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Abstract.
BACKGROUND: Balance deficits are common impairments in the individual’s post-traumatic brain injury (TBI). Balance
deficits can restrict the activities of daily living and productive participation in social life. To date, there were no systematic
reviews examined the impact of physical therapy intervention on balance post-TBI.
OBJECTIVE: To examine the effects of physical therapy interventions on balance impairments in individuals with TBI.
METHODS: We systematically searched in PUBMED, EMBASE, SCOPUS, PEDro, MEDLINE, REHABDATA, and web
of science for randomized controlled trials (RCTs), clinical control trials, and pilot studies that examined the effects of
physical therapy interventions on balance deficits in individuals post-TBI. The methodological quality was estimated using
the Physiotherapy Evidence Database (PEDro) scale.
RESULTS: Eight studies published from 2003 to 2019 were included in this study. A total of 259 TBI participants post-TBI
were included in this review, 71 (27.41%) of which were females. The methodological quality for selected studies ranged
from low to high. There were no significant differences between experimental interventions; virtual reality (VR), vestibular
rehabilitation therapy (VRT), and control group interventions; other traditional physical therapy interventions.
CONCLUSIONS: The evidence about the effects of the physical therapy interventions in improving the balance ability
post-TBI was limited. Further randomized controlled trials strongly warranted to understand the role of physical therapy in
patients with TBI who complain from balance deficits.
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1. Introduction

Balance deficits and postural instability are very
prevalent in people with traumatic brain injury (TBI)
(Walker & Pickett, 2007). It affects 39–62% of indi-
viduals following TBI (Marsh et al., 2016). Declined

ISSN 1053-8135/20/$35.00 © 2020 – IOS Press and the authors. All rights reserved

Corr
ec

ted
 P

roo
f

mailto:anasalashram@gmail.{penalty -@M }com


2 A.R. Alashram et al. / Balance rehabilitation post TBI

balance abilities are linked with longer inpatient
lengths of stay (Greenwald et al., 2001; Black et al.,
2000), developed the risk of falling (Feld et al., 2001),
delayed recoveries, increased medical complications
(Greenwald et al., 2001), and gait abnormalities
(Wade et al., 1997). Balance deficits can restrict the
activities of daily living (ADLs) and participation
in social activities (Marsh et al., 2016; Hsieh et al.,
2002). Despite enhancements in balance that occur
from 0 to 6 months post-TBI, balance impairments
remain one of the most frequently observed chronic
impairments for individuals with TBI (Walker &
Pickett, 2007).

Balance is defined as the ability to sustain the
gravity line within the base of support (BOS) with
minimal postural sway (Shumway-Cook et al., 1988).
Balance control is a whole process relying on the
combination of visual, vestibular, and somatosensory
inputs to the central nervous system (CNS) (Shaf-
fer & Harrison, 2007). Balance deficits result from
failures in the complex connections between the sen-
sory, motor, and musculoskeletal systems are very
popular in individuals with TBI (1). Generally, many
factors contribute to impaired balance ability: (1)
biomechanics and joint kinematics, (2) sensorimotor
and neural control, (3) dysregulation of cardiopul-
monary, and (4) cognition, psychology and fear of
falling (Peterson & Greenwald, 2015).

Generally, numerous rehabilitation therapies have
been used in balance rehabilitation in patients with
various neurological disorders such as; rhythmic
auditory stimulation (RAS) (Alashram et al., 2019a),
whole-body vibration (WBV) (Alashram et al.,
2019b), Virtual reality (VR) (Alashram et al., 2020),
exercise (Schmid et al., 2012), mirror therapy (MT)
(Broderick et al., 2018), traditional atient medicine
(TCM) (Xu et al., 2018), and traditional Chinese exer-
cise (TCE) (Chen et al., 2015). Focusing on balance
rehabilitation post-TBI, the balance enhanced fol-
lowing traditional physical therapy based on motor
learning principles particularly tailored for treating
postural and coordination deficits (Ustinova et al.,
2015). A literature review by Pietrzak et al., 2014
investigated the effect of VR on the cognitive and
motor symptoms in individuals with TBI, and it is
not limited to the balance. Furthermore, the sys-
tematic reviews by Murray et al., (2016) and Booth
et al., (2019) investigated the influence of the vestibu-
lar rehabilitation therapy (VRT) post-TBI. However,
they were limited to the vestibular rehabilitation inter-
ventions and to individuals with a concussion. To
date, no systematic reviews have been established to

clarify the role of physical therapy in balance rehabil-
itation post-TBI. Therefore, the current review aimed
to investigate the influence of physical therapy inter-
ventions on balance ability in individuals with TBI.

