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ABSTRACT

Introduction: enhancing leg muscle strength in elderly could play a crucial role in reducing fall risk. A novel
approach to enhance muscular strength involves the use of low-intensity resistance exercises in conjunction
with blood flow restriction (BFR), as an alternative to high-intensity exercise. This study aimed to evaluate
the effects of low-intensity strength exercise with BFR on lower quarter Y-balance test (LQ-YBT) performance,
compare to moderate-intensity strength exercise in elderly female.

Method: the study employed a true experimental randomized design, assessing balance using the LQ-YBT in
26 elderly women over a six-week exercise period. Subjects were divided into two groups: one performing
medium-intensity strengthening exercises (>40-60 % 1 RM (Repetition Maximum)) and another engaging in
low-intensity strengthening exercises (20-30 %1RM) with BFR. The BFR technique involved applying a cuff to
the upper third of the thigh with a restrictive pressure of 50 mmHg or 40 % Artery Occlusion Pressure, which
was released during rest periods.

Results: the moderate and BFR groups exhibited notable distinctions in all directions (anterior, posterolateral,
posteromedial and composite) for both left and right legs (p<0,001). The disparity in LQ-YBT values between
groups was notable in the right anterior (p=0,017), right posterolateral (p<0,001), right composite (p<0,001),
left anterior (p=0,007), and left composite (p=0,050) directions.

Conclusions: this study showed that low-intensity resistance exercise with BFR for six weeks may yield
superior improvements in the LQ-YBT for elderly women compared to moderate-intensity strengthening
exercises.

Keywords: Elderly; Exercise; Posture balance; BFR Therapy; Strengthening.

RESUMEN

Introduccion: la mejora de la fuerza muscular de las piernas en los ancianos podria desempeiiar un papel
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crucial en la reduccion del riesgo de caidas. Un enfoque novedoso para mejorar la fuerza muscular implica
el uso de ejercicios de resistencia de baja intensidad junto con la restriccion del flujo sanguineo (BFR),
como alternativa al ejercicio de alta intensidad. El objetivo de este estudio era evaluar los efectos de los
ejercicios de fuerza de baja intensidad con BFR en el rendimiento de la prueba de equilibrio Y del cuarto
inferior (LQ-YBT), en comparacion con los ejercicios de fuerza de intensidad moderada en mujeres de edad
avanzada.

Método: el estudio empled un verdadero disefio experimental aleatorio, evaluando el equilibrio utilizando
el LQ-YBT en 26 mujeres de edad avanzada durante un periodo de ejercicio de seis semanas. Los sujetos
se dividieron en dos grupos: uno que realizaba ejercicios de fortalecimiento de intensidad media (>40-60
% 1 RM (Repeticion Maxima)) y otro que realizaba ejercicios de fortalecimiento de baja intensidad (20-30
%1 RM) con BFR. La técnica de BFR consistia en aplicar un manguito en el tercio superior del muslo con una
presion restrictiva de 50 mmHg o presion de oclusion arterial del 40 %, que se liberaba durante los periodos
de descanso.

Resultados: los grupos moderado y BFR mostraron notables diferencias en todas las direcciones (anterior,
posterolateral, posteromedial y compuesta) tanto para la pierna izquierda como para la derecha (p<0,001).
La disparidad en los valores de LQ-YBT entre los grupos fue notable en las direcciones anterior derecha
(p=0,017), posterolateral derecha (p<0,001), compuesta derecha (p<0,001), anterior izquierda (p=0,007) y
compuesta izquierda (p=0,050).

Conclusiones: este estudio demostré que el ejercicio de resistencia de baja intensidad con BFR durante seis
semanas puede producir mejoras superiores en el LQ-YBT en mujeres de edad avanzada en comparacion con
los ejercicios de fortalecimiento de intensidad moderada.

Palabras clave: Ancianos; Ejercicio; Equilibrio postural; Terapia BFR; Fortalecimiento.

INTRODUCTION

Dynamic balance refers to the capacity to sustain postural control when an individual’s center of gravity
shifts beyond the base of support.® Dynamic balance decreases with age, and an inability to maintain balance
may result in falls, particularly in elderly.®34% This decline can affect daily activities such as dressing, walking,
and climbing stairs.® Age-related musculoskeletal changes lead to balance impairment and altered gait,
primarily due to decreased muscle mass and strength. 8

Balance disorders are associated with an increase in falls in the elderly population.(®' Falls are the primary
cause of injuries, decreased quality of life, and placement in care facilities"?, and women are more susceptible
to falls and injuries than men."¥ In Indonesia, the fall rate is 40 %, with a prevalence of 67 % among those aged
65-74 years and 78 % among individuals aged 75 years and older.™ Among elderly, falls can result in severe
injuries, including fractures of the hip (50 %), arm fractures (13 %), head traumas (10 %), and fatalities.®'

Evaluating dynamic balance using standardized objective measures is crucial for identifying increased
fall risk. Although computerized dynamic posturography is considered the standard for evaluating dynamic
postural control, it necessitates costly equipment that is not widely accessible."® A rapid and straightforward
assessment to detect changes in dynamic postural control is necessary to prevent significant fall risk in healthy
elderly. The lower quarter Y-balance test (LQ-YBT) serves as an assessment instrument for evaluating
functional dynamic postural control.™ This test is performed with one leg maximizing reach in three directions
(anterior, posterolateral, and posteromedial) while maintaining the other leg in central position. The LQ-YBT
was developed as a modification of the star excursion balance test (SEBT) to address variations often observed
in SEBT."® LQ-YBT offers advantages over the SEBT owing to its adherence to standardized protocols and
has demonstrated high interrater reliability (0,80-1,00) and intra-rater reliability (0,85-0,91) across various
populations.®' Furthermore, the LQ-YBT is relatively cost-effective, portable, and can be performed by
various healthcare professionals. @

