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Purpose: The present study examined the relationship between muscle strength and range of
motion in lower extremity with balance and risk of falling in the elderly.
Methods: This was a cross-sectional study. The statistical population included healthy elderly
(Mean±SD age: 65.64±4.95 y) in Rasht City, Iran. The study was conducted on 65 healthy
elderly males who met the study inclusion criteria and were selected by convenience sampling
method. In this study, to measure static and dynamic balance, Sharpened Romberg test and Get
Up and Go test were conducted, respectively. Additionally, the falling risk was measured by
the Berg Balance Scale. Moreover, the maximum isometric force of the muscle groups in the
lower extremities was measured using a hand-held dynamometer, and the range of motion was
measured by a goniometer. The obtained data were analyzed using descriptive and analytical
statistics by SPSS.

Keywords:

Results: The present study results demonstrated that the muscle strength of hip extension, hip
abduction, hamstring, quadriceps, and ankle plantarflexion had a significant relationship with
static balance; while being negatively related to dynamic balance (P≤0.05). Furthermore, we
observed a significant and negative relationship between the muscle strength of ankle dorsiflexion
and dynamic balance and risk of falling (P≤0.05). There was also a positive and significant
relationship between the range of motion hip extension, knee flexion, plantar flexion, and ankle
dorsiflexion and static balance, while indicating a negative and significant relationship between
these variables and dynamic balance and risk of falling (P≤0.05).

Elderly, Balance, Falling
risk, Muscle strength,
Range of motion

Conclusion: The muscle strength hip abduction, hip extensions, hamstring, quadriceps, plantar
flexion, ankle dorsiflexion and range of motion hip extension, knee flexion, ankle plantar flexion,
and dorsiflexion seem to affect balance maintenance and fall risk in the elderly.
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Highlights
● The results showed a high positive correlation between muscle strength in lower extremity with balance in Elderly.
● The results showed a high negetive correlation between muscle strength in lower extremity with risk of falling in
Elderly.
● The results showed a high positive correlation between range of motion in lower extremity with balance in Elderly.
● The results showed a high negative correlation between range of motion in lower extremity with risk of falling
in Elderly.

Plain Language Summary
Our results suggested that muscle strength and the range of motion in the lower extremity significantly affect balance
and decrease the risk of falling in the elderly. Thus, researchers could develop intervening and training exercises to
promote balance and reduce the risk of falling in the elderly to improve their life quality, biopsychological well-being,
and encourage an active lifestyle among them.

