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HIGHLIGHTS 
• Older adults showed similar behavior for 
bilateral asymmetry, regardless of the level of 
physical activity. 
•The physical training program did not produce 
a reduction in bilateral torque asymmetry. 
•The bilateral torque asymmetry was greater 
for the ankle and hip joints in the flexion and 
extension movements, respectively. 
 
ABBREVIATIONS 
ATV Active group 
BA bilateral asymmetry 
BAMP bilateral asymmetry mean power 
BAPT bilateral asymmetry of peak torque  
EGS Exercise Guidance Service 
IATV Insufficiently active group 
MP mean power 
Nm Newton meter 
PT peak torque 
W Watt 
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BACKGROUND: Physical activity is an important tool for positively impacting physical, cognitive, and social 
aspects and is linked to the capacity to develop muscle strength and power. However, no studies have observed 
the effects of physical activity on the bilateral torque asymmetry at different movement velocities in older adults. 
AIM: This study investigated the effects of different angular velocities on bilateral torque asymmetry for hip, 
knee, and ankle joints in active (EGS program) and insufficiently active older adults. 
METHOD: Forty-four older adults were distributed into two groups: active and insufficiently active. An isokinetic 
dynamometer was used. The tests consisted of maximal concentric contractions of hip, knee, and ankle flexors 
and extensors at velocities of 60º/s and 120º/s. The variables were asymmetry of peak torque and of mean 
power. 
RESULTS: Results showed greater asymmetry in hip extension and ankle flexion for peak torque and mean 
power, as well as increased asymmetry in flexion movement at the higher angular velocity (120°/s) compared 
with the lower angular velocity (60°/s) for the mean power. Furthermore, there were no differences in asymmetry 
between groups. 
CONCLUSION: The conclusion of the present study was that older adults showed similar behavior for bilateral 
torque asymmetry, regardless of the level of physical activity. The level of physical activity did not produce a 
reduction in bilateral torque asymmetry in the active group. 
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INTRODUCTION 
According to the World Health Organization, population aging is a global 

phenomenon, resulting from factors that include a drop in fertility rates and increase in life 
expectancy.1 Currently, there are approximately 962 million people over 60 in the world, 
corresponding to 13% of the global population. This population group grows at a rate of 
around 3% per year, and it is estimated that by 2050 there will be approximately 2 billion 
older adults in the world, of which 80% will be living in developing countries.1 In Brazil, the 
aging of the population is occurring even faster, with a growth rate of over 4% per year,2 so 
that by 2025, Brazil will be the sixth country in the world in terms of number of older 
adults.1 The population aged 60 and above increased from 14.2 million in 2000 to 19.6 
million in 2010, and will reach 41.5 million in 2030 and 66.5 million in 2050, corresponding 
to 30% of the Brazilian population.2 

With aging, structural and functional deterioration may occur in most physiological 

Strength and Conditioning Laboratory (LAFEC) of Center of Physical Education and Sports, Department of Sports, Federal University of Espírito Santo, Vitória, ES, Brazil. 
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systems, which can cumulatively impact the activities of daily living, functional 
independence, level of physical activity, and quality of life of older adults.3 Similarly, older 
adults show a 20-40% reduction in muscle strength compared to younger adults.3 Muscle 
strength and power reach their maximum values around the third decade of life, 
demonstrating a decline with the progression of age and intensifying after 60 years of age.4 
The decline in muscle function as a consequence of the aging process can be explained 
by the decrease in the number of motor units and also the decrease and atrophy in the 
number of muscle fibers, especially type II, which are important for the production of force 
and explosive actions.5 Thus, the decline in muscle strength is aggravated by contractile 
deceleration and decreased torque during aging.5 