High-intensity resistance exercise is a widely used method to enhance muscle strength and mass.?"??
However, this exercise may be contraindicated in many elderly because of its high mechanical stress and
cardiovascular risk. Moreover, elderly individuals often encounter obstacles when participating in or adhering
to high-intensity resistance exercise programs.®? An emerging alternative is low-intensity resistance exercise
combined with blood flow restriction (BFR). It has been proven successful in enhancing muscle strength, size,
and peripheral vascular adaptations. 29 Similar outcomes have been observed in elderly women, suggesting
their potential applicability to this population.®

The use of muscle-strengthening exercises with BFR in elderly in Indonesia remains limited. Furthermore,
no studies have been published regarding the application of LQ-YBT to assess balance in elderly Indonesian
populations. This research aimed to compare the improvements in dynamic balance using the LQ-YBT with low-
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intensity resistance exercise combined with blood flow restriction in elderly female.

METHOD

This study employed true experimental design with randomized control study. The study was carried out
in Departmen of Physical Medicine and Rehabilitation Dr. Soetomo General Academic Hospital, located in
Surabaya, Indonesia. Ethical clearance was granted by the hospital’s ethics committee from June 2023 - June
2024 (number 0683/KEPK/V1/2023).

Participant Selection

The study sample was chosen based on specific inclusion criteria: 1) Female participants aged 60-80 years,
to minimize hormonal and musculoskeletal biases. The upper age limit was set to 80 years for safety reasons. 2)
Adequate cognitive function, as demonstrated by a score > 26 on the MoCA-Ina (Montreal Cognitive Assessment,
Indonesian version) test. 3) Ability to stand on one leg for over 10 s. 4) Voluntary participation was confirmed
by signing an informed consent form after receiving comprehensive explanations about the study’s purpose,
procedures, and potential side effects. Precautionary measures, including medications and protocols for
managing adverse effects, were prepared at the study location.

Exclusion Criteria

Factors that could impact study parameters or participant safety were excluded. These included: 1) severe
physical disabilities; 2) visual and hearing impairments; 3) balance disorders; 4) blood clotting disorders; 5)
peripheral artery disease in both legs; 6) lower extremity neuropathy; 7) severe cardiorespiratory disorders; 8)
deep vein thrombosis in both legs; 9) uncontrolled hypertension (= 140/90 mmHg); 10) uncontrolled diabetes
mellitus; 11) history of vascular surgery; 12) history of skin grafts on the lower extremities; 13) recent lower
limb bone surgery (within 12 weeks); 14) recent immobilization (within 4 weeks); 15) history of compartment
syndrome and fasciotomy; 16) history of stroke; 17) statin use; 18) sarcopenia; 19) severe knee osteoarthritis
(visual analog scale score >4) with limited joint range of motion, and 20) liver dysfunction. These conditions
were assessed using anamnesis, physical examination, and relevant tests.

Study Design

Participants were allocated to either a low-intensity strength exercise group with BFR or a moderate-
intensity strength exercise group. Both groups engaged in exercise sessions twice weekly for six weeks, with 3-4
to days of rest between sessions. The moderate-intensity group performed quadriceps femoris strengthening
exercises using ankle weights (> 40-60 % one repetition maximum (1RM)), completing 8-12 repetitions for 3 sets
with a 2-minute rest between sets. The BFR group performed low-intensity quadriceps femoris strengthening
exercises with ankle weights (20-30 % 1RM) and BFR. Their sessions comprised four sets: the first set included
30 repetitions, while the following three sets each contained 15 repetitions. BFR was applied by restrictive
pressure of 50 mmHg or 40 % artery occlusion pressure using a cuff applied to the upper thigh, which is released
for 30 seconds during rest periods between sets.

Data Collection

Data measurements of the LQ-YBT were conducted before and after the intervention (following the 6th week
of exercise). The LQ-YBT is considered safe for assessing injury risk and fall risk in elderly.?” No injuries were
reported during LQ-YBT examinations, making it feasible and safe for use in older populations. LQ-YBT has also
been recognized as a valid and reliable test for elderly people. 729 LQ-YBT results were significantly correlated
with lower extremity strength and balance in elderly. Two studies demonstrated a positive correlation between
LQ-YBT and the strength of lower body (an additional factor for fall risk) in elderly women.®

The subject preparation involved performing a one-leg stand (OLS) alternately on both feet. The LQ-YBT
was administered only if the OLS was > 10 seconds. The subjects were instructed to wear comfortable clothing
and have sufficient rest the night before the exercise session. The testing environment required a room of at
least 3x3 meters. The equipment preparation included tape and a measuring tape, which were placed on the
floor to form three long lines resembling the letter Y (with a 120-degree angle), representing the three reach
directions: anterior, posterolateral, and posteromedial. The test results were recorded on an examination
record sheet.

Prior to the test, the examiner explained the purpose of the LQ-YBT and demonstrated it to the participants.
Familiarization was conducted by having the participants perform two practice trials before the actual
measurement. The actual test was conducted after two successful attempts to measure each limb. The tests
were performed without using socks or gloves.

