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Abstract: Obesity is becoming a problem of public health concern affecting different social and economic
classes  in  Egypt,  with  little  studies measuring the effect of obesity on musculoskeletal system and aging.
This  study  was  performed to measure the relation between body composition and aging on joint torque,
muscle activation and co-contraction in sedentary women in Cairo government. Eighty healthy untrained
females were participated in the study, they were divided into equal two groups. Group 1 consisted of young
aged females. Group 2 consisted of old aged females., muscle mass, planter flexion and dorsi flexion maximum
voluntary contraction where measured by Biodex system 3 Pro Multi joint system isokinetic dynamometer
(Biodex Medical System Inc. shirely, New York), muscle activation and antagonist muscle co-contraction was
measured by Electromyography. There was a significant effect for age, BMI and an age?×?BMI interaction
(p<0.05) on PF MVC/Wt. and of DF MVC/Wt. revealed a significant effect for age, BMI and of age?×?BMI
interaction (p<0.05). Although there was a no significant effect of aging on average peak torque in both DF
and PF MVC but a significant effect of age?×?BMI interaction in PF MVC and DF MVC(p<0.05), while in muscle
co- contraction there was significant effect of BMI p<0.05))and no significant effect of aging (p>0.05) alone but
there was a significance of an age?×?BMI interaction (p<0.05)), There were strong positive correlations between
PF MVC and BMI, W/H ratio in young females group. BMI was the only predictor in a stable model, which, in
combination, explained 87 % of PF MVC in both young and old females. There is a marked effect of BMI on
muscle strength contributors but a weak effect of aging where both BMI and aging can cause decrease in all
previous factors.
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INTRODUCTION issue in Egypt is that prevalence of obesity is more than

The  WHO  Expert  Consultation in  2010, stated that [2] Overweight and obesity are defined as abnormal or
overweight and obesity were estimated to cause 3•4 excessive fat accumulation that presents a risk to health.
million deaths, 3•9% of years of life lost and 3•8% of A crude population measure of obesity is the body mass
disability-adjusted life-years (DALYs) worldwide. The index (BMI), a person’s weight (in kilograms) divided by
prevalence statistics on obesity have escalated rapidly the square of his or her height (in meters). A person with
since that date in almost all countries [1]. In Egypt, there a BMI of 30 or more is generally considered obese. A
is a remarkable increase in obesity with more than one person with a BMI equal to or more than 25 is considered
third of the whole population being obese. A particular overweight [3], excess body fat can affect body function

double among females (46%) as compared to males (22%)



World J. Sport Sci., 14 (1): 13-20, 2019

14

but abdominalobesity has a well-known metabolic effects muscle co contraction and muscle activation of the lower
and leads to serious health complications by causing limbs in related to body composition and aging for
metabolic syndrome cardiovascular disease, type 2 subjects with different BMI in sedentary women in Cairo.
diabetes and even increasing the risk of cancer it
alsoaffects skeletal muscle function and thereby reduce MATERIALS AND METHODS
mobility of obese individuals. One of the main effects of
obesity that it can accelerates the ageing process and it is Subjects: The study was performed in the period
particularly important to understand better the combined fromOctober 2018 to march 2019 in the isokinetic
effects of obesity and ageing on skeletal muscle dynamometer lab and electromyography lab of faculty of
performance considering the ageing populations in many physical therapy, Cairo university. A total number of
countries [4]. There are two opposing trends. On the one eighty  healthy  untrained  female  subjects  categorized
hand skeletal muscle of obese individuals has to work by age into 2 groups, 40 young females age from (18-35)
harder to move a greater body mass, which may result in and old females aged from (50-70) then each group will be
a positive training effect [5]. On the other hand, obesity sub-categorized into four body mass index classifications
can also lead to a decrease in muscle mass and to lower (BMI-body  mass  (kg)/stature2 (m)) into underweight
muscle quality [2] overall, obesity is likely to lead to a (BMI <20kg/m ), normal (BMI 20–24.9kg/m ), overweight
reduced ability of skeletal muscle to maintain locomotors (BMI 25–29.9kg/m ) and obese (BMI or >30kg/m ) Group
performance, which leads to lower mobility in obese information on age. They were chosen from patient
individuals. Movement is important for maintaining a relatives and students from faculty of physiotherapy
healthy body composition. Hence, the effects of obesity outpatient clinic of Cairo University. Sample size will be
on the contractile performance of skeletal muscle may detected by power analysis. In order to full fill the criteria
cause a negative obesity cycle: reduced mobility is likely participants must have a sedentary life style and haven’t
to lead to lower activity levels and energy use, thereby engaged to any physical activity. Participants also had to
causing further weight gain and consequently a reduction be capable of independent walking; transport and other
in quality of life. as the contributors to strength, over activities of daily living participants also must have
muscle tissue content [6] are agonist muscle activation [7] sufficient cognition and education to understand the
antagonist co-contraction [8] and tendon moment arm [9]. requirements of the study. All participants agreed to
Morse et al. [7] and Rolland et al. [10] found that obese participate in the study and provided written informed
individuals  had  greater  fat-free  mass  yet similar consent.
strength values compared to their normal weight
individuals [10] [7] hence further supporting the Exclusion Criteria Were: 1-Subjects with history of
suggestion of obesity-related weakness having a neural musculoskeletal disorders (especially in the lumbar, hip,
basis  (e.g.  decreased agonist activation capacity). knee and ankle problems) 2-Athletic subjects, 3-Subjects
skeletal muscle aging is documented and is characterized with neural disorders, 4-Pregnant and lactating, 5-Inability
by lower muscle strength), decreased muscle volume, to comprehend and follow instructions as in dementia or
decreased  agonist activation and increased antagonist language problems, 6-Morbid obesity (BMI>45 kg/m ).
co-contraction [6], In support of this hypothesis, obesity The research was approved by the ethics committee of the
would be expected to aggravate the impact of ageing on Faculty of Physical Therapy, Cairo University
physical functions including stair climbing, rising from a (No:P.T.REC/012/001756).
chair and lifting objects [11].

