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ABSTRACT
Background: Diabetic peripheral neuropathy (DPN) is a prevalent long-term complication of diabetes,
characterized by severe pain, loss or reduction of sensation, and an increased risk of ulcers and amputations.
The present study aims to compare the effects of aquatic therapeutic exercise (ATE) and kinesio-taping (KT)
on blood glucose levels, sensory-motor symptoms, and neuropathic pain in women with DPN.
Methods: A quasi-experimental study was conducted with a causal-comparative approach and a pretest-
posttest design. Twenty women with DPN (age: 51.55 * 4.54 years; height: 160.50 + 3.77 cm; weight: 67.68
+ 8.09 kg) were randomly assigned to either an ATE group or a KT group. The ATE group performed Aquatic
Therapeutic exercises for eight weeks. In the KT group, the tapes were continuously applied to the anterior
and posterior muscles of the calf for eight weeks. A glucometer was used to assess blood glucose levels, and
the Michigan neuropathy screening instrument was employed to evaluate neuropathy symptoms. Moreover,
the LANSS pain scale was utilized to measure pain levels.
Results: The study findings revealed that both methods caused significant changes in symptoms and

neuropathic pain; however, only the ATE significantly changed blood glucose levels (P<0.05). Additionally, no
significant differences were observed between the effects of KT and ATE on neuropathic symptoms and pain
between the two groups (P>0.05).

Conclusions: According to the results, while both methods have positive effects on improving neuropathy
symptoms and reducing pain in women with DPN, only ATE reduces blood glucose levels in these individuals.
KEY W OR D S :Aquatic Therapy, Athletic Tape, Blood Glucose, Diabetic Neuropathies, Psychomotor
Performance.
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Introduction

Diabetes mellitus is one of the most common groups of metabolic diseases characterized by
chronic hyperglycemia [1]. he prevalence of diabetes among adults (aged 20-79 years) was 6.4%
in 2010, affecting 285 million people, and will increase to 7.7%, or 439 million adults, by 2030
[1]. Diabetes presents two types of complications: microvascular and macrovascular [2]. One of
the most frequently occurring microvascular complications is diabetic neuropathy [2]. This
condition is categorized into autonomic neuropathy and sensorimotor neuropathy. While the
former impairs the function of internal structures such as the cardiovascular, digestive, urinary,
and reproductive systems, the latter primarily affects the neuromuscular system [3]. The three most
frequent subtypes of sensorimotor diabetic neuropathy include peripheral polyneuropathy, focal
neuropathy, and diabetic amyotrophy [3]. Peripheral polyneuropathy is the most prevalent type of
diabetic neuropathy, accounting for at least 50% of patients with a 25-year history of type 2
diabetes [4]. Diabetic peripheral neuropathy (DPN) results in impaired blood flow and progressive
degeneration of nerve fibers [3]. It predominantly affects the lower extremities, with symptoms
including distal limb pain and numbness, which can increase the risk of ulceration [5].

DPN is associated with direct and indirect complications, including impaired balance, decreased
muscle strength, and pain [6]. In DPN, the degeneration of sensory afferents leads to postural
instability and defective proprioception in the lower extremities [7]. Muscle strength is another
contributor to balance that is influenced by joint angle, muscle group, type of contraction, and
contraction speed [8]. In this regard, studies suggest that in diabetic patients, the strength of the
ankle flexor and extensor muscles decrease by 17% and 14%, respectively [9]. Therapeutic
interventions for DPN include anti-depressant, anti-inflammatory, and anticonvulsant drugs [1].
Nevertheless, due to their side effects, some non-pharmacological interventions are used to
improve DPN symptoms, including acupuncture, laser therapy, phototherapy, thermotherapy,
kinesiotherapy, and hydrotherapy [10].

