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Background: Differences between muscle strength and power of lower limbs is one of the factors associated with 
falls in the elderly population. Muscle strength asymmetry of lower limbs increases with age. Objective: The aim of 
the study is to assess differences in the volume and intensity of physical activity (PA) in the subgroups of women 
being at higher and lower risk of falls (with and without strength asymmetry of the knee extensors of dominant and 
non-dominant lower limb). Methods: Data from 42 women (age 56.3 ± 4.4 years; weight 76.5 ± 16.1 kg; body height 
164.3 ± 5.2 cm; body mass index 28.1 ± 5.3 kg · m–2) were used for the purpose of the presented analysis. Further-
more the sample was divided into subgroups with lower and higher strength asymmetry of quadriceps muscle (as a 
criterion the asymmetry greater than 15% was chosen). Absolute concentric peak torque of the knee extensors was 
evaluated by an isokinetic dynamometer IsoMed 2000 in a sitting position at angular velocity of 180° · s–1. PA was 
monitored using Yamax SW-700 pedometers throughout 7 consecutive days and using the Czech version of standard-
ized International Physical Activity Questionnaire. Results: Statistically significant differences between groups with 
lower and higher strength asymmetry were found in the amount of self-reported vigorous PA (p = .04; d = 0.6) only. 
Differences between the observed groups were not significant in self-reported moderate PA and walking. There were 
also no significant differences in the daily numbers of steps measured objectively. Conclusions: The results of the 
study indicate that from the point of view of strength asymmetry of knee extensors as a factor associated with falls in 
middle-aged women, intensity of PA could be an important characteristic of PA. This suggestion should be taken into 
account in habitual PA and training programs in middle-aged population.
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fiber size and denervation of motor units (Macaluso & 
De Vito, 2004; Von Haehling et al., 2010). The above 
mentioned changes are associated with decreased pos-
tural stability and increased risk of falls in everyday 
activities (Ikezoe, Asakawa, Shima, & Ichihashi, 2009; 
Ochi et al., 2010; Semaltianoy, Kabitsis, Harahousou, 
& Lazou, 2011). 

It was confirmed that the cross sectional area of 
the quadriceps is increasingly associated with aging 
than other thigh muscles (Frontera et al., 2000; Ochi 
et al., 2010) and muscles of upper body (Aniansson, 
Hedberg, Henning, & Grimby, 1986). Strength of the 
quadriceps is important to carry out daily activities, 
as it ensures the stability of the knee joint, which is 
needed for upright posture and gait. Quadriceps con-
trols the movements while walking down the stairs, up 
the stairs, sitting down and when squatting (Kapandji, 
2002; Véle, 2006). Thus, muscle strength and power 
of quadriceps are considered to be predictors of falls 
in elderly (Semaltianoy et al., 2011; Skelton, Kennedy, 

Introduction

Decrease of muscle strength with age in men and 
women has been sufficiently documented in literature 
(Borges, 1989; Keller & Engelhardt, 2013; Perry, Car-
ville, Smith, Rutherford, & Newham, 2007). Results 
of studies (Lindle et al., 1997; Stoll, Hubert, Seifert, 
Michel, & Stucki, 2000) confirmed that this decrease 
accelerates after the age of 50. For people over 50, the 
decrease in muscle strength is by 12–15% per decade 
(Hughes et al., 2001). The annual decline is by 1.5% 
between ages 50 and 60 and by 3% thereafter, which 
is primarily connected with a loss of muscle mass by 
1–2% per year (Stoll et al., 2000; Von Haehling, Morley, 
& Anker, 2010). The loss of muscle mass occurs due 
to reduction in the number of muscle fibers, muscle 
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& Rutherford, 2002). It has also been confirmed that 
muscle use during regular physical activity (PA) can 
influence positively muscle mass, muscle composition, 
muscle strength and other characteristics in older per-
sons and that older men and women who have active 
lifestyle have a lower risk of falls and incident mobility 
limitation (Daly et al., 2008; Gauchard, Tessier, Jean-
del, & Perrin, 2003; King, Rejeski, & Buchner, 1998). 
This fact has fundamental consequences, because in 
the elderly the more frequent occurrence of falls often 
results in loss of functional independence (Stokes & 
Linsay, 1996).

