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Abstract

Background: Diabetes Mellitus can cause Diabetic Peripheral Neuropathy (DPN), a serious condition that
can negatively impact a person’s walking. It disrupts the body’s sensorimotor system. Walking stability is
decreased and muscle coordination is altered by diabetic peripheral neuropathy (DPN).

Objective: This study aims at finding whether rhythmic auditory stimulation has an impact on patients
with diabetic peripheral neuropathy having type 2 diabetes mellitus.

Methodology: The patients having diabetic peripheral neuropathy and who were eligible for inclusion
were recruited for the study. A minimum of 20 patients, divided into 2 groups, both male and female, aged
between 40 to 60 years were selected for the trial by non-convenient sampling. Group A was experimental
group, receiving Rhythmic Auditory Stimulation and group B was conventional group, receiving
conventional balance training. The treatment was given for 6 weeks, 3 times a week for 45 minutes. The
patients were assessed using berg balance scale. The data was collected at baseline and at 3™ week and 6™
week post intervention.

Results: The results of study showed statistically significant difference between the berg balance score of
Group A and Group B.

Conclusion: From the results of present study, it is depicted that when compared with conventional
physiotherapy management techniques, rhythmic auditory stimulation proved to be better approach in
improving berg balance scores.
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1. Introduction

Diabetes mellitus includes a group of disorders expressed by abnormal glucose metabolism. Numerous
pancreatic, hormonal, pharmacological and genetic diseases can also lead to impaired glucose tolerance.
1

Diabetic neuropathy (DN) is referred to a common condition characterized by manifestations of peripheral
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nerve impairment in individuals with DM, after excluding other possible causes of nerve dysfunction. It
is estimated that clinical or subclinical neuropathy affects two-thirds of subject. *)

1.1 Types of Diabetic Peripheral Neuropathy

(a) DISTAL SYMMETRICAL POLYNEUROPATHY (DSPN)- DSPN is the most prevalent type of
DN and likely makes up 75% of all DNs. It could involve small, large, or both types of fibres and be either
sensory or motor. There is sensory impairment in the distribution of gloves and stockings, and motor
indications are not noticeable. ®)

Figure 1.1. Distal symmetrical polyneuropathy
(b)) ASYMMETRICAL PROXIMAL DIABETIC NEUROPATHY - Patients often report unilateral, but
sometimes bilateral, discomfort in the low back, hip, and anterior thigh. The withering and atrophy of the
leg and thigh muscles within a few days or weeks comes after. Knee reflex is either absent or diminished.
The symptoms of paraesthesia or numbness are mild.

Figure 1.2. Asymmetrical proximal diabetic neuropathy ®
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(c) CRANIAL NEUROPATHY- The oculomotor nerve, trochlear nerve, and cranial nerve VII are the
most frequently affected in diabetes patients with cranial neuropathy. ®

Figure 1.3. Cranial neuropathy @
(d) MONONEUROPATHY- The peroneal, medial nerves are among the various entrapment
neuropathies that affect diabetes individuals. ®

Figure 1.5. Mononeuropathy @
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1.2 Causes of Diabetic Peripheral Neuropathy

The primary causes of peripheral neuropathy are oxidative stress, metabolic disorders, microangiopathy,
and other diabetes-related conditions that disrupt the normal structure and function of nerve cells through
unique signal transduction pathways, resulting in neuronal demyelination and damage. This is brought on
by damage to unmyelinated nerves, axonal atrophy, and myelin loss in myelinated neurons. These effects
show up as altered nerve conduction velocity and abnormal sensory function. )

According to recent research, Schwann Cells have a role in several stages of DPN formation. Certain
important signalling pathways in Schwann Cells are triggered by DPN. These changes ultimately cause
demyelination, myelin destruction, abnormalities in axonal conduction, and impaired neuronal
regeneration. )

1.3 Pathophysiology of Diabetic Peripheral Neuropathy

High blood sugar is a major contributing cause to diabetic neuropathy. It is believed that dyslipidaemia
has a significant role in T2DM. Insulin signalling alterations are also important; people with T1DM have
lower levels of both insulin and C-peptide, whereas those with T2DM are believed to have lower neuronal
insulin sensitivity. ®

1.4 Risk factors ©

a. Advanced age

b. Hypertension

c. Peripheral vascular disease
d. Smoking

e. Dyslipidaemia

f. Poor glucose control

g. Long-standing diabetes

h. Obesity

l.