Studies of obese patients have demonstrated that Measurement Procedures
these subjects exhibit elevated absolute maximum Body Composition Measure: Body composition analysis
voluntary contraction (MVC) torques but reduced muscle (body content of fat, lean muscle and bone) was
strength relative to body weight and to fat-composition performed using a bioelectric impedance weight scale
than normal weight patients. This study hypothesized (BreuerBG21) with participants fasted for 4h before
that body composition affect the lower limbs and MVC scaling. Participants were asked to remove their socks and
torque differently in sedentary women in Cairo because of shoes and standing in an upright position with no
different habits and food pattern. The aim of this study movement tell the readings come out. The scale took
was to evaluate the associations between MVC torques about  30  seconds  to calculate body fat % muscle mass%
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and BMI along with bones in kg. the scale is sensitive to the product of ratio between maximal of torque and
dehydration, constipation and menstrual cycle, The maximal DF torque [6] Agonist/antagonist ratio was taken
android to ganoids ratio (A/G) of each participant was (The  highest  muscular  force output at any moment
calculated using a tape measurement taking three during a repetition. Indicative of a muscle’s strength
measurement  and  come  out  with  the  median reading, capabilities (the ‘best repetition’ out of the total
the waist circumference measured at the midpoint between repetitions) subjects Verbal encouragement was provided
the lower margin of the last palpable ribs and the top of during each effort.
the iliac crest, . Hip circumference should be measured
around the widest portion of the buttocks, with the tape Muscle Activation: Electromyography data were obtained
parallel to the floor [5] from both the tibialis anterior (TA) and medial

