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ABSTRACT

Knee injuries are prevalent among collegiate athletes, necessitating effective rehabilitation strategies to restore
function and minimize pain. The study aimed to compare the effects of backward and forward walking on pain levels,
static, and dynamic balance in collegiate athletes with knee injuries over a 4-week intervention. Twenty-four
collegiate athletes with an age of (M=22.43; SD=1.63 years) and at least 2 months of knee injury participated in the
study. They were equally divided into forward walking (Group A) and backward walking (Group B) and were required
to walk 3 times a week, with each session lasting 10 minutes. The results revealed that within group, both
interventions showed significant pain reduction (forward walking: -22.42%; backward walking: -20.04%), and
improvements in standing stork test for balance (forward: 12.87%; backward: 14.31%), anterior dynamic balance
(forward: 21.32%; backward: 25.71%), posteromedial dynamic balance (forward: 33.86%; backward: 16.51%), and
posterolateral dynamic balance (forward: 22.24%; backward: 26.09%) (p < 0.05). However, no significant differences
were found between groups (p > 0.05). The results indicate that both interventions are equally effective on
improving pain levels and balance among athletes with knee injuries. However, clinicians should consider patient
preferences or specific clinical factors when selecting intervention strategies.
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INTRODUCTION slightly higher incidence of 2-10 times due to
neuromuscular and biomechanical differences
compared to men’.However, fortunately, many
knee injuries can be effectively managed with
interventions like bracing and targeted
rehabilitation  exercises®’. Among these
exercises, backward walking, or retro-walking,

The knee, considered the largest joint in the
human body, serves critical biomechanical
functions  including load-bearing,  shock
absorption, and facilitating the flexion-
extension movements essential for running,

jumping, and directional changes in sport,
making it pivotal for athletes participating in
various sports"?. Evidence from the Malaysian
athletic context further supports this, with the
knee consistently identified as the most
frequently injured body region among local
athletes across multiple sports®. However, it is
also highly susceptible to injuries, particularly
among young athletes, constituting to a
staggering 2.5 million of all sports-related
injuries and significantly impacting the sports
community*. Studies of NCAA athletes across
multiple sports report that ACL injury rates are
notably higher during competitions compared
to practices, with competition-related injury
rates being approximately 5 to 10 times greater
than practice rates>. Furthermore, studies
revealed that women athletes exhibiting a

has emerged as a therapeutic modality for knee
rehabilitation, offering notable benefits such as
muscle stimulation, gait improvement, and
balance enhancement'®'', Research indicates
that backward walking reduces step length,
thus enhancing gait speed and lower limb
endurance, while also increasing quadriceps
activity and stability during the stance phase of
walking'®. Subsequently, not only that but the
unique way on how the mechanism places less
stress on the kneecaps and patellofemoral
joints, makes it an effective and balanced
exercise for knee injuries rehabilitation'®.

Conversely, forward walking stands as a low-
impact method that rehabilitators infrequently
use since it generates more stresses to ankle
and knee joints because of the knee flexion
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with minimal foot movement'. However,
experts do regard this method as a secure
rehabilitation practice which gives benefits
that enhance joint flexibility and help patients
control weight while permitting daily activities
needed for complete recovery success''. In
addition, rehabilitation programs could benefit
from forward walking through its restoration on
knee joint mobility, body weight management
and daily functional activities reacquisition'?.
Therefore, due to its crucial position in regular
human motion forward walking becomes an
essential aspect of rehabilitation because it
helps patients restore physical independence
and develop better knee wellness'"'"2,
Collegiate athletes, defined as student-athletes
enrolled in university or college-level
institutions competing in organized sports'>.
Studies have revealed that NCAA athletes are
particularly vulnerable to knee injuries due to
high training demands, with knee injuries
accounting for up to 32.9% of all sports injuries
in this population™. Within the Malaysian
context, the knee remains the most commonly
injured body region among competitive
athletes, highlighting the need for effective
rehabilitation interventions for this
population3. Notably, the backward walk test
has demonstrated acceptable measurement
properties for assessing balance and mobility in
clinical populations, supporting its dual role as
both an assessment and training modality'®.

