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Abstract

Background: Dynamic knee extensor muscle strength is a valid measure among healthy older adults but has not
been tested in the sarcopenia condition. This study’s objective was to test the validity of a one-repetition
submaximal strength protocol to measure dynamic knee extension strength in older adults with and without
sarcopenia.

Methods: Ninety-four physically independent older adults (female: n = 64, 60 to 85 years; male: n = 29, 60 to 85
years) participated in this study in Brazil during 2016–2017. Sarcopenia was classified and isokinetic unilateral knee
extension strength was measured at 60°/s. Bilateral dynamic knee extension strength was estimated with an
extensor chair using one-repetition submaximal protocol. Validity was determined using Spearman’s correlation
with isokinetic muscle strength.

Results: The frequency of sarcopenia was 11.7%. Sarcopenic individuals presented lower body mass, body mass
index and skeletal muscle index. Only chronological age was higher among the sarcopenic individuals. A high
correlation was found between isokinetic unilateral knee extension strength and bilateral estimated one-repetition
with submaximal protocol (r = 0.74; p < 0.001), when the presence (r = 0.71; p = 0.014) and absence of sarcopenia
(r = 0.74; p < 0.001) were considered. The validity of the one-repetition submaximal protocol for bilateral knee
extension was confirmed.

Conclusions: The estimated measure of bilateral knee extension muscle strength can be used to monitor
adaptations promoted by physical exercise for older adults with and without sarcopenia. The validation enable
studies that will propose cutoff points to identify sarcopenia with this submaximal protocol. This will enable early
diagnosis and better management of sarcopenia, a disease with adverse impacts for older adults.
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Extremity, Quadriceps Muscle
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Background
Sarcopenia is a progressive and generalised skeletal
muscle disorder, which is characterized by loss of muscle
strength and muscle mass [1]. Was recognized as a dis-
ease [2] and listed in the International Classification of
Diseases (ICD) with code M62.84 in September 2016. Its
prevalence in the Brazilian older adults’ population is at
17% [3], while it is at 10% in the world [4]. Sarcopenia
negatively affects an individual’s health, leading to motor
dependence and increased risk of falls and premature
death [5].
The number of older adults in the world is increasing

exponentially and by 2050 there will be 1.5 billion [6].
At this time, low- and middle-income countries will be
responsible for housing 1.2 billion [6]. This raises con-
cerns for populous countries like China, India, Indonesia
and Brazil. Thus, actions are necessary to identify and
prevent sarcopenia, a chronic public health problem
with a considerable economic impact [5].
Outcomes resulting from sarcopenia can be prevented

if the condition is diagnosed early [4]. International asso-
ciations have established parameters for the diagnosis of
sarcopenia, such as the European Working Group on
Sarcopenia in Older People-EWGSOP [1, 7], European
Society for Clinical Nutrition and Metabolism Special
Interest Group on cachexia-anorexia in chronic wasting
diseases-ESPEN [8], International Working Group on
Sarcopenia-IWGS [9], Society of Sarcopenia, Cachexia
and Wasting Disorders-SCWD [10], Foundation for the
National Institutes of Health-FNIH [11] and Asian
Working Group for Sarcopenia (AWGS) [12]. All these
have established that decreased skeletal muscle tissue in-
dicators, together with low physical performance (all six
guidelines) or muscle strength tests (EWGSOP, AWGS
and FNIH), are necessary to establishing a diagnosis.
In regard to muscle strength, the EWGSOP has se-

lected cutoff points for handgrip strength in order to es-
tablish the diagnosis of sarcopenia [13–15]. Similarly,
AWGS also selected parameters of this muscle strength
[16, 17]. The FNIH also recommends handgrip strength,
but proposes its own parameters to identify the disease.
The most effective interventions to prevent or recover

from sarcopenia include resistance training and proper
nutrition [18], even among nonagenarians [19]. Among
frail older adults, the earlier sarcopenia is identified, the
better the results of interventions in terms of body com-
position and functional performance variables, such as
muscle strength [18, 20].
Handgrip strength, however, is not sensitive to adapta-

tions promoted by resistance training among frail older
adults [9] or those with sarcopenia [21–23]. Handgrip
strength loses its relationship with the muscle strength
of the lower limbs, which in turn is sensitive to changes
promoted by resistance training [21–23]. Additionally,

the muscle strength of the lower limbs is strongly associ-
ated with the functional capacity and mobility of older
adults, when compared to handgrip strength [7, 24].
Therefore, handgrip strength is associated with the con-
sequences of sarcopenia [25] and can be used for initial
screening, but not for following-up interventions that in-
clude exercises.
With aging, muscle mass and strength decline more

intensively in the lower limbs than in the upper limbs
[26, 27]. Up to the age of 70 years old, a loss of strength,
from 10 to 15%, is experienced in the lower limbs per
decade [28, 29]. After this age, a steeper decline, from 25
to 40%, is expected per decade [28, 29]. The main mor-
phological difference, when young individuals are com-
pared to older ones, is the thickness of the quadriceps
muscle, though the difference in hamstring muscles is
almost imperceptible [30–32]. These morphological
changes directly impact an individual’s functionality be-
cause these changes result in decreased performance of
knee extensor muscle strength and decreased mainten-
ance of knee flexor muscle strength [27]. Decreases from
55 to 76% of isometric knee extensor muscle strength
have been reported [33].
Knee extensor muscle strength declines more rapidly

with aging than does handgrip strength [24], which facil-
itates the early detection of sarcopenia. Additionally,
knee extensor muscle strength is required by functional
tasks, such as walking, rising from a chair, and climbing
stairs [34]; proper strength prevents falls and maintains
the bone health of the proximal femur [35].
There is a lack of cutoff points for knee extensor

muscle strength to indicate sarcopenia [36]; only two
studies have proposed such indicators [36, 37]. These
studies, however, adopted isometric knee extensor
muscle strength, which is different from isotonic/dy-
namic muscle contraction, traditionally used in resist-
ance training implemented with sarcopenic individuals
[21]. Isometric contraction underestimates knee extensor
muscle strength measured by isokinetic dynamometry
[36], which is considered a reference point for the meas-
ure of muscle strength [38]. Thus, the development of
dynamic knee extensor muscle strength and its mainten-
ance at appropriate levels show greater relevance for the
prevention of functional decline [39].
The one-repetition maximum strength test (1RM),

used to measure dynamic knee extension strength exe-
cuted in an extensor chair, is valid among healthy indi-
viduals and presents high correlation (r = 0.75) with
isokinetic dynamometer measures [40]. Nonetheless, the
high load necessary for performing it may involve risks
when assessing frail older adults [41]. Additionally, the
1RM has not been validated among individuals with sar-
copenia. Thus, the objective is to test the validity of a
one-repetition submaximal protocol for dynamic
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bilateral knee extensor muscle strength among older
adults with and without sarcopenia. Findings from this
study may contribute to advancing global health and epi-
demiological research of sarcopenia treatment.

