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Feasibility of motor capability training at home
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bstract

bjectives Acquired brain injury (ABI) requires an extended recovery time and residual signs may be observed years after discharge.
upervised home-based motor training may present a viable option for continuing treatment of adult patients, but little information is available
n home-based treatment in children. This study assessed the feasibility of home practice in children with ABI (1 or more years post-trauma).
he efficacy of the programme was also evaluated.
esign A non-randomised, self-control study with control and intervention periods.
etting Home-based exercise programme.
articipants Nineteen children (mean age 12.5 ± 3.1 years).
nterventions A 4-week daily training programme of step-up and sit-stand-sit exercises.

ain outcome measures Feasibility was assessed by the number of participants who completed the programme. Efficacy was evaluated
t different stages using 10-metre walking and 2-minute walking tests, and the balance subitems of the Bruininks-Oseretsky Test of Motor
roficiency. An energy expenditure index was calculated for walking. Performance scores were used to assess balance.
esults Nine participants completed the study. The mean number of training sessions was 22 ± 8 of the 30 sessions originally scheduled.
ajor differences were noted between the experimental stages. Walking speed, endurance and balance improved significantly during the
ntervention period.
onclusions Continuing exercising at home may be a feasible and efficient option for a considerable proportion of ABI children who are

ompliant with a simple but challenging exercise programme. A randomised controlled trial with a larger sample is now required.
2007 Published by Elsevier Ltd on behalf of Chartered Society of Physiotherapy.
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Acquired brain injury (ABI) is a general categorisation
escribing any sudden non-progressive injury to the brain
hat occurs as a result of trauma (e.g. head injuries after traffic
ccidents, falls or anoxia after drowning) or because of a non-
raumatic pathology (e.g. stroke, brain tumours, infections).
t is the most common cause of morbidity and mortality in

hildren and young adults [1].

Several studies have reported long-lasting deficits in the
otor proficiency of children after ABI, leading to signifi-
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ant functional damage. The majority of children sustaining
evere brain injury regain independent ambulation, but bal-
nce and speed frequently remain impaired [2,3]. Rossi and
ullivan found deficits in strength, agility and co-ordination
years after the damage, which limited the children’s par-

icipation in sports and other physical activities [4]. Chaplin
t al. documented the physical performance of a group of
hildren with traumatic brain injury 16 months following the
njury using the Bruininks-Oseretsky Test of Motor Profi-
iency (BOTMP) [5]. They showed that gross motor skills

equiring speed, balance, strength and bilateral co-ordination
ere significantly affected. These authors also showed that
hen speed was a component of either fine or gross motor

asks, a pattern of significant differences was found compared

rtered Society of Physiotherapy.
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ith healthy controls [6]. Evidence also shows that children
ith ABI use more energy during motor activity than healthy

ontrols [7].
Empirical evidence [8,9] suggests that strength training

fter discharge, using intensive task-specific training proto-
ols, may help to maintain exercise capacity and may even
mprove the level of motor skill in children with cerebral
alsy (CP). Similarly, repeated practice of simple exercises,
uch as sit-to-stand exercises [10,11], step-up exercises [11],
rgometric bicycle riding [12,13], mechanical stepper and/or
ircuit training [14], in adults after suffering brain injuries
r stroke induces similar gains in motor skill such as gait
elocity and balance, and exercise capacity.

Evidence of the beneficial effects of home-based pro-
rammes on motor function has been presented for
ost-stroke or post-traumatic brain-injured adults using task-
pecific exercises [11,15]. However, no systematic research
as been undertaken on the feasibility and efficacy of such
rogrammes in children. Only a few studies have addressed
dherence to such programmes. Dodd et al. [9] investi-
ated the effects of a 6-week home-based strength-training
rogramme in young patients with CP. On average, the partic-
pants completed 16.8 ± 2 out of 18 pre-scheduled sessions.
n the other hand, Fragala-Pinkham et al. [16] reported a low

dherence rate (33%) for a home-based fitness programme in
ine children with motor disabilities.