2. Methods

2.1. Search strategy

A systematic search was carried in the PUBMED,
SCOPUS, PEDro, EMBASE, MEDLINE, REHAB-
DATA, and web of science. The search terms were
(rehabilitation OR balance rehabilitation OR physi-
cal activity OR exercise OR modalities OR therapy
OR physical therapy OR occupational therapy OR
training) AND (traumatic brain injury OR trauma
OR concussion OR TBI) AND (balance OR bal-
ance ability OR fall OR postural control OR postural
OR function). No time restriction was applied to the
search that was completed in December 2019 (Fig. 1).

2.2. Study selection

The inclusion criteria were built according to
the PICOS approach (P: participants; I: interven-
tion; C: comparison; O: outcomes; S: study design).

Fig. 1. Summary of literature review process.
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The inclusion criteria details are clarified as fol-
lows: (1) P: adults with traumatic brain injury; (2)
I: the experimental received balance rehabilitation
interventions; (3) C: conventional physical therapy
interventions, no-intervention control, same experi-
mental on healthy subjects or no control; (4) O: the
outcomes were the balance ability assessments; and
(5) S: randomized controlled trial, clinical control tri-
als, and pilot studies. The exclusion criteria were: (1)
animal models; (2) pharmacological intervention as
the main intervention; (3) descriptive, case studies
or case series study design; and (4) subjects with no
confirmed diagnosis for traumatic brain injury.

Two independent authors independently screened
the titles and abstracts of the studies first to identify
their possible relevance. The authors then additional
decided on the eligibility of the included studies
by reviewing the full text. The disagreement was
resolved by discussing the study with a third author.

2.3. Data extraction and analysis

After reviewing the results of the selected stud-
ies, the meta-analysis was not proper because of
different outcomes and the large heterogeneity of
the selected studies. The data were independently
extracted by two authors and then checked by the third
author. The data were extracted separately: (1) study
design and participants, (2) treatment sessions details,
(3) experimental intervention, and (4) control group
intervention (Table 2). Table 3 displays outcome mea-
sures, effect sizes were calculated by dividing the
difference between the means of groups by the pooled
SD (Ialongo, 2016). The effect size (ES) was identi-
fied using Cohen’s d: more than 0.8 was large, 0.5
moderate, and less than 0.2 small (Cohen, 1988).
The current review follows all PRISMA guidelines
and reports the essential information accordingly (see
Supplementary Checklist).

2.4. Methodological quality

Two reviewers independently evaluated the
methodological quality of the selected studies using
the PEDro scale. The scale comprises eleven items
addressing external validity, internal validity, and
interpretability. The PEDro is scaleable to identify
potential bias with fair to good reliability (Maher
et al., 2003) and is a valid measure of the method-
ological quality of scientific trials. With the difference
of results among paired groups of selected studies,
the result of the studies with a higher PEDro score

was given more attention (>6 High quality). Any
disagreements resolved by discussion between both
reviewers. Methodological quality scores for selected
studies presented in Table 1. The selected studies in
the current systematic review were level I and II clas-
sified for the level of evidence provided by Sackett’s,
(1989).

3. Results

3.1. Study selection

A systematic search of PubMed (yielding 20 stud-
ies), SCOPUS (261), PEDro (13), REHABDATA
(62), MEDLINE (276), EMBASE (7), and Web of
Science (403) formed a total of 1042 studies. After
eliminating duplicates, 776 studies were reviewed.
Out of those, 707 studies were excluded because
their abstracts displayed that they did not met the
inclusion criteria. Sixty-nine studies were exposed to
more detailed analysis because their abstracts did not
expose that they fulfilled the inclusion criteria. Sixty-
one studies were removed for the following causes;
case studies/case series and other neurological dis-
orders. A total of 8 studies were recognized for the
inclusion criteria in the current review. The process
of studies selected for the current systematic review
displayed in Fig. 1

