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ABSTRACT

Lecturer, Department of Occupational Therapy, Dept of Occupational Therapy, School of Therapeutic Sciences, Faculty of Health
Sciences, University of the Witwatersrand
Introduction: Traumatic Brain Injury (TBI) is caused by trauma related to motor vehicle accidents (MVAs), accidental falls and violence.
Around the world, approximately 69 million people annually suffer a TBI due to various causes with the majority of cases affecting low
and middle income countries (LMICs). The management of TBI requires a multidisciplinary approach which includes rehabilitation.
The aim of the study was therefore to evaluate the outcomes of the Neurodevelopmental Treatment (NDT) and motor relearning
occupation-based approaches on physical performance and self-care among adults with TBI.
Methods: An experimental research design comparing two groups was used in the study. The Fugl Meyer Assessment (FMA) was used
to evaluate the motor performance and a Modified Barthel Index (MBI) was used to ascertain the functional independence of the study
participants before and after interventions. Data were analysed using descriptive statistics and non-parametric tests.
Results: The motor relearning occupation-based approach showed greater improvement in the FMA total, upper extremity and wrist,
and most of the MBI scores. The NDT approach showed greater improvement in pain scores.
Conclusion: The findings of the current study indicate that both motor relearning occupation-based and NDT treatment approaches
show clinically significant improvement in physical performance and self-care. The study also shows that the motor relearning occupationbased approach is more preferable to the NDT for improvement of physical performance and self-care.

Key words: Self-care, Neurodevelopmental Treatment approach, Motor relearning occupation-based approach, Traumatic

brain injury

INTRODUCTION

common for drivers, passengers and pedestrians2,5. The incidence
of TBI resulting from MVAs in these LMICs is reported at 56%, in
comparison to the lower rate of 25% which occurs in the United
States of America (USA)2. Although there are no prevalence figures
for TBI in Namibia where this study was conducted, reported
incidences of MVAs with fatalities increased by 2% in 2016 affecting the sustainable development goals which aim at reducing road
deaths and injuries by 20206.
The management of TBI and acquired brain injuries requires a
multidisciplinary approach which includes rehabilitation. Rehabilitation
is crucial in the mitigation of the effects of impairments, activity limitations, and participation restrictions7 during the execution of activities
of daily living (ADLs), and may result in increased dependence on
others and decreased quality of life (QoL). This dependence is due
to deficits in higher order structures that are involved in planning and
execution of smooth coordinated movements that affect the way

“Traumatic Brain Injury (TBI) is defined as an alteration in brain
function, or other evidence of brain pathology caused by external
forces”1. Around the world, approximately 69 million people annually suffer a TBI due to various causes. The incidence of TBI has
been related to low socio-economic status, and the patterns and
distribution of head injury may be specific to different geographic
regions/countries with African countries having higher incidents2.
This has been associated to how well preventive and safety measures related to occupational and road safety are implemented and
enforced in each country3. Developing, low and middle-income
countries (LMICs) report the highest prevalence of TBI affecting
males at the age of 45 and below. Motor vehicle accidents (MVAs)
account for the majority of these injuries due to poor enforcement
of road and vehicle regulations2,4. In countries such as South Africa,
Namibia, Taiwan and India, head injury resulting from MVAs is
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Figure 1: Models and theories of motor control and their relationship to treatment approach to central nervous
system (CNS) dysfunction22.

assumed that individuals require reflexes to perform movement and
these reflexes are combined into actions that compose human behaviour18. This theory of motor control does not consider centrally
generated goals, or "open-loop" control, anticipatory, nor "feedforward," movements19. The hierarchical theory was consolidated
based on the work of researchers in the early 1900s. It suggests
that the central nervous system (CNS) is organised hierarchically
with higher levels dominating and controlling the lower levels and
cortical control of movement in a top-down approach throughout
the central and peripheral nervous system17,18. The implications of
the use of this theory clinically when treating patients with CNS
damage, is that the therapist should use a developmental sequence
of movements, identify and prevent primitive reflexes while normalising tone, and facilitate ‘normal’ movement patterns20.
The systems theory of motor control explains that the neural
control over movement requires a clear understanding of body
systems that are related to motion and their characteristics. This
includes components of the motor programming theory of motor
control and, the ecological theory developed by James Gibson in
1976 which elaborated on the interaction of the individual, the task,
and the environment with the aim of eliciting a motor behaviour20.
Systems theory considers the human body as a mechanical system
that is subject to both internal stressors such as changes in physiological states and external stressors such as gravity. A number of
movements could result from interactions between external forces
and a number of commands from the system can elicit different
varieties of these movements. The theory tries to elaborate on
how initial conditions of a system can affect the characteristics of
movement18 and it incorporates neurophysiology, biomechanics,
and motor learning principles. Scott Kelso & Tuller21 indicated that
the execution of normal smooth movement is developed naturally
through the practice of observable, functional occupation from a
myriad of conditions and experiences. This can support techniques
used in rehabilitation where environmental contexts can be modified17,20. None of the theories has proven to be better than the other
in explaining the regulation of motor control and movement22.
Based on theories of motor control, different approaches and
techniques are used in the rehabilitation of patients with TBI (Figure 1).
Most treatment approaches or neurorehabilitation protocols for
motor recovery and learning are based on neuroplasticity. These
neuroplasticity principles are observed after a brain injury as the

individuals execute tasks8,9. The outcomes of occupational therapy
for clients with TBI include a return to performance in occupations
that enable them to find meaning, increase participation and satisfy
their potential in life, both in in their homes and their communities10.
Occupational Therapists working in neuro-rehabilitation use
approaches and techniques based on neuroplasticity. These approaches reduce impairments and facilitate participation in activities in patients with TBI. However, the evidence that supports the
efficacy of these techniques is limited and not conclusive especially
in the management of TBI and the value of different treatment
approaches has not been established. Occupational therapy practitioners more commonly use a bottom-up therapy by remediating
specific sensory and motor deficits, based on neuro-facilitatory
techniques such as the Neurodevelopmental Treatment approach
(NDT)11,12. An occupation-based, or top down approach, using a
motor relearning framework that considers a holistic incorporation of the patient’s everyday meaningful activities has also been
proposed as supporting the return to occupational performance12,13.
Therefore, the use of motor relearning occupation-based
interventions and NDT approaches in the management of acute
TBI was investigated to enable the development and synthesis of a
body of knowledge in occupational therapy in order to determine
the efficacy of the treatment approaches used in treating patients
with TBI in a Namibian context.

