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ABSTRACT

Background: Chemotherapy-induced peripheral neuropathy (CIPN) is a

induced peripheral frequent side effect of cancer treatment, significantly affecting patient balance,

neuropathy,
Balance training,
Sensory feedback,
Cancer
rehabilitation,
Quality of life

mobility, and quality of life. Despite the potential of exercise-based
interventions is known to affect the symptoms of CIPN, the comparative
efficacy of adding sensory-enhanced balance training remains unexplored.
Obijective: The objective of present study evaluates the comparative efficacy of
Sensory-Enhanced Balance Training versus conventional balance training in
improving balance and quality of life in patients undergoing treatment with
paclitaxel and carboplatin.

Methods: A single-blind, parallel-group randomized controlled trial with 72
participants with grade 2-3 CIPN were randomized to receive either sensory-
enhanced balance training (intervention group) or conventional balance
training (control group). Both interventions were given be conducted 4 times
weekly over 8 weeks. Primary outcomes include balance performance
(Modified clinical test of sensory interaction on balance (mCTSIB), Timed Up
and Go test) and quality of life (EORTC QLQ-CIPNZ20). Statistical analysis
was conducted using paired and unpaired t-tests.

Results: The intervention group exhibited significantly greater improvements
in balance (p- 0.0001) and quality of life (p<0.0001) as compared to the control
group.

Conclusion: Sensory-enhanced balance training is superior to balance training
alone in improving balance and a valuable intervention to improve the quality
of life in cancer patients.

Introduction:

The estimated number of new cancer cases in India for the year 2022 was reported to be
14,61,427, with a crude rate of 100.4 per 100,000 individuals. In India, one in nine individuals is
likely to develop cancer at some point in their life [1]. With more effective targeted cancer
treatments, long-term cancer survival is rising in high-income countries [2]. Most current cancer
treatment strategies primarily involve the surgical removal of tumors, combined with physical
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treatments like radiotherapy and chemical treatments like chemotherapy. The key issue with these
approaches is the suppression of normal cell growth and the significant side effects related to
systemic toxicity [3]. Chemotherapy is a widely used cancer treatment that employs chemical
compounds to target specific cancer cells. Chemotherapy-induced peripheral neuropathy (CIPN)
is a prevalent and challenging complication associated with several commonly administered
antineoplastic agents [4]. The development of CIPN can lead to extended infusion times, dose
reductions, or early discontinuation of chemotherapy, which may adversely affect both treatment
efficacy and patient survival [5,6].

Affected patients suffer from symptoms like pain and paraesthesia, loss of sensation and
proprioception in the lower extremities resulting in muscle weakness, balance problems, and gait
instability may lead to a higher risk of falling
[7]. These functional limitations also contribute to decreased quality of life (QOL) and participati
on restrictions.

Chemotherapy-induced peripheral neuropathy (CIPN) arises from neurotoxicity caused by six
major drug classes: platinum-based compounds (notably oxaliplatin and cisplatin), Vinca alkaloids
(such as vincristine and vinblastine), epothilones (like ixabepilone), taxanes (including paclitaxel
and docetaxel), proteasome inhibitors (such as bortezomib), and immunomodulatory agents (like
thalidomide) [8]. CIPN primarily impacts sensory nerves, with a particular effect on the large-
diameter fibers responsible for proprioception and vibratory sensation [9]. The patho-mechanism
underlying CIPN is complex and multifaceted, it involves several key processes, including
disruption of microtubules, oxidative stress and mitochondrial dysfunction, dysregulation of ion
channel activity, damage to myelin sheath, DNA injury, immune system activation, and
neuroinflammation [10]. Chemotherapy agents, especially platinum-based drugs and taxanes,
include axon degeneration through oxidative stress and mitochondrial dysfunction [11]. This leads
to distal axonal loss and “dying-back” neuropathy, where nerve damage starts in the distal
extremities and progresses proximally [12]. These agents directly and indirectly impact sensory
nerves, leading to reduction in action potential amplitude and decrease in conduction velocity
causing impaired sensory transmission [13]. Additionally, Chemotherapy alters sodium and
potassium channels, reducing signal transmission and sensory sensitivity [9].

