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Evaluation of balance and orthotic
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patients
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Stroke-induced hemiplegia is a major cause of long-term disability, often leading to lower limb
deformities and abnormal gait. Ankle-foot orthoses (AFO) have shown effectiveness in improving
these conditions, but limited research explores the benefits of combining AFO therapy with balance
training. This study aimed to explore the effects of combining balance training exercises with

orthotic intervention on various gait characteristics in stroke patients with lower limb paralysis. This
randomized controlled trial (RCT) involved 32 patients, 12-18 weeks post-stroke, randomized into two
groups: balance training only (n=16) and balance training with orthotics (n=16). Gait performance
was evaluated at baseline and post intervention using the Timed Up and Go Test (TUG) and 10-Meter
Walk Tests. The combination therapy group showed significant improvements in gait parameters. For
the 10-Meter Walk Test, the mean pre-intervention speed was 0.31+0.03 m/s, and post-intervention
speed was 0.40 +0.03 m/s. In the TUG test, mean pre-intervention time was 27.04 +2.04 s, and post-
intervention time was 20.55+2.30 s (p<0.05). These improvements were greater than those observed
in the balance-only group. The combination of balance training and AFO therapy significantly improves
gait in chronic hemiplegic stroke patients. This approach offers a promising rehabilitation strategy to
enhance functional mobility and quality of life in stroke survivors.
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Stroke is a leading cause of long-term disability worldwide, and it occurs when disrupted blood flow to the
brain deprives tissue of oxygen and nutrients, leading to neurological damage often resulting in hemiplegia,
which significantly impairs balance, mobility, and functional independence. Around 80% of strokes are ischemic
(blocked blood flow), while 15% result from intracerebral hemorrhage which causes bleeding into the brain'.
Ischemic stroke restricts blood and glucose supply due to narrowed vessels, while hemorrhagic stroke results
from bleeding in or around the brain. Hemiplegia, marked by paralysis or weakness on one side is common in
hemiplegic stroke patients as these patients commonly experience gait disturbances due to muscle weakness,
abnormal tone, and impaired proprioception, increasing their risk of falls and limiting their ability to perform
daily activities?. Stroke-induced neurological deficits can impair movement, sensation, perception, and language
on the side opposite the brain injury, whether from bleeding or ischemia’. Effective rehabilitation strategies
are essential to improve post-stroke recovery and enhance patients” quality of life especially as the number
of stroke survivors, particularly among older adults, continues to rise?. Most stroke survivors experience
functional limitations, particularly with movement, which is a major impairment’. Balance and orthotic gait
training are essential in stroke rehabilitation to improve walking, restore mobility, and prevent falls. Various
techniques, including task-specific balance exercises, weight-bearing training, and the use of orthotic devices,
have been developed to facilitate gait retraining and improve postural stability. However, the effectiveness of
different rehabilitation approaches remains a topic of ongoing research®. Gait analysis measures spatiotemporal
properties like walking speed, stride length, step width, support phases, and cadence”®. Observational analysis is
basic, but adding standardized tests like the Timed Up & Go (TUG) and Ten Meter Walk Trial (10mwt) enhances
evaluation®!1.
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Hiroaki Abe et al.!?> demonstrated that plastic ankle-foot orthoses can recover spatiotemporal gait constraints
in sixteen stroke patients with hemiparesis showing improvements in the walking speed, cadence, step length,
and step width with the use of PAFO. A systematic review by Moseley et al.'® highlighted that there is a need
for well-made randomized controlled trials to better assess the efficacy of ankle-foot orthoses in improving
balance and gait outcomes in adults with hemiplegia. Gok et al.!* analyzed the mechanical effects of metallic
and plastic AFOs on severely affected hemiparetic stroke patients using spatiotemporal assessments. Both
AFOs improved gait parameters, including cadence, walking speed, step length, and ankle dorsiflexion, with
metallic AFOs showing superior dorsiflexion enhancement. Elsayed et al.!® studied chore-specific exercises and
visual biofeedback for correcting equinovarus gait in sixteen stroke patients in G1 (chore-specific exercises,
gait training, and biofeedback) or G2 (traditional therapy). G1 showed significant, lasting improvements, while
G2 had no notable enhancement. Lee et al.!' examined Heel-Raise-Lower Exercises (HRLEs) in post-stroke
individuals, comparing heel raise block-supported (HRB) and level-floor (HRL) variations and yielded superior
gains by HRB in paretic side strength, gait speed, and cadence. Tomioka et al.!” investigated the immediate
effects of combination therapy involving repetitive facilitative exercises and ankle-foot orthosis management in
chronic post-stroke patients with limited mobility and motor function and there was significant improvement in
lower extremity motor function, ambulation, and performance on clinical trials.

