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Abstract

g

Sarcopenia is a major health problem for older adults. Traditional muscle strength training can lead to a reduction
in sarcopenia, but high loads make it difficult to apply for older adults. The aim of this study was to evaluate the
effect of strength training with partial blood flow restriction (PBFR) on factors associated with sarcopenia in older
Mexican women. Analytical and longitudinal research with a pre-post quasi-experimental design was carried out.
Sixteen older women participated in the study (70.87+£5.47 years, height of 150.11£3.69 cm, and a body weight
of 66.6+9.9 kg). Muscular strength training with partial blood flow restriction to the lower limbs for 12 weeks was
performed. Muscle mass index was evaluated, the general muscle strength was calculated using hand dynamom-
etry; the functionality was evaluated with the time get up and go test and specific strength with the Chair stand
test. A statistical difference pre- and post-intervention in the strength of the right hand (p<0.05), and the specific
strength (p<0.05) was found, without changes in the muscle mass index and functionality (p=>0.05). It was con-
cluded that strength training with loads between 20%-50% combined with PBFR, for lower limbs in older adults,
generates positive effects on general and specific strength, a parameter related to sarcopenia.
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Introduction

Currently, the population age curve is increasing world-
wide, which imposes the need to implement actions for the
health care of an aging society (Domingo-del-Val, 2022). In
Mexico, it was estimated that in 2021 there were 12 older adults
(OA) for every 100 inhabitants, equivalent to 14.5 million OA,
representing 11% of the total Mexican population, with a ten-
dency for this proportion to increase (Consejo Nacional de
Poblacién, 2021), so it is necessary to generate health conser-
vation or recovery strategies for this age group.

Among the most important health problems in people
over 60 years of age, sarcopenia is considered one of the main
disorders associated with morbidity and limitation of daily life
activities (Contreras-Hernandez, 2021). Its importance is such
that it was integrated into the International Classification of

Diseases in 2016 (Martin Sierra et al., 2021).

Sarcopenia is described as a multifactorial disorder
(Malafarina et al., 2013), among which is the lack of physical
activity; characterized by loss of muscle mass, strength and
functionality, thus increasing the risk of falls and decreased
quality of life of those who suffer from it (Cruz-Jentoft y Sayer,
2019). The prevalence of this disorder worldwide is 5-13% and
50% in people aged 60, 70, and 80 years, respectively, estimat-
ing that the percentage will increase by 2025 (Cortés et al,,
2018). In Mexico, it was observed that 13% of the population
of a sample of more than 5000 OA suffered from sarcopenia
(Contreras-Hernandez, 2021), in addition it has been indicat-
ed that sarcopenia has a higher prevalence in Mexican women
compared to men of the same nationality (Espinel-Bermtdez
et al., 2018), although worldwide the relationship of sarcope-
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nia with sex varies according to the reference classification
(Petermann-Rocha et al., 2022).

Traditional muscle strength training can lead to decreased
sarcopenia and increased strength; It is suggested that in order
to enhance muscle hypertrophy, a considerable volume and
multiple repetitions should be used (American Ascociation of
Sport Medicine, 2009). However, these specific characteristics,
such as the use of high loads (between 60-85%) and a train-
ing duration ranging from 50 to 90 minutes, make it difficult
to apply them in elderly individuals (Castro-Coronado et al.,
2021; Lim & Goh, 2022).

On the other hand, it has been studied that training with
partial blood flow restriction (PBFR) generates positive ef-
fects on muscle size and strength without the need to use high
intensities, obtaining favorable results using low-intensity
work (Cristina-Oliveira et al., 2020). PBFR is a technique that
consists of using a compression device near the muscle to be
worked, performing sets with weights lower than those usually
recommended to promote hypertrophy and increase muscle
strength. This training technique can be carried out using a
common elastic bandage or through more advanced devices,
such as a pressure cuff (Villalba, 2022). Although the bene-
fits of this type of strength training in different populations
are known, its application in elderly women is still sparsely
explored, the physiological and biomechanical specifications
to older women and the effects that PBFR training can have
on this specific population group have not been addressed,
therefore, the objective of this study was to evaluate the ef-
fect of strength training with PBFR on factors associated with
sarcopenia (strength, functionality and muscle mass index) in
woman Mexican older adults, belonging to the programs of
the National System of Integral Development of the Municipal
Family of Puebla (SMDIF). The aim of this study was to eval-
uate the effect of strength training with partial blood flow re-
striction (PBFR) on factors associated with sarcopenia in older
Mexican women

Methods

This is an analytical, longitudinal research with a qua-
si-experimental pre-post design that evaluated the effect of
a 12-week PBFR training in lower limbs (LL) on factors as-
sociated with sarcopenia (strength, functionality, and muscle
mass) in 16 older adults.

