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Abstract 
Aim: To find out the efficacy of task- oriented circuit training (TOCT) based on Neurodevelopmental therapy principles on trunk 
balance and ADL in patients with spinal cord injury.  
Method: Eight subjects with incomplete spinal cord injury were recruited in the study. All subjects received task-oriented circuit 
training (TOCT) program based on neurodevelopmental therapy principles for 40 minutes, 5 times a day for 4 weeks. The assessments 
of dynamic trunk balance and activities of daily living was done by using modified functional reach test and spinal cord independence 
measure -III respectively before and after TOCT program.  
Result: The result showed a statistically significant improvement in pre-test and post- test score of modified functional reach test, 
forward reach test (t= -7.37, p<0.001), Lateral Right Reach test (t= -5.275, p< 0.001) and Lateral Left Reach test (t= -10.032, 
p<0.001), spinal cord independence measure (t= -13.065, p< 0.001). 
Conclusion: The study concluded TOCT based on NDT principles can be effective method of intervention to improve trunk balance 
and ADL in patients with spinal cord injury. 
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Introduction  

Spinal cord injury (SCI) results in temporary or permanent changes in the spinal cord’s motor performance and disturbance in 
somatosensory input, impairment of postural stability which hinders with the performance of functional activities such as eating, 
dressing, and transferring in sitting position [1]. For maintaining the postural stability, centre of body mass over base of support during 
changes in position and the amount of trunk stability and mobility is directly correlated with the patient’s ability to perform functional 
tasks.[2] 
 
The Bobaths´ Concept and Neuroplasticity: The Bobaths´ Concept is based on a theory of motor control that has main features of 
the person which they communicate with the environment around them. The patient’s recovery depends on the capacity of a person to 
plastically adapt and learn from new challenges and allowing them to refine their motor behaviour.[3] 
 
Motor learning: Motor learning is described as a long-term improvement in a person's motor output as a result of practice or 
intervention which assist in determining the best manipulation for the individual, the task, and the environment in order to affect long-
term neuroplastic changes and improve a person's motor function. [4] 
 
Task-oriented training: One of the principles of NDT, has shown to be effective and efficient in improving the performance, 
promoting intensive, meaningful, and goal-oriented training.[5][6] Nonetheless, the task-oriented circuit training (TOCT) approach 
hasn’t been studied enough in patients with spinal cord injury.  TOCT is based with the aim of promoting motor learning and task 
retention that reproduce physical activities that the person usually performs during daily living (i.e., walking, climbing stairs, maintain 
balance). In addition, a major characteristic of this rehabilitative intervention is the exercise intensity that, compared to a conventional 
therapy session, is nearer to the number of repetitions needed to achieve and maintain motor learning of these movements [7]. 
Moreover, TOCT has been designed for small groups of subjects requiring only one therapist compared with conventional 
rehabilitation session in which the ratio is 1:1, giving also the advantage of reducing costs of rehabilitation. [8][9]  
 

In spinal cord injury patients, compromised trunk balance which generally is a prerequisite for postural stability is essential 
component for the performance of motor tasks. Also, patients with spinal cord injuries are solely dependent upon balance in executing 
activities of daily living in sitting position. Recent advancements in rehabilitative strategies have helped not only improving patient’s 
balance but also enhanced involvement and interactions with their environment. Virtual reality [10] and Perturbation-based balance 
training (PBT) [11] are some of recently introduced strategies for balance training in spinal cord injury patients.  
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The TOCT demonstrates how providing the quantity (duration and frequency) and quality (task-specificity) of interventions 
are appropriate to facilitate enhanced neural reorganization [12]. Also, Task oriented circuit training (TOCT) is an intensive task-
specific intervention, a rehabilitative strategy, which has positive effects on patient’s recovery. However, there is dearth of literature in 
TOCT based on neurodevelopmental therapy principles on trunk balance and activities of daily living in patients with spinal cord 
injury. Therefore, this research was aimed to determine the efficacy of task – oriented circuit training based on neurodevelopmental 
therapy principles on trunk balance and ADL in patients with spinal cord injury. 
 