A

1. Introduction

ging has turned to a serious challenge in
developing and developed countries and
poses numerous psychosocial, cultural,
economic, and ethical considerations.
The World Health Organization (WHO)
reported that the number of people aged
>60 years would reach 2.1 billion in 2025, with most
of them in developing countries, like Iran [1]. Providing healthcare services to this increasing population is of
dire importance. This is because aging is strongly related
to decreased health and adverse transformations in body
tissues and organs, as well as psychological changes,
which require greater caregiving [2].
Attempts to prevent and diagnose age-related problems
and improve the life quality of the elderly are significantly important. Falling is a major threat to them because it affects their health in numerous manners [3]. It
causes physical (pelvic fracture, functional disability, &
death) and psychological (the loss of self-confidence,
low self-esteem, & decreased life-expectancy) complications [4]. Therefore, determining the causes of falling
and developing diagnostic procedures to treat the affected population provides an opportunity to improve their
life-quality, independence, and significantly decrease
costs of care [5]. Multiple factors, such as hearing and
visual impairments, are identified as the major causes of
falling. However, the imbalance is found to be a key determinant in this regard, as well [6].
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Balance is a complex motion skill that describes postural dynamics in preventing falling; the appropriate
performance of daily activities, like walking and taking
stairs, depends on postural control and balance [7]. Postural control and balance are functions of interactions
between neural and musculoskeletal systems. Neural system elements involved in postural control include motion processes, like neuromuscular synergies, and sensory processes, such as vestibular and vision systems,
and proprioception. In other words, postural control is
achieved through a close and complex interaction between sensory inputs and appropriate motion responses,
including motion system control and efficient muscular
strength [8]. Studies on the elderly suggested that decreased flexibility and muscular strength lead to imbalance and increase the risk of falling, consequently resulting in reduced quality of life among this population [9].
Muscle weakness is a prevalent condition among the
elderly [10]. Training improves the power of lower extremities and increases stable balance. Physical activities
maintain muscle performance and mass at a high level
and decrease the effects of age-related transformations
in the elderly [11]. Studies indicated a direct relationship between falling and a low range of motion in joints.
Decreased range of motion results from the rigidity of
muscle-tendon unit and tissues around the joints, particularly in the lower extremities, which affect the dynamics of this muscle in walking and increases the risk of
falling [12]. Studies on the relationship between muscle
strength and range of motion, and balance and risk of
falling are abundant.
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Jung et al. examined the relationship between muscle
strength and range of motion, and the level of physical activity in the elderly with a history of falling [13]. They suggested a significant decrease in the range of motion hip extension, ankle dorsiflexion, and ankle plantar flexion. The
scholars also reported a significant decrease in the muscle
strength of knee flexion and extension in the subjects. Granacher et al. investigated the role of core stability strength
in preventing falls in the elderly and reported favorable
results in this respect [14]. Chiacchiero et al. examined the
relationship between an inactive range of motion, flexibility, and balance in the elderly with and without a history
of falling [15]; they revealed a significant decrease in the
range of motion, hip extension, hip internal rotation, hip
abduction, ankle dorsiflexion, and the length of twin muscles in the elderly with a history of falling.
Aging is essential in industrial and developing communities, like Iran. Moreover, the effects of aging are
significant in the life quality of the elderly. Thus, it is
essential to develop schemes to identify determinants of
motion factors and changes in their daily living activities. A large body of literature explored the role of muscle strength and range of motion of some muscles and
joints in the lower extremities in maintaining balance
among the elderly. However, studied overlooked the effects of all muscles and joints to understand which ones
are the least or the most effective on maintaining balance
and falling risk in the elderly. Therefore, it is essential to
determine the effects of every single muscle and joint in
the lower extremities.
Such data could be beneficial to design strength and
flexibility training protocols for lower extremities, particularly the most effective muscles, and joints, to improve balance and decrease the risk of falling in the
elderly. Furthermore, studied explored the relationship
between muscle strength and the range of motion in certain muscles in the lower extremities, and the level of
physical activities, or balance, or certain falling factors,
and compared the elderly with and without a history of
falling. However, the present study used static and dynamic balance tests to examine the relationship between
muscle strength and the range of motion in all muscles
and joints in the lower extremities, with balance and the
risk of falling in the elderly.

2. Materials and Methods
This was a correlative cross-sectional study that included 65 healthy male subjects (Mean±SD age: 65.64±4.95
y) from Rasht City, Iran, who were selected by convenience sampling technique. The study subjects were

socially active and independently performed their daily
living activities. Those with a history of illness or motion problems were identified by a questionnaire and excluded from the study.
The inclusion criteria of the study were the age of ≥60
years, independence in performing daily living activities, the ability to walk a route of 12 m with/without
help, the ability to follow and respond to instructions
without help, willingness to participate in the study, no
use of neurologic drugs that affect balance, no history
of lower extremities injuries within the last 6 months,
no muscular or neurological problems, no visual impairment, no postural disorders that disrupt the study,
no history of surgery within the previous year, and no
fracture occurrence in the lower or upper extremities a
year before the survey.
The study was approved by the Ethics Committee of
the Faculty of Physical Education, Guilan University.
The study participants were informed of the purpose,
procedure, and measures of the study and voluntarily entered the study with written consent. No harm threatened
the study participants. Sharpened Romberg test (reliability for eyes open: 0.91-0.90; for eyes closed: 0.76-0.77)
was used to measure static balance, while the Timed Get
Up and Go test was used to measure dynamic balance
(reliability: 0.99) [4].
Berg Balance Scale (BBS) was used to measure the risk of
falling. It is a 14-item scale that measures balance in older
adults and includes simple movements (sitting to standing,
standing unsupported, transfers) to complex movements
(standing with feet together, turning 360 degrees, & standing on one foot). Each item consists of a five-point scale,
ranging 0-4. The total score of 56 indicates excellent balance. The internal and external validity of the test was obtained as 0.98 and 0.99, respectively [9].
The isometric strength of muscles was measured using a manual dynamometer and the Mentiplay method
[16]. In all tests, a stabilizing strap attached to a fixed
shaft was used to fix the muscle and eliminate the effects
of the subject’s strength. The dynamometer was placed
under the strap, and its power was calculated. Each test
was repeated three times, and the study subjects were requested to use all their strengths in performing the task.
Contractions lasted about 5 seconds, each with 15 seconds of rest. The score was calculated as follows:
Muscle strength=

