PHYSICAL TREAT MENTS

Research Paper

Effectiveness of Rebounder and Foot-ankle Exercises
on Biomechanics and Quality of Life in Peripheral
Neuropathy Patients

®

CrossMark

Ashraf Ansari”" (5, Mohammad Karimizadeh Ardakani? (9, Mahdieh Akoochakian®

1. Department of Sport Injury and Corrective Exercise, Kish International Campus, University of Tehran, Kish, Iran.
2. Department of Health and Sports Medicine, Faculty of Physical Education and Sport Sciences, University of Tehran, Tehran, Iran.
3. Department of Sport Science, Kish International Campus, University of Tehran, Kish, Iran.

Use your device to scan

ardread the arideonine [@IZETi0TT Ansari A, Karimizadeh Ardakani M, Akoochakian M. Effectiveness of Rebounder and Foot-ankle Exercises on
i Biomechanics and Quality of Life in Peripheral Neuropathy Patients. Physical Treatments. 2024; 14(2):101-114. http://dx.doi.
org/10.32598/ptj.14.2.555.2

http://dx.doi.org/10.32598/ptj.14.2.555.2

Article info: ! ABSTRACT

Received: 03 Sep 2023 :

Accepted: 30 Jan 2024 Purpose: This research compares the effectiveness of weight-bearing exercise on a rebounder, as
Available Online: 01 Apr 2024 - wellas ankle exercise therapy on biomechanics and quality of life (QoL) in patients with diabetic

neuropathic feet.

Methods: The present investigation is a clinical trial study with two experimental groups and one
control group. A total of 48 women were selected in this study who had diabetes mellitus type 2
with diabetic peripheral neuropathy. Data was collected using the Michigan neuropathy screening
instrument, foot health questionnaire, fall efficacy scale international, and QoL questionnaire. The
first experimental group (n=16) engaged in rebound exercises for eight weeks, while the second
experimental group (n=16) engaged in at-home ankle treatment exercises. The control group (n=16)
was not given any particular treatment other than standard care, which consisted of medication,
therapy prescribed by the medical team, and instructions for self-care included in a training manual.
The data were analyzed using a correlated t-test and an analysis of covariance.

Results: The results showed that applying rebound exercises and exercise therapy in exercise
groups had a significant effect on the two components of the peak pressure of the medial forefoot
area and the peak pressure of the lateral forefoot area of the right and left feet (P=0.05), the risk
of falling (P=0.05), dynamic balance (P=0.05), and QoL (P=0.05), but not in the control group

after 8 weeks (P<0.05).
Keywords: ' Conclusion: To prevent foot problems in diabetic peripheral neuropathy populations and
Diabetic foot, Rebounder, ¢ improve their independence for daily routines, the exercise programs presented in this research
Therapeutic exercise, :  as a non-pharmacological intervention can be a promising approach. Specifically, the weight-
Quality of life (QoL), . bearing training program on a rebounder and the ankle exercise therapy program was effective in
Biomechanics improving plantar pressure, fall risk, dynamic balance, and quality of life.
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Highlights

PHYSICAL TREATMENTS

» Weight-bearing activities on a rebounder and ankle treatment workout have significant effects on people with

diabetic neuropathy as follows:

* Advantages in biomechanical changes.

* Reducing the peak pressure of the medial forefoot area and the peak pressure of the lateral forefoot area.

* Reducing the risk of falls.

* Therapeutic exercise programs can improve diabetic peripheral neuropathy patients’ foot health and quality of life

(QoL).

Plain Language Summary

Diabetic peripheral neuropathy is one of the most common microvascular diabetes complications. This can alter
postural control, biomechanical indications, and mobility performance, all of which raise the risk of falling. These
disruptions also frequently result in changes to walking quality and balance. This study discusses weight-bearing
exercises on a rebounder and an ankle rehabilitation workout program which can cause enhanced dynamic stability and
quality of living, as well as lower plantar pressure and fall risk in persons with diabetic neuropathy.

Introduction

urrently, more than 500 million adults are

living with diabetes worldwide, with nearly

half of them suffering from various kinds

of neuropathy [1-4]. In line with the Na-

tional Institute of Diabetes and Digestive

and Kidney Diseases (NIDDK), diabetes
implications are growing rapidly and diabetic peripheral
neuropathy (DPN) is the maximum common microvascu-
lar consequence, influencing as much as 70% of suffer-
ers from diabetes [5]. DPN is caused by hyperglycemia
and decreased blood supply to peripheral nerves, which
commonly affect the lower extremities [6, 7]; in addition,
in advanced cases, it affects the upper limbs. Diabetes-
related neuropathy is responsible for 40% to 70% of trau-
matic lower extremity amputations. Lower limb injuries
account for about 20% of the causes of hospitalization in
people with diabetes, and 85% are attributable to amputa-
tion of the lower limb in patients with diabetes before the
development of a wound, the main factors associated with
which are foot deformity and trauma. Sensorimotor neu-
ropathy, one of DPN’s symptoms, causes a gradual loss of
tactile sensation and pain sensitivity, often known as the
loss of protective sensation of the feet, which makes the
feet more vulnerable to damage and increases the risk of
ulceration [8]. More than half of diabetic neuropathy pa-
tients experience severe pain that interferes with work and

