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Abstract

Introduction: Anterior cruciate ligament (ACL) reconstruction is aimed at restoration of the function of the knee joint.
Aim of the research: Isokinetic assessment of the extensor and flexor muscles of the knee joint in patients treated using the
LARS method within the period of 3-5 years after surgery, compared to healthy individuals.

Material and methods: The group consisted of 40 patients. Each group included 20 persons: study group and control group.
The study group included patients who had undergone LARS surgery. The control group comprised healthy individuals. The
patients completed a questionnaire containing the respondents’ particulars. The second part of the study covered isokinetic
tests performed using the Biodex System 4.

Results: No statistically significant differences were found between the values of the isokinetic parameters for the operated
extremity in the study group, compared to the results obtained in the control group, for the total number of subjects in the
study. Statistically significant differences were observed between the flexors peak torque/BW (p = 0.001) and extensors peak
torque/BW (p = 0.012) for operated and non-operated lower extremities.

Conclusions: Despite muscle strength deficit in the operated limb in patients treated using the LARS method, the strength
of flexors and extensors remained on the level of the healthy population examined. The duration of rehabilitation was too
short to assess the effect of the type of rehabilitation on muscle strength parameters of the knee joint flexors and extensors.
In order to determine the effect of the selected variables on muscle strength parameters, studies should be conducted in
a larger population sample.

Streszczenie

Wprowadzenie: Rekonstrukcja wiezadta krzyzowego przedniego (ACL) ma na celu przywrdcenie funkcji stawu kolanowego.
Cel pracy: Ocena izokinetyczna mies$ni prostownikow i zginaczy stawu kolanowego pacjentéw leczonych metoda LARS
w ciggu 3-5 lat od operacji w poréwnaniu z grupa zdrowych oséb.
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Materiat i metody: Do badania zakwalifikowano facznie 40 oséb. Badani tworzyli dwie réwnoliczne grupy po 20 oséb
— grupe badang i grupe kontrolng. W grupie badanej znajdowaty sie osoby operowane metoda LARS, natomiast w grupie
kontrolnej — osoby zdrowe. Pacjenci zostali poddani badaniu ankietowemu, ktére dotyczyto danych metrykalnych. Druga
cze$¢ badania obejmowata testy izokinetyczne na stanowisku Biodex 4.

Wyniki: Stwierdzono brak istotnych statystycznie réznic pomiedzy warto$ciami parametréw izokinetycznych dla opero-
wanej koniczyny w grupie badanej wzgledem wynikéw uzyskanych w grupie kontrolnej dla ogétu badanych. Wykazano
obecno$¢ istotnych statystycznie réznic miedzy warto$ciami parametréw zginacze peak torge/bw (p = 0,001) oraz prostowni-
ki peak torque/bw (p = 0,012) dla koriczyn dolnych operowanych i nieoperowanych.

Whioski: Pomimo deficytu sity mieSniowej w koriczynie operowanej u pacjentéw leczonych metoda LARS sita zginaczy
i prostownikoéw jest na poziomie zbadanej populacji zdrowej. Czas trwania rehabilitacji byt zbyt krétki, aby oceni¢ wptyw
jej rodzaju na parametry sitowe mieéni zginaczy i prostownikéw stawu kolanowego. W celu okreslenia wplywu wybranych

zmiennych na parametry sitowe mie$ni nalezy przeprowadzi¢ badanie na wiekszej prébie.

Introduction

Arthroscopic reconstruction of the anterior cruci-
ate ligament (ACL) is the technique of choice applied
in the treatment of injury to the ligamentous appa-
ratus of the knee joint. In Poland, the first knee ar-
throscopy was performed in 1974, in the Orthopaedic
Clinic in Warsaw, by Ku$ and Salomon [1]. The sole
reconstruction procedure has evolved within the last
30 years. The best solutions were sought that would
allow the regaining of full efficiency within the short-
est time possible, enabling the return to work and
social life, as well as full physical activity [2—-4]. The
methods using the autologous and allogeneic trans-
plants provide the return to full efficiency and physi-
cal activity within the period of 6-9 months after the
surgical procedure [5-7]. Synthetic materials, which
were introduced as early as in the 1970s as a substitute
of biological tissue, decisively prevail considering the
possibility of enabling a quick return to physical ac-
tivity [8]. At present, the polyethylene ligament LARS
(Ligament Augmentation and Reconstruction System)
is applied for reconstruction. The LARS prosthetic
ligament was designed by the French surgeon Jaques
Phillipe Laboureau from Dijon. Initially, it was ap-
plied for the reconstruction of the posterior cruciate
ligament (PCL), and its use was subsequently expand-
ed [9]. Its special construction provides excellent du-
rability when subjected to stretching (1500-4700 N),
and the special porous structure of the weave increas-
es the resiliency of the ligament, which decreases the
wear between fibres, and prevents the desquamation
of the material and its degradation [9]. The return to
physical activity takes place within the period of 3-4
months after surgical procedure [10].