3.2. Description of selected studies

3.2.1. Participants
The PICOS approach (Patients, Intervention, Con-

trol, Outcomes, and Study design) was followed
(Liberati et al., 2009). Eight studies met the inclu-
sion criteria (Peters et al., 2014; Damiano et al.,
2016; Kleffelgaard et al., 2018; Cuthbert et al., 2014;
Straudi et al., 2017; Cuff et al., 2014; Sveistrup et al.,
2003; Thornton et al., 2005). A total of 259 patients
post-TBI were included in this review, 71 (27.41%)
of which were females. Except for Cuff et al., 2014,
the selected studies included TBI patients who ≥18
years of age. In terms of injury duration, three studies
included chronic TBI patients (≥6 months post-
TBI) (Damiano et al., 2016; Straudi et al., 2017;
Sveistrup et al., 2003), two included acute and sub-
acute TBI patients (<6 months post-TBI) (Cuthbert
et al., 2014; Thornton et al., 2005), one included suba-
cute and chronic (≥3 months post-TBI) (Peters et al.,
2014), and one included acute, subacute and chronic
TBI (3.5 ± 2.1 months post-TBI) (Kleffelgaard et al.,
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Table 1
Methodological quality scores

Author, Random Concealed Groups Participant Therapist Assessor <15% Intention Between- Point Total
Year allocation allocation similar at blinding blinding blinding dropouts to treat group estimate and (0 to 10)

analysis differences variability
analysis reported reported

Peters et al., 2014 N N N N N N Y Y N Y 3
Damiano et al., 2016 N N Y N N N Y N N Y 4
Kleffelgaard et al., 2019 Y Y Y N N Y Y Y Y Y 8
Cuthbert et al., 2014 Y N Y N N Y Y Y Y Y 7
Straudi et al., 2017 Y N Y N N Y Y Y Y Y 7
Cuff et al., 2014 Y N Y N N Y Y Y Y N 6
Sveistrup et al., 2003 Y N Y N N N Y Y N Y 5
Thornton et al., 2005 Y N Y N N N Y Y N Y 5
Median: 6

2018). Table 2 displays the selected studies’ charac-
teristics.

3.2.2. Intervention
Three randomized controlled trials used VR train-

ing to improve balance ability in patients with TBI
(Cuthbert et al., 2014; Sveistrup et al., 2003; Thornton
et al., 2005). In the study by Cuthbert et al., (2014),
the participants in the experimental group partici-
pated 15 minutes of balance exercises using the Wii
Fit and Wii games plus conventional physiotherapy
intervention at the end of the session. The VR train-
ing intervention consisted of eight minutes of Wii
Fit balance board games and seven minutes of Wii
sports games, four times per week for four weeks.
During days one and three of each week, patients
completed eight minutes of Table-Tilt plus seven min-
utes of Tennis, while on days two and four they
completed eight minutes of Penguin Slide plus seven
minutes of Bowling. The control group received Extra
Standard Balance Care (ESC). Moreover, Sveistrup
et al., (2003) used numerous situations are used that
need subjects to work on reaching, moving within the
BOS, stepping, sit-to-stand, hopping, jumping and
jogging for 60 minutes, three times a week for six
weeks. The control group did not obtain any interven-
tion. Furthermore, the VR treatment approach used
in the study by Thornton et al., (2005) is a modified
IREX* computerized program. The Patients asked
to make large body movements to interrelate with
virtual objects in a virtual environment. The treat-
ment sessions duration was 50minutes, three times
per week for six weeks. The control group received
traditional activity balance training.

Concerning vestibular rehabilitation therapy, two
randomized controlled trials were included (29, 32).
In the study by Kleffelgaard et al., (2019), the par-
ticipants in the experimental group received usual

multidisciplinary outpatient rehabilitation in addi-
tion to a vestibular rehabilitation for 60 minutes,
two times per week for eight weeks. The interven-
tion consisted of supervision, tailored exercises, a
home-based exercise, and an exercise diary. The
individual adapting of exercises was depend on symp-
toms and challenges at each participant’s baseline
evaluations. The exercises included Brandt–Daroff
exercises for benign paroxysmal positional vertigo
(BPPV), habituation exercises for motion sensi-
tivity and vertigo, gaze-stabilization exercises for
symptoms showed during eye-head coordination and
decreased vestibule-ocular reflex (VOR), and exer-
cises for limited balance centering on improving
sensory integration. The home-based exercise con-
sisted of 2–5 modified exercises and physical activity.
The exercise diary was utilized to enhance aware-
ness and motivation, as well to record the achieved
exercises and the patients’ responses to them. The
control group usual multidisciplinary outpatient reha-
bilitation only. A study by Cuff et al., (2014), the
abstract only was included because there is no full
text available. The participants in the experimental
group received vestibular rehabilitation therapy seven
times a week for two weeks. The control group did
not obtain any intervention.