In this context, the peak of torque (i.e., maximal voluntary force output) is a 
neuromuscular variable directly related to muscle strength and is the most appropriate 
indicator of maximal performance of a muscle group.5 The torque produced by the 
musculature depends on the type of contraction, angular position of the joint and velocity 
of contraction. Torque is an important force variable for the performance of daily life 
activities and impairment in this variable can increase the risk of falling.6 Studies have 
found lower knee and ankle joint torques in faller older adults compared to non-fallers.6 

Symmetrical actions are necessary for many activities of daily living.7 However, 
most people have a preferred lower or upper limb to perform these activities,8 which can 
generate bilateral asymmetry (BA) in muscle strength between lower limbs and between 
different muscle groups.9 Thus, BA characterizes a difference in performance between the 
right and left lower limbs,10 as well as between injured and uninjured lower limbs,11 and 
between dominant and non-dominant lower limbs.10 Results from one study,12 showed that 
older adults with 20% or more of isometric knee extensor strength asymmetry 
demonstrated a more asymmetrical and variable gait pattern and walked 19% more slowly 
than their more symmetrical peers. This study led to the hypothesis that strength 
asymmetry may be associated with physical dysfunction in older adults and that the 
weaker limb may limit gait performance. Likewise, other studies infer that lower limb 
asymmetry may be a predictor of falls6 in older adults with a diagnosis of Parkinson's 
disease.13 

In contrast, studies have found that resistance training (i.e., free weight exercises 
for muscle strengthening) benefits older adults, as training provides a sharp increase in 
muscle mass, strength, and power,14 improves body composition15 and bone mineral 
density, decreases the risk of falls and following injuries,14 increases cognitive function, 
and generally improves quality of life by minimizing aging and muscle degeneration 
processes.16 In addition, according to the results of a case study,17 older adults 
rehabilitated after hip fracture through participation in a multimodal resistance training 
protocol, demonstrated gains in muscle strength and better symmetry between the lower 
limbs. 

Physical activity is an important tool for positively impacting physical, cognitive, 
and social aspects18 and is linked to the protection of functional capacity at different ages, 
with the ability to develop muscle strength and power19. Among the types of physical 
activities, programs that aim to simultaneously develop strength, balance, and flexibility, 
known as multicomponent programs, seem to be linked to improvements in functionality in 
older adults.20 Thus, one of the main programs aimed at promoting health through the 
orientation of physical activity is the Exercise Guidance Service (EGS), created by the 
Municipal Secretariat of Vitória/ES in 1985, which serves people from various age groups. 
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The main activities developed by the EGS program, classified as multicomponent 
exercises, are stretching, strengthening, balance, and aerobic, with recreational activities 
for socialization at the end of the sessions, twice a week, lasting approximately 60 minutes. 
The physical training program provides exercises that are equally challenging for both 
sides of the body. 

Despite being a stable program, operating for approximately 30 years, there is little 
evidence on the health benefits of EGS in the population, more specifically on the 
deleterious effects in the musculoskeletal system caused by aging. Moreover, it is 
important to understand the influence of the practice of multicomponent exercises, such as 
EGS, on performance in bilateral torque asymmetry of older adults, as this type of exercise 
is frequently recommended for health.21 The current study investigated the effects of 
different angular velocities on bilateral torque asymmetry for hip, knee, and ankle joints in 
active (EGS program) and insufficiently active older adults. The hypothesis of this study 
was that the insufficiently active group would present higher values of bilateral asymmetry 
of peak torque (BAPT) and of mean power (BAMP) for hip, knee, and ankle joints than the 
active group. The argument that supports this first hypothesis is that the mechanical 
loading and muscular forces experienced by an individual as a result of regular physical 
activity would be similar between limbs and neuromuscular adaptations that occur in 
response to these activities might be expected to be comparable. A physically active 
person may still present asymmetry but have greater strength and power in both strong 
and weak limbs than a less active person.22 In addition, we expected that the 60°/s angular 
velocity would present higher BAPT than the 120°/s angular velocity due to the higher 
peak torque (PT) for the lower velocity. The argument that supports this second hypothesis 
is that power asymmetry might be manifested most notably at fast contraction velocities, 
possibly due to the greater demand for motor unit activation, recruitment of type II muscle 
fibers, and limitations in nerve conduction velocity, excitation-contraction coupling, and 
contractile function.23 Finally, we expected that the 120°/s angular velocity would present 
higher BAMP than the 60°/s angular velocity due to the higher mean power (MP) at the 
higher velocity. The argument that supports this third hypothesis is that lower velocity 
allows a longer time to develop maximal torque and may be more sensitive to identify 
strength.24 

