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Abstract

Introduction. Flat foot changes the posture of the foot and affects dynamic balance. Backward walking is a novelty in rehabilita-
tive clinic; it improves strength and balance. The aim of this study was to investigate the effect of backward walking training on
foot posture and dynamic balance in flat foot subjects.

Methods. Overall, 44 participants with bilateral mobile flat foot, aged 19-35 years, were randomly assigned to 2 equal groups.
Group A received backward walking training 3 times/week for 6 weeks, in addition to traditional physical therapy exercises.
Group B received traditional physical therapy exercises only, 3 times/week for 6 weeks. Before and after treatment, foot posture
was assessed with the Foot Posture Index and balance was evaluated with the HUMAC Balance System through the Limits of
Stability test.

Results. Statistical analysis revealed a significant reduction in the Foot Posture Index and a significant increase of the Limits
of Stability in both groups after treatment compared with the pre-treatment status (p < 0.001). Comparison between the groups
after treatment showed a significant decrease in the Foot Posture Index in group A compared with group B (p < 0.05) and a sig-
nificant increase in the Limits of Stability in group A compared with group B (p < 0.001).

Conclusions. Backward walking training as an addition to physical therapy exercises of flat foot can improve foot posture and

enhance balance in comparison with physical therapy exercises alone.
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Introduction

Flat foot is considered to be a flattening of the medial
longitudinal arch [1], which is one of the most frequent mus-
culoskeletal disorders, affecting nearly 20% of the general
population [2] and followed by a higher incidence of lower
limb injury [3]. Foot dysfunction can cause disorders in the
whole body biokinematic chain [4]. Individuals with flat-
arched foot have been reported to have substantially higher
pronation in stance than those with high arching, and when
the plantar intrinsic foot muscles were fatigued, a change in
foot posture towards a pronated position occurred [5]. This
impedes the foot supportive function and causes overload-
ing of the foot intrinsic muscles to maintain upright posture,
increasing the need for further postural control and leading
to balance problems [6].

Balance could be defined as being capable of maintaining
centre of gravity throughout the base of support [1], which
is critical to most functional daily activities. Preserving bal-
ance is a major challenge for the human body to prevent
falling risks that lead to serious harms and injuries [7].

Among the possible exercise methods to improve flat
foot are short foot exercises, which involve sensory-motor
training, activate the intrinsic foot muscles, maintain the me-
dial longitudinal arch, and increase the balance of the body [6].
Also, the towel-curl exercise strengthens the extrinsic foot
muscles and corrects flat foot. These exercises increase the
arch support and improve foot posture [8].

Walking is an easy, popular, and cost-effective form of
exercise that works well for health and promotes quality of
life [9]. In a reversal of normal walking, referred to as retro-

walking or backward walking (BW), the toes first reach the
ground and the step finishes with the heel [10]. This mode
of exercise training has been applied by numerous scholars
in the USA [11], China, Japan, and Europe [12], and recently,
researchers and rehabilitation professionals are paying at-
tention to this innovative and effective intervention [10].

From the point of view of rehabilitation, BW is regarded
as a successful non-invasive modality for improving muscle
action and lower extremity strength [13]. Being a novel and
unusual task, it results in more motor units recruitment [14],
which in turn strengthens the lower limb muscles [13]. It has
been reported that BW (Reverse Tandem Gait) and other
exercises of the plantar short foot muscles can improve the
foot posture when assessed by the Foot Posture Index in
long distance runners; also, the exercises applied could have
beneficial effects on foot alignment [5].

Moreover, training in a backward direction has been
shown to improve the human body balance [14—-16]. Recent
evidence has indicated that when BW is combined into
a training program, the balance and stability can be improved
in children with Down syndrome [17]. Furthermore, El-Ba-
satiny and Abdel-Aziem [14] examined the effect of treadmill
BW (25 minutes/day, 3 days/week for 12 weeks) on postural
balance in children with hemiparetic cerebral palsy and the
results revealed that BW training added to the traditional
physical therapy program improved postural stability and
balance. Research performed by Hao and Chen [15] to in-
vestigate the effect of BW exercise in healthy boys in which
BW training was applied in the experimental group but not
in the control group demonstrated improvement of balance
in the experimental group as compared with the control one;
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the improvement was maintained 3 months after the BW
training.