Methods
Participants
A cross-sectional study design was carried out to evalu-
ate older adults physically independent, that living in the
community, in the city of Ribeirão Preto. The study was
conducted from October 2016 to May 2017. A total of
100 older adults were recruited, that consented to par-
ticipate. The study’s inclusion criteria were: walk inde-
pendently, not present diseases that restrict mobility or
muscle strength, unstable cardiovascular conditions,
acute infections, tumors, back pain, prostheses or any
conditions that limited taking the tests. The study’s ex-
clusion criteria were: Individuals with a diagnosis of can-
cer or uncontrolled diseases, who presented sequelae of
stroke, experienced a loss of more than three kilograms
(kg) weight in the last 3 months, had dementia that re-
stricts understanding and taking tests, who did not
complete all the stages, or desired to withdraw from the
study. One participant was considered non-eligible (had
tumor in his quadriceps) and five excluded (two opted
to not perform the muscle strength test, two did not ob-
tain the minimum score required on the cognitive test
and one had acute infections). The final sample included
94 older adults (29 men and 65 women) aged between
60 and 85 years.

Procedures
Each participant was assessed in a laboratory in the
morning period. Data collection took place in two ses-
sions and the same evaluator took all the measures. A
cognitive test was applied in the first session, together
with an anthropometry protocol, body composition as-
sessment; handgrip strength and usual walking speed
were also verified. Isokinetic muscle strength and dy-
namic knee extension strength were measured in the
second session. The interval between the two sections
ranged from three to five days.
The cognition was assessed using the short version of

the Mini-Mental State Examination (MMSE), which pre-
sents a maximum score of 19 points [42]; individuals
who scored ≤12 were considered inapt.
Age is expressed in whole years. Body mass were

measured using a digital scale in kg (precision of 0.1
kg) and height with stadiometer in meters (m) with
precision of 0.01 m. These measures followed conven-
tional standards [43].
Body components were estimated using Dual energy

X-ray absorptiometry (DXA), scanner Hologic®, model
QDR4500W; version 11.2, Bedford, MA. The system

measures bone mineral content, fat, and lean soft tissue
(LST). Appendicular lean soft tissue (ALST) was the
sum of the upper and lower limbs’ LST. The image of
the limbs was isolated from the trunk and head using
standard cuts generated by the software following the
procedures provided in the manufacturer’s manual.
Handgrip strength was measured (kg) using a Jamar®

dynamometer, model 5030 J1, as recommended by the
American Society of Hand Therapists [44]. The partici-
pants made three attempts with their dominant hands,
with one-minute intervals; only the highest measure for
each was recorded [45, 46].
The usual gait speed test was performed for four me-

ters, monitored by photocells (FSpeed; FE Sistemas®,
Brazil) arranged at the beginning and end of the course
[14]. Sensors were positioned at the participants’ waist
height, the signal of which was picked up by two pairs of
receivers arranged on tripods. The signals were transmit-
ted via Bluetooth to a tablet using FSpeed software (v1.0;
FE Sistemas®, Brazil), which recorded the time in sec-
onds (s) and speed in meters per second (m/s). The par-
ticipants were instructed to walk with their usual gait
speed, as if they were walking on the street, for example,
going to a store [47]. They were positioned with both
feet touching the starting line demarcated on the ground
and, after a verbal command, they began to walk. The
test was repeated and the average of two trials was used.
Criteria established by the EWGSOP [1] were used to

diagnose sarcopenia: decreased levels of muscle strength
and muscle mass. Physical performance is tested for se-
verity of sarcopenia. Muscle strength was considered low
when handgrip strength was below 30 kg for men and
below 20 kg for women [14]. Skeletal muscle mass index
(SMI) was the criterion used for muscle mass, where
ALST is divided by squared height (kg/m2). SMI below
7.26 was considered low for men and below 5.45 kg/m2

was considered low for women [48]. Physical perform-
ance was considered poor when usual walking speed was
≤0.8 m/s [14].
The right lower limb was tested using a Biodex isokin-

etic dynamometer model System 4 Pro, in order to de-
termine the unilateral knee extensor muscle strength
reference point. The participants sat on chair and the
backrest was adjusted to enable the back of their legs to
touch the end of the seat. To avoid additional move-
ments, the trunk, hip and leg being tested (right leg)
were secured by straps. The chair was positioned so as
to allow the lateral epicondyle of the knee to be aligned
with the dynamometer rotation axis. The tibia’s distal
end was fixed by Velcro positioned 0.1 m from the lat-
eral malleolus. The participants were allowed to become
familiar with the activity and were asked to perform 10
submaximal repetitions, with an angular speed of 60°/s,
followed by a three-minute rest. Following, the unilateral

Abdalla et al. BMC Sports Science, Medicine and Rehabilitation           (2020) 12:29 Page 3 of 10



knee extension test was performed with five maximum
repetitions, and the peak torque value of the concentric
contraction at 60°/s in Newton units per meter (Nm)
was recorded. The participants were verbally encouraged
without visual feedbacks. This protocol is safe for the
patellofemoral joint, skeletal muscles and the cardiovas-
cular system [49]. The angular speed used is appropriate
to obtain the peak torque and is recommended for the
older adults [49]. The variable obtained was peak torque
(Nm) for the unilateral knee extension.
The 1RM was estimated according to a submaximal

repetitions protocol [50]. The protocol to estimate the
dynamic knee extensor muscle strength was performed
bilaterally in an extensor chair (Lion Fitness® and model
LFS), with cable, weight plate support and pulley. The
participants were instructed to sit on the extensor chair
and the backrest was positioned so as to allow the back
of the leg to touch the end of the seat, enabling the par-
ticipants to perform the test comfortably. There was a
warm up with 10 repetitions in the initial load stage
(one weight plate of 8.73 kg). The load was increased
after 2 minutes (two plates of 8.73 kg or 17.46 kg) and
another eight repetitions were performed. The test was
initiated after 3 minutes. The initial test load was 45% of
the body mass for women [51] and 64% for men, consid-
ering the proportion of muscle strength between sexes
[52]. The objective was to perform 10 repetitions at
most, a limit that allows for a more accurate estimate
[53]. Therefore, depending on how fit the participant
was, these initial fixed loads could be increased or de-
creased in order to approximate the optimum limit and
establish an estimate. Three attempts with three-minute
intervals were allowed. If it proved impossible to reach
an estimate, the protocol was performed again after a
minimum interval of 24 h [52]. The variable obtained
using the one-repetition submaximal protocol was an es-
timation of 1RM for bilateral knee extension.