The study by Straudi et al., (2017) used video
game therapy (VGT) (X-Box 360 Kinect, Microsoft,
Inc., Redmond, WA). Pre-selected games included a
varied range of activities in an upright position. Par-
ticularly, postural balance and mobility-related motor
tasks and arm goal-reaching were exercised. The
VGT provided various feedbacks: visual and aug-
mented. Participants trained for 2–5 min during each
game, three times a week for six weeks. The con-
trol group obtained balance platform therapy. On the
other hand, the elliptical trainer device was used in
the study by Damiano et al., (2016). The participants
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Table 2
Characteristics of selected studies

Author, Year Study design &
Participants

Treatment session
details

Experimental intervention Control intervention

Peters et al.,
2014

Study design: Pilot 20 sessions of 150
minutes, (5 sessions
per wk × 4 weeks).

1) gait training BWST (50
min)

NA

Level: II 2) balance exercises (50 min)
Sample: 10 3) strength, coordination, and

ROM (50 min)
Sex (M/F): 8/2
Age (Mean): ≥18 years

of age
Duration of Injury: (≥6

months post-TBI)
Damiano

et al., 2016
Study design: Clinical

trial
40 sessions of 30

minutes, (5 sessions
per wk for 8 weeks)

(TBI participants) (Healthy participants)

Level: II Elliptical trainer device Elliptical trainer device
Sample: 24 (12 TBI) (40–80 RPM or a cadence of

80–160 steps per min)
Gradually increase
throughout the training
program.

Same experimental training
protocol

Sex (M/F): 7/5
Age (Mean): 31.3 ± 9.4
Duration of Injury: (≥6

months post-TBI)
Kleffelgaard

et al., 2019
Study design: RCT 16 sessions of 60

minutes (2 sessions
per wk for 8 wks)

Usual multidisciplinary Usual multidisciplinary

Sample: 65 outpatient
rehabilitation+group-based
vestibular rehabilitation
intervention (tailored
exercises, a HEP, and an
exercise diary).

outpatient rehabilitation

Level: I
Sex (M/F): 20/45
Age (Mean): 39.34
Duration of Injury: Acute

and Chronic (3.5 ± 2.1
months after injury)

Cuthbert et al.,
2014

Study design: RCT 16 sessions of 15
minutes (4 sessions
per wk for 4 wks)

Balance exercises using the
Wii Fit and Wii Sport
interactive
games+traditional
physiotherapy regimen at
the end of the training day.

Extra Standard Balance Care
(ESC):

Level: I Balance-specific
training+traditional
physiotherapy regimen at the
end of the training day.

Sample: 20
Sex (M/F): 13/7
Age (Mean): ≥18 years

of age
The training session consisted

of 8 mins of Wii Fit balance
board games and 7 mins of
Wii sport games

Duration of Injury: (<6
months post-TBI)
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Table 2
(continued)

Author, Year Study design &
Participants

Treatment session
details

Experimental intervention Control intervention

Straudi et al.,
2017

Study design: RCT 18 sessions (3
sessions per wk for
6 wks).

Video game therapy: Balance platform therapy:

Level: I Provided various feedbacks:
visual and augmented
feedbacks (knowledge of
both results and
performance) using video
game console (X-Box 360
Kinect, Microsoft, Inc.,
Redmond, WA).

Balance, postural stability and
weight-shifting training with
and without visual feedback
using a balance platform
(Biodex Medical Systems, Inc.,
Shirley, NY)

Sample: 21
Sex (M/F): 17/4
Age (Mean): 36
Duration of Injury: (≥6

months post-TBI)
Patients trained for 2–5 min

during each game.
Cuff et al.,

2014
Study design: RCT 14 sessions (7

sessions per wk for
2 wks)

VRT exercise Rest

Level: I
Sample: 62
Sex (M/F): NR
Age (Mean): (<18 years

of age)
Duration of Injury: NR

Sveistrup
et al., 2003

Study design: RCT 18 sessions of 60
minutes (3 sessions
per wk for 6 wks)

System: Commercial, IREX
(developed by GestureTek

No exercise

Level: II Health Canada)
Sample: 42 Intervention 1: Eighteen

1-hour sessions of balance
training, 3 times/week.

Sex (M/F): NR Multiple VR scenarios
required reaching, moving
within the BOS, stepping,
sit-to-stand, hopping,
jumping, and jogging.