However, it was also suggested that other risk fac-
tors for falls could be the difference between strength 
and power of muscles of the knee and ankle, includ-
ing knee extensors (Perry et al., 2007; Skelton et al., 
2002) and that considerable strength difference of 
the muscle of lower limbs, including knee extensors 
compromises mobility and balance in healthy elderly 
women (Portegijs, 2008). Strength asymmetry or bilat-
eral percentage difference between muscle strength 
of knee extensors may be a result of leg dominance 
(Lanshammar & Ribom, 2011) or unilateral pathology 
(Suetta et al., 2007). In subjects with the presence of 
muscle asymmetry slower walking was found, which 
demonstrates the relationship between asymmetry 
and mobility (LaRoche, Cook, & Mackala, 2012) and 
association between asymmetrical walking patterns 
and a risk of falls was also confirmed (Sadeghi, Allard, 
Prince, & Labelle, 2000; Yogev, Plotnik, Peretz, Giladi, 
& Hausdorff, 2007). It has been proven that strength 
asymmetry increases with age (Carabello, Reid, Clark, 
Philips, & Fielding 2010; Perry et al., 2007). However 
how the occurrence of quadriceps asymmetry relates 
to habitual PA in the middle-aged is not clear. More-
over, in the studies focused on the relationship between 
strength, PA, injury risk and aging, people older than 
65 years were mostly observed.

The aim of the study is to assess differences in vol-
ume and intensity of PA in the subgroups of women 
over 50 years old being at higher and lower risk of falls 
(with and without strength asymmetry of the knee 
extensors of dominant and nondominant lower limb).

Methods

Subjects
Data from initial measurements within the frame of 
study “Analysis of health-related benefits of walk-
ing: Assessment of walking intervention in seden-
tary adults” were used for the purpose of this study. 
One hundred and twenty seven healthy women with 
sedentary occupations participated in the study. All 

women were fully informed about the aim of the study 
and the procedures employed in the study. Written 
informed consent agreeing to the measuring proce-
dures and the use of the data for further research was 
obtained. Out of this number, data from 42 women 
(age 56.3 ± 4.4 years; weight 76.5 ± 16.1 kg; height 
164.3 ± 5.2 cm; body mass index 28.1 ± 5.3 kg · m–2 
[M ± SD]) were used for the purpose of this analysis. 
Reasons for exclusion were orthopaedic disorder of 
the lower extremities and trunk, previous surgery of a 
lower extremity, unilateral or bilateral knee pain, severe 
osteoporosis, hypertension, and missing data from one 
of the legs from the above mentioned reasons, and 
unsatisfactorily executed movement task during testing 
because of insufficient familiarisation or due to other 
reasons. Leg dominance was verified (preferred kick-
ing leg) before testing. To divide our sample into sub-
groups with lower (n = 32; age 56.5 ± 4.5 years; body 
weight 78.0 ± 16.7 kg; body height 164.9 ± 4.6 cm; 
body mass index 28.5 ± 5.6 kg · m–2 [M ± SD]) and 
higher (n = 10; age 56.0 ± 4.2 years; body weight 
71.7 ± 13.4 kg; body height 162.5± 6.6 cm; body mass 
index 27.1 ± 4.2 kg · m–2 [M ± SD]) strength asymme-
try, respectively with higher and lower risk of falls, as a 
criterion we chose the asymmetry of quadriceps mus-
cle strength greater than 15% (Davies, Heiderscheit, & 
Brinks, 2000). We also took into account the results of 
studies in the elderly, in which an average 14% (Perry 
et al., 2007) or less difference between the power of 
the muscles of the legs was found and also the results 
of other studies in the elderly (Hunter, Thompson, & 
Adams, 2000), in which the side to side differences in 
strength were smaller.

Procedures
Bilateral isokinetic strength of the knee extensors was 
measured using an isokinetic dynamometer IsoMed 
2000 (D. & R. Ferstl GmbH, Hemau, Germany). Prior 
to testing the participants completed non-specific 
warm-up exercises, which included cycling on a station-
ary bicycle ergometer for 6 minutes at a self-regulated 
low to moderate intensity, stretching exercises which 
targeted the main muscle groups involved during test-
ing, and 10 half-squats/squats with increasing range 
of movement. The warm-up routine was performed 
under the supervision of the researcher. At the end of 
the warm-up women performed imitated eccentric and 
concentric actions of quadriceps against the resistance 
created by the hand of researcher to become familiar 
with following movement task.