However, multiple research studies have
indicated that in contrast to forward walking
rehabilitation exercises, there is a growing
interest in backward walking as a new
treatment approach, as it demonstrates
potential promise for enhancing muscle
activation while stabilizing gait patterns and
minimizing pain symptoms'¢. Despite current
existing research, there is still a lack of
comparative investigations regarding how
backward walking methods compare to
standard forward walking protocols for
collegiate athletes with knee injuries regarding
their pain scales and balancing capabilities'®"’.
Consequently, addressing this gap is essential
to optimize rehabilitation protocols and
improve functional outcomes for injured
athletes'. Therefore, the purpose of this study
is to investigate the effectiveness of backward
walking compared to forward walking as a
rehabilitation intervention for collegiate
athletes with knee injuries.

METHODS

Research Design

This is an experimental study with a quasi-
experimental randomized pre-test and post-test
group developed. The design was chosen to

enable the research of cause-effect linkages.
Moreover, it also allows for variable modification
and the gathering of pre-test and post-test data.
The independent variables in the study are
forward walking and backward walking as the
rehabilitation interventions, while pain levels,
static and dynamic balance serve as the
dependent variables. A single-blind (assessor
blinded) randomized controlled trial (RCT) was
performed to assess the effect of backward
walking vs forward walking on pain level, static
and dynamic balance in university students with
knee injuries. The study was carried out in
compliance with the Helsinki Declaration, and an
ethics application was filed to the Sultan Idris
Education University  Ethics = Committee.
Consequently, participants’ verbal and written
consent was obtained.

Sampling and Randomization

In order to determine the required number of
participants for the study, G*Power for Windows
version 3.1.9.7 was utilized to do an a priori
analysis to identify the needed quantity of
subjects for the study. The power analysis
employed a t-test with an effect size of 0.58,
and alpha and statistical power were set at 0.05
and 0.80, respectively. The power analysis
determined that a minimum sample size of 10
patients every group were required, with an
actual power of 0.96. Taking a 20% attrition rate
into account, 12 participants were selected in
each group. Two groups (backward walking and
forward walking) with 12 participants each
equals a total of 24 individuals. The fishbowl
sample approach was utilized to assign
participants to either the backward walking
group (n=12) or the forward walking group
(n=12).

Participants

Twenty-four collegiate athletes with a mean age
of (M=22.43; SD=1.63 years) were recruited via
purposive sampling, whereby participants were
identified through the university's sports
department and referred by coaches and team
trainers based on the eligibility criteria’>. Among
the participants, there were 17 males (70.8%)
and 7 females (29.2%), backward walking, 12
(50%), and forward walking, 12 (50%). The
inclusion criteria for participant eligibility for
participation were Sultan Idris Education
University collegiate athletes aged 19 to 27 years
old, either gender, as it corresponds to the
typical university enrolment period and
represents the peak competitive years for
collegiate athletes, during which the risk of
sports-related knee injuries is highest>™. The
participants were required to have at least with
2 months of knee injuries or knee related issues.
Additionally, they were required to be able to
interpret and follow the research procedure.
Participants that did not meet the criteria were
excluded from this study.
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Study Interventions

The participants were randomly assigned to
either the forward walking group (n=12) or the
backward  walking group (n=12). Each
intervention session lasted for a standardized
duration of 10 minutes, with a total of 12
sessions conducted over 4 weeks, amounting to 3
sessions per week'. The intensity of the
intervention was self-paced, allowing
participants to walk at their preferred speed and
intensity. The participants were required to
undergo two tests to assess their stability,
namely the Y-balance test for dynamic balance
and the standing stork test for static balance'®2".
Upon completion of the test, the participants
were required to rate their pain levels using the
numeric pain rating scale (NPRS).