The amount of weight×9.8
Subject's weight
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3. Results

Eight muscle groups were selected for measuring muscle strength, as follows: hip extensor, hip abduction, hip
flexor, hip adductor, hamstring, quadriceps, ankle dorsiflexion, and ankle plantar flexion. The motion range was
measured using a 180° Universal goniometer proposed
by Clarkson [17]. The range of motion of the lower extremities was measured in the hip extension, hip abduction, hip flexion, hip adduction, knee flexion, ankle dorsiflexion, and ankle plantar flexion.

Table 1 presents the Mean±SD scores of the descriptive information of study subjects. Table 2 lists the correlation of muscle strength of lower extremities with
static and dynamic balance and the risk of falling.
These results demonstrated that the muscle strength of
hip extension, hip abduction, hamstring, quadriceps,
and ankle plantarflexion had a significant relationship
with static balance while being negatively related to
dynamic balance (P≤0.05). In other words, increased
muscle strength improves static balance while decreasing dynamic balance and the risk of falling. There was
also a significant and negative relationship between the
muscle strength of ankle dorsiflexion and dynamic balance and the risk of falling (P≤0.05). Thus, increased
muscle strength decreased the risk of falling and improved dynamic balance (Table 2).

The Shapiro–Wilk test was used to measure the normal
distribution of data. All the data were normally distributed. Pearson’s correlation coefficient was used to examine the relationship between muscle strength and the
range of motion of the lower extremities, and balance
and the risk of falling. Multivariate regression analysis
was used to determine the regression line. The obtained
data were analyzed by SPSS.

Table 1. Demographic characteristics of the study participants
Variables

Mean±SD

Height (cm)

165.10±9.43

Weight (kg)

72.08±12.63

Age (y)

68.64±4.95

*BMI (kg/m2)

25.31±4.31

*BMI: Body Mass Index.
Table 2. Pearson correlation coefficient in the relationship between muscle strength of lower extremities with static and dynamic balance and risk of falling in Elderly.
Muscle Strength (N/m2)
Static Balance (Time)
Variables

Mean±SD

Eyes Open

Eyes Closed

Dynamic Balance (Time)

r

r2

r

r2

r

r2

r

r2

Hip abduction

62.40±8.22

0.40*

0.16

0.45*

0.20

-0.31*

0.09

-0.58*

0.33

Hip adduction

56.54±7.49

0.19

0.03

0.11

0.01

-0.16

0.02

-0.3

0.09

Hip Flection

71.89±7.57

0.23

0.05

0.21

0.04

-0.23

0.05

-0.14

0.01

Hip extension

59.82±7.64

0.65

0.42

0.67

0.44

-0.74*

0.54

-0.82*

0.67

Hamstring

73.49±12.37

0.52

0.27

0.55

0.30

-0.63*

0.39

-0.65*

0.42

Quadriceps

135.89±24.13

0.61

0.37

0.63

0.39

-0.46*

0.5

-0.68*

0.04

Plantar flexion

49.00±7.55

0.61

0.37

0.67

0.44

-0.74*

0.54

-0.65*

0.42

Dorsiflexion

40.13±7.45

0.18

0.03

0.12

0.01

-0.43*

0.18

-0.39*

0.15

*Significant at P≤0.05.
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Table 3. Pearson correlation coefficient in the relationship between range of motion in lower extremities with static and dynamic balance and risk of falling in Elderly
Range of Motion (Degrees)
Static Balance (Time)
Variables

