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The present study aimed to investigate the effects of dynamic neuromuscular
stabilization exercises with a telerehabilitation approach on weight changes and
flexibility in obese elderly women. This research was a quasi-experimental
study with a pretest-posttest control group design. The statistical population
consisted of overweight and obese elderly women living in Mashhad, aged 60
to 75 years. The research sample included 30 individuals with a body mass index
greater than 25 kg/m?, selected through convenience sampling and, after
screening, randomly assigned to an experimental group (n=15) and a control
group (n=15). The experimental group received an eight-week dynamic
neuromuscular stabilization exercise protocol (three sessions per week) with
initial in-person instruction followed by telerehabilitation follow-up. Weight,
body mass index, and upper and lower body flexibility were measured at both
pretest and posttest stages. Analysis of covariance, controlling for pretest scores,
was used to analyze the data, with a significance level set at 0.05. The results of
the ANCOVA showed significant differences between the experimental and
control groups for weight and body mass index (P=0.001). Additionally,
significant differences were observed between the two groups for upper body
flexibility of the right and left limbs (P=0.001) and lower body flexibility of the
right and left limbs (P=0.001). Six weeks of dynamic neuromuscular
stabilization exercises with a telerehabilitation approach may lead to reduced
weight and body mass index, as well as improved upper and lower body
flexibility, in overweight and obese elderly women. Given the limited sample
size, lack of long-term follow-up, and incomplete control over dietary intake
and activities outside the program, clinical generalization of the results should
be made with caution.
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Extended Abstract

Introduction

Population aging has become a major global health concern because advancing age is accompanied
by unfavorable changes in body composition, reduced motor capacity, and loss of functional
independence. Elderly women are especially vulnerable to obesity-related physical decline because
physiological changes associated with aging and sex-specific characteristics can increase the likelihood
of excess body weight and its complications (Noh & Kim, 2015). Obesity in older age imposes additional
mechanical stress on the musculoskeletal system, limits mobility, and contributes to reduced functional
autonomy (Lee et al., 2025). Increased body weight is also associated with lower joint range of motion,
soft-tissue stiffness, and declining flexibility, all of which can negatively affect quality of life and daily
living activities (Gallo et al., 2012). Flexibility is a key component of health-related physical fitness in older
women because it supports movement quality, balance, fall prevention, and independence in everyday
tasks (Concha-Cisternas et al., 2024). With aging and obesity, reductions in muscle and connective-tissue
flexibility may accelerate postural-control problems and increase the risk of falls (Jurisi¢ et al., 2026).
Therefore, safe, accessible, and scientifically grounded exercise interventions that can simultaneously
reduce weight-related indices and improve flexibility are clinically important for overweight and obese
older women.

In recent years, neuromuscular stabilization approaches have gained increasing attention in
rehabilitation and exercise science (Cavaggioni et al., 2023). Dynamic neuromuscular stabilization exercises
are based on developmental kinesiology and innate motor patterns and aim to retrain the neuromuscular
system for stable joint control and efficient movement production (Mansori et al., 2021). Unlike traditional
exercises that often focus on isolated muscle strengthening, this approach emphasizes functional
integration across the kinetic chain, coordinated activation of deep and superficial stabilizing muscles, and
correction of inefficient movement patterns (Ziya & Saki, 2025). Previous evidence suggests that dynamic
neuromuscular stabilization can improve motor control, respiratory function, and cardiovascular fitness in
overweight and obese women (Binabaji et al., 2025), and may also enhance breathing mechanics and quality
of life (Afsari et al., 2024). Studies in older adults have also shown benefits for balance, pain, and lower-
extremity strength, particularly among elderly women with chronic nonspecific low back pain (Kararti et
al., 2023; Ziya et al., 2026). However, the effects of this training approach on weight, body mass index, and
upper- and lower-body flexibility in obese elderly women remain insufficiently examined. Prior research
has often focused on middle-aged women, adults with intellectual disability and obesity, athletes, or
younger populations rather than elderly obese women who face the combined risks of aging, obesity, and
female sex (Batrakoulis et al., 2019; Gulrandhe et al., 2023; Yesilkir & Ergezen Sahin, 2025; Zemkova et al.,
2017). Because dynamic neuromuscular stabilization exercises are low-impact, functionally oriented, and
adaptable to telerehabilitation, they may be particularly appropriate for older women with overweight or
obesity (Hammami et al., 2022). Accordingly, the present study aimed to investigate the effect of dynamic
neuromuscular stabilization exercises delivered through a telerehabilitation approach on weight changes
and flexibility in overweight and obese elderly women.

Methods and Materials

This study used a quasi-experimental pretest—posttest design with a control group. The statistical
population consisted of overweight and obese elderly women living in Mashhad, aged 60 to 75 years.
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Thirty participants with a body mass index above 25 kg/m2 were selected through convenience sampling
according to inclusion and exclusion criteria. After screening, eligible participants were randomly
assigned to an experimental group and a control group, with 15 participants in each group. The inclusion
criteria included female sex, age of 60 years or older, body mass index above 25 kg/m?2, medical
confirmation of musculoskeletal health, absence of acute respiratory or cardiovascular disease during the
previous three months, ability to perform light to moderate physical activity, voluntary participation,
written informed consent, and access to a smartphone or tablet for telerehabilitation follow-up. Exclusion
criteria included active chronic pulmonary disease, recent abdominal or thoracic surgery, use of
medications affecting the respiratory or central nervous systems, participation in similar exercise programs
during the previous three months, withdrawal from the study, incomplete testing, parallel exercise
participation, and excessive absence from the intervention sessions.

