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ABSTRACT

Diabetic polyneuropathy (DPN) is one of the most common complications of type 2
diabetes, characterized by diminished light touch and vibration perception, leading to impaired
balance and increased fall risk among older adults. Despite its high prevalence, evidence on targeted
sensory rehabilitation remains limited. This study aimed to evaluate the effectiveness of a Fall-Proof
rehabilitation exercise software in improving sensory function in elderly patients with DPN.

This study was a single-blind clinical trial conducted in 2025 at Sadeghieh
Tahereh Hospital in Isfahan. A total of 96 patients diagnosed with diabetic peripheral neuropathy,
confirmed using the michigan neuropathy screening instrument (MNSI), were randomly assigned
via adaptive randomization into three groups: An in-person intervention group, a virtual
intervention group (utilizing a dedicated software platform), and a control group. The intervention
groups performed FallProof™ balance exercises for eight weeks (two sessions per week), either
in person or virtually, whereas the control group received only standard care. Sensory function—
including light touch sensation at the third and fifth metatarsal heads and the hallux, as well as
vibratory sensation at the hallux—was assessed at four time points: pre-intervention, immediately
post-intervention, and at 2- and 3-month follow-ups. Data were analyzed using non-parametric
statistical tests, including the Friedman test, Wilcoxon signed-rank test, and Mann—Whitney U test,
with significance set at P<0.05.

[{TEMTE Both intervention groups showed significant improvements in all sensory indices (P<0.05),
with the greatest gains observed at the 5" metatarsal and hallux. Compared with controls, the
digital intervention group demonstrated superior improvements in light touch at the 5th metatarsal
(+1.80 units), hallux (+1.22 units), and vibration perception (+0.36 units). Importantly, these
sensory improvements persisted for up to 3 months in the digital group, whereas the control group
experienced progressive decline.

[FNEIMERS Fall-proof exercises, particularly when delivered through interactive rehabilitation
software, produced significant, targeted, and sustained improvements in tactile and vibration
perception in elderly patients with DPN. These findings underscore the potential of digital-based
interventions in sensory rehabilitation and fall prevention, supporting their integration into home-
: based rehabilitation programs for high-risk populations.
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Introduction

ype 2 diabetes mellitus is a chronic and

progressive metabolic disorder char-

acterized by hyperglycemia resulting

from insulin resistance and impaired

beta-cell function. According to the In-
ternational Diabetes Federation (IDF), over 500 mil-
lion people worldwide currently live with diabetes, a
figure projected to rise to 700 million by 2045 [1].This
escalating prevalence imposes a substantial burden not
only on healthcare systems but also on patients and their
families, particularly in aging populations such as Iran’s,
where the demographic shift toward older adulthood
amplifies the socioeconomic and clinical challenges of
chronic disease management [2].

Among the most debilitating chronic complications
of diabetes is diabetic peripheral neuropathy, affecting
30-50% of patients and marked by progressive damage
to sensory, motor, and autonomic nerve fibers. Sensory
manifestations—including diminished light touch sen-
sation, impaired proprioception, and elevated vibration
perception thresholds—directly compromise postural
control, gait stability, and functional mobility, thereby
significantly increasing fall risk in elderly populations
[3]. Supporting this, Sadeghi Sedeh et al. (2023) dem-
onstrated that diabetic patients, particularly those with
confirmed diabetic polyneuropathy (DPN), exhibit
markedly reduced scores on the BBS and diminished
strength in distal ankle muscles compared to non-neu-
ropathic controls. This muscular weakness, especially in
the ankle dorsiflexors and plantar flexors, contributes to
functional balance deficits and altered gait patterns, fur-
ther elevating fall susceptibility [4].

Given the absence of pharmacological interventions
capable of fully restoring neural function in DPN, clini-
cal emphasis has shifted toward sensorimotor rehabili-
tation strategies. Systematic reviews and randomized
controlled trials indicate that targeted strengthening of
lower limb musculature—particularly around the ankle
joint—can improve plantar pressure distribution, joint
mobility, walking speed, nerve conduction velocity, and
peripheral sensory function in diabetic patients [5, 6].
Moreover, flexibility and resistance training programs
for the foot and ankle have been shown to reduce recur-
rence rates of diabetic foot ulcers, mitigate neuropathic
symptom severity, enhance gait efficiency, and ulti-
mately contribute to fall prevention [7-10]. Supervised,
structured exercise regimens, when coupled with consis-
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tent follow-up, have proven effective in reducing DPN-
related sensory deficits [11, 12], improving vibration
perception [13], restoring ankle mobility [14], optimiz-
ing plantar pressure distribution during ambulation [15],
and enhancing overall lower limb strength and function
[16, 17].

Among rehabilitative approaches, Fall-Proof exercises
have emerged as a comprehensive, evidence-based inter-
vention designed specifically for fall prevention in older
adults [18]. These multimodal exercises integrate static
and dynamic balance training, tactile sensory stimula-
tion, and progressive resistance components to activate
peripheral sensory pathways and enhance fundamental
postural control mechanisms [19]. A recent systematic
review concluded that an 8-week Fall-Proof program
(three 40—-50-minute sessions per week) significantly
improves functional balance and reduces fear of falling
in adults over 60, recommending its adoption as both a
preventive and therapeutic modality following initial as-
sessment and proper instruction [20]. Studies on healthy
older adults corroborate these findings: Khazanin et al.
[21] reported significant reductions in fall incidence and
improved postural strategies following an 8-week fall-
proof intervention, while other research has documented
enhanced tactile sensitivity and vibration perception fol-
lowing balance-focused training. These improvements
are attributed to increased peripheral sensory feedback,
which facilitates neural pathway activation and proprio-
ceptive recalibration.

However, a close examination of existing resources
reveals that most studies conducted in the field of fall-
prevention exercises have focused on healthy or low-
risk populations, with little attention given to elderly
individuals with diabetic polyneuropathy (DPN), who
are among the highest-risk groups for falls and neuro-
pathic complications. Additionally, fall-prevention ex-
ercises have primarily been implemented in clinical or
group settings in-person, with no structured framework
available for their home-based or digital implementa-
tion. Moreover, the available resources lack interactive
instructional videos and real-time feedback systems to
ensure proper execution of exercises by users. Most
importantly, no interactive and specialized software for
implementing fall-prevention exercises in the diabetic
neuropathy population has been designed or evaluated,
despite the critical need for such a tool in this patient
group [22].

Therefore, there is a significant research and practical

gap in the design and evaluation of digital interventions
aimed at improving basic sensory functions, especially
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tactile sensation and vibration perception, in elderly in-
dividuals with diabetic neuropathy. Designing a training
software that can deliver fall-prevention exercises in a
standardized, interactive, and trackable manner could be
a crucial step toward enhancing safety, functional inde-
pendence, and quality of life for these patients.

Thus, the present study aimed to evaluate the effec-
tiveness of fall-prevention-based training software on
improving tactile sensation and vibration perception in
elderly individuals with DPN. This research seeks to
provide a practical and scientific response to one of the
emerging needs in the field of digital rehabilitation for
the elderly diabetic population, and pave the way for the
development of cost-effective, scalable, and efficient
interventions in home settings. The main hypothesis of
this study is that regular use of fall-prevention-based
training software can lead to significant improvements
in tactile sensation and vibration perception in elderly
individuals with DPN, as repetitive and targeted sensory
stimulation can facilitate neuroplasticity and functional
recovery in the peripheral nervous system.

Materials and Methods

In the first phase, the fall-prevention exercise software
was designed and developed in four stages:

Production of instructional videos

Fall-prevention exercises, including static and dynamic
balance exercises, ankle muscle strengthening, and foot
sensory stimulation, were recorded and edited as short
instructional videos (each no longer than 10 minutes).
These videos were created in coordination with Rose et
al. (the primary designer of fall-prevention rehabilitation
exercises) [23].

Content validation

The content validity and face validity of the videos
were assessed using content validity ratio (CVR) (mini-
mum acceptable value: 0.78) and content validity index
(CVI) (minimum acceptable value: 0.79). A panel of
8 experienced occupational therapists (with at least 5
years of clinical practice) participated in the evaluation,
which was based on three main criteria: content neces-
sity, clarity of expression, and relevance to the rehabili-
tation goals for diabetic neuropathy. The videos were
approved based on these criteria.
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Technical development

The software was developed using Java (for Android)
and PHP/MySQL (for backend). Features such as two-
factor authentication, video streaming, a discussion fo-
rum, automatic session reminders, and user feedback
recording were integrated into the software.

Pilot study

The initial version of the software was tested on 6 pa-
tients with diabetic peripheral neuropathy. The results
showed that the software was user-friendly, the instruc-
tions were clear, and the session scheduling was appro-
priate. After making minor adjustments, the final ver-
sion was prepared for use in the clinical trial.