Outcome Measures

The Visual Analog Scale (VAS) was employed as
the outcome measurement tool to assess pain
intensity levels, specifically serving as the basis
for the Numeric Pain Rating Scale (NPRS),
whereby participants rated their pain levels on a
scale from 0 to 10, where 0 indicated "no pain”
and 10 represented the "worst possible pain'®.
The Intraclass Correlation Coefficient (ICC) for
the VAS scale was found to be 0.97, indicating
strong reliability’®. The static balance was
evaluated using the standing stork test, which
involved a proper warm-up protocol followed by
participants placing one hand on their hips and
one foot on the inside knee of the opposing leg.
Participants elevated their heel and endeavored
to maintain balance for as long as possible. The
duration for which participants successfully
maintained balance was used to calculate their
score. The standing stork test has demonstrated
acceptable test-retest reliability for assessing
static balance in healthy young adults®. The
dynamic balance was measured using the Y-
Balance test, wherein participants followed a
specific sequence to perform balancing tests in
three directions for both the right and left legs:
anterior, posteromedial, and posterolateral. This
test assesses the distance reached by
participants while maintaining balance, providing
insights into dynamic stability and neuromuscular
control. The ICC for the Y-Balance test ranged
from 0.83 to 0.96, which indicated good
reliability?’. All  outcome measures were
administered by a single trained assessor, who
was blinded to group allocation to minimize
assessment bias and ensure consistency across all
testing sessions. The assessor underwent a
familiarization session prior to data collection to

standardize  testing procedures.  Outcome
measurements were conducted at two time
points: at baseline prior to intervention
commencement (T0, Week 0) and immediately
following the completion of the 4-week
intervention period (T1, Week 4).

Statistical Analysis

The data was analyzed using IBM SPSS Statistics
for Windows, Version 25.0 (Armonk, NY: IBM
Corp). The means and standard deviations were
estimated for continuous variables whereas
frequency distributions were generated for
categorical variables. A parametric statistical
approach, the Paired sample T-test was utilized
to assess the effects of backward walking with
forward walking on pain level, static and
dynamic balance in college athletes with knee
injuries. The statistical significance was set at p
< 0.05 (two-tailed).

RESULTS

The Descriptive Statistics of Participants
Demography

Table 1 presents the baseline demographic
characteristics of all (n=24) participants
recruited for this study. The participants had a
mean age of (M=22.43; SD=1.63 years), with a
range of 5 years, reflecting a homogeneous age
group consistent with the collegiate athlete
population. The mean height and weight of
participants were (M=171.62; SD=6.92 cm) and
(M=67.52; SD=11.60 kg) respectively, with weight
showing the greatest variability among all
anthropometric measures. The mean BMI was
(M=22.78; SD=2.49 kg/m?), which falls within the
normal healthy weight range according to the
World Health Organization (WHO) classification,
suggesting that obesity was not a confounding
factor in this study. Based on the lower
anthropometry characteristics, the mean right
leg length was (M=92.78; SD=3.38 cm) and mean
left leg length was (M=92.99; SD=3.11 cm),
indicating bilateral symmetry among
participants. In terms of gender distribution, the
sample comprised (n=17) males (70.8%) and (n=7)
females (29.2%), with (n=12) participants equally
allocated to each intervention group, the
forward walking group (n=12, 50%) and the
backward walking group (n=12, 50%).

Table 1a: Baseline Demographic Characteristics of Participants (n=24)

Variables Mean (M) Standard Deviation (SD) Range
Age (years) 22.43 1.63 5
Height (cm) 171.62 6.92 22
Weight (kg) 67.52 11.60 40
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Table 1b: Baseline Demographic Characteristics of Participants (n=24

BMI (kg/m?) 22.78 2.49 9.6
Right Leg Length (cm) 92.78 3.38 11.0
Left Leg Length (cm) 92.99 3.1 12.0