 
METHODS  
 
Participants 

Forty-four older adults participated in this study, distributed into two groups: 1) 
Active group (ATV – 22 participants, 65.2 ±4.2 years | 66.5 ±9.6 kg | 1.60 ± 0.06 m) used 
as the experimental group, composed of older adults who had regularly practiced 
multicomponent exercises offered by the Exercise Guidance Service (EGS) for more than 
three months, twice a week, in sessions with 60 minutes of duration; 2) Insufficiently active 
group (IATV – 22 participants, 66.7 ±4.5 years | 68.2 ±10.5 kg | 1.60 ± 0.05 m), composed 
of older people who had not practiced physical activity in the previous three months. 
Participants were excluded from the study if they had neurological and musculoskeletal 
disorders that prevented them from performing motor tasks, and cognitive impairment. All 
participants provided consent prior to data collection. The study was approved by the 
Research Committee of the Federal University of Espírito Santo (2.061.608). 
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Apparatus and procedures 

Data collection was performed on two days. On the first day, anamnesis and 
anthropometric evaluations were carried out in EGS units (Vitória/ES). The physical activity 
level was assessed through the modified Baecke Questionnaire for older adults,25 which 
investigates daily sports and leisure activities. The Mini-Mental State Examination 
validated for the Brazilian population – Mini Mental26 was used to assess the cognitive 
function of older adults (active and insufficiently active). The authors26 propose 20 points 
for illiterate individuals; 25 points for people with schooling from 1 to 4 years; 26.5 for 5 to 
8 years; 28 for 9 to 11 years, and 29 for over 11 years. On the second day, muscle 
function was evaluated in the Strength and Conditioning Laboratory (LAFEC), located in 
the Physical Education and Sports Center of the Federal University of Espírito Santo 
(CEFD/UFES). 

The participants performed a 5 minute warm-up on a cycle ergometer with a self-
selected load. After this, these subjects were positioned and stabilized on the BIODEX 
System 4 Pro isokinetic dynamometer according to the manufacturer's recommendations. 
Hip flexion and extension, knee flexion and extension, and plantar flexion and ankle 
dorsiflexion movements were assessed, with the order randomized for each participant. 
The participants performed 5 submaximal repetitions at each angular velocity to familiarize 
themselves with the test. The assessment consisted of concentric isokinetic contractions 
with predetermined angular velocities and repetitions of 60°/s (five repetitions) and 120°/s 
(ten repetitions). Participants were verbally encouraged to develop maximum strength 
during the test with a rest interval of 60 seconds between different angular velocity 
assessments. Measurements were collected bilaterally, always starting with the dominant 
limb (the preferred one to kick a ball). The calibration and gravity correction procedures 
were performed according to the manufacturer's recommendations. Muscle assessment 
tasks were collected in separate blocks and counterbalanced within the group. Trials were 
completely randomized within each block. 

 
Data analysis 

The dependent variables used to assess torque asymmetry were bilateral 
asymmetry of mean power (BAMP) and bilateral asymmetry of peak torque (BAPT) at 
angular velocities of 60°/s and 120°/s for flexion and extension movements. 

The mean power is the result of the work done divided by time, expressed in Watts 
(W). The angular velocity is directly proportional to the power (i.e., the higher the angular 
velocity, the greater the power; the lower the angular velocity, the lower the power). 