The present study attempted to assess whether a sim-
le home-based exercise programme represents a feasible
herapeutic option in children with ABI (1 or more years
ost-trauma). The study also explored the extent to which
ome-based practice induces positive changes in selected
otor functions that are shared by many activities of daily

iving. This is a preliminary study, and one of its aims was
o provide data that may enable the calculation of statistical
ower in subsequent experimental trials.

ethod

xperimental design

The study was based on a non-randomised self-control
xperimental design with repeated measures on three mea-
urement sessions. The control period was taken as the period
f time between the baseline and pre-training evaluations,
hile the intervention period was defined as the time between

he pre-training and post-training evaluations. The experi-
ental design is shown schematically in Fig. 1.

articipants

The sample of participants considered for the present study

as composed of children who were hospitalised as a result
f ABI in the Children Rehabilitation Department, Sheba
ospital, Tel-Aviv, Israel. Children were recruited from the
utpatient clinic. An invitation letter to participate in the study

(

ig. 1. Flow diagram of the experimental design used and the sample of
ubjects at each stage of the study.

as issued to all families and children who could potentially
ulfill the following inclusion criteria.

1) Age at the time of the injury: 5–15 years.
2) Severity of head injury: as defined by a coma-state dura-

tion more than 6 hours after ABI, and a score equal to or
less than 8 on the Glasgow Coma Scale [1].

3) Date from the time of injury: children who were 1 or
more years post-injury.

Informed consent was obtained from both parents prior to
he initiation of assessments.

easurement tools

Feasibility of the home-based programme was evaluated
y the number of participants who adhered to all experimen-
al stages (i.e. from the pre- to the post-training follow-up
tage), and by the number of training sessions in which the
articipant completed the exercise protocols. Every child was
rovided with a diary where he/she was requested to keep
daily record of practice under supervision of the parents.
his included exercises that were performed within a training
ay, the number of sets of each exercise and the number of
epetitions in each set.

The effectiveness of the programme was evaluated by
ssessing the following.

1) The mean walking speed was measured by manually
timing the duration of an unconstrained 10-metre walk.

Measurements were made within the mid-range of a 14-
metre-long walkway [17].

2) A 2-minute walking test was carried out within a 50-
metre circular walkway [18]. The distance covered in
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the 2-minute time interval was used as an estimate of
cardiopulmonary and musculoskeletal endurance.

3) The energy expenditure index was used as a relative esti-
mate of metabolic energy expenditure. It was obtained
from the difference between the steady-state heart rate
at rest and the walking heart rate over the mean walk-
ing velocity. Heart rate was obtained using a wireless
heart rate monitoring device (Polar Inc., Kempele, Fin-
land). Resting heart rate was assessed while participants
sat for 5 minutes. Walking heart rate was obtained after
participants walked continuously for 2 minutes [19].

4) Balance performance was assessed using the balance
subitems of the BOTMP [5].

5) The Box and Blocks test was used to evaluate hand
motor function in an untrained manual skill (reach, grasp
and transport a small object with the hand). This test
was carried out to determine whether changes in target
motor performances were indeed attributed to the spe-
cific lower-limb training, or merely to the fact that the
children trained at home. This test of dexterity requires
subjects to move a maximal number of small wooden
blocks from one side to another side of a box within a
period of 1 minute [20]. The number of blocks moved is
the test score.
6) The Paediatric Evaluation of Disability Inventory (PEDI)
was used to describe the child’s functional motor per-
formance within the mobility and the self-care domains
[21].

n
a
w
l

able 1
escriptive information at entry time for the participant and dropout groups