Hiengkaew et al.!® assessed the test-retest reliability and minimal detectable changes (MDC) of balance
and gait in chronic stroke patients with varying ankle plantarflexor tone and it showed excellent reliability.
Shimodozono et al.!” and Kawahira et al.2’ examined repetitive facilitative exercise (RFE) combined with AFO
use versus conventional rehabilitation, it was found that combination therapy significantly improved gait patterns,
highlighting the benefits of integrated rehabilitation than conventional therapy. Mayer et al.?! studied locomotor
control, which integrates passive and active forces through anticipatory and reactive strategies. Gait reflexes
are phase-dependent, and dysfunction often presents as significant asymmetrical deficits. Lindquist et al.?? and
Chen et al.** combining functional electrical stimulation (FES) with body weight support (BWS) improved
motor recovery and gait patterns, highlighting its effectiveness in stroke rehabilitation. Tyson et al.?* systematic
review analyzed 20 trials (314 participants) on AFO effects in post-stroke gait. AFOs improved ankle kinematics,
knee kinematics in stance phase, kinetics, and energy cost. Carse et al.?% studied the immediate effects of custom
solid AFOs in early stroke rehabilitation, there were significant improvements in walking speed, step length, and
cadence. Pizzi et al.?® evaluated the Wisconsin Gait Scale (WGS) for assessing qualitative changes in post-stroke
hemiplegic gait for tracking progress and guiding personalized rehabilitation. Wellmon et al.?” assessed a post-
acute gait training program in hemiplegic patients using the Wisconsin Gait Scale (WGS) as it is a reliable tool
for evaluating gait quality, kinematics, symmetry, balance, and assistive device use in neurorehabilitation. Etoh et
al.”® studied hemiplegia rehabilitation using RFE combined with neuromuscular electrical stimulation (NMES),
vibratory stimulation (DAVS), and repetitive transcranial magnetic stimulation (rTMS). RFE with NMES/DAVS
versus RFE with rTMS was compared to determine the optimal combination for stroke recovery. Scheimanck et
al? studied implantable FES for the common peroneal nerve in chronic stroke patients with drop foot using an
AFO. FES improved ankle plantarflexion, paretic leg power, and step length symmetry.

Rodriques et al.*” evaluated hemiplegic gait using the Wisconsin Gait Scale (WGS), analyzing gait deviations,
weight-bearing, and weight shift. The study examined WGS item relationships, its correlation with functional
status, motor recovery, gait velocity, and the impact of unilateral neglect, proprioceptive deficits, and affected
side. Monger et al.3! analysed the gait patterns and concluded that a combined task-specific training program
and specific strengthening exercises improved the gait pattern in stroke patients. Rhyu et al.*? studied the effects
of training on diverse surfaces (TDS) on balance and gait in older male stroke patients. TDS improved static and
dynamic balance as well as gait velocity. Daryabor et al.>* compared the effects of different AFOs on functional
outcomes in chronic and subacute stroke patients and concluded that AFOs improve ambulation and functional
performance. Zarezadeh et al.** conducted a study and found that the favorable benefits of the AAFO and PLS
AFO on functional ambulation were noteworthy. PLS AFO allowed hemiplegic patients to walk farther than they
could with shoes. Bonanno et al.* reviewed gait analysis systems for neurorehabilitation, including wearable
sensors (WS) and non-wearable sensors (NWS) to assess gait and balance in neurological patients, aiding early
intervention and personalized therapy. Anwar et al.® worked on rehabilitation of upper limb motor impairment
in stroke and found VR has now emerged as the modern approach towards rehabilitation motor activity of
impaired limbs. Hussain et al.’” worked on virtual reality as non-conventional rehabilitation for stroke and
found VR-based rehabilitations can be beneficial in restoring post-stroke upper limb functions and improving
routine life of survivors.