The Descriptive Statistics of Pre and Post-Test

Table 2 presents the pre and post-test outcome
measures for both intervention groups following
the 4-week intervention period. For pain levels,
the forward walking group demonstrated a
reduction in mean NPRS score from (M=6.69;
SD=0.87) at baseline to (M=5.19; SD=0.72) post-
intervention, representing a decrease of 1.50
points. Similarly, the backward walking group
recorded a reduction in mean NPRS score from
(M=5.54; SD=0.92) at baseline to (M=4.43;
SD=0.87) post-intervention, representing a
decrease of 1.11 points. These findings suggest
that both interventions contributed to clinically
meaningful reductions in pain levels among
collegiate athletes with knee injuries (See Figure
1). With regard to static balance, the forward
walking group demonstrated an improvement in
mean Stand Stork Test scores from (M=13.67;
SD=0.66 seconds) at baseline to (M=15.43;
SD=1.13 seconds) post-intervention, reflecting an
improvement of 1.76 seconds. The backward
walking group similarly showed improvement
from (M=14.61; SD=0.67 seconds) at baseline to
(M=16.70; SD=1.45 seconds) post-intervention,

reflecting an improvement of 2.09 seconds,
indicating that both groups demonstrated
enhanced static balance following the
intervention period (See Figure 2). With respect
to dynamic balance as measured by the Y-
Balance Test, improvements were observed
across all three directions in both groups. For the
anterior direction, the forward walking group
improved from (M=58.67; SD=9.61 cm) to
(M=71.18; SD=5.38 cm), while the backward
walking group improved from (M=59.27; SD=9.64
cm) to (M=74.51; SD=5.80 cm) (See Figure 3). For
the posteromedial direction, the forward walking
group improved from (M=58.86; SD=4.38 cm) to
(M=78.79; SD=9.13 cm), and the backward
walking group improved from (M=73.04; SD=3.91
cm) to (M=85.10; SD=5.65 cm) (See Figure 4). For
the posterolateral direction, the forward walking
group improved from (M=63.61; SD=10.42 cm) to
(M=77.76; SD=4.64 cm), while the backward
walking group improved from (M=68.33; SD=12.02
m) to (M=86.16; SD=5.73 cm) (See Figure 5).
Overall, both groups demonstrated consistent
improvements in dynamic balance across all
three directions of the Y-Balance Test following
the 4-week intervention.

Table 2: Pre and Post-Test Outcome Measures by Forward and Backward Walk Groups (n=24)

Forward Walking  Forward Walking Backward Backward Walking

Variables (n=12) (n=12) Walking (n=12) (n=12)

Pre M £ SD Post M £+ SD Pre M £ SD Post M + SD
NPRS 6.69 + 0.87 5.19 + 0.72 5.54 + 0.92 4.43 £ 0.87
?St:?)d Stork  Test 13.67 + 0.66 15.43 + 1.13 14.61 + 0.67 16.70 + 1.45
Iéij‘ance Anterior g 071 9.61 71.18 + 5.38 59.27 + 9.64 74.51 + 5.80
Y-Balance 58.86 + 4.38 78.79 + 9.13 73.04 + 3.91 85.10 + 5.65
Posteromedial (cm)
Y-Balance 63.61 + 10.42 77.76 + 4.64 68.33 + 12.02 86.16 + 5.73

Posterolateral (cm)

Table 3 presents the paired sample t-test results
for the backward walking group, comparing pre-
test and post-test outcomes across all measured
variables. A statistically significant reduction in
pain levels was observed, with mean NPRS scores
decreasing from (M=5.54; SD=0.92) at baseline to
(M=4.43; SD=0.87) post-intervention, yielding a
mean difference of (M=1.11; SD=1.54) (t(11) =
2.51, p = 0.029). With regard to static balance,
the Stand Stork Test demonstrated a significant
improvement, with mean scores increasing from
(M=14.61; SD= 0.67 seconds) to (M=16.70;
SD=1.45 seconds), reflecting a mean difference

of (M=-2.09; SD=1.39 seconds) (t(11) = -5.22, p <
0.001). For dynamic balance, significant
improvements were observed across all three
directions of the Y-Balance Test. The anterior
direction improved from (M=59.27; SD=9.64 cm)
to (M=74.51; SD=5.80 cm), with a mean
difference of (M=-15.24; SD=13.07 cm) (t(11) = -
4.04, p = 0.002). The posteromedial direction
improved from (M=73.04; SD=3.91 cm) to
(M=85.10; SD=5.65 cm), with a mean difference
of (M=-12.06; SD=6.41 cm) (t(11) = -6.50, p <
0.001). The posterolateral direction improved
from (M=68.33; SD=12.02 cm) to (M=86.16;
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SD=5.73 cm), with a mean difference of (M=-
17.83; SD=11.25 cm) (t(11) = -5.50, p = 0.001).
These results indicate that the backward walking
intervention produced statistically significant
improvements across all outcome measures,
including pain levels, static balance, and
dynamic balance in all three directions.