The participants were positioned on their selected lower limb, with the first toe placed centrally on the
grid. They were then instructed to elevate the contralateral limb, extend it maximally along each of the three

https://doi.org/10.56294/saludcyt20251148



Salud, Ciencia y Tecnologia. 2025; 5:1148 4

designated lines, make contact with the line, and return to the initial position while maintaining a unipedal
stance at the center of the frame. The subjects completed six practice trials on each foot for each of the
three reach directions prior to the assessment. The evaluation comprised three consecutive examinations in
the right and left anterior, right and left posteromedial, and right and left posterolateral directions. Any trial
where a participant used the ground for support or shifted their foot position was disregarded. The data used
for analysis were the average of three examinations.

The scoring used for data analysis utilized the absolute reach distance (cm) in each direction, normalized
as a percentage of each subject’s leg length. Leg length (LL) measurements were conducted with the subject
in the supine position and measured from the anterior superior iliac spine (ASIS) to the ipsilateral medial
malleolus. All reach distances were normalized as a percentage of the stance LL or called Maximized Reach
Distance ( %MAXD) using the formula [ %MAXD = (excursion distance/LL) x100]. A composite score was then
calculated, which is the average value of the three reach distances measured for each lower extremity [Comp
= ((ANT+PM+PL) / (3xLL)) x 100].@®

Statistical Methods

The study sample was chosen based on specific inclusion criteria: 1) Female participants aged 60-80 years.
To characterize the study participants, descriptive statistics were utilized. The Shapiro-Wilk test was employed
to evaluate data normality. For normally distributed data, parametric tests were used, while non-parametric
tests were applied to non-normally distributed data. Comparisons between pre- and post-treatment conditions
within each group were made using paired t-tests or Wilcoxon signed-rank tests, depending on the data’s
distribution. To compare between groups, independent t-tests or Wilcoxon-Mann Whitney tests were employed.
Ap-value less than 0,05 was considered statistically significant. Cohen’s formula is used to calculate effect sizes
and evaluate the statistical impact of changes.

RESULTS

A total of 26 research subjects met the inclusion requirement and were not excluded based on the exclusion
criteria. The subjects were subsequently divided into two groups: the moderate group, which received
moderate-intensity strengthening exercises, and the BFR group, which received low-intensity strengthening
exercises combined with BFR, with 13 subjects in each group. The general characteristics of the research
subjects in both the groups are shown in table 1. Subject characteristics, such as age, body height and weight,
Body Mass Index, and Leg length, were tested for homogeneity using the Levene test and for normality using the
Monte Carlo test. Statistical tests indicated that the data were normally distributed and homogenous, allowing
parametric comparisons.

Table 1. Characteristics of the study subjects in both groups prior to intervention

No Characteristic Moderate (n=13) BFR Group (n=13) p normality p Homogeneity
1 Age (year) 65,62 + 5,30 68,08 + 6,90 0,098 0,281
2 Body Weight (kg) 57,96 + 9,85 55,31 + 8,41 0,963 0,446
3 Body Height (cm) 154,27 + 5,53 155,62 + 6,04 0,500 0,912
4 BMI (kg/m?) 24,48 + 3,69 23,12 + 3,23 0,801 0,569

a. Underweight n ( %) 1(7,7 %) 1(7,7 %)

b. Normal n ( %) 3 (23,1 %) 7 (53,85 %)

c. Overweight n ( %) 3(23,1%) 2 (15,38 %)

d. Obese n ( %) 6 (46,2 %) 3 (23,1 %)
5 Comorbid n ( %)

a. Hypertension 8 (61,54 %) 6 (46,16 %)

b. Diabetes Mellitus 0 (0 %) 4 (30,77 %)

c. Dyslipidemia 4 (30,76 %) 6 (46,15 %)

d. Low Back Pain 3 (23,07 %) 4 (30,76 %)

e. Knee osteoarthritis 2 (15,38 %) 3 (23,07 %)
6  Daily physical activity n ( %)

a. High 0 (0 %) 0 (0 %)

b. Moderate 13 (100 %) 13 (100 %)

c. Low 0 (0 %) 0 (0 %)
7 Leg length (cm) 78,31 + 3,45 80,0 + 3,67 0,615 0,734

*Statistically significant at p<0,05

In this study, both groups had similar leg length ranges and no statistically significant variations detected in
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terms of homogeneity or normality. Additionally, no differences in leg length were observed between the two
sides. Research has shown no significant differences in LQ-YBT performance between the dominant and non-
dominant legs,? thus validating the use of this test on both limbs.

Table 2. %MAXD Y-Balance Test Before and After Intervention

Y-Balance Moderate group BFR group
Right Leg (n = 13) Left leg (n = 13) Right leg (n = 13) Left leg (n = 13)
Direction Pre Post p-value Pre Post p-value Pre Post p-value Pre Post p- value
Anterior 62,8 + 88,0+ <0,001* 62,8+ 88,8+ <0,001* 58,4 92,9 <0,001* 56,5+ 93,0+ <0,001*
12,2 11,1 11,0 8,1 +85 +8 9,9 7,9
Postero-medial 62,4+ 91,9+ <0,001* 61,8+ 93,9+ <0,001* 61,6 100,3+ <0,001* 59,6 + 96,9+ <0,001*
13,1 11,9 10,9 12,2 +9,0 9,9 7,7 9,9
Postero-lateral 71,6 + 99,2 + <0,001* 65,7+ 96,2+ <0,001* 66,9 109,1+ <0,001* 65,1+ 104,7+ <0,001*
9,4 7,5 9,6 8,4 +7,4 9,0 8,3 9,9
Composite 65,6 + 93,1+ <0,001* 62,9+ 92,4+ <0,001* 62,3 100,8+ <0,001* 60,7+ 98,2+ <0,001*
10,6 9,1 10,2 6,8 +7,3 7,9 6,0 7,7

*Statistically significant at p<0,05

The %MAXD of the LQ-YBT was evaluated at the beginning and end of the research period for each group. The
LQ-YBT scores for both legs in the moderate and BFR groups before and after treatment are shown in Table 2.
Based on parametric statistical tests (paired t-test), both the moderate and control groups revealed significant
enhancements in the LQ-YBT in all directions (p < 0,001).