Statistical analysis
Mean, standard deviation, minimum and maximum
values considering a confidence interval of 95% were
used to describe the sample. Comparisons between men
and women and between sarcopenic and non-sarcopenic
individuals were performed using Student’s t test for in-
dependent samples. Normality of data was checked using
the Shapiro-Wilk test (S-W) (n ≤ 50) or the
Kolmogorov-Smirnov test (K-S) (n > 50). Spearman’s
correlation test was used to test the validity of the proto-
col to estimate the 1RM for dynamic knee extensor
muscle strength, considering the isokinetic dynamom-
eter peak torque as the reference point. Spearman’s was
used because individuals without sarcopenia did not
present normality for the 1RM estimate (K-S = 0.103;
p = 0.028) and peak torque (K-S = 0.148; p < 0.001),

while those with sarcopenia did not present normality
for the peak torque (S-W = 0.854; p = 0.048). The proto-
col was considered valid, since the coefficient of correl-
ation presented high (r ≥ 0.7 up to 0.89) or very high
values (r ≥ 0.9). The analyses were performed using the
SPSS version 20 (Chicago, IL) considering the classifica-
tion of sarcopenia and level of significance at α = 0.05.

Results
Table 1 presents the descriptive data (mean, standard
deviation, minimum and maximum values, along with
confidence interval) for anthropometric, health and body
composition characteristics of the subjects included in
this study. Table 2 presents the descriptive data for the
variables of muscle strength and mobility.
Sarcopenia presented a frequency of 11.7% (n = 11) in

the sample (n = 94). Women (n = 65) presented a fre-
quency of 9.2% (n = 6), while men (n = 29) presented a
frequency of 17.2% (n = 5). Only 3.2% of the participants
carried out the handgrip strength test with the left hemi
body. Only 5.3% out of the total reported the left leg to
be dominant.
Men presented higher body mass in comparison to

women (p = 0.029), as well as height (p < 0.001), esti-
mated 1RM for knee extension (p < 0.001), peak torque
of knee extension (p < 0.001), handgrip strength (p <
0.001), ALST (p < 0.001) and SMI (p < 0.001), except for
fat mass, which was higher among women (p < 0.001).
Sarcopenic individuals presented lower body mass

(p = 0.029), BMI (p = 0.012) and SMI (p = 0.013), com-
pared to their non-sarcopenic counterparts. Only
chronological age was higher among the sarcopenic indi-
viduals (p = 0.002). Specific comparisons between sexes,
together with the classification of sarcopenia, are pre-
sented in Tables 1 and 2, represented by *, † and ¥.
To validate the estimated 1RM for knee extension,

its correlation was tested with the reference measure
(peak torque for knee extension). A high correlation
was found between these when the entire sample was
taken into account (r = 0.736; p < 0.001). The correl-
ation was high when non-sarcopenic (r = 0.744; p <
0.001) and sarcopenic (r = 0.709; p = 0.014) older
adults were analyzed separately. Thus, the validity of
the estimated 1RM for knee extension was confirmed
for the both participants, with and without disease.
Dispersions between the two measures are presented
in Fig. 1, which also presents the predictive linear
equations originating from the trend lines between
the two variables. Grey represents the equation for
the participants without sarcopenia and black repre-
sents those with sarcopenia. The equation for the
entire sample is “y = 19.353+1.397*x” (r2 = 0.65; SEE =
23.4 Nm).
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Table 1 Descriptive and comparative data of anthropometric, health and body composition characteristics of older man and
women (n = 94) from Ribeirão Preto, Brazil

Variables /
Groups

M SD Min Max Range 95% CI Normality test

LL UL Value p

Mini-Mental State Examination

♀ nSc (n = 59) 17.37 1.80 13.00 19.00 6.00 16.90 17.84 0.229k-s < 0.001

♀ Sc (n = 6) 17.50 1.52 15.00 19.00 4.00 15.91 19.09 0.902s-w 0.389

♂ nSc (n = 24) 17.38 1.86 13.00 19.00 6.00 16.59 18.16 0.828s-w 0.001

♂ Sc (n = 5) 18.75 0.50 18.00 19.00 1.00 17.95 19.55 0.630s-w 0.001

Age (complete years)

♀ nSc 69.10 5.83 60.00 85.00 25.00 67.58 70.62 0.098k-s 0.200

♀ Sc 75.83* 5.19 69.00 84.00 15.00 70.38 81.28 0.982s-w 0.960

♂ nSc 70.25 7.02 60.00 85.00 25.00 67.29 73.21 0.963s-w 0.506

♂ Sc 74.50 6.66 69.00 84.00 15.00 63.91 85.09 0.878s-w 0.331

Body mass (kg)

♀ nSc 67.79† 11.20 45.60 103.55 57.95 64.87 70.71 0.110k-s 0.073

♀ Sc 58.12 12.54 39.35 73.40 34.05 44.96 71.27 0.931s-w 0.585

♂ nSc 74.74 13.26 46.45 109.85 63.40 69.14 80.34 0.949s-w 0.254

♂ Sc 61.43 15.74 43.00 75.50 32.50 36.38 86.47 0.884s-w 0.356

Height (m)

♀ nSc 1.56† 0.06 1.46 1.74 0.28 1.55 1.58 0.079k-s 0.200

♀ Sc 1.55 0.08 1.45 1.65 0.20 1.46 1.63 0.930s-w 0.578

♂ nSc 1.69 0.08 1.58 1.88 0.30 1.65 1.72 0.945s-w 0.209

♂ Sc 1.62 0.08 1.51 1.68 0.18 1.50 1.74 0.821s-w 0.145

BMI (kg/m2)

