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| Abstract |

Purpose: The study examined the effects of the proprioceptive neuromuscular facilitation pattern exercise and protein
intake on balance, gait ability, and lower extremity muscular strength for sarcopenia in the elderly.

Methods: A total of 30 elderly people (65~ 74years) with sarcopenia were recruited and randomized to Group I (n=10),
Group II (n=10), and Group III (n=10). Their balance ability was measured using the functional reach test. Group I
performed the proprioceptive neuromuscular facilitation pattern exercise and protein intake. Group II performed the
proprioceptive neuromuscular facilitation pattern exercise. Group III performed protein intake. Their gait ability was measured
using the Timed Up and Go test. Lower extremity muscular strength was measured using the Five Times Sit to Stand
test.

Results: As a result of comparison within groups, Group I and Group II showed a significant difference in balance,
gait, and lower extremity muscular strength after the experiment (p<0.05), and Group I showed a more effectively significant
difference than either Group II or Group III in balance, gait, and lower extremity muscular strength before and after
the experiment (p<0.05).

Conclusion: This study showed that the proprioceptive neuromuscular facilitation patterns exercise and protein intake

was effective in balance, gait ability, and lower extremity muscular strength for sarcopenia in the elderly.
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Table 1. General characteristics of subjects (n=30)
Group 1 Group 11 Group IIT p
Gender (M/F) 5/5 5/5 5/5
Age (years) 70.80+2.48 70.20+0.82 69.80+2.44 0.67
Height (cm) 164.60+6.44 163.80+£5.97 165.20+£6.23 0.87
Weight (kg) 63.60+2.26 64.60+6.96 65.20+6.72 0.88

Values are presented as meantstandard deviation. Group I: proprioceptive neuromuscular facilitation patterns exercise and
protein intake, Group II: proprioceptive neuromuscular facilitation patterns exercise, Group III: protein intake
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Table 2. Changes in FRT, TUG, FTSST in this study

Group 1 Group II Group 1II F p Post-hoc
Pre 14.30+2.21 14.90+1.28 15.30+1.05
Post 17.80+2.93 16.30+1.56 15.40+1.52
FRT Difference 3.50+£2.91 1.40+1.77 0.60+1.89 4.41 0.02* I>11, I>I11
t -3.79 -2.49 -1.00
p 0.00* 0.03* 0.34
Pre 21.20+2.48 20.20+2.82 20.80+2.69
Post 16.60+1.42 18.30+2.21 19.60+1.83
TUG Difference -4.60+2.76 -1.90+1.91 -1.20+1.93 6.36 0.01* I>11, I>111
t 5.20 3.14 1.96
p 0.00* 0.01* 0.08
Pre 20.90+1.44 20.10+1.44 19.60+1.50
Post 18.20+2.09 18.80+1.68 19.10£1.72
FTSST Difference -2.70£2.11 -1.30+£1.05 -0.50+0.97 5.70 0.01* I>11, I>111
t 4.05 3.88 1.63
p 0.00* 0.00* 0.14

Values are presented as meantstandard deviation. Group I: proprioceptive neuromuscular facilitation patterns exercise and
protein intake, Group II: proprioceptive neuromuscular facilitation patterns exercise, Group III: protein intake. FRT:
functional reach test, TUG: timed up & go, FTSST: five times sit to stand test

*p<0.05
ASATHp<0.05). et 7+ AFof T o5 Gopr7] L
Qloto] AL g A Jd I Jd I, gt
[ Ak Tl A F23k 2ol 7k L th(p<0.05) 2 AFY 52 TaFol Ae 2US e
(Table 2). B IG8ARTEAY Y s Tl A4
7b @ By 5 B ohe] 2o v gl
4. otX| 23 H|u sl Lo A} gk
2T Aol TS 47 92 AuaA
Atk 1= A3 A 209041440 4 A3 B 18204209 7b Qitki B E] T QlthWoo, 2019). SIHAZ O R
o7 §oJgt 2}ol7} 0“211’%(p<0-05)- A s A9 sl WAsh= AAA 7 ole A es w37t
A 20.10£1.4400 4] A3 T 18.80£1.680. 2 5ot w3 29| 7kt 9lon o5 L 7hak UAlTt
2}0] 7} 212 tH(p<0.05). Ak M= A3 A 19.60+1.50 THAE CHPark & Lee, 2005). YA+ o2 $Jsto] 43
oA AE F 19.10:1.722 {43 Aol glgich o B LG8 S 25 s 99t
(p>0.05). Al ek 7+ H3FeF Zpolof| A {-oJ3E Zfo] 7} +& A7 R 3HHHNitz & Choy, 2004). o5} o
YATHP<005). Fek 7 Aol whg AolS Popry] U ATE K Gu 5006 1657 WP A
ot AAEHAS o A A 3 He 1, Yo A 5= AEstolA 3 F 2 A e 5et
[ ek oA F93E ZFol7b Sl eh(p<0.05) FEA 571 8l 37HE At +F S B
(Table 2). 819, Lord 5(2003)2 62~924] =91 5518 of