Table 3. Comparison of LQ-YBT Differences Before and After Intervention

Delta LQ-YBT BFR group Moderate group p-value Effect Size
(n =13) (n =13) (Cohen’s D)

Right Anterior 34,50 + 7,23 25,24 + 10,84 0,017* -1,006 (large)
Right Posteromedial 38,70 * 3,86 29,51 + 12,31 0,062 -0,769 (medium)
Right Posterolateral 42,16 + 8,4 27,57 + 8,5 <0,001* -1,728 (large)
Right Composite 38,45 + 6,66 27,44 + 8,2 <0,001* -1,475 (large)
Left Anterior 36,41 + 8,42 26,03 + 9,38 0,007* -1,164 (large)
Left Posteromedial 37,34 + 13,03 32,08 + 16,43 0,375 -0,355 (small)
Left Posterolateral 38,65 + 10,53 30,52 + 11,9 0,128 -0,735 (medium)
Left Composite 37,11 + 7,38 30,37 + 10,17 0,050* -0,810 (large)

*Statistically significant at p<0,05

The BFR group demonstrated a more substantial enhancement in the LQ-YBT than the moderate group. As
shown in Table 3, parametric statistical tests (independent t-test) revealed significant differences in the right
anterior (p = 0,017), right posterolateral (p < 0,001), right composite (p < 0,001), left anterior (p = 0,007),
and left composite (p = 0,050). The effect size of the LQ-YBT difference before and after the intervention
was calculated using Cohen’s D. On the right side, the delta LQ-YBT demonstrated large effect size in the
anterior (-1,006), posterolateral (-1,728), and composite (-1,475) directions. On the left side, the delta LQ-YBT
exhibited large effect size in the anterior (-1,164) and composite (-0,810) directions.

Adverse Event

Two subjects in the moderate group reported post-exercise muscle pain and delayed onset muscle soreness
(DOMS). These adverse events were reported in the 3rd week of exercise following an increase in exercise
intensity in the moderate group. Muscle pain resolved within 30 min to 1 h after management, and DOMS
symptoms disappeared within three days post-exercise.

DISCUSSION

The mean age of the subjects in the moderate group was 65,62 + 5,29 years, whereas the BFR group
exhibited a mean age of 68,07 + 6,90 years. Balance requires the interaction and coordination of multiple
systems, including sensory, musculoskeletal, and neuromuscular systems.?® The ability of an individual to
control their posture decreases with age.?” This decline is due to the reduced muscle strength and motor
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responses in elderly. Alterations in postural control that result in impaired balance can increase the risk of
falls.?® Therefore, early and appropriate balance interventions are critical for preventing serious fall-related
injuries, particularly in the elderly population.

The LQ-YBT is a modification of the SEBT, developed to minimize potential fatigue effects and redundancy
among the eight directions in the original SEBT. This test measures in three directions: anterior, posterolateral,
and posteromedial. An anterior reach distance discrepancy greater than 4 cm between the right and left legs
increases the risk of lower-extremity injury by 2,5 times.? In this investigation, no significant differences were
observed between the two limbs prior to treatment. Composite values were measured in all three directions,
and the results showed composite scores in both limbs averaging < 80. A composite reaching a distance of
less than 94 % of limb length increases the likelihood of lower extremity injury by 6,5 times.®) The test has
demonstrated excellent inter-rater reliability and strong intra-rater and test-retest reliability in identifying
dynamic balance impairments. @

This study demonstrated that six weeks of moderate-intensity strength exercise in both the Moderate and
BFR groups significantly improved the LQ-YBT scores in both limbs (p < 0,001). These findings are consistent with
those of Yokokawa et al, who compared low-intensity strength exercise with BFR and dynamic balance exercise
in elderly individuals at a risk of falling.®® intervention over eight weeks resulted in significant improvements in
balance parameters and knee extensor strength.®% Various studies have linked muscle strength improvement to
enhanced balance in the elderly because intrinsic aging factors, such as degenerative processes in the muscular
and nervous systems, contribute to muscle weakness and gait instability. Six weeks of supervised strength
exercise in healthy elderly increased balance by 68 % from baseline, suggesting that cognitive factors, such as
motivation, may contribute to better exercise quality.®V Six weeks of strength exercise is sufficient to enhance
muscle quality, as indicated by increased muscle thickness and quadriceps femoris 1RM. ¢

The LQ-YBT is a validated, reliable, and straightforward assessment for evaluating dynamic balance on one
leg.(7:'® This evaluation requires participants to perform a single-leg squat while extending the opposite leg
as far as possible in anterior, posterolateral, and posteromedial directions.® The reach distance achieved by
the non-supporting leg indicates the dynamic stability and control of the stance leg.®® To maintain postural
equilibrium during the reaching action, co-contractions of knee extensors and flexors occur in the supporting
leg.®» Consequently, the strength of knee extensors significantly influences LQ-YBT performance. > Additionally,
the ability to regulate knee extensor force plays a crucial role in determining LQ-YBT outcomes and overall
dynamic balance capability. >

Kaur et al.®® examined muscle activation during the LQ-YBT. The results showed moderate-to-large effect
sizes for quadriceps femoris activation, particularly in the vastus medialis, vastus lateralis, and rectus femoris in
all directions.®® This supports the findings of this study, in where six weeks of quadriceps femoris strengthening
improved scores in all directions.