Participants

The participants were 16 elderly women (70.87+5.47 years,
height of 150.11+3.69 cm, and a body weight of 66.6+9.9 kg),
incorporated into SMDIF program in the municipality of
Puebla, Mexico; selected through convenience sampling and
with the following inclusion criteria: being a woman, being
over 60 years old, belonging to the SMDIF program, medical
leave to exercise. Exclusion criteria: hypertension, diabetes,
circulatory conditions, and/or having any medical restriction
to perform physical exercise.

Materials and instruments

Although there is no consensus on universal diagnostic
criteria for sarcopenia, existing proposals include measure-
ment of muscle mass, muscle strength, and functionality
(Montero-Errasquin & Cruz-Jentoft, 2022). Therefore, for
the present study, it was determined to establish the pres-
ence of sarcopenia by relating three tests: Dynamometry, the

most clinically used method to determine muscle strength
(Muresan et al.,2020; Rodrguez-Rejn et al., 2019). The mea-
surement of hand grip strength was used, which also serves
to anticipate independence and mobility in older adults, since
it is directly related to the amount of muscle mass (Agiiero et
al,, 2017), a digital hand dynamometer SMEDLEY T-19 (Solid,
England) was used.

Muscle mass index, which was obtained through the for-
mula MMI = Kg of muscle/height m2. To calculate the MMI
of the participants it was used the ENFA® method (Nutritional
Assessment by Anthropometric Fractionation), proposed
by Drinkwater and Ross (1980), which allows for a precise
estimation of muscle mass. This approach is based on a ki-
netoanthropometric model, integrating 25 anthropometric
measurements, including height in a bipedal and sitting po-
sition (expressed in centimeters), body weight (in kilograms),
seven body circumferences, seven skinfolds, and eight bone
diameters. To optimize the accuracy and reproducibility of
the data, the anthropometric evaluations were carried out by
a single trained evaluator, who performed three consecutive
measurements per variable, establishing the average of the
records obtained as the final value, with a precision of one
tenth of a unit. To obtain the measurements, high-precision
and methodological quality instruments were used, including
a SECA® 213 stadiometer (Bad Homburg, Germany), a SECA®
813 digital scale (Bad Homburg, Germany), a Delux stainless
steel metal measuring tape (Graculus®), a PCA-01 scientific
caliper (Graculus CronoDiet®), a Graculus Antropometria®
MEX anthropometer, and a high-precision anthropometer
(Graculus CronoDiet®). During the evaluation process, strict
adherence to the ENFA® methodological standards was guar-
anteed, ensuring the validity, reliability, and reproducibility of
the results, thus contributing to a rigorous and scientifically
supported anthropometric characterization in the field of clin-
ical nutrition.

The time get up and go test was used to evaluate function-
ality, which covers balance and gait, it is used as a standard
to assess the propensity to fall and as an integral component
in the complete geriatric evaluation. The time in seconds was
registered using a TYR Z-200 Stopwatch (Galvez-Cano, et al,,
2010).

Additionally, the Chair stand test was used to evaluate
lower extremity strength, recognized as an indicator of muscle
performance, functional fitness, flexibility, and aerobic endur-
ance. It is a simple test that involves moving from sitting to
standing, the participants performed the maximum number
of repetitions in a 30-second interval. This test is also used as
a predictor of falls and impairment in daily activities (Mehmet
et al., 2020).

Procedure

For the development of this research, the guidelines of the
Declaration of Helsinki were followed; in addition, the proce-
dures were approved by the Ethics Committee of the Faculty of
Physical Culture of the Meritorious Autonomous University of
Puebla (no. CE1220418). A meeting was held with the OA who
attends the SMDIF programs, with the intention of inviting
them to participate in the study. The PBFR training strength-
ening program was presented, and the doubts that arose were
clarified. OA who agreed to participate in the study, signed an
informed consent.

The lower extremity strength of each participant was evalu-
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ated by the Chair stand test before starting the 12-week training
period, and after it, the presence of sarcopenia was also evalu-
ated by: dynamometry, MMI, and the Time get up and go test.