LITERATURE REVIEW
A number of motor deficits manifest after an insult to the brain14
which subsequently affect the way individuals execute daily tasks8.
Difficulties in mobility that are caused by problems in balance, power,
coordination, and cognition are common in traumatic brain injuries15.
Another devastating impairment is the loss of upper and lower
extremity function (including the hand) due to paralysis/paresis16.
Motor neuro-rehabilitation is based on assumptions about the
cause and nature of deficits in movement. Models which address
theories of motor control related to motor learning and factors
affecting motor relearning, are considered to provide the rehabilitation of motor deficits after TBI. These models and theories
support the various clinical approaches, principles and techniques
used by taking the concept of neuroplasticity into account17. The
initial model of motor control based on the reflex theory of motor
control was proposed by Sir Charles Sherrington in the 1800s. It
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by Krutulyte et al33 on 240 participants who have suffered a stroke,
showed that task-oriented therapy in a motor relearning programme
was preferred, but there is not enough evidence supporting the use
of this approach over the others26. A Cochrane review which covered four studies on the motor relearning approach indicated that
interventions did not show a higher significant clinical effectiveness
from other conventional neurorehabilitation approaches34.
Evidence of the efficacy of the approaches used in occupational
therapy to improve treatment outcomes and provide treatment
programmes that are cost-effective and have positive effects on
occupational performance is therefore required.

CNS connections regenerate. This results from the development of
new pathways through remapping23 and permanent changes in motor performance after continuous practice24. Treatment approaches
include task-oriented approaches, neuro-facilitatory techniques,
virtual reality, electrical stimulation, with the most commonly used
being the NDT and motor relearning approaches13.

Treatment approaches
The NDT approach, also known as the Bobath approach, is
based on the development of reflex inhibiting postures and later
reflex inhibiting patterns. NDT evolved to become a problem
solving NDT approach which supported the ability of a person
to maintain plasticity and to learn through challenges24. The NDT
approach spans all three theoretical approaches of motor control
and supports the nervous system working in parallel with levels
and subsystems. The basic principles of NDT include inhibitory
control of abnormal movements at the same time facilitating automatic postural reactions using the therapist's hands and different
techniques in goal-directed activities24. The effects of NDT on TBI
patients have not yet been fully explored. Research shows the efficacy on stroke patients which might be similar for patients with
TBI since both conditions are acquired neurological disorders. A
study conducted by Hafsteinsdottir et al25 concluded that NDT
was ineffective in the motor rehabilitation of stroke patients in
the hospital setting. A systematic literature search conducted by
Kollen et al26 showed that overall, this approach is not superior
to alternative approaches. Díaz-Arribas et al27 showed moderate proof for greater results of alternative approaches in motor
control and dexterity in the upper extremity.
The motor relearning approach (which includes the taskoriented approach and occupation-based approach) was a
product of work by Carr and Shepherd28 which assumes that
the brain is dynamic and capable of organising itself after injury
or insult. The approach is task-oriented because it encourages
the use of meaningful activities that are contextually based and
incorporates active participation to achieve functional recovery
and motor relearning by repetitive and intensive practice29.
Although research on the effect of this approach is limited in
patients with TBI, studies show the motor relearning programme
has significant effects on functional outcomes and rehabilitation
of patients with stroke.
A study conducted by Chan et al 30 used a matched-pair
randomised control trial with 52 outpatients who suffered a
cerebrovascular accident and found the motor relearning programme to be more effective in enabling functional recovery
of these patients. However, they stated that both conventional
and function-based activities should be implemented in neurorehabilitation. Similar findings were reported by Immadi et al31
whose study revealed the efficacy of a repetitive task practice
motor relearning programme compared to other conventional
physiotherapy treatments.
Research which compared the effect of a motor relearning
and NDT approach on patients with stroke by Langhammer and
Stanghelle32 indicated that patients who received motor relearning
therapy had early hospital discharge, with greater improvement in
motor function and ADLs than those treated with NDT. Chan et
al30 agree that patients treated three months’ post-stroke with the
motor relearning strategies have more favourable outcomes in selfcare and execution of ADLs and they showed a better transfer of
skills learned to other occupations. However, the intervention did
not have an effect on balance, speed or outdoor mobility30. A study

AIM OF THE STUDY
This study determined the outcomes of the NDT and motor relearning occupation-based approach on physical performance and
self-care among adults post-acute TBI and compared the results
of the two approaches in a Namibian setting.
METHODS
An experimental research design, comparing two groups with a
pretest-posttest assessment was used in the study35. This is a design with two treatment groups were participants were assigned
randomly to the groups, to consider the difference in treatment
approaches on each group’s participants.36. No control group was
included as all participants with TBI were receiving treatment using either a motor relearning occupation-based or NDT approach.
Pretest-posttest study designs are mostly used with experimental
research designs because they are useful in assessing change in variables over time which can be used to compare two or more groups.
The difference between interventions can be used to compare the
effectiveness of treatment approaches.
The participants were recruited from the Katutura Intermediate
Hospital in Windhoek, a tertiary institution which serves as a referral
hospital for all the regions in Namibia. The hospital has an 880-bed
capacity, and the occupational therapy department caters to most
of the wards including the neurology and internal medicine wards
to which patients with TBI are admitted. The patients from these
wards usually spend 12 weeks on average in the specialised wards
to allow for their stabilisation, early intervention, and rehabilitation
before discharge.
Approximately 63 patients with TBI were admitted to the
hospital per month between the period November 2017 and April
2018. Based on a difference of 11 points with an SD of 15 on the
MBI between the groups, set at a significance of 0.05 and over six
months, the confidence interval of 15 and a power of 80%, a sample
of 30 participants per group were used in the study32. Inclusion
criteria used were adults aged eighteen years and above with mild
to moderate TBI (GCS Score 9 -15) with evidence of decreased
level of consciousness on admission and a present Glasgow Coma
Scale (GCS) of 15/15. Patients were recruited if they had motor or
sensory dysfunction in at least one limb.