The comparison of delta LQ-YBT scores between the Moderate and BFR groups revealed significant differences
in the right-left anterior direction, right posterolateral direction, and right-left composite score with p-value
< 0,05. These findings align with the research of Bigdeli et al.®”, which demonstrated that elderly participants
who engaged in six weeks of low-intensity functional strength exercise, both with and without BFR, experienced
improvements in balance function. The observed enhancements were attributed to several factors, including
increased muscle strength and coordination, as well as alterations in neural mechanisms. These neural changes
encompassed improved synergistic muscle activation, decreased antagonist muscle co-activation, better motor
unit synchronization, and heightened recruitment of fast-twitch motor units.®” The significant delta difference
in the right side between the two groups indicates that exercise effects were more pronounced in the dominant
(right) limb. Significant differences were also observed in the anterior direction, aligning with research showing
that knee extensor strengthening improves LQ-YBT scores in the anterior direction.®®

Adverse events occurred in two subjects from the moderate group in the third week of exercise when exercise
intensity was increased. Following exercise, two participants reported different types of muscle discomfort:
one individual experienced immediate soreness, while the other developed delayed onset muscle soreness
(DOMS). The symptoms resolved within 30 minutes to 1 hour after treatment, and DOMS fully subsided within
three days. This finding is consistent with studies using BFR for muscle exercise. Harper et al.®® conducted
a study on elderly with grade Il osteoarthritis, showing that moderate-intensity strength exercise had more
adverse events, such as exercise-related pain, than the BFR group. High-intensity resistance exercise with BFR
conducted by Karabulut et al.“” showed no adverse events, and no increase in inflammatory markers (IL-6) or
muscle damage markers (CK). Yasuda et al.“") also demonstrated that elderly individuals (aged 61-84 years)
engaging in low-intensity resistance exercise with BFR twice weekly for 12 weeks using 20-30 % of their 1RM,
did not experience significant increases in FDP, D-dimer, or creatine kinase (CK) levels. Physical exercise that
contains weight exercise is known to improve the functional status of the elderly, including balance.“? This
suggests that low-intensity resistance exercise combined with BFR may be a more secure exercise option for
the elderly.
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For further recommendation, additional research is required to generalize the findings to elderly men for
broader applicability to the elderly population. Studies with more diverse characteristics and specific groups are
suggested to evaluate the efficacy of BFR exercise in other populations. The implementation of low-intensity
BFR exercise in elderly women can generally be proposed as an effective method for improving balance due to
its superior efficacy and safety.

CONCLUSIONS

In conclusion, this study on the strength exercise with blood flow restriction on balance function, as
measured by the LQ-YBT in elderly women, represents the first such study conducted in Indonesia. The study
showed that low-intensity resistance exercise combined with BFR and moderate-intensity resistance exercise
both effectively improved the balance in elderly women. Low-intensity resistance exercise combined with BFR
was well tolerated by elderly subjects.

REFERENCES
1. Dunsky A, Zeev A, and Netz Y. Balance performance is task specific in elderly. BioMed Research International
[Internet]. 2017 [Accessed: 20/03/2024]; 6987017. Available in: https://doi.org/10.1155/2017/6987017

2. Shkuratova N, Morris ME, and Huxham F. Effects of age on balance control during walking. Archives
of Physical Medicine and Rehabilitation [Internet]. 2004 [Accessed: 20/03/2024]; 85(4):582-8. Available in:
https://doi.org/10.1016/j.apmr.2003.06.021

3. Singer JC., Prentice SD, and Mcllroy WE. Age-related changes in mediolateral dynamic stability control
during volitional stepping. Gait Posture [Internet]. 2013 [Accessed: 15/03/2024]; 38(4):679-83. Available in:
https://doi.org/10.1016/j.gaitpost.2013.03.003

4. Takeshima NL, Islam MM, Rogers ME, Koizumi D, Tomiyama N, Narita M, and Rogers, N. L. Pattern of
age-associated decline of static and dynamic balance in community-dwelling older women. Geriatrics and
Gerontology International [Internet]. 2014 [Accessed: 15/03/2024]; 14(3):556-60. Available in: https://doi.
org/10.1111/ggi. 12132

5. Hartantri W, Andriana M, Andriati A, Satyawati R, Mikami Y, Melaniani S. Impact of multicomponent
exercise (Vivifrail©) to reduce risk of falls and fear of falling in nursing home residents with frailty syndrome:
randomized controlled trial. Health, Sport, Rehabilitation [Internet]. 2023 [Accessed: 20/08/2024]; 11(1).
Available in: https://hsr-journal.com/index.php/journal/article/view/675

6. Freund JE, Stetts DM, Oostindie A, Shepherd J, Vallabhajosula S. Lower quarter Y-balance test in healthy
women 50-79 years old. Journal of Women & Aging [Internet]. 2018 [Accessed: 20/03/2024]; 31(6):475-91.
Available in: https://doi.org/10.1080/08952841.2018.1510248

7. Cabell L, Pienkowski D, Shapiro R, Janura M. Effect of age and activity level on lower extremity gait
dynamics: an introductory study. J Strength Cond Res [Internet]. 2013 [Accessed: 20/03/2024]; 27(6):1503-10.
Available in: https://doi.org/10.1519/JSC.0b013e318269f83d