♀ nSc 27.75 4.37 20.81 39.95 19.14 26.61 28.89 0.105k-s 0.164

♀ Sc 24.03* 3.48 18.33 27.51 9.18 20.38 27.69 0.918s-w 0.489

♂ nSc 26.16 3.59 17.48 31.08 13.60 24.64 27.67 0.947s-w 0.230

♂ Sc 23.27 4.92 18.98 27.73 8.75 15.43 31.10 0.751s-w 0.040

Appendicular Lean Soft Tissue (kg)

♀ nSc 14.80† 2.39 11.10 22.48 11.38 14.18 15.42 0.107k-s 0.090

♀ Sc 11.82*¥ 1.86 9.21 14.61 5.40 9.87 13.77 0.980s-w 0.950

♂ nSc 21.63 4.04 14.49 32.48 17.98 19.92 23.33 0.954s-w 0.331

♂ Sc 16.78† 2.96 12.61 19.50 6.89 12.07 21.49 0.912s-w 0.494

Skeletal muscle index (kg/m2)

♀ nSc 6.06† 0.92 4.19 8.67 4.48 5.82 6.30 0.096k-s 0.200

♀ Sc 4.91*¥ 0.37 4.29 5.40 1.11 4.52 5.29 0.941s-w 0.666

♂ nSc 7.54 0.93 5.81 9.41 3.60 7.15 7.94 0.963s-w 0.493

♂ Sc 6.36† 0.73 5.57 7.25 1.68 5.20 7.52 0.986s-w 0.935

Fat mass (kg)

♀ nSc 28.40† 7.15 13.79 47.93 34.14 26.53 30.26 0.120k-s 0.034

♀ Sc 24.85 7.85 13.56 32.76 19.20 16.62 33.09 0.897s-w 0.354

♂ nSc 21.78 6.73 7.65 33.61 25.97 18.94 24.62 0.979s-w 0.885

♂ Sc 18.08 9.18 9.99 28.46 18.47 3.47 32.69 0.862s-w 0.266

Note. CI confidence interval, LL lower limit, UL upper limit, ♀ nSc non-sarcopenic women, ♀ Sc sarcopenic women, ♂ nSc non-sarcopenic men, ♂ Sc sarcopenic
men, *: p < 0.05 vs ♀ nSc; †: p < 0.05 vs ♂ nSc; ¥: p < 0.05 vs ♂ Sc, k-s Kolmogorov-Smirnov, s-k: Shapiro-Wilk, BMI: body mass index
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Discussion
The main goal of this study was to validate of a one-
repetition submaximal strength protocol to measure dy-
namic knee extension strength in older adults with and
without sarcopenia. The submaximal protocol was vali-
dated for both sarcopenic e non sarcopenic older adults.
This proposal advances the field of sarcopenia studies by
validate a clinical practice protocol that will contribute
to the diagnosis of sarcopenia because it is easy to use,
inexpensive and sensitive to the adaptations promoted
by physical exercise. The validation will allow the
creation of cutoff points to identify sarcopenia from the
Dynamic knee extensor muscle strength. Especially in
low- and middle-income countries these parameters will
improve the understanding of the prevalence, incidence,
risk factors, prevention and treatment of sarcopenia.
The dynamic knee extensor muscle strength decreases

before handgrip strength does [54], which favors the

early identification of sarcopenia. Such identification can
support interventions that include exercises to recover
from sarcopenia and ensure the muscle functionality of
older adults [18, 20]. The dynamic knee extensor muscle
strength one-repetition protocol had not yet been vali-
dated among older adults with sarcopenia. According to
the literature, only one study [40] tested the validity of a
1RM protocol among healthy older adults. Nevertheless,
its application includes heavy loads that compromise the
safety of older adults with sarcopenia.
The method recommended to assess dynamic muscle

strength among older adults in clinical practice is the
1RM [55]. Even though it involves a low risk of lesion
(2.4%) among the older adults [56], age and some health
conditions, such as sarcopenia/osteoporosis, may com-
promise the safety of utilizing it [41]. The development
of a one-repetition submaximal protocol to estimate
1RM is justified because there is a concern over safety,

Table 2 Descriptive and comparative data of skeletal muscle strength and mobility characteristics of older man and women (n = 94)
from Ribeirão Preto, Brazil

Variables
/ Groups

M SD Min Max Range 95% CI Normality test

LL UL Value p

Estimation of 1RM for bilateral knee extension (kg)

♀ nSc 41.89† 16.15 8.73 81.51 72.78 37.68 46.10 0.107k-s 0.088

♀ Sc 30.32 7.40 20.96 39.29 18.34 22.55 38.08 0.879s-w 0.263

♂ nSc 71.06 25.55 36.98 151.37 114.39 60.27 81.85 0.907s-w 0.031

♂ Sc 50.89† 17.65 28.58 65.04 36.47 22.81 78.97 0.864s-w 0.275

No. of repetitions

♀ nSc 6.51 2.47 1.00 10.00 9.00 5.87 7.15 0.187k-s < 0.001

♀ Sc 7.67 1.63 5.00 10.00 5.00 5.95 9.38 0.916s-w 0.480

♂ nSc 7.33 2.32 3.00 10.00 7.00 6.36 8.31 0.892s-w 0.015

♂ Sc 7.25 2.22 4.00 9.00 5.00 3.72 10.78 0.801s-w 0.103

Peak torque at 60°/s for unilateral knee extension (Nm)

♀ nSc 73.66† 26.65 19.50 150.20 130.70 66.72 80.61 0.075k-s 0.200

♀ Sc 68.47 18.28 50.20 97.90 47.70 49.28 87.65 0.911s-w 0.441

♂ nSc 124.30 47.09 49.20 240.40 191.20 104.41 144.18 0.938s-w 0.148

♂ Sc 92.88 36.33 44.30 130.90 86.60 35.06 150.69 0.966s-w 0.818

Handgrip strength (kg)

♀ nSc 24.47† 4.39 12.00 33.00 21.00 23.33 25.62 0.118k-s 0.040

♀ Sc 20.00*¥ 3.16 17.00 20.00 9.00 16.68 23.32 0.829s-w 0.104

♂ nSc 38.21 8.40 18.00 56.00 38.00 34.66 41.75 0.975s-w 0.778

♂ Sc 27.25† 1.89 26.00 30.00 4.00 24.24 30.26 0.791s-w 0.086

Usual walking speed (m/s)