Instrumentation and Outcome measures
Demographic questionnaire
The researcher developed a demographic questionnaire to determine the demographic characteristics of the study participants
which assisted in the description of participants and to better
understand their context for better analysis of the data. The demographic details included sex, age, level of education, marital status,
occupation, cause of injury and the participants' GCS.

42
South African Journal of Occupational Therapy — Volume 50, Number 3, December 2020

© SA Journal of Occupational Therapy

Fugl Meyer Assessment of Physical Performance (FMA)
The FMA is an instrument used to evaluate motor performance
after a neurological lesion. It evaluates six categories of the patient;
the amount of movement, pain, sensitivity, motor function of the
upper limb and lower limb, balance, coordination, and speed37,38.
The scale adds up to 100 points for normal movement; 66 for upper
limb and 34 for lower limb39,40.
A score of 0 shows that there is no movement observed, 1
shows that the movement is minimal and 2 shows that a full range
of movement has been achieved37. A change in the score of 4.25
to 7.25 is seen as a clinically important difference (CID). A Global
Rating Scale of Change (GROC) for the FMA indicates a change of
> 50% is excellent, a change of 30% -50% is marked, 30% -10%
is moderate and < 10% is slight41.
Modified Barthel Index (MBI)
The modified Barthel Index is a measure of functional independence
in patients who have suffered a lesion in their brains. It provides
objective and quantifiable measures of a patient's functioning. The
MBI five-point scoring system shows the level of ability in self-care
and their clinical status. Items are scored from 0-15, 0-10 and 0-5,
a score of 99 shows “slight dependence”, a score below 90 shows
“moderate dependence”, a score below 60 describes “severe
dependence” and a score below 20 indicates “total dependence”42.

group focused on training of normal movement patterns, normal
postures and isolated weight shift during movement. Emphasis was
put on testing, training of response to handling, protective reactions,
postural control, and equilibrium reactions without task-specific
movement patterns. The guidelines employed focused on developmental sequences and movements were elicited in prone, supine,
sitting, standing and walking. The therapist analysed and corrected
the movements then the participants had to follow the guidelines
given by the therapist. The main guidelines included influencing
of spasticity, avoidance of abnormal patterns of movement and
facilitation of normal movement patterns44.
Following the routine practice of the occupational therapy
department, one-hour daily interventions, five days a week for
a period of four weeks were implemented with each participant
until 20 sessions had been recorded. Participants who were discharged continued treatment as outpatients in their respective
groups until 20 sessions were completed. They were provided with
transport fares to attend occupational therapy as outpatients. After
20 treatment sessions were completed, a post-test assessment
was conducted by the occupational therapist who completed the
pre-test assessment using the Fugl-Meyer Assessment of physical
performance and the Modified Barthel Index. To prevent bias, this
occupational therapist was blinded and was unaware of which
therapy they were receiving35.

Research Procedure

Data Analysis

Ethical clearance to conduct the study was obtained from the
Human Research Ethics Committee (HREC) at the University of
Witwatersrand (ethical clearance number: M180970). Permission to
conduct the study at Katutura Intermediate Hospital was obtained
from the Ministry of Health and Social Services in Namibia through
the Office of the Medical Superintendents at the hospital. Patients
were invited to participate in the study if they met the inclusion
criteria for the study. Informed consent from the participants was
sought. Family members and guardians of vulnerable participants
with a cognitive ability at Rancho Los Amigos Scale Level VII and
below signed informed consent on the participants’ behalf.
An occupational therapist research assistant was responsible
for the random assignment of participants into the two treatment groups, with 30 allocated randomly to a motor relearning
occupation-based group and 30 allocated to the NDT group using
a random numbers table.
Another occupational therapist performed a pre-test assessment using the FMA of physical performance and the MBI on
all the patients recruited into the study. The intervention using
the two approaches was carried out in the occupational therapy
department where participants were seen by two different occupational therapists. Therapists treated patients in different areas
and the researcher who was completing a postgraduate course
in neurosciences was involved with Group 1 – motor relearning
occupation-based approach. A second occupational therapist with
a postgraduate qualification in NDT was responsible for Group
2 – NDT approach. The motor relearning occupation-based programme used in the current study involved occupation specific
training in a hospital milieu according to task demands. Training of
performance skills and patterns were required for the particular
tasks chosen by participants. The therapists did not follow developmental sequences and progression was achieved by increasing the
complexity of the task. Therapist and patients both participated in
analysis and correction of the movements for completion of tasks
and emphasis was placed on repetition43. The therapist in the NDT

Frequencies and measures of central tendency were analysed using
descriptive statistics. Inferential statistics used were non-parametric
and included the Wilcoxon and Mann Whitney U test since data
were ordinal and the small sample resulted in data that were not
normally distributed. These statistics were used to determine
within-group differences pre and post-test as well as between-group
differences pre and post-test.