The peak torque represents the point of greatest torque in the range of movement; 
torque or moment of force represents the result of the force applied at a point multiplied by 
the distance from the point of application of that force to the center of rotation of the axis of 
movement (i.e., T = F x d, measured in Newton meters (Nm)). Torque and angular velocity 
of movement are inversely proportional quantities, i.e., the lower the angular velocity 
performed, the greater the torque, the higher the angular velocity, the lower the torque. 

Finally, the symmetric index, considering the average of each participant in each 
type of movement (absolute values), was calculated between the dominant and 
nondominant limbs. However, we were interested only in the magnitude of symmetry, and 
did not consider the positivity or negativity of the values.13 
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Symmetric index =!
value of dominant limb - value of non dominant limb
value of dominant limb + value of non dominant limb" x 100%  

 
Statistical analysis 

After testing the normality and homogeneity of variance assumptions, repeated 
measures MANOVAs three-way with group (insufficiently active and active), angular 
velocities (60°/s and 120°/s), and joints (hip, knee, ankle), were performed for each 
dependent variable: BAMP and BAPT. Independent sample t tests were performed to 
compare clinical characteristics (Mini-Mental and Baecke Questionnaire). When necessary, 
post hoc tests with Bonferroni adjustment were performed. Analyses were performed using 
SPSS software and the level of significance was kept at p < 0.05. 

 
RESULTS 
 

In relation to the level of physical activity, measured by the Baecke Questionnaire, 
the active EGS group presented a higher level of physical activity compared to the 
insufficiently active group (ATV: 13.9 ± 4.3 points | IATV: 3.8 ± 4.3 points, p ≤ 0.001). In 
relation to the Mini-Mental score, the statistical analysis revealed no differences between 
the older active group and older insufficiently active group (ATV: 27.87 ± 1.67 points | 
IATV: 27.80 ± 1.40 points, p = 0.858).  

Table 1 depicts the mean values of the BAMP for insufficiently active and active 
groups at both angular velocities (60°/s and 120°/s) for flexion and extension movements 
of the hip, knee, and ankle joints. The MANOVA three-way revealed no mean effect of 
group (Wilks' Lambda = 0.966; F2,41 = 0.726; p = 0.49), but a mean effect of angular 
velocity (Wilks' Lambda = 0.869; F2,41 = 3.088; p = 0.05), and a mean effect of joint (Wilks' 
Lambda = 0.507; F2,41 = 9.476; p <0.001). The Univariate tests for angular velocity 
indicated an effect of flexion movement (F1,42 = 13.839; p <0.001, but no effect of 
extension movement (F1,42 = 6.573; p = 0.002). The BAMP value for flexion movement was 
higher at 120°/s (76.6 ± 11.8) than at 60°/s (66.7 ± 11.2). The univariate tests for joint 
indicated an effect of flexion (F1,42 = 286.97; p <0.001), and extension movements (F1,42 = 
308.21; p <0.001). Post hoc tests for joint flexion movement were larger in the ankle joint 
than in knee and hip joints. Finally, post hoc tests for extension movement were higher in 
the hip joint than knee and ankle joints. 
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Table 2 depicts the mean values of the BAPT for insufficiently active and active 

groups in both angular velocities (60°/s and 120°/s) for flexion and extension movements 
of the hip, knee, and ankle joints. The MANOVA three-way revealed no mean effect of 
group (Wilks' Lambda = 0.979; F2,41 = 0.438; p = 0.648), or of velocity (Wilks' Lambda = 
0.96; F2,41 = 0.853; p = 0.434), but a mean effect of joint (Wilks' Lambda = 0.454; F2,41 = 
11.73; p <0.001). The univariate tests for joint indicated an effect for flexion (F1,42 = 13.394; 
p <0.001) and extension movements (F1,42 = 4.546; p = 0.013). Post hoc tests for joint 
flexion movement were higher in the ankle joint than in knee and hip joints. Finally, post 
hoc tests for extension movement were higher in the hip joint than in knee and ankle joints. 

