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Objective: This study aims to analyze the effect of regular exercise through the combined walking-oriented aerobic and resistance
exercises using EX1 in young adults.

Design: Experimental one group pre and post test

Methods: Participants comprised17 healthy young adults. All subjects performed a combined exercise program for 10 times using
EX1. We measured quadriceps muscle thickness using ultrasound. Additionally, the hand grip strength test, and sit and reach test
were performed before and after the exercise. Through paired t-test, we investigated whether there was a statistically significant
difference in the measurement results after exercise program.

Results: The rectus femoris muscle contraction ratio showed significant difference after exercise(P< 0.01). In the sit and reach
test, flexibility showed significant difference after exercise(P < 0.01). The hand grip strength test also showed significant
difference after exercise(P < 0.05).

Conclusions: Healthy young adults can effectively perform various exercises commonly performed in daily life using EX1.
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Introduction

The importance of physical activity on health has
been documented well through extensive research
[1-3]. Physical activity offers several health benefits,
such as counteracting age-related decline in
neuromuscular function and strength[4-6]. Previous
research has demonstrated the benefits of physical
activity in preventing or treating ailments such as heart
disease, high blood pressure, diabetes, and osteoporosis

[7, 8]. The World Health Organization (WHO)

recommends 150 minutes of moderate-intensity aerobic
exercises or 75 minutes of vigorous-intensity aerobic
exercises per week, or a combination of both to adults
between the ages of 18 and 64 [9]. Additionally,
adults should also engage in muscle-strengthening
activities, at a moderate or greater intensity, that
involve all major muscle groups at least twice per
week. However,over 25% of the adult population
worldwide currently fails to meet the recommended
level of physical activity[10].

Walking is a beneficial, easily accessible, and
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preferred exercise suitable for people of all ages,
genders, and physical abilities[11]. Itis a coordinated,
rhythmical activity that engages major muscle groups
of the lower body, including large muscles andthose of
the arms and upper body to a lesser extent[12]. The
quadriceps strength plays a critical role in walking,
helping to maintain balance, generate power, and propel
the body forward[13]. It contributes to stability [14],
power [15], endurance[16], and speed[17]. Conversely,
diminished quadriceps

likelihood of falls [18,

abnormal walking patterns and lack of symmetry in

strength can heighten the

19] and cause persistent

gait and biomechanics[20-22].

Hand grip strength measurement helps evaluate
muscular  strength and correlates with  strength
measurements in other muscle groups, including the
lower limbs[23, 24], making it a valuable tool for
identifying  physical  limitations and  mobility
impairments[25, 26]. Although the hand grip test is
considered a reliable and valid procedure for assessing
muscular strength of healthy individuals and various
clinical populations [27], it has been utilized in
previous studies to mainly evaluate health measuresof
older adults [28-30].

The sit and reach (SR) test is most frequently used
in health-related fitness test batteries to measure
flexibility in the hamstrings and lower back[31].
Flexibility in these areas is crucial because it helps
avoid the risk of falling, limitations in movement
while walking, or deviations in posture[32].

The development in robotics has made available
wearable exoskeleton devices thatare expanding beyond
their original purpose in the medical field[33][34].
These devices are increasingly useful in enabling
disabled and healthy people in performing routine
physical tasks and functions [35].

Samsung Electronics Co., Ltd. (Suwon, Republic of
Korea) has developed a lightweight, personalizable
robot named EXIthat can be worn on the hip joint. A
previous study employed EX1 to examine the impact
of EXl-assisted exercise in different environments on
the physical function, muscle strength, and walking
efficiency of older adults[36]. According to the study's
findings, utilizing EX1 during exercise in diverse
settings provides multiple benefits in terms of physical
function, muscle

strength, and cardiopulmonary

metabolic energy efficiency for older adults.

The current study aims to explore the effects of
regular exercise through the combined walking-oriented
aerobic and resistance exercises using EX1 on changes
in the quadriceps and hand grip strength, flexibility of
hamstrings, and lumbar spine in young adults. This
was conductedbased on the assumption that physical
function wouldpositively improve in young adults, and
not only in older or disabled adults.

