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Background:  One of the most prevalent issues older people face is the decline in postural control. 
Addressing postural control is crucial for maintaining independence in older adults. 

Objectives: This study aimed to compare the effect of strength and balance training on kinetic 
variables and postural control of healthy older people.

Materials & Methods: The current research includes two experimental groups (strength and 
balance training groups) and one control group. The statistical sample of this research included 36 
people (12 people in each group) with an age range of 60 to 75 years. The force plate was used to 
evaluate the kinetic variables and postural control of older people.

Results: Balance and strength training significantly affect the center of pressure in older people’s 
anterior-posterior (P=0.001) and medial-lateral directions (P=0.001). The results of the research 
also showed no significant difference between balance and strength training regarding the center of 
pressure in the anterior-posterior (P>0.05) and medial-lateral directions (P>0.05) of the older people.

Conclusion: Both balance and strength training significantly impact the postural control of older 
people. Additionally, the results indicate no significant difference between balance and strength 
training in terms of their effects on the postural control of older adults. Therefore, balance and 
strength training can be used as an alternative to improve the postural control of older people and 
thus reduce their risk of falls.
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Introduction

he phenomenon of aging is one of the in-
evitable events that occurs with increasing 
age in human society [1]. The aging pro-
cess is associated with extensive altera-
tions and challenges within the peripheral, 

physical, and motor nervous systems, resulting in vari-
ous forms of weakness. Notable musculoskeletal, ves-
tibular, sensory and visual changes contribute to these 
declines [2]. The most common changes and problems 
among older people are fear of falling, balance disor-
der, decreased muscle strength, vision problems, taking 
multiple drugs (defined as taking more than four drugs), 
difficulty walking, depression, and functional limitations 
[3]. Statistically, more than 30% of people over 60 fall 
every year. In almost half of the cases, the history of falls 
is repeated [4]. Among the stated problems, balance and 
postural control are essential for these people.

Postural control includes controlling the body’s posi-
tion in space for the two purposes of stability and orien-
tation. In old age, losing balance is a constant concern, 
especially with increasing age. Balance impairment is 
a strong risk factor for falls in older people [5]. In this 
regard, studies have investigated the effect of various 
exercises, such as pilates exercises [6], visual feedback 
[7], exergame exercises [8] and multicomponent exer-
cises [9], on the balance and postural control of older 
people. The results of their studies showed that exercises 
have a positive effect on the mentioned factors. Despite 
the impact of exercises on improving balance, it is still 
reported that the fall rate of older people is high [10]. 
Among the studies conducted on the postural control of 
older people, studies have also investigated the effect 
of balance and strength training on the postural control 
of the elderly. Additionally, The results of studies show 
that balance training affects the postural control of older 
people [11, 12] and strength training has improved the 
postural control of older people [13, 14]. 

Balance training enhances the number of mechano-
receptors and improves neuromuscular coordination, 
enabling the central nervous system to activate muscle 
motor nerves in a precise and coordinated manner. All 

these factors improve a person’s balance while perform-
ing functional activities [15]. The increase in balance as 
a result of strength training can be the result of increas-
ing the muscle strength of the subjects’ lower limbs after 
participating in the training program, facilitating the ac-
tivation of fast-twitch and large motor units, increasing 
muscle coordination, and exerting pressure on the neuro-
muscular systems [16].

By reviewing the studies, it is clear that exercise has 
a positive effect on the postural control of older people. 
However, studies have not investigated and compared 
these two types of balance and strength training to deter-
mine which is more effective in controlling the postural 
of older people. The comparison of balance and strength 
training is vital for older people. First, it enhances un-
derstanding of how these exercise modalities affect the 
neuromuscular system, with balance training focusing 
on mechanoreceptor sensitivity and coordination, while 
strength training emphasizes muscle power. Second, 
these training types are complementary; balance train-
ing improves joint awareness and coordination, while 
strength training boosts muscle strength and efficiency, 
creating a synergistic effect that maximizes functional 
performance and reduces fall risk. Third, this knowledge 
enables healthcare professionals to tailor rehabilitation 
programs to the specific needs of older adults, ensuring 
that those with strength deficits benefit from strength 
training and those with coordination issues engage in 
balance-focused exercises. Therefore, this study aims to 
compare the effect of strength and balance training on 
the kinetic variables of healthy older people.