8. Lee DK, Kang MH, Lee TS, Oh JS. Relationships among the Y balance test, Berg Balance Scale, and lower
limb strength in middle-aged and older females. Braz J Phys Ther [Internet]. 2015 [Accessed: 20/03/2024];
19(3):227-34. Available in: https://doi.org/10.1590/bjpt-rbf.2014.0096

9. Kristiana T, Widajanti N, Satyawati R. Association between muscle mass and muscle strength with physical
performance in elderly in surabaya. Surabaya Physical Medicine and Rehabilitation Journal [Internet]. 2020
[Accessed: 20/03/2024]; 2(1):24-34. Available in: https://doi.org/10.20473/spmrj.v2i1.16313

10. Angulo J, Assar ME, Alvarez-Bustos A, Rodriguez-Manaz L. Physical activity and exercise: Strategies to
manage frailty. Redox Biology [Internet]. 2020 [Accessed: 20/03/2024]; 35: 101513. Available in: https://doi.
org/10.1016/j.redox.2020.101513

11. Nurdiansyah F, Dharmanta RS, Firdausi H, Sulistiawati NN. Profile of sarcopenia in elderly patients at
the medical rehabilitation outpatient department dr. soetomo general academic hospital. Surabaya Physical
Medicine and Rehabilitation Journal [Internet]. 2024 [Accessed: 20/07/2024]; 6(2):148-58. Available in: https://
doi.org/10.20473/spmrj.v6i2.55119

https://doi.org/10.56294/saludcyt20251148


https://doi.org/10.1155/2017/6987017
https://doi.org/10.1016/j.apmr.2003.06.021
https://doi.org/10.1016/j.gaitpost.2013.03.003
https://doi.org/10.1111/ggi.12132
https://doi.org/10.1111/ggi.12132
https://hsr-journal.com/index.php/journal/article/view/675
https://doi.org/10.1080/08952841.2018.1510248
https://doi.org/10.1519/JSC.0b013e318269f83d
https://doi.org/10.1590/bjpt-rbf.2014.0096
https://doi.org/10.20473/spmrj.v2i1.16313
https://doi.org/10.1016/j.redox.2020.101513
https://doi.org/10.1016/j.redox.2020.101513
https://doi.org/10.20473/spmrj.v6i2.55119
https://doi.org/10.20473/spmrj.v6i2.55119

Salud, Ciencia y Tecnologia. 2025; 5:1148 8

12. Hartholt KA, Van Beeck EF, Polinder S, Velde NVD, Van Lieshout EMM, Panneman MJM, et al. Societal
consequences of falls in the older population: injuries, healthcare costs, and long-term reduced quality of
life. J Trauma [Internet]. 2011 [Accessed: 20/07/2024]; 71(3):748-53. Available in: https://doi.org/10.1097/
TA.0b013e3181f6f5e5

13. Verma SK, Willetts JL, Corns HL, Marucci-Wellman HR, Lombardi DA, Courtney TK. Falls and fall-
related injuries among community-dwelling adults in the United States. PLoS ONE [Internet]. 2016 [Accessed:
20/07/2024]; 11(3): e0150939. Available in: https://doi.org/10.1371/journal.pone.0150939

14. Avionita N, Sudyasih T. Hubungan tingkat depresi dengan risiko jatuh pada lanjut usia di rumah pelayanan
lanjut usia budi dharma yogyakarta. Thesis. Yogyakarta: Universitas Aisyiyah; 2017.

15. Bergeron E, Clement J, Lavoie A, Ratte S, Bamvita JM, Aumont F, et al. A simple fall in the elderly:
not so simple. J Trauma [Internet]. 2006 [Accessed: 20/07/2024]; 60(2):268-73. Available in: https://doi.
org/10.1097/01.ta.0000197651.00482.c5

16. Amor-Dorado JC, Barreira-Fernandez MP, Llorca J, Gonzalez-Gay MA. Oculographic, clinical test of sensory
integration and balance and computerized dynamic posturography findings in patients with psoriatic arthritis.
Otol Neurotol [Internet]. 2017 [Accessed: 20/07/2024]; 38(3):448-53. Available in: https://doi.org/10.1097/
MAOQ.0000000000001296

17. Sipe, CL, Ramey KD, Plisky PP, Taylor JD. Y-Balance Test: A valid and reliable assessment in elderly.
Journal of Aging and Physical Activity [Internet]. 2019 [Accessed: 20/07/2024]; 27:663-9. Available in: https://
doi.org/10.1123/japa.2018-0330

18. Plisky P, Gorman P, Butler K, Underwood F, Elkins B. The reliability of an instrumented device for
measuring components of the Star Excursion Balance Test. North American Journal of Sports Physical Therapy
[Internet]. 2009 [Accessed: 20/07/2024]; 4(2):92-9. Available in: https://pubmed.ncbi.nlm.nih.gov/21509114/

19. Shaffer S, Teyhen D, Lorenson D, Warren R, Koreerat C, Straseske C et al. Y-balance test: a reliability
study involving multiple raters. Military Medicine [Internet]. 2013 [Accessed: 20/07/2024]; 178(11):1264-70.
Available in: https://doi.org/10.7205/MILMED-D-13-00222

20. Plisky P, Schwartkopf-Phifer K, Huebner B, Garner MB, Bullock G. Systematic review and meta-analysis
of the Y-balance test lower quarter: reliability, discriminant validity, and predictive validity. IJSPT [Internet].
2021 [Accessed: 20/07/2024]; 16(5):1190-209. Available in: https://doi.org/10.26603/001c.27634

21. Taaffe DR. Sarcopenia: exercise as a treatment strategy. Aust Fam Phys [Internet]. 2006 [Accessed:
20/07/2024]; 35(3):130-4. Available in: https://pubmed.ncbi.nlm.nih.gov/16525526/