Age (Mean): NR
Duration of Injury: (≥6

months post-TBI)
Intervention 2: As above but

performed as conventional
exercise

Thornton
et al., 2005

Study design: RCT 18 sessions of 50
minutes (3 sessions
per wk for 6 wks)

System: Commercial,
modified IREX. It required
patients to make large body
movements to interact with
virtual objects.

Traditional activity balance
training that incorporated
walking, running, and exercises
with balls and stools

Level: II
Sample: 27
Sex (M/F): 19/8
Age (Mean): 39.78
Duration of Injury: (<6

months post-TBI)

RPM: revolutions per minute; HEP: home exercise programme; VRT: vestibular rehabilitation therapy; PT: physiotherapy; ESC: Extra
Standard Balance Care; IRF: inpatient rehabilitation facility; VR: Virtual reality; NR: not reported, NA: not applicable; BWST: body weight
support treadmill; ROM: range of motion; BOS: base of body support; *Expressed as a median.

asked to achieve and keep a rapid pace (40–80 RPM or
80–160 steps/min) gradually increase throughout the
program. Minor resistance to leg motion was applied

firstly and progressively increased. All patients were
instructed to exercise five days a week for 30 min, for
eight weeks. The control group included healthy par-
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ticipants who received the same experimental group
intervention.

Lastly, in the pilot study by Peters et al., (2014),
the participants underwent 20 treatment sessions (5
sessions per week for 4 weeks). During each train-
ing session, patients were requested to achieve 50
minutes in three various activities domains (total 150
minutes/session): 1) gait training with a body weight
support (BWS) treadmill, 2) balance exercises, and 3)
strength, coordination, and range of motion (ROM).

3.3. Outcome measures

The selected studies used various scales to assess
balance ability in patients with TBI. The scales that
used were: Berg Balance Scale (BBS) (Peters et al.,
2014; Cuthbert et al., 2014), Dynamic Gait Analy-
sis (DGI) (Peters et al., 2014), Limits of Stability-
Reaction Time Backwards LOS (RT-B) (Damiano
et al., 2016), Motor Control Test (MCT) (Dami-
ano et al., 2016), Balance Error Scoring System
(BBES) (Kleffelgaard et al., 2018), Unified Balance
Scale (UBS) (Straudi et al., 2017), force platform
(Straudi et al., 2017), Self-reported balance scales
(Cuff et al., 2014), Community Balance and Mobil-
ity Scale (CB&M) (Straudi et al., 2017; Sveistrup
et al., 2003), and Activities-specific Balance Confi-
dence Scale (ABC) (Thornton et al., 2005). Outcome
measures details was described in Table 3.

3.4. Methodological quality

PEDro scale was applied to evaluate the risk of
bias of the selected studies. Generally, one study was
of low methodological quality that is getting three
points (Peters et al., 2014). Three studies (Damiano
et al., 2016; Sveistrup et al., 2003; Thornton et al.,
2005) were of moderate methodological quality; two
studies (Sveistrup et al., 2003; Thornton et al., 2005)
getting five points while one study (Damiano et al.,
2016) getting four points. The remaining four were
of high quality with a score of eight points (Klef-
felgaard et al., 2018), seven points (Cuthbert et al.,
2014; Straudi et al., 2017), and six points (Cuff et al.,
2014), respectively.

Except for Peters et al., (2014) and Damiano et al.,
(2016), the included studies had a low risk of bias in
the random allocation. Except for Peters et al., (2014),
the included studies had a low risk of bias in the group
similarity at baseline. All of the included studies have
a low risk of bias in the dropouts <15%. Except for
Damiano et al., (2016), the included studies had a low

risk of bias in the intention to treat analysis. Except for
Cuff et al., (2014), the included studies had a low risk
of bias in the point estimate and variability reported.
The quality assessment for selected studies ranging
from three to eight with six as a median (Table 1).

3.5. Adverse effects or side effects

The selected studies did not report any adverse
effects, side effects or serious complications in peo-
ple with TBI following included interventions (Peters
et al., 2014; Damiano et al., 2016; Kleffelgaard et al.,
2018; Cuthbert et al., 2014; Straudi et al., 2017; Cuff
et al., 2014; Sveistrup et al., 2003; Thornton et al.,
2005).