Materials and Methods

Considering the application of the intervention variable 
(strength and balance training) and the random selection 
of the participants from society, the current research was 
quasi-experimental in terms of method and strategy. In 
terms of the topic, research was applied with a pre-test-
post-test design. Participants in this study were randomly 
assigned into 3 parallel arms, including the balance train-
ing group (n=12), strength training group (n=12), and 
control group (n=12). The control group did not engage 
in any exercise or training programs and continued with 
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• Balance and strength training improved the postural control of older people. 

• There is no significant difference between balance and strength training in older people’s postural control. 
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their regular daily activities. The statistical population 
of this research consisted of healthy older people from 
Tehran City, Iran, within an age range of 60 to 75 years. 
The results of similar previous studies [17] and G*Power 
software, version 3.1.9.7 were used to determine the 
sample size. Based on this information, the number of 
samples in each group was calculated with a confidence 
interval (CI) of 0.95, a test power of 80% and an ef-
fect size of 0.5. With the possible loss of samples, three 
participants, more than calculated by the software, were 
considered in each group. It should be noted that to es-
timate the sample size, the reported effect size was used 
concerning the balance indices. The statistical sample of 
this research included 36 participants (12 participants in 
each group) with an age range of 60 to 75 years.

The inclusion criteria of the research include being fe-
male, being at least 60 years old and at most 74 years 
old (young elderly), lacking cardiovascular and respira-
tory diseases, having no record of falling in the last six 
months, getting a score of 24 or higher in the mini-mental 
state test (MMSE), giving written consent to participate, 
avoiding sports exercises or intense activities during the 
research, the absence of postural abnormalities affecting 
the research process (in the lower and upper limbs) and 
having the commitments of the physical activity readi-
ness questionnaire and the subjects’ health questionnaire. 
The exclusion criteria during the research were failure to 
participate in two consecutive training sessions or three 
non-consecutive training sessions and the occurrence of 
musculoskeletal pain after performing the training.

A height-measuring device was used to measure the 
height of the participants. A digital scale measured the 
subjects’ weight with an accuracy of 100 g without 
shoes and with minimal clothing. The age of the par-
ticipants was also recorded based on the age of the birth 
certificate of the participants.

Cognitive status test

The MMSE test is used in many parts of the world and 
different cultures due to its ability to execute well. It pro-
vides a general estimate of a person’s mental state by 
measuring different cognitive functions. Despite some 
restrictions, this test has also been translated into various 
languages and its use is still widespread among illiter-
ate people. It has 20 questions, consists of four scales 
(locating, recording, paying attention, and calculating 
and recalling) and has a total score of 30 points. A score 
between 24 and 30 indicates cognitive health and a score 
of 23 or lower indicates cognitive impairment. Thus, a 
score of 21 to 23 indicates mild cognitive impairment, 

10 to 21 indicates moderate cognitive impairment and 
a score below 9 indicates severe cognitive impairment. 
Trzepacz and Hochstetler measured this questionnaire 
with good validity and reliability, which has been con-
firmed through Cronbach α [18].

Evaluate kinetic variables

Sways of the center of pressure include the measure-
ment of the indices of postural sways, Mean±SD speed 
in the anterior-posterior (AP) and mediolateral (ML) di-
rection, and the sway area (95% CI). It was measured 
by force plate Kistler (Kistler) model 9286B (made in 
Switzerland), with a frequency of 1000 Hz. The average 
of three measured repetitions of the mentioned indica-
tors was calculated. The sway area was calculated using 
MATLAB software, version R2024b. To remove pos-
sible noises, all the data were filtered using a 20-degree 
low-pass Butterworth filter [19].

The participant stands on two legs on a stable surface 
with eyes open and without sensory interference. The 
hands of the participants were placed on the waist. Each 
participant performed the test for 30 seconds [20]. Dur-
ing the assessment, participants were instructed to adopt 
a neutral stance with feet shoulder-width apart and were 
given clear verbal instructions on maintaining their bal-
ance. Also, participants performed the balance assess-
ments on the force plate while barefoot.