Muscle Strength: Plantar flexion (PF) and dorsi flexion maximum contraction of dorsi flexion electrode placed at
(DF) MVC torque was assessed in the dominant limb 1/3 of line tip of fibula-tip of medial mallelous while patient
using  a Biodex  system  3 Pro Multi joint system were supine, supporting the leg just above ankle joint
isokinetic dynamometer (Biodex Medical System with ankle in dorsiflexion and the foot in inversion without
Inc.shirely,  New  York). Participants were seated with a extension of big toe .applying pressure against medial
hip  angle  of 85° and their dominant leg fully extended. side, dorsal surface of foot in direction of plantar flexion
The dominant foot was secured to the footplate of the of ankle joint and eversion of foot for the gastrocnemius
dynamometer using inextensible straps, ensuring the the electrode were placed at the most prominent bulge of
lateral malleolus was aligned with the centre of rotation. the muscle and the patient was lying on belly, knee
Participants were firmly strapped at the hip, distal thigh extended and foot projected over edge of the table, the
and chest with inextensible straps to minimize movement. patient put foot in plantar flexion with emphasis on pulling
Prior to undertaking any MVCs readings, the participants heel upward more than pushing forefoot down, apply
completed a series of warm-up PF and DF contractions. pressure against the forefoot as well as
Participants  subsequently   performed   three  isometric calcaneus.(SENIAM). MVC is obtained by recording
PF and three DF MVCs with the ankle positioned at 0° several isometric contractions in the muscle test position
(anatomically neutral), with 1-2 min of rest between (at least three repetitions are required). The maximum
efforts. MVCs were repeated if there was >10 % difference values of each repetition are averaged to give the MVC
between  MVCs  to  ensure  true  MVC   was  obtained. [12].
The highest recorded PF and DF MVCs were used for
subsequent analysis. Average peak torque was taken Statistical Analysis: The measured variables were
(The highest muscular force output at any moment during statistically analyzed and compared using SPSS for
a repetition. Indicative of a muscle’s strength capabilities windows version 20 (SPSS, Inc., Chicago, IL).
(the ‘best repetition’ out of the total repetitions) also Kolmogorov-Smirnov was applied to analyze normality;
average peak torque by body weight were taken in order the measured variables were normally distributed, so 2×4
to be able to compare the effect of weight between MANOVA (age×BMI) was utilized. Pearson correlations
subjects,  Verbal  encouragement and biofeedback were described the relationships between PF MVC and co
provided during each effort. contraction, BMI, body fat% and A/G ratio. Additionally,

Antagonist Muscle Co-Contraction: Surface EMG was best predictors of PF MVC. Data are reported as mean±SD
recorded using an EMG system (LXM3201, LAXTHA and statistical significance was accepted when p  0.05.
Inc., Daejeon, Korea). EMG data were obtained from
muscles associated with the ankle in each leg-the tibialis RESULTS
anterior (TA) and medial gastrocnemius (GAS) muscles,
respectively. According to SEINAM recommendations This study was conducted to determine the
Muscle co-contraction (%) was calculated at 0° ankle interrelation of body composition and ageing on joint
angle utilizing the raw EMG signal (computed as root torque, muscle activation and Co-contraction in sedentary
mean square (RMS) either side of the instantaneous peak women lives in Cairo government. Eighty healthy
torque) of the tibialis anterior during PF MVC divided by untrained females were participated in the study, were
EMG during DF MVC. Co-contraction torque (Nm) was assigned into equal two groups.

gastrocnemius (GAS) muscles, respectively during

linear and multiple regressions were used to determine the
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Table 1: Descriptive statistics and MANOVA results for age, BMI, % of fat and muscles and W/H ratio

Underweight (n=10) Normal (n=10) Overweight (n=10) Obese (n=10) BMI effect Aging effect

Age (years) Young 24.1± 2.18 23± 4.18 24.9± 4.5 25.2± 3.8 0.045 0.001
Old 54.2± 2.3 53.8± 2 55.2± 2.1 54.2± 3.6

BMI (kg/m ) Young 18.7± o.6 22.8± 0.8 27.5± 1.4 33.4± 1.2 0.001 0.4842

Old 19.2± o.8 23.5± 0.8 28.2± 0.6 33.5± 1.9

% of fat Young 29.2± 6.9 28.2± 6.8 29.6± 6.8 32.2± 6 0.415 0.319
Old 30.7± 5.7 31.2± 7 30.4± 7.1 32.9± 7

% of muscles Young 35.1± 2.3 30.8± 4.2 33.9± 3.1 32.8± 1.9 0.135 0.049
Old 31.9± 1.9 32.6± 3.3 32.1± 1.5 30.8± 4

W/H ratio Young 0.73± 0.03 0.84± 0.23 0.9± 0.11 0.94± .05 0.001 0.093
Old 0.74± 0.16 0.85± 0.47 0.88± 0.47 0.98± .25

BMI(body mass index) W/H ratio(waist/hip ratio)

Group  1:  It was consisted of 40 young aged females. revealed a main effect for age (p<0.05) and for BMI
Sub-categorized into four body mass index classifications (p<0.05) and an age?×?BMI interaction (p<0.05).
into underweight (BMI<20 kg/m ), normal (BMI 20-24.9 While  of  DF average torque revealed a main effect2

kg/m ), overweight (BMI 25-29.9 kg/m ) and obese for  age  (p>0.05) and  for  BMI (p<0.05) and  an age?×?2 2