Methods

Participants

We recruited 17healthy participants (12 males/5
females) between the ages of 26—42 years who
voluntarily participated in the experiment. Inclusion
criterion for the participants were as follows: (1) adults
between the ages of 19 and 59 who have not recently
exhibited symptoms of respiratory disease or fever, (2)
adults interested in robots, and (3) adults willing to
provide written consent of participation. Exclusion
criterion for the participants were as follows: (1)
individualswho cannot walk independently and need
assistance, (2) individualswith a history of central
nervous system disease, (3) adults diagnosed with
severe arthritis or osteoporosis and whose movement
has been restricted by their doctor, and (4) adults at a
risk of falling while walking because of severe
dizziness.

We calculated the sample size required for the study
using G*power program version 3.1.9.4 (Universitit
Kiel, Kiel, Germany). The effect size was set to 0.85at
a significance level of 0.05, power value was set to
0.95, andl7 people were included. We initially
recruited 21 participants; however, 20 %, i.e., 4 of
them dropped out, leaving behind 17 participants in
the sample size. The study was conducted from June
24, 2022 to July 22, 2022, and participants who met
the selection criteria were recruited through Samsung
Electronics’ in-house recruitment notice. This protocol
was reviewed and approved by the Institutional review
board at the Yonsei (IRB  No.
202208-HR-2734-04).

University

Exercise program
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Figure 1. Exercise program

The exercise program was created in the SHP
Exercise Science Lab (Seoul, Republic of Korea). It
was conducted thrice a week for three weeks, with a
total of 10 sessions(Figure 1). The goal wasto improve
the the

participants’ lower extremities and core, and their

muscular  strength and endurance of
cardiopulmonary and gait abilities. The program was

preceded by another fitness program involving
resistance exercises, and a walking program centered
on aerobic exercises.

The fitness program required participants to perform
14 types of exercise movements using EX1’s 5 levels
of resistance and 5 levels of assistance whilethe
walking program necessitated walking using 3 speeds,
5 levels of resistance, and 5 levels of assistance. The
former comprises 1 warm-up exercise, 8 main exercises,
and 1 cool down exercise, which wererepeated thrice
and the required time was 30 minutes. The warm-up
exercise consisted of step-like movements using EXI1
assistive mode, which helped in releasing the tension
in the joints and muscles in advance and raising the
body The

strengthen the lower body muscles, abdomen, and

temperature. main exercise aimed to
waist through body weight movements using EX1
resistive mode. The cool down exercise included static
stretching movements using EX1 assistive mode; its
purpose was to relax the muscles and increase
recovery.

The walking program comprised three types of
programs that were performed alternately. The amount
of exercise was gradually increased after each round
was repeated, and the required time was 10 minutes.
The three types of programs were as follows: 1) a
type in which the resistance gradually increases, 2) a
type in which resistance and assisted walking with a
small difference in intensity are repeated at long
intervals, and 3) a type in which resistance and
assisted walking with a large difference in intensity are

repeated at short intervals.

Fitness program (30mins)

Walking program (10mins)

| Cool down Walking

Procedures

We began by gathering participants’’ data pertaining
to their age, gender, height, and weight before starting
with the exercises that was supposed to be performed
10 times. We conducted an evaluation of outcome
measurements twice; before and after the performance
of the exercises 10 times. The primary outcome
variable was the thickness of the quadriceps muscle,
ie., rectus femoris (RF), vastus intermedius (VI),
(VM), (VL)

through ultrasound measurement. An evaluator skilled

vastus medialis and vastus lateralis
in ultrasound measurement measured the thickness of
the four muscles of the quadriceps muscle during rest
and contraction, and derived the contraction ratio using
the muscle rate formula. Secondary outcomes include
hand grip strength and flexibility of trunk.Both the
variables were measured twice; before and after
performing the exercises 10 times. Hand grip strength
was measured twice for both the hands, and flexibility
was measured twice using the SR test; the highest
values for both were recorded. The measurement order
of the three variables was randomized for all the

participants.