Women were tested in a sitting position with a hip 
angle of 100°. For fixation of the pelvis and the thigh 
of the tested leg, fixed straps were used; the shoulders 
were fixed by shoulder pads in the ventral-dorsal and 
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cranial-caudal direction. The axis of rotation of the 
dynamometer was aligned with the axis of rotation of 
the knee (lateral femoral epicondyle). The arm of the 
dynamometer lever was fixed to the distal part of the 
shin and the lower edge of the shin pad was placed 
2.5 cm over the medial apex malleolus. Individual seat 
settings were stored on the computer before measur-
ing the right leg and were automatically activated in 
the process of measuring the left leg and follow-up 
testing respectively. At the beginning of the follow-up 
testing, individual settings were rechecked and adjusted 
if necessary. The participants were instructed to hold 
the handgrips located at the side of the seat during 
all testing efforts. An angular velocity of 180° · s–1 was 
used for the measurement. Static gravitational cor-
rection was applied according to the manufacturer’s 
procedures. The testing range of motion was 80° and 
was set from 10–90° of knee flexion (with 0° = full 
voluntary extension). The testing protocol consisted 
of two sets (warm-up and testing). In the first warm-
up set women performed five eccentric/concentric 
reciprocal actions with flexion movements performed 
first) with a progressive rise in the muscle action until a 
maximum action was performed. After a 2 minute rest 
women performed a set of three maximum repetitions. 
Because of the problems with execution of eccentric 
actions these results were not used for further analysis 
in this study. The rest time between the measurement 
of the dominant leg (DL) and non-dominant leg (NL) 
was 3 minutes, and the right leg was measured first. 
During the testing procedure the participants were pro-
vided with concurrent visual feedback in the form of an 
isokinetic strength curve displayed on the dynamom-
eter monitor. Verbal encouragement was provided. 
Absolute concentric extension peak torque (PT) was 
used to assess strength of the knee extensors.

PA of the participants was monitored both objec-
tively and subjectively. Yamax SW-700 pedometers 
(Yamax Co., Yasama Corp., Tokyo, Japan) which 
are considered to be valid tools for research purposes 
(Tudor-Locke, Bassett, Shipe, & McClain, 2011) were 
used to measure the daily numbers of steps on 7 con-
secutive days. The participants were instructed on how 
to use the pedometers a day prior to the start of the 
monitoring. They wore the pedometers at the hip bone 
on the right side of their waist from the morning until 
the evening and took them off for swimming, personal 
hygiene, and sleeping. The participants were instructed 
to reset the pedometer each morning and to record 
their number of achieved steps into their personal log 
each evening.

Subjective data on weekly PA were obtained using 
the Czech version of standardized (Craig et al., 2003) 
International Physical Activity Questionnaire (IPAQ). 

Translate and back-translate procedure for the Czech 
version of the questionnaire was performed as sug-
gested (IPAQ group, 2014a). Participants completed 
the questionnaires online via the Indares.com system. 
Data from the IPAQ questionnaire were processed 
according to “Guidelines for data processing and analy-
sis of the international physical activity questionnaire” 
(IPAQ group, 2014b).

Statistical analysis
Descriptive statistics and Mann-Whitney U test to com-
pare the differences between participants at higher and 
lower risk of falls were computed using IBM SPSS Sta-
tistics 22. Statistical significance was considered at the 
level of p = .05. Coefficient d (Cohen, 1988) was used 
to evaluate the effect size.

Results

Medians, interquartile ranges, statistical significance of 
Mann-Whitney U test, and Cohen’s d for all measure-
ments are shown in Table 1. There were no significant 
differences between the groups of women with concen-
tric extension PT asymmetry in the objectively mea-
sured daily number of steps. Self-reported data from 
the IPAQ questionnaire revealed statistically signifi-
cant difference in the amount of vigorous PA between 
the observed groups of women. The differences in the 
amount of self-reported PA of moderate intensity, walk-
ing, and total PA were not significant.