(BMI>30 kg/m ). BMI interaction (p<0.05). Factorial MANOVA of Co2

Group 2:  It  was  consisted  of  40  old  aged females. BMI (p<0.05) and an age?×?BMI interaction (p<0.05).
Sub-categorized into four body mass index classifications While of agonist/ antagonist ratio revealed a main effect
into underweight (BMI<20 kg/m ), normal (BMI 20-24.9 for age (p>0.05) and for BMI (p<0.05). and an age?×?BMI2

kg/m ),   overweight   (BMI   25-29.9 kg/m ) and obese interaction (p>0.05), as shown in Table (2). Factorial2 2

(BMI  30 kg/m ). MANOVA  of  PF  Activationrevealed  a main effect for2

Data obtained from the two groups regarding age (p<0.05) and for BMI (p<0.05). and an age?×?BMI
percentage of fat and muscle, w/h ratio, Co-contraction of interaction (p<0.05). While of DF Activation revealed a
Tibialis anterior and Gastroconiums, Average torque and main  effect  for  age  (p<0.05)  and for  BMI  (p<0.05) and
peak torque to body weight of Tibialis anterior and an age?×?BMI interaction (p<0.05). Factorial MANOVA
Gastroconiums and agonist antagonist ratio were of Co-contraction revealed a main effect for age
calculated. (p>0.05).and for BMI (p<0.05) and an age?×?BMI

General Characteristics of the Subjects revealed a main effect for age (p>0.05).and for BMI
Body Composition: As shown in Table (1) the descriptive (p<0.05) and an age?×?BMI interaction (p>0.05), as shown
values for body fat% factorial MANOVA of body fat% in Table (2).
revealed a main effect for age (p>0.05) and for BMI There were strong positive correlations (p<0.05)
(p>0.05) and an age×BMI interaction (p>0.05). While of between PF MVC and BMI, W/H ratio in young females
body muscle% revealed a main effect for age (p<0.05) and group. There were weak positive correlations (p<0.05).
for BMI (p>0.05) and an age×BMI interaction (p<0.05) between PF MVC and BMI, W/H ratio, in old females
And of W/H ratio revealed a main effect for age (p>0.05) group. There is a significant effect of Aging on this slope
and for BMI (p<0.05) and an age×BMI interaction of regression (Table 3, 4). There were no significant
(p>0.05). correlations between PF MVC and fat % in both female’s

Muscle Strength: Factorial MANOVA of PF MVC/Wt. In predicting PF MVC, a stepwise multiple linear
revealed a main effect for age (p<0.05) and for BMI regressions were conducted with variables BMI, body
(p<0.05)  and  an  age?×?BMI interaction (p<0.05). While fat% and W/H ratio in all individuals. BMI was the only
of DF MVC/Wt. revealed a main effect for age (p<0.05) predictor in a stable model, which, in combination,
and for BMI (p<0.05) and an age?×?BMI interaction explained 87 % of PF MVC in both young and old females
(p<0.05) .Factorial MANOVA of PF average torque (p<0.05); r?=?0.868).

contraction revealed a main effect for age (p>0.05) and for

interaction (p<0.05). While of agonist/ antagonist ratio

groups.
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Table 2: MANOVA results for co contraction, PF MVC/Wt., DF MVC/Wt., average torque and Ag/Ant ratio 

Underweight (n=10) Normal (n=10) Overweight (n=10) Obese (n=10) BMI effect Aging effect

Cocontraction Young 0.29± 0.09 0.69± 0.23 0.77± 0.3 0.73± 0.19 0.013 0.873

Old 0.58± 0.2 0.56± 0.17 0.64± 0.25 0.66± 0.22 0.005

PF MVC/Wt Young 49.7± 10.5 44.6± 9.9 25.4± 6.3 13.7± 4.3 0.001 0.001

Old 25± 11 29.3± 10 22.1± 7 21.9± 8 0.001

DF MVC/Wt Young 24.6± 3.4 25.7± 8.3 27.8± 9.2 31.9± 12.7 0.018 0.021

Old 32.2± 10 30.7± 12.1 21.4± 3.6 31± 10.3 0.002

PF Average torque Young 25.9± 5.4 33.7± 5.7 32.6± 12 33.5± 13.9 0.001 0.381

Old 28.8± 5.5 34± 8.8 37.1± 5.1 33.4± 11.8 0.002

DF Average torque Young 9.8± 1.6 13± 4.2 14.4± 2.2 11± 2.6 0.001 0.218

Old 10.6± 1.6 12.3± 2 13.5± 2.6 14.2± 5 0.016

DF Activation Young 0.018±0.007 0.021± 0.014 0.031± 0.013 0.011± 0.001 0.002 0.001