EX1
Haradware of EXT

EX1 is a lightweight robot weighing 2.9 kg thatcan
be worn on the user’s waist and thighs. Itconsists of
two actuators, control box, power switch, thigh support
strap, waist belt, and thigh support frame. The control
box has a built-in rechargeable battery, central
processor, and inertial measurement unit (IMU) sensor.
The actuators include motor, angular position sensor,
and a controller. The actuators provide assistive or
resistive torque to hip joint flexion and extension, and
this torque is provided to the user through the thigh
support frame. The user operates the mobile device

through a Bluetooth connection with the EXI1, and it
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can be used continuously for two hours at a speed of
4 km/h, and generates a maximum noise of less than
45 dB at the height of the user’s ear.

Software of EX1

EX1 generates torque based on the delayed output
feedback control (DOFC) and does not include a gait
phase estimator or reference lookup. When the hip join
experiences flexion or extension while walking, each
of the EX1 sensors on the side of the hip joint detects
the motion at a frequency of 100 Hz. The appropriate
assistive or resistive torque is calculated in the central
processor after the collected data is smoothed through
a low-pass filter. After that, the actuator generates
assistive or resistive torque on the user’s hip joint
side. The left and right actuators alternately provide
torque proportional to the user’s walking speed in the
direction of hip flexion and extension.

Outcome measure
Primary outcome

[Quadriceps muscle contraction ratio]

The current investigation employed a real-time
brightness mode (B-mode) ultrasound scanner (SONO
300L, Healcerion, Republic of Korea) to assess the
thickness
comprised a 10 MHz linear array and was set at 76

of quadriceps muscles. The transducer
dB with an image depth within the linear range of 0-5.
The thickness of four muscles in the quadriceps was
measured during relaxation and contraction to
determine the muscle contraction rate. A predetermined
formula, i.e., (Thickness during contraction- Thickness
during relaxation) / Thickness at rest * 100(%), was
utilized to calculate the muscle contraction rate

To measure the thickness of the RF muscle in a
relaxed state, the subject sat on a mat with a pillow
under their knees and legs extended in a long sitting
position. The thickness was measured when the subject
releasedas much tension as possible as per the
instructions provided. For measuring the maximum
thickness, the

instructed to press the knees down on the pillow in

voluntary  contraction subjectwas
the same position to maximally contract the RF

muscle. The position of the transducer was adjusted to

15 cm above the knee joint. We applied a water-based
gel was applied between the skin and transducerto
ensure acoustic contact and minimize misinterpretation
of images caused by transducer pressure.

The thickness of the RF and VI muscles were
measured in the direction perpendicular to the muscle
fibers, while that of the VM and VL muscles were
measured horizontally. Subsequently, ultrasound images
were captured in the central part of each muscle where
the ventral portion was most prominent. All muscle
thickness measurements were conducted on the
participant's dominant leg by a proficient physical

therapist skilled in ultrasound imaging.

Secondary outcome

[SRtest]

The SRtest was measured using BS-FF (Inbody
u-TOWN, Republic of Korea). The subject sits on a
mat and extends their legs forward so that their feet
touch the platform. Both knees are planted flat on the
mat. The arms are extended horizontally at shoulder
height with theirpalms facing the floor. Both hands are
then placed on the meter area of BS-FF. They must
then bend their upper body to push the meter as far as
possible; slowly and smoothly without recoil.This
position must be held for threeseconds. Linear scale
method is used to gauge the measurements and the
range obtainedis —20cm ~ 35cm. A total of two
measurements were taken and the highest value was
selected.

[Handgrip strength test]

Handgrip strength test was conductedusing a grip
dynamometer (BS-HG, Inbody u-TOWN, Republic of
Korea). The subject holds the dynamometer from the
left hand in a standing position. They extend their
arms so that their armpits and arms do not stick to the
body, and squeeze hands as tightly as they can for
about three seconds. It must be taken care of that
force is applied only to thehands. Arms must not be
lifted or moved too much. The measurements were
recorded twice for both the hands, and the highest

valuewas selected.
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Statistical analysis

We used PASW statistics 18 (SPSS Inc., Quarry
Bay, Hong Kong) to conduct allstatistical analyses.
The Shapiro-Wilk test was performed to test the
normality of all variable values, and as a result
normality was satisfied. All data is expressed in mean
(SD). Although the sample size of this study was less
than 30, a parametric test was used because it satisfied
normality. Therefore, we conducted apaired t-test to
compare pre- and post- results outcomes of the
exercise program. The statistical significance threshold
was set at P<<.05.