3.6. Effects of VR on balance ability post-TBI

In the study by Cuthbert et al., (2014), the results
of BBS showed that only the experimental VR group
had a significant enhancement over time (0.19 points
per day, p = 0.03). However, when comparing dif-
ferences between groups over the total study period
and follow-ups, the VR group had only a 1.13-point
higher improvement in BBS scores compared to the
control group, which was not significant (p = 0.70).
Furthermore, the study by Sveistrup et al., (2003)
showed that the participants in both the VR and the
traditional exercise control group enhanced in the
CB&M after the 6-week intervention period with-
out significant difference. Lastly, in the study by
Thornton et al., (2005), although both VR Traditional
activity balance training control group improved on
the ABC scale, the changes were not statistically or
clinically significant.

3.7. Effects of VRT on balance ability post-TBI

The participants in the VRT experimental group
showed significant improvement in BESS scores
than the usual multidisciplinary outpatient rehabil-
itation control group at first follow-up (2.7 ± 0.8
months after baseline assessment) (P = 0.09). How-
ever, there was no significant difference between
groups at the second follow up (2 months after the
end of intervention), effect size was small to moder-
ate (0.07–0.39) (P = 0.15) (Kleffelgaard et al., 2018).
Cuff et al., (2014), reported no significant improve-
ment in Self-reported balance scale scores in both
groups (p = 0.534).
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Table 3
Outcome measures

Author, Outcome Assessment Experimental group Control Group Reported Effect
Year measure time Mean (SD) Mean (SD) effect Effect size

Peters et al.,
2014

BBS* Pre, post 10 Pre-Test : 50.5 NA = NA

sessions (interim),
post 20 sessions
(post-test), and at a
3-month follow-up

Interim: 50.5

Post-Test: 51
Follow-Up: 49.5
P: pre to post = 0.26,

pre to
follow-up = 0.24

DGI* Pre, after 10 Pre-Test : 14.5 NA Post interven-
tion:+

NA

sessions (interim),
after 20 sessions
(post-test), and at a
3 month follow-up

Interim: 16 Follow-up:=

Post-Test: 15.5
Follow-Up: 15
P: pre to post = 0.049,

pre to
follow-up = 0.9

Damiano
et al., 2016

LOS (RT-B) Pre and post
intervention

Pre: 0.9 ± 0.3 NA + NA

Post: 0.8 ± 0.2
P = 0.03

MCT Pre and post
intervention

Pre: 145.8 ± 17.2 NA + NA

Post: 135.6 ± 14.4
P = 0.001

Kleffelgaard
et al., 2019

BESS Pre, first follow-up
(2.7 ± 0.8 months
following baseline
assessment), second
follow-up (2
months after end of
intervention)

Pre: 29.7 ± 11.6 Pre: 29.0 ± 9.6

First follow-up:
19.1 ± 10.6

First
follow-up:
23 ± 9.1

+ 0.07

Second follow-up:
17.5 ± 10.4

0.39

Second
follow-up:
20.8 ± 9.0

++ 0.34

Cuthbert et al.,
2014

BBS At baseline and at the
end of 2 & 4 wks of
training

Between groups
p = 0.70

++ NA

Straudi et al.,
2017

UBS* Pre and post
intervention

Pre: 43 Pre:49 + NA

Post: 49.5 Post:51
CB&M Pre and post

intervention
Pre:17 Pre:25 ++ NA

Post: 25 Post:25.5
ML path length

(mm)*
Pre: 154.9 Pre: 169.5 = NA

Post: 140.7 Post: 201.0
AP path length

(mm)*
Pre: 223.7 Pre: 258.3 = NA

Post: 171.2 Post: 262.7
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Table 3
(continued)

Author, Outcome Assessment Experimental group Control Group Reported Effect
Year measure time Mean (SD) Mean (SD) effect Effect size

Sway speed
(mm/s)*

Pre: 15.6 Pre: 18.2 = NA

Post: 12.7 Post: 20.9
Tot path length

(mm)*
Pre: 309.5 Pre: 362.0 = NA

Post: 252.1 Post: 416.3
Cuff et al.,

2014
Self-reported

balance scale
Pre and post

intervention
Between groups

p = 0.534
– = NA

Sveistrup
et al., 2003

CB&M Pre, post intervention,
and 6-month
follow-up

Post: P ≥ 0.05 – = NA

Follow-up Post: P ≥ 0.05 ++
Thornton

et al., 2005
ABC Pre, post-intervention

and 3-month
follow-up

Pre: 74.8 Pre: 74.6 ++ NA

Post: 80.2 Post: 76.4
Follow-up: 81.2 Follow-up:

78.2

BBS: Berg balance scale; LOS (RT-B): limits of stability- reaction time backwards; MCT: motor control test; BESS, Balance Error Scoring
System; UBS: Unified Balance Scale; ML: mediolateral; AP: anteroposterior; CB&M: Community Balance and Mobility Scale; ABC:
Activities-specific Balance Confidence Scale. *: Presented as a Median;+, significant improvement in experimental group only;=, no
significant differences between experimental and control group.++, both groups improved without significant difference.