RESULTS
Demographics
Forty (66.7%) participants in the study were male. The participants'
ages ranged from 18 to 68 years, with most participants between
the ages of 25 - 34 (48.3%). These demographics did not differ significantly between the NDT and motor relearning occupation-based
groups indicating that the groups were comparable for gender and
age. In terms of educational level, more participants in the motor relearning occupation-based group had primary school education only.
The marital status of the participants revealed that the majority (50%) were never married, and this factor differed significantly
between the NDT and motor relearning occupation-based groups
(p=0.010) with more motor relearning occupation-based group
participants cohabiting. Motor vehicle accidents accounted for the
majority of participants (65%) injury, followed by violence which
contributed to TBI in 30% and falls which was the cause of TBI in
5% of the participants.

Change in physical performance
Group 1- Motor relearning occupation-based
approach

Upper and lower extremity
A Wilcoxon Signed Rank Test revealed a statistically significant within
group increase in FMA upper extremity values for all aspects of the
assessment following participation in the motor relearning group, (p<
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Neurodevelopmental
group

Motor relearning occupationbased group

p value

the reported minimal clinically
important difference (MCID) for
the FMA upper and lower extremity scores.

0.421

Comparison of betweengroup change in physical
performance

Table I: Demographic Characteristics (n= 60)
Demographic
characteristics

Total
group

n(%)
Sex
Age (Years)
Mean Age (S.D)
36.5
(10.99)

Level of
Education
Marital Status

Current
Occupation

Male

40(66.7)

19(63.3)

21(70.0)

Female

20(33.3)

11(36.4)

9(30.0)

18 - 24

4(6.7)

2(6.6)

25 – 34

29(48.3)

16(53.33)

35 – 44

15(25.0)

6(19.9)

45 – 54

8(13.3)

2(6.6)

55 – 64

3(5.0)

3(9.9)

65+

1(1.7)

1(3.3)

Primary

9(15.0)

2(6.6)

Secondary

30(50.0)

19(63.4)

Tertiary

21(35.0)

9(30.0)

Cohabiting

8(13.3)

Currently
Married

21(35.0)

10(23.4)

Divorced

1(1.7)

1(3.3)

Never
Married

30(50.0)

19(63.3)

Non-paid
work (e.g.
volunteer)

1(1.7)

34(56.7)
Paid
Employment

19(63.4)

Self
Employed

9(15.0)

3(10)

Student

4(6.7)

1(3.3)

Unemployed 12(20.0)

7(23.4)

Significant at p <0.05* Significant at p <.0.01**.

0.001) with overall total improvement was 43.9% (Table II, p45). A
large effect size was found for the upper extremity, the wrist and the
hand (indicating a clinical difference in movement) well as sensation
and pain. Coordination values showed a medium effect size even
though the median value did not change since12 participants did show
improvement. In the lower extremity, the within group increase in
FMA values were all statistically significant (p < 0.001), with a large
to medium effect sizes and a 35.2% increase in the total score.

Upper extremity
The results on the Mann Whitney U
2(6.6)
0.438
test showed a significant statistical
difference in total scores for Group 1
13(43.33)
- motor relearning occupation-based
9(30.1)
approach participants and Group
6(19.9)
2 NDT approach participants,
(p = 0.020), with a large effect size.
The difference in the scores for the
upper extremity (p = 0.014) and
7(23.7)
0.069
wrist (p = 0.027) achieved signifi11(36.6)
cance and the medium effect sizes
indicated the difference was clinically
12(40.0)
important. There was no significant
8(26.7)
0.010**
difference in the change in scores for
11(36.6)
two groups for hand, coordination,
sensation and passive joint motion
scores. (Table IV p46).
A negative effect size and the
11(36.6)
significant difference (p=0.010)
for upper extremity joint pain
1(3.3)
0.433
indicated that Group 2- NDT approach participants had greater
improvement than Group 1 mo15(50.0)
tor relearning occupation-based
approach participants. Improve6(19.9)
ment for both coordination and
sensation scores were greater for
3(10)
Group 2- NDT approach participants with small and medium effect
5(15.0)
sizes. Group 1 motor relearning
approach participants had more
improvement in hand and passive joint motion scores with small
effect sizes indicating little clinical significance for these results.
Lower extremity
The results for the lower extremity scores, comparing Group 1
motor relearning occupation-based approach participants and
Group 2 NDT approach participants achieved no significant differences between the groups. Small effect sizes were found for
all components when the groups were compared, with Group 1
motor relearning occupation-based approach participants achieving
more improvement for all components.

Group 2 -Neurodevelopmental treatment approach

Upper and lower extremity
A statistically significant within group increase in FMA upper extremity, wrist and hand as well as all other values following participation
in NDT group, (p< 0.001), with a large or medium effect size. A
37.8% improvement in the total score was found. A similar statistically significant increase (p ≤0.001) in all FMA lower extremity values
with a total improvement of 38.3%, with large to medium effect sizes
with a total improvement of 38.3% was observed for this group.
All components for both groups except coordination and passive
joint motion for Group 2- NDT approach participants, achieved

Changes in self-care
Group 1 Motor relearning occupation-based
approach
The findings revealed statistically significant increases in the Modified Barthel Index (MBI) for all ADL components (p < 0.001), with
a large effect sizes and a total improvement on the MBI of 78.0%.
(Table V, p 47)
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Table II: Group 1 – within group changes using a motor relearning occupation-based approach
on upper and lower extremity for physical performance
Fugl Meyer Variables

Pre-test (n=30)

Post-test (n=30)

z-value

p value

Effect size
(Cohen’s r)

-4.80

≤0.001**

0.62***

Median (Lower and Median (Lower and
upper quartile)
upper quartile)
Upper extremity

12.50 (10-18)

30.50 (20-36)

Wrist

1.50 (0-5)

10.00 (7 - 10)

-4.83

≤0.001**

0.62***

Hand

1.00 (0 - 6)

10.00 (7 -12)

-4.79

≤0.001**

0.62***

Coordination

6.00 (2 - 6)

6.00 (6 - 6)

-3.23

≤0.001**

0.42**

Total

24 (10 – 33)