Balance training program

The training program for the balance training group was 
applied regarding Martínez-Amat et al. [21], Clark and 
Burden [22] and Carmeli et al. [23] recommendations. 
To perform balance training, the participants attended the 
training hall for 8 weeks (three sessions per week on odd 
days) from 10 to 11 AM. Each training session lasted 60 
minutes (5 minutes of warming up, 50 minutes of train-
ing protocol, and 5 minutes of cooling down). Table 1 
presents the training protocol and the progress of the 
training protocol during the coming weeks.

Strength training program

The participants attended the training hall for 8 weeks 
(three sessions per week on even days) to perform 
strength training from 10 to 11 AM. Each training ses-
sion lasted 60 minutes (5 minutes of warming up, 50 
minutes of training protocol, and 5 minutes of cooling 
down). Strength training consisted of performing a set 
of 12 repetitions of exercises for 8 muscle groups (quad-
riceps muscles, hip adductor muscles, hip abductor mus-
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cles, gluteal muscles, hamstring muscles, leg muscles, 
pectoral muscles and back muscles). The intensity of 
the exercises and the volume of weights according to 
the age and ability of older people and according to the 
target muscle were considered from 35% to 65% of a 
maximum repetition. Gradually, when the participants 

could perform more than the repetitions determined in 
each given intensity, the volume of weights increased. 
Finally, 10 minutes of cooling was done [24]. However, 
we provided a clear explanation of determining 1RM in 
this population, recognizing that traditional 1RM test-
ing posed risks for older adults. To enhance safety, we 

Table 1. Balance training program

Number Instructions

1 The subject sits between parallel bars on Swiss balls, maintaining an upright trunk while performing knee flexion 
and extension.

2 The subject sits between parallel bars and moves the tilt board forward and backward.

3 The subject sits between parallel bars and moves the tilt board from side to side.

4 The subject stands on a tilt board between parallel bars, maintaining balance for 15 seconds.

5 The subject alternates legs while moving between parallel bars on bosu balls.

6 Repeat exercises 2, 3 and 4 with bent knees.

7 The subject stands on a wobble board with the dominant leg, maintaining balance for 15 seconds.

8 The subject stands on bosu balls between parallel bars for 15 seconds.

9 The subject balances on the dominant leg on the bosu balls for 15 seconds.

10 Repeat exercises 7, 8 and 9 with bent knees.

11 The subject lies supine with legs on a Swiss ball, lifting hips and back while maintaining balance with hands.

12 Repeat exercise 11 with hands resting on the stomach.

13 The subject leans against a Swiss ball on the wall, bending knees slightly before returning to the starting position.

14 Repeat exercise 13 with knees bent at 90 degrees.

15 Perform forward walking, walking on heels, toe walking, and sideways walking (2 sets of 15 repetitions over a 10m 
distance).

16 Repeat the exercise 15 on a rough path.

Weeks Exercise Development

1 Perform exercises 1-6 with both hands on the parallel bars for balance.

2 Perform exercises 1-6 with one hand on parallel bars for balance.

3 Perform exercises 1-6 without using parallel bars.

4 Exercises 7-14 should be performed with both hands on the parallel bars for balance (exercises 11-14 without 
parallel bars).

5 Perform exercises 7-14 with one hand on parallel bars for balance (exercises 11-14 without parallel bars).

6 Perform exercises 4-14 without using parallel bars.

7 Perform exercise 15.

8 Perform exercise 16.

Dehnavi M, et al. Strength and Balance Training and Kinetic Variables and Posture. Caspian J Neurol Sci. 2025; 11(2):163-171. 

http://cjns.gums.ac.ir/


167

April 2025, Volume 11, Issue 2, Number 41

considered using submaximal testing methods, such as 
the multiple-repetition maximum (e.g. 5-10 reps) or per-
ceived exertion scales to estimate strength levels. Addi-
tionally, we included precautions such as ensuring prop-
er warm-up, using supportive equipment, and having 
trained personnel present during testing to monitor form 
and provide assistance if needed. This approach helped 
minimize risks while still accurately assessing strength 
capabilities in elderly individuals.

