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Abstract
Keywords Bac!(ground andA Alm Falls are a major health concern among the elder‘ly, oftF:n
leading to severe injuries and reduced quality of life. Maintaining balance is crucial
for fall prevention. This study aimed to investigate the effects of an 8-week combined
balance and resistance training program on balance recovery strategies in elderly
individuals at risk of falling, and to assess the retention of these effects.
Methods: From a population of 200 elderly individuals aged 60—75 in Kahrizak,
Balance Recovery Alborz Province, 60 participants were selected via purposive sampling based on
inclusion and exclusion criteria and divided into experimental and control groups.

Fall Risk,

Strategy, Balance was assessed using the Berg Balance Scale. Postural control was evaluated
using the Timed Up and Go test and single-leg stance test. Joint proprioception
Proprioception, accuracy of the ankle and knee was measured using digital imaging and AutoCAD
software. To compare pre-test and post-test means, mixed analysis of variance was
Elderly used. The significance level was set at p < 0.05.

Results: Multivariate covariance analysis (MANCOVA) and pairwise comparisons
of post-test scores showed statistically significant differences between the
experimental and control groups in balance, postural control, and proprioception (p
<0.05).

Conclusion: The results indicated that 8 weeks of balance and resistance training
improved postural control, balance, and joint proprioception accuracy in the lower
limbs of the elderly. Although there was a relative decrease in the dominance of the
hip strategy for balance recovery (hip/ankle ratio), these changes led to a significant
improvement in balance recovery strategies. The neuro-adaptations achieved by this
training remained effective for a long period. It is suggested that future research
examine the effects of balance training programs longer than 8 weeks on balance

recovery strategies (1).
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Extended Abstract

Introduction

Aging populations pose significant health
challenges, with falls being a leading cause of
injury and mortality in older adults (1).In Iran, the
elderly demographic is rapidly increasing,
projected to reach 25-30% by 1410 (2). Balance
recovery strategies, which rely on proprioception
and neuromuscular coordination, are critical for
preventing falls (3). Age-related declines in joint
position sense, particularly at the ankle and knee,
impair postural control (4). While resistance
training improves strength and balance exercises
enhance stability, few studies examine their
combined effect on long-term retention of these
benefits. This study aimed to investigate the effects
of an 8-week combined balance and resistance
training program on balance recovery strategies,
postural control, and joint proprioception in elderly
individuals at risk of falling. We also assessed
whether these improvements persisted after the
intervention  ended.  Understanding  how
multimodal training affects neuromuscular
adaptations can help design more effective fall-
prevention protocols. Previous research suggests
that isolated interventions may be less effective
than combined approaches (5). Therefore, this
research focuses on evaluating both immediate
gains and long-term maintenance of balance and
proprioceptive  improvements  following a
structured exercise regimen.

Method

This semi-experimental study utilized a pretest-
posttest design with a control group. The
population comprised 60 healthy elderly
individuals (aged 60-75) from Kahrizak, Alborz
Province, selected via purposive sampling based on
inclusion criteria. Participants were divided into an
experimental group (n=30) and a control group
(n=30). The experimental group participated in an
8-week supervised program, three sessions per
week, combining balance exercises and resistance
training targeting lower limb muscles. The control
group maintained their usual activities without
structured exercise. Data collection occurred at
three stages: pre-test, post-test (immediately after 8
weeks), and follow-up. Outcome measures
included Balance and Postural Control assessed by
the Berg Balance Scale (BBS) and Timed Up and
Go (TUQG) test; Muscle Strength measured using a
handheld dynamometer (HHD); and
Proprioception evaluated via digital photography
and AutoCAD software for ankle and knee joint
position sense (6). Statistical analysis was

conducted using SPSS software. Mixed Analysis of
Variance (ANOVA) and Multivariate Covariance
Analysis (MANCOVA) were employed to
compare mean differences between groups across
time points, controlling for baseline values.
Pairwise comparisons examined within-group
changes, with significance set at p<0.05.

Exercise protocols were standardized to ensure
consistency. Resistance intensity increased
gradually based on individual capacity to prevent
injury while ensuring progressive overload.
Balance exercises progressed from static to
dynamic tasks to challenge postural control
systems increasingly. Adherence was monitored
through regular check-ins and feedback to
maximize compliance. Standardized instructions
minimized execution variability. The controlled
environment ensured precise outcome
measurement, guaranteeing data reliability and
validity. Specific muscle groups were selected
based on their role in postural stability, including
quadriceps, hamstrings, and gastrocnemius-soleus
complexes. Balance progression involved altering
the base of support and introducing external
perturbations to simulate real-world fall scenarios.

This systematic approach ensured the
intervention was safe yet sufficiently challenging
to induce physiological adaptations.