This study evaluates the impact of balance and orthotic gait training on rehabilitation outcomes in hemiplegic
stroke patients. By assessing their effectiveness in enhancing stability, gait mechanics, and functional mobility,
it aims to provide evidence-based recommendations for optimizing stroke rehabilitation. While past research
emphasized task-specific exercises and robotic-assisted therapy, the growing recognition of combined balance
training and assistive devices like AFOs has shifted the focus. Despite their crucial role in gait restoration,
literature on these techniques remains limited. This study seeks to enhance lower limb function and mobility in
chronic hemiplegic stroke patients and refine rehabilitation protocols for improved gait outcomes.

Methods

Participants

Total of 32 post-stroke subjects were recruited from two rehabilitation centers i.e. Al-Nafees Medical College and
Hospital in Islamabad, and Benazir Bhutto Hospital (BBH) in Rawalpindi between January-June 2021. Inclusion
criteria involved unilateral hemiplegia resulting from ischemic or hemorrhagic stroke for at least 3 months past,
aged 40-60 years. This age range is selected because stroke and disabilities due to stroke are common in middle
aged individuals and as they have more natural muscle, less bone degeneration and they are more willing to
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return to their daily life activities the intervention has better rehabilitation outcomes. Whereas individuals <40
years of age have faster neuroplasticity and recovery which can affect the balance and gait training and patients
>60 years of age have reduced neuroplasticity and comorbidities can reduce the rehabilitation outcomes. The
study findings are relevant to 40-60 years age group which shows the efficacy of balance and orthotic gait
training in younger and older individuals. Individuals 12-18 weeks in subacute phase were included as it is
critical window where rehabilitation interventions are effective due to neuroplasticity and recovery potential.
Patients in the acute phase show dramatic recovery whereas in the chronic phase neuroplasticity declines and
impairments tend to stabilize and there will be smaller improvements. Exclusion criteria comprised the presence
of conditions, other than stroke, that could affect balance, such as Parkinson’s disease, cerebral traumas, vertigo,
vestibular diseases, and posterior cerebral artery (PCA) stroke with cortical blindness. Additionally, individuals
with cognitive impairments and concurrent gait disorders resulting from acute or subacute musculoskeletal
issues that could influence patient gait were excluded. The data collection and experimental protocol received
approval from the NUST ethical committee under Ref# NUST/SMME/BMES/ETH/092020/0047. Subjects were
asked to sign the consent form before participating. All methods were carried out in accordance with relevant
guidelines and regulations.

Study design

32 individuals with persistent hemiplegic stroke will participate in an RCT. A sealed envelope method will
be used, and the sample will be split into two groups, experimental group (Table 1) and the control group
(Table 2) display the participant’s statistical characteristics. The randomization procedure was conducted by an
independent individual who was not involved in any aspect of the study. This person used a sealed-envelope
method to equally allocate participants into the experimental group (n=16) and the control group (n=16). As
the rehabilitation techniques in my study required active participation from the therapists, clinicians, prosthetists
and orthotists, so blinding was not used for the therapists, prosthetists, and orthotists who were conducting the
intervention. However, to lessen the possibility of assessment bias, outcome assessors were blinded to group
assignment.

Balance exercises

The ABC scale of balance confidence, the TUG test, and the IOMWT are among the data collection techniques
that will be used for pre- and post-intervention assessment. Traditional balance training will be done with 10
repetitions in each set, 3 sets per session, and 1 session per day will be given to the control group for 4 weeks,
3 times every week). Balance exercises includes sitting balance exercises (sitting, standing, single leg stance)
and dynamic balance exercises (weight shifting, tandem walking, stepping exercises). Exercises for balance will
involve standing with your feet together (a “narrow base support”), standing with one foot directly in front of the
other (a “tandem position”), standing with your eyes open and your eyes closed, standing with a multidirectional
functional reach, and other similar movements like walk diagonally and march in place.