The restoration of muscle strength [11] and pro-
prioception [12] is important for the normal function-
ing of the knee joint. A physiotherapy programme
that covers the restoration of the normal kinematics
of the joint, proprioception, and muscle strength is an
important element exerting an effect on the quality of
functioning of the joint while returning to physical
and occupational activity. Muscles constitute an im-
portant stabilising element of the joint in motion and
at rest [13]. The role of the group of the ischiotibial

muscles seems to be important, which is responsible
for inhibition of the anterior tibial transition protect-
ing the ligament against an excessive load during mo-
tion [14]. Researchers have observed muscle strength
deficits concerning both extensors and flexors of the
knee joint many years after surgery. These deficits oc-
cur mainly in the operated limbs; however, they may
also concern healthy limbs [11]. The correct restora-
tion of muscle strength between antagonistic muscle
groups, as well as the normal muscle balance between
the healthy limb and the operated limb, decrease the
risk of repeated injuries to the knee joint [15, 16].

At present, dynamometers are used for objective
measurements of muscle strength and other charac-
teristics of muscle functions. Accordingly, they may
be applied to perform measurements of the isotonic,
isometric, and isokinetic work [17]. The advantages of
isokinetic assessment and training are, among others,
safety due to the resistance adjusted to the capabilities
of a patient, objectivisation of the results obtained,
which may be referred to the standards, and high va-
lidity, reliability, and repeatability of the isokinetic
test [18].

Aim of the research

The objective of the study was isokinetic assess-
ment of the extensor and flexor muscles of the knee
joint in patients treated using the LARS method with-
in the period of 3-5 years after surgery, compared to
a group of healthy individuals who had not under-
gone any surgical procedures concerning the knee
joint. In addition, the study was aimed at determining
the effect on the muscle strength parameters of time
elapsed between injury and surgery, and the effect of
duration, type of the rehabilitation conducted, and
patients’ age on muscle strength.

Material and methods

A total of 40 subjects were qualified for the study —
two equally numerous groups of 20 individuals each:
the study group and the control group. The study
group included patients who had undergone surgery
using the LARS ligament, while the control group
consisted of healthy individuals (Table 1).
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The mean age of patients who had undergone sur-
gery using the LARS ligament in our own study was
33.6 years, while that of healthy individuals was 33.1
years. The youngest subjects in both groups were
aged 27 years, whereas the oldest was 40 years. All the
patients in the study group underwent surgery in the
Holy Family Specialist Hospital in Rudna Mala.

The patients completed a questionnaire contain-
ing respondents’ particulars and clinical data: age,
gender, type of graft — confirmed by medical records,
time between injury and surgery, period between sur-
gery and examination, type of rehabilitation conduct-
ed, and its duration based on medical records.

In the second part of the study, muscle strength
tests were performed on a Biodex System 4 isokinetic
dynamometer. The position assumed by the patient
in the chair during the examination, as well as the set-
tings of the dynamometer with the attachment, was
in accordance with standards specified by the produc-
er. During the examination, the patient was held in
a stabilised position by three stabilisation belts. Each
person in the study performed two trials consisting
of five repetitions. Measurements for the needs of the
study were performed for angular velocity 60°s and
the cycle of concentric work of extensor and flexor
muscles (con/con). Before undertaking the trial, each
patient performed a 5-minute warm-up on a cycloer-
gometer. During the test, the patients were mobilised
for the greatest possible engagement in the physical
activity performed [17].

All patients participating in the study were in-
formed concerning the objective and method of con-
ducting the study, and expressed their consent for
participation.