Balance is a complex motor skill requiring the integration of multiple sensory inputs to generate
the motor commands [14]. CIPN often disrupt somatosensory feedback, particularly
proprioceptive input from the lower limb, leading to postural instability [15]. The somatosensory
deficits in CIPN often results in impaired postural control strategies, decreased stability, reduced
gait speed, increased postural sway, and heightened fall risk [16]. As a result, People who are
receiving chemotherapy for cancer are more likely to fall compared to people who are not receiving
cancer treatment [17]. Conventional balance training (CBT) has been cornerstone in managing
balance deficit, focusing primarily on motor control and functional stability by improving muscle
strength, endurance, flexibility, and postural control and reduce fall risk [18]. However, emerging
evidence suggests that sensory integration plays a vital role in optimizing balance recovery,
particularly in neuropathic conditions [19]. Sensory- enhanced balance training (SEBT) is an
emerging rehabilitation approach that integrates sensory stimulation techniques to augment
proprioceptive input and improve postural stability [20]. Sensory-enhanced Balance Training
incorporates the use of various sensory modalities such as tactile stimulation, proprioceptive
training, visual and auditory feedback to enhance motor learning and neuromuscular coordination
[21]. Sensory-enhanced balance training is an innovative approach that targets the sensory deficits
associated with CIPN [22]. By incorporating somatosensory, auditory, and vestibular stimuli,
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SEBT aims to improve the brain’s ability to integrate multisensory information, thereby enhancing
postural control and functional balance [23]. Technigues such as unstable surface training, sensory
reweighting, and augmented feedback are central to SEBT, promoting neuroplasticity and
compensatory strategies in individuals with sensory deficits [24].

Despite the growing recognition of chemotherapy-induced peripheral neuropathy (CIPN) as a
multifaceted problem requiring holistic management, its effective rehabilitation remains
underexplored [25]. While conventional balance training (CBT) focuses primarily on addressing
motor deficits, a sensory-oriented approach like the SEBT offers potential for superior outcomes
by leveraging neuroplasticity and sensory integration [26].

This randomized controlled trial (RCT) aims to fill this gap by comparing the effectiveness of
SEBT and CBT in improving balance and quality of life in patients with CIPN. The study
emphasizes the need for sensory-based interventions, recognizing that conventional physiotherapy
may fall short in addressing the complex sensory deficits associated with CIPN.

By introducing a sensory-driven paradigm, SEBT could not only restore physical function but also
enhance psychological well-being and social participation, providing a more comprehensive
rehabilitation approach. This research seeks to provide evidence for implementing sensory-based
protocols in CIPN management, potentially revolutionizing rehabilitation strategies and improving
the long-term functional outcomes and quality of life for cancer survivors.

Materials and Methods

Study Design and Participants

Ethical approval was obtained from the Institutional Ethical Committee under Protocol No.
496/2022-23. A single-blind, parallel-group randomized controlled trial with 72 participants with
grade 2-3 CIPN, according to the World Health Organization’s classification. They were
randomized to receive either sensory-enhanced balance training & multimodal therapeutic
exercises (intervention group) or conventional balance training and routine physiotherapy
exercises (control group). Participants were excluded if they had central nervous system
dysfunctions (e.g., hemiparesis, cerebellar ataxia), a history of peripheral neuropathies unrelated
to chemotherapy, cardiovascular diseases, or visual/auditory impairments.

Assessment tools:

Primary outcomes included balance performance (Modified clinical test of sensory interaction on
balance (mCTSIB), Timed Up and Go test (TUG)) and quality of life (EORTC QLQ-CIPN20).
Data were collected pre- and post-intervention.

Intervention:

The interventions received by the interventional group were sensory-enhanced balance training &
multimodal therapeutic exercises which included static and dynamic balance exercises with patient
wearing the pressure insole with a biofeedback device. All the exercises were performed on
different textures like soft, hard, rough etc. while the control group received only static and
dynamic balance exercises. Control group received routine balance training and exercise regime.
Both interventions were conducted 4 times weekly over 8 weeks.

Statistical Analysis:

Data were analyzed using the Statistical Package for Social Sciences (SPSS) version 26. Paired t-
tests were used to assess within-group differences, while unpaired t-tests were employed to
compare differences between groups. A p-value of <0.05 was considered statistically significant.
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Results
a) Participant Characteristics:
Variables Frequency
Group A Group B
Gender Male 15 17
Female 21 19
Total 35 36
Age (mean) 47.345.3 46.9 +4.9

Table 1: Participant Characteristics
Of the 72 participants, 40 were female, and 32 were male, with a mean age of 46.9 years (+4.9)
in the control group and 47.3 years (£5.3) in the intervention group. There were no significant

demographic differences between the groups (p>0.05).

b) Pre & Post intervention values of outcomes in Group A and Group B:

Outcomes Mean + SD (Group A) Mean + SD (Group B)
mCTSIB
Pre 56.44+5.43 55.89 +4.88
Post 93.05+7.30 84.80 £9.50
p value <0.0001 <0.0001
TUG
Pre 26.8+4.341 27.8+5.438
Post 11.9+1.912 20£3.751
p value <0.0001 <0.0001
EORTC-QOL-CIPN 20
Pre 35.36 £1.95 34.06 +1.02
Post 24.57+3.44 28.95+ 3.23
p value <0.0001 <0.0001