52.00 (46 – 62)

-4.62

≤0.001**

0.60***

Sensation

6.00 (6 - 12)

12.00 (10 - 12)

-4.19

≤0.001**

0.54***

Passive Joint Motion

16.00 (10 - 24)

20.00 (20 - 24)

-3.64

≤0.001**

0.47**

Joint Pain

8.00 (6 - 10)

18.00 (14 - 20)

-4.74

≤0.001**

0.61***

Lower Extremity

12 (8.00 – 16.00)

24.00 (20.00 – 26.00) -4.64

≤0.001**

0.60***

Coordination

4.00 (3.00 – 6.00)

6.00 (6.00 – 6.00)

-3.70

≤0.001**

0.48**

Total

18 (12.50 – 22.00)

30 (26.00 – 32.00)

-4.79

≤0.001**

0.62***

Sensation

6.00 (6.00 – 12.00)

12.00 (12.00 – 12.00) -3.98

≤0.001**

0.51***

Passive Joint Motion

15.00 (10.00 – 20.00) 20.00 (20.00 – 20.00) -3.71

≤0.001**

0.48**

Joint Pain

10.00 (7.00 – 10.50)

≤0.001**

0.61***

20.00 (18.00 – 20.00) -4.75

Significant at p <0.05*. Significant at p <.0.01** .

Large Effect Size = 0.5***.
Medium Effect Size = 0.3**
Small Effect Size = 0.1*

Table III: Group 2 - within group changes using a neurodevelopmental treatment
approach on upper and lower extremity for physical performance
Fugl Meyer
Variables

Pre-test (n=30)

Post-test (n=30)

Median (Lower and
upper quartile)

Median (Lower and upper
quartile)

zvalue

p value

Effect size
(Cohen’s r)

Upper
extremity

13.50 (9.75 – 19.00) 28.00 (20.00 – 36.00)

-3.58

≤0.001**

0.46**

Wrist

3.00 (0.00 – 5.00)

7.00 (5.00 – 10.00)

-4.49

≤0.001**

0.58***

Hand

2.00 (0.00 – 7.00)

10.00 (6.00 – 14.00)

-4.64

≤0.001**

0.60***

Coordination

4.00 (3.00 – 6.00)

6.00 (6.00 – 6.00)

-3.58

≤0.001**

0.46**

Total

22.5 (12.75 – 33.5)

49 (38.75 – 63.75)

-4.79

≤0.001**

0.62***

Sensation

6.00 (6.00 – 12.00)

12.00 (10.00 -12.00)

-4.06

≤0.001**

0.54***

Passive Joint
Motion

20.00 (12.00 –
24.00)

24.00 (20.00 – 24.00)

-3.53

≤0.001**

0.46**

Joint Pain

8.00 (0.00 – 12.00)

20.00 (17.25 – 24.00)

-4.65

≤0.001**

0.60***

Lower
extremity

12.5 (6.00 – 16.00)

24.50 (18.00 - 26.00)

-4.71

≤0.001**

0.61***

Coordination

4.00 (2.25 – 6.00)

6.00 (6.00 – 6.00)

-3.74

≤0.001**

0.48**

Total

17.5 (6.75 – 22.00)

30.5 (24.00 – 34.00)

-4.71

≤0.001**

0.61***

Sensation

10.00 (6.00 – 12.00) 12.00 (10.00 -12.00)

-3.34

≤0.001**

0.43**

Passive Joint
Motion

20.00 (10.00 –
20.00)

20.00 (20.00 – 20.00)

-3.31

≤0.001**

0.43**

Joint Pain

10.00 (6.75 – 14.50) 20.00 (15.50 – 20.00)

-4.33

≤0.001**

0.56***

Significant at p <0.05*. Significant at p <.0.01**.

Large Effect Size = 0.5***.
Medium Effect Size = 0.3**
Small Effect Size = 0.1*

Group 2 - Neuro-developmental treatment approach
The findings revealed statistically significant increase in MBI for all components
with a large effect sizes and a total
improvement for on the MBI of 56%
(Table VI, p47).
Overall Group 1 - motor relearning occupation-based approach participants achieved a score above 60
post-test which indicated moderate
independence while Group 2 NDT
approach participants had a score below 60 indicating severe dependence
post-test.

Comparison of betweengroup change in self-care
There was a significant difference in
the total scores for the two groups
(p = 0.002) and a medium effect size of
which indicated that the Group 1 motor
relearning occupation-based approach
participants had more improvement in
self-care with a clinically important difference (Table VII p48). Group 1 motor
relearning occupation-based approach
participants had a significantly larger
improvement in mobility and self-care
components all with large and medium
effect sizes.

DISCUSSION
The demographic details were similar to a study by Samanamalee et
al45 who recorded a mean age 41.67
(SD 17.47) years and the majority of
the participants being males (82%)
confirming that TBI is more prevalent
among young adults and males in
LMICs. For occupational performance
outcomes however, no significant differences were found in the current
study although literature has reported
that pre-injury occupation, high level
of education, female sex and being
married make a significant contributing
factor to occupational performance
outcomes 14. The findings from the
current study suggest that most of TBI
cases were caused by vehicle-related
collisions which was supported by
Dewan et al2 and Agrawal et al43 who
reported that MVAs are responsible for
the silent epidemic of TBI, among the
productive age groups in LMICs.
The results of the study indicate
that there was a significant improvement in physical performance and
self-care in both Group 1 motor relearning occupation-based approach
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Table IV: Between group comparison of treatment approaches on upper and lower extremity
physical performance
Physical Components

Change in Motor Change in Neurodelearning occupation- velopmental Treatbased scores
ment scores
Median (Lower and Median (Lower and up- p value
upper quartile)
per quartile)

Effect size
(Cohen’s r)

Upper Extremity

16.00 (14.00-18.00)

13.00 (8.00-16.00)