social activities. Furthermore, the psychosocial impacts of
diabetic neuropathy impair a person’s quality of life (QoL)
[9]. Diabetic neuropathy, which has a detrimental influ-
ence on postural balance, alterations in walking kinemat-
ics, and deficiencies in proprioception, raises the risk of
falling, which is most closely associated with depressive
symptoms in diabetic patients [1-3].

The progression of DPN causes biomechanical, sen-
sory, and motor complications that result in diabetic foot
problems, loss of overall foot function, an increased pro-
portion of fat tissue in foot muscles, leg muscle dysfunc-
tion, such as reduced joint mobility, intrinsic foot muscle
atrophy, distal muscle weakness, and a decrease in the
mechanical properties of the calcaneal tendon [10].

These induce a loss of balance between the flexor and ex-
tensor muscles, resulting in joint abnormalities such as claw
fingers, hammer toes, overlapping fingers, metatarsal head
protrusion, and hallux valgus (bunion). Such abnormalities
result in pressure point changes in the soles of the feet, as well
as overload and skin reactions with localized hyperkeratosis
(callus), which escalates to sole ulcers with continued walk-
ing. Healthy people have a higher plantar pressure peak in the
posterior area of the foot (up to 6 kg/cm?) in static conditions;
however, people with DPN may have different balance and
plantar load distribution, which causes an increase in plantar
pressure in some areas of the foot and damage to other areas,
making them prone to injury [8].
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According to the materials given, if treatment interven-
tions targeted at preventing and alleviating the implica-
tions of DPN are not broadly adopted, the incidence of
plantar ulcers is likely to rise. The American Diabetes
Association (ADA) recommends wound reduction,
proper education, self-management for foot care, medi-
cation, and nutritional therapies for patients to prevent
diabetic foot problems and lower limb amputations. Fur-
thermore, studies have demonstrated that neuro-mus-
culoskeletal alterations produced by way of diabetes,
which include deformity, muscle fatigue, limited range
of motion, connective tissue stiffness, negative stability,
and coordination may be healed or averted with exercise
treatment [11].

Exercise therapy also allows patients to preserve as
much residual biomechanical capacity as possible to in-
teract safely with the ground while walking and stand-
ing, which may help prevent tissue degradation. For
older populations, multicomponent exercise interven-
tions, such as resistance, balance, and endurance train-
ing, as well as group and home-based exercise activi-
ties and Tai Chi, have so far shown beneficial effects
on functional parameters and are the best strategies for
the frail elderly, because they prevent the risk of falling
and promote several physical health attributes, includ-
ing balance, strength and cardiorespiratory fitness. They
are also beneficial in improving the level of any bodily
movement and living standards, as well as reducing the
mortality rate [11-13].

One of the relevant exercises in this study is the foot
and ankle exercise, which leads to enhancing the me-
chanical residences of the coccygeal tendon, reducing
the fats in the foot muscle groups, increasing the isomet-
ric muscle energy of the toes and hallux, ankle extensor
strength, range of movement of the ankle inside the sag-
ittal plane, the conduction speed of the peroneal motor
nerve and the sural sensory nerve, reducing sole numb-
ness, dilating the peripheral microcirculatory vessels and
changing the vascular features, better performance of
sensory afferents and motor efferents, and somatosenso-
ry integration [14]. They can also adjust foot and ankle
mechanics, and reduce pressure variations when walk-
ing, boost foot strength and performance, and minimize
leg sensation loss, resulting in increased vibration per-
ception and mobility of the foot and ankle joints [15, 16].

Other training protocols employed in this study included
trampoline training or rebound therapy, a new training
method that mechanically stimulates the neuromuscular
system. Exercise on a rebounder has been demonstrated to
improve elderly people’s balance control, and rehabilita-
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tion, and improve foot function in athletes with ankle in-
stability, Parkinson disease, cerebral palsy, and stroke [17].

Bouncing on a rebounder subjects a person to different
gravitational forces that enliven all body cells, including
insulin receptors, and working muscles’ glucose uptake,
and insulin resistance. Rebound therapy is related to a
lower chance of musculoskeletal impairments as it re-
duces ground reaction forces, which puts no stress on
weight-bearing joints, and equally distributes gravita-
tional forces across all body parts.