Aquatic exercise therapy has recently gained recognition as an effective adjunct for improving
physical and motor functions in individuals with disabilities, with water buoyancy reducing joint
stress [11]. This therapeutic modality can provide significant physiological advantages,
particularly for patients experiencing sensorimotor disorders [12]. Consequently, aquatic exercises
have been widely implemented as an effective intervention to mitigate the impact of peripheral
neuropathy on the sensorimotor function of individuals with diabetes [11]. In support of this
assertion, the study conducted by Sakinepoor et al. (2019) demonstrated that aquatic exercise
yielded more favorable effects on balance and reaction time compared to resistance training in
patients with DPN [13]. Similarly, Abasgholipour et al. (2021) compared the effects of in-water
and land-based aerobic exercises on balance and postural sway in individuals with type Il diabetes,
noting that both interventions significantly improved balance [14].

Kinesio-tape is an elastic therapeutic tape commonly used in rehabilitation centers and sports
settings to alleviate muscle spasms and pain, enhance muscle contraction, facilitate or inhibit
muscle strength, increase range of motion, and improve blood and lymph circulation, as well as
proprioception [15]. Importantly, kinesio-tapes are designed to support soft tissues while allowing
normal physiological function [15].
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Research findings suggest that kinesio-taping can improve proprioception and joint stability by
inhibiting overactive muscles and facilitating weak muscles, thereby reducing pain, decreasing
pressure on irritated nerve tissues, and altering muscle fibers' recruitment patterns depending on
the direction and degree of stretch [16]. Generally, kinesio-tapes are assumed to facilitate a muscle
when applied from its origin to its insertion and inhibit the muscle when applied in the opposite
direction [17]. The increasing popularity of taping techniques among athletes, along with
documented benefits for enhancing athletic performance, has generated considerable interest in
utilizing kinesio-tape to improve physical capabilities and quality of life in patients with various
sensorimotor disorders, including neuropathy. In this regard, Thakur et al. (2023) underscored the
positive effects of kinesio-tape application on sensorimotor indices in patients with DPN [18].
Additionally, the study by Nesreen et al. (2022) reported the positive effects of kinesio-tape
combined with traditional exercise on pain indicators and neuropathy symptoms in individuals
with diabetic neuropathy [19].

Given the reduction in muscle strength among individuals with DPN [9], the importance of
increasing muscle facilitation to improve muscle function, and the potential impact of improving
muscle function on reducing the severity of neuropathic symptoms, this study follows two
objectives: first, it examines the effect of kinesio-tape as a method of muscle facilitation on
neuropathy symptoms; and, second, it compares the effects of kinesio-tape with one of the most
widely used treatment protocols for alleviating neuropathy symptoms, namely, aquatic therapeutic
exercise.

Material and Methods
A quasi-experimental study was conducted with a pretest-posttest design. The study protocol was

confirmed by the ethics committee of the University of Bojnord [IR.UB.REC.1403.018].

The research population consisted of women aged 40 to 60 diagnosed with DPN residing in
Ferdows, South Khorasan Province, Iran. A convenience sample of 20 eligible women with DPN
(age: 51.55+4.54 years; height: 160.50 £ 3.77 cm; weight: 67.68 £ 8.09 kg) was recruited from
among those visiting the South Khorasan Diabetes Association. The sample size matched the total
population precisely, given the number of individuals visiting the diabetes center.

The inclusion criteria for this study comprised a diagnosis of type 2 diabetes for a minimum
duration of five years, as confirmed by a medical specialist. Participants were also required to have
a diagnosis of diabetic neuropathy based on established clinical and laboratory diagnostic criteria;
the ability to complete and a minimum score of 7 on balance assessments using the Michigan
Balance Questionnaire; functional independence in daily activities; and absence of medical
contraindications. Subjects' medication entailed metformin (500 mg) taken twice daily with meals.
Participants were excluded if they had foot ulcers; uncontrolled cardiovascular or respiratory
conditions; history of dizziness; uncontrolled hypertension; a history of resting tachycardia or
arrhythmia; orthopedic problems or surgeries affecting walking; neurological complications other
than diabetic neuropathy; and central nervous system disorders such as dementia, Parkinson's
disease, or multiple sclerosis [18]. Also, participants who did not cooperate in implementing the
research protocols and tests were excluded from the study.
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An orientation session was held for all participants to familiarize them with the research and
measurement procedures. The participants signed the written consent forms. They were assured
that they could withdraw from the research at any stage of the tests or exercises without penalty.
Moreover, they were assured that their personal and medical information would be kept
confidential. In this single-blind randomized trial Participants were randomly assigned to
hydrotherapy and kinesio taping groups using a simple randomization method. Participants were
assigned to groups following a draw from numbered envelopes (Two groups of 10 participants).