Partic

ender
Male 5
Female 4

ge (years) 13.6 ±
ause of injury
Traumatic 3
Blood vessels 4
Drowning 1
Tumour 1

ime post-injury (years) 2.7 ±
alking velocity (metres/second) 1.1 ±

wo-minute walk test (metres) 168.2
nergy expenditure index (beats/metre)b 0.92 ±
ruininks-Oseretsky Test of Motor Proficiency
One leg test on floor (seconds) 6.7 ±
One leg test on balance beam (seconds) 7.5 ±
Standing on one leg, eyes closed (seconds) 3.9 ±
Walk forward on floor (no. of steps) 5.2 ±
Walk forward on balance beam (no. of steps) 4.8 ±
Walk heel–toe on floor (no. of steps) 4.7 ±
Walk heel–toe on balance beam (no. of steps) 4.3 ±
Steps over a stick (no. of steps) 0.5 ±
Box and Blocks test with dominant hand (no. of blocks) 50.8 ±
Box and Blocks text with non-dominant hand (no. of blocks) 31.7 ±

alues are mean ± standard deviation (range).
a Significant.
b Energy expenditure index in beats/metre is a relative measure derived from (bea
erapy 94 (2008) 71–77 73

rocedures

Nineteen children with ABI and their parents arrived for
he first meeting and were enrolled into the programme. Chil-
ren underwent a general check-up by a paediatrician, which
onfirmed that they were able to participate in the exercise
rogramme. A certified physical therapist with more than 17
ears of clinical experience in paediatrics documented par-
icipation, provided instructions on the exercise programme
nd performed the motor assessments.

In order to test the efficacy of a home-based programme,
imple but specific exercises that could be transferred to gen-
ral motor actions (walking and maintaining erect standing
alance) were implemented. The choice of the exercises was
ased on findings reported in previous studies showing that
ost-traumatic brain injury and adult stroke patients bene-
t from such exercises at home [11–14]. The two types of
xercise selected for practice were sit-stand-sit and step-up
xercises.

The first visit to the clinic was for a preliminary eval-
ation. The second visit was for a pre-training evaluation,
here children and parents were exposed to the training pro-

ocol. The participants were given a practice period under the
upervision of the therapist in the clinic. In this meeting, the

umber of repetitions per exercise was determined individu-
lly, i.e. the baseline ability. Throughout the meeting, parents
ere passive observers, although they were also expected to

earn ‘incidentally’ the exercise protocol and the procedures.

ipant group, n = 9 Dropout group, n = 10 P-value

4 0.490
6

3.1 (8 to 16) 10.6 ± 3.7 (8 to 16) 0.290

7 0.180
2
0
1

1.7 (1 to 5) 2.6 ± 1.1 (1 to 4) 0.790
0.2 1.4 ± 0.2 0.008a

± 33.7 189.7 ± 26.7 0.360
0.21 0.66 ± 0.11 0.040a

3.5 9.5 ± 1.0 0.400
3.4 9.1 ± 1.5 0.780
3.6 6.7 ± 2.7 0.400
1.0 5.5 ± 1.0 0.120
1.4 5.3 ± 1.3 0.200
1.3 5.4 ± 1.2 0.120
1.5 5.2 ± 1.3 0.200
0.7 1.1 ± 0.7 0.110
13.3 53.4 ± 9.1 0.320
19.3 42.0 ± 17.1 0.150

ts/minute)/(metres/minute).
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Table 2
Medians and interquartile ranges for sit-stand-sit and step-up exercises
before and after training

Before training After training P-valuea

Sit-stand-sit (no.) 28 (19.5 to 30.5) 31 (27 to 49) 0.01
S
S

e
R
i
u
(

R

c
r

o
3
s

c
w
t
c
s
w
d
c
L

T
M

D

W
T
E
O
O
O
W
W
W
W
S
B
B

4 M. Katz-Leurer et al. / P

t least one of the parents was assumed to be able to aid the
hild at home. Every participant was provided with a booklet
hat included graphic displays of the exercises.

Thereafter, participants were requested to perform the
xercises over the 4-week intervention period under the
upervision of one of their parents. They were instructed to
xercise every possible day (three sets of sit-stand-sit exer-
ises and three sets of step-up exercises with each leg daily,
t least three times a week). The number of repetitions during
he first 2 weeks was set at 60% of the individual maximal
erformance estimated during the pre-training measurement
ession, and up to 80% during the third and fourth weeks. The
hild was instructed to rest for 1 minute between sets [10].
or the sit-to-stand task, the seat height was adjusted to knee

evel. The step height for stepping exercises was 0.17 metres
or all children. Every child was provided with a diary in
hich he/she was requested to keep a record of the number
f sets and repetitions completed daily.