There is evidence that standing and walking on a tram-
poline actively stretches the articular ligaments and
muscle tendons of the ankles and toes and stretches the
plantar fascia which leads to an increase in the degree of
flexion and extension of the toes. Exercise on a flexible
and elastic surface requires contraction of the muscles
of the core, legs, and feet without causing complications
in the sole, improves perception of sensations, and in-
creases intraepidermal nerve fiber branches. Consequen-
tially, foot ulcers can be avoided by lowering diabetic
nerve damage symptoms such as numbness, discomfort,
tingling, burning, and excessive plantar pressure, along
with boosting foot and ankle strength [18-21].

The studies supporting the beneficial effects of foot
workouts are of poor quality and ignore programs to
strengthen the entire body, that is, the distal muscle
group, which includes the extrinsic muscles of the ankle
and the intrinsic muscles of the foot, as well as increas-
ing flexibility. As a result, providing systematic thera-
peutic foot exercises that are focused on the main mus-
culoskeletal abnormalities of the lower extremity and
have a distinct focus from general exercises can comple-
ment traditional treatments for diabetic foot.

Accordingly, this study demonstrates if presenting
appropriate solutions primarily based on healing tech-
niques for DPN-related musculoskeletal abnormalities,
together with self-care commands and domestic exer-
cises (therapeutic ankle exercise and weight-bearing ac-
tivities on a rebounder) can enhance the biomechanical
factors and satisfaction of existence in patients suffering
from peripheral neuropathy of the foot.

Materials and Methods

This was a clinical trial study. Women diagnosed with
type 2 diabetes for a minimum 7 years accompanied by
moderate or severe peripheral neuropathy for at least one
year, with a 50- to 65-year-old average, who could walk
independently, with decreased sensation in the leg that
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was previously diagnosed by a doctor, were eligible to
take part in the study. The investigation was conducted
in the Omid Novin Corrective Exercises Center (Tehran
City, Iran, 2022), with volunteers drawn from patients
who had been referred to the Parsian Clinic in Tehran.

The participants should not have a medical history of
neurological or orthopedic illnesses (heart attack, stroke,
poliomyelitis, rheumatoid arthritis, or severe osteoarthri-
tis) that could mislead neuropathy evaluation, liver fail-
ure, kidney failure or dialysis, angina, embolism, cardiac
arrhythmia, surgery, and other conditions that may cause
neuropathy evaluation to be misled. Cardiac bypass,
angioplasty, and amputation of a limb or part of a foot,
current or previous foot ulcer, high or low blood pres-
sure, visible reduction of the dorsalis pedis and tibialis
posterior arteries diagnosed by the doctor.

Following the initial screening and meeting the eligi-
bility criteria, 48 women with diabetes were randomly
and equally divided into one control and two interven-
tion groups using sealed envelopes with 16 patients per
group. Measurements were made by a single-blinded as-
SEessor.

During the intervention period, all three groups re-
ceived an instructional booklet containing foot exercises
and foot care instructions, as well as recommendations
regarding DPN complications by the medical team, in-
cluding daily foot assessment, foot cleanliness, daily
foot washing, and thorough drying. Using non-elastic
and seamless socks, trimming the nails in a square shape,
preventing unsupervised eradication of calluses or blis-
ters, not wearing shoes or slippers without socks, and
looking out for medical care if issues with the feet are
discovered.

In the course of the trial, membersin each of
the three groups were no longer able to get hold of any
other concurrent care, inclusive of physical therapy,
acupuncture, or non-conventional clinical treatments.
Incases where remedies were probably essential,
the affected person ought to notify the researchers.
Cramping, mild to extreme pain, exhaustion, dizzi-
ness, panic, or any other situation that exposed the pa-
tient to pain were all reasons for session discontinua-
tion. During a meeting a few days before the start of the
training protocol, the participants fulfilled the eligibility
requirements, and were given a summary of the aims of
the research, the benefits of participating in this study,
and the steps of the trial. The consent form was filled
out and signed by all of the participants, as well as the
therapist. The demographic information of each person,
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including height, weight, age, body mass index, period
span of diabetes and leg numbness, hemoglobin A1C, a
questionnaire related to DPN symptoms, foot health and
function, fall efficacy scale-international questionnaire,
and basic symptoms, was then collected at the Center
for Corrective Movements in Tehran before the exercise
intervention.

Two measuring sessions were held to validate the results
of the training methods. Before and after the exercise in-
tervention, plantar pressure distribution and the risk of
falling were assessed using a foot scanner, and function-
al reach test, respectively. Dynamic balance and QoL
were also evaluated before the intervention and after the
training intervention was completed. The participants
were randomly distributed into two experimental groups
and one control group. One of the interventional groups
finished rebound activities, while the other completed
an eight-week ankle-strengthening workout course at
home.