3.8. Effects of other physiotherapy interventions
on balance ability Post-TBI

In the study by Straudi et al., (2017), both the
experimental video game therapy group and balance
platform therapy control group improved signifi-
cantly in CB&M scores with no significant difference
between groups. The experimental group improved
significantly in UBS scores than the control group.
Moreover, Damiano et al., (2016) reported improve-
ment in both LOS (RT-B) and MCT scales scores
in the experimental group (patients with TBI), no
between-group differences values were reported after
elliptical training. Lastly, the pilot study by Peters
et al., (2014), reported improvement in BBS scores.
The patients demonstrated significant improvement
in DGI scores at the end of the mobility training,
however, no significant improvement was reported at
the 3-month follow-up (Peters et al., 2014).

4. Discussion

This is the first review examined the effects of
physical therapy interventions on balance ability
post-TBI. The preliminary results showed are no
superior effects of VR, VRT, video game therapy,
elliptical training, and mobility training on balance
ability in patients with TBI compared to other tradi-

tional rehabilitation interventions. Similar to Murray,
(2016), he demonstrated in his systematic review
that the evidence for the effectiveness of VRT post
mild TBI (mTBI)/concussion is limited. Booth et al.
(2018) reported in his systematic review that there
was moderate to the strong impact of VRT on
decreasing of dizziness and balance impairments in
participants with concussions, however, the system-
atic review included two randomized controlled trials
and four case series studies, which the confirmed
conclusion cannot be drawn. Besides, the evidence
about the using of VR in the rehabilitation of TBI
in improving motor and cognitive functionality is
currently very limited (Pietrzak et al., 2014). The
VR offers augmented feedback during training that
can afford to learn motor skills (Lauber & Keller,
2012). VR also increases individuals’ attention and
motivation, which are crucial components of learning
(Wulf, 2013). Furthermore, the traditional rehabilita-
tion interventions can improve the balance and body
stability based on motor learning principles particu-
larly tailored for treating postural deficits in an open
trial done on patients with mild-to-moderate TBI
(Pietrzak et al., 2014).

Except for Peters et al., (2014) and Damiano et al.,
(2016), the selected studies were randomized con-
trolled trials. Two of the selected studies failed to
random allocation (Peters et al., 2014; Damiano et al.,
2016). Except for Kleffelgaard et al., (2019), the
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selected studies failed to concealed allocation. One
study failed the groups to be similar at baseline
(Peters et al., 2014). All selected studies had poor
results in the participants and therapist blinding lead-
ing to potential bias. Four studies did not blind the
assessor (Peters et al., 2014; Damiano et al., 2016;
Sveistrup et al., 2003; Thornton et al., 2005). One
study did not intend to treat analysis (Damiano et al.,
2016). Four studies did not report Between-group dif-
ferences (Peters et al., 2014; Damiano et al., 2016;
Sveistrup et al., 2003; Thornton et al., 2005). Finally,
one study failed to report point estimate and variabil-
ity (Cuff et al., 2014).

