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ABSTRACT The aim of this paper was to identify the relationship between the strength of the knee extensors and
postural stability in middle-aged population. The study involved forty women (age 56.3+4.7 years; weight 77.2+18.3
kg; height 164.3+5.6 cm). Relative concentric extension peak torque (ConEPTR) and average work (ConEAW)
were expressed to assess bilateral strength of the knee extensors. Balance was evaluated during a 30s quiet stand
with open eyes. Mean velocity of the centre of pressure (COP) in the medial-lateral direction and anterior-
posterior direction was measured. Mean velocity of COP in the medio-lateral direction significantly (p<.05)
correlated with ConEAW; mean velocity of COP in the anterior-posterior direction significantly (p<.05) correlated
with ConEPTR. The findings suggested that the strength of the lower limb muscles in middle-aged women contributed
to a better balance and consequently to a decreased fall risk later in life.

INTRODUCTION

Deterioration of the musculoskeletal and
neuromuscular function with age can affect both
balance and functional mobility. Elderly women
have better postural stability than men (Zahalka
etal. 2016), but the level of postural stability has
adecreasing trend in both groups (Zahalka et al.
2014). This implies that impaired postural stabil-
ity increases the fall risk (Horak et al. 1989; Fuk-
agawa et al. 1995; Bizovska et al. 2015). Anim-
portant factor that negatively influences pos-
tural stability and increases the fall risk in every-
day activities is the age-related decrease in mus-
cle strength (Ochi et al. 2010; Semaltianoy et al.
2011). The decrease in muscle strength with age
in men and women has been sufficiently docu-
mented in literature (Borges 1989; Perry et al.
2007)and it has been confirmed that the decrease
in muscle strength accelerates after the age of
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50 (Lindle etal. 1997; Stoll et al. 2000). For people
over 50 years of age, the decrease in muscle
strength is twelve-fifteen percent per decade
(Huges etal. 2001).

For the purposes of daily activities, the
strength of the quadriceps is important as it en-
sures the stability of the knee joint, which is
needed for upright posture and gait (Whipple et
al. 1987; Kapandji 2002; Beebe et al. 2013). It has
been confirmed that the cross-sectional area of
the quadriceps is increasingly associated with
aging compared with other thigh muscles
(Frontera et al. 2000; Ochiet al. 2010) and upper
body muscles (Aniansson et al. 1986). The loss
of muscle mass occurs in particular due to the
reduction in the number of muscle fibres, mus-
cle fibre size, and denervation of motor units
(Macaluso and De Vito 2004; Von Haehling et al.
2010).

Although it is generally accepted that re-
duced lower limb strength has a negative effect
on balance, contradictory evidence exists regard-
ing this relationship. A significant relationship
between dynamic balance and the strength and
power of the lower limb was confirmed by Carter
et al. (2002), Melzer et al. (2009), Spink et al.
(2011), Unlisoy et al. (2011), Forte et al. (2014)



162 MICHAL LEHNERT, ZDENEK SVOBODA, FRANTISEK CHMELIK ET AL.

and Menant et al. (2017). Muscle strength of the
knee extensor was identified as the most impor-
tant determinant of static (10%) and dynamic
(26%) balance (Carter et al. 2002). Also, in a study
by Forte et al. (2014), the relationship between
maximum torque strength and static postural
control was confirmed. Zemkova et al. (2013)
observed that only significant muscle strength
reduction was associated with poor balance.
Oppositely, in some studies (Ringsberg et al.
1999; Granacher and Gollhofer 2012; Muehlbau-
eretal. 2012; Muehlbauer et al. 2013; Zemkova
et al. 2017), a significant relationship between
muscle strength and balance was not confirmed,
or was observed only in some subgroups (Kli-
gyté et al. 2003). This means that the existence
of a direct relationship between muscle strength
and balance has not been satisfactorily resolved.
According to Forte etal. (2014), it is mainly due
to the fact that the assessment of balance is
very complex and hindered by various physio-
logical mechanisms of responding to postural
deviations or different timing during the execu-
tion of balance tasks.