In the second phase of the study (clinical intervention),
patients with type 2 diabetes who had visited the diabe-
tes clinic at Sadeghieh Tahereh Hospital in Isfahan were
included in the study. Given the estimated 30% preva-
lence of diabetic peripheral neuropathy DPN in the dia-
betic population [24], and considering a 5% margin of
error and a 95% confidence level, the required sample
size for initial screening was estimated to be approxi-
mately 280 participants.

After initial screening using the michigan neuropathy
screening instrument (MNSI) and applying inclusion
and exclusion criteria, 96 eligible patients were selected.
These individuals were randomly assigned into three
groups of 32 participants: the in-person intervention
group, the virtual intervention group (using the fall-
prevention software developed in the study), and the
control group.

Participant allocation to groups was performed by an
independent researcher using the Minimization algo-
rithm [25] to maintain balance between the groups in
terms of two key variables: “duration of diabetes” and
“severity of DPN.” This algorithm is an adaptive ran-
domization method designed to minimize differences
between groups concerning intervening variables (in
this study: duration of diabetes and severity of DPN)
(Equation 1).

To maintain single-blind assessment, evaluators and
statistical analysts were unaware of the group assign-
ments of participants.
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(1.96+0.84)2(2.462 +2.782 )

(16.21-14.37)? = 31.91 = 32

Inclusion criteria for the study

1. Age 60 years and older: Given that type 2 diabetes
typically begins in the fourth or fifth decade of life and
diabetic neuropathy often occurs several years after the
onset of the disease, this age range was chosen to focus
on the target population with a higher likelihood of de-
veloping diabetic peripheral neuropathy [26];

2. Confirmed diagnosis of type 2 diabetes and an ac-
tive medical record at Sadeghieh Tahereh Hospital in Is-
fahan: Participants must have visited the diabetes clinic
of Sadeghich Tahereh Hospital at least once in the past
six months, with diagnostic and treatment-related infor-
mation available in the hospital’s electronic health re-
cords system. This criterion was applied to ensure diag-
nostic accuracy, treatment follow-up, and access to valid
clinical data for the initial assessment of participants;

3. Presence of signs of diabetic peripheral neuropathy
as assessed by the MNSI, with a score >2 [27];

4. Ability to walk and maintain balance without the use
of assistive devices, with a score greater than 20 on the
BBS (BBS) [28];

5. Access to a smartphone for participants in the virtual
intervention group;

6. Active participation in at least 90% of the sessions
and exercises in the intervention groups;

7. Relatively controlled diabetes, with HbAlc levels
less than 8% and blood pressure less than 140/90 mmHg;

8. Ability to provide informed consent and cooperate
throughout the study period.

Exclusion criteria

1. Active foot ulcers, lower extremity surgery, or ar-
throplasty; 2. Diagnosis of severe neurological or cogni-
tive disorders; 3. Receiving concurrent physical therapy
or occupational therapy services similar to the interven-
tion; 4. Occurrence of vascular complications or ad-
vanced retinopathy.
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Inability or unwillingness to continue participation af-
ter three follow-up attempts.

Intervention groups
In-person intervention group

Participants in this group performed fall-prevention
exercises twice a week (each session lasting 40 minutes
with a 10-minute break) in person under the direct su-
pervision of an occupational therapist at the clinic.

Virtual intervention group

After an in-person training session, participants in this
group performed exercises at home using the developed
software. This Android-based software was installed on
the participants’ mobile phones, providing features such
as video review, progress tracking, automatic reminders,
and the ability to send messages to the therapist. No spe-
cial equipment was required for home-based exercises,
and if participants did not log into the software for more
than five days, a reminder SMS was sent, and the re-
searcher followed up.

Control group

The control group received only usual diabetes care in-
cluding pharmacological treatment, dietary counseling,
and lifestyle education, without any exercise interven-
tion.

The fall-proof training followed a progressive structure
over eight weeks, with intensity and complexity gradu-
ally increased [19, 23]. In weeks 1-2, exercises focused
on center-of-mass control, seated weight-shifting, flex-
ibility, and isometric ankle strengthening (12 repetitions,
4-5 sets, 6-second holds). In weeks 34, the program
included sit-to-stand transfers, static single-leg stance,
and dynamic gait tasks with object manipulation (15
repetitions, 8-second holds). In weeks 5—-6, multisensory
and coordination drills, balance perturbations, and gait
pattern enhancement were added (20 repetitions, 10-sec-
ond holds). In weeks 7-8, participants progressed to
advanced postural strategy training, stretching, one-leg
transfers with object control, and further progression of
gait and balance tasks (25 repetitions, 12-second holds)
[19, 23].

Outcomes were assessed at baseline, immediately
post-intervention (week 8), and at two and three months
after intervention by a trained occupational therapist
blinded to group allocation.
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Severity of DPN

In this study, the severity of DPN was assessed using
the MNSI questionnaire. This tool consists of 15 ques-
tions regarding sensory symptoms and foot function. In
this questionnaire, a “yes” answer to questions 1, 2, 3, 5,
6, 8,9, 11, 12, 14, and 15, and a “no” answer to ques-
tions 7 and 13, each receive a score of 1. Question 4 re-
lates to circulatory deficiency, and question 10 pertains
to the internal validity of the questionnaire (a “lie de-
tection” control question), which are not included in the
final score calculation. Therefore, the total score ranges
from 0 to 13, with higher scores indicating greater sever-
ity of diabetic neuropathy [29].

Tactile sensation

Tactile sensation was assessed using the Semmes-
Weinstein 10-gram monofilament on three key areas of
the foot (third metatarsal, fifth metatarsal, and hallux)
[29, 30].

Vibration sensation

Vibration sensation was assessed using a 128 Hz tun-
ing fork placed on the distal phalanx of the hallux. The
time (in seconds) from the start of the vibration until the
patient could no longer feel the vibration was recorded
[31].

Functional balance

Functional balance was assessed using the Berg bal-
ance scale (BBS). This scale consists of 14 items (com-
mon activities of daily living), and each item is rated
on a five-point scale, ranging from 0 to 4, based on the
quality or time spent completing the task. A score of 0
indicates the need for maximum assistance, and a score
of 4 indicates the individual’s independence in perform-
ing the task. The maximum possible score is 56, which
is derived from the sum of scores from various sections
of the test. A score between 41 and 56 indicates high bal-
ance, meaning a low risk of losing balance and falling.
A score between 21 and 40 indicates moderate balance,
with a moderate risk of falling, and a score between 0
and 20 indicates low balance, with a high risk of falling.
The reliability of each section of the BBS was reported
to be 0.98, the reliability of each individual item was
0.99, and the internal consistency was 0.96 [32].

Data distribution was examined with the Kolmogorov—
Smirnov and Shapiro—Wilk tests. Between-group com-
parisons were performed using the Kruskal-Walli’s
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test, within-group changes over time with the Friedman
test, and pairwise group comparisons with the Mann—
Whitney U test adjusted with Bonferroni correction. A
P<0.05 was considered statistically significant.

Results

In this single-blind clinical trial, 96 eligible patients
were randomly divided into three groups of 32 partici-
pants each: In-person intervention, virtual intervention
(using the software), and control. The three groups were
comparable in terms of baseline variables, including av-
erage age (66.93, 67.53, and 67.96 years, respectively;
P=0.848), body mass index (24.55, 25.22, and 24.86,
respectively; P=0.772), and duration of diabetes (years)
(P=0.563).

Additionally, the three groups were similar in terms
of HbAlc levels (6.83, 6.70, and 6.93%, respectively;
P=0.271), fasting blood glucose (mg/dL) (P=0.938),
blood pressure (mmHg) (P=0.703), and the severity of
neuropathy as assessed by the MNSI (8.81, 8.28, 8.34,
respectively; P=0.649), based on the information in their
medical records and clinical examination.

Vibration sensation

Based on the Kruskal-Wali’s test, there was no sig-
nificant difference among the three groups in the pre-
test (P=0.750). After the intervention, both intervention
groups (in-person and digital) showed a significant im-
provement in vibration sensation (P<0.002), while the
control group showed a significant decline (P=0.006).
In comparing the groups, the digital intervention led to
an increase of 0.359 units and the in-person intervention
led to an increase of 0.021 units in vibration sensation.
Although the difference between the two intervention
groups was not statistically significant (P=0.114), the
digital group showed the greatest improvement, and this
improvement remained stable up to 3 months after the
intervention (Table 1 and Figure 1). Based on repeated
measures analysis and Bonferroni test, results are shown
in Figure 1. Effectiveness of Intervention on Light
Touch Sensation

Light touch sensation at the 3rd metatarsal

Based on the Kruskal-Wali’s test, there was no sig-
nificant difference among the groups in the pretest (p =
0.539). After the intervention, the digital group showed
an improvement of 0.953 units and the in-person group
showed an improvement of 0.679 units (P<0.001). The
difference between the two intervention groups was not
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significant (p = 0.210), but both were significantly better
than the control group (Table 2 and Figure 2).