Results
The average values of the general characteristics of

the participants are shown in Table 1.

Primary outcome

Table 2 shows the pre- and post- exercise results of

Table 1. Characteristics of participants (N=17)
Sex (male / female) 12/5

Age (year) 35.82 (5.46)

Height (cm) 173.12 (8.63)

Weight (kg) 76.18 (17.63)

Body mass index (kg/m?) 25.11 (3.73)

Values are presented as number or mean(SD).

Table 2. Quadriceps muscle contraction ratio

muscle contraction ratio based on muscle thickness for
each muscle of the quadriceps muscle. The muscle
contraction rate of the RFmuscle significantly
increased after exercise (P <0.01)(Figure 2). That of
the VI muscle decreased but not significantly, while
that of VM and VL wuscles

insignificant value (Figure 3).

increased by an

Secondary outcome

Table 3 encapsulates the results of flexibility and
hand grip strength tests before and after performing
the exercises. The SR test for flexibility measurement
showed that the average flexibility of theparticipants
increased significantly after exercising(P<0.01). Table
4 shows the results for the participants’ handgrip
strength test before and after performing the exercise.
The two handgrip strength measurements revealed that
the average of maximum handgrip strength of the
participants after exercise significantly increased (P
<0.05)(Figure 4).

Rectus Femoris

Vastus Intermedius

Before exercise

After exercise

Figure 2. Rectus Femoris and Vastus Intermedius muscle
thickness

N=17)

Pre

Post

Rectus femoris (%) 37.97 (23.24)
73.77 (25.37)
15.58 (15.21)

53.78 (21.32)

Vastus intermedius (%)
Vastus medialis (%)

Vastus lateralis (%)

57.21%%(21.21)
66.34 (22.16)
18.47 (21.62)
59.82 (20.19)

Values are presented as mean (SD).
" P<0.01
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Figure 3. Quadriceps muscle contraction ratio

7P <0.01
Table 3. Sit and reach (SR) test (N=17)
Variable Pre Post
Flexibility (cm) 0.54 (9.11) 6.06" (9.12)
Values are presented as mean (SD).
" P<0.01
Table 4. Handgrip strength test (N=17)
Variable Pre Post
Handgrip strength (kg) 34.72 (11.14) 37.92*%(11.95)
Values are presented as mean (SD).
" P<0.05
@ Sitand reach Test . Hand grip Strength Test
20
50
5 45 *
1
10 ok 40 37.92
6.06 < 34.72
:E: . 35 o/o
s Ov/ §
0 o
Pre Post. 25
5 Pre Post
-10
Figure 4. Flexibility and Hand grip strength
P <0.01,": P <0.05
Discussion grip strength after exercise program using EX1 for
young adults. It is an exoskeleton robot which
This study aimed to confirm the morphological provides assistive or resistive torque around the hip

changes of quadriceps muscle, flexibility, and hand joint.
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of EX1 were
expected to significantly impact the quadriceps muscle;
Muscle

thickness was measured through ultrasound; however,

The exoskeleton characteristics

as confirmed by the experiment results.

comparing muscle thickness yields a slight difference
during rest and contraction. Sarcoplasmic hypertrophy
muscle thickness

increases the during rest by

increasing the amount of fluid in the muscle.
Sarcoplasm is the cytoplasm of the muscle cellfilled
with glycogen, water, and mineral ions. Conversely,
hypertrophy  of myofibrils increasesthe  muscle
thickness during contraction by increasing the number
of fibers thatcontract the actual muscle, thereby
increasingthe density of the muscle and its strength[37,
38]. Therefore, to confirm whether muscle strength has
actually improved, the muscle contraction ratio should
be calculated during rest and contraction.

Among the four muscles which make up the
quadriceps muscle, the RF showed the greatest
increase in muscle contraction ratio. Itis the only
two-joint muscle among the four that is also involved
in the movement of the hip joint[39]. Because EXI1
provides torque centered on the hip joint, RF is the
only muscle that exhibiteda significant change (P<
0.01). Muscle contraction ratio of other muscles also
increased after exercise; however, VI showed a slight
decrease. It suggested that the positional characteristics
of the EX1’s actuator, which assists the action of the
hip joint rather than the direct action of the knee joint
shows the different muscle contraction increase results
of RF and VI[39].