Mean±SD

Eyes Open

Eyes Closed

Dynamic Balance (Time)

Risk of Falling

r

r2

r

r2

r

r2

r

r2

Hip abduction

23.85±2.14

0.19

0.03

0.14

0.01

-0.13

0.01

-0.11

0.01

Hip adduction

11.29±1.75

0.21

0.04

0.12

0.01

-0.13

0.01

-0.14

0.02

Hip flection

90.4±3.33

0.24

0.05

0.16

0.02

-0.23

0.05

-0.21

0.04

Hip extension

8.62±1.04

0.53*

0.28

0.62*

0.38

-0.73*

0.53

-0.63

0.39

Knee flection

111.68±8.62

0.51*

0.26

0.62*

0.38

-0.55*

0.3

-0.69

0.47

Plantar flexion

32.44±2.73

0.76*

0.57

0.86*

0.73

-0.74*

0.54

-0.83

0.68

Dorsiflexion

13.88±2.13

0.66*

0.43

0.61*

0.37

-0.51*

0.26

-0.67

0.44

*Significant at P≤0.05.
Table 4. Regression equation results for predicting static and dynamic balance and the risk of falling in terms of muscle strength
of lower extremities in the studied subjects
Variables

Model

Static balance (eyes open)

y=(0.242x1)+(2.085x3)+(0.212x5)

Static balance (eyes closed)

y=(0.055x1)+(0.184x2)+(0.142x3)+(0.032x5)

Dynamic balance

y=(-1.027x1)+(-0.517x6)

Risk of falling

y=(-2.047x2)+(-0.041x2)+(-0.241x2)+(-1.177x2)+(-0.032x2)

In the regression equations mentioned, y denotes static, dynamic balance and risk of falling and x1: hip abduction, x2: hip
extension, x3: hamstring, x4: quadriceps, x5: plantar flexion, x6: dorsiflexion.
Table 5. Regression equation data for predicting static and dynamic balance and the risk of falling in terms of the range of motion of the lower extremities in the samples
Variables

Model

Static balance (eyes open)

y=(0.215x1)+(2.122x2)+(0.108x3)

Static balance (eyes closed)

y+0.184x3

Dynamic balance

y=(-0.37x1)+(-1.13x2)+(-0.071x3)+(-0.432x3)

Risk of falling

y=(0.022x1)+(-0.042x3)

In the regression equations mentioned, y denotes static, dynamic balance and risk of falling, and x1: hip extension, x2: knee
flexion, x3: plantar ankle flexion, x4: ankle dorsiflexion.

Table 3 demonstrates the correlation between the
range of motion joints of lower extremities with static
and dynamic balance and the risk of falling. The relevant results suggested a positive and significant rela-

tionship between the range of motion of hip extension,
knee flexion, plantar flexion, and ankle dorsiflexion
with static balance; while revealing a negative and significant relationship between these variables with dy-
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namic balance and the risk of falling (P≤0.05). In other
words, the increased range of motion enhanced static
balance, while decreasing the duration of dynamic balance and the risk of falling (Table 3).
Table 4 presents the regression line between the muscle strength of hip extension, hip abduction, hamstring,
quadriceps, ankle dorsiflexion, and plantar flexion, and
static and dynamic balance, and the risk of falling. The
results of testing the hypothesis of independence of errors using the Durbin-Watson statistic indicated they
were confirmed at 1.40 and 2.5. The achieved statistics
suggested that the proposed model was significant for all
the variables at P≤0.05, and the model was linear. The
value of tolerance in all states was >0.05, and no relation
of linearity was observed in the study (Table 4).
Table 5 indicated the regression line between the
range of motion of hip extension, knee flexion, ankle
dorsiflexion, and plantar flexion, and static and dynamic balance, and the risk of falling. The results of testing
the hypothesis of independence of errors, using DurbinWatson statistics, revealed that they were confirmed at
1.40 and 2.5. The obtained statistics demonstrated that
the proposed model was significant for all the variables
at P≤0.05, and the model was linear. The value of tolerance in all states was >0.05, and no relation of linearity
was observed in the study (Table 5).