Based on repeated measures analysis and Bonferroni
test, results are shown in Figure 2.

Light touch sensation at the 5™ metatarsal

Based on the Kruskal-Walli’s test, this region—which
plays a key role in balance and walking—showed the
greatest improvement. There was no difference among
groups in the pretest (P=0.109). After the intervention,
the digital group improved by 1.804 units and the in-
person group improved by 1.179 units (P<0.001). The
difference between the two intervention groups was
significant (P=0.001), with the digital group perform-
ing better. This improvement remained stable up to 3
months after the intervention (Table 3 and Figure 3).

Based on repeated measures analysis and Bonferroni
test, results are shown in Figure 3.

Light touch sensation at the hallux

Based on the Kruskal-Wali’s test, there was no sig-
nificant difference in the pretest (P=0.591). After the
intervention, the digital group showed an improvement
of 1.218 units and the in-person group showed an im-
provement of 0.929 units (P<0.001). The difference be-
tween the two intervention groups was not significant
(P=0.112), but both performed significantly better than
the control group. The improvement in the digital group
remained stable up to 3 months after the intervention
(Table 4 and Figure 4).

Based on repeated measures analysis and Bonferroni
test, results are shown in Figure 4.

Discussion

The findings of this study revealed that the implemen-
tation of the “Fall-Proof” rehabilitation program, both
in-person and virtually, had a significant positive effect
on the improvement of sensory performance, including
light touch and vibration sense, in patients with diabetic
neuropathy, without causing serious side effects. Prior
to the intervention, all patients experienced sensory im-
pairments, but after 8 weeks, a remarkable improvement
was observed in the intervention groups, particularly
in the fifth metatarsal and hallux areas, which play a
key role in balance control and fall prevention. These
changes were more prominent in the virtual group than
in the in-person group, and remained stable for up to
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three months after the intervention ended. In contrast,
the control group showed not only no improvement but
also a decline in sensory performance.

The study’s findings indicated that the ‘Fall-Proof”
rehabilitation program had a significant positive effect
on sensory performance in both in-person and virtual
formats. Mechanistically, the improvement in sensory
performance could be related to neural plasticity and
enhanced synaptic connections in sensory pathways.
The repeated stimulation of the soles during exercises
activated mechanoreceptors and transmitted more pre-
cise information to the central nervous system. This
process led to improved tactile and vibratory perception,
ultimately enhancing the accuracy of postural responses
[33].

Furthermore, the improvement in the virtual group
was not only greater in effect size but also persisted for
three months after the intervention ended. This remark-
able advantage, despite the approximate similarity in
duration and number of training sessions between the
two groups, could be attributed to the inherent features
of the digital environment and the interactive design of
the software. The software used functioned beyond a
video playback platform, providing real-time feedback,
automatic session reminders, and recording individual
progress, thus creating conditions for sustainable senso-
ry-motor learning. Studies have shown that targeted and
repetitive sensory stimulation, even with equal exercise
volume, will be more effective when combined with be-
havioral reinforcement and intrinsic motivation [34, 35].
In the in-person group, although the sessions were under
direct supervision, there was no mechanism to encour-
age home practice or behavior monitoring between ses-
sions. In contrast, the software continuously engaged the
user in the rehabilitation process.

Moreover, the familiar home environment in the vir-
tual group may have helped reduce cognitive and physi-
ological stress. Evidence shows that clinical environ-
ments or the presence of a therapist can increase anxiety
and decrease sensory focus in some elderly individuals,
especially those with chronic diseases [33]. In contrast,
performing exercises in a calm and personal environ-
ment allows for deeper processing of sensory feedback,
thus facilitating neuroplasticity in sensory-environmen-
tal and cortical pathways [36].
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Table 1. Comparison of vibration sensation across the three groups over time (n=32)

Groups Assessment Time MeantSD Mean Rank P
Pre-intervention 2.31+69 2.27
Post-intervention 2.5+0.67 2.42
In-person 0.002
2 months after 2.6810.93 2.61
3 months after 2.78+1.09 2.7
Pre-intervention 2.4+0.66 2.08
Post-intervention 2.71+0.85 2.27
Digital 0.001
2 months after 3.03£1.03 2.66
3 months after 3.5611.26 3
Pre-intervention 2.43+0.71 2.36
Post-intervention 2.4+0.71 2.33
Control 0.006
2 months after 2.6210.79 2.58
3 months after 2.81+1.02 2.73

“Friedman test.

Table 2. Comparison of light touch sensation at the 3™ metatarsal across the three groups over time (n=32)
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Group Assessment Time Mean+SD Mean Rank P
Pre-intervention 2.28+0.68 2.17
Post-intervention 2.5610.66 2.44
In-person 0.001
2 months after 2.6510.74 2.53
3 months after 3.034+1.2 2.86
Pre-intervention 2.4+1.2 2.08
Post-intervention 2.78+0.9 241
Digital 0.001
2 months after 340.91 2.59
3 months after 3.43+1.21 2.92
Pre-intervention 2.21+0.7 2.86
Post-intervention 2.09+0.64 2.7
Control 0.001
2 months after 1.84+0.67 2.34
3 months after 1.65+0.7 2.09
Archives of
*Friedman Test. Rehabilitation
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Table 3. Comparison of light touch sensation at the 5" metatarsal across the three groups over time (n=32)

Group Assessment Time MeantSD Mean Rank P

Pre-intervention 2.9+0.73 2.27
Post-intervention 3.0611.16 2.25

In-person 0.045
2 months after 3.4611.21 2.63
3 months after 3.71+1.3 2.86
Pre-intervention 3.31+1.35 2.05
Post-intervention 3.78+£1.23 2.33

Digital 0.001
2 months after 4.03+1.14 2.58
3 months after 4.53+1.01 3.05
Pre-intervention 2.78+0.94 3.25
Post-intervention 2.0910.64 2.55

Control 0.001
2 months after 1.84+0.67 2.22
3 months after 1.71+1.05 1.98

Archives of

“Friedman Test Rehabilitation

Table 4. Comparison of light touch sensation at the hallux across the three groups over time (n=32)

Group Assessment Time MeantSD Mean Rank P*

Pre-intervention 2.31+0.69 1.94
Post-intervention 2.65+0.54 231

In-person 0.001
2 months after 3.15+0.8 2.8
3 months after 3.4611.36 2.95
Pre-intervention 2.4610.67 1.75
Post-intervention 2.81+0.47 2.09

Digital 0.001
2 months after 3.4610.8 2.86
3 months after 4+1.39 33
Pre-intervention 2.3140.73 3.05
Post-intervention 1.93+0.66 242

Control 0.001
2 months after 2.06+0.61 2.63
3 months after 1.56+0.84 191

Archives of
"Friedman Test Rehabilitation
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Figure 1. Comparison of changes in vibration sensation across the three groups

Additionally, the stepwise and gradual design of the
exercises in the software, along with the option to re-
view the videos unlimited times, allowed participants to
personalize their learning speed. This feature, particu-
larly in the elderly population with high variability in
cognitive and sensory performance, could play a key
role in stabilizing learning [34].

In contrast, the control group not only showed no im-
provement but also experienced a significant decline
in sensory performance, which aligns with the natural
progression of diabetic peripheral neuropathy in the ab-
sence of intervention.

These findings are consistent with several studies. For
example, Babb et al. [37] demonstrated that foot muscle
strengthening exercises combined with sensory stimula-
tion improved touch sensitivity and balance in diabetic

Figure 2. Comparison of changes in light touch sensation at the 3rd metatarsal across the three groups

Winter 2026. Vol 26. Num 4

Archives of

Rehabilitation

patients. Similarly, Atre et al. [38] reported that func-
tional exercises and sensory training improved vibration
sense and motor safety in patients. Khurshid et al. [34],
also confirmed the positive effect of combined exercises
on touch sensitivity and balance in diabetic patients.
Feng et al. [35] showed that a smart rehabilitation pro-
gram improved vibration sense and movement confi-
dence in neuropathic patients. These pieces of evidence
reinforce the findings of the present study and empha-
size the role of targeted foot stimulation in improving
sensory performance.