Kinesio-Taping

The kinesio-tape used in this study was Kindmax, a 5-centimeter-wide product made by Shanghai
Kindmax Sports Products Co., Ltd in China. The tape was applied to the tibialis anterior, extensor
digitorum longus, extensor hallucis longus, peroneus longus, and gastrocnemius muscles for 24
hours a day for eight weeks and replaced every five days (Fig. 1). The tape was applied at
approximately half its original length, extending from the muscle's origin to its insertion [16].

Fig. 1: Taping of the anterior and posterior calf muscles

e Tibialis anterior muscle: Participants lay supine on a treatment table while the kinesio-tape
was applied to their tibialis anterior muscles. The tape was anchored at the muscle's origin
(lateral condyle) and extended along the proximal two-thirds of the anterolateral tibia. They
were instructed to perform plantarflexion and eversion of their feet. Finally, the tape was
tightened and secured at the muscle's insertion point (the lateral cuneiform bone surface).

e Extensor digitorum longus muscle: This muscle was covered with an inverted Y-shaped
tape. The proximal end of the tape was anchored at the muscle's origin (lateral tibial
condyle, distal three-quarters of the medial fibula, and interosseous membrane). The
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participant was directed to dorsiflex the foot and extend the lateral four toes. The tape was
then wrapped from the metatarsophalangeal joints to the middle and distal phalanges of the
lateral four toes.

Extensor hallucis longus muscle: An I-shaped tape was applied to this muscle. The tape
was applied to the muscle from its fixed origin in the middle of the anterior surface of the
ulna to the posterior aspect of the thumb's distal phalanx.

Peroneus longus muscle: The participant lay supine when the long fibular muscle was
taped. The tape was secured to the proximal and lateral aspects of the fibula, the muscle's
origin. Subsequently, it was applied to the entire lateral surface of the leg, passed behind
the lateral malleolus, and extended to and secured at the mid and lateral foot.

Gastrocnemius muscle: The knee was fully extended to apply the tape on the gastrocnemius
muscle. The tape was secured from the origin (posterior surface of the medial and lateral
distal femoral condyles) to the posterior surface of the calcaneus.

Aquatic Therapeutic Exercise Protocol

The aquatic exercise group followed an 8-week training protocol consisting of three water-based
exercise sessions per week, which included warm-up, stretching, and strengthening exercises
(Table 1). The water temperature was kept at approximately 29 °C (between 28 °C and 30 °C) to
avoid overheating [11].

Table 1. Aquatic exercise protocol

Warm-up Stretching exercises Strengthening exercises

Week (Each lasting 2 minutes) | (6 repetitions, 10 seconds | (One set with 8 to 12 repetitions)

each)

land?2 Forward Walking, | Calf Stretch, Hamstring | Ankle Dorsiflexion, Ankle Plantarflexion,
Backward Walking, Side | Stretch, Shin  Stretch, | Ankle Eversion and Inversion, Ankle
Stepping Quadriceps Stretch Alphabet, Toe Flexion and Extension

3and4 Forward Walking, | Calf Stretch, Shin Stretch, | Ankle Dorsiflexion, Ankle Plantarflexion,
Backward Walking, | Plantar Fascia Stretch, | Ankle Eversion and Inversion, Heel Raises,
Crossover Stepping, | Lunge Stretch Stork Stand, Side Stepping
Bicycle

5and 6 | Backward Walking, | Calf Stretch, Shin Stretch, | Heel Raises, Stork Stand, Side Stepping,
Crossover Stepping, | Forefoot, Calf Stretch Leg Balance Exercises, Four-Corner Pivot,
Bicycle, Marching Toe Walking