316 | PNF and Movement Vol. 19, No. 3

rd

H ol A A o B AAH R gt @
= 25 7] w2 ol|(Cruz-Jentoft et al., 2010) AP+ Ax}

= HOp] 2 REdy oF & A+ 27t ARSI o2fRt ke Haol
7t =g o] 43 =& z‘;)uo@gu}y_ Ej_—g,‘]-o:] A el Eo] SE kA Az olgle] 18
sk f-EAUA o2 A A3 4

DgaF wQe Du At DS EHYL At 1S o5
e B9 e aelel A BB A A% B 48T 4% ¥ A% % Heckn
oFo] FlutEch(Yang et al, 2015). EAE 71 F  dtof £ A7 AnE AU}

DRGEHANATHNE W 2 A of2 W okl T A WalelA o7 Folzt 99
o= A W glo] T W] £33 A% g MSlelAE )3 Xfol7k Ugiek. Nabuco

<
et al., 2002) 7]52 2} 7
==l

Aslo] ghag AA 2 SEQVT T HIE 28 B 7Y 37
71s & 2 A 9 MAS ST AlA gt o ojzpofl A ofilet 7|7k Al H Ylekar s,
A S Sl=g  aukAo|th(Kofotolis & Sawicka 5(2018)2 opu] At G| Q] l-camitine 5
Kell, 207). 24§ 4AATHAY o ARE A A8 edle] 34T 42 SPIUGD Skl
uigh W abde] S8 ABSheE] S0 WHol T Zhu $(Q019) 2gaFe] gl el 133 T
+3 58 3= %’4?‘& 5 PHORKim, 2008) 27 AJC R 2EIR I JoF BEA Fgo] gl &
Aol g ol thel 2ge] e AMSET oA fol F7HE Arky Huste] B ATl of
7 AT Y o] AR Slo AZtETh e o wslelA] Ak 2uE nerh BeNsS

%

o

G A ST S ol ARLE Sk -EEA g eprEa
oo el GRS W L IhF 9150 AAE = (growth homone)3t
uH &) o

Ao w AZHETy o} Algtol= FA o eyt A&/ 9 A insulin-like growth)] F71E 714 2
HJERR vy o] 550 JUd7hrt w2 AEolH ™(So, 2016) LA ThALe} o] ZHAe)
(Song & Kerver, 2000), L4459 v 8-S So]il 2L EchMoller et al., 2009). & &I5to| A AJA| Ui(in vitro)
Fe STl st a2 A o AAE OW ot & A& = YAV L/FEA
(McNamara, 2015). oFle] Lg4-8AAAREAY  AAREAY AE £50] AT} el 49
TR ST S0k o7 Ak WA AT 4 QIS FAHAYIT 9k 3 S5k ARk M
27} ¢53 Chld AL 4G A 1, Wurk  870) o] 2gstel thel 2@l el FHH
Mojdom 2 aTHE Mol ATE RWAT £ JUS oA Ao AZEn ST 959 Aue

Og o=

ek, A% FA2EE Aok ABT AP 0] A= 4T
3l A1zt o &S A|7|517] = }o](McNamara,

1]tk Naito ?(2019) At A vl iz et
A 0] 32} 29 Ao Z AT A
A opu|ieAito] SR HEA| 28-S 25
w3 Selo] FYH o 2gatehi stk Al AT
Agsl AL AT ofe] &F FAR BY 5 o] @

o chal 2 Ak A FHTF 1.0~12gkeS dolAl B
Bt AR AYsler & Aom AzEr
7} 2

R

=

ot
Mo

A= 54 Xlo—f‘.«l Agdiet —’F«l T‘%WX}E‘

1,2



b 243 o9 ZEd 2 8 O 250 0Kl S | 317

shzd) Sel7h olk shu 2 A7 ola) e A
L YHOR AZE FF 2 Aol Blst
24 vt L4 e TS T 25 g
ul g2E Be AHel A7t Wad Aow A%
e},

v.ZE

B e 2tago] s w9l 2038 oz
LG ARREAY e 253 T )
FE3 w5 9 ok 2o ulAle FFS Lot
BHuap st g 22 48S de o sl
THEAAATEAY A 25T Bl A3e
TaFo] Uk w9l FET By 5 A o
28 wsllA froldt 5718 wol FF akln 2
Hag w2 ez 28 743 shad

N

12 AR2 B8 FeAS AN

References

Abiri B, Vafa M. Nutrition and sarcopenia: a review of the
evidence of nutritional influences. Critical Reviews
in Food Science and Nutrition. 2019;59(9):1456-1466.

