

enthusiastic toward the tasks at hand and promoting 

achievement of the rehabilitation goals. The radiation of 

this attitude and demeanor toward the patients 

encourages high morale and determination. This is 

possible because of the growing body of evidence 

supporting the benefits of ABRT.  

The host training facility demonstrated a wide 

variety of ABRT activities including supported standing, 

BWSTT, water treadmill training, FES-assisted 

ambulation, over-ground ambulation training with a 

variety of assistive devices, FES cycling, weight bearing 

activities with all limbs on the mat, bed mobility and 
transfer training with manual and/or electrical 

stimulation assistive techniques, and muscle 

strengthening facilitated manually and with electrical 
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stimulation. Games were also incorporated into the 

therapy sessions for younger patients and at times 

patients and therapists teamed up for friendly 

competition during therapy sessions to add further 

encouragement and fun during the therapy process.     

 

Interpretations 
 

The prevailing opinion of the course participants was 

that ABRT has a potential for enhancing the recovery of 

those with SCI. However, a primary limitation is that 

most medical centers are unable to match the trained 

staffing and equipment resources of the host facility. 

Staffing in most rehabilitation programs is not adequate 

to provide three to five hours of skilled therapy for each 

patient. Furthermore, most medical centers do not have 

the equipment to provide BWSTT or underwater 

treadmill training. Nevertheless, there was a consensus 

of thought that the ideas promoted during the training 

could be introduced at most medical centers, albeit on a 

smaller scale, with graded and gradual introduction.  

One idea that was embraced was the introduction of 

using small portable inexpensive electrical stimulation 

units to promote strengthening of various muscle groups 

while patients are performing other typical therapeutic 

activities. For example, incorporating portable 

neuromuscular electrical stimulation to upper-limb 

muscles for the purpose of assisting with the grasping 

and moving an object or simply using electrical 

stimulation to complete muscle contractions with lower-

limb muscle groups while simultaneously working on 

skilled upper-limb activities. This allows muscle 

strengthening to occur in the lower limbs simultaneously 

with upper-limb rehabilitation.  

With each rehabilitation center having its own 

particular strengths and limitations, each program 

proceeded in its own way and at its own pace. The three 

rehabilitation centers were able to successfully initiate a 

modest ABRT program including FES cycling and task 

specific practice. Locomotor training was also 

incorporated into the three programs, although only two 

of the facilities had the equipment and staffing to initiate 

BWSTT. One facility was able to utilize research staff 

members that were already trained in the techniques of 

BWSTT, while the facility that was unable to initiate 

BWSTT reported that, although staff members were 

interested and willing, the required ≥3 to 1 ratio of staff 

to patient was difficult to manage. In line with ABRT’s 

focus on long term participation in physical activities, 

one facility was able to utilize home-based FES cycling 

for continuation of the ABRT program. After sixteen 
weeks, the exercise adherence of 17 individuals with SCI 

remained at 63%, which is essentially twice the exercise 

rate of the able-bodied population in the U.S. [38]. 

Because all three rehabilitation centers serve a 

population that is different than that of the training 

institution, the ABRT programs are necessarily different. 

For example, even though younger adults are also 

treated, the average age of the individuals with SCI 

enrolled in rehabilitation is typically older, with many in 

their fifth through eighth decades of life and often with 

co-morbidities. Also, a large number of the participants 

at these facilities were in the acute phase of injury, 

limiting out of bed tolerance. It is also not unusual for 

patients to have poor family and social supports 

complicating discharges and home rehabilitation 

programs.  

The general consensus of the ABRT course 

participants was that each rehabilitation center had its 

own set of strengths and challenges; thus, each program 

will need to be individualized. However, even with 

individual facility limitations, each program has been 

able to initiate a modified form of ABRT which 

enhanced enthusiasm for this emerging approach to 

neuro-rehabilitation. 
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