Statistical analysis

Statistical analysis of the collected material was
performed using the statistical package Statistica 10.0
StatSoft. The variables were analysed by means of
both parametric and non-parametric tests. The selec-
tion of a parametric test was conditioned by satisfying
its basic assumption, i.e. conformity of the distribu-
tion of the examined variables with the normal distri-
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Table 1. Division of subjects into groups
Division into groups N %
Study group — patients operated on 20 50
using the LARS ligament
Control group — healthy individuals 20 50
Total 40 100

n — number of observations. Source: own study

bution, and their verification using the Shapiro-Wilk
test. For all the numerical variables, descriptive statis-
tics were calculated: mean, median, minimum, maxi-
mum, and standard deviation.

The differences between measurements per-
formed twice in the same persons were investigated
using the t-Student test for dependent samples, or by
the non-parametric Wilcoxon matched pairs test. The
differences between two independent groups were
evaluated using t-Student test for independent sam-
ples, or by the non-parametric Mann-Whitney U test.
The correlation between two normally distributed
variables was determined by means of Pearson lin-
ear correlation coefficient, and for variables that did
not satisfy the criterion of normality of distribution
Spearman’s rank correlation coefficient was calculat-
ed. The p-values < 0.05 were considered statistically
significant.

Results

No statistically significant differences were found
between the values of isokinetic parameters for the
operated limbs in the study group, compared to the
results obtained in the control group (based on the
mean values for the right and left limbs) for the total
number of subjects in the study (Table 2).

During analysis, the results of isokinetic param-
eters in the study group were compared for the oper-
ated and non-operated limbs, in order to determine
the restoration of muscle strength.

Statistically significant differences were observed
between the values of the parameters flexors peak
torque/BW (p = 0.001) and extensors peak torque/BW

Table 2. Comparison of results of isokinetic parameters for the total number of study participants

CON-CON 60 Study group Control group t/Z  P-value
X Me Min.  Max. SD X Me Min.  Max. SD

FLEXORS PEAK 739 736 126 1168 251 884 916 384 1381 275 -L75 0.089
TORQUE/BW

EXTENSORS PEAK 163.5 162.8 64.6 3471 73.6 1857 1845 856 2633 529 -1.09 0.281
TORQUE/BW

AGON/ANTAG 494 47.0 16.5 83.5 18.0 48.7 50.4 15.7 70.7 1.2 -0.33 0.735
RATIO

X — arithmetic mean, Me — median, min. — minimum, max. — maximum, SD — standard deviation, t — value of t-Student test for independent
samples/Z-value for Mann-Whitney U test, p — level of probability. Source: own study.
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(p = 0.012) for the operated and non-operated lower
limbs. Higher values of these variables were noted in
the case of non-operated lower limbs. The value of the
agon/antag ratio parameter did not significantly differ
in the two groups examined (p = 0.779) (Table 3).

Analysis of the relationship between muscle
strength and patient’s age, and time between the
performance of surgery and the examination,
which remained within the period of 3-5 years,
also did not show any statistically significant differ-
ence (Table 4).

Statistical differences were observed between
the values of the parameters flexors peak torque/BW
(p = 0.044) and extensors peak torque/BW (p = 0.026)
for the lower healthy extremities, when the time be-
tween injury and surgery was a maximum of 6 or at
least 7 weeks (Table 5).

Higher values of both the above-mentioned pa-
rameters were observed among patients in whom
the time between the surgery and examination was
not longer than 6 weeks. The values of the remain-
ing isokinetic parameters did not significantly differ
between the subjects from the two groups. In the case
of ACL reconstruction performed using the LARS liga-
ment, the time between injury and surgery is espe-
cially important. The designers of the LARS method
recommend its use within the shortest time possible
after rupture, preferably up to 3 weeks after injury.
The result obtained shows the relationship between
the short period between injury and surgery, and
muscle strength, in the non-operated limb. In order
to correctly interpret the obtained result, it is neces-
sary to perform analysis of statistical data collected in
a larger population group.