 

 
DISCUSSION 
 

The purpose of this study was to investigate the effects of different angular 
velocities on bilateral torque asymmetry for hip, knee, and ankle joints in active (EGS 
program) and insufficiently active older adults. The main results of the study showed 

Table 1 – Mean and standard deviation of bilateral asymmetry of mean power (BAMP) in flexion and extension movements of the 
hip, knee, and ankle joints for insufficiently active and active older groups. 

Group Velocity Joint Flexion 
Mean± Standard 

deviation 

Extension 
Mean± Standard 

deviation 
 
 

Insufficiently 
Active 

 
60º/s 

Hip 5.91 ± 4.86 15.37 ± 20.91 
Knee 11.91 ± 9.55 6.50± 4.76 
Ankle 18.94 ± 24.25 9.50 ± 10.62 

 
120º/s 

Hip 7.88 ± 5.33 13.02 ± 13.33 
Knee 12.57 ± 11.51 6.91± 5.00 
Ankle 22.90 ± 23.69 9.86 ± 13.01 

 
 

Active 

 
60º/s 

Hip 6.12 ± 6.48 14.38 ± 16.21 
Knee 6.58 ± 5.43 7.20 ± 5.30 
Ankle 17.24 ± 16.94 8.60 ± 5.81 

 
120º/s 

Hip 5.20 ± 6.11 13.38 ± 11.38 
Knee 8.79 ± 7.88 5.82 ± 3.68 
Ankle 19.26 ± 16.85 9.44 ± 8.89 

 

Table 2 –Mean and standard deviation of bilateral asymmetry of peak torque (BAPT) in flexion and extension movements of the 
hip, knee, and ankle joints for insufficiently active and active older groups 

Group Velocity Joint Flexion 
Mean± Standard 

deviation 

Extension 
Mean± Standard 

deviation 
 
 

Insufficiently 
Active 

 
60º/s 

Hip 4.53 ± 3.31 10.87 ± 11.60 
Knee 10.55 ± 6.85 5.98 ± 5.16 
Ankle 13.47 ± 18.53 6.66 ± 7.74 

 
120º/s 

Hip 5.59 ± 4.94 7.65 ± 7.98 
Knee 8.63 ± 7.65 6.11 ± 4.74 
Ankle 11.11 ± 13.54 8.25 ± 8.38 

 
 

Active 

 
60º/s 

Hip 3.77 ± 2.01 9.22 ± 8.97 
Knee 4.89 ± 3.06 5.01 ± 3.35 
Ankle 14.29 ± 11.10 9.25 ± 5.47 

 
120º/s 

Hip 5.07 ± 4.27 8.95 ± 8.25 
Knee 5.14 ± 4.11 4.60 ± 2.62 
Ankle 12.78 ± 9.02 6.82 ± 6.88 
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higher mean power asymmetry and higher peak torque asymmetry in the ankle joint for 
flexion movement and hip joint for extension movement. Furthermore, the mean power 
asymmetry at the velocity of 120°/s was greater than at the velocity of 60°/s for flexion 
movement, which partially confirmed our hypothesis. Finally, the results showed no 
difference between the active and insufficiently active groups for the variables mean power 
asymmetry and peak torque asymmetry, which was contradictory to our hypothesis. 

In the present study an increase in bilateral torque asymmetry was observed for 
the hip extension movement and ankle flexion movement for both peak torque and mean 
power. These results may be related to the aging process, which promotes a deficit in 
skeletal muscle function, mainly concentric strength and muscle power of the lower 
limbs.27 Thus, analogous to the decline in muscle function, the aging process promotes 
changes in postural strategies, with greater dependence on the hip strategy over the ankle 
strategy for postural control.28 These changes seem to occur due to muscle weakness, 
slowness, and impairment in the organization to activate muscle synergies and limitations 
in the ability to adapt movements for balance in response to changing task and 
environmental demands.28 In the same context of environmental demand, researchers29 
demonstrated a decrease in area under unstable conditions (foam) with eyes open and 
closed in the active older adults (group of multicomponent exercises). The study revealed 
that active older adults presented improved performance of postural control in challenging 
conditions of somatosensory manipulation associated with manipulation of the visual 
system. Thus, multicomponent exercises are effective for improving postural control 
performance in older adults. These findings infer that body position and weight distribution 
between the feet interact to stabilize upright posture. 