Other than medications, self-care, and foot care advice
from the educational booklet, the control group did not
get any special intervention. All members of the control
group received the foot exercises protocol if the inter-
vention’s efficacy was demonstrated after the study.

Research instruments

The participants completed the Michigan neuropathy
screening instrument (Brazilian version) to detect the ex-
istence of diabetic peripheral neuropathy. The mentioned
questionnaire contains 15 questions about foot and leg
sensitivity, with answers written by the participants. The
answer “yes” to questions 1, 2, 3, 5, 8, 9, 11, 12, 14,
15, and “no” to questions 7 and 13 will result in a score
of 1. Question 4 assesses the lack of blood circulation,
while question 10 evaluates the general weakness and is
excluded from the score. Total scores range from 0-13,
with a score of 13 indicating severe DPN.

In our study, the foot health status questionnaire (Bra-
zilian-Portuguese version) was used to indicate the par-
ticipants’ foot health. Part I examines the following four
aspects of foot health: Foot pain, footwear, foot function,
and general foot health. Part II has multiple-choice ques-
tions with affirmative sentence possibilities, and the ap-
propriate numbers are finally determined, part I1I gathers
general demographic data. As the second part refers to
general health, only the first part’s scores will be used
in this study. Each part is scored from 0-100, with 100
being the ideal situation and 0 representing the most ter-
rible [22, 23].
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The QoL questionnaire was applied to evaluate the
individuals’ health-related QoL. This questionnaire pro-
vides the evaluator with an index that reveals the individ-
ual’s health status. This questionnaire is based on a clas-
sification system that describes participant’s health in the
following five dimensions: Mobility, non-medical care,
routine activities, pain/discomfort, and anxiety/despair.
Each aspect has three stages of severity, in which stage
1 shows no problems, stage 2 indicates mild to moderate
problems, and stage 3 indicates intense problems. The
QoL questionnaire produces values ranging from -0.59
to 1.00, indicating the patient’s health state (a score of 1
indicates perfect health) [24, 25].

The functional reach test and the falls efficacy scale-in-
ternational were utilized to evaluate the existence and se-
verity of balance impairment and fall risk. This question-
naire is scored on a scale of 1 to 10, with 1 indicating
good self-confidence, 10 indicating low self-confidence,
and a total score of 70 or above indicating that the person
is scared of falling [26, 27].

In the functional reach test, the participant was instruct-
ed to stand next to, but touching the wall with bare feet,
as the lateral area of the foot is perpendicular against the
wall and both feet are parallel to each other in a com-
fortable position, while the shoulder flexion angle is 90
degrees, the elbow is extended and a closed fist. A paper
meter parallel to the floor and aligned with the height of
the patient’s acromion is attached to the wall.

The starting position is recorded where the third meta-
carpal head is on the tape. The participants are then
asked to bend forward from their dominant side as far
as they can without taking a step, losing balance, flexing
the hip, or moving the feet forward. The displacement is
measured on the tape meter. Three measurements will
be taken and the average will be utilized for statistical
analysis. The greater the displacement, the superior the
functional balance [28].

To record and analyze plantar pressure, foot scan model
3 Body View (Made in America) was used. The partici-
pant was instructed to walk 3 times naturally and bare-
foot on the screen, and the mean value of three measured
peak plantar pressures was used for data analysis. The
plantar area was divided into five sections for assessment
(under hallux, medial forefoot, lateral forefoot, midfoot,
and heel) [29].

A dynamic balance device (made by Danesh Salar Ira-
nian Co., Iran) was used to measure dynamic balance.
This device contains two hardware pieces: A Certain
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part for the person’s standing and the other for display-
ing information related to maintaining balance). The
movement of the participants in the frontal plane is in the
lateral direction (medial-lateral) and according to the vi-
sual stimulus. This device has biofeedback and balance
stability range adjustment.

The participants walk on the unstable plate of the bal-
ance structure and keep their balance using a handle in
front of them. To maintain balance, they should progres-
sively separate their hand from the support and never
rely on it during the test. Their balance record will be
reported at a specified time [30].

All the measurements were carried out by a single-
blinded assessor along with a physiotherapist. The in-
vestigator who is responsible for all before and after
intervention measurements is a PhD candidate in sports
injury and corrective exercises at the University of Teh-
ran (Kish International Campus, Kish, Iran).

Exercise protocols

The participants in the intervention groups received a
training booklet in two parts. The first section contains
instructional materials to guide people in changing their
health behaviors around autonomous foot care, as well
as information about diabetic neuropathy, footwear, and
the advantages of foot and ankle activity. The second
section contains training protocols.

The first conventional group practiced on a rebounder
at home [29]. This training program was comprised of
four levels of progression in which the intensity of the
exercises expanded step by step by eliminating basic
tasks and adding more complicated activities to the pro-
gram over 8 weeks. The members were requested to ex-
ecute each level of the training program for a minimum
of two weeks (three times per week), with 10 repetitions
of each exercise and holding the static exercises for up
to 10s.