♀ nSc 1.23 0.36 0.63 2.51 1.88 1.14 1.33 0.118k-s 0.039

♀ Sc 1.17 0.28 0.76 1.48 0.72 0.88 1.46 0.940s-w 0.656

♂ nSc 1.30 0.33 0.80 2.40 1.60 1.16 1.44 0.881s-w 0.009

♂ Sc 1.22 0.25 0.99 1.57 0.58 0.83 1.61 0.895s-w 0.409

Note. CI confidence interval, LL lower limit, UL upper limit, ♀ nSc non-sarcopenic women, ♀ Sc sarcopenic women, ♂ nSc non-sarcopenic men, ♂ Sc sarcopenic
men; *: p < 0.05 vs ♀ nSc; †: p < 0.05 vs ♂ nSc; ¥: p < 0.05 vs ♂ Sc; k-s: Kolmogorov-Smirnov; s-k: Shapiro-Wilk, 1RM one-repetition maximum
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since the original protocol adopts a very heavy load for
one repetition. Such a load may impose exaggerated
stress on muscles, bones or connective tissues, causing
injuries because the stress exceeds the tensile resistance
of these structural components [50]. The impact on
bones is of concern, especially among older adults with
osteoporosis and sarcopenia, because the risk of fracture
among these individuals is 3.5 times greater than among
healthy individuals or those with only one of these con-
ditions [41]. Additionally, the 1RM trial raises blood
pressure beyond the levels achieved when the submaxi-
mal protocol is used. Another concern is the highly spe-
cialized prerequisite of skill required by the 1RM
protocol [50]. Such a concern is even more relevant
when adolescent or older adults’ populations are tested.
Concurrent validity of the 1RM measure using the ex-

tensor chair and leg press was tested with 55 individuals
with homogeneous characteristics (from 19 to 84 years
old) [40]. They were divided between a young (< 60 years
old) and an older adult (≥ 60 years old) group [40]. The
isokinetic dynamometer was used as a reference, with
the peak torque measure in Nm units of the isometric
right knee extension at 80° and the isokinetic at various
speeds (120°, 180°, 240° and 300°/s). Pearson’s correl-
ation was used to validate the 1RM. When knee exten-
sion was performed at 120°/s speed (closest to present
study) a high correlation was found among older adults
(r = 0.75) for the 1RM obtained with extensor chair. For
the 1RM made in leg press the correlation was only
moderate (r = 0.60). The conclusion is that the 1RM ob-
tained in the extensor chair is valid for assessing muscle
strength among healthy older adults. The sample of

older adults was small (n = 22) and was not divided be-
tween individuals with and without sarcopenia. The peak
torque (92.0 ± 4.0 Nm) was higher than that found in
present study for older adults with sarcopenia (75.4 ±
32.6 Nm) and also for those without sarcopenia (87.3 ±
39.8 Nm).
In the study of Verdijk [40] the validity of the knee ex-

tensor test was not obtained among older adults with
sarcopenia. Additionally, the 1RM test was performed,
which can be difficult for frail populations. Therefore, it
was opted to validate the estimated 1RM protocol using
an extensor chair [50], which is more easily applied with
individuals who experience decreased motor capabilities,
because it employs smaller loads than the maximum
test. Additionally, in the present study, the older adults
were classified in terms of sarcopenia and the sample
was larger (n = 94). The coefficient of correlation was
considered to be high (r > 0.70), both for the entire sam-
ple (r = 0.74), and for the groups with (r = 0.71) and
without (r = 0.74) sarcopenia. This shows that even
though the estimated 1RM for knee extension using the
extensor chair obtained by the submaximal repetitions
protocol is an indirect measure, it is valid to measure
the muscle strength of lower limbs.
The prevalence of sarcopenia in Brazil has been re-

ported in a meta-analysis/systematic review [3]. Thirty-
one studies were selected, with 9416 individuals older
than 60 years old, living in the community, in long-term
care institutions or hospitalized. The prevalence of sar-
copenia reported was 16%. In the present study, a fre-
quency of 11.7% was found. Such a figure is lower than
what is reported nationally, possibly because in the

Fig. 1 Dispersion between estimated 1RM and peak torque-60°/s for knee extension for sarcopenic and non-sarcopenic older adults. Legend:
Black diamonds: sarcopenic older adults, Grey diamonds: non-sarcopenic older adults, 1RM: one-repetition maximum
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current study only physically independent older adults
living in the community were recruited. The frequency
would likely be higher if hospitalized individuals or those
living in long-stay institutions were recruited. A larger
number of frail individuals would be addressed and, con-
sequently, the prevalence of sarcopenia would be higher.
As submaximal strength protocol to measure dynamic
knee extension strength is valid for older people with
higher or lower muscle strength levels. The next step is
to propose cutoff points based on this protocol to iden-
tify sarcopenia. In addition, lower limb muscle strength
may facilitate early identification of the disease and mea-
sures of dynamic muscle strength are sensitive to
exercise-induced adaptations in the older adults with
sarcopenia.
Some limitations of the present study need to be

highlighted. Other statistical indicators could be more
appropriate to check the validity of estimated 1RM for
knee extension, such as the Bland-Altman plot [57]. This
plot verifies agreement between estimated and reference
measures. However, the units between the two devices
(isokinetic dynamometer [Nm] and extensor chair [kg])
are different, hindering the application of these re-
sources. Thus, in this case, correlation is more appropri-
ate to check for concurrent validity [40]. The study by
Verdijk [40] and the current measured muscle strength
using the isokinetic dynamometer only on the right
lower limb. However, there are no differences between
limbs in terms of peak torque among older adults using
a 60°/s speed [58], which is the same angular velocity
used in the present study. In the present study, the exe-
cution speed (cadence) was not controlled in the 1RM
estimation protocol for knee extension. Even with the at-
tempt to control the speed, it would be difficult to re-
produce the angular speed of the isokinetic
dynamometer. In addition, it is necessary to highlight
that the 1RM estimation protocol showed a high correl-
ation with the isokinetic dynamometer only at the angu-
lar speed of 60°/s. This does not allow generalizing the
findings to other angular velocities. One factor that may
have prevented the finding of an even higher correlation
between the two measures is the bilateral strength deficit
(BLD). BLD is characterized by reduced performance
during synchronous bilateral limb contractions com-
pared with the sum of identical unilateral limbs contrac-
tions [59]. In the present study, was measured muscle
strength for knee extension unilateral (right leg isokin-
etic peak torque) and bilateral (1RM for knee extensor
muscles), which can characterize the occurrence of BLD.
The deficit is found in older adults [60] but primary
cause of this remains equivocal [59]. However, it hap-
pens due to the inability of the neuromuscular system to
generate maximal force during bilateral contraction [59].
Another limitation is noted by the heterogeneity of the

studied sample, which makes it difficult to associate the
results with age, sex and functional level. However, the
sample heterogeneity allowed the recruitment of sarco-
penic seniors, who are generally older, have less body
mass, body mass index [61] and are more sedentary [62].
Despite the low number of sarcopenic older adults stud-
ied (six women and five men), the frequency of the dis-
ease obtained (11.7%) was similar to the global
prevalence reported in the literature (10%) [4].