Surprisingly, results from one study6 showed that the decline in strength and 
power in older adults is related to the rate of falls in this population. Many situations in daily 
life rely on symmetrical postural control, such as responding to balance perturbation or 
walking, to avoid falls. These factors are related to muscle weakness, aging, and altered 
patterns of muscle activation (coordination) which indicates a decline in physical and/or 
cognitive abilities that affect postural control and, consequently, safe mobility6. In the same 
study6, the power loss associated with increased velocity in the plantar flexors of the older 
adults was also verified and corroborates the results found in the present study in which 
the relationship between power and angular velocity may be a factor for the increase in the 
power asymmetry identified at the velocity of 120°/s compared to the velocity of 60°/s. 
Similarly, other research12 conducted with older adults found that power asymmetry was 
higher at higher velocities. A possible explanation for this result may be due to the 
recruitment of type II muscle fibers and the reduction in conduction velocity in nerve 
impulses in older adults. It is important to note that these authors12 found a power 
reduction in the weak leg while power in the strong leg increased proportionally with 
increasing speed. This fact may be related to the limb preference to perform daily tasks, 
resulting in performance asymmetry between the right and left lower limbs.7 

Although studies have demonstrated the benefits of exercise, reducing the effects 
of aging and, consequently, improving the quality of life,14,16 the present study found no 
difference in bilateral asymmetry of mean power and peak torque between the active and 
insufficiently active groups. In contrast, the active group in the EGS program participated in 
a multimodal program of collective physical/body activities (gymnastics, stretching, yoga, 
circuit, dance, walking and other activities), which provide better performance of balance 
and muscle power.30 However, the program does not include activities focused on strength 
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training specifically for lower limb joints. Thereby, it can be concluded that the bilateral 
asymmetry developed during life does not decrease in active older adults and was similar 
to the insufficiently active group. Other researchers17 showed improvement in bilateral 
asymmetry of older adults after the application of a high intensity multimodal resistance 
training protocol that resulted in muscle strength gain and decreased asymmetry between 
the lower limbs according to the specificity of the training protocol.  

The present study presents some limitations. First, we did not carry out a pre- and 
post-training investigation of the modalities offered by EGS to elucidate possible changes 
caused by each of the practices. Second, the EGS program aims to improve social 
aspects (e.g., leisure and socialization), thus, it is difficult to control training parameters 
(e.g., overload and intensity) which could provide more accurate data on alterations and 
adaptations in the participants. Third, it may be possible that a more natural, ecologically 
valid situation (compared to the protocol used in the present study), with a reduced force 
requirement task (and increased sensory information based adjustments), such as postural 
control, would reveal bilateral asymmetry improvements from the exercise program. 

 
CONCLUSION 

 
The conclusion of the present study was that older adults showed similar behavior 

for bilateral asymmetry, regardless of the level of physical activity. The level of physical 
activity did not produce a reduction in bilateral torque asymmetry in the active group. This 
may be due to the protocol of activities offered by the EGS which, despite including various 
body practices does not include a specific training protocol for muscle strength gain 
capable of reducing bilateral asymmetry, and thus further improving the quality of life of the 
older adults. Furthermore, the explosion variable (mean power) was sensitive to the 
angular velocity increase (120º/s) for flexion movement, showing greater bilateral 
asymmetry. Finally, the bilateral asymmetry for both variables was greater for the ankle 
joint in the flexion movements and greater for the hip joint in the extension movements. 
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