The training program was carried out in three sets per
day, with 5-min rest intervals between sets. The subjects
were instructed to stretch the quadriceps, hamstrings, bi-
ceps, and soleus muscles for pre-exercise warm-up and
cool-down, stretching every mentioned muscle three
times for 20 s each time. Subjects were also required to
put on appropriate shoes and examine their feet after the
exercises. Cramping, moderate to severe aches, weari-
ness, and dizziness that expose the participants to any
uneasiness are the termination criteria for each session
[29].
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The second experimental group performed the ankle
exercise-therapy program. The internal and exterior
muscles of the foot and ankle were strengthened as part
of this program [5]. There were six activities altogether:
Four for the inner leg muscles and two for the outer leg
and ankle muscles. Cotton balls, pencils, balls, and chairs
were used in the exercises. The interphalangeal, metatar-
sophalangeal, and lower leg joints were the focus of this
treatment protocol. This protocol targets the following
muscle groups: The medial plantar side (abductor hallu-
cis, flexor hallucis brevis, and adductor hallucis), lateral
plantar side (abductor digiti minimi, flexor digiti minimi,
and opponens digiti minimi), medial plantar side (flexor
digitorum brevis), plantar interosseous muscles, lumbri-
cal muscle, square plantar muscle, and dorsum interosse-
ous muscles), and dorsum side (extensor hallucis brevis
and extensor digitorum brevis). In one set of 30 repeti-
tions, leg workouts were performed initially in a sitting
position.

If the patients find an exercise too easy, they can per-
form it in standing and then standing on one leg position.
The patients can also increase the number of exercises;
upon completion, they fill out a table that displays the
perceived effort for each exercise on a Likert scale. If the
effort falls between 0 and 5, the person should proceed to
the next exercise step (e.g. moving from sitting to stand-
ing or using a different object) during the next session. If
the effort falls between 6 and 8, the training volume and
intensity level should be maintained. On the off chance
that the effort falls in the range of 9 and 10, the number
of reiterations ought to be diminished or the activity pose
changed (e.g. from a standing position to a sitting one).
During 8 weeks, this program was followed 3 times a
week, resulting in 24 sessions in total.

Statistical data analysis

The analysis of the covariance (ANCOVA) test al-
lowed us to examine the effectiveness of rebounder
and ankle exercise therapy interventions. The groups’
pre-test results were taken into account as covariance or
control variables, and their impact was neutralized. The
post hoc comparison test of Bonferroni was also utilized
to analyze the post-test of all three groups. Each group’s
average post-test and pre-test times were looked at in-
dependently utilizing a paired or paired t-test. The data
were analyzed with SPSS software, version 27.

Results

The characteristics of the present research individuals
including age, body mass index, height, weight, records
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of diabetes, period after a neuropathy diagnosis, and he-
moglobin A1C are detailed in Table 1 (P>0.05).

In Table 2, the findings of covariance analysis were
reported to evaluate and compare the effectiveness of
mini-trampoline therapies and ankle exercise therapy on
right foot pressure.

The analysis of covariance’s findings (Table 2) demon-
strated that two mini-trampoline interventions and thera-
peutic exercises were statistically effective in reducing
the peak pressure of the medial forefoot areca and the
peak pressure of the lateral forefoot area, respectively
(P<0.05). Additionally, the paired t-test findings rep-
resented that there was a contrast between the pre-test
and post-test averages in these two variables for the two
intervention groups (P<0.05). None of the variable aver-
ages in the control group showed a statistically signifi-
cant difference between pre-test and post-test (P>0.05).
Exercise therapy and the mini-trampoline intervention
were equally effective, according to the Bonferroni post
hoc analysis (P>0.05).

The covariance analysis findings are presented in Table
3 to investigate and compare the efficacy of rebounder
interventions and exercise therapy on left foot pressure.

Table 4 has provided the results of covariance analy-
sis to investigate and compare the effectiveness of re-
bounder interventions and exercise therapy on the risk
of falling variable.

The analysis of covariance (Table 4) discovered that
statistically at a confidence level of at least 95%, two
mini-trampoline therapies, and therapeutic exercises
were effective on fall risk variables, that is, the function-
al reach test and the fall questionnaire (P<0.05). Further-
more, the paired t-test findings revealed that there was
a difference between the pre-test and post-test means in
both variables in the two experimental groups (P<0.05).
On the functional reach test and the fall questionnaire,
the Bonferroni post hoc test results revealed no differ-
ence in effectiveness between the two intervention mo-
dalities (P<0.05).

The results of covariance analysis are reported in Table
5 to examine and compare the effectiveness of rebounder
and exercise therapy interventions on dynamic balance.