Table 1 also presents values of PT in the two groups 
of women. In case of PT values for extension, statisti-
cally significant differences were found neither in the 
dominant leg nor in the non-dominant leg. However, in 
case of difference between PT in non-dominant leg, the 
value of effect size suggests potentially higher values in 
the group of women with lower risk of falls.

Discussion

The main finding of our study, focused on women 
older than 50, was that the subgroup of women with 
strength asymmetry between concentric PT of quad-
riceps of dominant and non-dominant lower leg per-
formed significantly lower volume of vigorous PA than 
subgroup without strength asymmetry. Considering 
the fact that it was suggested that strength asymme-
try between muscle strength and power of quadriceps 
could be one of the reasons of falls in elderly (Portegijs, 
2008; Skelton et al., 2002), our finding could indicate 
that participation in vigorous PA is a factor for pre-
vention of muscular imbalances of knee extensors in 
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elderly women. Also Brach, Simonsick, Kritchevsky, 
Yaffe, and Newman (2004), who observed older men 
and women (age 70–79 years) and found out that sub-
jects from exercise group (vigorous intensity PA) had 
better physical function than lifestyle active subjects 
(daily chores and normal walking), suggested that not 
only the amount of PA, but also its intensity was impor-
tant. This suggestion is in agreement with the results 
of a study which confirmed that regular exercise, resp. 
PA with higher intensity confers greater benefits than 
moderate-intensity PA in elderly (Visser et al., 2005).

These findings also correspond to the sugges-
tion that at least loads of 45% to 50% of 1 repetition 
maximum are needed to increase strength in previously 
untrained individuals (Anderson & Kearney, 1982; 
Stone & Coulter, 1994). Also Ekstrom, Donatelli, and 
Carp (2007) based on the measurement of muscle 
activity with EMG suggest that exercises that produced 
EMG signal amplitude in the muscles on an average 
greater than 45% maximal voluntary isometric con-
traction may provide sufficient stimulus for strength 
gains in some individuals. Thus, it seems that walking 
is not sufficient factor which can positively influence 
strength of knee extensors in elderly (O’Toole, 1997; 
Visser et al., 2005), although it is the most common PA 
in this population.

Our results also support the recommendation of 
World Health Organization (2010) for adults and older 
adults to participate in muscle-strengthening activities 
involving major muscle groups on at least 2 days per 
week.

Taking into account that both volume and intensity 
of PA in adults decrease with age (Hughes et al., 2001; 
Pelclová, Vašíčková, Frömel, & Djordjevic, 2009), we 
could expect that women from our group with strength 
asymmetry are in potential higher risk of future falls 
because of further increase in strength asymmetry 
(Carabello et al., 2010; Perry et al., 2007) and decrease 
in strength (Borges, 1989; Keller & Engelhardt, 2013).

In the present study we did not confirm statistical 
differences in other observed parameters of PA between 
the subgroups with and without strength asymmetry 
of quadriceps of dominant and non-dominant lower 
limb. However differences in total PA were on the 
border of statistical significance (p = .09; d = 0.5). The 
importance of the volume of PA suggest also results of 
the study Visser et al. (2005) in elderly population, in 
which knee extensors muscle strength and also other 
observed muscle parameter were related to total PA. 
This finding indicates that also volume of PA in elderly 
may influence strength of knee extensors of both limbs 
and thus, perhaps, its asymmetry. However, in this 
study, compared to our group, older men and women 
of the age 70–79 year were observed. 

Based on the literature review and also results of 
our study it is evident that aging and PA are related 
to muscle strength and power and that their develop-
ment and preservation, including knee extensors and 
their side to side difference, are important for elderly 
population for mobility and fall prevention. There-
fore we assume that strength asymmetry diagnostics 
in lower limb muscles may bring information which 

Table 1  
Comparison of strength and PA in women being at higher and lower risk of falls associated with bilat-
eral strength asymmetry of knee extensors

Risk higher (n = 10) Risk lower (n = 32)

p dMdn IQR Mdn IQR

Concentric extension peak torque (Nm)

Dominant leg 89 50 103.5 45 .27 0.3

Non-dominant leg 82 33 107.5 38 .07 0.6

Pedometer (steps/day)

Average week day 8674 3330 8774 4032 .81 0.1

Average work day 9020 4924 8806 4256 .75 0.1

Average weekend day 7808 5455 7215 4211 .58 0.2

IPAQ (METminutes/week)