For this reason, therapists in rehabilitation centres have
been using BW on a level ground or a treadmill owing to its
respectable effects. Nevertheless, to our knowledge, there
is no published literature documenting the impact of BW in
flat foot subjects. So, the current study was conducted to
explore the effect of BW training on foot posture and dynamic
balance in flat foot participants.

Subjects and methods
Study design

This randomized, controlled trial was carried out at the
outpatient clinic and the balance laboratory of the Faculty
of Physical Therapy, Cairo University, Egypt, during the pe-
riod of 2018-2019.

Sample size calculation

The G*Power software (version 3.1.6) was used to esti-
mate the required sample size a priori. The calculation de-
pended on the t-test; the rate of type | error was set at 5%
(alpha-level: 0.05), the effect size of the main outcome vari-
able (Limits of Stability) gained from a pilot study of 10 sub-
jects was 1.27, and the rate of type Il error was 95%. For this
study, the appropriate minimum sample size was 36 subjects.

Subjects

Overall, 44 subjects (37 females and 7 males) with mobile
flat foot were recruited from the Faculty of Physical Therapy
(undergraduate and postgraduate) college on a voluntary
basis. During assessment for eligibility, 16 subjects dropped
out during treatment: 12 refused to participate in the study
and 4 did not meet the criteria for inclusion. A total of 44 sub-
jects completed the study, as shown in Figure 1. The partici-
pants received both verbal and written explanation of the
study and if they decided to participate, they signed an in-

formed consent that was approved by the University of Cairo
Institutional Review Board. The consenting subjects were
randomly assigned to 2 groups of equal numbers. The ran-
domization was performed by a random generator and per-
muted blocks of same size.

Group A (study group) underwent BW exercise in com-
bination with traditional physical therapy exercises. Group B
(control group) received traditional physical therapy exercises
alone. The training was applied 3 times/week for 6 weeks.

The subjects were included in the study after satisfying
the following criteria:

1. Bilateral mobile flat foot between +6 and +9 as deter-
mined by the Foot Posture Index [18].

2. Age of 19-35 years.

3. Body mass index of 18-25 kg/m?.

Subjects were excluded if they had:

1. History of lower extremity operation or cerebral con-
cussions.

2. Discrepancy of leg length.

3. Visual or vestibular disorders or any neurological issues
affecting balance.

4. Other foot deformities (e.g. hallux valgus).

Instruments

Foot Posture Index version 6 (FPI-6) was used to evaluate
foot posture. It is a clinical tool to assess the foot from all
planes without using special instruments. It has demonstrated
validity [19], perfect intra-rater reliability [20], and accurate
reliability between raters [21]. Cornwall et al. [20] found ex-
cellent intra-rater results (ICC: 0.92-0.93) and moderate inter-
rater results (0.52—-0.65), while Terada et al. [22] reported
intra-rater reliability between 2 sessions as ICC 3.3 = 0.95.

HUMAC Balance System served to evaluate dynamic
balance. It is a computerized dynamic posturography device
(Stoughton, MA, USA, 2013) in which the force platform sen-
sors measure the forces produced by multi-directional body
movement on the basis of the technology of the Wii bal-
ance boards. It has been validated versus the classical force

Assessed for eligibility (n = 60)

Excluded (n = 16)

Randomized (n = 44)

Assigned to group A (n = 22)

I

Pre-treatment assessment (n = 22)

I

3 sessions/week for 6 weeks
of walking backwards
+ physical therapy exercises (n = 22)

I

Post-treatment assessment (n = 22)

procedure

Data analysis statistical

* Refused to participate (n = 12)
¢ Did not meet inclusion criteria (n = 4)

Assigned to group B (n = 22)

I

Pre-treatment assessment (n = 22)

I

3 sessions/week for 6 weeks
of physical therapy exercises (n = 22)

I

Post-treatment assessment (n = 22)

Figure 1. Flow chart of the study
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plate [23]. The evaluation was carried out through the Limits
of Stability test, which was proven to be accurate in dynamic
balance assessment, with a range of reliability from moderate
to good (ICC 2,1: 0.73-0.96) [24].