Table 3. Comparison of results of isokinetic parameters in the study group for the operated and non-operated limbs

CON-CON 60 Study group — operated limbs Study group — non-operated limbs t/Z  P-value
X Me Min. Max. SD X Me Min. Max. SD

FLEXORS PEAK 73.9 73.6 126 116.8 251 101.7 1031 423 2673 49.2 3.09 0.001
TORQUE/BW

EXTENSORS PEAK 163.5 162.8 64.6 3471 73.6 1995 2089 69.0 3242 648 -274 0.012
TORQUE/BW

AGON/ANTAG 494 47.0 16.5 83.5 18.0 50.8 49.2 27.1 82.4 13.4 0.27 0.779
RATIO

X — arithmetic mean, Me — median, min. — minimum, max. — maximum, SD — standard deviation, t — value of t-Student test for independent
samples/Z-value for Mann-Whitney U test, p — level of probability. Source: own study.

Table 4. Correlations between the result of isokinetic parameters and time between surgery and the examination, and

age
Pairs of variables r/R P-value
FLEXORS TORQUE/BW OL vs. age 0.19 0.416
EXTENSORS PEAK TORQUE/BW OL vs. age -0.01 0.944
AGON/ANTAG RATIO OL vs. age 0.29 0.212
FLEXORS PEAK TORQUE/BW OL vs. time between surgery and examination 0.20 0.389
EXTENSORS PEAK TORQUE/BW OL vs. time between surgery and examination 0.19 0.412
AGON/ANTAG RATIO OL vs. time between surgery and examination —0.08 0.714
FLEXORS PEAK TORQUE/BW NOL vs. time between surgery and examination 0.31 0.183
EXTENSORS PEAK TORQUE/BW NOL vs. time between surgery and examination 0.21 0.366
AGON/ANTAG RATIO NOL vs. time between surgery and examination 0.44 0.051
FLEXORS PEAK TORQUE/BW NOL vs. age -0.13 0.556
EXTENSORS PEAK TORQUE/BW NOL vs. age -0.07 0.765
AGON/ANTAG RATIO NOL vs. age 0.08 0.716

OL — operated limbs, NOL — non-operated limbs, r/R —value of Pearson linear correlation test/Spearman rank correlation, p — level of pro-

bability. Source: own studly.
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Table 5. Comparison of results of isokinetic parameters according to the time between injury and surgery
CON-CON 60 Study group < 6 (8; 40.0%) Study group > 7 (12; 60.0%) t/U  P-value
X Me Min. Max. SD X Me Min. Max. SD
FLEXORS PEAK 772 73.6 494 1168 215 689 705 126 1031 30.6 0.71 0.485
TORQUE/BW OL
EXTENSORS PEAK 183.1 1778 103.2 3471 758 1341 1181 64.6 2353 63.6 1.51 0.149
TORQUE/BW OL
AGON/ANTAG 46,5 465 165 699 150 539 533 175 835 222 -091 0377
RATIO OL
FLEXORS PEAK 1171  107.0 79.2 2673 499 78.7 59.0 423 1452 40.5 0.00 0.044
TORQUE/BW NOL
EXTENSORS PEAK 2251 2216 1572 3242 431 1611 1372 69.0 2632 752 243 0.026
TORQUE/BW NOL
AGON/ANTAG 511 492 384 824 123 504 490 271 816 157 1.00  0.088
RATIO NOL

OL — operated limbs, NOL — non-operated limbs, X — arithmetic mean, Me — median, min. — minimum, max. — maximum, SD — standard de-
viation, t — value of t-Student test for independent variables/U — value of Mann-Whitney U test, p — level of probability. Source: own study.

The value of the agon/antag ratio% parameter
significantly differed for healthy lower extremities
among persons who had undergone exclusively the
procedures within the scope of physiotherapy, and
among those in whom, as well as physiotherapeu-
tic procedures, individual therapy was also applied
(p = 0.035). Higher values of this parameter were also
noted among individuals subjected exclusively to the
procedures within the scope of physiotherapy. The
values of the remaining isokinetic parameters did not
significantly differ between the subjects from the two
groups (Table 6).

The result of the agon/antag ratio% parameter
obtained in the healthy limbs in patients in whom

exclusively physiotherapeutic procedures were ap-
plied was close to the model ratio between flexor
muscle strength to extensors of the knee joint, and
was 61.5%. However, for the operated limb this indi-
cator was 42%. The imbalance of the muscle strength
observed in this group of patients, which was 19.5%,
indicates the need for enhancement of strength of the
knee joint flexors. In patients who used individual
therapy and physiotherapy, the difference in the indi-
cator agon/antag ratio% between the limbs was 4.5%,
which is the normal ratio of muscle strength.