However, the results of some studies were not aligned
with our findings. For instance, Eddo et al. [39] in a
large clinical trial showed that the implementation of a
combined exercise program, including aerobic and re-
sistance exercises, improved balance and walking per-
formance but did not result in any significant changes

Archives of

Rehabilitation

Sadeghi Sedeh S, et al. A Fall-Proof Rehabilitation Exercise Software for Patients with Diabetic Polyneuropathy. RJ. 2026; 26(4):528-551.




Winter 2026. Vol 26. Num 4

Figure 3. Comparison of changes in light touch sensation at the Sth metatarsal across the three groups

in touch sensitivity or vibration threshold. Similarly,
Calagan et al. [40] reported that balance and strength-
ening interventions reduced the fall risk but showed no
improvement in proprioception or tactile sense. Marg-
estren et al. [41] also found that even after 6 months of
structured rehabilitation exercises, there were no signifi-
cant changes in neurophysiological parameters or touch
sensitivity in patients with severe neuropathy.

The differences between the results of the present
study and the studies that did not align with our findings
may be due to several factors.

1. First, the severity of the disease and the stage of neu-
ropathy in the populations studied varied. In the pres-
ent study, participants had mild to moderate neuropathy,
whereas studies such as Margestren et al. [41] examined
patients with advanced neuropathy and severe nerve
damage (confirmed by neurophysiological criteria) and
reported that even after 6 months of structured exercises,

Figure 4. Comparison of changes in light touch sensation at the hallux across the three groups
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no significant improvement in touch sensitivity or vibra-
tion threshold was observed.

2. Second, the type of intervention and focus of the
programs is a determining factor. Some studies, such as
Eddo et al. [39], primarily focused on aerobic exercises
and lifestyle changes, and although they improved bal-
ance and motor performance, they did not have a signifi-
cant impact on touch sensitivity or vibration perception.
Also, Calagan et al. [40] in a systematic review showed
that interventions focused solely on glucose control or
general exercises, without targeted sensory stimulation,
cannot restore peripheral sensory function. In contrast,
the present study, by combining balance, strengthening
exercises, and targeted sensory stimulation of the soles
(particularly in the fifth metatarsal and hallux areas),
created conditions to induce sensory neuroplasticity.

3. Third, the duration of the intervention and follow-
up also matters. Studies with short-term durations (e.g.

Archives of

Rehabilitation

Sadeghi Sedeh S, et al. A Fall-Proof Rehabilitation Exercise Software for Patients with Diabetic Polyneuropathy. RJ. 2026; 26(4):528-551.




Archives of

Rehabilitation

6 weeks) may not provide enough time to induce sus-
tained neural changes [33]. In contrast, the present study,
by combining balance, strengthening exercises, and
targeted sensory stimulation, along with a three-month
follow-up, provided optimal conditions for improving
and stabilizing changes.

It is recommended that future studies examine the
long-term sustainability of the effects of these exercises.
Physiological analyses to identify the mechanisms of
sensory improvement are also necessary. Additionally,
examining the effects of these exercises on other func-
tional dimensions such as balance, gait, and quality of
life and comparing them with other exercise methods is
suggested. Evaluating the effectiveness of these inter-
ventions in other high-risk populations and, ultimately,
studying the relationship between improved sensory
performance and reduced fear of falling and enhanced
balance can provide a more comprehensive understand-
ing of the therapeutic effects.

Among the limitations of this study is the impossibility
of fully blinding participants to the type of intervention;
although the study was designed as a single-blind study,
participants were aware of the intervention type (in-per-
son or virtual) due to the nature of the exercises, which
may have influenced perceived outcomes. Additionally,
in the virtual intervention group, it was not possible to
accurately monitor adherence to exercises and their ac-
tual duration, relying instead on self-reported data from
participants. This may have led to bias in estimating the
true effectiveness of the intervention, especially since
initial results may have increased participants' intrinsic
motivation to continue the exercises.

Conclusion

This study, with its dual design (face-to-face and vir-
tual delivery) and specific focus on patients with dia-
betic peripheral neuropathy, provides new evidence in
the field of digital rehabilitation. The findings indicate
that virtual training is not only a viable alternative to
conventional face-to-face methods but, in some key
domains—including light touch and vibration sensa-
tion—may even achieve superior outcomes. Therefore,
the Fall-Proof program, particularly in its digital format,
represents an innovative, safe, and effective approach
for improving sensory function and enhancing quality
of life in patients with diabetes.
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11. Friedman test

12. Bonferroni test

" . .Q 34

gpir (Soles g plaal> g (S5 > maiz Sl el
(a8l )+ S5 gl (Ll 1SS L YY) e

&

Pmnm
Sl el eoymay 3 o Jl o Joles jo st Sl a3

LB LSS L Y) )l pels ol canmssgne oo
(a4l Ve S eg sl

(b d3in

(AB Y S gl (AL LSS )L VO) (oel8

sludl bwg s L S L plralr g 25 > ol el

OS5 1 Y0) (50 1plS (5550 oaimonset 5 Ji5 35 0 J S
I¥e 8] sgs (4l VY S ag il (oL

G 355 g0 sbi50] Silejo IS S, bansgs v 5l ples

3 o aealdd bz lae 51 oo gl ez 4o Leeg )5 4

alzloe 5l o olo Vg alzloie 5 s olo ¥ (A aian) alslose

Semmes-Weinstein o, V- ldldgige 5l oalasul b
Ire val s oo (Luglle

ey
JLW.:J d.&SYLé $9, as S \YA ODQL@ )’l ool b

b gy abiod 51 (4l o) ooy i ools )3 wgla
IR s s iSs ubes 1) il ) 500 Lo 5 Sl

&8s Jolas
ol i b)) "BBS) Sy Jobss whie 3 eslizul b
(alyg, S Jghie slacadled) g VE Jolis ¢ ol

G ()5l o5 (sl po 0 wlitia bl Jlgms y2 9 ol
1S ol gl iy olais ] sl b ConiaS” ool 9 ansd (F)

FSlas 4 3Ls Oyg 00 0o Lis () 4z )0 0ed so 2U )]

7. Berg Balance Scale (BBS)



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Ogue d}‘j AVARA (5)9“4"’ 03;5 ..\}‘5 \//\’f 6)[.7LA 05;
O Yo cxe alSlae 09,5 90y Sglas (P<e/+ v V) aizdl
Ua% Q.ﬂ sy e o).iLo.c (_g)’l.?mo”fj(P:'/“\)
G)Mﬁwjvo)u LJS"’") ..)uLo)b.:lA ¢L>‘duo)|woLoY'
Gllae gl ¢ S ydign S g Dlaalis 1S5 (g3 bl (F

.D%‘”o)uﬁ}m}'

¥ o )lous Y% 0,90 NF+F yliuo)

alZlae g gazly /YO Liolidl 4 gilre alslae deg,S
A yaie eS| e p3 galy 1YY Gl e (s g
S o sine sybel Sl alslae 05,5 99 (e glis 4z S
ol g ols lid 1) Sgups (ki (g5l 09,5 Lol (P=-/"\VF)
pgad 5 ) o lad Jgaz) wile Hlal alslowe 5l e ol ¥ B 0guge
@S (g S 5 Shaalie S5 (905 ool 2 () 0jlas

g Y ol prguas gillas
oolld 5 duY jus 7R RS S

Sglis geiliier 0 edly JBlwgST gl el

09,5 e 3l e (P=+/02Y) e 593y (5,lo sne s dmo¥ (s g dli o wbis )51
OLES dgupe oy +/AYR (5,585 05,5 g axlg VYA (55le
S99 )L)G:.m alsle 05,5 9 (e gl (P<e/e o)) wools f"”u")bl:»)éwﬂwa

e J5S 03,5 ) & fasime b 59 o Ll (P=-111T)
Sl allose 5l s ole YU (g5lome 09,5 10 Sgups 50,5 Je
IS5 a3l bl s (F o)lods g 5 F ojlad Jgaz) wile

B ¥ o)l.o..f.n peas dJUG.c @L».: a@jfﬁ}g S g Slaalice

Sold ogaliiny 0 omlly JSas)S sesl bl
@llae 5l ay (P=+/0YR) il 0925 og )5y (5,0 xo
Sgugo a>lg+ [PV (5,985 05,5 g axly /DY (gjlxe 09,5
S sine alSloe 09,5 90 o gl (P<e/e 0 V) wiols ylas
Gy P drS 09)5 Sl sine ol 55 5o Ll (P= /Y +) 055
LS5 el ol (Y oled g 5 ¥ ojled Jpuz) o,
iduly daly el ol las aslas cpl (gloazsl 25 ¥ 0led paguad Gillae guls g ,i5e Cond g Slalive
ad)le sbml 9 isilne 9 5 y3am B 93 52 3 €Sy 5 1
o Jold (g 3 Shoe 3900 2 (5 )l3 e g Sute Sl g0
b (Slsys D Gliless jo S )| e 5 S A