7and 8 Backward Walking, | Soleus  Stretch,  Calf | Stork Stand, Side Stepping, Heel Raises,
Crossover Stepping, | Stretch, Shin Stretch, Calf | Toe Walking, Four-Corner Pivot, Leg
Marching, Jogging, Leg | Stretch, Forefoot Balance Exercises
Exchange
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Blood Glucose Level

The EasyGluco glucometer manufactured by Osang HealthCare (Infopia, South Korea) was used
to measure blood glucose levels. Capillary blood samples were collected from the participants'
fingertips after a 10-hour fasting period and were measured and recorded by the glucometer.
Fasting blood glucose levels were measured one day before the therapeutic interventions and one
day after their completion [20].

The LANSS Pain Scale

The LANSS pain scale is used to differentiate between patients with neuropathic pain and those
without pain. It consists of a pain questionnaire and a sensory test. Participants are asked about
their pain experiences during the past week, and responses are recorded as either yes or no. A score
higher than 12 indicates the presence of neuropathic symptoms. The scale demonstrates good
validity, effectively distinguishing between 73% and 75% of pain types. A positive correlation was
identified between the individual item scores of the LANSS and the overall composite score, which
suggests strong construct validity for the scale. The Cronbach's alpha for the scale was 0.81,
indicating good internal consistency [18].

Sensory-Motor Symptoms

The Michigan Neuropathy Screening Instrument was used to assess DPN symptoms. The
Michigan questionnaire is a reliable and valid tool for assessing individuals with diabetic
neuropathy. It consists of a clinical examination and an interview. In the clinical examination
section, a score of 2 or higher indicates the presence of peripheral neuropathy. The interview
section consists of 15 questions, and a score of 7 or higher suggests the likelihood of neuropathy.
Individuals who scored 2 or higher in the clinical examination and 7 or higher in the interview are
categorized as being at risk for diabetic foot ulcers. Notably, the validity and reliability of this tool
have been previously confirmed [21].

Statistical Analysis

The data were analyzed using version 16 of the statistical package in social sciences (SPSS,
Chicago, United States) at a significance level of 0.05. First, the normal distribution of the data
was confirmed using the Shapiro-Wilk test. Independent samples t-tests were employed to
compare mean differences at baseline between groups. The paired t-test was used to assess within-
group changes, while the analysis of covariance (ANCOVA) was utilized to compare between-
group differences. The results are presented as mean + standard deviation.

Results

Based on the results of the independent sample t-test (Table 2), at baseline, no significant
differences were observed between the Aquatic Therapy and kinesio taping groups in terms of age,
BMI, Height and Mass (p > 0.05).

Table 2. Independent sample t-test results for comparing mean defferences at baseline between Aquatic Therapy and kinesio
taping groups.
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Variable Group Mean SD t Sig

Aquatic Therapy 51.900 4.677

Age (year) 0.336 0.953
kinesio taping 51.200 4.638
Aquatic Therapy 26.871 3.289

BMI (kg/m2) 0.732 0.831
kinesio taping 25.752 3.540
Aquatic Therapy 160 3.559

Height (cm) 0.582 0.568
kinesio taping 161 4.109
Aquatic Therapy 68.720 7.820

Mass (kg) 0.562 0.704
kinesio taping 66.650 8.644

Abbreviations: sig, Significance; SD, Standard Deviation.

According to the results of the paired t-test (Table 3), eight weeks of aquatic therapeutic exercise
and the use of kinesio-tape in a facilitative approach led to significant changes in sensory-motor
symptoms and neuropathic pain in women with DPN (P<0.05). However, only aquatic therapeutic
exercise significantly changed blood glucose levels (P<0.05).