Table 2: Pre & Post intervention values of outcomes in Group A and Group
Both the groups were equally effective in improvement in balance and quality of life post treatment

(p<0.0001)

¢) Comparison of Post values of mCTSIB, TUG Test and EORTC -QOL - CIPN 20 between

Group A and Group B:

Parameter

Group A

Group B

P value

mCTSIB

93.05+7.30

84.80 + 9.50

0.0001
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TUG Test 11.9+1.912 20+3.751 <0.0001

EORTC -QOL - CIPN 20 24.57+3.44 28.95+ 3.23 <0.0001

The post intervention analysis depicted that the Group A (interventional group) had a significant
improvement in the balance (0.0001, <0.0001) and improvement in quality of life (<0.0001) as
compared to the Group B (control group).

Discussion:

The current study focused on implementing sensory-enhanced balance training as prime
intervention in treatment of balance related issues with patients suffering from chemotherapy
induced peripheral neuropathy. This study demonstrates that balance training enhanced with
sensory feedback significantly improves outcomes for cancer patients suffering from CIPN
compared to balance training alone

A well balanced study design was observed in the present study in respect to the gender
distribution. No significant differences in gender distribution or mean age between Group A and
Group B (p>0.05) was observed. The equal distribution of male and female population along with
no statistical difference in the mean age strengthens the internal validity of the present research.
[27,28].

The present study marks an improvement in Modified clinical test of sensory interaction on
balance for the intervention group. The mean mCTSIB scores significantly increased from
56.44+5.43 to 93.05+7.30 in Group A, compared to more modest improvements in the control
group (55.89+4.88 to 84.80+9.50).

Similarly the subjects demonstrated a significant improvement in the post TUG Test scores for
Group A decreased markedly (11.9+£1.912) compared to Group B (20+3.751), indicating better
mobility and functional performance in Group A (p<0.0001).

According to a study it is proved that patients with neuropathy rely more on the vestibular signals
for balance as their sensory inputs are impaired. These patients may rely more on vestibular
signals, which are known to carry a larger amount of noise [29] than on diminished proprioception
to stabilize the posture. In study by S Kneis et al they observed no improvements in the eyes-closed
conditions, so they concluded that patients did not change their posture strategy towards reducing
vestibular in favor of proprioceptive cues [30]. According to this study they suggested focusing
even more strongly on exercises without visual input during training. Thus the present study used
a Sensory-Enhanced Balance Training as a measure to improve the balance.

The treatment protocol of present study incorporated Sensory-Enhanced Balance Training, in
which static and dynamic balance training was given to the subject with an attachment of a pressure
insole which had a biofeedback mechanism. The alternation in the pressure on the insole gave an
indication of loss of balance and the subject emphasized on maintain the balance. Along with this
the balance training was given on various sensory textures like soft, hard, rough which might have
given a positive feedback on sensory input along with balance training. Therefore an integration
of biofeedback along with sensory input might have helped in better outcome on balance.

The quality of life assessment revealed significant improvements in the intervention group. The

mean EORTC-QOL-CIPN 20 scores decreased from 35.36x1.95 to 24.57+3.44 in Group A,
indicating reduced negative impact of chemotherapy-induced peripheral neuropathy. In contrast,

1504 |Page



Sensory-Enhanced Balance Training versus Conventional Balance Training for Improving
&EEI\P‘H Balance and Quality of Life in Patients with Chemotherapy-Induced Peripheral Neuropathy: A
Randomized Controlled Trial.
SEEJPH Volume XXIV,S4, 2024, ISSN: 2197-5248;Posted:02-08-2024

Group B showed less significant improvements (34.06 +1.02 to 28.95+3.23). The improvement in
the neuropathy scores and balance must have a positive impact on the overall quality of life of the
patients.

This outcome is consistent with studies by Bennett et al. (2020), which emphasized the potential
of comprehensive interventions in mitigating the psychosocial and functional challenges
associated with CIPN [31].

The results underscore the importance of integrating sensory feedback into rehabilitation programs
for CIPN, particularly for patients at high risk of falls due to balance impairments. Future studies
should explore the long-term benefits of such interventions and investigate their applicability in
other neuropathic conditions.

Conclusion:

Balance training with sensory feedback is a superior intervention for improving balance and
enhancing the quality of life in cancer patients receiving chemotherapy. This method should be
incorporated into standard physiotherapy practices for CIPN management.
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