Considering that the acceleration of muscle
strength decreases after the age of 50, the issue
of an increased fall risk due to deteriorated bal-
ance should then be addressed not only in se-
niors but also in middle-aged respondents. How-
ever, the population of over 65 years of age is
predominantly examined in studies focusing on
the relationship between muscle strength and
balance (Carter et al. 2002; Forte et al. 2014).

Objectives

The purpose of the paper was to investigate
the relationship between isokinetic strength of
the knee extensors and postural stability in mid-
dle-aged women (over fifty years of age).

MATERIAL AND METHODS
Participants

The study group consisted of 40 women (age
56.3+4.7 years; weight 77.2+18.3 kg; height
164.3+5.6 cm; body mass index 28.5+6.2 kg/m?
[M£SD]) who participated in the following study:
‘Analysis of health-related benefits of walking:
Assessment of walking intervention in seden-
tary adults’. The reasons for exclusion were or-
thopaedic disorder of the lower extremities and

the trunk, previous surgery of the lower extrem-
ity, unilateral or bilateral knee pain, severe 0s-
teoporosis, hypertension, and missing data
about one of the legs for the above mentioned
reasons, and an unsatisfactorily executed move-
ment task during testing because of insufficient
familiarization with the task or for other reasons.
Leg dominance was verified (preferred kicking
leg) before the testing procedure. All women were
fully informed about the aim of the study and
the procedures employed in the study. A written
informed consent of the measurement procedure
and the use of the data for further research was
obtained. The study was approved by the Eth-
ics Committee of the institution and conformed
to the Declaration of Helsinki regarding the use
of human subjects.

Data Collection

Bilateral isokinetic strength of the knee ex-
tensors was measured using an isokinetic dyna-
mometer IsoMed 2000 (D. and R. Ferstl GmbH,
Hemau, Germany). Prior to testing, the partici-
pants completed non-specific warm-up exercis-
es, which included cycling on a stationary bicy-
cle ergometer for 6 min at a self-regulated low to
moderate intensity, stretching exercises target-
ing the main muscle groups involved during test-
ing, and 10 half-squats/squats with an increas-
ing range of movement. The warm-up routine
was performed under the supervision of the re-
searchers. At the end of the warm-up the partic-
ipants performed imitated eccentric and concen-
tric actions of the quadriceps against resistance
produced by the researchers’ hand to become
familiar with the upcoming movement task.

The participants were tested in a sitting po-
sition with a hip angle of 100°. To fix the pelvis
and the thigh of the tested leg, fixing straps were
used; the shoulders were fixed by means of
shoulder pads in the ventral-dorsal and cranial-
caudal direction. The axis of the dynamometer
rotation was aligned with the axis of the knee
rotation (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 apex of the medi-
al malleolus. Individual seat settings were stored
on the computer before measuring 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
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testing, individual settings were rechecked and
adjusted if necessary. The participants were in-
structed to hold the handgrips located at the
side of the seat during all testing efforts. An
angular velocity of 180°-st was used for the
measurement. A static gravitational correction
was applied according to the manufacturer’s in-
structions. 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
the women performed five eccentric/concentric
reciprocal actions with flexion movements per-
formed first) with a progressive increase in the
muscle action until a maximum action was per-
formed. After a 2-min rest the participants per-
formed a set of three maximum repetitions. Re-
garding some problems with executing the ec-
centric actions, these results were not used for
further analyses in this study. The rest time be-
tween the measurement of the right leg and left
leg was 3 min; the right leg was measured first.
During the testing procedure the participants
were provided with concurrent visual feedback
in the form of an isokinetic strength curve dis-
played on the dynamometer monitor. Verbal en-
couragement was provided. Relative concentric
extension peak torque (ConEPTR; Nm) and av-
erage work (ConEAW) were used to assess the
strength of the knee extensors.