At a third visit, post-training measurements were
ecorded. In this last visit, the number of repetitions was
ounted for each practiced exercise. This number was used
s the final measure of motor ability.

ata analysis

In order to determine any baseline differences between
hildren who completed the study, i.e. the participant group,
nd children who dropped out of the study, i.e. the dropout
roup, the two groups were compared on the basis of the
re-entry baseline characteristics. Demographic and medi-
al data are shown in Table 1. Frequency distributions were
sed to describe categorical data. Means and standard devi-
tions were calculated for continuous variables. Differences
etween the participant and dropout groups were assessed
sing Student’s t-test for the continuous variables and Chi-

quared test for the categorical variables.

The intervention effects on walking and balance abil-
ties were evaluated by calculating individual ‘difference’
cores for the control and intervention periods. The differ-

i
t
T

able 3
edians and interquartile ranges of walking and balance performance differences i

ifference scores Control

alking velocity (metres/second) −0.06 (
wo-minute walk test (metres) −1.00 (
nergy expenditure index (beats/metre) 0.12 (−
ne leg test on floor (seconds) 0.0 (0 to
ne leg test on balance beam (seconds) 0.0 (−1
ne leg standing, eyes closed (seconds) 0.0 (0.5
alk forward on floor (no. of steps) 0.0 (0 to
alk forward on balance beam (no. of steps) 0.0 (0 to
alk heel–toe on floor (no. of steps) 0.0 (0 to
alk heel–toe on balance beam (no. of steps) 0.0 (0 to

tepping over a stick (no. of steps) 0.0 (0 to
ox and Blocks test with dominant hand (no. of blocks) 2.0 (−2
ox and Blocks test with non-dominant hand (no. of blocks) −2.0 (−
a P-values for Wilcoxon Signed Ranks test for differences between phases.
tep-up, right (no.) 30 (23.5 to 35.5) 41 (36 to 48) 0.03
tep-up, left (no.) 30 (26.5 to 41.5) 39 (31 to 48.5) 0.01
a Wilcoxon Signed Ranks test.

nces between scores were tested using Wilcoxon Signed
anks test. Results were considered to be statistically signif-

cant at a confidence level of P ≤ 0.05. Data were analysed
sing Statistical Package for the Social Sciences, Version 12
SPSS Inc., Chicago, IL, USA) [22].

esults

The original sample that was enrolled for the experiment
onsisted of 9 boys and 10 girls (mean age 12.5 ± 3.1 years,
ange 8–16 years).

Ten of the participants (53%) suffered from the effects
f a traumatic brain injury. The average time post-event was
.0 ± 1.3 years. The mean PEDI mobility and self-care sub-
cores were 58.1 ± 2.0 and 71.8 ± 2.0, respectively.

Of the 19 children enrolled in the study, only nine children
ompleted both the control and intervention phases. There
ere no significant baseline differences between children in

he participant and dropout groups. An exception was that
hildren in the dropout group walked faster on average, with a
ignificantly lower mean energy expenditure index compared
ith children in the participant group. None of the 10 chil-
ren who withdrew from the study reported any difficulties or
omplications related to the prescribed training programme.
ogistics were cited most as the most significant factor.
As reported in their exercise diaries, patients in the partic-
pant group exercised continuously for an average of 22 ± 8
raining days within the 4-week period of practice at home.
hat is, participants who completed all sessions did not train

n the control and intervention periods

phases Intervention phases P-valuea

−0.13 to 0.07) 0.31 (0.18 to 0.48) 0.01
−12.0 to 4.50) 26.00 (2.50 to 40.50) 0.02
0.2 to 0.34) −0.25 (−0.62 to 0.01) 0.20
1) 1.0 (0 to 4.5) 0.24
to 0) 1.0 (0 to 5) 0.02
to 0) 1.0 (0.25 to 2.0) 0.03
0) 1.0 (0 to 1) 0.15
0) 0.0 (0 to 1) 0.25
0.5) 1.0 (0.5 to 2) 0.02
0) 1.0 (0 to 2.5) 0.15
0) 1.0 (0 to 2) 0.03