Table 3. Paired sample t-test results for research variables before and after aquatic therapeutic exercise and Kinesio-taping

Effect

Variable Independent variable Mean SD t Sig size (d)

Before aquatic exercises 150.300 15.004
3.440 0.007* 0.232

Blood glucose levels After aquatic exercises 146.600 13.492
(mgfd) Before kinesio-taping 144.600 14.557
_ _ 0.446  0.666 0.051
After kinesio-taping 145.400 11.355
Before aquatic exercises 11.900 2.079
2.689  0.025* 0.344
Sensory-motor After aquatic exercises 11.200 1.873
symptoms (Michigan Before Kinesiotani 11600 1508
efore kinesio-tapin . :
Neuropathy scale) ping 3000  0.015* 0.236
After kinesio-taping 11.100 1.286
Before aquatic exercises 16.300 1.636
: i 4714  0.001* 0.618
. . After aquatic exercises 15.200 1.813
Neuropathic pain
(LANSS pain scale) Before kinesio-taping 16.100 1.523
_ : 3.857  0.004* 0.548
After Kinesio-taping 15.200 1.686

Abbreviations: sig, Significance; SD, Standard Deviation; *, P<0.05.

Additionally, based on the ANCOVA results (Table 4), there were significant differences in the
effects of using kinesio-taping in a facilitative method and aquatic therapeutic exercise on blood
glucose levels (P<0.05). However, no significant differences were observed between the effects of
kinesio-taping and aquatic therapeutic exercise on sensory-motor symptoms and neuropathic pain.
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Table 4. ANCOVA results to compare aquatic therapeutic exercise and kinesio-taping groups

Variable Lel/:srle's Sum of squares Dfizggzsn?f F Sig

Blood glucose levels (mg/dl) 0.121 152.241 1 10.871 0.001*
Sensory-motor symptoms 0.217 0.106 1 0.269 0.611
Neuropathic pain 0.987 0.201 1 0.349 0.563

Abbreviations: sig, Significance; SD, Standard Deviation; *, P<0.05.

Discussion

This study aimed to examine the impact of aquatic therapeutic exercise and kinesio-taping in a facilitative
method on blood glucose levels, neuropathic pain, and neuropathy sensory-motor symptoms in women with
DPN.

The current study's findings revealed that following 8 weeks of aquatic therapeutic exercise, there was a
significant improvement in fasting blood glucose levels. In contrast, the kinesio-taping group did not exhibit
any significant improvement. Furthermore, a significant difference was observed between the effects of the
aquatic therapy and kinesio-taping interventions.

prior studies highlight the beneficial impacts of physical exercise on patients with diabetic neuropathy;
however, the majority of exercise modalities focus on aerobic and balance training [22]. The study
conducted by Shorabi et al. (2020) highlights the positive effects of aquatic exercise on lowering blood
glucose levels in individuals with DPN [11], which is consistent with the current research findings.

Increased glucose levels in diabetic individuals lead to the glycosylation of proteins in the bloodstream,
which results in numerous side effects in the long term. Glycation is a non-enzymatic increase in the sugar
residues of amino groups in proteins [23]. Since diabetic patients have high blood sugar levels, they are
more severely affected by this process compared to healthy individuals [23]. The role of physical activity
in regulating blood sugar levels in type 2 diabetes may be attributed to the increased expression of glucose
transporter GLUT4, which facilitates enhanced glucose uptake by muscle cells and promotes sugar
consumption [24]. Aquatic exercise therapy facilitates the translocation of GLUT4 to the cell surface in
diabetic individuals, thereby enhancing glucose uptake and lowering blood sugar levels. Conversely, using
glycogen stores during exercise results in their depletion. This heightens the demand for glucose uptake to
restore glycogen levels post-exercise, ultimately normalizing blood sugar levels [25]. Nonetheless,
evidence suggests that kinesio-taping as a facilitative method does not effectively lower blood sugar levels
in individuals with diabetic neuropathy.

The findings of this study indicate that an 8-week regimen of aquatic therapy exercises combined with
kinesio-taping based on a facilitative approach improves sensory-motor symptoms and neuropathic pain
significantly. However, no significant difference was observed between the effects of the two interventions.
Previously, Dixit et al. (2014) reported that aerobic exercises for 8 weeks enhanced sensory-motor
symptoms in patients with DPN [26]. Additionally, according to the study by Kluding et al. (2012), 11
weeks of combined aerobic and resistance exercise reduces pain and improves neuropathy symptoms in
diabetic patients with peripheral neuropathy [27]. Furthermore, in line with the results of the present study,
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the research by Nesreen et al. (2022) has demonstrated that 12 weeks of kinesio-taping leads to a reduction
in pain and improvement in neuropathy symptoms in patients with type 2 diabetes [19].