The analysis of covariance results in Table 5 showed
that two mini-trampoline therapies and therapeutic ex-
ercise significantly improved dynamic balance (P<0.05)
with a confidence level of at least 95%. The paired t-
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Table 1. Descriptive statistics of research participants (n=16)

April 2024. Volume 14. Number 2

Indication Groups No. Mean+SD P
Control 16 57.0045.26
Age (y) Mini-trampoline 16 56.93+4.12 0.47
Exercise therapy 16 58.75+4.62
Control 16 1.64+0.40
Height (m) Mini-trampoline 16 1.67+0.50 0.11
Exercise-therapy 16 1.65+0.40
Control 16 59.18+4.53
Weight (kg) Mini-trampoline 16 60.0645.11 0.54
Exercise-therapy 16 60.87+3.07
Control 16 21.9442.16
Body mass index (kg/m?) Mini-trampoline 16 22.20+2.19 0.74
Exercise-therapy 16 21.70+0.98
Control 16 8.43+1.36
History of diabetes (y) Mini-trampoline 16 9.37£1.89 0.18
Exercise-therapy 16 8.56+1.31
Diabetic peripheral Control 16 4.00£0.69
neuropathy (based on
Michigan neuropathy Mini-trampoline 16 4.06+0.77 0.18
screening instrument
(MNSI)) Exercise-therapy 16 4.20£0.94
Control 16 8.370.80
Hemoglobin ALC Mini-trampoline 16 8.50£0.96 0.71
(mmol/mol)
Exercise-therapy 16 8.37+0.77

test findings revealed a difference in the dynamic bal-
ance scale pre-test and post-test averages in the two in-
tervention groups (P<0.05), but not in the control group
(P>0.05). The post hoc Bonferroni test revealed that the
therapeutic exercise approach was significantly more ef-
ficacious on dynamic balance than the mini-trampoline
method (P<0.05).

hows the findings of a covariance analysis used to ana-
lyze and compare the effects of rebound therapies and
exercise therapy on QoL.

The findings of the analysis of covariance (Table 6)
revealed that two mini-trampoline and exercise therapy
interventions significantly improved the quality of living
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(P<0.05) at a confidence level of at least 95%. The paired
t-test findings showed a difference between the pre-test
and post-test means in the QoL score in the two inter-
vention groups (P<0.05), but not in the control group
(P>0.05). The post hoc Bonferroni test results found that
the efficiency of the two treatment approaches on QoL
was not statistically different (P<0.05).

Discussion

After eight weeks of performing weight-bearing ex-
ercises on a rebounder and the ankle exercise therapy
program, the findings of the research showed that these
two exercises in the experimental groups compared to
the control group caused a significant enhancement in
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Table 2. Comparing rebounder and ankle therapeutic workouts: ANCOVA and post hoc test analysis for right foot peak

plantar pressure

MeaniSD T-test Analysis of Covariance
Variables Groups
Pre-test Post-test P F P n?
Control 45.24+13.44 45.11+14.84 0.822
Peak pressure in the Mini-trampoline 50.60+14.66 52.36+14.62 0.031 3.08 0.056 0.12
hallux area
Exercise-therapy 47.61+13.96 50.11+14.31 0.009
Control 25.03£5.03 25.33£10.69 0.642
Peak pressure in the Mini-trampoline 24.50£7.04 29.7749.06 0.000 1527  0.000 0.41
medial forefoot area
Exercise-therapy 22.95+6.07 28.40+11.90 0.000
Control 49.26+11.84 50.20+£11.54 0.182
Peak pressure in the Mini-trampoline 47.12+12.87 49.86+9.93 0.000 3.30 0.041 0.13
lateral forefoot area
Exercise-therapy 49.09+10.74 52.72+9.02 0.002
Control 20.0245.75 20.27+6.38 0.661
Peak pressure in the - .
. Mini-trampoline 21.86%5.67 23.11+5.55 0.003 1.25 0.291 0.05
mid-foot area
Exercise-therapy 22.85+5.36 23.88+5.82 0.014
Control 34.83+7.87 34.9618.63 0.813
Peak pressure in the - .
Mini-trampoline 32.05+7.91 33.58+5.05 0.015 2.03 0.141 0.08
heel area
Exercise-therapy 33.58+8.25 35.89+6.36 0.031

the two components of the peak pressure of the medial
forefoot area and the peak pressure of the area lateral
forefoot right and left foot, fall risk, dynamic balance
and QoL.

The development of diabetic peripheral neuropathy
impairs the integrity of tiny joints and internal muscles
of the feet which are the main causes of deformity and
high plantar pressures [5-10]. Improving the feeling of
the soles of the feet and the perception of vibration is
one of the changes that have been reported as a result of
some exercise activities.