Results

The experimental and control groups in post-
test scores for balance, postural control, and
proprioception  (P<0.05).  Specifically, the
experimental ~ group showed  significant
improvements in Berg Balance Scale (BBS) scores,
Timed Up and Go (TUG) performance, and lower
limb muscle strength compared to the control
group. The effect size analysis revealed that the
training program accounted for approximately 63%
of the variance in BBS scores, 38% in TUG time,
and over 50% in single-leg stance tests.

Regarding proprioception, the experimental
group demonstrated significantly reduced angular
errors in ankle and knee joint position sense post-
intervention, with eta-squared values indicating
moderate to large effects for both joints.
Furthermore, follow-up assessments revealed that
these improvements were retained, indicating no
significant difference between post-test and
follow-up scores for most variables. This stability
suggests long-term neuro-adaptations resulting
from the combined training protocol. Pairwise
comparisons confirmed that the changes in
recovery strategies remained stable during the
follow-up period. Table 1 summarizes the key
statistical findings, including mean scores,
standard deviations, and significance levels for all
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measured variables across pre-test, post-test, and
follow-up stages. These findings collectively
support the efficacy of the 8-week intervention in
enhancing functional balance and sensory accuracy
in elderly individuals at risk of falling.

Discussion

The primary finding of this study is that an 8-
week combined balance and resistance training
program significantly improves balance recovery
strategies,  postural  control, and  joint
proprioception in elderly individuals at risk of
falling. These benefits persisted during the follow-
up period, suggesting durable neural adaptations.
The improvement in proprioception can be
attributed  to  enhanced  sensitivity  of
mechanoreceptors in ligaments and capsules
around the ankle and knee joints due to repeated
loading and  positional  challenges  (6).
Strengthening the lower limb muscles likely
facilitated faster and more effective recruitment of
motor units, allowing for quicker execution of
ankle or hip strategies to counteract perturbations
(7). The reduction in postural sway and improved
TUG times reflect better integration of sensory
inputs and motor outputs. These results align with
previous studies demonstrating the efficacy of
multimodal exercise programs in reducing fall risk
(5). Unlike isolated training, the combination of
resistance and balance exercises addresses multiple
components of fall risk simultaneously, offering a
comprehensive approach to geriatric fitness.

Compliance with ethical guidelines

This study was approved by the Ethics
Committee of the University of Tehran. Written
informed consent was obtained from all
participants. Confidentiality was maintained
throughout the study.

Clinical application

These findings suggest that clinicians and
physical therapists should incorporate combined
balance and resistance training into rehabilitation
protocols for older adults. Such programs can
enhance functional mobility and reduce the
likelihood of falls, thereby improving quality of
life and reducing healthcare burdens. Programs
should focus on lower limb strengthening and
proprioceptive drills to maximize neuromuscular
benefits.
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Table 1. Summary of Descriptive Statistics for Balance,
Proprioception, and Muscle Strength Variables

Effect

Pre-test Post-test P- Size
Variable Group Mean Mean value* (Parti
(SD) (SD) al
/A
Balance & Postural Control
Experiment 40.33 66.66
Berg Balance al (7.365) (8.005)
Scale Contral 40.40 3510 | S000L 0631
(3.577) (3.467)
Experiment 8.735 6.728
Timed Up and al (0.782) (0.898)
Go (TUG) (sec) Control 7.636 7.562 < 055
(0.961) (0.914)
Single-leg Experiment 7.566 10.566
Stance Left al (j‘j‘;) (i:ig) <0.001  0.664
sec : -
(e i (1.008) (1.946)
Single-leg Experiment 9.333 12.566
Stance Right al (2'33(? (3522) <0.001 0514
() Clamtiza (1.845) (1.956)
Proprioception (Error Angle in deg)
Experiment 3.044 3.776
Ankle Joint al (0.436) (0.616)
Position Sense Contral 2.904 2930, | 0001 | 0493
(0.368) (0.392)
Experiment 4.294 4.964
Knee Joint al (0.795) (1.083)
Position Sense Control 3.695 apy | A 0B
ontro (0.699) (0.713)
Muscle Strength (Nm)
Experiment 16.366 16.473
Dorsiflexors al (]75558233) (126'22‘5‘1)) <0.001  0.455
i (2.328) (2.522)
Experiment 15.176 18.633
Plantarflexors al (127'472106) (1286301]0) <0.001 0.543
o] (2.376) (2.241)
Experiment 7.990 10.503
Knee Extensors al (;Zég) (3(1)2? <0.001 0.386
il (1293)  (1186)
Experiment 8.584 11.110
Knee Flexors al (3?;%) (3?;(2)) <0.001 0.541
Gl (1.020)  (0.921)
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