P:;:.;U..,lsl.:.o,am!w,

Pl 2 aS 4l el aadly Sy ,S 903l ool 2
0903l e 50 000 LES Ty Sguge (g om0l 5850l y g Jolas
alslos )| o (P=’/\ “1) WKY S9>9 LQOB; Oy Q_;'jL‘D

Widgy g S [0 Lo soled cal e 5l s clls
o).:jcb PICERW L_SLQOB; )J LSriQ-Mo Sgap QA )‘ ) Lol

N=XY) loy cam 3 09,5 duw 4o hlad )| u> duglite ) Joa

Jloi fa® 4 ibe Sl ot ke wii) oloj 0955
YISy YV A a3l )8
YIeY VIavEJSY Ao jl amy
[++¥ Sopa>
YI5 YISAEAY amole ¥
VIV~ YIVAEY A Sayolo ¥
¥/ V/foko/55 dslie jl U5
YINY YIVVEIAD alslie 3l axy
1oy Sibe
/<4 Y/-YEN Y Sayolo ¥
Y/ YiosENye day olo ¥
Yivs YIEELI Al U8
yiyy NG D% PIEL TV Y
-5 s
YIoA VISVE-IVA smola¥
YIVY YIAVEY Y saolot
ARG u‘*‘i)-é Oﬂ‘)h'

Oy 329 9 St dumnoY g 3 yShos 31 By p3 — B ubuayled Sl pod 380 5 il oo g e Bdlo v ovf



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

¥ oylosd Y5 0,95 NF+F oyl

c oo il aS Cllls pu 0 Slas S5 1 (50 sie
Cosll g (s Aty 4 Wl go (g 3, Slos S50t
S5 kbl Lo o o 510 s 3 (g AL
JUB 1) 55 5il5e (sloons o5 wliy 73 Jobo o b &S5
JEe (635 p0 (s o 41 1) (55330 Dledbl g 03,5
Sald 50 9 (Bl 5 (oed S50 3900 4 anlE (pl S (oo

I¥Y] s oo yomie Jolss slagenly pulass o cds a3l

09,5 du 40 (ilaS )| o Ol yasS duglie ) yrgeal

5 Jolss JyS sl o5 puglla g pomty o llie (g5 5
Sy ol oaalice 5l (gadS 15 bogds 3l (6 5Kty
B3l o e Y B 5553 5,505 05,5 53, s om0, 5o
S9et 4545 J 708 09,5 348 Iy ile 3L sl als e

233,5 5l58 550 Slee yrals asly cais Jol>

itunly Al gl ol lis adlas cpl (glaasil
5 ool silre g gypam B g e 0 €Uy, B

(N=YY) oy o 52 09,5 das 53 pagas o )ilke e (- duylie Y Jgar

Jlein jlade® 43 (el Sl ot (i Sle b)) ol 895

VY VIYAL-[5A adslas jf s
y/$E y/ost. /55 a3 1se 5l umy

ooy Sy
vior VISt INF amolo ¥
YIS VREILE FROR ]
YA V/fote/55 alslae jf
/¥ YIVAE< /3« A31se 5l day

of e Silre
v/oR ¥/e ot oa) FROR S
v/ay FIETEV Y smle¥
YIN YIVVEIY. a8
Y- y/-at-/5¥ aslse 5l awy

ofeey Js
vIve VIAYE-I5Y amole¥
v/-a VsokIN- swole ¥

AP o sal

i p9 9 S Al g 3 3SUas g1 Bg gy — JU  abSuyled Slis ped 3810 5  oiiSupdl. ol e g b (Bdlo yoew



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

¥ o )lous Y% 0,90 NF+F yliuo)

(N=YY) o) con g2 09,8 dus 3 oy (o) Blie (e (o Al Y Joutor

Jloin! jfade® 455 oo ol oot Sl Ry i obej 8955

vivy VAE Y v/a- st} 43
vive YI-54VV8 v/-5 dslis l am

o[+¥0 Lyl
visy YIESEV/YY vies saola ¥
YIN YIRSV YIVY Axolo ¥
vi-0 AREAN AR dsh ) s
vIvY YIVA£V/YY YIVA alslio jl amy

ofery Silre
/A /B EATAN /oy Sogole ¥
¥/-a VIOYALY/ -\ ST soola
YIS YIVAE-/A¥ YIVA dsls ) 4
vioo ¥/a./p¥ v/ dslia f 2ey

ooy Jyss
vIvY VARE-/5Y VIAY soola ¥
JJAVN VVAEY/ < MY A olo ¥

A e d ogesl”

by eo)S Joo gy (i pydih G 5l 518 eslinuls o
S pha S g Sladz 5955 (5 )5lks slabazd 55550 4|
2551 9ol Il (S5 s 5Tk sl sl e 8
059l ) ST g diadan cw SOz ailesls lis Slalae
Ol g 6,18y Casti Lol o STl 2 el o 0 S

Sl a5l leisas (gilome 05,5 1 d5ug o So08,b ]l

Alo Jlul s allae (L 51 e oo YU astly g 55,5
Sl g S o8 (390l oy e @i LB 65 0 ol
sla s 5l AU Wlgiee 05,5 55 (S Sl
S5 a2l Jf5dle i leles (Sl 5 Jlms Lm0

n=yy) L‘)Ln)' G g 03; dw o uu,.‘l.b Q“‘“J o> @qlﬁn ¥ J,A?

Jlaio! 45 ke Josondl ot Sl il oles s
VA¥ YI$VE-/5A asle §l U5
YIY yisok./of Ao 3l uay
AR Sy
YIA- /ot /Ae seyolo ¥
y/a0 YISEENYS Sayolo ¥
Vo Vaie el dslio §l L
¥/A VIAVE-/FY sl § i
offoos) Sioe
YIN YISFLIA. Sayolo ¥
iy ¥ tV/¥R sy olo ¥
Y0 YIFVE dslio §f L
yIeY Vayt- /55 PIEL TV Y
ey IS
\1/41 ¥/ 5E15) Sz ele ¥
VAN Most. NS Asyolo ¥
AR a2 b ogesl®

v 309 § S dwmnoY (g 3 )Sos g1 g 3 —JU oSSy lgd Sy pod 413800 33  oiSspdl o) Ko g B (B0 s

Of?



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

¥ oylosd Y5 0,95 NF+F oyl

Sl @b cnl 5l g aS oo alp | ue laoys il
s 528 5 e o 510 e 5 Akl 5
1 74 IRUPRIN

Olley o by el (2 y g S (b (SKdgg )]
OB S S pholsojlldagiag g s gasali 6,555k Sl bol o
(S e ol S Gile gzt | 093 (6550l ey wilsny
5 ol o Sae o YU 65 L asalls Curax (0 o940
Al aily 6,50l Conit o galdS i WilgS ge ¢ o
Iv¥]
SoplS aSl wlas Lis (gogue Lessas 7S 09,5 ol o
DPN ol i i LaS codils gz 0 Sl j0 (6o sine

095 duw 13 pgus oy lils (e (puo Ol dusslin Y g

L0 f] s Sasalys Joe 5550 ansl gy

339 olivns S oy Dl 4> (515 g2 09,5 j0
b (S (n el 4 32955 Sl S g5k e Sl e U
Wgey gty )|l 5 a5 s il 092 18, Al
il 45 ottulyy anTE S 8], IS
Sl (o silme 05,5 po Ll g (S Lo oizpan
Al 00,5 S8 Sujglgrid g (FEUD eyl a5 4
Wlg oo ;e yd g b (b sladazro amo so lid alels
el opore sl lom 4 Do st (laialls (> 50
Jlieys [V 058 cus 35,05 rals 5 Ol ylasl il
e il (Sl pazd g pll e 1o Sy po5 ploxd

09,5 4 53 2ty (o Blie pal o i duslie F pyguad

i p9 9 S Al g 3 3SUas g1 Bg gy — JU  abSuyled Slis ped 3810 5  oiiSupdl. ol e g b (Bdlo yoew



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

SEASES ol anlllan o el o9 rglicta axlllaes e
Slllle &5 J>jo wivgy bawgio b iz (Sbg)ss il
sl gy g9k Slor e g 2 o il
330 1y (Sassloaseds s slojlone b oadonl) wyad coas
Sl yed obe 7 5l (g (F 230,85 g wols 13 (o)
e T 4eneY o 5 g 93 B o gage el i3 Lo