Statistical analysis

In this research, descriptive statistics are used to de-
scribe the data of each group (age, height, leg length, 
subjects’ weight, body mass index). Mean±SD index 
were used to describe the data. The normality of all data 
before and after interventions was checked with the 
Shapiro-Wilk test. Levene’s test was used to check the 
homogeneity of variances. Analysis of covariance was 
used to compare the average pre-test and post-test data of 
the experimental and control groups. Comparison of the 
results of each parameter using two-factor mixed mea-
surement analysis of variance tests with an intra-group 
variable of time (pre-test-post-test) and an inter-group 
variable of location (groups 1, 2 and control group), and 
Bonferroni post hoc test was performed at a significance 
level of P<0.05. Statistical software SPSS software, ver-
sion 28 and Excel software, version 2019 were used for 
statistical calculations and graph drawing. Also, standard 
effect sizes were used to investigate the effect sizes of 

training protocols on postural control [25]. In the stan-
dard method, the effect sizes are divided into three parts: 
Small (0.02), medium (0.05), and large (0.8 and above). 
Also, all desired variables were calculated with a 95% CI.

Results

Table 2 presents the groups’ Mean±SD of demographic 
data (age, height and weight). The results showed no 
statistically significant difference between the subjects’ 
average height, weight and age in the three groups. Ac-
cording to the obtained results, none of the components 
of the center of pressure in the pre-test stage between the 
three groups were significant (P<0.05) (Table 3).

The effect of the time factor in the changes of the cen-
ter of pressure in the AP direction had a statistically sig-
nificant difference (P=0.031; d=0.211). No statistically 
significant difference was observed in other components 
(P<0.05) (Table 4). Therefore, the Bonferroni post hoc 
test was used to detect group differences.

According to the results of Table 5, the Bonferroni post 
hoc test shows a significant difference in the average 
sways in the medial-lateral and AP directions between 
the balance and strength exercises-control groups in the 
post-test. However, the Bonferroni post hoc test does not 
show a significant difference in the average sways in the 
medial-lateral and AP directions between the groups of 
strength-balance exercises.

Table 2. Demographic Mean±SD of subjects in three groups

Parameters

Mean±SD

Significance Level
Control Group

Training Group

Strength Balance

Age (y) 61.62±1.74 63.12±2.10 62.50±2.00 0.083

Weight (kg) 174.62±4.43 172.12±3.60 171.87±4.58 0.373

Height (cm) 70.87±11.50 73.37±3.33 73.25±3.19 0.737

Table 3. Pre-test comparison of the center of pressure in three groups

Component

Mean±SD
Significance 

LevelTraining Group
Control Group

Resistance Balance

Sway in the medial-lateral 
direction (cm) 0.07±0.04 0.06±0.03 0.07±0.03 0.491

Sway in the anterior-posterior 
direction (cm) 0.12±0.06 0.12±0.06 0.11±0.06 0.444
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Discussion

This study aimed to investigate the effect of 8 weeks of 
strength and balance training on the kinetic variables of 
healthy older people. The results of the study showed that 
both balance and strength training have a significant effect 
on the kinetic variables of older people. Also, the research 
results showed no significant difference between strength 
and balance training on the kinetic variables of older peo-
ple. Therefore, it seems that balance and strength training 
significantly affect the postural control of older people.

The results of the present study on the effect of balance 
and strength training on the postural control of older people 
are consistent with the results of the studies of Casonatto 
and Yamacita [26], Shahrbanian et al. [27]. These studies 
showed that exercise programs improve postural control 
in older people. The exercise program that is applied to 
the postural control of older people seems to improve their 
postural control. One of the reasons for the improvement 

of postural control due to exercise protocols can be consid-
ered the effect of mobility because of lack of participation 
in sports activities due to isolationism; escaping from nor-
mal populations can also be considered one of the causes 
of low postural control in older people, which has caused 
participation in any exercise program. The intervention of 
any exercise protocol positively affects the postural con-
trol of older people, which affects their mobility.

Balance training on unbalanced surfaces enhances 
nerve conduction speed, muscle coordination and mus-
cle fibers’ adaptability while stimulating mechanorecep-
tors in the skin and joints. Effective balance requires mo-
tor control responses from the brain stem, spinal cord 
reflexes, and cortex-conscious responses. This training 
improves postural control by stimulating the central ner-
vous system, which coordinates agonist and antagonist 
muscles, which are crucial for stabilizing lower limb 
joints [28].