No differences in muscle strength were found ac-
cording to the duration of rehabilitation, with consid-
eration of its duration up to 4 weeks and more than

Table 6. Comparison of results of isokinetic parameters according to the type of rehabilitation

CON-CON 60 Study group — physiotherapy Study group — physiotherapy + t/U  P-value
(5; 25.0%) individual therapy (15; 75.0%)

X Me Min. Max. SD X Me Min. Max. SD
FLEXORS PEAK 68.5 79.2 12.6 103.9 37.9 757 72.1 494 116.8 20.8 -0.54 0.596
TORQUE/BW OL
EXTENSORS PEAK 164.2 1315 717 277.7 882 1633 170.0 64.6 3471 716 0.02 0.982
TORQUE/BW OL
AGON/ANTAG 42.0 37.4 17.5 74.5 21.0 51.9 47.3 16.5 83.5 17.0 -1.07 0.297
RATIO OL
FLEXORS PEAK 1255 116.2 425 2673 89.8 938 100.2 423 1348 26.7 1.27 0.222
TORQUE/BW NOL
EXTENSORS PEAK 203.0 2623 69.0 3242 1131 1983 208.8 1149 264.0 451 0.14 0.893
TORQUE/BW NOL
AGON/ANTAG 61.5 552 440 824 19.3 47.3 47.3 27.1 60.4 9.1 2.28 0.035
RATIO NOL

OL — operated limbs, NOL — non-operated limbs, X — arithmetic mean, Me — median, min. — minimum, max. — maximum, SD — standard de-
viation, t — value of t-Student test for independent variables/U — value of Mann-Whitney U test, p — level of probability. Source: own study.
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Table 7. Comparison of the results of isokinetic parameters according to the duration of rehabilitation (in weeks)

CON-CON 60 Study group 2—4 (8; 40.0%) Study group > 5 (12; 60.0%) t/U  P-value
X Me  Min. Max. SD X Me  Min. Max. SD

FLEXORS 652 673 126 1039 260 797 832 490 1168 238 -129 0.215
TORQUE/BW OL

EXTENSORS PEAK 140.4 107.8 64.6 2777 793 1789 1793 104.6 3471 68.6 -115 0.263
TORQUE/BW OL

AGON/ANTAG 51.9 52.1 17.5 835 234 478 470 165 74.5 144 049 0.627
RATIO OL

FLEXORS PEAK 108.1 920 425 2673 729 975 107.0 423 1348 274 0.46 0.650
TORQUE/BW NOL

EXTENSORS PEAK 189.4 179.2 96,5 3242 816 206.2 2151 69.0 2640 537 -0.56 0.584
TORQUE/BW NOL

AGON/ANTAG 538 545 393 824 136 489 463 27.1 81.6 134  0.80 0.436
RATIO NOL

OL — operated limbs, NOL — non-operated limbs, X — arithmetic mean, Me — median, min. — minimum, max. — maximum, SD — standard de-
viation, t — value of t-Student test for independent variables/U — value of Mann-Whitney U test, p — level of probability. Source: own study.

5 weeks. Nevertheless, there are also results that in-
dicate an increase in muscle strength of flexors in pa-
tients who had been rehabilitated for a longer time.
Analysis should be performed on a larger group of
patients in order to determine the effect of the dura-
tion of rehabilitation on muscle strength parameters
of the knee joint flexors and extensors. In many reha-
bilitation programmes, and according to the belief of
many therapists, there is a need to focus therapeutic
actions on strengthening the knee joint flexors after
ACL reconstruction, which may be consistent with
the results obtained in the presented study (Table 7).

Discussion

The use of synthetic materials for ACL reconstruc-
tion is not as common as the use of autologous and
allogeneic transplants. In seeking increasingly better
methods of surgical treatment for knee joint ligament
injuries, some orthopaedic centres in Poland apply
this procedure as an alternative to reimbursed proce-
dures.