Three studies used VR training to improve bal-
ance in individuals with TBI (Cuthbert et al., 2014;
Sveistrup et al., 2003; Thornton et al., 2005). One
study (Cuthbert et al., 2014) was of high quality
on the PEDro scale, however, the sample size was
small (<25). As a small sample size, the meaning-
ful differences not acceptable to establish (Portney
& Watkins, 2009). Hence, poor statistical power is
probable which led to inadequate evidence, so it is
not probable to confirm the clinical importance of
the reported effects. The remaining two were mod-
erate quality (Sveistrup et al., 2003; Thornton et al.,
2005), and had a large sample size. However, no sig-
nificant difference was found between groups. So the
clinical sense of described effects cannot be recog-
nized. Concerning vestibular rehabilitation therapy,
two studies used VRT to improve balance in individ-
uals with TBI (Kleffelgaard et al., 2018; Cuff et al.,
2014). Both studies were of high quality, which they
are a randomized controlled trial with a large sample
size. They were of high to moderate on the PEDro
scale. However, no significant difference was found
between groups. So it is not likely to create the exper-
imental importance of the stated effects. Moreover,
in the study by Straudi et al., (2017), video game
therapy was used to improve the balance in individ-
uals with TBI. This study was of high quality on
the PEDro scale with small sample size. As a small
sample size, a significant difference cannot be cal-
culated. Furthermore, Peters et al., (2014), mobility
training were used to improve the balance in indi-
viduals with TBI. This study was of low quality on
the PEDro scale and the sample size was small. So
the clinical meaning of reported effects cannot be
established. Finally, in the study by Damiano et al.,
(2016), the rapid-resisted elliptical training program
was used to improve the balance in individuals with
TBI. This study was of low quality on the PEDro
scale and the sample size was small. So it is not possi-

ble to confirm the clinical importance of the reported
effects.

Balance deficit is one of the most serious impair-
ments to treat in patients with TBI due in part to
numerous structures involved in preserving balance
and in part to the insufficiency of current treatment
techniques (Mann et al., 1996). Maintaining balance
while sitting and standing are necessary for all daily
activities, including self-care, walking, and driving
(Peterson & Greenwald, 2015). The common causes
of balance deficits after traumatic brain injury include
medications, postural hypotension, vision impair-
ments, vestibular impairments, sensory impairments,
brainstem injury, perilymph fistula, and mental health
issues (i.e: anxiety, depression, or a fear of falling).
In this context, balance problems can occur due to
different causes, each one requiring a different treat-
ment.

It has been shown that when healthy individu-
als stand on a stable surface with obtainable visual
input, sensory contributions compromised of 70%
somatosensory inputs, 20% vestibular inputs, and
10% visual inputs (Peterka, 2002). When somatosen-
sory efficacy was decreased through support surface
oscillations, sensory recalibration altered the contri-
butions to 70% vestibular inputs, 20% visual inputs,
and 10% somatosensory inputs to keep the sta-
bility (Peterka, 2002). Based on this findings, the
somatosensory and vestibular systems appear to be
the main sensory systems to obtain postural con-
trol during standing (Peterka, 2002). In this context,
we propose that stimulate visual, vestibular, and/or
somatosensory at the same time such as; vestibu-
lar exercises while standing on WBV, VR on WBV
or VR on treadmill may alter the neuroplasticity on
multiple levels of the nervous system, which could
provide maximum benefit in improving balance abil-
ity in those with TBI and other populations.

The current review has some limitations. There is
language bias in the searching process; the search
was restricted by articles published in the English
language. Informal studies were not selected. This
can lead to selective bias as research papers with
significant findings are more likely to get accepted
than papers that fail to demonstrate significant find-
ings (Egger & Smith, 1998). Studies with significant
findings are gernerally published in English language
(Egger & Smith, 1998). Consequently, reviewing
only articles published in English language could lead
to an overestimation of therapy influences (Higgins
& Altman, 2008). The effect size was not calculated
in almost studies because there is insufficient and
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inadequate data. The meta-analysis not performed
due to a heterogeneity.

The relationship between duration, severity of TBI
and the dose of the physical therapy intervention
remain unclear. Also, while there is no sufficient
evidence to support the superior effect of included
physical therapy interventions such as; VR, VRT and
video game therapy on balance ability in individuals
with TBI. Besides, there was evidence for a positive
effect of other physical therapy interventions such as;
WBV (Alashram et al., 2019), MT (Xu et al., 2018),
and TCE (Ustinova et al., 2015) on balance ability in
individuals with other neurological disorders, we pro-
pose that using these interventions with individual’s
post-TBI may show beneficial effects. High-quality
randomized controlled trials include large sample
sizes that are needed.

5. Conclusion

There is paucity in studies that investigate the
effects of physical therapy interventions on balance
impairments post-TBI. To date, the preliminary find-
ings showed that the impact of physical therapy on
the balance ability in individuals with TBI was lim-
ited. The selection of physical therapy intervention
should depend on the cause of balance deficits. We
propose that stimulation of multi-systems at the same
time may alert the neuroplasticity in patients with bal-
ance impairments. Additional randomized controlled
trials with a large sample size strongly needed to
clarify the role of physical therapy in an individ-
ual’s post-TBI with balance deficits and to verify our
hypothesis.
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