Table 4 presents the paired sample t-test results
for the forward walking group, comparing pre-
test and post-test outcomes across all measured
variables. A statistically significant reduction in
pain levels was observed, with mean NPRS scores
decreasing from (M=6.69; SD=0.87) at baseline to
(M=5.19; SD=0.72) post-intervention, yielding a
mean difference of (M=1.50; SD=0.63) (t(11) =
8.24, p < 0.001). With regard to static balance,
the Stand Stork Test demonstrated a significant
improvement, with mean scores increasing from
(M=13.67; SD=0.66 seconds) to (M=15.43;
SD=1.13 seconds), reflecting a mean difference
of (M=-1.76; SD=1.11 seconds) (t(11) = -5.50, p <

0.001). For dynamic balance, significant
improvements were observed across all three
directions of the Y-Balance Test. The anterior
direction improved from (M=58.67; SD=9.61 cm)
to (M=71.18; SD=5.38 cm), with a mean
difference of (M=-12.51; SD=11.29 cm) (t(11) = -
3.84, p = 0.003). The posteromedial direction
improved from (M=58.86; SD=4.38 cm) to
(M=78.79; SD=9.13 cm), with a mean difference
of (M=-19.93; SD=8.28 cm) (t(11) = -8.33, p <
0.001). The posterolateral direction improved
from (M=63.61; SD=10.42 cm) to (M=77.76;
SD=4.64 cm), with a mean difference of (M=-
14.16; SD=11.12 cm) (t(11) = -4.41, p = 0.001).
These results indicate that the forward walking
intervention produced statistically significant
improvements across all outcome measures,
including pain levels, static balance, and
dynamic balance in all three directions.

Table 3: The Paired Sample T-Test outcome for The Backward Walking Group

Variables Mean Diff + SD t dar p

NPRS 1.11 £ 1.54 2.51 11 0.029
Stand Stork Test (sec) -2.09 + 1.39 -5.22 11 <0.001
Y-Balance Anterior (cm) -15.24 + 13.07 -4.04 11 0.002
Y-Balance Posteromedial (cm) -12.06 + 6.41 -6.50 11 <0.001
Y-Balance Posterolateral (cm) -17.83 £+ 11.25 -5.50 11 0.001

Table 4: The Paired Sample T-Test outcome for The Forward Walking Group

Variables Mean Diff + SD t df p

NPRS 1.50 + 0.63 8.24 11 <0.001
Stand Stork Test (sec) -1.76 £ 1.11 -5.50 11 <0.001
Y-Balance Anterior (cm) -12.51 + 11.29 -3.84 11 0.003
Y-Balance Posteromedial (cm) -19.93 + 8.28 -8.33 11 <0.001
Y-Balance Posterolateral (cm) -14.16 + 11.12 -4.41 11 0.001
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Figure 1: The Mean NPRS Score for pre- test and post- test for both groups.
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Figure 2: The mean standing stork test time for pre- test and post- test for both groups.
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Figure 3: The mean Y-Balance test (Anterior) for pre- test and post- test for both groups.
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Figure 4: The mean Y- Balance test (Posteromedial) for pre-test and post-test for both groups.
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Figure 5: The mean Y-Balance test (Posterolateral) for pre- test and post- test for both groups.