4. Discussion
The present study examined the relationship between
muscle strength and the range of motion of the lower
extremities, and balance and the risk of falling in the
elderly. The obtained results indicated that the muscle
strength of hip extension, hip abduction, hamstring,
quadriceps, and ankle plantar flexion and dorsiflexion
were significantly correlated with balance and decreased
risk of falling in the elderly. This finding was consistent
with those of Ding and Yang; they studied the effects of
fatigue and muscle weakness of lower extremities on the
risk of falling in older adults.
The authors created maximum isometric strength in the
lower extremities of older adults and used a dynamometer to measure muscle strength in hamstring and quadriceps. Then, they used a particular treadmill to induce
fatigue and muscle weakness. The study subjects walked
and then ran slowly for 5 minutes on the treadmill until
they felt tired. At that moment, their muscle strength of
hamstring and quadriceps was measured by a dynamometer, indicating a significant decrease [18].
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However, our results were in disagreement with those
of Keskin et al. [19]; they examined risk factors associated with falling in the elderly with and without a history
of falling. They reported no significant difference in the
muscle strength of the knee extensors and flexors in the
elderly with and without a history of falling. The present
study results were in line with those of Jung et al. [13];
they reported that the muscle strength of the knee extensors and flexors significantly decreased in the elderly
with a history of falls.
Menz at al. and Bok et al. also identified the decreased
muscle strength of ankle plantar flexion as a risk factor for falling in the elderly [20, 21]. Thus, the muscle
strength of hip extension, hip abduction, hamstring,
quadriceps, ankle dorsiflexion, and ankle plantarflexion
affect balance and falling in older adults. Moreover, our
results implied a significant relationship between the
range of motion of hip flexion, knee flexion, plantar flexion, and ankle dorsiflexion, and balance and the risk of
falling in the elderly.
This result was consistent with those of Jung et al.,
who reported a significant decrease in the range of motion, hip flexion, plantar flexion, and ankle dorsiflexion
in the elderly who had fallen before [13]. Chiacchiero
et al. revealed a significant decrease in the range of motion, hip extension, hip internal rotation, hip abduction,
ankle dorsiflexion, and the length of twin muscles in the
elderly with a history of falling [15]. Delbaere et al. used
the hypothesis of a vicious circle to support these findings
[22]. They explained that the fear of falling makes people
less willing to engage in routine activities, which in turn,
increased muscle strength and the range of motion and finally decreased balance and increased the risk of falling.
Mecagni et al. examined the relationship between age
and balance, and the range of motion in 64-87-year-olds
and stated that the motion range of ankle directly impacts balance in the elderly [23]. They also reported that
increased age decreases balance and the range of motion. Kemoun et al. reported that a decreased range of
motion in the ankle dorsiflexion significantly decreases
balance and increases the odds of falling in the elderly
[24]. Therefore, the range of motion, hip extension, knee
flexion, plantar flexion, and ankle dorsiflexion affect balance and decrese the risk of falling in the elderly.
Limitations of the present study included inaccessibility of samples, subject restrictions, controlling the
environment temperature, psychological factors, and
encouraging subjects to participate in the study, limiting
samples to male elderly, and the lack of control over so-
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cioeconomic, cultural, health, and dietary factors of the
study subjects. Thus, it is suggested that similar studies
be conducted on female subjects to regard the effects of
gender. Those who have fallen could also be compared
with those without a history of falls to understand how
falling affects this relationship.

5. Conclusion
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of hip abduction, hip extension, hamstring, quadriceps,
plantar flexion, ankle dorsiflexion and the range of motion, hip extension, knee flexion, plantar flexor, and ankle dorsiflexor have significant correlations with balance
and the risk of falling in the elderly. Thus, researchers
could develop intervening and training exercises to promote balance and decrease the risk of falls in the elderly.
Such measures could help to improve their life quality
and biopsychological well-being and encourage an active lifestyle among them.
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