Neuronal mechanisms indicate that neuropathic pain arises as a result of long-term plasticity changes in
pain transmission pathways in the brain and spinal cord. Lasting changes in the synaptic activities of the
pain pathway neurons contribute to the emergence of neuropathic pain symptoms [28]. Decreased muscle
strength and muscle mass are considered the main factors for pain and disability in patients with diabetic
neuropathy. The current study indicates that participants experienced a significant reduction in pain
sensation in both aquatic therapy and kinesio-taping groups. This improvement may be attributed to the
significant enhancement in the calves' anterior and posterior muscle strength resulting from these
interventions. Warm water stimulates the skin and its underlying structures, leading to the dilation of
cutaneous blood vessels, reduced striated muscle tone, and decreased peripheral vascular resistance.
Enhanced blood circulation removes toxins and metabolites that intensify pain and boost aerobic metabolic
activity, leading to pain alleviation [29]. Another factor that stimulates the skin during aquatic exercise is
its activation of spinal sensory pathways, which induces relaxation. This process releases pain-triggering
hormones and enzymes, reduces stimulation of pain receptors, and facilitates pain blockage. The reduction
of compressive forces on weight and joints, along with the enhancement of blood circulation due to
hydrostatic pressure from water, enables patients to engage in exercise in a low-fatigue, low-pressure, and
low-stress environment. Collectively, these factors improve the patient's quality of life and reduce
functional disability [30]. The potential reasons for the improvement of neuropathy symptoms can be
attributed to the reduction of blood sugar levels and the enhancement of underlying factors, such as blood
circulation to the peripheral nerves and limbs. Aquatic therapy exercises are an effective strategy for
controlling blood sugar in diabetic patients, and there is a direct relationship between the level of neuropathy
and blood sugar control in these patients. This study demonstrates that 8 weeks of aquatic therapy improved
fasting blood sugar levels, which may have contributed to alleviating neuropathic symptoms.

Regarding the effects of kinesio-taping on sensory-motor symptoms and neuropathic pain, it can be stated
that kinesio-taping stimulates joint receptors more effectively through applied pressure, heat, and skin
stimulation, resulting in improved proprioceptive information and joint position sense in women with DPN
[18]. The mechanism of action of kinesio-taping in muscle facilitation is not completely clear; however,
researchers have proposed two possible hypotheses. The first hypothesis emphasizes increased blood and
lymph flow resulting from skin lifting, which increases the space between the skin and muscle as well as
the interstitial space in the kinesio-taping area. The second hypothesis suggests that kinesio-taping
stimulates cutaneous mechanoreceptors by inducing tension and pressure on the underlying skin, thereby
activating regulatory mechanisms in the central nervous system that play a role in increasing muscle
excitability [31]. Additionally, kinesio-taping can provide tactile stimulation, which can explain the effects
of kinesio-taping used in a facilitative manner on the intensity of neuropathic pain. This stimulation may
lead to the firing of large-diameter afferent fibers, which blocks the ‘gate’ to pain signals transmitted by
small-diameter afferent fibers. Consequently, this stimulation results in a reduction of muscular and
musculoskeletal pain [32].

Conclusion

Based on the results of the present study, while both methods have positive effects on sensory-motor
symptoms and neuropathic pain, only aquatic therapeutic exercise can reduce blood glucose levels in
women with DPN. Apparently, the use of kinesio-tape as a facilitative method enhances pain and sensory-
motor symptoms in women with DPN by stimulating sensory receptors. Additionally, aquatic therapeutic
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exercise contributes to improving sensory-motor symptoms and neuropathic pain in women with DPN by
reducing blood glucose levels. In sum, both methods were found to improve symptoms and neuropathic
pain, and individuals with DPN can utilize either of these two methods to alleviate their symptoms and
pain, depending on the available resources.
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