Vigorous PA 0 0 180 675 .04 0.6

Moderate PA 520 748 660 1358 .47 0.2

Walking 660 433 1040 1299 .50 0.2

Total PA 1624 1771 2322 1946 .09 0.5

Note. PA = physical activity, IPAQ = International Physical Activity Questionnaire. Mdn = median, IQR = inter-
quartile range, p = statistical significance (Mann-Whitney U test), d = Cohen’s d
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may help to promote quality of life. This suggestion 
is supported by the results of recent studies (Perry et 
al., 2007; Semaltianoy et al., 2011). Perry et al. (2007) 
confirmed in a group of people over 70 years that fall-
ers were more asymmetrical than non-fallers in case of 
quadriceps. Fallers were also more asymmetrical than 
non-fallers in power, although in both cases the differ-
ence was not statistically significant. Semaltianoy et al. 
(2011) observed elderly men and women aged 60 year 
and more and reported significant differences between 
fallers and non-fallers in isokinetic concentric PT of 
quadriceps and isometric strength of quadriceps and 
hamstrings of dominant and nondominant lower limb. 
Also in the study Skelton et al. (2002), fallers tended 
to be weaker on muscle strength of the quadriceps 
and significant differences were also found in case of 
strength of other muscles to discriminate between fall-
ers and non-fallers in the group of older women (Skel-
ton, 2002). Oppositely, Melzer, Benjuya, and Kaplan-
ski (2004) did not find significant differences between 
leg muscles strength in elderly fallers and non-fallers. 

It has been proven that not only the level of asym-
metry is important for falls incidence in elderly popula-
tion, but also a reduced strength of lower limbs is a con-
tributing factor (Ikezoe, Asakawa, Shima, & Ichihashi, 
2009; Semaltianoy et al., 2011; Skelton et al., 2002). 
Therefore we compared average PT value of subgroups 
with lower and higher strength asymmetry with norma-
tive values of knee extensors PT at the angular velocity 
of 180° · s–1 published by Freedson, Gilliam, Mahoney, 
Maliszweski, and Kastango (1993). Regardless of the 
methodological differences between the measurements 
(in our study strength was measured with gravity 
compensation, in case of study Freedson et al., gravity 
compensation was not used) the comparison indicated 
that in case of both our subgroups average PT value 
was above average. This fact confirmed also compari-
son with normative PT of knee extensors at angular 
velocity of 150° · s–1 presented by Borges (1989) which 
showed that the average values of knee extensors PT of 
observed females were higher than average values for 
this lower velocity.

The strength of the quadriceps muscle was found to 
be very important for performing everyday tasks activi-
ties (Semaltianoy et al., 2011; Shumway-Cook, Brauer, 
& Woollacott, 2000). Nevertheless explosive power of 
lower limbs is even more strongly related to ability to 
perform everyday tasks than strength (Skelton et al., 
1994). Furthermore results of some studies (Carabello 
et al., 2010; Skelton et al., 2002) confirmed that the 
asymmetry of the ability to quickly generate force is 
more predictive of risk for falls and mobility impair-
ment in elderly women than the muscle strength asym-
metry itself. From this point of view, a limitation of 

the current study is that in our group muscle strength 
was measured with isokinetic dynamometer. However, 
isokinetic dynamometry is considered an objective and 
reliable diagnostic tool which enables the identifica-
tion of torque through a given range of movement and 
during varying limb velocities (Baltzopoulos & Brodie, 
1989; Dirnberger, Kösters, & Müller, 2012). It is also 
considered to be a safe method of strength assessment 
in elderly (Perrin, 1993). Another limitation of this 
study is that only strength of quadriceps at one iso-
kinetic speed was measured.

Conclusions

The results of our study suggest that strength asymme-
try of knee extensors in middle-aged women could be 
influenced by their participation in vigorous PA. Con-
sidering the fact that results of some studies indicate 
that strength asymmetry of leg muscles including knee 
extensors is a risk factor for falls, we recommend to 
take this suggestion into account in habitual PA and 
training programs in middle-aged population. Based 
on the results of our study we also suggest that diag-
nostics of strength asymmetry in lower limb muscles 
in women over fifty may bring information which can 
help to avoid the increase in injury risk in later life and 
may promote quality of life in middle-aged population.
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