[f\] s salice

el oAHSu.....u Jole laaaliyy 35105 g alSlowe g4 ¢pgo-
Jols dizyp g MLl 35,08 (S5 S i g 53150
SBYE e [¥A] anisly i)l S o b aneY >
e S g eges Dl yei b S S By
Tfelais bibl, oo cne 8 Shos ol cod cdiadin
5 sogt o Jols Dloyes 3l b ol dsdllas (Jlieys
9y ) Ble (g 0 05 9a0) b LS s s SO 25
590 w2l 2 (o inidlyg o8 Sl ol (aul 25 (gl
Sllllas s coenl 15 6,80 5g=d>'|..u Ole e ¢ gur
S o conl e (aan £ o) DawolisS slae g0
iy [¥Y] oS wal 31 sl arae &l i S 1,
e Sy 5 o ( Jols Sl a5 oS S L pol anlllas
5 99 Sl eolin Loyl i aale ¥ (6,50 LS o caiadan
RYPIPN IR OE JOWEY

L A

S35 (Gilre 5 6,50>) alfgs (b L ol anlllas
a0 )0 lo3l aled ( bo (Sbg)e 4 M o ylews peiag

¥ o )lous Y% 0,90 NF+F yliuo)

05;M)0w3nﬁwy0‘)w.ﬂ@m-fxw

Ll guanads Al pie O jg0 4o

(Jloylgrcds ol guod (g03xie Slalllas b loadl -yl
L &S Odlac cueti Sl i wisly las o )Ses 9 b
Obbo 53 Jols g el (o S9age 4y (o S 25 L ol o
03,5 515 o e 56 5T o [¥V] 0 i ulio
ol 5 Gl o (g gla 50T 5 (59,8 hae iy e
OSen g an o3 [YAl sz o s |y oo (5>
Ohles Jolss g dase¥ oz 2 (o5 5 Sl o3 S 5l
s 5 o) e g S andllae [¥F] wis 5 0l 1) ubs
oeiaslazel g (olad )] us cdiedigh oS led el S ol
walyd pl [YO] ans so dgte Sslig,e o) Lo o 1y 35 >
Sy GRS g AS ge gl |y ol adlllas (slaaily
5,0 05T o 8, Sho Sgg 0 b S dedan

03923 grmot Lo (slaaidly b b gy (& 2 s (Jlcnll
Sl @l o o )lSen 5 50l ¢ Jliaisly e
Sl o ol oS 5 i yo8 by S5 gl il e
St |y 0585 oly 0 8es g Jolss 4z ST (taglie 9 (sjlge
il )| AT b Y e 58 (I sime i Lol i
23,5 558 Ken g QBYE (pmen [¥A] 5 S5 slox!
Wi yoie b Gt palS a4 Sued g ol oMl
TFe] sas osalive coles b dioe o> ;0 (S09m0 gt Wl
Obas 20l (Sbgys b hlem 5o 55 OllSes 5 oS e
JUOFLIVCE I CE IR JCN ERJOR JA D 5 BV ER N
Sl sl o b Su59052 5703995 sl el 5o (295 S
T ] o

g o8 Sl ipgh g pol> aslllae @S Gl Dglis

Slcore> I @bj)}a d..l.>).x: 9 d)Lo....) Al (S

v 309 § S dwmnoY (g 3 )Sos g1 g 3 —JU oSSy lgd Sy pod 413800 33  oiSspdl o) Ko g B (B0 s

OFA



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

¥ oylosd Y5 0,95 NF+F oyl

tezoshd e g eaw Bolo e igilupsgas

1 7 kel o d ST 5L goouns Bl ez slicds by

Ol s oot G i (6 yslaez t o oo

5 s toon  Bolo s g oo Bolo (rags (55l 2l 5
(S Colie g (7oyghad drs ey p Lo o

&8s o5l
305 ilie o 5 allie el g ol

1538 g Sl

» OMSUS)‘J u‘)LM dALw )‘ Al.u.uguadu UL?M}»
Ol lo cobs SaldS 0 o yize S 0 g asdllas oyl
Ao slyzl 5 5,52 e 5o oS olgiol o pall Al
S e G;lo).xé Blosowo il gaied;) 5,5
0594 (umgidaliy o (ale g (8 Gl | (pizren
uiles 8l 5 anwes g (>lib 10 455 jeaie GBI Sl
S 0 (6, Rl KB 5 JOY

A el (5905 gy Sl (erilie 5230 LS (g3l
)| g Ay Lz alozil (guldS Glo a3l (S o
by ©8 5 am Glgi e sl b ) 6 ke 0 See S
o) g (peal (g 6l e Jluzmd B jo o594 B9 JI6
b0 e (S ceanS slas )l g om0 Shoe 0900 (1 2

g5 g

Sl e SIS gl o] Slalas 3O Ogu oo Ol
Slodels plxl 0l )y S SYeb Sy sleelly o
e g lapendle ol 6l (Soigln s
sl plo p Sl yed ol Sl (o) Geizmen el (59,5
Ol dlite 5 (S35 ColeS 5 (580l o Jols aiile (65 Slos
Gl G2 gy D9 o0 o (s yeT Slahg nle b
9y 2 axlllas oled 5 500 b lacemes ;o A
St 5 bgies 3l )5 (2L L (i 5 Shos S5 (52 bLS)
S el Sle s Sl S (5 el w3 Wl oo o Jolss
GlssS (&bl andline oyl slacysgize alox|
adlas ax> ST g aldlis g9 4 Cond (oSS 10 S
SRSARNLAVIT X N IR [T NIRRT
iog: oST (g3lme b (5,9:02) Al g5 5wl o3 Copalo
RCESVSRUAIPTRING S0 PRV 1 S PR CEINCN RX SO 3
@ )by (e 385 b Bl silone alSlae 095 o
25 Bl a5z Lagl lzt (o8l plejone 5 byl
Erdge (nl b &S5 (BanS eS8 o leblog> sla bl
alolae (adly (25031 e 3510 50 (S pSg @ Wi
0555 el (Yoo adgl zuls sualive 4SSl o594y o i
ooly ymoli8l Gl ol (6,80 lp |y PSS o gy
b

YRR N

g3 B Jaol 3l (595w

Ceadlus g ‘5.’2.20‘_,‘53’ f,lc olXasls Il aeS o axlllas oyl

o 3l (IR.USWR.REC.1403.136) >l oS’ L  slocz
3L ol (st o35 s 3550 50 dalllas ol g o
axdllas ol o .l oats <03 (IRCT20181117041673N2)

Sygods ol )0 gul Al i8S cols, dfuns S 1l eled
A% 03ls zeudgl gt sl g, JelS

Sl ol

o 5550 Al ol all | isy pol> dslllas

3 iuoly pale olliils Slo o)l 09,5 10 ouw Bolo

Cadlas g gdide o3 pole olKisls .ol 105 eloza] cuadls
Lol 05,5 Jbo Colos dllas oy 51 eloix]

i p9 9 S Al g 3 3SUas g1 Bg gy — JU  abSuyled Slis ped 3810 5  oiiSupdl. ol e g b (Bdlo yoew



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1
https://uswr.ac.ir/
https://uswr.ac.ir/
https://irct.behdasht.gov.ir/
https://uswr.ac.ir/
https://uswr.ac.ir/
https://uswr.ac.ir/
https://uswr.ac.ir/

Archives of

Rehabilitation

References

[1] Sun H, Sacedi P, Karuranga S, Pinkepank M, Ogurtsova K, Dun-
can BB, et al. IDF diabetes atlas: Global, regional and country-
level diabetes prevalence estimates for 2021 and projections for
2045. Diabetes Research and Clinical Practice. 2022; 183:109119.
[DOI1:10.1016/j.diabres.2021.109119] [PMID]

[2] Khodakarami R, Abdi Z, Ahmadnezhad E, Sheidaei A, Asadi-
Lari M. Prevalence, awareness, treatment and control of diabetes
among Iranian population: results of four national cross-sectional
STEPwise approach to surveillance surveys. BMC Public Health.
2022; 22(1):1216. [DOI:10.1186/512889-022-13627-6] [PMID]

[3] Janjani P, Salehabadi Y, Motevaseli S, Heidari Moghadam R, Sia-
bani S, Salehi N. Comparison of risk factors, prevalence, type
of treatment, and mortality rate for myocardial infarction in
diabetic and non-diabetic older adults: A cohort study. Salmand:
Iranian Journal of Ageing. 2023; 18(2):268-83. [DOI:10.32598/
s1ja.2022.3091.2]

[4] Rezaei M, FatorehChy S, Javaheri J. Investigation of dynamic
balance and muscle strength of lower limbs in type 2 diabetic
patients referred to Imam Reza Clinic (AS) in Arak City. Journal
of Clinical Care and Skills. 2023; 4(4):175-82. [DOI:10.58209/
jecs.4.4.175]