Procedure

To determine flat foot mobile type, the tiptoe test was per-
formed in which the subject was asked to stand on tiptoes of
one foot and, after that, repeat the same step for the other
foot. The foot is considered mobile when the arch is absent,
disappears in standing position, and appears again when
standing on tiptoes [25]. Then, flat foot was evaluated with
the Foot Posture Index, in which the subject was instructed to
stand up, take a few strides, and then stop and look forward
with their arms next to them. The 6-item index includes the
following components [19]: talar head palpation, curvature at
the lateral malleoli, inversion/eversion of the calcaneus, talo-
navicular bulging, congruence of the medial longitudinal arch,
and abduction/adduction of the forefoot on the rearfoot.

Each point of the index is simply graded 0 for neutral, with
a minimum score of —2 for clear supination signs and +2 for
positive pronation signs. By summation the overall score,
the foot is considered normal for a score from 0 to +5, pro-
nated for +6 to +9, highly pronated for +10 to +12, supi-
nated for —1 to —4, and highly supinated for -5 to —12 [18].
All subjects included in the study ranged from +6 to +9.

For dynamic balance assessment, the participant was
asked to stand without shoes on the platform with their hands
beside. Before commencing the actual measurement, test
procedures were explained to the subject and the test was
repeated until the individual became acquainted with the
apparatus and understood the test. The subject was then
asked to move a cursor representing their body, follow the
illuminated target with the body, and stay there for a second
until another target was lighted; then, they had to move to
catch it and stabilize on it until another target was lightened,
and so on. The test measures 8 randomly performed direc-
tional movements: forward, forward-right, right, back-right,
backward, back-left, left, forward-left. The test was repeat-
ed 3 times, and the results were calculated as percentage
of the overall time on target [23].

Interventions

Group A received BW training in combination with tradi-
tional physical therapy exercises for flat foot while group B
received only traditional physical therapy exercises for flat
foot.

Backward walking training

The subject was asked to walk for 30 minutes on a level
treadmill, zero inclination, with a warming up and cooling down
period (5 minutes for each period). The individual walked at
their comfortable walking speed. During the warm-up and
cool-down periods, ankle toe movements, hamstring and calf
stretching, and heel raise were performed. The training was
conducted 3 times/week during 6 consecutive weeks [26].

Traditional physical therapy exercises

Short foot exercises. The subject sat on an adjustable
chair with hip and knee joints flexed to 90° and the foot rest-
ing on the floor with a towel underneath. The participant was
then asked to supinate the foot and approximate the first

metatarsal head towards the heel, raise the medial longitu-
dinal arch without bending the toes to avoid compensation
from the extrinsic foot muscle, hold for 10 seconds, then allow
the foot to relax for 1-2 seconds, and repeat the exercise
50 times for each foot. The training started from the sitting
position and progressed to standing position after 3 weeks,
with a total training period of 6 weeks [8].

Towel-curl exercise. Sitting in the previous position, the
subject put their toes on the edge of the towel, then pulled
the towel by flexing the toes, and maintained a strong grip
for 5 seconds. The exercise was performed in 3 sets of 10
repeats [8].

Heel raise exercise. The participant was requested to
stand behind a chair for support, put their hands on the back
of the chair, and then raise their body for 5 seconds on the
toes. Afterwards, they removed their hands from the chair and
descended slowly to strengthen the ankle plantar-flexor
muscles. The subject carried out 3 sets of 10 repeats [27].

Calf stretch. At the end of the exercise program, the indi-
vidual was asked to perform self-static stretching for the calf
muscle, which consisted of standard gastrocnemius and
soleus stretching against a wall, with the knee straight and
with the knee bent [28], for 15 seconds with a relaxation pe-
riod of 3 seconds. The stretching was done in 10 repeats [29].

Statistical analysis

The statistical analysis was performed with the SPSS
software version 22 (IBM SPSS, Chicago, IL, USA). Prior to
the analysis, the normality of data was checked by using the
Shapiro-Wilk test. The data were normally distributed, so they
were analysed with parametric testing. MANOVA was con-
ducted to compare the effects on the Foot Posture Index and
Limits of Stability within and between groups. The signifi-
cance level for the statistical testing was assumed at p < 0.05.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and has
been approved by the Research Ethics Committee of the
Faculty of Physical Therapy, Cairo University (approval No.:
P.T. REC/012/001725) and registered at the Pan African Clini-
cal Trials Registry (registry No.: PACTR201809729113967).