These results were consistent with the findings of
Kankanasamut et al. [29], Sartor et al. [31], Fayed et al.
[32], Cerrahoglu et al. [33], Jorgetto et al. [8], Jiang et
al. [3], Prokai et al. [1], de Oliveira Lima et al. [34], and
Monterio et al [10].

Kankanasamut et al. [29] demonstrated that eight
weeks of weight-bearing exercises increases vibration
perception. Sartor et al. [31] studied the effect of func-

PHYSICAL TREATMENTS

tional, strengthening, and stretching exercises on foot
function in diabetic neuropathy patients. A change in the
feet rocking motion during walking implies an improve-
ment in plantar stress distribution and an improved func-
tional state of the ankle.

Fayed et al. [32] investigated the effect of physical
activity treatments on plantar pressure distribution in
people with diabetic peripheral neuropathy, along with
medicinal treatment, patients underwent physiotherapy
interventions, such as stretching, strengthening, balance,
and walking workouts. The outcomes supported that
physiotherapy mediation may prohibit the development
of ulcers in diabetic neuropathy patients, as evidenced by
significant changes in pressure distribution, plantar peak,
and foot contact area. Cerrahoglu et al. [33] instructed
diabetic patients with and without neuropathy on ankle
and foot workouts and communicated with patients
weekly to promote program adherence.

These strategies suggest that a home activity plan can
be an advantageous preventive approach for diabetic
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Table 3. Rebounder exercise vs ankle workout therapy: Peak pressure analysis using ANCOVA and post hoc test

MeanzSD T-test Analysis of Covariance
Variables Groups
Pre-test Post-test P F P n?
Control 44.23+13.48 45.02+12.64 0.161
Peak pressure in the Mini-trampoline 49.80+14.74 52.25+13.01 0.000 2.59 0.081 0.10
hallux area
Exercise-therapy 46.73+14.15 49.63+13.86 0.009
Control 25.10+8.01 25.86+7.08 0.121
el iR Mini-trampoline 23.8947.02 28.66£7.90 0.000 2863  0.000 0.56
medial forefoot area
Exercise-therapy 22.21+9.98 27.24+8.98 0.000
Control 50.52+11.17 51.06+11.19 0.396
Peak pressure in the Mini-trampoline 48.12+10.03 51.45+12.56 0.000 9.07 0.000 0.29
lateral forefoot area
Exercise-therapy 49.53+11.69 53.65+9.71 0.000
Control 19.0945.90 19.3645.66 0.492
Peak pressure in the Mini-trampoline 20.9315.45 22.4245.42 0.003 245 0.090 0.09
mid-foot area
Exercise-therapy 21.92+5.20 23.27+5.58 0.024
Control 33.7745.21 34.05:6.53 0.430
Peak pressure in the Mini-trampoline 30.81+4.75 31.6545.17 0.008 2.90 0.062 0.11
heel area
Exercise-therapy 32.53+5.41 34.4045.56 0.012

individuals to boost the range of motion in lower limb
joints and lower peak pressure while walking. Tudpor et
al. [35] studied the use of short-leg workouts to prevent
falls in diabetic individuals.

Monterio et al. [10] showed that foot and ankle thera-
peutic exercises significantly improved brisk walking
speed, ankle range of motion, and vibration perception.

PHYSICAL TREATMENTS

The interphalangeal, metatarsophalangeal, and ankle
joints, and the muscle groups on the medial, lateral, dor-
sal, and median plantar side are the focus of the relevant
exercise protocols in this research, which explains the
findings and is consistent with the research previously
mentioned which results in an improvement in the sag-
ittal plane range of motion of the ankle, an increase in

Table 4. Rebounder exercise vs ankle workout therapy: fall risk analysis by ANCOVA and post hoc test

MeanSD T-test Analysis of Covariance
Variables Groups
Pre-test Post-test P F P n?

Control 19.56+4.70 20.81+4.98 0.053

Functional reach test Mini-trampoline 20.87+6.75 23.5046.52 0.001 7.55 0.000 0.25
Exercise-therapy 22.56+5.45 25.62+5.23 0.001
Control 41.56112.06 40.37+11.60 0.379

Gl St Mini-trampoline 38.25£9.86 34.1849.03 0.000 6.60 0.000 0.23

national questionnaire

Exercise-therapy 36.18+12.78 31.25+9.96 0.000
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Table 5. Rebounder vs ankle exercise therapy: Dynamic balance analysis by ANCOVA and post hoc test

MeaniSD T-test Analysis of Covariance
Variable Groups
Pre-test Post-test P F P n?
Control 61.74+8.24 62.02+7.60 0.582
Dynamic balance Mini-trampoline 62.61+7.11 68.66+8.20° 0.000 17.26 0.000 0.43
Exercise-therapy 61.56+6.96 71.07+7.52° 0.000

PHYSICAL TREATMENTS

»bThe difference between the effectiveness of the two intervention methods; *°A more effective intervention at the 95% confi-

dence level.