AFO and balance training will be given to the experimental group for duration of four weeks (10 repetitions
in each set, 3 sets per session, 1 session per day, 3 days a week, wearing time of AFO 6 h daily after exercise).
Adherence to the prescribed 6 h/day of AFO usage was monitored through patient self-reported logs. AFO
will be composed of 4 mm polypropylene sheet with thick medial and lateral sides to give the ankle and foot
better stability. In the beginning and end of each therapy session, both groups will participate in five minutes
of stretching and breathing exercises as well as warm-up and cool-down activities. Additionally, the individuals

Gender | Age Weight Height Side paralyzed

SI |F 42 60 170.3 R
s2 |M 56 67 150 R
$3 | M 62 67 150 R
sS4 | M 46 65 153 R
S5 |F 55 59 170 R
S6 | M 60 58 165 L
s7 | M 50 59 168 L
S8 | M 49 58 168 R
s9 |F 46 54 170.3 R
S10 | M 59 72 170 R
Si1 | M 57 70 155 R
S12 | M 46 68 150 L
S13 | F 60 72 170 R
S14 | M 52 62 168 L
S15 | F 49 65 168 L
S16 | M 46 64 170.3 R
mﬁ:ﬁiw 5214628 | 63.03+£5.98 | 163.3+8.40

Table 1. Demographic characteristics of the participants in experimental group G1.
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Gender | Age Weight Height Side paralyzed

S F 47 63 1713 R
s2 M 57 69 152 R
3 M 64 69 152 R
S4 M 48 66 155 R
S5 F 56 60 168 R
S6 M 62 68 169 L
s7 M 55 67 170 L
S8 M 52 70 168 R
9 F 46 56 171 R
SI0 | M 62 74 169 R
Sit |M 46 68 165 R
s1i2 |M 69 59 162 L
S13 | F 58 71 159 R
Si4 |M 48 69 153 L
S15 | F 52 71 169 L
si6  |M 52 62 171 R
mgﬁi L633sD | SH6E7.01 | 66.3£4.99 | 164.0+7.36

Table 2. Demographic characteristics of the participants in control group G2.

were assigned to intervention groups to avoid bias. A standardized rehabilitation program was followed by all the
participants, and outcome assessors were blinded to adherence levels, for further decreasing bias.

To minimize the severity of confounding factors, the study carefully selected participants within a specific
demographic range, including only patients aged 40-60 years with unilateral hemiplegic stroke. To ensure
eligibility their identities were verified through official identification documents. Each participant had been
clinically diagnosed with a hemorrhagic stroke affecting the cerebellum, with confirmation obtained through
CT/MRI scans conducted by experienced clinicians. The interdisciplinary approach of the study incorporated
both the clinicians and physiotherapists, ensuring a comprehensive evaluation of stroke severity and its
functional consequences. All assessments were performed only after obtaining informed consent, ensuring
ethical compliance and patient awareness. To assess the extent of impairments and functional limitations,
physiotherapists conducted in-depth subjective assessments using a combination of patient-reported symptoms,
structured clinical interviews and direct observation of movement patterns. Patients were encouraged to
describe their personal experiences related to numbness, weakness, movement difficulties, loss of sensation,
pain, and activity-related fatigue in detail. These self-reported symptoms provided valuable insights into the
daily challenges faced by stroke survivors. In addition to patient narratives, physiotherapists performed real-time
observational analyses to assess muscle tone abnormalities, spasticity, and gait disturbances during functional
tasks. Movement patterns were evaluated through tasks such as walking, standing, reaching, and posture
maintenance to identify biomechanical inefficiencies and compensatory strategies. Patients were selected based
on clinicians’ and physiotherapists’ assessments of their symptoms, movement patterns, and progression onset.
Those with severe spasticity or chronic conditions were excluded.

Orthotic gait training

Lower limb orthotic gait training involves the use of devices such as ankle-foot orthoses (AFOs), knee-ankle-
foot orthoses (KAFOs), or other assistive devices to improve walking mechanics, balance, and mobility in
individuals with lower limb impairments. Polypropylene was chosen due to its favorable properties, such as
lightweight durability, flexibility, and cost-effectiveness, which make it suitable for fabricating custom-made
assistive devices/orthoses which are aimed at improving gait. Rigid ankle foot orthosis from 3 mm polypropylene
sheet was made for the patients suffering from gait impairments to provide stability, to reduce risk of falls and
for functional ambulation.