Experimental Treatment

The PBFR strength training protocol consists of 30-35-min-
ute sessions 3 times a week for 12 weeks and it was carried out
as follows: Prior to each session, a 10-minute warm-up was car-
ried out, which included cephalocaudal lubrication with joint
movements in periods of 10 seconds of each body segment, as
well as aerobic exercises with intensity corresponding to 30% of
the reserve heart rate. Then a tourniquet-type cuff was applied
to the upper end of the thigh, adjusted in a way that partially
limits arterial blood flow with a continuous application (13 cm
elastic bands were used and flow restriction was determined
by clinical criteria such as pain and numbness). To ensure the
PBREF the restriction pressure must be high enough to block ve-
nous return from the muscles, but at the same time low enough
to allow arterial blood flow (Bahamondes-Avila et al., 2020).
The strengthening activities with PBRF were developed in the
form of strength circuits and 1 minute per exercise was execut-
ed in each section of the circuit; based on previous studies, it
was decided to use loads of between 20% and 50% of the IRM
(Bahamondes-Avila et al., 2020.), without a certain number of
repetitions. The exercises were performed in such a way that
the OA could complete them with the highest possible quality
(Andres et al., 2020), with 1-minute breaks at the end of each
circuit. The main part of the training lasted 15-20 minutes, and
finally, a 5-minute cooldown was applied

Table 1. Descriptive data of variables

Statistical analysis

Descriptive statistics, including minimum, maximum,
mean, and standard deviation, were used to describe the
study population. To identify differences between pre- and
post-measured, a Wilcoxon non-parametric statistical test was
applied. Absolute reliability was calculated using the typical
measurement error (TME), the coefficient of variation (CV%),
and the smallest worthwhile change (SWC) (Hopkins, 2000).
Statistical significance was set a priori at p<0.05. IBM SPSS v
21 program was used for statistical analysis

Results
Descriptive variables

The study population consisted of 16 women with an aver-
age age of 70.87+5.47 years, and height of 150.11+3.69 cm, and
a body weight of 66.6+9.9 kg.

Variables of Interest

The group of the study showed significant changes af-
ter the 12 weeks of PBFR (Table 1 and 2) in right-hand
strength (DRigth, 18.16+5.07; 18.59+4.86; p<0.05; differ-
ence 0.05, TME 0.37, CV% 2.00, SWC 0.10), and chair test
(12.25£2.08; 16.37+3.87; p<0.05, difference 2.7, TME 1.92,
CV% 13.42, SWC 0.54). Not been like in the timed up-and-
go test (8.87+1.03; 8.86+1.02; p=0.05, difference 0.4, TME
0.25, CV% 2.87, SWC 0.07). At last, the time spent on the
PBFR strength training program was not sufficient to induce
changes in MMI (9.61+1.44; 9.75+1.48; p>0.05, difference
0.4, TME 0.28, CV% 2.92, SWC 0.08).

Variable Basal Post-training p value Hedges's g effect size (95%Cl)
DRight 18.16+5.07 18.59+4.86 0.008 0.018
MMI 9.61+£1.44 9.75%£1.48 0.078 0.095
Time get up test 8.87+1.03 8.86+1.02 0.050 0.068
Chair test 12.15+2.08 16.37+3.87 0.000 1.350

Note. Values represented in M = SD and CV. Size interpretation of Hedge s effect 0.20= small 0.50= medium, 0.80= large
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FIGURE 1. Box and whisker plot (A) DRight, (B) MMI, (C) Time get up test (D) Chair test
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Table 2. Mean change of variable after physical exercise

Variable Difference (Post-Pre) ETM CV (%) SwWcC
DRight 0.5 0.37 2.00 0.10
MMI 0.4 0.28 292 0.08

Time get up test 0.4 0.25 2.87 0.07
Chair test 2.7 1.92 13.42 0.54

Note. Sandard measurement error, coefficient of variability (CV), and minimal significant change in the original units in which the variable

was measured (SWC)

Discussion

The discussion was based on the different factors that af-
fect sarcopenia, exploring their complexity and variability in
the population studied. In addition, the implications for health
and quality of life were analyzed, as well as discrepancies with
other similar studies. This approach will allow for a deeper un-
derstanding about the effect of PBER training on functionality
and strength and will contribute to the formulation of effective
prevention and treatment strategies.