Excessive alcohol consumption

J. Positive HLA-DR3/4 genotype

1.5 Clinical features

DPN begins in the toes and progresses proximally over time. After becoming well established in the lower
limbs, it spreads to the upper limbs, causing sensory loss that typically follows the "glove and stocking"
pattern. About one-third of patients with DPN and 20% of all diabetes patients experience painful
sensations as burning, tingling. 7

Pain, weakness, unsteadiness, ataxia, and falls are among the symptoms. At night, painful symptoms are
usually prominent. Unsteadiness is becoming more often acknowledged as a sign of DPN since it can be
caused by abnormal muscle sensory function and impaired proprioception. Patients may have a positive
Romberg's sign in more extreme situations where they have lost proprioception. ®

Both the somatosensory and the motor control systems are compromised by DPN, which has an impact
on the magnitude and calibre of sensory data acquired. This leads to increased instability in static posture.
©

Since the brain instructs the limb muscles to stabilize the body, cognitive and attention deficits play a
significant role in maintaining balance and postural control. Patients with diabetes who have cognitive and
attentional problems will therefore have trouble walking with balance. 1%
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1.6 Management of Diabetic Peripheral Neuropathy ()

(a) Pharmacological treatment-

1. First-line agents- Gabapentinoids (eg, pregabalin and gabapentin), Duloxetine

2. Second-line agents- Serotonin and norepinephrine reuptake inhibitors, Tricyclic antidepressants,
Tapentadol, Capsaicin patch 8%, Lidocaine patch 5%

3. Third- and Fourth-line agents- Tramadol, Opioid

(b) Stimulation and drug Therapy

1. Dorsal column spinal cord stimulation

2. Intrathecal drug delivery system

1.7 Rhythmic auditory stimulation

Rhythmic stimulation is a motivating, accessible, and reasonably priced gait rehabilitation technique.

Rhythmic stimulation, especially rhythmic auditory stimulation (RAS), is used in certain clinical

populations to improve motor unit activation patterns in certain gait-related muscles and gait kinematic

measurements. (12

RAS is defined as a therapeutic application of pulsed rhythmic or musical stimulation to improve balance.

13)

Little is known about how RAS affects DPN patients' balance. This study will ascertain whether RAS

intervention has an impact on the lower limb muscle coordination in DPN patients.

1.8 Need of Study

As per the previous studies, general activities that enhance gait and balance have been shown to be

beneficial in those diagnosed with diabetic peripheral neuropathy. However, a notable rate of therapy

dropouts exists during conventional training due to lack of engagement. Enhancing functional gait and

maintaining functional balance are two benefits of RAS training. The majority of research supports the

effectiveness of RAS-assisted rehabilitation. This study will be crucial for better understanding of how

auditory cues impact the functional gait and balance in these patients.

2. Methodology

2.1 Study Design

The study design is Quasi Experimental in nature. The convenient sampling technique was used.

2.2 Protocol

All the subjects meeting the inclusion criteria were enrolled in the study. A written informed consent was
undertaken from each participant. The required screening and assessment of the subjects was done. A total
of 20 subjects were selected for the study divided into 2 groups that is group A and group B, each group
containing 10 subjects. The subjects were assessed using berg balance score. The total duration of this
study was 6 weeks, 3 sessions per week with a minimum duration of 45 minutes per day for all the groups.
The subjects were assessed at baseline, 3™ week and 6™ week.

2.3 Procedure

The eligible patients were recruited for the study. After obtaining the consent, two groups were formed-
(a) Experimental group (Group A) - receiving rhythmic auditory stimulation.

(b) Conventional group (Group B) - receiving conventional gait and balance training.

(A)Experimental Group — Rhythmic auditory Stimulation

After assessing the patient, the protocol of rhythmic auditory stimulation (RAS) was explained to the
patient. The treatment was given for 6 weeks, 3 times a week for a duration of 45-60 minutes a day. At the
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beginning of the study, gait of the patient was assessed so as to set an average speed for the patient. For
this, patient was made to walk continuously for about 20 minutes while they were listening to auditory
cues, i.e., RAS. After that, the patients’ walk was assessed prior to the treatment session. They were asked
to move at their chosen pace along a 6-meter corridor. To get the footprints, boric powder was applied to
the middle two meters of the walkway's floor. Following the first walk trial, the following walk was used
to measure step length (the distance between one foot's heel and the other foot's heel) and stride length
(the distance between same foot's floor contact points throughout a single gait cycle) using an inch tape.
Gait speed (the amount of time needed to cover a 6-meter distance), and cadence (the number of steps per
minute) were also assessed.

Figure 2.1- Patient walking at his own pace prior Figure 4.12- Patient’s Footprint using boric
to treatment powder

The pace was determined by comparing cadence of each patient to that of healthy individuals of the same
age, i.e., if the cadence of patient at the beginning of study was —

1. Below normal individual’s cadence- RAS pace was set at a value of 10% higher than the patient’s own

cadence

2. Below but close to the normal cadence- the RAS pace was set at normal individuals’ cadence values.

The patients were made to walk six meters, turn 180 degrees, and return to the starting point while
matching their steps to the metronome output beat. Each session of the training lasted 30 minutes. The
metronome output beat for each patient was adjusted each week to match the desired cadence plus 10%.