DISCUSSION

The investigation assessed the effects of
backward and forward walking on pain levels as
well as static and dynamic balance among
collegiate athletes with knee injuries with a
structured 4-week intervention. Both the forward
walking and the backward walking procedures
showed significant improvement in the numeric
pain rating scale (NPRS) assessments and static
and dynamic balance measurements across the 4-
week investigation period from the pre to post-
test. The subjects in the forward walking group
achieved a greater mean NPRS reduction of
(M=1.50; SD=0.63) (t(11) = 8.24, p < 0.001),

while the backward walking group showed a
mean NPRS reduction of (M=1.11; SD=1.54) (t(11)
= 2.51, p = 0.029). The results showed both
groups achieved better NPRS scores along with
enhanced static balance in addition to dynamic
balance in the pre-test to post-test period.
Subjects in the forward walking group achieved
significant decreases in NPRS averaging 1.50
(SD=0.63), alongside significant improvements in
static and dynamic balance assessments.
Similarly, the backward walking group
participants achieved both a notable decline in
NPRS scores and improvements in static and
dynamic balance test results.
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The findings of this research are in line with
previous findings as it reports significant
improvement in the knee muscle function
improvements after patients received forward
and backward  walking  interventions?.
Furthermore, the neuromuscular control of knee
joints together with proprioceptive abilities
improved when patients train with backward
walking as opposed to forward walking,
contributing to better functional outcomes?3.
Similarly, in a randomized control trial, the
arthritis patients demonstrated improved static
knee stability through backward walking and
reduction on the NPRS scores compared to the
control group??. Additionally, the essential
element for dynamic stability together with
postural control referred to as the lower limb
proprioception shows significant improvement
through backward walking interventions'e.
Moreover, it has been observed that backward
walking practices demonstrate both knee joint
strain reduction features along with quad
muscles strengthening capabilities allowing it to
be suitable for rehabilitation uses according to
previous studies’®. Consequently, backward
walking also creates high proprioceptive
demands hence improving postural stability
together with dynamic balance particularly in
population  groups  with musculoskeletal
conditions?®. In addition, backward walking has
been shown to reduce the external knee
adduction moment, indicating decreased medial
compartment loading that may further support
its role in knee rehabilitation?®.

The present study demonstrates that forward
and backward walking exercises may enhance
the rehabilitation of knee injuries but it fails to
demonstrate substantial differences in pain
reduction capabilities or balance improvements
between them. This could be attributed to
external influencing factors including individual
biomechanics, muscle activation patterns, and
participant compliance towards the training
methods, all of which may have influenced the
outcomes'?,  Previous studies hint that
backward walking may be superior in improving
static and dynamic balance?®. This is consistent
with previous literature suggesting that both
modalities activate similar neuromuscular
mechanisms, albeit through different
biomechanical pathways?.

Given the growing body of evidence supporting
the use of backward and forward walking in knee
rehabilitation, future research should focus on
long-term outcomes and the mechanisms through
which backward walking influences knee
rehabilitation outcomes. Furthermore,
researching the effectiveness of integrating
forward walking together with backward walking
exercises in one training program may allow
researchers to understand on how to enhance
muscle strength and knee stability further'®'2,
Additionally, clinical practitioners should also

integrate backward walking exercises into
rehabilitation programs by comprehending the
neuromuscular adaptations along with
biomechanical efficiency and proprioceptive
feedback for the knee injury patients. Overall,
the findings of this study support the
incorporation of both forward and backward
walking as equally effective rehabilitation
interventions for collegiate athletes with knee
injuries, and clinicians may select either
modality based on patient preference or specific
clinical considerations.

CONCLUSIONS

This research findings demonstrate the
relationship between forward walking exercise
and backward walking exercises regarding pain
levels and static as well as dynamic balance
improvement for collegiate athletes with knee
injuries. The outcome data reveals that both
forward walking and backward  walking
demonstrated significant improvements in pain
measurement and static and dynamic balance
performance within each group, however no
statistically significant differences were found
between the two interventions (p > 0.05). The
findings indicate that both forward walking and
backward walking represent equally valid
therapeutic strategies during the knee injury
recovery period, and clinicians may select either
modality based on patient preference or specific
clinical considerations. This research will lead to
further studies about the precise ways different
walking techniques affect athlete pain
perceptions together with balance performance
which can help develop customized
rehabilitation programs for better outcomes.
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