Table 4. Comparison of changes in center of pressure in three groups

Components

Mean±SD
Effect

Group

Resistance 
Training

Balance 
Training Control Time Group Interaction 

(Time×Group)

Sway in the 
medial-lateral 
direction (cm)

Pre-test 0.07±0.04 0.06±0.03 0.07±0.03 0.211 0.835 0.156

Post-test 0.06±0.04 0.07±0.04 0.06±0.04 0.047* 0.001 0.088

Sway in the 
anterior-
posterior 

direction (cm)

Pre-test 0.12±0.06 0.12±0.06 0.11±0.06 0.031* 0.506 0.291

Post-test 0.08±0.03 0.08±0.03 0.10±0.05 0.211 0.020 0.051

*Significance level P<0.05.

Table 5. The results of the bonferroni post hoc test comparing changes in the center of pressure of the post-test in three groups

Groups Mean±SE Significance Level 95% CI

Sway in the 
medial-
lateral 

direction 
(cm)

Strength 
training

Balance 
training 0.01±0.29 0.100 0.01 (0.03-0.09)

Control 
group 0.06±0.29 0.001* 0.83 (0.05-0.08)

Balance 
training

Control 
group 0.05±0.29 0.001* 0.79 (0.02- 0.08)

Sway in the 
anterior-
posterior 
direction 

(cm)

Strength 
training

Balance 
training 0.01±0.22 0.100 0.01 (0.02-0.05)

Control 
group 0.06±0.22 0.001* 0.86 (0.02-0.09)

Balance 
training

Control 
group 0.05±0.22 0.001* 0.81 (0.02-0.04)

*Significance level P<0.05.
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The motion control system’s inputs and outputs are 
closely interconnected, meaning that changes in sensory 
inputs can significantly impact movement performance. 
Improvements in postural control may stem from en-
hanced neuromuscular adaptations due to training, such 
as the recruitment of more efficient nerve units, reorga-
nization in the sensory-motor cortex, strengthened syn-
aptic connections, increased nervous system activation, 
and reduced inhibitory reflexes. Neurologically, this 
includes decreased resistance along neural pathways, 
facilitating the transmission of sensory inputs from the 
body [29]. In this way, it seems that balance training, 
while increasing the accuracy of joint proprioception, 
also affects the outputs of the postural control system. 
Reducing the number of sways, the speed of sways, and 
the sway area in the subjects’ kinetic patterns within the 
range of the support level plays an essential role in im-
proving their postural control.

Strength training significantly impacts the postural 
control of older people by enhancing neuromuscular 
control. After strength training, individuals can ef-
fectively recruit the necessary motor units and muscle 
fibers, resulting in increased nerve stimulation to the 
lower limb muscles [30]. This heightened awareness of 
muscle function, trunk control, and hip positioning con-
tributes to greater force production in the lower limbs. 
Improved force output is crucial for maintaining better 
postural control, as muscle strength is key in preventing 
postural sway among older people [31]. Conversely, de-
creased muscle strength disrupts postural control and is a 
significant health concern, often leading to a higher risk 
of falls [32]. Therefore, enhancing lower limb strength 
in older adults is essential for improving their balance 
and overall postural stability, as there is a strong correla-
tion between reduced muscle strength and poor postural 
control in this population [33]. 

Strength training can enhance force and power output 
by reducing the inhibitory effects of golgi tendon recep-
tors, which limits force production. These receptors act 
as tension regulators, and their sensitivity can hinder 
muscle performance. Strength training decreases this 
sensitivity, allowing greater force generation as more 
load is applied to the muscles [34]. Additionally, neu-
romuscular coordination plays a crucial role in improv-
ing power output. The speed of muscle contraction relies 
on effective coordination, and strength training fosters 
neuromuscular adaptations that enhance muscle perfor-
mance, mainly through explosive movements [35]. To-
gether, these mechanisms contribute to better postural 
control in older people. 

Conclusion

The present study showed that balance and strength 
training significantly affect the postural control of older 
people. Also, the research results showed no significant 
difference between balance and strength training in the 
postural control of older people. Therefore, balance and 
strength training can be used as alternatives to improve 
the postural control of the elderly and thus reduce the 
risk of falls in older people.
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