.0 to 9.0) 1.0 (−4.0 to 7.0) 0.33
7.5 to 5.5) 2 (−3.5 to 5.5) 0.51
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or an equal number of days. However, all but one sub-
ect completed the minimal number of three training days
er week. In addition, the average number of repetitions
er training day varied between 26.6 ± 7 repetitions for sit-
tand-sit exercises (range 20–40 repetitions) and 22.0 ± 9
epetitions for step-up exercises (range 10–35 repetitions).
his was because relative levels of effort were defined at
0% or 80%, which implied that each individual achieved
he appropriate level of heart rate (calculated previously
n the clinic for every individual) with a different num-
er of repetitions. Nevertheless, after 4 weeks of training,
hildren in the participant group showed significant improve-
ents in both sit-stand-sit (P < 0.05) and step-up exercises

P < 0.05) (Table 2).
Table 3 shows the results of the tests at different

xperimental stages for the participant group. Within-group
omparisons using the differences between the outcome
easures at subsequent evaluation periods as dependent vari-

bles showed significant improvements in walking speed
baseline − pre-training difference = −0.06 metres/s and pre-
raining − post-training difference = 0.31 metres/s; P = 0.01)
nd in the 2-minute walking distance (baseline − pre-training
ifference = −1 metre and pre-training − post-training differ-
nce = 26 metres; P = 0.02), as well as improvements in some
tems of the balance tests.

iscussion

The current study provides insights into whether it is prac-
ical to implement home-based training for children suffering
rom ABI. The study shows additional empirical evidence for
he beneficial effects of such a home-based approach using
imple exercises.

easibility and adherence to home rehabilitation
rogrammes in children with ABI

The first finding of this study was that less than 50% of
hildren with ABI and their parents succeeded in completing
he training period. The specific exercises used in this study
ere chosen and designed to be short and simple enough to

llow brain-injured individuals to participate, even if they suf-
ered cognitive impairments. Thus, the high dropout rate may
e associated with factors other than length of the protocol
r complexity of the exercises. Follow-up testing locations,
osts, frequency and duration of the protocols may influ-
nce adherence to home-based programmes. For example,
ome of the children and their parents in the present pro-
ramme reported that the travelling distance for the periodic
ests (from home to hospital and back) was a major reason
or abandoning the programme. About 70% of the dropout

roup were children with post-traumatic brain injury. The
ocio–economic status of their families was not evaluated in
he study, but social status and incidence of traumatic injuries
re correlated [23]. Parents with a lower socio–economic sta-

t
a
t
T

erapy 94 (2008) 71–77 75

us may be less compliant with scheduled appointments due
o time and distance demands.

It should be mentioned that a significant proportion of
he subjects were motivated to perform exercises at home
ithout therapist supervision, with the encouragement and

upervision of their parents. However, other subjects were
ot sufficiently motivated, or simply had no parental support
or adherence to such programmes (e.g. because of the peri-
dic testing). It is not possible to determine at this point if
otivation was a key factor underlying adherence, as moti-

ation was not tested in this study. However, in light of other
tudies [9,16], it may be argued that such a factor is indeed
ery important. Taylor et al. [24] reported that adherence to a
trength-training programme composed of simple exercises
n CP children was influenced by factors such as support of
amily members (primarily parents), as well as availability
f equipment, simplicity of the programme and the role of
he therapist as coach. On the other hand, adherence to such
programme was influenced by individual motivation, by a

ense of autonomy, and by the efforts made to achieve the
oals of the programme [24]. The authors interpret the latter
s an indication of how challenging the exercise programme
s for the participant. The specific exercises used here were
imple enough to enable participation of children with ABI
11]. However, it may be argued that the high rate of dropout
as associated with the perception of some children that the

xercises did not provide a challenging experience. In fact,
ubjects who dropped out early in the programme outper-
ormed their counterparts at the start of the programme, and
hus, the proposed exercise protocol might have been per-
eived as ‘too easy’. Such a possibility should be considered
n the future, although the parents and/or children who aban-
oned this programme provided no explicit explanations.
herefore, home-based exercise programmes should be con-
tructed to satisfy individual needs in ways that challenge the
hild’s capabilities continuously.

eneficial effects of practicing task-oriented exercises

An additional finding of this study was that children who
ucceeded in completing the training period showed signif-
cant improvements in walking and balance performances,
egardless of whether or not they trained daily. However,
anual motor skills that were not practiced during the train-

ng sessions, such as hand grasping actions, did not improve.
n other words, practice at home under the supervision of
arents per se had no general effects on unpracticed motor
erformances, while performing simple lower limb exercises
t home did have an effect.