This type of training is common in stroke rehabilitation, spinal cord injury, cerebral palsy, and other
conditions that affect gait. It improves gait mechanics (e.g., stride length, cadence, foot clearance), enhance
stability and reduce the risk of falls, promote functional ambulation in daily and community environments and
address specific impairments such as foot drop, knee instability, and spasticity. Gait training assessment is done
through biomechanical, functional and orthotic assessment.

Training progression includes initial training, dynamic training and advanced training. Initial Training:
Focuses on postural control and static balance, including weight shifting, sit-to-stand transitions, and assisted
walking with support. Dynamic Training: Emphasizes functional mobility, incorporating tandem walking,
stepping over obstacles, and unsupported stance exercises. Advanced Training: Enhances adaptive gait and
endurance, involving dual-task activities, obstacle navigation, and community ambulation. It improves gait
symmetry, enhance stability, promote weightbearing on the affected side and encourage neuroplasticity. Balance
exercises includes sitting balance exercises (sitting, standing, single leg stance) and dynamic balance exercises
(weight shifting, tandem walking, stepping exercises). Adjustments were made based on regular assessments
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Fig. 1. Measurements of spatiotemporal parameters by ink footprint method on paper walkways in hemiplegic
stroke patient (1) stride length (2) unaffected side step-length (3) affected side step-length (4) step width.

Fig. 2. Ink footprint record.

of participants’ balance performance, prosthetist and orthotist and therapist observations during sessions with
follow-ups.

Measurement system
Ink footprint method
Improvements in walking speed, endurance, and functional independence were evaluated using standardized
outcome measures (e.g., 10-Meter Walk Test, Timed Up and Go Test). The ink footprint method on paper
walkways is a traditional and cost-effective approach to analyze spatiotemporal gait parameters. This method
involves recording footprints on a prepared surface as a person walks, and the resulting data provides insight
into gait patterns. Use a long sheet of paper (3-6 m) placed on a flat, stable surface. Apply washable ink or dye
to the soles of the participant’s feet, or use ink pads for controlled application. The participant walks barefoot or
wearing thin socks/shoes coated with ink at a comfortable speed. Allow the ink footprints to dry before analysis.
Mark start and end points for consistency in measurements.

By systematically analyzing spatiotemporal parameters using the ink footprint method (Figs. 1 and
2), clinicians and researchers can assess gait characteristics, identify abnormalities, and monitor progress
during rehabilitation or training. Ink footprint method is a cost-effective technique to assess spatiotemporal
gait parameters and it has been validated in previous studies as a reliable method for gait analysis and basic
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measurements but it may lack the precision for advanced motion control systems. It has this limitation but it
was chosen for this study as it captured meaningful changes in gait patterns in controlled way. The TUG and
10MWT directly measure the physical aspects of balance and gait recovery, which are key objectives of the study.
The tests collectively assess parameters that can contribute to independence, such as walking ability, mobility,
and balance confidence. As the primary focus was on spatiotemporal gait parameters so secondary measures
were not utilized.

The ink footprint method is a reliable and a valid approach for evaluating fundamental spatiotemporal gait
parameters, which includes step length, stride length, and gait symmetry. Its validity lies in its direct measurement
of spatial metrics, though its precision for temporal parameters is limited and it often necessitates additional
tools. While spatial parameters demonstrate good reliability under standardized conditions, inconsistencies
may arise from factors such as surface variability and manual measurement techniques. Although this method
is affordable and widely accessible, it lacks the precision of advanced technologies and may slightly influence
natural gait patterns. Therefore, proper standardization and meticulous application can Therefore, proper
standardization and meticulous application can enhance its effectiveness®.

Activities specific balance confidence (ABC) scale

The (ABC) Scale is a self-reported questionnaire which is designed to measure an individual’s confidence in
performing various activities without losing balance or becoming unsteady. The ABC Scale consists of items,
each describing a different activity. Respondents rate their confidence in completing each activity without losing
balance for example walking around the house, standing on tiptoes to reach an object, picking up a slipper from
the floor, walking up or down a flight of stairs etc. This tool is widely used in rehabilitation and physical therapy
to assess balance confidence, particularly in individuals with balance impairments individuals with vestibular
disorders and stroke survivors. In this survey, the patient self-reports his level of comfort performing particular
tasks by selecting one of the percentages from 0% (no confidence) to 100% (full confidence) is assigned for
each activity. 80-100% indicate high level of physical functioning and balance confidence, 50-79% indicate
moderate level of confidence, potentially indicating some balance concerns or fear of falling. <50% indicate low
confidence, suggesting a high risk of falls and possible need for intervention®.