Methodology   
Study Design– Pre and post experimental design 
  
Place of research work – Rehabilitation Department, ISIC, Vasant Kunj, New Delhi 
 
Inclusion criteria 

• 18 – 50 years of age  
• Participants had neurological levels of injury T1 and below, with American Spinal Injury Association Impairment Scale 

(ASIA) B, C and D (incomplete injury) and a duration of injury less than 6 months. 
• All the participants had the ability to sit unsupported for at least 10 seconds  
• Minimum of active 90° of shoulder flexion 
• MOCA ≥ 26.  

Exclusion criteria 
• Patients with severe medical illness or cardio vascular involvement. 
• severe contracture or other orthopedic conditions in upper or lower limb 
• Uncorrected visual and peripheral vestibular involvement 
• Patients with Pressure sores  

 
Instrument Included 

I. Basketball 
II. Wooden circular pyramids (stacking activity) 

III. Wooden triangular pyramids (stacking activity) 
 

Scales 
1. International standards for neurological classification of spinal cord injury (ISNCSCI) 
2. Montreal Cognitive Assessment (MOCA)  
3. Modified functional reach test  
4. Spinal Cord Independence measure – III  

 
Procedure 

10 individuals were found eligible for the study during screening; 2 of them declined to participate in the study. The 
participants were included in the study after they signed a written informed consent. The demographic data and neurological details of 
the participants were collected first. These included the age (in years), ASIA grade, neurological level and gender. Participants 
underwent task- oriented circuit training based on Neurodevelopmental therapy principles. All the participants received training for 45 
minutes a day, 5 times a week for 4 weeks along with conventional therapy. This study was approved by the research and ethical 
committee of the centre in which the study was undertaken. Protocol of the study is explained below. 

 
The protocol included the session for trunk activation in frontal, sagittal, and transverse planes in short- sitting position 

performed through hands on facilitation by the therapist. The weight shifts and trunk elongation on optimal trunk alignment are used 
in all of these activities. In sitting, the activities were reaching for a ball in all planes, and transferring the wooden circular pyramid 
from one side to the other side rotating the trunk without any support. In the initial sessions of the intervention, the therapist facilitated 
the subject by hands on to meet the requirements of the task by providing optimal alignment of the pelvis for the weight shifts at hips 
and elongation of the trunk toward reaching side of the task, the facilitation given by holding the flexed knee to allow activation at hip 
joint (stability) for a rotational movement (mobility) in trunk to reach the target object. Then, the subject was further challenged 
without any facilitation and assistance from the therapist. The last activity was stacking the wooden triangular pyramids with bilateral 
hands in forward bending maintaining trunk balance without any support. This activity particularly focused for reaching task in upper 
limb (mobility). Each of these activities was performed in circuit for 5min without any rest in between for a total duration of 45min.  
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Results 
Data analysis was done using IBM SPSS software version 21 (IBM, Armonk, NY). Paired t test was used to analyze the 

differences between experimental group (TOCT-NDT) preintervention and postintervention scores of the outcome measures. A 
significance level of p ≤ 0.001 was fixed. 
 
Demographic details of subjects (N= 8) 
 

 
Age distribution – The mean age of the subjects were 33.13 ± 1.34 years and the standard deviation was 10.696. 

 

 
Sex distribution – Out of 8 subjects, 2 (25%) were females and 6 (75%) were males 

 

 
Neurological Level (Level of Injury): Among 8 subjects, 3 subjects had T4 level of injury, 1 subject had T5 level of injury, 1 subject 
had T8, 2 subjects had T12 level of injury, 1 subject had L1 level of injury. 
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ASI-Grade - Out of 8 subjects 4 subjects were ASI-B (50%), 3 subjects were ASI-C (37%), 1 subject was ASI-D (13%) 

 

                
 

There was significant change in (p<0.001) between pre- test and post- test of Forward Reach Test scores 
 

                 
  
                There was significant change in (p<0.001) between pre- test and post- test of Lateral Right Reach Test scores. 
 