A critical issue for rehabilitation is how to build a specific
raining programme. First, any such programme should be
xpected to allow for a positive transfer from the practiced

asks at home to the common activities of daily living. The
mount of this transfer may depend on the similarity between
asks or environments [25–27]. Step-up exercises [28] and the
imed Up and Go test [29] are common means for assess-



7 hysioth

m
T
t
t
i

t
t
a
a
r

L
f

t
t
t
w

n
i
t
s
o
a
t
e
t
e

b
t
t
o
o
t
s
p
p
i
t
i
o

t
n
c
t
n
u
h

v
t

o
w
b
a
b
o
f
A
e
p

A

B
S

E
a
C
A

C

R

[

[

6 M. Katz-Leurer et al. / P

ent of balance in adult patients with motor impairments.
he training protocol incorporated similar motor elements to

hose involved in these tests. Thus, as a natural result of prac-
icing the step-up and sit-stand-sit tasks, walking and balance
mproved as they share some biomechanical characteristics.

It is worth mentioning that at the end of the interven-
ion period, five children asked to continue the programme,
hree others mentioned that they were more active in sporting
ctivities with friends following the post-training session, and
nother child adopted long-distance walks as a daily exercise
outine.

imitations of the present study and suggestions for
uture research

The first drawback of the present study is that not all of
he personnel who collected data were ‘blind’ to the home
raining protocols and the subjects. The second major limita-
ion of the present study is the small number of participants
ho started and completed the trials.
Regarding the first issue, the authors believe that this did

ot have a major influence on the present preliminary find-
ngs. Unpublished video-based data on playback assessments
hat were carried out by two additional physical therapists
howed that the three therapists agreed independently on most
f the changes observed using a movement quality visual
ssessment scale. Nevertheless, in the future, it is suggested
hat findings should be re-inforced using a double-blind
xperimental design with more than one person assessing
he performance of children at the different stages of the
xperiment.

The findings regarding the large dropout percentage may
e important. The sample was eventually reduced, and among
he participants, there were variations in the total number of
raining days (9–28 days), age (8–16 years), the spectrum
f the post-injury period (1–5 years) and the ABI aetiol-
gy. However, these factors have no detrimental effect on
he interpretation of the results because the findings corre-
pond to those of similar studies based on small numbers of
articipants (e.g. [20]). In fact, it may be argued that gains in
erformance from one training stage to another are encourag-
ng because the statistically significant differences found in
he present study were observed in spite of the large variance
nherent in any clinical neurological population and in spite
f the small sample size.

In the future, a larger sample of participants is needed
o strengthen these findings. According to the results, the
ecessary sample-size based on the walking velocity out-
ome is 32 children (type-one error α = 0.05, power of the
est β = 0.8). In addition, a randomised controlled trial is
eeded to re-inforce these findings. A third stage of follow-
p could enable an assessment of long-term implications of

ome-based programmes.

Further attention should be dedicated to investigate moti-
ational and psychosocial characteristics of participants and
heir families (e.g. socio-economic status) who tend to drop

[

erapy 94 (2008) 71–77

ut from such programmes. Characteristics of individuals
ho comply fully with exercise protocols at home should also
e investigated more specifically. The effects of treatment
t home could be even more beneficial if social interaction
etween peers is encouraged (i.e. training at home with one
r more peers). Finally, these results have some implications
or motor rehabilitation. They demonstrate that children with
BI may improve and reach near-normal values if they are

ncouraged to follow short but intensive task-specific training
rogrammes.
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