Table 6. Rebounder vs ankle exercise therapy: QoL analysis by ANCOVA and post hoc test

MeaniSD T-test Analysis of Covariance
Variable Groups
Pre-test Post-test P F P n?
Control 0.49+0.13 0.49+0.14 0.309
QoL Mini-trampoline 0.48+0.10 0.66+0.09 0.000 48.95 0.000 0.69
Exercise-therapy 0.53+0.10 0.76+0.11 0.000

the mechanical properties of the coccygeal tendon, a de-
crease in fat in the leg muscles, an increase in the torque
force, ankle extensor power, and the isometric muscle
strength of the toes and hallux, as well as the redistribu-
tion of the plantar pressure during walking [5, 15, 16].

Patients suffering from DPN regularly experience in-
creased postural and gait disturbances and are more like-
ly to fall. Numerous problems, including neuromuscular
issues of the foot, particularly the internal muscles of the
foot, and weakening of the distal muscles, are respon-
sible for such balance and walking disorders. In contrast
with the control group, the consequences of the current
study demonstrate a significant decrease in the risk of
falling; the patients reported acting more easily and con-
fidently as a result of completing the treatment program,
indicating the psychological effects of the significant fall
risk reduction.

The study’s findings are compared to those of the con-
trol group, and they are consistent with those of Tudpor
et al. [35], who investigated how short-term leg exercis-
es could reduce the chance of falling in diabetes patients.
According to the findings, short leg exercises improve
dynamic posture control and lessen muscular atrophy.

These explanations have been confirmed by de Olivei-
ra Lima et al. [34] who have investigated the efficacy of
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physical activities on balance, fear of falling, and the risk
of falling in patients with peripheral neuropathy and dis-
covered that a mixture of activities, for instance, walk-
ing, balance, and functional training improves balance,
fear of falling, and standard of living in DPN patients but
not their risk of falling.

Prokai et al. [1] demonstrated that a 12-week exercise
program on the sand, including strengthening, stretch-
ing, balance, and walking exercises is a safe and effec-
tive method for improving plantar flexion strength, ankle
flexibility, and balance, which manifests in better walk-
ing performance in patients suffering from diabetic pe-
ripheral neuropathy.

When interpreting the results of this study and consid-
ering the results of the preceding literature, it is worth
noting that the improvement in balance observed in the
exercise group may be attributable to the lack of coor-
dination between ankle muscles strength, resulting in a
biomechanical imbalance which is corrected by ankle
treatment exercises. Performing these particular exercis-
es promotes the mobility of the foot-ankle complex and
maximizes the strength of the foot and lower leg muscles
which leads to the enhancement of plantar flexor muscle
strength and the production of hip torque force, as well
as balances the biomechanics of the ankle. As a result,
increasing the information received from the lower
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limbs leads to maintaining more accurate control of
the posture, better nerve feedback, and enhancement of
balance and walking patterns. Therefore, strengthening
muscles, achieving neuromuscular coordination through
exercise, and properly summoning motor units after ex-
ercises all contribute to improving balance and lowering
the risk of falling [22, 23].

Since all patients in the experimental groups were able
to finish the intervention without injury or complaints,
home exercises with a training manual can be utilized as
an alternative treatment and part of self-care habits, be-
cause they may improve patient adherence to treatment
and even reduce the waiting time in outpatient programs,
alleviate the symptoms and severity of DPN, increase
the functional status of the foot, attain functional balance
and make useful biomechanical changes and prevent fur-
ther complications in rehabilitation programs.

Conclusion

The current study showed that exercise on the rebound-
er and therapeutic ankle exercises that contribute to the
reduction or alleviation of DPN-induced musculoskel-
etal and sensory deficits can be used as a program fo-
cused on integrating peripheral strengthening using seg-
mental exercises for leg functionality to treat and prevent
leg and foot functional problems in this populace, as
well as to improve their independence in daily activities.
Therefore, we urge researchers to conduct extra clinical
studies to validate the efficacy of particular physical ac-
tivities for ankle treatment. These studies’ findings may
support the use of exercise therapy in the treatment and
prevention of diabetes, particularly about the long-term
consequences of neuropathy.

Study limitations and recommendations for fu-
ture research

The study’s main flaws were the limited sample size
and short-term follow-up on the physical activity pro-
gram’s advantages. To determine their effect on DPN
management, it is recommended that similar studies be
carried out with a bigger sample size. More research in
this field is advised given the dearth of studies evaluating
the efficacy of exercise regimens like ankle therapeutics
and mini-trampoline for the prevention and control of
diabetes in women with peripheral neuropathy.
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