Flexibility of trunk increased significantly after
performing the exercise. We conducted the SR test to
evaluate flexibility of the hamstring. According to
previous study, the correlation between hamstring
flexibility and SR test was moderate (r=0.64) and the
correlation with low back flexibility was low (r=
0.28)[40]. The exercise program using EX1 involved
various motions that stretch the hamstrings during
anaerobic exercise; it is expected that the flexibility of
the hamstrings increased during these types of
exercise, resulting in a significant increase in the value
obtained through the SR test (P<0.01). Similarly, in
another study, as a result of retro walking exercise for
4 weeks, the flexibility of the hamstring significantly

increased. These results also revealed that it can

increase jumping height or reduce low back pain[41].
Additionally, in the walking exercise, the assistive
mode induces the eccentric contraction of the
hamstring at the end of the swing for knee stability
and deceleration control[42]. Since this eccentric
contraction exercise is concurrently performed, it can
be expected that the increase in flexibility can occur
with the increase in muscle strength. Also, In gait,
clinically, the first resistance to the hamstring is
related to the possibility of extension of the knee joint,
therefore, when the flexibility of the hamstrings is
limited, the dynamic knee extension is also limited at
terminal swing phase[43].

One of the indices which can be easily and
indirectly evaluated for physical limitation, movement
restriction, and lower extremity muscle strength is the
hand grip strength[23, 24]. In this study, as in
previous studies, the strength and flexibility of the
lower extremities improved  significantly  after
performing the exercise (P<0.05). In the exercise
program using EXI, the strength exercise focusing on
the lower extremity and core muscles had an indirect
positive effect on the improvement of hand grip
strength. Increased hand grip strength is clinically used
as a tool to predict and evaluate metabolic disease,
cognitive impairment, sarcopenia, mental health, and
adults[44]. In

addition, the participants of this study were young

cardiopulmonary disease in older

adults, and previous study revealed that the increase in
hand grip strength in young adults was correlated with
mobility, quality of life, and physical activity[45].
This study has several limitations. First, owing to
the small sample size, the results cannot be
generalized. Second, although we included walking
exercise in this exercise program, the cardiopulmonary
endurance was not measured. Therefore, we
recommend that future studies should confirm changes
in muscle strength in core muscle and other lower
extremity muscles and cardiopulmonary endurance

through a larger sample size.

Conclusion

The results obtained suggest that 10 times combined
exercise program using EX1 positively contributes to
morphological changes of the quadriceps muscle, hand
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grip strength, and flexibility of the hamstring muscle
in young adults. Therefore, healthy young adults can
effectively various  exercises

perform routinely

performed using EXI1.

Conflict of interest

The authors declare that they have no competing
financial interests or personal relationships that could
influence the work reported in this paper.

Acknowledgement

This study was supported by Samsung Electronics
(2022009100001).

References

1. Kline CE, Hillman CH, Sheppard BB, Tennant B,
Conroy DE, Macko RF, et al. Physical activity and
sleep: An updated umbrella review of the 2018
Physical Activity Guidelines Advisory Committee
report. Sleep med reviews. 2021;58:101489.

2. Haskell WL, Lee I-M, Pate RR, Powell KE, Blair
SN, Franklin BA, et al. Physical activity and public
health: updated recommendation for adults from the
American College of Sports Medicine and the
American Heart Association. Circul. 2007;116(9):
1081.

3. Bull FC, Al-Ansari SS, Biddle S, Borodulin K,
Buman MP, Cardon G, World Health
Organization 2020 guidelines on physical activity

Brit J

et al.

and sedentary behaviour. med.
2020;54(24):1451-62.

4. Brown AB, McCartney N, Sale D. Positive adapta-
tions to weight-lifting training in the elderly. J app
phys. 1990;69(5):1725-33.

5. Marshall RN, Morgan PT, Martinez-Valdes E,
Breen L. Quadriceps muscle electromyography ac-

sports

tivity during physical activities and resistance ex-
ercise modes in younger and older adults. Exp
geront. 2020;136:110965.