0.014*

0.45**

Wrist

5.00 (4.00 – 10.00)

5.00 (2.00 – 5.00)

0.027*

0.40**

Hand

7.00 (5.00 – 9.00)

7.00 (4.00 – 8.00)

0.290

0.19*

Coordination

0.00 (0.00 – 3.00)

1.00 (0.00 – 3.00)

0.970

-0.01

Total

29.00 (25.00 – 34.00)

25.00 (20.00 – 30.00)

0.020*

0.42**

Sensation

4.00 (0.00 – 6.00)

4.00 (0.00 – 6.00)

0.864

-0.03

Passive joint motion

5.00 (0.00 – 10.00)

2.00 (0.00 – 8.00)

0.468

0.13*

Joint pain

10.00 (6.00 – 10.00)

12.00 (8.00 – 14.00)

0.010**

-0.47**

Lower Extremity

12.00 (8.00 – 18.00)

10.00 (8.00 – 16.00)

0.482

0.13*

Coordination

2.00 (0.00 – 3.00)

1.00 (0.00 -3.00)

0.848

0.02

Total

12.50 (8.75 – 19.25)

13.00 (8.00 – 19.25)

0.711

0.05

Sensation

4.00 (0.00 – 6.00)

0 (0.00 – 4.50)

0.131

0.20*

Passive joint motion

4.00 (0.00 – 10.00)

0.00 (0.00 – 10.00)

0.862

0.02

Joint pain

10.00 (6.00 – 10.00)

9.50 (3.50 – 10.00)

0.197

0.17*

Significant at p <0.05*. Significant at p <.0.01**.

participants and Group 2 NDT approach participants. The percentage improvement in the
physical performance of the upper extremity in
Group 1 was greater at 43.9% compared to the
lower extremity at 35.2% in the current study.
The notable improvements in upper extremity
as compared to lower extremity found in the
current study could be attributed to the fact that
occupational therapists tend to focus more on
the upper extremity than the lower extremity as
suggested by Rowland et al46.
The participants in the motor relearning occupation-based group were found to have a 78%
improvement on the MBI indicating the effectiveness of this approach in self-care in adults with
TBI. This was confirmed by statistically significant
results and the observed effect sizes which were
high, describing the high clinical importance of
the approach. It appears that patients using motor relearning concepts in an occupation based
programme regain function and independence by
being involved in occupations they find meaningful
to them since these occupations improve cortical
representation of their skill sets47. Occupationbased treatments done in a hospital setup that
mimic the home environment improved neuroplasticity, increased functional use of the affected
upper and lower extremities, and improved occupational performance47. In the current study
observations were made that participants using
the motor relearning occupation-based group
made more efforts in fulfilling their occupations

Large Effect Size = 0.5***.
Medium Effect Size = 0.3**
Small Effect Size = 0.1*

as an end goal. This was also noted by Giuffrida
et al48 who stated that a significant improvement
in performance is seen more in random practice
than in structured practice and a transfer of skill
is noted in the latter.
In this study, the motor relearning occupationbased approach was thus found to be effective
in enhancing physical performance in the upper
extremity in particular and task performance after
TBI. Similar findings were noted in a number of
other studies on patients with stroke. Chan et al30
found that the patients’ recovery was noted by
significant improvement in physical ability in balance as well as for all aspects of self-care assessed
by the Functional Independence Measure. Kollen
et al26 also concluded that activities when used in
inpatient therapy can elicit functional recovery
when the activities are relatively challenging to
the individual performing the task. The studies
by Kollen et al26 and Chan et al30 found that MBI
(as in the current study) showed responsiveness
for improvements in transfers, bathing, personal
hygiene, dressing and feeding. Although the study
by Kollen et al26 provided evidence supporting
the lack of superiority of the NDT approach
in managing sensorimotor deficits in the upper
extremity and the lower extremity as well as in
execution of ADLs, in the current study there
was a significant improvement in physical performance and self-care for participants in the NDT
approach participants.
There are some neurological changes that

are expected to occur due to
a brain lesion that affect motor
pathways and connections, these
include loss of power, differences
in tone and poor communication
with the cortical areas that affect
movement49. These symptoms
can be addressed by using NDT
which focuses mainly on the
motor units and the physical
performance domain assessed
by the FMA showed significant
improvements in upper and
lower extremity total scores,
sensation, coordination, movements and pain scores in the
current study. The percentage
improvement in the physical
performance of the upper extremity in Group 2 was slightly
lower at 37.8% compared to the
lower extremity at 38.2% in the
current study. The improvement
seen in the upper and lower
extremity in Group 2 was similar
as therapy applies equally to both
extremities since the approach
supports clinical reasoning which
allows the therapist to focus on
individual deficits. In the current
study, the therapist in the NDT
group focused on training of normal movement patterns, normal
postures and isolated weight shift
during movement24 .
No published studies on the
effectiveness of NDT for adult
TBI patients were sourced but
Huseyinsinoglu et al50 concluded
that participants treated with
an NDT approach showed significant improvement in physical
performance including sensorimotor function, quality and
speed of movement in paretic
upper extremity after stroke.
They did not indicate the effect of treatment in the lower
extremity. A study by Bhalerao
et al44 however revealed that
post-therapy participants treated
with an NDT approach showed
significant improvement in both
upper and lower extremities on
all scales of motor function and
functional mobility after stroke.
The improvement seen in
self-care for Group 2 participants
supports the hierarchical approach in NDT that follows steps
that need to be taken to achieve
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Table V: Group 1 – within group changes using a motor relearning occupation-based approach for
self-care
Barthel Index

Pre-test (Md)
(n=30)

Post-test (Md)
(n=30)

z-value p value

Effect size
(Cohen’s r)

Median (Lower and Median (Lower and
upper quartile)
upper quartile)
Chair/bed Transfers

0.00 (0.00 – 3.00)

12.00 (8.00 – 12.00)