Balance was evaluated in the course of a 30s
quiet stand with open eyes. The participants
performed two attempts. They stood on one
force plate (type 9286AA, Kistler Instrumente,
Winterthur, Switzerland) in a natural base of sup-
port. Raw data was obtained using Bioware soft-
ware (version 4, Kistler Instrumente, Winther-
thur, Switzerland) and exported to Matlab soft-
ware (version R2010b, Mathworks, Inc., Natick,
MA, USA), in which filtration was performed
using a fourth-order lowpass Butterworth filter
and a cut-off frequency of 7Hz. Based on the

centre of pressure (COP) movement, the follow-
ing variables were analysed: v —mean velocity
of COP in the medial-lateral direction, v, —mean
velocity of COP in the anterior-posterior direc-
tion. Before statistical processing the values of
the two trials were averaged.

Statistical Analysis

Descriptive statistics, paired sample test, and
Pearson correlation coefficient were computed
using IBM SPSS Statistics 22. The value of the
correlation coefficient was analysed as follows:
<.30 low; .31-.69 moderate; .70-1.00 high (Mor-
row et al. 2005). Statistical significance was con-
sidered at a level of p =0.05.

RESULTS

The results of isokinetic measurement are
reported in Table 1. No significant differences in
ConEPTR (t=1.56, df = 39, p=.134) or ConEAW
(t=1.55, df =39, p =.131) between the dominant
leg (DL) and non-dominant leg (NL) were ob-
served. Therefore, PT values of DL and NL were
averaged. The results for balance variables are
reported in Table 2. The results of the correla-
tion analysis showed that the mean velocity of
COP in the medial-lateral direction significantly
correlated with ConEAW but not with ConEP-
TR. On the other hand, the mean velocity of
COP in the anterior-posterior direction signifi-

Table 2: Centre of pressure velocity

Variable M Min Max SD
v, [cm/s] 0.49 0.23 0.80 0.15
v, [em/s]  0.89 0.48 1.49 0.25

v, = mean velocity of COP in medio-lateral direction,
v, = mean velocity of COP in anterior-posterior
direction, M = mean, Min = minimum, Max = maximum,
SD = standard deviation

Table 1: Isokinetic variables on dominant and nondominant limbs

Variable Limb M Min Max SD t p
ConEPTR [Nm] Dominant 1.30 0.55 2.11 0.34 -1.56 0.127
Nondominant 1.34 0.66 1.95 0.29
Average 1.32 0.61 1.95 0.30
ConEAW [J] Dominant 99.1 22.0 160.0 33.9 -1.55 0.129
Nondominant 103.5 47.0 155.0 27.8
Average 101.3 45.5 152.0 29.7

ConEAW = relative concentric average work, ConEPTR = relative concentric extension peak torque, M = mean,
Min = minimum, Max = maximum, SD = standard deviation, t=testing criteria level
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cantly correlated with ConEPTR but not with
ConEAW (Table 3).

Table 3: Correlation values for isokinetic and
balance variables

Variable 1 2 3 4
1. ConEPTR [Nm] - 35" -.03 -52"
2. ConEAW [J] 35" - -37" -.03
3. v, [cm/s] -.03 -37" - .18
4. v, [em/s] -.52" -.03 .18 -

ConEAW = relative concentric average work, ConEPTR
= relative concentric extension peak torque, v, = mean
velocity of COP in medio-lateral direction, v, = mean
velocity of COP in anterior-posterior direction,
("p<.05; "p<.01)