Timed up and go (TUG) trial

A trustworthy way to gauge functional performance is (TUG), which records transfers, gait, and turning
movements. The (TUG) Test is a simple, quick, and widely used assessment tool to evaluate mobility, balance,
walking ability. A standard armchair with a seat height of about 46 cm and a line on the floor 3 m (10 feet) away
from the chair is marked. The participant should wear their regular footwear and use their usual walking aids if
needed (e.g., cane or walker). Begin seated in the chair with their back against the backrest and arms resting on
the armrests. On the command “Go,” the participant stands up, walks to the 3-m line, turns around, walks back
to the chair, and sits down. The test is performed at a comfortable and safe walking speed. Start timing when the
participant begins to move from the chair. Stop timing when the participant is seated again. <10 s: Normal for
healthy, independent adults. The subject of this test is instructed to get up from a chair, then walk three meters,
turn around, get back in the chair, and then sit down. We are utilizing dynamic balance in this study. 11-20 s:
Normal for frail elderly or individuals with mild mobility issues. > 20 s: Indicates impaired mobility, higher risk
of falls, or dependence on assistance®>*°,

10 m walk trial

For quantitative gait analysis, this will be used. Various Temporal-Spatial factors, such as gait speed (measured
in meters per second), step length, and stride length, will be evaluated during the 10-meter walk trial (with
marker method). The (10MWT) is a simple and reliable assessment tool used to measure walking speed over a
short distance. It evaluates functional mobility, gait performance, and walking endurance. Measure and mark
a 10-meter straight pathway on a flat, unobstructed surface. Mark additional distances: 2 m at the start and
end for acceleration and deceleration (total distance=14 m). The participant starts at the designated starting
point (outside the 10-meter timing zone). On the command “Go,” they walk at their preferred walking speed
(or maximum walking speed if specified) along the pathway. Timing begins when their leading foot crosses the
first 10-meter mark and stops when their leading foot crosses the second 10-meter mark. The primary outcome
is the walking speed in meters per second (m/s): Walking Speed (m/s)=Time (seconds)/Distance (10 m)
<0.4 m/s: Severe mobility limitations; often require assistance for daily activities. 0.4-0.8 m/s: Moderate mobility
limitations; may require assistance for community ambulation. >0.8 m/s: Independent community ambulator;
lower risk of adverse outcomes*!.

Each test has strong psychometric properties, making them effective tools for assessing balance confidence,
mobility, and walking ability. The ABC Scale excels in understanding perceived balance confidence, the TUG
Test provides a quick functional assessment, and the IOMWT offers precise, objective data on walking speed.
Together, these tools provide a comprehensive evaluation of mobility and fall risk®®.

Statistical analysis

The paired t-tests were used to compare pre and post-intervention outcomes within groups. The paired design
increases the sensitivity to identify the effects of the intervention by controlling for inter-individual variability.
95% confidence intervals and p-values for demographic comparisons were considered. The averages/means and
standard deviations of two related groups were compared using the paired -test in SPSS to see if there was a
statistically significant difference between the two groups before and after intervention. During analysis, the
values of the TUG test and gait parameters including speed, stride length, step length in the experimental group
were considered statistically significant with a p value of less than 0.05 and a 95% confidence interval.
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Fig. 3. Pre-TUG and post-TUG of the participants after receiving balance exercises in control group and
balance exercises and AFO in experimental group. Asterisk * show statistically significant difference.
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Fig. 4. Pre-step length and post-step length of the participants after receiving balance exercises in control
group and combination therapy consisting of balance exercises and AFO in experimental group. Asterisk *
show statistically significant difference.

Results

The difference in values of gait parameters such as pre-tug and post-tug, pre-step length and post-step length,
pre-stride length and post-stride length, pre-speed and post-speed of control group Gl after the intervention
of balance exercises alone been given to them showed less improvement in the group as compared to the
experimental group G2 after the combination therapy intervention consisting of balance exercises and AFO
been given to them which showed more improvement in the group as compared to the control group and it is
shown graphically in Figs. 3, 4, 5 and 6 respectively.