22. Clarkson MJ, Conway L, Warmington SA. Blood flow restriction walking and physical function in elderly:
A randomized control trial. J Sci Med Sport [Internet]. 2017 [Accessed: 20/07/2024]; 20(12):1041-6. Available
in: https://doi.org/10.1016/j.jsams.2017.04.012

23. Patterson SD, Leggate M, Nimmo MA, Ferguson RA. Circulating hormone and cytokine response to low-
load resistance training with blood flow restriction in older men. Eur J Appl Physiol [Internet]. 2013 [Accessed:
20/07/2024]; 113(3):713-9. Available in: https://doi.org/10.1007/s00421-012-2479-5

24. Laswati H, Sugiarto D, Poerwandari D, Pangkahila JA, Kimura H. Low-Intensity exercise with blood flow
restriction increases muscle strength without altering hscrp and fibrinogen levels in healthy subjects. Chin J
Physiol [Internet]. 2018 [Accessed: 20/07/2024]; 61(3):188-95. Available in: https://doi.org/10.4077/CJP.2018.
BAG567

25. Stoddard CA, Wang-Price S, Lam SE. Limb dominance does not affect Y-balance test performance in non-
athlete adolescents. International Journal of Sports Physical Therapy [Internet]. 2022 [Accessed: 20/07/2024];
17(2):164-73. Available in: https://doi.org/10.26603/001c.30996

26. Michalska J, Kamieniarz A, Sobota G, Stania M, Juras G, Slomka KJ. Age-related changes in postural control

in older women: transitional tasks in step initiation. BMC Geriatr [Internet]. 2021 [Accessed: 20/07/2024];

https://doi.org/10.56294/saludcyt20251148


https://doi.org/10.1097/TA.0b013e3181f6f5e5
https://doi.org/10.1097/TA.0b013e3181f6f5e5
https://doi.org/10.1371/journal.pone.0150939
https://doi.org/10.1097/01.ta.0000197651.00482.c5
https://doi.org/10.1097/01.ta.0000197651.00482.c5
https://doi.org/10.1097/MAO.0000000000001296
https://doi.org/10.1097/MAO.0000000000001296
https://doi.org/10.1123/japa.2018-0330
https://doi.org/10.1123/japa.2018-0330
https://pubmed.ncbi.nlm.nih.gov/21509114/
https://doi.org/10.7205/MILMED-D-13-00222
https://doi.org/10.26603/001c.27634
https://pubmed.ncbi.nlm.nih.gov/16525526/
https://doi.org/10.1016/j.jsams.2017.04.012
https://doi.org/10.1007/s00421-012-2479-5
https://doi.org/10.4077/CJP.2018.BAG567
https://doi.org/10.4077/CJP.2018.BAG567
https://doi.org/10.26603/001c.30996

9 Ramadhan NA, et al
21:17. Available in: https://doi.org/10.1186/s12877-020-01985-y

27. Remaud A, Thuong-Cong C, Bilodeau M. Age-related changes in dynamic postural control and attentional
demands are minimally affected by local muscle fatigue. Frontiers in Aging Neuroscience [Internet]. 2016
[Accessed: 20/07/2024]; 7:257. Available in: https://doi.org/10.3389/fnagi.2015.00257

28. Plisky PJ, Rauh MJ, Kaminski TW, Underwood FB. Star excursion balance test as a predictor of lower
extremity injury in high school. J Orthop Sports Phys Ther [Internet]. 2006 [Accessed: 20/07/2024]; 36(12):911-
9. Available in: https://doi.org/10.2519/jospt.2006.2244

29. Shallan A, Lohman E, Alshammari F, Dudley R, Gharisia O, Al-Marzouki R, et al. Comparison of postural
control between subgroups of persons with nonspecific chronic low back and healthy controls during the
modified Star Excursion Balance Test. Phys Ther Rehabil Sci [Internet]. 2019 [Accessed: 20/07/2024]; 8(3):125-
33. Available in: https://doi.org/10.14474/ptrs.2019.8.3.125

30. Yokokawa Y, Hongo M, Urayama H, Nishimura T, Kai I. Effects of low-intensity resistance exercise with
vascular occlusion on physical function in healthy elderly people. Biosci Trends [Internet]. 2008 [Accessed:
20/07/2024]; 2(3):117-23. Available in: https://pubmed.ncbi.nlm.nih.gov/20103914/

31. Di Lorito C, Long A, Byrne A, Harwood RH, Gladman JRF, Schneider S, et al. Exercise interventions for
elderly: A systematic review of meta-analyses. Journal of Sport and Health Science [Internet]. 2021 [Accessed:
20/07/2024]; 10(1):29-47. Available in: https://doi.org/10.1016/j.jshs.2020.06.003

32. Pinto RS, Correa CS, Radaelli R, Cadore EL, Brown LE, Bottaro M. Short-term strength training improves
muscle quality and functional capacity of elderly women. Age (Dordr) [Internet]. 2014 [Accessed: 20/07/2024];
36(1):365-72. Available in: https://doi.org/10.1007/s11357-013-9567-2

33. Kyselovicova O, Zemkova E, Péliova K, Matejova L. Isokinetic leg muscle strength relationship to dynamic
balance reflects gymnast-specific differences in adolescent females. Frontiers in Physiology [Internet]. 2021
[Accessed: 20/07/2024]; 13:1084019. Available in: https://doi.org/10.3389/fphys.2022.1084019