6. Goldspink G. Age-related loss of muscle mass and
strength. J agi research. 2012;2012.

7. Prevention NCfCD, Promotion H, Fitness PsCoP,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sports. Physical activity and health: A report of the
surgeon general: US Department of Health and
Human Services, Centers for Disease Control and
.-+ 1996.

Wu J, Davis-Ajami ML, Lu ZK. Real-world impact
of ongoing regular exercise in overweight and
obese US adults with diabetes on health care uti-
lization and expenses.
2019;13(5):430-40.
Organization WH. WHO guidelines on physical ac-

Primary care diabetes.

tivity and sedentary behaviour: web annex: evi-
dence profiles. 2020.

Organization WH. Physical activity fact sheet.
WHO; 2021.

Lee I-M, Buchner DM. The importance of walking
to public health. Med Science in Sports & Exer.
2008;40(7):S512-S8.

Kelly P, Murphy M, Mutrie N. The health benefits
of walking. Walking: Emerald Publishing Limited;
2017.

Mann RA, Moran GT, Dougherty SE. Comparative
electromyography of the lower extremity in jogging,
running, and sprinting. The Amer J sports med.
1986;14(6):501-10.

Lord SR, Menz HB. Visual contributions to postur-
al stability in older adults. Geronto. 2000;46(6):
306-10.

Kostka T. Quadriceps maximal power and optimal
shortening velocity in 335 men aged 23-88 years.
EurJ app phys. 2005;95:140-5.

Schmoll M, Le Guillou R, Lobato Borges D, Fattal
C, Fachin-Martins E, Azevedo Coste C. Standardizing
fatigue-resistance testing during electrical stim-
ulation of paralysed human quadriceps muscles, a
practical approach. J NeuroEn Rehab. 2021;18:1-14.
Vakula MN, Garcia SA, Holmes SC, Pamukoff DN.
Association between quadriceps function, joint ki-
netics, and spatiotemporal gait parameters in young
adults with and without obesity. G& P. 2022;
92:421-7.

Lord SR, McLean D, Stathers G. Physiological fac-
tors associated with injurious falls in older people
living in the community. Geronto. 1992;38(6):338-46.
Nguyen T, Sambrook P, Kelly P, Jones G, Lord S,
Freund J, et al. Prediction of osteoporotic fractures
by postural instability and bone density. Brit med J.



Daily Exercise using Hip Assistive Robot

41

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

1993;307(6912):1111-5.

Blackburn JT, Pietrosimone B, Harkey MS, Luc
BA, Pamukoff DN. Quadriceps Function and Gait
Anterior
Reconstruction. Med sci in
2016;48(9):1664-70.

Lindmark B, Hamrin E. Relation between gait

Kinetics  after Cruciate  Ligament

sports and exer.

speed, knee muscle torque and motor scores in post
stroke patients. Scandi J caring sci. 1995;9(4):
195-202.

Lewek M, Rudolph K, Axe M, Snyder-Mackler L.
The effect of insufficient quadriceps strength on
gait after anterior cruciate ligament reconstruction.
Clin biomecha. 2002;17(1):56-63.

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. Agi clin exp res. 2012;24:245-50.
Martien S, Delecluse C, Boen F, Seghers J, Pelssers
J, Van Hoecke A-S,
strength a better predictor of functional performance

et al. Is knee extension
than handgrip strength among older adults in three
different settings? Arc geron geri. 2015;60(2):252-8.
Lauretani F, Russo CR, Bandinelli S, Bartali B,
Cavazzini C, Di lorio A, et al. Age-associated
changes in skeletal muscles and their effect on mo-
bility: an operational diagnosis of sarcopenia. J app
physio. 2003.

de Souza Vasconcelos KS, Domingues Dias J, de
Carvalho Bastone A, Alvarenga Vieira R, de Souza
Andrade A, Rodrigues Perracini M, et al. Handgrip
strength cutoff points to identify mobility limitation
in community-dwelling older people and associated
factors. The J nut, health agi. 2016;20:306-15.
Bobos G, Lu Z, MacDermid JC.
Measurement properties of the hand grip strength

P, Nazari

assessment: a systematic review with meta-analysis.
Arc phys med rehab. 2020;101(3):553-65.