Discussion

The aim of the current study was to assess which of the rehabilitation techniques was effective in refining the
gait pattern of hemiplegic stroke patients, the balance exercises alone in one group or the combination therapy
consisted of balance exercises and AFO in the other group. The combined effects of the intervention, which is
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Fig. 5. Pre- stride length and post-stride length of the participants after receiving balance exercises in control

group and combination therapy consisting of balance exercises and AFO in experimental group. Asterisk *
show statistically significant difference.
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Fig. 6. Pre-speed and post-speed of the participants after receiving balance exercises in control group
and combination therapy consisting of balance exercises and AFO in experimental group. Asterisk * show
statistically significant difference.

AFO use and balance exercises are responsible for the observed improvements in the gait metrics. For instance,
by the use of ankle foot orthoses the movements like dorsiflexion was supported, foot drop was decreased, and
there was a more symmetrical gait cycle, and hence there was an increased gait stability. All these mechanical
adjustments improved proprioceptive feedback and motor learning. The neuroplasticity was increased due
to task specific training and exercises which promoted motor control and cortical reorganization. The neural
pathways were involved which led to increased improvements. The improvements in gait parameters were the
result of enhanced muscle strength, balance, postural stability and lower limb co-ordination. AFOs can provide
mechanical stability to the ankle joint by limiting the plantarflexion and dorsiflexion movements, can enhance
proprioception by joint alignment by combining balance exercises which stimulate muscle activation on the
affected side promoting weight bearing thus allowing smooth gait coordination and forward progression during
gait which can be observed through improvements in spatiotemporal gait parameters such as increase in step
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length, stride length and speed. Balance and gait interventions enable the patients to achieve independence and
to improve quality of life. The results of the study displayed that the legs performance and functional mobility of
the patients with chronic hemiplegic stroke was improved in the experimental group after receiving combination
therapy which consisted of balance exercises and AFO and there was statistically significant improvement in the
ABC Scale, TUG, 10MWT. However, no statistically significant improvement was found in the control group.

An opinion about the reported improvement in the presentation of the lower limb and functional mobility of
the patients with chronic hemiplegic stroke with the help of balance exercises alone is inconsistent in the existing
limited evidence. All these figures illustrate the pre- and post-intervention effects on gait parameters, including
pre- and post-TUG, step length, stride length, and speed, for both the control and experimental groups. The
control group, which received balance exercises alone, showed less improvement compared to the experimental
group, which underwent balance exercises combined with AFO. The experimental group demonstrated notable
increases in gait parameters. Each feature was measured independently using the study’s measurement system,
and presenting them solely as text descriptions would diminish their impact. Balance training alone is not
sufficient to address biomechanical changes faced by stroke patients such as in case of ankle instability and foot
drop, it alone may not fully activate neural pathways needed for gait improvements. These limitations can result
in compensatory gait patterns which persist without additional mechanical support provided by AFOs which
enhance motor learning by providing stability. The combined use of AFOs and balance exercises targets both
biomechanical and neurological deficits. Studies on AFOs have reported to improve spatiotemporal parameters
of gait but unlike prior studies that typically focus on either AFO or balance exercises this study highlights the
synergistic effects of combining both interventions.

However, the findings of the current study related to the combination therapy consisting of balance exercises
and AFO are in accordance with the study conducted by Kazutoshi Tomioka. The researchers in this study
investigated about the short-term effects of combination therapy which is consisting of repetitive facilitative
exercises and orthotic treatment such as an AFO. It was found that the Fugyl Meyer assessment, Stroke Impairment
Assessment Set, TUG and 10MWT were considered to be significantly improved after the intervention!”.

Evidence suggests that rigid ankle foot orthosis improved functional mobility of the patients with stroke
with a p value of <0.05. This pattern was studied in detail by Verma et al. in 2013!!. According to the results
of the study, significant increases were found in the cadence, stride length, step length and speed with the use
of plastic AFO as compared to the non-usage of AFO. However, the participants who were not being able to
ambulate at their own either on the flat surface or on the surfaces that are uneven such as stairs were having an
improvement in the gait after the use of AFO!!. Balance exercises and AFO have an important role in improving
the gait pattern of hemiplegic stroke patients. In this current study however, the importance of balance exercises
and AFO was known after the intervention has been done and data was recorded pre-intervention and post-
intervention. The gait parameters such as step length, stride length, pre-TUG, post-TUG and pre-speed and
post-speed were improved after the combined therapy consisting of balance exercises and AFO which sets it
apart from the previous researches which focused on gait training or physiotherapy alone. This study can provide
new insights that how AFO can be incorporated with balance exercises in order to improve the rehabilitation
outcomes of hemiplegic stroke patients Therefore, in the future studies, it is suggested that the intervention
period should be increased from 4 weeks and AFO must be considered along with balance exercises of the lower
limb muscles for developing the better rehabilitation protocols and improving the functional ambulation of
hemiplegic stroke patients'®.