[5] Zhang P, Lu J, Jing Y, Tang S, Zhu D, Bi Y. Global epidemiology
of diabetic foot ulceration: A systematic review and meta-analy-
sis. Annals of Medicine. 2017; 49(2):106-16. [DOI:10.1080/0785
3890.2016.1231932] [PMID]

[6] Peters EJ, Armstrong DG, Lavery LLA. Risk factors for recurrent
diabetic foot ulcers: Site matters. Diabetes Care. 2007; 30(8):2077-
9. [DOI:10.2337/dc07-0445] [PMID]

[7] Pound N, Chipchase S, Treece K, Game F, Jeffcoate W. Ulcer-
free survival following management of foot ulcers in diabetes.
Diabetic Medicine. 2005; 22(10):1306-9. [DOIL:10.1111/j.1464-
5491.2005.01640.x] [PMID]

[8] Van Netten |, Price PE, Lavery L, Monteiro-Soares M, Rasmus-
sen A, Jubiz Y, et al. Prevention of foot ulcers in the at-risk pa-
tent with diabetes: A systematic review. Diabetes/Metabolism
Research and Reviews. 2016; 32(Suppl 1):84-98. [DOI:10.1002/
dmrr.2701] [PMID]

[9] Jeffcoate W], Vileikyte L, Boyko EJ, Armstrong DG, Boulton AJ.
Current challenges and opportunities in the prevention and man-
agement of diabetic foot ulcers. Diabetes Care. 2018; 41(4):645-
52. [DOI:10.2337/dc17-1836] [PMID]

[10] Suryani M, Samekto W, Susanto H, Dwiantoro L. Effect of
foot-ankle flexibility and resistance exercise in the secondary pre-
vention of plantar foot diabetic ulcer. Journal of Diabetes and
its Complications. 2021; 35(9):107968. [DOI:10.1016/j.jdiaco-
mp.2021.107968] [PMID]

[11] Sartor CD, Hasue RH, Cacciari LP, Butugan MK, Watari R, Pas-
saro AC, et al. Effects of strengthening, stretching and functional
training on foot function in patients with diabetic neuropathy: Re-
sults of a randomized controlled trial. BMC Musculoskeletal Dis-
orders. 2014; 15:1-13. [DOI:10.1186/1471-2474-15-137] [PMID]

[12] Chang CFE, Chang CC, Hwang SL, Chen MY. Effects of buerg-
er exercise combined health-promoting program on peripheral
neurovasculopathy among community residents at high risk for

Winter 2026. Vol 26. Num 4

diabetic foot ulceration. Worldviews on Evidence-Based Nursing,
2015; 12(3):145-53. [DOL:10.1111 /wvn.12091] [PMID]

[13] Kanchanasamut W, Pensti P. Effects of weight-bearing exer-
cise on a mini-trampoline on foot mobility, plantar pressure and
sensation of diabetic neuropathic feet; A preliminary study. Dia-
betic Foot & Ankle. 2017; 8(1):1287239. [DOI:10.1080/200062
5X.2017.1287239] [PMID]

[14] Cerrahoglu L, Kosan U, Sirin TC, Ulusoy A. Range of mo-
tion and plantar pressure evaluation for the effects of self-care
foot exercises on diabetic patients with and without neuropathy.
Journal of the American Podiatric Medical Association. 2016;
106(3):189-200. [DOIL:10.7547/14-095] [PMID]

[15] Dijs HM, Roofthooft |, Driessens ME, De Bock P, Jacobs C,
Van Acker KL. Effect of physical therapy on limited joint
mobility in the diabetic foot. A pilot study. Journal of the
American Podiatric Medical Association. 2000; 90(3):126-32.
[DOI:10.7547/87507315-90-3-126] [PMID]

[16] Allet I, Armand S, De Bie R, Golay A, Monnin D, Aminian
K, et al. The gait and balance of patients with diabetes can be
improved: A randomised controlled trial. Diabetologia. 2010;
53(3):458-66. [DOI:10.1007/s00125-009-1592-4] [PMID]

[17] Francia P, Anichini R, De Bellis A, Seghieri G, Lazzeri R, Pa-
ternostro E et al. Diabetic foot prevention: The role of exercise
therapy in the treatment of limited joint mobility, muscle weak-
ness and reduced gait speed. Italian Journal of Anatomy and Em-
bryology = Archivio Italiano di Anatomia ed Embriologia. 2015;
120(1):21-32. [PMID]

[18] Rose DJ. Reducing the risk of falls among older adults: The fall-
proof balance and mobility program. Current Sports Medicine Re-
ports. 2011; 10(3):151-6. [DOI:10.1249/JSR.0b013¢31821b1984]
[PMID)]

[19] Sheikhshoaei H, Bahiraei S, Safavi M. [Investigating the impact
of fall-proof exercises on the balance system of eldetly women
with knee osteoarthritis(Persian)]. Salmand: Iranian Journal of
Ageing. 2025; 19(4):558-71. [DOI:10.32598/sija.2023.3721.1]

[20] Fathi S, Sadeghi Sede B, Safaein A, Fatorehchy S, Akbarfahimi
N, Sadeghi Sede S. [Investigating the effect of fall- proof exer-
cises on balance and fall prevention in the elderly: A systematic
review and meta-analysis (Persian)]. Salmand: Iranian Journal of
Ageing 2026; 21(1):1. [Link]

[21] Khazanin H, Daneshmandi H, Fakoor Rashid H. Effect of se-
lected fall-proof exercises on fear of falling and quality of life
in the elderly. Iranian Journal of Ageing 2022; 16(4):564-77.
[DOI:10.32598/sija.2021.3152.1]

[22] Sharahi MY, Raeisi Z. Effects of otago and fit-and-fall proof
home-based exercises on older adults’ balance, quality of life, and
fear of falling: A randomized, single-blind clinical trial. Sport Sci-
ences for Health. 2025; 21:1177-86. [DO1:10.1007/s11332-025-
01357-2]

[23] Rose DJ. Fallproofl: A comprehensive balance and mobility
training program. Champaign: Human Kinetics; 2010. [Link]

[24] Sun ], Wang Y, Zhang X, Zhu S, He H. Prevalence of periph-
eral neuropathy in patients with diabetes: A systematic review
and meta-analysis. Primary Care Diabetes. 2020; 14(5):435-44.
[DOI:10.1016/j.ped.2019.12.005] [PMID]

Sadeghi Sedeh S, et al. A Fall-Proof Rehabilitation Exercise Software for Patients with Diabetic Polyneuropathy. RJ. 2026; 26(4):528-551.



https://doi.org/10.1016/j.diabres.2021.109119
https://www.ncbi.nlm.nih.gov/pubmed/34879977
https://doi.org/10.1186/s12889-022-13627-6
https://www.ncbi.nlm.nih.gov/pubmed/35717151
https://doi.org/10.32598/sija.2022.3091.2
https://doi.org/10.32598/sija.2022.3091.2
https://jccs.yums.ac.ir/files/site1/user_files_407f04/bahmansadeghi-A-10-245-1-b3fd058.pdf
https://doi.org/10.1080/07853890.2016.1231932
https://doi.org/10.1080/07853890.2016.1231932
https://www.ncbi.nlm.nih.gov/pubmed/27585063
https://doi.org/10.2337/dc07-0445
https://www.ncbi.nlm.nih.gov/pubmed/17507693
https://doi.org/10.1111/j.1464-5491.2005.01640.x
https://doi.org/10.1111/j.1464-5491.2005.01640.x
https://www.ncbi.nlm.nih.gov/pubmed/16176187
https://doi.org/10.1002/dmrr.2701
https://doi.org/10.1002/dmrr.2701
https://www.ncbi.nlm.nih.gov/pubmed/26340966
https://doi.org/10.2337/dc17-1836
https://www.ncbi.nlm.nih.gov/pubmed/29559450
https://doi.org/10.1016/j.jdiacomp.2021.107968
https://doi.org/10.1016/j.jdiacomp.2021.107968
https://www.ncbi.nlm.nih.gov/pubmed/34187716
https://doi.org/10.1186/1471-2474-15-137
https://www.ncbi.nlm.nih.gov/pubmed/24767584
https://doi.org/10.1111/wvn.12091
https://www.ncbi.nlm.nih.gov/pubmed/25963925
https://doi.org/10.1080/2000625X.2017.1287239
https://doi.org/10.1080/2000625X.2017.1287239
https://www.ncbi.nlm.nih.gov/pubmed/28326159
https://doi.org/10.7547/14-095
https://www.ncbi.nlm.nih.gov/pubmed/27269974
https://doi.org/10.7547/87507315-90-3-126
https://www.ncbi.nlm.nih.gov/pubmed/10740995
https://doi.org/10.1007/s00125-009-1592-4
https://www.ncbi.nlm.nih.gov/pubmed/19921145
https://pubmed.ncbi.nlm.nih.gov/26738255/
https://doi.org/10.1249/JSR.0b013e31821b1984
https://www.ncbi.nlm.nih.gov/pubmed/21623303
https://doi.org/10.32598/sija.2023.3721.1
https://salmandj.uswr.ac.ir/article-1-2999-en.html
http://dx.doi.org/10.32598/sija.2021.3152.1
https://doi.org/10.1007/s11332-025-01357-2
https://doi.org/10.1007/s11332-025-01357-2
https://cir.nii.ac.jp/crid/1971993809692931367
https://doi.org/10.1016/j.pcd.2019.12.005
https://www.ncbi.nlm.nih.gov/pubmed/31917119