Conclusion
The estimation of 1RM for bilateral knee extension ob-
tained by submaximal repetition protocol for dynamic
muscle strength was successfully validated among older
adults with and without sarcopenia. Thus, the estimated
measure can be used to monitor adaptations proposed
by interventions involving exercise even for frail individ-
uals. Cutoff points for dynamic and estimated knee ex-
tensor muscle strength need to be proposed to identify
sarcopenia. This study will advance by providing health
professionals an alternative with low cost to diagnose
and monitor sarcopenia. Thus, contributing to reduce
the adverse health effects of sarcopenia in the older
adults.

Abbreviations
ICD: International Classification of Diseases; EWGSOP: European Working
Group on Sarcopenia in Older People; ESPEN: European Society for Clinical
Nutrition and Metabolism Special Interest Group on cachexia-anorexia in
chronic wasting diseases; IWGS: International Working Group on Sarcopenia;
SCWD: Society of Sarcopenia, Cachexia and Wasting Disorders;
FNIH: Foundation for the National Institutes of Health; 1RM: One-repetition
maximum strength test; DXA: Dual energy X-ray absorptiometry; LST: Lean
soft tissue; ALST: Appendicular lean soft tissue; S-W: Shapiro-Wilk test; K-
S: Kolmogorov-Smirnov test

Acknowledgements
The authors would like to thanks Bryan pate and Arlete Belluzzo, University
of Illinois at Urbana-Champaign, for the reviewing on the transcription of this
manuscript

Authors’ contributions
PPA, ASC, and DRLM conceived the study, participated in its design,
coordination, and acquisition of data. PPA and ACRV was involved in
recruiting patients and collection of data. TCA and JM helped at statistical
analysis and APS in finalizing the methods section. APS and JM participated
in interpretation of the results and editing the whole manuscript. All authors
contributed significantly, read and approved the final manuscript.

Funding
This study was supported by funding from CNPq – Conselho Nacional de
Desenvolvimento Científico e Tecnológico (through PhD scholarship number
142248/2018–5 granted to Pedro Pugliesi Abdalla) and CAPES –
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (finance
Code 001). The funding body had no role in the design of the study and
collection, analysis, and interpretation of data and in writing the manuscript.
The authors thank to CNPq and CAPES for financial support.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Correspondence to: Pedro Pugliesi Abdalla, M.Sc., PT.
Kinanthropometry and Human Performance Laboratory (LaCiDH).
Av. Bandeirantes, 3900, ZIP Code: 14040–907.

Abdalla et al. BMC Sports Science, Medicine and Rehabilitation           (2020) 12:29 Page 8 of 10



Ribeirão Preto - SP, Brazil.
Tel: + 55 16 3315–0342.
e-mail: pedroabdalla11@gmail.com

Ethics approval and consent to participate
All participants volunteered for the study, were informed about the scope of
the study, and provided written consent. The study was approved by the
University of Sao Paulo (HC-FMRP/USP) Ethical Review Board.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details
1College of Nursing of the University of Sao Paulo at Ribeirao Preto (EERP/
USP), Avenida dos Bandeirantes, 3900, Ribeirão Preto, SP 14040-902, Brazil.
2Paulista University, Physical Education, Avenida Presidente Juscelino
Kubitschek de Oliveira, w/ no, São José do Rio Preto 15092-415, SP, Brazil.
3Center for Research in Physical Activity, Health and Leisure (CIAFEL),
University of Porto, Rua Dr. Plácido Costa, 91, Porto 4200-450, Portugal.
4School of Physical Education and Sport of Ribeirao Preto at the University of
Sao Paulo (EEFERP/USP), Avenida dos Bandeirantes, 3900, Ribeirão Preto
14040-900, SP, Brazil.

Received: 23 September 2019 Accepted: 23 April 2020

References
1. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, Cooper

C, Landi F, Rolland Y, Sayer AA, et al. Sarcopenia: revised European
consensus on definition and diagnosis. Age Ageing. 2018;48(1):16–31.

2. Anker SD, Morley JE, von Haehling S. Welcome to the ICD-10 code for
sarcopenia. J Cachexia Sarcopenia Muscle. 2016;7(5):512–4.

3. Diz JBM, Leopoldino AAO, BdS M, Henschke N, Dias RC, LSM P, Oliveira VC.
Prevalence of sarcopenia in older Brazilians: a systematic review and meta-
analysis. Geriatr Gerontol Int. 2017;17(1):5–16.

4. Shafiee G, Keshtkar A, Soltani A, Ahadi Z, Larijani B, Heshmat R. Prevalence
of sarcopenia in the world: a systematic review and meta- analysis of
general population studies. J Diab Metab Disord. 2017;16:21.

5. Beaudart C, Rizzoli R, Bruyère O, Reginster J-Y, Biver E. Sarcopenia: burden
and challenges for public health. Arch Public Health. 2014;72(45):1–8.

6. Higo M, Khan HT. Global population aging: unequal distribution of risks in
later life between developed and developing countries. Glob Soc Policy.
2015;15(2):146–66.

7. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, Martin
FC, Michel J-P, Rolland Y, Schneider SM. Sarcopenia: European consensus on
definition and diagnosis report of the European working group on
sarcopenia in older people. Age Ageing. 2010;39(4):412–23.

8. Muscaritoli M, Anker SD, Argiles J, Aversa Z, Bauer JM, Biolo G, Boirie Y,
Bosaeus I, Cederholm T, Costelli P, et al. Consensus definition of sarcopenia,
cachexia and pre-cachexia: joint document elaborated by special interest
groups (SIG) "cachexia-anorexia in chronic wasting diseases" and "nutrition
in geriatrics". Clin Nutr. 2010;29(2):154–9.

9. Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB, Abellan
van Kan G, Andrieu S, Bauer J, Breuille D. Sarcopenia: an undiagnosed
condition in older adults. Current consensus definition: prevalence, etiology,
and consequences. International working group on sarcopenia. J Am Med
Dir Assoc. 2011;12(4):249–56.