Before the intervention, all participants completed demographic and screening information, and
baseline measurements were performed. Weight was measured using a digital scale with 0.1 kg accuracy,
and height was measured using a wall-mounted stadiometer with 0.5 cm accuracy. Body mass index was
calculated as weight in kilograms divided by height in meters squared. Upper-body flexibility was
assessed using the back-scratch test separately for the right and left sides. Lower-body flexibility was
assessed using the chair sit-and-reach test separately for the right and left legs. Each test was repeated
three times, and the best score was recorded. Testing was conducted in the same fitness hall under similar
environmental conditions, between 9 and 11 a.m., after a short warm-up. The assessor was experienced
and blinded to group allocation.

The experimental group participated in a six-week dynamic neuromuscular stabilization exercise
protocol delivered through initial in-person instruction and subsequent telerehabilitation monitoring. The
intervention included three supervised 60-minute sessions per week and three home-based sessions per
week. The protocol progressed through developmental movement positions, including diaphragmatic
breathing, supine, prone, side-lying, sitting, quadruped, crawling, plank, bear, squat, and standing patterns.
Exercise intensity was progressed by increasing movement complexity and postural demand. The control
group received no organized exercise intervention and continued usual daily activities. Data were analyzed
using SPSS version 26. Normality was examined using the Shapiro—Wilk test, and homogeneity of
variance was assessed using Levene’s test. Analysis of covariance was used to compare posttest outcomes
between groups while controlling for pretest values. Partial eta squared was reported as the effect-size
index, and the significance level was set at 0.05.

Findings

The assumptions required for analysis of covariance were examined before inferential testing and
were reported as acceptable. After controlling for pretest scores, significant differences were found
between the dynamic neuromuscular stabilization group and the control group in weight and body mass
index. For weight, the ANCOVA result showed a statistically significant between-group difference,
F(1,29)=17.42, P=0.001, n?>=0.39, indicating that the intervention group experienced a greater reduction
in weight than the control group. For body mass index, the between-group difference was also significant,
F(1,29)=584.37, P=0.001, n*=0.95, showing a strong intervention effect after adjustment for baseline
values. Because body mass index is mathematically derived from weight and height, the BMI finding
should be interpreted in close relation to weight change rather than as a fully independent outcome.



The analysis also showed significant improvements in upper-body flexibility in both right and left
directions. For right upper-body flexibility, the difference between the experimental and control groups
was significant, F(1,29)=314.58, P=0.001, 1*=0.92. For left upper-body flexibility, the result was likewise
significant, F(1,29)=83.37, P=0.001, n?=0.75. These findings indicate that participants who received
dynamic neuromuscular stabilization exercises showed improved shoulder and upper-limb flexibility
compared with those in the control group.

Lower-body flexibility also improved significantly following the intervention. The ANCOVA
result for right lower-body flexibility showed a significant between-group difference, F(1,29)=209.33,
P=0.001, 1>=0.88. The result for left lower-body flexibility was also significant, F(1,29)=477.54, P=0.001,
n*=0.94. Overall, the findings demonstrated that six weeks of dynamic neuromuscular stabilization
exercises with telerehabilitation follow-up significantly reduced weight-related indices and improved both
upper- and lower-body flexibility in overweight and obese elderly women.

Discussion and Conclusion

The results suggest that dynamic neuromuscular stabilization exercises delivered through a
telerehabilitation approach can produce meaningful physical benefits for overweight and obese elderly
women. The significant reductions in weight and body mass index may be explained by the functional and
whole-body nature of the intervention, which requires simultaneous activation of multiple muscle groups,
postural stabilization, controlled breathing, and repeated transitions between developmental movement
patterns. Although the study did not directly measure energy expenditure, muscle activation, or aerobic
capacity, the observed changes suggest that this type of exercise may increase movement participation
and physiological demand sufficiently to influence body-weight indicators over a six-week period.

The improvements in flexibility may be related to several mechanisms. The program emphasized
diaphragmatic breathing, spinal and pelvic alignment, coordinated limb movement, and gradual
progression from simple to complex postural positions. These elements may reduce unnecessary muscular
tension, improve neuromuscular coordination, increase joint range of motion, and enhance the mobility of
soft tissues and fascial structures. The inclusion of multidirectional and transitional movements may also
explain why both upper- and lower-body flexibility improved. Because the tests were performed
separately for both sides, the findings indicate a relatively broad flexibility benefit rather than an isolated
improvement in one limb or movement direction.

The study has several limitations. The sample size was small, and participants were selected
through convenience sampling, which limits generalizability. There was no long-term follow-up, so the
durability of the observed benefits remains unknown. Dietary intake, daily physical activity outside the
program, medication use, and supplement consumption were not fully controlled. In addition, although
telerehabilitation increased accessibility, remote delivery may have reduced direct supervision over
exercise accuracy. The control group also did not receive an active comparison intervention or equivalent
contact, which should be considered when interpreting between-group differences.

In conclusion, six weeks of dynamic neuromuscular stabilization exercises with a telerehabilitation
approach appears to be associated with reduced weight and body mass index and improved upper- and
lower-body flexibility in overweight and obese elderly women. This intervention may be considered a
low-cost, accessible, and functionally relevant exercise strategy for improving selected physical health
indicators in this population. Nevertheless, due to the limited sample size, absence of long-term follow-
up, incomplete control of diet and external activity, and lack of an active control condition, clinical
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generalization should be made cautiously. Future studies with larger randomized samples, active control
groups, objective monitoring of physical activity and dietary intake, and follow-up periods of three to six
months are recommended.
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