Old 0.011± 0.001 0.081± 0.04 0.041± 0.02 0.042± 0.019 0.050

PF Activation Young 0.028± 0.01 0.027± 0.01 0.036± 0.017 0.03± 0.013 0.006 0.031

Old 0.014± 0.003 0.043± 0.01 0.064± 0.03 0.065± 0.027 0.005

Ag/Ant ratio Young 15.1± 6 22.3± 4.3 24.9± 3.9 19.4± 5.6 0.001 0.995

Old 18.3± 5.4 16.1± 3.5 26.9± 10 20.1± 8.5 0.138

Table 3: Linear regression (r2) between PF torque, agonist muscle activation

Young (n= 40) Old (n=40)

---------------------------------------------------------- ----------------------------------------------------------

PF MVC Activation PF MVC Activation

BMI r2 0.753 0.085 0.102 0.042

p-value 0.001 0.072 0.044 0.219

Fat % r2 0.024 0.139 0.003 0.12

p-value 0.348 0.018 0.845 0.029

W/H ratio r2 0.416 0.137 0.106 0.025

p-value 0.001 0.339 0.041 0.339

Table 4: Pearson correlation and statisticsbetween MVC, BMI, % of fat and W/H ratio with the effect of age

Young (n= 40) Old (n=40) Aging effect t statistics

----------------------------------------------------- ------------------------------------------------- -----------------------------

r value P-value slope r value P-value slope t-value p-value

PFMVC vs BMI 0.868 0.001 -2.55 0.320 0.022 -0.721 -10.75 0.001

PFMVC vs Fat % 0.054 0.598 -0.045 -0.057 0.364 -0.055 -0.532 0.598

PFMVC vs W/H ratio 0.645 0.001 -115.2 0.325 0.02 -52.8 -0.127 0.900

DISCUSSION the Contributors to strength, over the muscle tissue

In Egypt, there is a remarkable increase in obesity torque [6]
with more than one third of the whole population being We hypothesized that the effect of obesity and aging
obese. A particular issue in Egypt is that prevalence of on muscle strength will be different on Egyptian
obesity is more than double among females (46%) as sedentary women because of different life style,
compared to males (22%) [13], while there is no study environmental factors and eating pattern.
measuring the effect of body composition on muscle This study results showed that there is no
strength especially in sedentary women to measure the significance of aging on body mass composition neither
true impact of obesity . fat percentage also on measuring BMI× aging interaction

The current study was conducted in order to know on fat percentage there was no significant effect too, but
the effect of obesity and aging on muscle strength where there was a significanteffect of aging on lean muscle mass

content are muscle activation, co-contraction and joint
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and no significance of BMI on muscle mass, but on taking There was no significance of fat percentage on PF
the effect of BMI and aging together or BMI ×aging MVC and DF MVC where there was a significance effect
interrelation there was a clear significant effect on lean of BMI and BMI ×age interaction, these results
muscle mass. Previous studieswere consistent with the contradicted with results achieved by Tomlinson et al. [6]
effect of aging on the loss of lean muscle mass despite and Rolland et al. [10] who stated that the effect of fat
proving that aging and BMI has an effect on fat mass on muscle strength was strong in PF MVC in both
composition. young and old groups yet, when factoring total fat mass

Anna et al.[14] and Lucas Gonçalves et al. [15], in  a  multiple  linear  regression,  lean  muscle mass was
confirm that this lower muscle mass is a major factor for a the only significant predictor of PF MVC torque [6, 10]
lower strength in old age Those at the high and low where in the present study BMI was the only significant
extremes of percentage of body fat had lower levels of leg predictor. This may possibly be attributed to the different
muscle quality than those in the midrange. They also environmental factors according to Ng et al. [1] and
stated that the higher the age the higher the percentage of Mowafi et al. [18] provide preliminary evidence that Cairo
fat. [14, 15]. The difference in the present study is due to is dealing with a generally heavy obesity burden for all
the different measurements tools as this study used socioeconomic status groups and this is different than
bioelectrical impedance scale which have been proven findings from other similar settings in the developing
That, in overweight and obese patients (25 < BMI < 40), world [1, 8, 18]. It could be because of Egyptian food itself
Bio Impedance scales overestimated Fat Free Mass from might be contributing to the high rates of overweight and
7.18 to 8.28 kg and underestimated Fat Mass from 4.02 to obesity this could lead to low nutritional status which
5.67 kg compared with DEXA method which was used in affect muscle through aging , that influence the condition
previous studies as measurement of muscle mass and fat of senescence and involve the subject in the issue of
composition. [16]. where Tomlinson et al. [6] agreed with sarcopenia ( loss of muscle mass and volume) and frailty
the concept ofthis blunted effect of loading in the old that showed in many research works about the muscle
participants on leg lean mass may possibly be attributed quality.
to lower levels of anabolic circulating hormones such as There was no significant effect of aging on muscle
insulin-like growth factor-1 (IGF-I) and the increase of co-contraction and agonist/antagonist ratio but a
catabolic cytokines such as interleukin-6 (IL-6) and significant effect of BMI and aging and BMI interaction
tumour necrosis factor  (TNF- ). on co-contraction while BMI is the only factor affecting