Gait parameters including cadence and speed were improved in the heel raise lower with a forefoot on black
(HRB) group as compared to the heel raise-lower on a flat floor (HRL) group. This has been discussed in the
study conducted by Lee et al. The results of this study showed that the gait speed and cadence of the paretic
side was improved significantly after repetitive intervention consisting of exercises. Furthermore, the static
and dynamic balance was improved after the intervention and the strength of plantar flexor muscles was also
improved after the intervention which in favor to the results of the current study'®.

From a biomechanical perspective, it is recommended that along with the consideration of AFO, consideration
of balance exercises, larger number of subjects and increase in the therapeutic intervention time'® should also
be included as future variables to have a better insight for designing better rehabilitation protocols with greater
chances of gait improvement in hemiplegic stroke patients.

Practical applications

The clinicians should be trained for implementing combined therapies, AFO adjustment and fitting and balance
training sessions. The findings of this study can be applied to the rehabilitation of other neurological conditions
like multiple sclerosis and cerebral palsy as this combination therapy can reduce the risk of falls due to muscle
spasticity, muscle weakness or coordination deficits. The combined techniques of balance exercises and AFO can
improve the functional outcome of these patients. In future, studies on comparative effects of different designs
of ankle foot orthosis on balance, gait training and functional outcome of stroke patients can be done. As rigid
and flexible orthotic devices can influence the rehabilitation outcome in a different manner can be done. Rigid
AFO provides more stability whereas flexible AFO provides more natural gait. Variations in the balance training
protocols and exercise can influence the results and it suggest the future studies examining the impact of these
variations.

Moreover, advanced technologies like robotic assistance and virtual reality offer support by progressively
increasing task difficulty in a controlled manner and promoting neuroplasticity’’. Future research should
investigate how these technologies can be integrated with traditional orthotic and rehabilitation protocols
in stroke rehabilitation to enhance motivation and adherence, increase training repetitions, and foster
neuroplasticity, ultimately optimizing functional outcomes and improving motor recovery. As the study was
designed as preliminary investigation used to evaluate the feasibility and initial effects of combined balance
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exercises and orthotic gait training. The relatively shorter duration of the intervention can underestimate the
potential benefits of prolonged rehabilitation but as the results are promising so larger scale studies with more
diverse population to validate the results can be done. The study was focused on evaluating balance and orthotic
gait training techniques in hemiplegic stroke patients for rehabilitation outcome which can be influenced by
gender which is an important factor but primary objective was to investigate about the overall efficacy of the
combination therapy which is an intervention among patients so the analysis by gender was not stratified.
However, it has been noted as a limitation and highlighted as an area of future research by incorporating gender-
based analysis to understand about the rehabilitation strategies in studies.

Conclusions

Effective rehabilitation strategies are crucial for enhancing gait recovery in stroke patients, with a focus on long-
term functional improvements. This study examined the impact of combining balance training exercises with
AFO therapy on gait characteristics in chronic hemiplegic stroke patients. The experimental group receiving
combination therapy showed significant improvements in parameters such as the 10MWT (mean pre-speed:
0.31+0.03 m, post-speed: 0.40+0.03 m) and TUG test (mean pre-tug: 27.04£2.04 s, post-tug: 20.55£2.30 s),
suggesting the potential therapeutic benefits of this approach. In contrast, the control group demonstrated
less refinement in gait performance. These findings highlight the importance of integrating AFO therapy and
physiotherapy for optimizing the functional mobility of stroke survivors. Future research comparing data from
both groups will provide further insights into refining rehabilitation protocols to enhance gait outcomes in
hemiplegic stroke patients.
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