Figure 2.2 — Patient walking while listening to auditory cues, i.e., Rhythmic Auditory Stimulation
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(B)Conventional training Group —

Patients’ walk was assessed prior to the treatment session. Their footprints were taken by making them
walk over boric powder and their step length, stride length was measured using an inch tape. Their cadence
and gait speed were also assessed. The conventional training consisted of Balance Training —

1. Each session comprised of 10 minutes of warm up, followed by 45-50 minutes of exercise and ended

with 5-10 minutes of cool down.

2. Warm up also included gentle stretching, forward, backward and sideways step ups.
3. Balance training consisted of-

e Static balance exercises (including- heel and toe raise, one legged stance for each limb, weight shifting
forward, backward and sideways and turning head to left and then to right keeping the feet together)

e dynamic balance exercises (involving- narrow walking / tandem walking, stepping over obstacles and
throwing and catching ball).

3. Results

The data was evaluated in line with the study objectives using statistical tools. The selected level of
significance was at p<0.05. The aim of the analysis was to transform the collected data into a meaningful
and interpretable form, enabling comparison of results and identification of statistical significance.

3.1 Within the Group Analysis of Berg Balance Score

(a) for group A

Table 3.1: Within-Group Analysis of Berg Balance Score in Group A (Repeated ANOVA)

Group A
Repeated ANOVA BERG BALANCE SCORE
BASELINE 3rd WEEK 6th WEEK
Mean 35.70 38.50 44,20
s.D. 8.001 7.122 8.270
Median 38.5 41 48
Mumber 10 10 10
Maximum 44 46 50
Minimum 18 23 26
DF1 2
DF2 18
F Test 101.12
P value 3.555
Table Value <0.001
Result Significant
rerce comparcon BASELINE
MEE’“R[;'EE”':E & 3rd WEEK 2.85ig 3rd WEEK
6th WEEK 8.55ig 5.75ig

The above table presents the intra-group analysis of Berg Balance Score in Group A measured at start, 3rd
week, and 6th week using repeated ANOVA. The mean balance score increased from 35.70 at starting to
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38.50 at the 3rd week and later improved to 44.20 at the 6th week. The corresponding standard deviations
were 8.001, 7.122, and 8.270 respectively. Median values also demonstrated a consistent upward trend
across the assessment periods. The number of participants remained constant at 10. The calculated F value
was 101.12 with a significance level of p<0.001 indicating a statistically substantial improvement over
time. Tukey’s post-hoc analysis showed appreciable differences between baseline and 3rd week, baseline
and 6th week, and between 3rd week and 6th week. These findings indicate significant improvement in
balance performance within Group A following the intervention.

Comparison within the Group

42 3

SMean B850

Graph 3.1- Comparison of berg balance score within the group A

(b) For group B
Table 3.2: Within-Group Analysis of Berg Balance Score in Group B (Repeated ANOVA)
Group B
Repeatad ANCVA BERG BALAMNCE SCORE
BASELIME 3rd WEEK Bth WEEK
Mean 27.10 29.30 32.60

5.D. 7.637 6.913 6.114

Median 29 31.5 34

Number 10 10 10

Maximum 39 40 42
Minirmum 15 19 24

DF1 2
DF2 18
F Test 42.14

P value 3.555

Table Value =0.001
Result Significant
Paitiet comparisan BASELINE
Mean Difference & 3rd WEEK 2.25ig 3rd WEEK
Result>
6th WEEK 5.5Sig 3.3sig |

The fourteenth table presents the within-group analysis of Berg Balance Score in Group B assessed at
baseline, 3rd week, and 6th week using repeated ANOVA. The mean balance score increased from 27.10
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at baseline to 29.30 at the 3rd week and further to 32.60 at the 6th week. The standard deviation values
were 7.637, 6.913, and 6.114 respectively. Median values also showed gradual improvement across the
assessment periods. The number of participants remained constant at 10 throughout the study. The
calculated F value was 42.14 with a significance level of p<0.001 indicating a statistically significant
difference over time. Tukey’s post-hoc comparison demonstrated significant improvements between
baseline and 3rd week, baseline and 6th week, and between 3rd week and 6th week. These findings suggest
that balance performance significantly improved within Group B during the study period.