Andersen LL, Magnusson SP, Nielsen M, et al. Neuromuscular
activation in conventional therapeutic exercises and
heavy resistance exercises: implications for
rehabilitation. Physical Therapy. 2006;86(5):683-697.

Cao L, Morley JE. Sarcopenia is recognized as an independent
condition by an intemational classification of disease,
tenth revision, clinical modification (ICD-10-CM)
code. Journal of the American Medical Directors
Association. 2016;17(8):675-677.

Chen LK, Liu LK, Woo J, et al. Sarcopenia in Asia: consensus
report of the Asian working group for Sarcopenia.

Journal of the American Medical Directors

Association. 2014;15(2):95-101.

Chun SW, Shin SK. Changes in 16 weeks type and frequency
of low intensity exercise on senior fitness test in
sarcopenic obesity elderly women. The Korean
Journal of Growth and Development. 2019;27(1):
35-41.

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia:
European consensus on definition and diagnosis:
report of the european working group on sarcopenia
in older people. Age and Ageing. 2010;39(4):412-423.

Doherty TJ. Invited review: aging and sarcopenia. Journal
of Applied Physiology. 2003;95(4):1717-1727.

Faure A, Fischer K, Dawson-Hughes B, et al. Gender-specific
association between dietary acid load and total lean
body mass and its dependency on protein intake in
seniors. Osteoporosis International. 2017;28(12):
3451-3462.

Gregorio L, Brindisi J, Kleppinger A, et al. Adequate dietary
protein is associated with better physical performance
among post-menopausal women 60-90 years. The
Journal of Nutrition, Health & Aging. 2014;18(2):
155-160.

Gu MO, Jeon MY, Eun Y. The development & effect of
an tailored falls prevention exercise for older adults.
Journal of Korean Academy of Nursing. 2006;36(2):
341-352.

Herron KL, Fernandez ML. Are the current dietary guidelines
regarding egg consumption appropriate? The Journal
of Nutrition. 2004;134(1):187-190.

Huang SW, Ku JW, Lin LF, et al. Body composition influenced
by progressive elastic band resistance exercise of
sarcopenic obesity elderly women: a pilot randomized
controlled trial. European Journal of Physical and
Rehabilitation Medicine. 2017;53(4):556-563.

Janssen 1, Heymsfield SB, Baumgartner RN, et al. Estimation
of skeletal muscle mass by bioelectrical impedance
analysis. Journal of Applied Physiology. 2000;89(2):



318 | PNF and Movement Vol. 19, No. 3

465-471.

Jette DU, Latham NK, Smout RJ, et al. Physical therapy
interventions for patients with stroke in inpatient
rehabilitation facilities. Physical Therapy. 2005;85(3):
238-248.

Jung DH, Kim JH. Relationships among muscle mass and
obesity, metabolic syndrome, physical activity, and
nutrient intake in elderly women:-based on the 4th-5th
(2008-2011) korean national health and nutrition
examination survey (KNHANES). The Korean
Journal of Community Living Science. 2018;29(4):
468-483.

Kataya Y, Murakami K, Kobayashi S, et al. Higher dietary
acid load is associated with a higher prevalence of
frailty, particularly slowness/weakness and low
physical activity, in elderly Japanese women.
European Journal of Nutrition. 2018;57(4):1639-1650.

Kim HG. The effect of proprioceptive exercise program on
balance performance in hemiplegic patients. PNF' and
Movement. 2013;11(1):7-16.

Kim JH. Kinetic analysis of the foot and ankle. PNF' and
Movement. 2008;6(3):29-35.

Kofotolis N, Verbas I, Kalogeropoulou E, et al. Proprioceptive
neuromuscular facilitation versus isokinetic training
for strength endurance and jumping performance.
Journal of Human Studlies. 2002;42:155-65.

Kofotolis ND, Kellis E. Cross-training effects of a proprioceptive
neuromuscular facilitation exercise programme on
knee musculature. Physical Therapy in Sport.
2007;8(3):109-116.

Lee HJ, Kim AJ. A meta-analysis on the effect size of physical
ctivity nutrition and health education-related
intervention for sarcopenia in the elderly. Korean
Journal of  Gerontological ~ Social ~ Welfare.
2020;75(1):65-97.

lee YH, Cho YH. The effects of trunk stability exercise using
stabilizing reversal and rhythmic stabilization

techniques of PNF on trunk strength and respiratory
ability in the elderly after stroke. PNF' and Movement.
2021;19(1):105-113.

Lemieux F, Filion M, Barbat-Artigas S, et al. Relationship
between different protein intake recommendations
with muscle mass and muscle strength. Climacteric.
2014;17(3):294-300.

Li Y, Schoufour J, Wang DD, et al. Healthy lifestyle and
life expectancy free of cancer, cardiovascular disease,
and type 2 diabetes: prospective cohort study. BMJ.
2020;1(8):368:16669.