DISCUSSION

The study showed low to moderate correla-
tions between the variables of the isokinetic
strength of the knee extensors and body bal-
ance. More specifically, a significant correlation
was observed between the strength of the knee
extensors and balance, although not in all of the
observed parameters. The highest correlation
was found between PT and anterior-posterior
postural sways. These findings are in agreement
with the results of a study by Fukagawa et al.
(1995), who observed that the lower value of PT
deteriorated stability in the posterior direction.
The relationship between strength and postural
stability has previously been studied primarily
in the elderly population (above 65 years of age).
Therefore, the results can be directly compared
only with those previous studies (Whipple et al.
1987; Carter etal. 2002; Beebe et al. 2013) in which
a significant relationship was prevalently con-
firmed. For example, Beebe et al. (2013) observed
that individuals with higher PT demonstrated
better stability results and the researchers rec-
ommended isokinetic training as an intervention
to prevent falls. Another study (Carter et al. 2002)
evaluated the moderator effect of static postural
control on the association of power and strength
using dynamic balance tests. The reseaerchers
found significant relationships between dynamic
balance and PT and power, as well as postural
control. The reseaerchers concluded that good
static postural control facilitated the use of low-
er limb strength to enhance the quality of com-
plex and functional balance tasks.

In this paper, it was also observed that me-
dio-lateral stability significantly correlated with
average work of the knee extension. The re-
searchers consider this finding important as it
was confirmed that mediolateral sway is signifi-
cantly associated with recurrent falls (Stel et al.
2003). Baloh et al. (1998) even reported that me-
diolateral displacement was a more sensitive in-
dicator of instability than anteroposterior dis-
placement. Taking this into account, the finding
that balance in the mediolateral direction signif-
icantly correlates with ConEAW also seems to
be of a great importance from the perspective of
fall prevention and risk of injury.

This study confirmed the importance of mus-
cle strength of the knee extensors to maintain
balance. It supports the results of studies which
confirmed that muscle strength and quadriceps
power were the predictors of falls in elderly indi-
viduals (Whipple et al. 1987; Semaltianoy et al.
2011; Skelton et al. 1994). Other fall risk factors
could be the difference between the strength and
power of the knee and ankle muscles, including
knee extensors (Skelton et al. 1994; Baloh et al.
1998; Perry et al. 2007; Portegijs 2008) and other
strength-related asymmetries in the case of low-
er extremities and the core (Mitchell et al. 2016).
Moreover, it has been proven that strength
asymmetry increases with age (Perry et al. 2007;
Carabello et al. 2010). It has also been suggest-
ed that strength asymmetry of the knee exten-
sors in middle-aged women could be influenced
by their participation in vigorous physical ac-
tivity (Lehnert etal. 2014), which was for exam-
ple, confirmed in the case of circuit training (Car-
abello etal. 2010). Nevertheless, the decrease in
muscle strength with age accelerates already after
the age of 50 (Lindle etal. 1997; Stoll et al. 2000),
and therefore, maintaining sufficient strength
already in the middle age is important in the pre-
vention of falls in the following stages of devel-
opment. Considering this knowledge and also
the fact that strength training and in particular
maximum strength training can be higly efficient
even in the elderly population (Cveckaet al. 2015;
Wang et al. 2017), the researchers recommend
participation in supervised strength training at
this age.

It needs to be considered that balance was
not tested in unstable conditions in this study
and that only a limited number of parameters
were used. In case of the strength, for example,
the rate of force development was not measured
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and the measurement did not include ankle mus-
cle strength or hip abductor strength, which is
closely associated with thigh muscle functional
movements.

CONCLUSION

In the current study, the medio-lateral and
the antero-posterior postural stability in middle-
aged women was associated with the strength
of the knee extensors. This finding indicates that
the strength of lower limb muscles in women
over fifty contributes to a better balance, and
consequently may decrease the fall risk later in
life. Consistently with many previous papers,
this association has not been confirmed, and
futher studies are needed to investigate the as-
sociation between strength and power of lower
limb muscles and balance in different popula-
tion groups.

RECOMMENDATIONS

Taking the findings of the study into account,
the reserachers suggest that middle-aged wom-
en should participate in well-designed resistance
training programmes.
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