-4.82

≤0.001**

0.62***

Ambulation

1.50 (0.00 – 3.00)

8.00 (8.00 – 12.00)

-4.82

≤0.001**

0.62***

Ambulation/ Wheel- 1.00 (0.00 – 1.00)
chair

4.00 (3.00 – 5.00)

-4.87

≤0.001**

0.62***

Stair Climbing

0.00 (0.00 – 0.00)

5.00 (2.00 – 8.00)

-4.59

≤0.001**

0.59***

Toilet Transfers

1.00 (0.00 – 2.00)

8.00 (5.00 – 10.00)

-4.83

≤0.001**

0.62***

Bowel control

5.00 (3.75 – 10.00)

10.00 (5.00 – 10.00)

-3.56

≤0.001**

0.46**

Bladder control

5.00 (3.75 – 10.00)

10.00 (5.00 – 10.00)

-3.56

≤0.001**

0.46**

Bathing

0.00 (0.00 – 1.50)

4.00 (3.00 – 5.00)

-4.81

≤0.001**

0.62***

Dressing

0.00 (0.00 – 2.00)

8.00 (5.00 – 8.00)

-4.83

≤0.001**

0.62***

Personal hygiene

0.00 (0.00 – 1.00)

4.00 (3.00 -5.00)

-4.83

≤0.001**

0.62***

Feeding

2.00 (0.00 – 2.00)

8.00 (5.00 – 10.00)

-4.83

≤0.001**

0.62***

80.00
(59.50 – 86.50)

-4.78

≤0.001**

0.62***

Total

2.00
(10.50 – 34.00)

Significant at p <0.05*. Significant at p <.0.01**.

Large Effect Size = 0.5***.
Medium Effect Size = 0.3**
Small Effect Size = 0.1*

Table VI: Group 2 – within group changes using a neurodevelopmental treatment approach for
self-care
Barthel Index

Pre-test (Md)
(n=30)

Post-test (Md)
(n=30)

z-value

p value

Median (Lower and
upper quartile)

Median (Lower
and upper quartile)

Chair/bed Transfers

0.00 (0.00 – 3.00)

8.00 (3.00 -12.00)

Ambulation

-4.83

≤0.001** 0.62***

0.00 (0.00 – 0.00)

5.50 (3.00 – 12.00) -4.78

≤0.001** 0.62***

Ambulation/ Wheelchair

0.00 (0.00 – 0.00)

3.50 (3.00 – 4.00)

-4.86

≤0.001** 0.63***

Stair Climbing

0.00 (0.00 – 0.00)

2.00 (0.00 – 2.75)

-4.16

≤0.001** 0.54***

Toilet Transfers

0.00 (0.00 – 0.00)

5.00 (2.00 – 8.00)

-4.83

≤0.001** 0.62***

Bowel control

0.00 (0.00 – 5.00)

10.00 (5.00 –
10.00)

-4.33

≤0.001** 0.56***

Bladder control

0.00 (0.00 – 5.00)

10.00 (5.00 –
10.00)

-4.26

≤0.001** 0.55***

Bathing

0.00 (0.00 – 0.00)

3.00 (3.00 – 3.00)

-4.94

≤0.001** 0.64***

Dressing

0.00 (0.00 – 0.00)

5.00 (2.00 – 5.00)

-4.87

≤0.001** 0.63***

Personal hygiene

0.00 (0.00 – 0.00)

3.00 (3.00 – 4.00)

-4.82

≤0.001** 0.62***

Feeding

0.00 (0.00 – 2.00)

5.00 (2.00 – 10.00) -4.81

≤0.001** 0.62***

Total

2.00 (0.00 -12.75)

58.00 (38.50 –
72.25)

≤0.001** 0.62***

-4.78

Significant at p <0.05*. Significant at p <.0.01**

Effect size
(Cohen’s r)

Large Effect Size = 0.5***.
Medium Effect Size = 0.3**
Small Effect Size = 0.1*

functional recovery by eliciting
normal movements and preventing compensation24. The
NDT approach is a bottomup approach which relies on
treating underlying symptoms
with the assumption that this
will lead to an improvement
in occupational performance.
The findings of the current
study were very different
from Hafsteinsdóttir et al 25
which found NDT ineffective
as a treatment modality for
self-care in stroke patients. It
can be assumed in the current
study that more emphasis was
placed on self-management
for participants in Group 2,
since the therapist involved
in the NDT programme was
an occupational therapist. She
may well have placed more
emphasis on participation in
self-care since there was a
change of over 50% in the
self-care assessed on the MBI
which was higher than the
change seen in the physical
performance for the upper and
lower extremity.
A study by Lannin and McCluskey11 stated that there was
no comprehensive evidence
of effects of different treatment approaches used in TBI,
however this was not to be
mistaken for no evidence of
efficacy. In the current study,
between-group comparison
showed that most components
for both groups achieved the
reported minimal clinically
important difference (MCID)
for the FMA upper extremity
scores. Although the MCID
included in the current study
were recorded for stroke
patients, it was assumed this
could be applied to patients
with TBI since they are all
acquired brain injuries51.
Overall, the change for the
upper extremity was higher in
Group 1 - motor relearning
occupation-based approach
participants was significantly
higher with a total percentage
increase of 43.9% compared
to 37.8% in Group 2 - NDT
approach participants. The
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Table VII: Comparison of treatment approaches on self-care
Barthel index

Change in
Motor learning
occupationbased scores(n
= 30)

Change in
Neurodevelopmental Treatment scores (n
= 30)

p value

Effect size
– Cohen’s r
value

Median (lower
and upper
quartile)

Median (lower
and upper
quartile)

Chair/bed transfers

12.00 (8.00 –
12.00)

8.00 (3.00 –
12.00)

0.002**

0.39**

Ambulation

8.00 (8.00 –
12.00)

5.50 (3.00 –
12.00)