34. Earl JE, Hertel J. Lower-extremity muscle activation during the star excursion balance tests. Journal
of Sport Rehabilitation [Internet]. 2001 [Accessed: 20/07/2024]; 10(2): 93-104. Available in: https://doi.
org/10.1123/jsr.10.2.9

35. Mear E, Gladwell V, Pethick J. Knee extensor force control as a predictor of dynamic balance in
healthy adults. Gait Posture [Internet]. 2021 [Accessed: 20/07/2024]; 100:230-5. Available in: https://doi.
org/10.1016/j.gaitpost.2023.01.004

36. Kaur N, Bhanot K, Ferreira G. Lower extremity and trunk electromyographic muscle activity during
performance of the Y-balance test on stable and unstable surfaces. IJSPT [Internet]. 2022 [Accessed:
20/07/2024]; 17(3):483-92. Available in: https://doi.org/10.26603/001c.32593

37. Bigdeli S, Dehghaniyan MH, Amani-Shalamzari S, Rajabi, Gahreman DE. Functional training with blood
occlusion influences muscle quality indices in elderly. Arch. Gerontol. Geriatr [Internet]. 2020 [Accessed:
20/07/2024]; 90:104110. Available in: https://doi.org/10.1016/j.archger.2020.104110

38. Kim JS, Hwang UJ, Choi MY, Kong DH, Chung KS, Ha JK, et al. Correlation between Y-balance test and
balance, functional performance, and outcome measures in patients following ACL reconstruction. International
journal of Sports Physical Therapy [Internet]. 2022 [Accessed: 20/07/2024]; 17(2):193-200. Available in: https://
doi.org/10.26603/001c.31873

39. Harper SA, Roberts LM, Layne AS, Jaeger BC, Gardner AK, Sibille KT, et al. Blood-flow restriction
resistance exercise for elderly with knee osteoarthritis: a pilot randomized clinical trial. J Clin Med. [Internet].
2019 [Accessed: 20/07/2024]; 8(2):265. Available in: https://doi.org/10.3390/jcm802026

40. Karabulut M, Sherk VD, Bemben DA, Bemben MG. Inflammation marker, damage marker and anabolic

hormone responses to resistance training with vascular restriction in older males. Clinical Physiology and
Functional Imaging [Internet]. 2013 [Accessed: 20/07/2024]; 33:393-9. Available in: https://doi.org/10.1111/

https://doi.org/10.56294/saludcyt20251148


https://doi.org/10.1186/s12877-020-01985-y
https://doi.org/10.3389/fnagi.2015.00257
https://doi.org/10.2519/jospt.2006.2244
https://doi.org/10.14474/ptrs.2019.8.3.125
https://pubmed.ncbi.nlm.nih.gov/20103914/
https://doi.org/10.1016/j.jshs.2020.06.003
https://doi.org/10.1007/s11357-013-9567-2
https://doi.org/10.3389/fphys.2022.1084019
https://doi.org/10.1123/jsr.10.2.9
https://doi.org/10.1123/jsr.10.2.9
https://doi.org/10.1016/j.gaitpost.2023.01.004
https://doi.org/10.1016/j.gaitpost.2023.01.004
https://doi.org/10.26603/001c.32593
https://doi.org/10.1016/j.archger.2020.104110
https://doi.org/10.26603/001c.31873
https://doi.org/10.26603/001c.31873
https://doi.org/10.3390/jcm802026
https://doi.org/10.1111/cpf.1204

Salud, Ciencia y Tecnologia. 2025; 5:1148 10
cpf.1204

41. Yasuda T, Fukumura K, lida H, Nakajima T. Effects of detraining after blood flow-restricted low-load elastic
band training on muscle size and arterial stiffness in older women. Springerplus [Internet]. 2015 [Accessed:
20/07/2024]; 4:348. Available in: https://doi.org/10.1186/s40064-015-1132-2

42. Prayogo M, Tinduh D, Poerwandari D, Dharmanta RS, Wulan SMM, Mikami Y, et al. Improving capacity
of elderly with locomotive syndrome stage 1 living in nursing home: a pilot clinical trial. Annals of Geriatric
Medicine and Research [Internet]. 2022 [Accessed: 20/07/2024]; 26(4):323-9. Available in: https://doi.
org/10.4235/agmr.22.0073

FINANCING
The authors did not receive financing for the development of this research.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

AUTHORSHIP CONTRIBUTION
Conceptualization: Nanda Aulya Ramadhan, Damayanti Tinduh, Albert Setiawan.
Data curation: Nanda Aulya Ramadhan, Albert Setiawan.
Formal analysis: Nanda Aulya Ramadhan.
Research: Nanda Aulya Ramadhan.
Methodology: Nanda Aulya Ramadhan, Damayanti Tinduh, Soenarnatalina Melaniani.
Project management: Nanda Aulya Ramadhan, Albert Setiawan.
Resources: Nanda Aulya Ramadhan, Albert Setiawan.
Software: Nanda Aulya Ramadhan, Soenarnatalina Melaniani.
Supervision: Damayanti Tinduh.
Validation: Nanda Aulya Ramadhan.
Display: Nanda Aulya Ramadhan.
Writing - original draft: Nanda Aulya Ramadhan, Albert Setiawan, Soenarnatalina Melaniani
Writing - proofreading and editing: Damayanti Tinduh, Nuniek Nugraheni, Inggar Narasinta, Imam Subadi.

https://doi.org/10.56294/saludcyt20251148


https://doi.org/10.1111/cpf.1204
https://doi.org/10.1186/s40064-015-1132-2
https://doi.org/10.4235/agmr.22.0073
https://doi.org/10.4235/agmr.22.0073

	Marcador 1
	_Hlk181552648