10. Morley JE, Abbatecola AM, Argiles JM, Baracos V, Bauer J, Bhasin S,
Cederholm T, Coats AJS, Cummings SR, Evans WJ. Sarcopenia with limited
mobility: an international consensus. J Am Med Dir Assoc. 2011;12(6):403–9.

11. Dam TT, Peters KW, Fragala M, Cawthon PM, Harris TB, McLean R, Shardell M,
Alley DE, Kenny A, Ferrucci L, et al. An evidence-based comparison of operational
criteria for the presence of sarcopenia. J Gerontol. 2014;69(5):584–90.

12. Chen L-K, Liu L-K, Woo J, Assantachai P, Auyeung T-W, Bahyah KS, Chou M-
Y, Chen L-Y, Hsu P-S, Krairit O, et al. Sarcopenia in Asia: consensus report of
the Asian working Group for Sarcopenia. J Am Med Dir Assoc. 2014;15(2):
95–101.

13. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J,
Seeman T, Tracy R, Kop WJ, Burke G. Frailty in older adults evidence for a
phenotype. J Gerontol. 2001;56(3):M146–57.

14. Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di Iorio A, Corsi
AM, Rantanen T, Guralnik JM, Ferrucci L. Age-associated changes in skeletal
muscles and their effect on mobility: an operational diagnosis of sarcopenia.
J Appl Physiol. 2003;95(5):1851–60.

15. Dodds RM, Syddall HE, Cooper R, Benzeval M, Deary IJ, Dennison EM, Der G,
Gale CR, Inskip HM, Jagger C, et al. Grip strength across the life course:
normative data from twelve British studies. PLoS One. 2014;9(12):e113637.

16. Tanimoto Y, Watanabe M, Sun W, Sugiura Y, Tsuda Y, Kimura M, Hayashida I,
Kusabiraki T, Kono K. Association between sarcopenia and higher-level
functional capacity in daily living in community-dwelling elderly subjects in
Japan. Arch Gerontol Geriatr. 2012;55(2):e9–e13.

17. Liu L-K, Lee W-J, Liu C-L, Chen L-Y, Lin M-H, Peng L-N, Chen L-K. Age-
related skeletal muscle mass loss and physical performance in Taiwan:
implications to diagnostic strategy of sarcopenia in Asia. Geriatr Gerontol
Int. 2013;13(4):964–71.

18. Phillips SM. Nutritional supplements in support of resistance exercise to
counter age-related sarcopenia. Adv Nutr. 2015;6(4):452–60.

19. Fiatarone MA, Marks EC, Ryan ND, Meredith CN, Lipsitz LA, Evans WJ. High-
intensity strength training in nonagenarians. Effects on skeletal muscle. J
Am Med Assoc. 1990;263(22):3029–34.

20. Cruz-Jentoft AJ, Landi F, Schneider SM, Zuniga C, Arai H, Boirie Y, Chen LK,
Fielding RA, Martin FC, Michel JP, et al. Prevalence of and interventions for
sarcopenia in ageing adults: a systematic review. Report of the international
sarcopenia initiative (EWGSOP and IWGS). Age Ageing. 2014;43(6):748–59.

21. Arai H, Wakabayashi H, Yoshimura Y, Yamada M, Kim H, Harada A. Chapter 4
treatment of sarcopenia. Geriatr Gerontol Int. 2018;18(Suppl 1):28–44.

22. Vlietstra L, Hendrickx W, Waters DL. Exercise interventions in healthy older
adults with sarcopenia: a systematic review and meta-analysis. Aust J
Ageing. 2018.

23. Yoshimura Y, Wakabayashi H, Yamada M, Kim H, Harada A, Arai H.
Interventions for Treating Sarcopenia: A Systematic Review and Meta-
Analysis of Randomized Controlled Studies. J Am Med Dir Assoc. 2017;18(6):
553 e551–553.e516.

24. Samuel D, Rowe P. An investigation of the association between grip
strength and hip and knee joint moments in older adults. Arch Gerontol
Geriatr. 2012;54(2):357–60.

25. Legrand D, Vaes B, Matheï C, Adriaensen W, Pottelbergh G, Degryse JM:
Muscle Strength and Physical Performance as Predictors of Mortality,
Hospitalization, and Disability in the Oldest Old. Journal of the American
Geriatrics Society 2014.

26. Frontera WR, Hughes VA, Fielding RA, Fiatarone MA, Evans WJ, Roubenoff R.
Aging of skeletal muscle: a 12-yr longitudinal study. J Appl Physiol. 2000;
88(4):1321–6.

27. Loenneke J, Thiebaud RS, Abe T. Estimating site-specific muscle loss: a
valuable tool for early sarcopenia detection? Rejuvenation Res. 2014;17(6):
496–8.

28. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV,
Simonsick EM, Tylavsky FA, Visser M, Newman AB. The loss of skeletal
muscle strength, mass, and quality in older adults: the health, aging and
body composition study. J Gerontol. 2006;61(10):1059–64.

29. Hughess VA, Frontera WR, Wood M, Evans WJ, Dallal GE, Roubenoff R,
Fiatarone Singh MA. Longitudinal muscle strength changes in older adults:
influence of muscle mass, physical activity, and health. J Gerontol. 2001;
56(5):B209–8217.

30. Abe T, Sakamaki M, Yasuda T, Bemben MG, Kondo M, Kawakami Y,
Fukunaga T. Age-related, site-specific muscle loss in 1507 Japanese men
and women aged 20 to 95 years. J Sports Sci Med. 2011;10(1):145–50.

31. Abe T, Loenneke JP, Thiebaud RS, Fukunaga T. Age-related site-specific
muscle wasting of upper and lower extremities and trunk in Japanese men
and women. Age. 2014;36(2):813–21.

32. Abe T, Thiebaud RS, Loenneke JP, Loftin M, Fukunaga T. Prevalence of site-
specific thigh sarcopenia in Japanese men and women. Age. 2014;36(1):
417–26.

33. Roolland YM, Perry HM 3rd, Patrick P, Banks WA, Morley JE. Loss of
appendicular muscle mass and loss of muscle strength in young
postmenopausal women. J Gerontol. 2007;62(3):330–5.

34. Ploutz-Snyder LL, Manini T, Ploutz-Snyder RJ, Wolf DA. Functionally relevant
thresholds of quadriceps femoris strength. J Gerontol. 2002;57(4):B144–52.