The results of short-term studies assessing the
functions of the knee joint after use of the LARS
method described in literature are promising. The
potential benefits of this method are, among others,
shorter duration of surgery, possibility to apply early
limb loading, and primarily a quicker restoration of
the function of the knee joint [10]. Due to the pos-
sibility of the introduction of early maximum loading
of the operated limb, and carrying out intensive reha-
bilitation in the first weeks after surgery, the return
to occupational and physical activity is quick [8, 19].
Dericks [8] described the result of studies in which
the return to full sports activity took place in month
4 after surgery in 61% of the examined patients, and
in month 6 after surgery in 83% of the patients. This

is a considerable difference, compared to the 6-9
months that must elapse to return to full activity af-
ter autograft [5]. Investigations of the function of the
knee joint during the mean period of 4 years after
surgery, enable assessment of the actual functional ca-
pabilities of the knee joint after the procedure of ACL
reconstruction.

Assessment of muscle strength by isokinetic test-
ing is one of the objective methods of evaluation of
the function of the knee joint [13]. The main param-
eters for comparing the results of the isokinetic test
were: percentage of peak torque to body weight (peak
torque/BW(%), and the agon/antago ratio%, which
presents the relation of muscle strength between
knee joint flexors and extensors. These parameters
demonstrate well the maximum muscle strength of
the examined person, and are also applied by other
researchers [20].

A normally functioning knee joint is not only the
normal strength of individual muscle groups, but
also the correct strength ratio between antagonistic
muscle groups. An optimum muscle balance provides
the achievement of dynamic stabilisation of the joint
necessary while undertaking physical activity. The
distribution of muscle strength between two extremi-
ties is also important. This is manifested mainly while
performing complex motor activities, and a deficiency
of strength between knee joint extensors or flexors ex-
ceeding 15% may be the cause of more frequent inju-
ries [16].

While assessing the muscle strength of individual
functional groups, considering the results obtained in
the group of healthy patients, it should be presumed
that it was normal. However, analysis of the isokinetic
assessment of healthy limbs and those operated on
using the LARS method showed a statistically signifi-
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cant difference in the strength of flexor and exten-
sor muscles, to the benefit of the healthy limb. In the
study by Gao et al. [21], within the period of 3-5 years
after ACL surgery performed using the LARS method,
no differences in muscle strength were observed be-
tween the limbs. Nevertheless, these patients had un-
dergone a 6-month rehabilitation programme, which
ended with the return to physical activity [21]. Ma-
caulay et al [22] presented results by many research-
ers [23-25] and compared muscle strength in patients
treated using flexor tendons and knee cap ligaments.
These researchers did not observe any difference be-
tween the strength of knee joint flexors and exten-
sors according to the type of graft applied. However,
these studies did not cover the comparison of muscle
strength between healthy and operated limbs.

In the group of patients in the study, the dura-
tion of rehabilitation was from 2 to 4 weeks in 40% of
patients, and more than 5 weeks in 60% of patients.
In the group of patients rehabilitated for longer than
5 weeks, there were 2 patients in whom rehabilita-
tion lasted until month 4 after surgical procedure.
The guidelines by authors regarding rehabilitation in
patients treated using the LARS method specify the
possibility to return to running training within the
period of 3—-4 months, and the return to full activity
in months 4-6 after surgery. For this period, the re-
habilitation programme should be continued [10]. In
our own study, no differences in muscle strength were
observed according to the time of rehabilitation of pa-
tients. It seems that in the examined group of patients
the rehabilitation time was insufficient.

The subsequent element of the study was evalu-
ation of the effect of age on the strength capabilities
of the knee joint muscles. Injury to the cruciate liga-
ments of the knee joint concerns, to a great extent,
young, physically active persons aged 15-25 years,
and 50% of injuries concern individuals aged 15-19
years [26, 27]. The mean age in the group of patients
treated using the LARS method was higher, and was
approximately 34 years. However, increasingly of-
ten knee joint ligament injuries concern adults aged
30-40 years, or even 40-50 years [28]. Certainly, the
health-promoting lifestyle in fashion, which is fre-
quently related with undertaking physical activity by
persons not prepared for this type of effort, exerts an
effect on the present state of affairs. The age differ-
ence within the range of 13 years, which occurred in
the examined group of patients, had no effect on the
results of muscle strength obtained.

Conclusions

Despite muscle strength deficit in the operated
limb in patients treated using the LARS method, the
strength of flexors and extensors was on the same
level as the examined healthy population. The dura-
tion of rehabilitation was too short to assess the effect
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of the type of this rehabilitation on muscle strength
parameters of the knee joint flexors and extensors. In
order to determine the effect of the selected variables
on muscle strength parameters, studies should be
conducted in a larger population sample.
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