Sallinen J, Stenholm S, Rantanen T, Heliovaara M,
Sainio P, Koskinen S. Hand-grip strength cut points
to screen older persons at risk for mobility
limitation. J the Amer Geri Soc. 2010;58(9):1721-6.
McGrath RP, Kraemer WJ, Snih SA, Peterson MD.
Handgrip strength and health in aging adults. Sports
med. 2018;48:1993-2000.

Alonso AC, Ribeiro SM, Luna NMS, Peterson MD,

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bocalini DS, Serra MM, et al. Association between
handgrip strength, balance, and knee flexion/ex-

tension strength in older adults. PLoS One.
2018;13(6):¢0198185.
Baumgartner T, Jackson S. Measurement for

Evaluation in Physical Education and Exercise
Science. Dubuque: Wm. C. Brown Communications.
Inc; 1995.

Medicine ACoS. ACSM's guidelines for exercise
testing and prescription: Lippincott williams & wil-
kins; 2013.

Dong F, Li H, Feng Y. Mechanism Design and
Performance Analysis of a Sitting/Lying Lower
Limb Rehabilitation Robot. Machi. 2022;10(8):674.
Rodriguez-Fernandez A, Lobo-Prat J, Font-Llagunes
JM. Systematic review on wearable lower-limb exo-
skeletons for gait training in neuromuscular
impairments. J neuroen rehab. 2021;18(1):1-21.
Kim J, Lee G, Heimgartner R, Arumukhom Revi
D, Karavas N, Nathanson D, et al. Reducing the
metabolic rate of walking and running with a versa-
tile, portable exosuit. Sci. 2019;365(6454):668-72.
Lee S-H, Lee H-J, Kim K, Lee B-H, Kim Y-H.
Effect of Exercise Using an Exoskeletal Hip-Assist
Robot on Physical Function and Walking Efficiency
in Older Adults. J Personal Med. 2022;12(12):2077.
Haun CT, Vann CG, Osburn SC, Mumford PW,
Roberson PA, Romero MA, et al. Muscle fiber hy-
pertrophy in response to 6 weeks of high-volume
resistance training in trained young men is largely
attributed to sarcoplasmic hypertrophy. PLoS One.
2019;14(6):e0215267.

Roberts MD, Haun CT, Vann CG, Osburn SC,
Young KC. Sarcoplasmic hypertrophy in skeletal
muscle: a scientific “unicorn” or resistance training
adaptation? Front in Physio. 2020;11:816.

Perry J. Distal rectus femoris transfer. Develop Med
Child Neuro. 1987;29(2):153-8.

Allen W.Jackson, Alice A. Baker, The Relationship
of the Sit and Reach Test to Criterion Measures of
Hamstring and Back Flexibility in Young Females.
Res Quart Exer Sport. 1986;57(3):183-186.

Chet R. Whitley, S. Dufek, Effects of

Backward Walking on Hamstring Flexibility and

Janet

Low Back Range of Motion. Int J Exer Sci,
2011;4(3):193-198



42

Phys Ther Rehabil Sci 12(1)

42.

43.

44,

45.

Kenneally-Dabrowski CJ, Brown NA, Lai AK,
Perriman D, Spratford W, Serpell BG. Late swing
or early stance? A narrative review of hamstring in-
jury mechanisms during high-speed running. ScandJ]
Med Sci in Sports. 2019;29(8):1083-91.

Kevin M. Cooney, James O. Sanders, M. Cecilia
Concha, Frank L. Buczek, Novel biomechanics
demonstrate gait dysfunction due to hamstring
tightness. Clin Bio Mecha. 2007;21(1):59-66

Su Hyun Kim, Taegyu Kim, Jong-Chul Park, Young
Hoon Kim, Usefulness of hand grip strength to esti-
mate other physical fitness parameters in older
adults. Sci Reports. 2022;12:1-8

Lene H. Jakobsen, Ingeborg K. Rask, Jens
Kondrup, Validation of handgrip strength and en-
durance as a measure of physical function and
quality of life in healthy subjects and patients. Nut
2010;26(5):542-550