 
 

TESTS MEAN±SD 

 Pre- Forward reach test  11.99±0.84 

Post – Forward Reach 
Test 

12.79±0.83 

TESTS 
 

MEAN±SD 

Pre- Lateral right reach  
 

12.26±0.83 

Post- Lateral right reach 13.08±0.74 
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There was significant change in (p<0.001) between pre- test and post- test of Lateral Left Reach Test scores. 

               
There was significant difference (p<0.001) found between pre- test and post- test of SCIM – III 
 

Discussion 
             This study was conducted to determine the effectiveness of Task-Oriented Circuit Training based on Neurodevelopmental 
Therapy principles on trunk balance and ADL (functional performance) in patients with spinal cord injury. The results revealed 
changes in outcome measures to be statistically highly significant with P < 0.001. In this study increased post- intervention scores in 
outcome measures (mFRT and SCIM-III) indicates the improvement was seen in trunk posture and balance in addition with better 
self- care, bed mobility, transfer and indoor mobility in patients with spinal cord injury. However, patients with AIS-C and AIS- D 
observed to be in better edge of stability during functional tasks but significantly less improvement was noted in patients with AIS- B. 
Chen et al [13] discovered a connection between dressing the upper body and dressing the lower body and sitting balance. Improved 
SCIM-III components may have resulted from the improved balance management mechanism. furthermore, the facilitation of typical 
standard postural-controlled movement patterns is one of the primary objectives of the NDT method. Changes in the nervous system 
may be organized, according to the Bobaths´ principle.[5][14].  

 
Intense skillful practice is the most successful way to improve neuroplasticity and eventual rehabilitation of motor function 

following a nervous system injury or disease.[15]. In training group participants, to compensate for the loss of sensorimotor functions, 
people with high thoracic SCI (T4) use a more passive and straightforward strategy, while people with low thoracic SCI use a more 
active and complex strategy. [16][17] In people with low SCI, there is also a substantially greater maximal weight shifts during 
reaching activities.[13] As a result, it was assumed that people with low SCI would be better able to complete the study's training 
program. Outcome measure for assessment of the functional performance was chosen, because skill and balance are required to 
execute necessary tasks for ADL.  

 
Results significant of greater improvement in trunk balance and ADL was indicated in the TOCT-NDT group. The TOCT-

NDT group's activities were chosen based on the components of dynamic trunk stability via active weight changes, trunk elongation 

TESTS 
 

MEAN±SD 

Pre- Lateral Left 
Reach 

12.88±0.88 

Post- Lateral Left 
Reach 

13.49±0.87 

TESTS 
 

MEAN±SD 

Pre- SCIM III 
 

48.75±13.67 

Post- SCIM III 
 

68.88±13.02 
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on an optimal alignment to achieve regulated mobility for reaching and transferring objects which were executed within a time bound 
training circuit without any breaks in-between, which would have contributed to achieve optimal motor recruitment needed for 
balance improvement. 

 
Few limitations have been noted in the present study. Firstly, the number of subjects was small; therefore, it is suggested that 

the future studies should include large number of subjects to generalise the results. Secondly, the subjects were taken from single care 
setting, so, further studies can be done on subjects recruited from multiple care settings. Lastly, the study was pre and post design, 
thus, it is recommended to investigate the effectiveness of TOCT based on NDT principles in comparative studies with the previously 
described interventions. 

 
Conclusion 

The study concluded TOCT based on NDT principles can be effective method of intervention and can be used as a 
rehabilitation strategy for improvement along with enhancing the trunk balance and ADL in individuals with spinal cord injury. 
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