PBFR muscle strength and functionality

The sequelae related to sarcopenia, such as deterioration
of muscle strength and function, which affects a large popula-
tion as they age, generate high morbidity (Lim & Goh, 2022),
which leads to a decrease in the quality of life and well-be-
ing of those who suffer from it. The results of the present
investigation point to the improvement of the functionality
and strength of the participants in the study, who reported a
mean previous 18.16+5.07 and post intervention 18.59+4.86
(p<0.05) with which it is possible to benefit the patient, de-
laying the functional decline curve that brings with it the de-
crease in muscle strength with respect to age, which affects the
ability to independently perform activities of daily living, in
addition to reducing the risk of falls and the possibility of suf-
fering musculoskeletal injuries.

The findings of this study are consistent with the results
of previous research, which report increases in strength
after PBFR training (Centner et al., 2019). The risk of falls
represents one of the most common health problems in
people over 60 years of age, and its impact is directly linked
to decreased functionality. In this context, the assessment of
gait and balance emerges as an essential and effective com-
ponent to identify those individuals at risk of falls, and the
practical form for this assessment is the Get Up and Go Test
(Terra Jonas et al., 2014). Regarding the results of this test in
this study, it is shown that no statistically significant results
were achieved, but it is necessary to mention that despite
not having a significant impact on physical activities, slight
modifications can influence the improvement of the quality
of life of older adults, remembering that autonomy in the
execution of daily activities, considered as independence, it
has a positive relationship with mental well-being (Segovia
Diaz de Ledén & Torres Hernandez, 2011), on the other
hand, Carol et al.,, (2022), explains that practically 9 out of
10 people who took the functional execution tests present-
ed, as the get up and go test, may present values suggestive
of fragility, a situation that could very likely lead to the fact
that those people who would not be candidates to take the
functional execution tests, may present some degree of fra-
gility in relation to their established dependency situation,
cognitive impairment, advanced illness or some other end-
of-life situation.

PBFR and muscle mass

In contrast, even though a study from Flores-Garcia
(2019) showed results of muscle hypertrophy in only 6 or 8
weeks of training with PBFR RPFS, in the present study of
12 weeks, a significant result was not achieved in this area.
This result may be due to the way in which muscle mass was
measured, which was generalized in the context of measuring
sarcopenia (by dynamometry) and not through a measure-
ment of specific perimeters that indicated hypertrophy in a
particular region (Gonzalez Pérez et al.,, 2019), as proposed
by Alva, et al in 2014 to be evaluated through the measure-
ment of calf circumference (CC) and mean muscle circum-
ference of the arm (MMCA), observing in the comparison
between the results that in 37.5% of the participants there
was agreement in the diagnosis of sarcopenia. Even Yeguez
and Sanchez (2019) cite that "the World Health Organization
(WHO) recommends the use of CC, since it considers that
it provides the most sensitive measure of the muscle mass of
the elderly, considering it greater than the circumference of
the arm." It may also be due to what Loenneke et al. (2012)
indicated that the results can vary according to the width of
the band used to restrict blood flow. In addition, Karabulut
et al. (2010) indicated gains in muscle mass in older women
from week 16 onwards. However, despite not presenting sta-
tistically significant results, the contribution of PBFR train-
ing to maintenance and a slight increase in muscle mass is
observed (Centner et al.,, 2019). The use of training methods
such as blood flow restriction is under development; in this
regard, this is a study that investigates the effects on a vul-
nerable population such as older women. Despite the results
identified and contributions made to this area of study, there
are limitations with respect to the sample size and the lack
of a control group, aspects that should be covered by future
research with the purpose of highlighting the benefits of this
training method.

Conclusions

It is concluded that strength training with loads between
20%-50% combined with PBFR, for lower limbs in women
older adults, generates positive effects on some components
related to sarcopenia, general strength (handgrip) specific
strength (Chair stand test). However, it was not possible to es-
tablish a significant difference in terms of muscle mass. These
results identify key areas for the research and development of
more effective therapeutic strategies with alternative strength
training methods like blood flow restriction. Based on these
results, key areas are identified for the research and develop-
ment of more effective therapeutic strategies.

Future studies with this type of training are suggested that
are related to the prevention and/or early treatment of sarco-
penia, considering it as an opportunity to reduce sequelae and
improve the quality of life of those affected by this condition.
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