Winter 2026. Vol 26. Num 4

[25] Pocock SJ, Simon R. Sequential treatment assignment with bal-
ancing for prognostic factors in the controlled clinical trial. Biom-
etrics. 1975; 31(1):103-15. [DO1:10.2307/2529712] [PMID]

[26] Nanayakkara N, Ranasinha S, Gadowski A, Heritier S, Flack
JR, Wischer N, et al. Age, age at diagnosis and diabetes duration
are all associated with vascular complications in type 2 diabetes.
Journal of Diabetes and its Complications. 2018; 32(3):279-90.
[DOI:10.1016/j.jdiacomp.2017.11.009] [PMID]

[27] Moghtaderi A, Bakhshipour A, Rashidi H. Validation of Michi-
gan neuropathy screening instrument for diabetic peripheral neu-
ropathy. Clinical Neurology and Neurosurgery. 2006; 108(5):477-
81. [DOI:10.1016/j.clineuro.2005.08.003] [PMID]

[28] Sadeghi S, Nourozi A, Azadi H, Faraji F, Mardani M, Sadeghi B.
Comparing vitamin b12 and nitrous oxide neurotoxicity in op-
erating room staff and other hospital staff: A multicenter study.
Journal of Mazandaran University of Medical Sciences. 2019;
29(173):134-9. [Link]

[29] Boulton AJ, Armstrong DG, Albert SE, Frykberg RG, Hellman
R, Kirkman MS, et al. Comprehensive foot examination and risk
assessment: a report of the task force of the foot care interest
group of the American Diabetes Association, with endorsement
by the American Association of Clinical Endocrinologists. Diabe-
tes Care. 2008; 31(8):1679-85. [DOI:10.2337/dc08-9021] [PMID]

[30] Frykberg RG, Lavery LA, Pham H, Harvey C, Harkless I, Veves
A. Role of neuropathy and high foot pressures in diabetic foot
ulceration. Diabetes Care. 1998; 21(10):1714-9. [DOI:10.2337/
diacare.21.10.1714] [PMID]

[31] Perkins BA, Olaleye D, Zinman B, Bril V. Simple screening tests
for peripheral neuropathy in the diabetes clinic. Diabetes Care.
2001; 24(2):250-6. [DOI:10.2337/ diacare.24.2.250] [PMID]

[32] Berg KO, Wood-Dauphinee SL, Williams JI, Maki B. Measur-
ing balance in the elderly: Validation of an instrument. Canadian
Journal of Public Health. 1992; 83(Suppl 2):57-11. [PMID]

[33] Nogueira LRN, Nogueira CM, da Silva AE, Luvizutto GJ,
de Sousa LLAPS. Balance evaluation in individuals with type 2
diabetes mellitus with and without peripheral neuropathy. Jour-
nal of Bodywork and Movement Therapies. 2024; 40:534-9.
[DOI:10.1016/j.jbmt.2024.05.010] [PMID]

[34] Khurshid S, Saced A, Kashif M, Nasreen A, Riaz H. Effects of
multisystem exercises on balance, postural stability, mobility, walk-
ing speed, and pain in patients with diabetic petipheral neuropa-
thy: A randomized controlled trial. BMC Neuroscience. 2025;
26(1):16. [DOI:10.1186/512868-024-00924-6] [PMID]

[35] Feng S, Tang M, Huang G, Wang ], He S, Liu D, et al. EMG
biofeedback combined with rehabilitation training may be the
best physical therapy for improving upper limb motor function
and relieving pain in patients with the post-stroke shoulder-hand
syndrome: A Bayesian network meta-analysis. Frontiers in Neu-
rology. 2023; 13:1056156. [DOI:10.3389/fneur.2022.1056156]
[PMID]

[36] Kosarian Z, Zakerkish M, Mehravar M, Shaterzadeh Yazdi M,
Hesam S. Motor strategies used to restore balance in people with
and without impaired sensory organization suffering from diabet-
ic polyneuropathy. Jundishapur Scientific Medical Journal. 2022;
21(4):560-73. [DOI:10.32598/JSM].21.4.2844]

Archives of

Rehabilitation

[37] Boob M, Phansopkar P. Effect of foot core exercises vs an-
kle proprioceptive neuromuscular facilitation on pain, range
of motion, and dynamic balance in individuals with plantar
fasciitis: A comparative study. F1000Research. 2024; 12:765.
[DOI:10.12688/£1000research.136828.1]

[38] Atre JJ, Ganvir SS. Effect of functional strength training ver-
sus proptioceptive neuromuscular facilitation on balance and gait
in patients with diabetic neuropathy. Indian Journal of Physical
Therapy and Research. 2020; 2(1):47-54. [DOI:10.4103/ijptr.
ijptr_76_19]

[39] Look AHEAD Research Group. Effects of along-term lifestyle
modification programme on peripheral neuropathy in overweight
or obese adults with type 2 diabetes: The Look AHEAD study.
Diabetologia. 2017; 60(6):980-8. [DOI:10.1007/500125-017-
4253-7] [PMID]

[40] Callaghan BC, Little AA, Feldman EL, Hughes RA. Enhanced
glucose control for preventing and treating diabetic neuropa-
thy. Cochrane Database of Systematic Reviews. 2012(6):1.
[DOI:10.1002/14651858.CD007543.pub2]

[41] Morgenstern ], Groener JB, Jende JME, Kurz FT, Strom A,
Géopfert ], et al. Neuron-specific biomarkers predict hypo- and
hyperalgesia in individuals with diabetic peripheral neuropathy.
Diabetologia. 2021; 64(12):2843-55. [DOI:10.1007/s00125-021-
05557-6] [PMID]

Sadeghi Sedeh S, et al. A Fall-Proof Rehabilitation Exercise Software for Patients with Diabetic Polyneuropathy. RJ. 2026; 26(4):528-551.



https://doi.org/10.2307/2529712
https://www.ncbi.nlm.nih.gov/pubmed/1100130
https://doi.org/10.1016/j.jdiacomp.2017.11.009
https://www.ncbi.nlm.nih.gov/pubmed/29352694
https://doi.org/10.1016/j.clineuro.2005.08.003
https://www.ncbi.nlm.nih.gov/pubmed/16150538
https://eprints.mui.ac.ir/11956/1/11956.pdf
https://doi.org/10.2337/dc08-9021
https://www.ncbi.nlm.nih.gov/pubmed/18663232
https://doi.org/10.2337/diacare.21.10.1714
https://doi.org/10.2337/diacare.21.10.1714
https://www.ncbi.nlm.nih.gov/pubmed/9773736
https://doi.org/10.2337/diacare.24.2.250
https://www.ncbi.nlm.nih.gov/pubmed/11213874
https://pubmed.ncbi.nlm.nih.gov/1468055/
https://doi.org/10.1016/j.jbmt.2024.05.010
https://www.ncbi.nlm.nih.gov/pubmed/39593639
https://doi.org/10.1186/s12868-024-00924-6
https://www.ncbi.nlm.nih.gov/pubmed/40016658
https://doi.org/10.3389/fneur.2022.1056156
https://www.ncbi.nlm.nih.gov/pubmed/36703623
https://doi.org/10.32598/JSMJ.21.4.2844
https://doi.org/10.12688/f1000research.136828.1
https://doi.org/10.4103/ijptr.ijptr_76_19
https://doi.org/10.4103/ijptr.ijptr_76_19
https://doi.org/10.1007/s00125-017-4253-z
https://pubmed.ncbi.nlm.nih.gov/28349174/
https://link.springer.com/article/10.1007/s00125-017-4253-z#citeas
https://doi.org/10.1002/14651858.CD007543.pub2
https://doi.org/10.1007/s00125-021-05557-6
https://doi.org/10.1007/s00125-021-05557-6
https://www.ncbi.nlm.nih.gov/pubmed/34480211