Lord SR, Castell S, Corcoran J, et al. The effect of group
exercise on physical functioning and falls in frail
older people living in retirement villages: a
randomized, controlled trial. Jowrnal of the American
Geriatrics Society. 2003;51(12):1685-1692.

McNamara DJ. Effects of fat-modified diets on cholesterol
and lipoprotein metabolism. Awmmual Review of
Nutrition. 1987;7(1):273-290.

McNamara DJ. The fifty year rehabilitation of the egg, MNutrients.
2015;7(10):8716-8722.

Mitchell D, Haan MN, Steinberg FM, et al. Body composition
in the elderly: the influence of nutritional factors
and physical activity. The journal of nutrition, health
& aging. 2003;7(3):130-139.

Moller L, Dalman L, Norrelund H, et al. Impact of fasting
on growth hormone signaling and action in muscle
and fat. The Journal of Clinical Endocrinology &
Metabolism. 2009;94(3):965-972.

Mora JC, Valencia WM. Exercise and older adults. Clinics
in Geriatric Medicine. 2018;34(1):145-162.

Morley J. Sarcopenia: diagnosis and treatment. The Journal
of Nutrition Health and Aging. 2008;12(7):452-456.

Morley JE, Baumgartner RN, Roubenoff R, et al. Sarcopenia.
Journal of Laboratory and Clinical Medicine.
2001;137(4):231-243.

Nabuco HC, Tomeleri CM, Sugihara Junior P, et al. Effects



b 2Ea3 o9 Z¥ 2 S DY

230l DiXl= 3 | 319

of whey protein supplementation pre-or
post-resistance training on muscle mass, muscular
strength, and functional capacity in pre-conditioned
older women: a randomized clinical trial. Nutrients.
2018;10(5):563.

Naito T, Mitsunaga S, Miura S, et al. Feasibility of early
multimodal interventions for elderly patients with
advanced pancreatic and non-small-cell lung cancer.
Journal of Cachexia, Sarcopenia and Muscle.
2019;10(1):73-83.

Nitz JC, Choy NL. The efficacy of a specific balance-strategy
training programme for preventing falls among older
people: a pilot randomised controlled trial. Age and
Ageing. 2004;33(1):52-58.

Park EY, Lee JH. The effect of complex exercise program
for prevention of falls on fitness in elderly. Exercise
Science. 2005;14(2):181-192.

Park JY, Song YJ. Effects of 15-week complex exercise program
of sarcopenia elderly women on body composition,
IGF-1 and hip muscle strength. The Korean Journal
of Sport. 20202;18(2):621-633.

Park J, Song MS. The effects of pressure biofeedback units
in lower-limb PNF pattern training on the strength
and walking ability of stroke patients. PNF' and
Movement. 2020b;18(1):55-64.

Reidy PT, Walker DK, Dickinson JM, et al. Protein blend
ingestion following resistance exercise promotes
human muscle protein synthesis. The Journal of
Nutrition. 2013;143(4):410-416.

Robinson SM, Reginster JY, Rizzoli R, et al. Does nutrition
play a role in the prevention and management of
sarcopenia? Clinical Nutrition. 2018;37(4): 1121-
1132.

Sawicka AK, Hartmane D, Lipinska P, et al. I-Carnitine
supplementation in older women. A pilot study on
aging skeletal muscle mass and function. Nutrients.
2018;10(2):255.

Seo Sk, Lee TK, Yoon YM. Prediction of drug side effects
based on drug-related information. Jowrnal of Korean
Institute of Information Technology. 2019;17(12):
21-28.

So YS. The effect of combined exercise on body composition,
functional fitness and muscle protein synthesis related
hormone in sarcopenic obesity elderly women.
Journal of the Korea Convergence Society.
2016;7(3):185-193.

Song WO, Kerver JM. Nutritional contribution of eggs to
American diets. Journal of the American College
of Nutrition. 2000;19(sup5):556S-562S.

Volkert D. The role of nutrition in the prevention of sarcopenia.
Wiener Medizinische Wochenschrift. 2011;161(17):
409-415.

Woo SK. Association of bone mineral density and sarcopenia
component with balance confidence in elderly. The
Korean Journal of Sport. 2019;17(1):377-385.

Yang JI, Lee WH, Kang KS, et al. The Effect of the fall
prevention exercise program focussed on
strengthening of the lower extremity muscles on the
change of physical function and muscle architecture
of the elderly. Jowrnal of the Korea Academia-Industrial
cooperation Society. 2015;16(3):1904-1919.

Zhu LY, Chan R, Kwok T, et al. Effects of exercise and
nutrition supplementation in community-dwelling
older chinese people with sarcopenia: a randomized
controlled trial. Age and Ageing. 2019;48(2):220-228.