Comparison within the Group

15,00
12,00

29.30
27.10 p——r
25.00
20.00
1500
10.00 7.637 0911 6.114
o -

0.00
BASELINE IRD WELK GTH WEEK ‘

BERG BALANCE SCORE

GROUP B

B Mean 5D

Graph 3.2 — Comparison of berg balance score within the group B

3.2 Between the Group Analysis of Berg Balance Score
Table 3.3: Between-Group Comparison of Berg Balance Score at Baseline, 3rd Week and 6th Week
(Unpaired t-test)

BERG BALAMNCE SCORE
Unpaired T Test BASELINE 3rd WEEK 6th WEEK
Group A | Group B | Group A | Group B | Group A | Group B
Mean 35.70 27.10 38.50 29.30 44.20 32.60
5.D. 2.001 7.637 7.122 6.913 8.270 6.114
Number 10 10 10 10 10 10
Maximum 44 39 46 40 50 42
Minimum 18 15 23 19 26 24
Range 26 24 23 21 24 18
Mean Difference 8.60 9.20 11.60
Unpaired T Test 2.459 2931 3.567
P value 0.0243 0.0088 0.0022
Tab'e;;_:'_”e at 2.10 2.10 2.10
Result Significant Significant Significant
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The twenty-first table presents the comparative analysis of Berg Balance Score between both the groups
at baseline, 3rd week, and 6th week using an unpaired t-test. At baseline, the mean balance score was
35.70 in Group A and 27.10 in Group B. At the 3rd week, the mean scores increased to 38.50 in Group A
and 29.30 in Group B, while at the 6th week the means further improved to 44.20 and 32.60 respectively.
The calculated t-test values were 2.459 at baseline, 2.931 at the 3rd week, and 3.567 at the 6th week, all
of which were higher than the table value of 2.10. The corresponding p-values were less than 0.05 at all
assessment periods, indicating statistically significant differences between the groups. These findings
demonstrate that Group A showed significantly better improvement in balance performance in relation to
Group B across the duration of study.

Comparison Between the Groups
45.00 44.20
40.00 38.50

35.70

15.00 312.60

29.30

30.00 27.10

25.00
20.00

15.00

10.00 8.001 7.637 8.270

6114

5.00

0.00 r
GROUP A GROUP B GROUP A GROUP B GROUP A GROUP B

BASELINE IRD WEEK 6TH WEEK
BERG BALANCE SCORE

W Mean BSD

Graph 3.3 — Comparison of berg balance scale between the groups

4. Discussion

Two-thirds of diabetics are assumed to have clinical or subclinical neuropathy. DPN symptoms include
pain, weakness, ataxia, unsteadiness, and falls. Additionally, it brings about altered gait biomechanics,
diminished balance, and an increased probability of falls.

In some clinical populations, motor unit firing patterns in specific gait-related muscles and gait kinematic
metrics are improved by rhythmic auditory stimulation (RAS). As far as we are aware, only one study has
been conducted to assess effect of rhythmic auditory stimulation (RAS) on diabetic peripheral neuropathy.
The focus of this scientific study was to assess how rhythmic auditory stimulation affected individuals
with diabetic peripheral neuropathy associated with type 2 diabetes mellitus in terms of balance. This
research will be essential for improving balance in DPN patients as well as for better understanding how
auditory signals affect balance.

Group A showed substantial improvements in berg balance scores, according to within-group analysis,
and so did Group B. According to a between-group comparison, there were notable variations in the Berg
Balance Score at baseline, the third and sixth weeks.

In comparison to the table value of 2.10, the computed t-test values were 2.459 at baseline, 2.931 at week
three, and 3.567 at week six. At every assessment time, the associated p-values were less than 0.05,
showing statistically significant group differences.
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The positive results in RAS group may be accounted for by the fact that RAS functions as an external
pacemaker, supplying an external rhythm that can correct the faulty internal rhythm. Participants' gait
becomes entrained to rhythmic signals when they walk while listening to repeating auditory stimuli,
leading to more consistent motor unit recruitment patterns.

Balance training via auditory cueing depends on the reinforcement of auditory motor functional
connection within associated neural systems. In addition to improving motor excitability in the affected
hemisphere, auditory cueing can help identify damaged brain regions and promote motor recovery. By
increasing the excitability of spinal motor neurons through the reticulospinal pathway, rhythmic auditory
patterns shorten the time it takes for muscles to react to a motor signal. When muscles are used at the right
times, gait stability is improved. According to the neurological process underlying RAS, internal
unconscious perceptual shaping takes place at the subcortical level when exposed to external rhythmic
stimuli. This is handled by auditory motor circuitry at the brainstem level via the reticulospinal route.

5. Future Scope —

o A greater number of samples should be used to conduct the investigation.

o Kinematic parameters of gait can be added for better comparison.

o Follow up sessions can be taken up to evaluate long term effects of the study.

6. Conclusion-

The findings of the present study demonstrate that Rhythmic Auditory Stimulation (RAS) resulted in
significant improvements in the studied outcome measures when compared to conventional training.
Statistical analysis revealed significant improvements within both groups following the intervention;
however, RAS group exhibited significantly greater improvements than the conventional training group
in between group analysis. These results suggest that incorporating rhythmic auditory stimulation into
rehabilitation programmes may provide superior therapeutic benefits and enhance functional outcomes
more effectively than conventional training alone.
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