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results
Demographic data

The unpaired t-test revealed no significant difference
between the 2 groups in age, weight, height, or body mass

index (p > 0.05), as shown in Table 1.

Table 1. Demographic data of both groups

Parameters (mGGL%UE QD) (mGe:;u: SD) t p | Sig.
Age (years) | 21.09+1.87 | 21.86+3.8 |-0.85| 0.39 | NS
Weight (kg) | 61.04 +6.87 | 62.4+9.88 | -0.53 | 0.59 | NS
Height (cm) | 164.22 + 8.08 | 164.77 +9.7 | -0.2 | 0.84 | NS
BMI (kg/m?) | 22.58 + 1.41 | 22.85+1.73 | -0.55 | 0.58 | NS

Sig. — significance, BMI — body mass index, NS — not significant
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Table 2. The right and left Foot Posture Index and Limits of Stability for both groups

Group A Group B Within-group Between-group

Parameters (mean + SD) (mean + SD) comparison (p) comparison (p)
Before After Before After Group A | Group B Before After

Right FPI (score) 754 +0.8 6.45+0.5 759 +0.79 | 6.95+0.84 0.001* 0.001* 0.85 0.02*
Left FPI (score) 7.86 +0.83 6.5+0.8 8.04 £0.65 | 7.45+0.85 0.001* 0.001* 0.42 0.001*
LOS (%) 33.68 £ 6.23 50.9+4.6 35.31 +8.71 | 43.5+7.43 0.001* 0.001* 0.47 0.001*

FPI — Foot Posture Index, LOS — Limits of Stability; * significant values

Within-group analysis

Within-group comparison between the pre-treatment and
post-treatment status revealed a significant decrease in right
and left Foot Posture Index in groups A and B (p < 0.001).
Similarly, both groups showed a significant increase in Lim-
its of Stability after treatment compared with before treat-
ment (p < 0.001).

Between-group analysis

Between-group comparison before treatment presented
a nonsignificant difference (p > 0.05), while the comparison
between the groups after treatment revealed a significant
decrease in right and left Foot Posture Index in group A
compared with group B (p < 0.05) and a significant increase
in the Limits of Stability in group A compared with group B
(p < 0.001), as shown in Table 2.

Discussion

The current study aimed at investigating the impact of BW
training on foot posture and dynamic balance in flat foot
subjects. The results showed improvements for both mea-
sured variables in both groups; however, the study group,
receiving BW training in addition to traditional physiotherapy
exercises, presented better improvement than the control
group, receiving only traditional physiotherapy exercises.

With regard to foot posture, the improvement produced
by BW training can be attributed to an increase in the muscle
strength of the lower limbs as a result of further activation of
the motor cortex [30] to perform this unconventional walking
form, which puts more stress on the working muscles, re-
cruits more motor units [14], and enhances muscle strength
by its role [13].

Another possible mechanism for the improving foot pos-
ture may be due to the increased strength of tibialis anterior
and calf muscles that had previously been proven to act as
medial longitudinal arch dynamic stabilizers [31].

The results of this study are in accordance with those
achieved by Sulowska et al. [5], who confirmed that BW (Re-
verse Tandem Gait) in addition to other plantar short foot
muscle exercises modified the foot posture from a pronated
to a neutral foot, measured by the Foot Posture Index, and
these exercises could improve foot alignment.

The results are consistent with those of a study by Rosen-
baum et al. [32], who detected higher electromyography
amplitudes in such muscles as gluteus medius, rectus femoris,
vastus lateralis, and semitendinosus during the BW stance
phase, while there was a higher activation of rectus femoris
and soleus muscles during the swing phase. Furthermore,
Masumoto et al. [33] found a greater activation of tibialis an-
terior in 10 healthy males who walked backwards on an un-
derwater treadmill.

Also, Jansen et al. [34] reported that some muscles (i.e.,
dorsiflexors) showed specific directional contribution with
BW. Grasso et al. [35] demonstrated more activation from
tibialis anterior and lateral gastrocnemius muscles during
BW; the activation of these muscles is essential, as they
support the medial longitudinal arch [30].

In addition, Winter et al. [36] found the medial gastrocne-
mius exhibiting extra burst of increased activity before and
after heel-off during BW. Moreover, notable changes in gas-
trocnemius electromyographic activity were reported by
Cipriani et al. [37] at the initial contact at 0-10% inclination
grade, as well as increased demands with the inclined BW.