Our results showed that the average peak torque of agonist/antagonist ratio despite the results showed by
planter flexor is quit higher in young and old obese Tomlinson et al. [19] who stated that a protective effect of
individuals than other counterparts BMI classifications, obesity during ageing since old obese individuals had
but dorsi flexors average peak torque is only higher in old significantly lower co-contraction than their younger
individuals comparing to other 3 classifications while in counterparts, thereby potentially contributing to higher
young individuals it is higher than underweight ones only agonistic forces and hence better control of joint motion
and there is significant effect of aging on average peak [19]. This may contribute to the different measuring
torque in both groups young and old , on taking average methods of EMG in this study SENIAM practical
peak torque per body weight the results are different, application was applied while in previous studies
there is a strong significance of BMI, aging and interpolated twitch technique was applied. Moreover the
age?×?BMI interaction on Pf MVC and DF MVC. difference in this study results may be attributed to the

These  results  are  consistent  with Garcia-Vicencio measuring of EMG was muscular assessment while other
et al. [5], Rolland et al. [10, 11] and Vieira Gadduucci et al. reaches took it from neuromuscular assessment point of
[17] who stated that absolute torque in young and old view.
obese individuals is higher when compared to that of The study depend on muscle activation during MVC
underweight and normal weight individuals , but not when according to SENIAM[20] application revealing that there
torque was normalized to body mass, as obese individuals is a strong significance between aging and BMI on
were shown to be weaker, our current results in the muscle activation in both PF MVC and DF MVC,
plantar flexors and dorsi flexors mirror these observations. consistent with significant decrease in muscle activation
This may possibly be attributed to intrinsic changes in is noticed in obese young individuals but not the old,
muscle properties such as selected atrophy of type II previous  work  suggest  that  with  the  threshold set at
fibers) and/or a decrease in muscle fascicle pennation  40 % body fat [2] and [6] stated that significantly
angle normally seen in ageing [5, 10, 11, 17]. negative  impact on  agonist  muscle  activation in Young
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but not Old individuals where they measured muscle 7. Morse,  C.I.,  J.M.  Thom,  M.G.  Davis,  K.R.  Fox,
activation by interpolated twitch technique. This K.M. Birch and M.V. Narici, 2004. Reduced
suggests that further studies should be taken in order to plantarflexor specific torque in the elderly is
assure that body composition can affect muscle strength associated with a lower activation capacity. European
differently in Egyptian women. Journal of Applied Physiology, 92(1-2): 219-226.

Within the limitation of the current study, in which 8. Klein, C.S., C.L. Rice and G.D. Marsh, 2001.
body composition was taken by bio impedance scale Normalized force, activation and coactivation in the
instead of DEXA, muscle activation and co-contraction arm muscles of young and old men. Journal of
was taken by SEINAM EMG application than Interpolated Applied Physiology, 91(3): 1341-1349.
twitch technique, it was concluded that there is a marked 9. Erskine, R.M., D.A. Jones, A.G. Williams, C.E. Stewart
effect of BMI on muscle strength contributors but a weak and H. Degens, 2010. Inter-individual variability in
effect of aging where both BMI and aging can cause the adaptation of human muscle specific tension to
decrease in all previous factors, larger sample need to be progressive resistance training. European Journal of
taken in order to assure the true effect of aging on muscle Applied Physiology, 110(6): 1117-1125.
strength. 10. Rolland, Y., V. Lauwers-Cances, M. Pahor, J. Fillaux,
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