0.072

0.23*

Ambulation/
wheelchair

4.00 (3.00 –
5.00)

3.50 (3.00 –
4.00)

0.035*

0.28*

Stair climbing

5.00 (2.00 –
8.00)

2.00 (0.00 -2.75)

0.027*

0.31**

Toilet transfers

8.00 (5.00 –
10.00)

5.00 (2.00 –
8.00)

0.023*

0.31**

Bowel control

10.00 (5.00 –
10.00)

10.00 (5.00 –
10.00)

0.413

0.10*

Bladder control

10.00 (5.00 –
10.00)

10.00 (5.00 –
10.00)

0.364

0.12*

Bathing

4.00 (3.00 –
5.00)

3.00 (3.00 –
3.00)

0.001**

0.53***

Dressing

8.00 (5.00 –
8.00)

5.00 (2.00 –
5.00)

0.001**

0.43**

Personal Hygiene

4.00 (3.00 –
5.00)

3.00 (3.00 –
4.00)

0.008**

0.34**

Feeding

8.00 (5.00 –
10.00)

5.00 (2.00 –
10.00)

0.096

0.22*

Total

80.00 (59.50 –
86.50)

58.00 (38.50 –
72.25)

0.004

0.37**

Significant at p <0.05*. Significant at p <.0.01**.

results from the current study are in line
with a study by Langhammer and Stanghelle32
who concluded that treatment that used the
motor relearning approach was preferred in
improving upper extremity physical performance to the one using the NDT approach
in the acute rehabilitation of stroke patients.
Skubik-Peplaski et al47 also showed a significant improvement in total FMA scores in
occupation-based intervention programme.
However, the current study illustrated
that the change in participants in Group 1
was not consistently better than that for
participants in Group 2. While there was
significantly greater change for the upper
extremity and wrist on the FMA for Group
1, there was no significant difference between the two groups in hand, passive joint
movement, sensation and coordination.
However, the effect size favoured Group
1 - motor relearning occupation-based ap-

Large Effect Size = 0.5***.
Medium Effect Size = 0.3**
Small Effect Size = 0.1*

proach for improvement in hand and passive
joint movement while co-ordination was
favoured in Group 2. These findings are
supported by Platz et al52 who report the
efficacy of specific techniques in hand rehabilitation is not proven for patients with TBI,
who have recovery of other upper extremity function. They found continued limitations in hand function including reduced
speed and accuracy affecting coordination
after discharge from in-patient rehabilitation. Since optimum recovery was seen two
years post injury the researcher assumed
that four weeks of rehabilitation post injury
were too early to find noticeable changes in
the both groups in the current study in terms
of hand functioning and coordination53,54.
There was no difference found for sensation between the groups even though the
NDT approach used some sensory input
through positioning as part of the treatment.

This could be attributed to the length of
time for which the participants received
input in the treatment approach which was
not enough to cause significant changes in
the client factors such as sensation. On
the other hand, the participants in Group
2 - NDT approach had significantly more
improvement for pain scores compared to
the participants in Group 1 - motor relearning occupation-based approach. This is likely
attributed to the use of handling and positioning that NDT focuses on, Walsh55 stated
that poor positioning exacerbates shoulder
pain and other types of pain in patients with
stroke. This can be addressed directly when
using an NDT approach.
When comparing the differences in selfcare between the groups, Group 1- motor
relearning occupation-based approach
participants also had significantly more
improvement in MBI scores than Group
2 - NDT approach participants. Medium to
large effect sizes were found for seven of
the domains of the MBI indicating important
clinical difference for the two groups. A
significant improvement noted in self-care
domains was noted for Group 1 for ambulation/wheelchair, transfers, bathing, stair
climbing, personal hygiene, dressing, and
feeding when using the motor relearning
occupation-based approaches. This was
confirmed by the much higher percentage
change in self-care assessed on the MBI
(78%) for participants in Group 1 - motor
relearning occupation-based approach than
the participants in Group 2 - NDT approach
(56%). This is important since Zhu et al56
have shown that self-care scores are a better predictor of recovery from moderate
TBI at one year than age and GCS.
The results of the current study appear to support that the use of the motor
relearning occupation-based approach
for outcomes in physical performance in
the upper limb and in self-care compared
to the NDT approach. Since there was
no significant difference for the lower
extremity, the findings of Seneviratne
and Reimer 57 , who concluded, when
comparing the NDT and the motor relearning approach that mixed conclusions
may be found was accepted. They are in
agreement with some other studies that
indicate that a motor relearning occupation-based approach should be added to
the current occupational therapy theory
and practice and this approach can be
considered complimentary to NDT rather
than superior to it. Therefore, the use of
both approaches for various goals in occupational therapy should be considered.
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Limitations
Even though the sample size was relatively small, data gathered can
be generalised to occupational therapy practice in Namibia since
the results still provide meaningful findings and insights. There may
have been unknown confounding variables such as the expertise that
the therapists had on the treatment approaches and the motivation the clients had. It is most likely that the patients who showed
improvements put in more effort than the other clients, there was
no way to measure the effort put in by participants. All participants
received other forms of therapy during this period and it is not clear
what effect this may have had on their improvement. It is possible
that some aspects of the individual therapists and the environment
such as a treatment setting, ways of instruction and feedback might
have led to some biases that were not controlled for in this study
which might have affected the effect sizes.

9.

10.

11.

CONCLUSION
The findings of the current study indicate that both motor relearning occupation-based and NDT treatment approaches are effective
in occupational therapy treatment of acute traumatic brain injuries
and there was a significant improvement in physical performance
as well as self-care. However, the motor relearning occupationbased approach was found to be significantly superior in self-care
outcomes as well as some upper extremity outcomes. No difference was found for lower extremity outcomes between the two
treatment approaches. The NDT treatment approach was found
to be significantly superior in addressing joint pain domains which
had a significant increase compared to the other group.

12.

13.

14.
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