Training a person in BW can provide neural adaptability
that improves the efficiency of the neuromuscular system
[14]. Schneider and Capaday [38] stated that daily training
of BW induced gradual adaptation of the soleus H-reflex.

Finally, flat-arched foot has been declared to cause ground
reaction forces to deviate in the medium during the gait
stance phase: the foot pressure pattern is changed, leading
to higher pressure [39]. With BW, the pattern of foot contact is
reversed, the ground reaction forces at contact are reduced,
and the plantar pressure is redistributed [10]. These changes
may reflect an improvement of foot owing to BW exercise.

Concerning dynamic balance, our results were consistent
with those obtained by Weng et al. [40], who showed a signifi-
cantly greater improvement in balance and sensorimotor
function in patients treated on a treadmill with a BW program
in combination with conventional rehabilitation training com-
pared with subjects receiving conventional rehabilitation only.
Moreover, Takami and Wakayama [41] used BW treadmill
partial body weight support in acute stroke patients with
unstable gait and found increased mobility during the early
acute stroke phase.

The observations of this study come in agreement with
the research by Abdou et al. [42], who found that treadmill
BW training could be used to enhance the mediolateral sta-
bility index of hemiparetic cerebral palsy children. Further-
more, the results of the randomized, controlled trial conducted
by Zhang et al. [10] implied that BW had an ameliorating effect
on balance ability and muscle strength in patients with dia-
betic peripheral neuropathy. This was in line with Zhang et al.
[13], who measured static balance skills in elderly women
undergoing BW training and compared them with those in
the control group without BW training. The results favoured
the experimental group intervention, with diminished fluc-
tuation of the static gravity centre with eyes closed.

Consequently, the superiority of BW training is justified
by a rational fact that in BW, the toes contact first and the
step finishes off with the heel; thus, the pattern is unusual and
unfamiliar to the subject, so they pay attention and become
more cautious because of the feeling of instability. This in-
creases motor cortex activity [30] to maintain postural sta-
bility [17].

27
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The mechanism by which BW improves the dynamic bal-
ance can be ascribed to increased cortical activation as it
has been shown that with BW, the concentration of oxygen-
ated haemoglobin increases in the supplementary motor
area, pre-central gyrus, and the superior parietal lobule when
measured by functional near-infrared spectroscopy [30].
This level of oxygenated haemoglobin, as noted by Shibuya
et al. [43], is directly associated with cortical activation.

Another possible explanation of these results may be the
absence of visual information on the direction of walking,
calling for additional stabilizing mechanisms that could rely
on the other sensor-motor system, such as muscle strength
and proprioception, to compensate for the lack of visual feed-
back and maintain dynamic balance [36]. Yang et al. [16]
stated that BW improved perceptual responses and the
changes in the environment might help to advance neuro-
muscular control, proprioception, and protective reflexes
owing to lack of visual signals.

Changes in muscle strength in lower limbs induced by
BW exercise may be another plausible explanation as the
motor system has a significant contribution to preserving bal-
ance. It has been declared that the plantar flexors and dor-
siflexors play a central role in maintaining balance on sup-
port for single and bilateral extremities. Also, gastrocnemius
and soleus are instrumental in postural adjustment [44].
Furthermore, Hoogkamer et al. [45] observed pronounced
crossed reactions in the anterior tibialis to maintain stability
and balance during BW.

Limitations

The main limitation for this study was the lack of blind-
ing on the assessor part. An effort was made to standardize
the procedures and minimize any possible bias due to the
lack of blindness. There were only 6 weeks of treatment, which
is considered to be a relatively short period. In addition, the
study did not examine the long-term impacts or follow-up.

Conclusions

According to this study, BW training provides an addi-
tional effect for flat foot subjects as it improves foot posture
and dynamic balance and can be incorporated into the re-
habilitation approach of flat foot. Future research is needed
to investigate the immediate and long-term effects, as well
as a follow-up of BW training in flat-arched foot; also, repli-
cation of this study with diverse treadmill inclinations is ad-
vised. Further work is crucial to examine the foot muscle ac-
tivity and plantar pressure changes as a result of BW training.
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