Abdalla et al. BMC Sports Science, Medicine and Rehabilitation           (2020) 12:29 Page 9 of 10



35. Matsui Y, Takemura M, Harada A, Ando F, Shimokata H. Effects of knee
extensor muscle strength on the incidence of osteopenia and osteoporosis
after 6 years. J Bone Miner Metab. 2013;32(5):550–5.

36. Martien S, Delecluse C, Boen F, Seghers J, Pelssers J, Van Hoecke AS, Van
Roie E. Is knee extension strength a better predictor of functional
performance than handgrip strength among older adults in three different
settings? Arch Gerontol Geriatr. 2015;60(2):252–8.

37. Assantachai P, Muangpaisan W, Intalapaporn S, Sitthichai K, Udompunturak
S. Cut-off points of quadriceps strength, declines and relationships of
sarcopenia-related variables among Thai community-dwelling older adults.
Geriatr Gerontol Int. 2014;14(S1):61–8.

38. Nagai T, Schilaty ND, Laskowski ER, Hewett TE. Hop tests can result in
higher limb symmetry index values than isokinetic strength and leg press
tests in patients following ACL reconstruction. Knee Sur Sports Traumatol
Arthroscopy. 2020;28(3):816–22.

39. Van Roie E, Verschueren SM, Boonen S, Bogaerts A, Kennis E, Coudyzer W,
Delecluse C. Force-velocity characteristics of the knee extensors: an
indication of the risk for physical frailty in elderly women. Arch Phys Med
Rehabil. 2011;92(11):1827–32.

40. Verdijk LB, Van Loon L, Meijer K, Savelberg HH. One-repetition maximum
strength test represents a valid means to assess leg strength in vivo in
humans. J Sports Sci. 2009;27(1):59–68.

41. Yu R, Leung J, Woo J. Incremental predictive value of sarcopenia for
incident fracture in an elderly Chinese cohort: results from the osteoporotic
fractures in men (MrOs) study. J Am Med Dir Assoc. 2014;15(8):551–8.

42. Icaza MC, Albala C, Projeto SABE. Minimental State Examination (MMSE) del
estudio de dementia en Chile: análisis estatístico. Brasília: OPAS; 1999. p. 1–
18.

43. Lohman T, Roche A, Martorell R. Anthropometric standardization reference
manual. Human Kinetics: Champaign; 1988.

44. Massy-Westropp NM, Gill TK, Taylor AW, Bohannon RW, Hill CL. Hand grip
strength: age and gender stratified normative data in a population-based
study. BMC Res Notes. 2011;4(127):1–5.

45. Alexandre S, Duarte YA, Santos JL, Wong R, Lebrao ML. Prevalence and
associated factors of sarcopenia among elderly in Brazil: findings from the
SABE study. J Nutr Health Aging. 2014;18(3):284–90.

46. Lourenco R, Perez-Zepeda M, Gutierrez-Robledo L, Rodriguez Manas L,
Garcia-Garcia F. Performance of the European working group on sarcopenia
in older people algorithm in screening older adults for muscle mass
assessment. Age Ageing. 2014;44(2):334–8.

47. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,
Scherr PA, Wallace RB. A short physical performance battery assessing lower
extremity function: association with self-reported disability and prediction of
mortality and nursing home admission. J Gerontol. 1994;49(2):M85–94.

48. Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heymsfield SB, Ross
RR, Garry PJ, Lindeman RD. Epidemiology of sarcopenia among the elderly
in New Mexico. Am J Epidemiol. 1998;147(8):755–63.

49. Brown LE, Applegate B: Isokinetics in human performance, vol. 1: Human
Kinetics Champaign, IL; 2000.

50. Brzycki M. Strength testing—predicting a one-rep max from reps-to-fatigue.
J Physical Educ Recreation Dance. 1993;64(1):88–90.

51. Kuramoto AK, Payne VG. Predicting muscular strength in women: a
preliminary study. Res Q Exerc Sport. 1995;66(2):168–72.

52. Tritschler K, Barrow HM, McGee R. Medida e avaliação em educação física e
esportes de Barrow & McGee: quinta edição. Barueri: Manole; 2003.

53. Whisenant MJ, Panton LB, East WB, Broeder CE. Validation of submaximal
prediction equations for the 1 repetition maximum bench press test on a
group of collegiate football players. J Strength Condition Res. 2003;17(2):
221–7.

54. Samuel D, Wilson K, Martin HJ, Allen R, Sayer AA, Stokes M. Age-associated
changes in hand grip and quadriceps muscle strength ratios in healthy
adults. Aging Clin Exp Res. 2012;24(3):245–50.

55. Abadie BR, Wentworth MC. Prediction of one repetition maximal strength
from a 5-10 repetition submaximal strength test in college-aged females. J
Exerc Physiol Online. 2000;3(3):1–8.

56. Shaw CE, McCully KK, Posner JD. Injuries during the one repetition
maximum assessment in the elderly. J Cardiopulmon Rehabil Prevent. 1995;
15(4):283–7.

57. Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet (London, Engl). 1986;1(8476):
307–10.

58. Aquino MdA, Leme LEG, Amatuzzi MM, Greve JMDA, Terreri ASA,
Andrusaitis FR, Nardelli JCdC: Isokinetic assessment of knee flexor/extensor
muscular strength in elderly women. Rev Hosp Clín 2002, 57(4):131–134.

59. Ruiz-Cardenas JD, Rodriguez-Juan JJ, Jakobi JM, Rios-Diaz J, Marin-Cascales
E, Rubio-Arias JA. Bilateral deficit in explosive force related to sit-to-stand
performance in older postmenopausal women. Arch Gerontol Geriatr. 2018;
74:145–9.

60. Kuruganti U, Seaman K. The bilateral leg strength deficit is present in old,
young and adolescent females during isokinetic knee extension and flexion.
Eur J Appl Physiol. 2006;97(3):322–6.

61. Eglseer D, Eminovic S, Lohrmann C. Association between sarcopenia and
nutritional status in older adults: a systematic literature review. J Gerontol
Nurs. 2016;42(7):33–41.

62. Smith L, Tully M, Jacob L, Blackburn N, Adlakha D, Caserotti P, Soysal P,
Veronese N, Sanchez GFL, Vancampfort D, et al. The Association Between
Sedentary Behavior and Sarcopenia Among Adults Aged >/=65 Years in
Low- and Middle-Income Countries. Int J Environ Res Public Health. 2020;
17(5).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Abdalla et al. BMC Sports Science, Medicine and Rehabilitation           (2020) 12:29 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Procedures
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

