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Abstract.6

BACKGROUND: Maintaining gait stability is an important factor for preventing falls of normal adults. Thus, it is necessary to7

conduct research on gait variables in normal adults.8

OBJECTIVE: In this study, we conducted research on the effect of rhythmic exercise using proprioceptive neuromuscular9

facilitation (PNF) patterns on gait variables in normal adults.10

METHODS: Thirty-two subjects were divided into two groups, the training and control groups, with 16 subjects in each group.11

We measured various gait variables step time difference (STD), step length difference (SLD), single support difference (SSD),12

stance phase difference (STPD) and swing phase difference (SWPD) for the pre-test and post-test in each group.13

RESULTS: As a result of paired t-tests on various gait variables (STD, SLD, SSD, STPD, SWPD) of the training and control14

group, the training group showed significance in SLD, STPD and STD and the control group had no significance in all items.15

CONCLUSIONS: In this study, which verified the effect of rhythmic exercise using the PNF patterns on the gait variables of16

normal adults, there was statistical significance in SLD, STPD, and STD showing that dynamic exercise using the PNF pattern is17

helpful in improving the walking ability of normal adults.18
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1. Introduction20

In daily activities, gait is a movement that moves the body while minimizing energy consumption. It21

requires balance ability, coordination, kinesthetic sense, proprioception, and integrated muscle action [1].22

Maintaining gait stability is an important aspect in preventing falls. Injuries due to falls may limit an23

individual’s functional movement and mobility and also lead to restrictions in various social activities.24

This can lead to the development of depression and other conditions and can reduce a patient’s quality25

of life [2]. Walking is a pattern movement based on balance and is a form of behavior that moves the26

body from one place to another. It is the most basic way for humans to lead a life, and is used to evaluate27

the quality of life, including daily life movements and functional activities. It is the most basic element.28

Gait is divided into a gait cycle of a stepping phase and a rocking phase, and in the progression from29

the stepping phase to the heel, sole, and toe, the body weight is transferred from the heel, causing30

the foot to naturally prostrate, absorbing the impact force with the ground [3]. Additionally, gait is31

influenced by several factors such as strength, muscle mass, and muscle-tendon unit construction [4,5].32

Changes in lower extremity muscles may reduce the range of joint motion required for walking, ultimately33

affecting walking performance [6,7,8]. In particular, hip flexion contractures result from immobility or34

low levels of regular physical activity, resulting in decreased hip range of motion, increased pelvic tilt,35

and decreased contralateral stride length [9]. When the human body is inactive, its physical condition36
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gradually deteriorates [10], and this conditioning as a result, in addition to bone loss [11], it causes loss of37

muscle mass [12], deficits in postural control [13,14], and decreased motor and functional mobility [15,38

16,17].39

Among therapeutic exercise interventions, Proprioceptive Neuromuscular Facilitation (PNF) is a40

therapeutic intervention method that promotes exercise activity in weak or damaged body parts by41

applying resistance to strong body parts, and is similar to other exercise interventions. Compared to42

this method, it not only encourages the subject’s active participation in exercise, but also facilitates43

coordination training of the trunk, limbs, leg joints, and shoulder joints [18]. Normal adult walking is44

characterized by efficient anti-phase coordination between the pelvic girdle and the scapular girdle [19].45

Proprioceptive neuromuscular stimulation applied through cross-training improves function and increases46

muscle activity, flexibility, and balance by stimulating proprioceptors within muscles and tendons. It47

mainly increases muscle strength, flexibility, and coordination in response to stimulation of the muscular48

nervous system, thereby improving motor function. It is effective in maximizing the motor function’s49

response [20,21]. When a single pattern is used, responses using such radiation can appear in various50

directions and ranges depending on the therapist and posture, and when multiple patterns are applied51

simultaneously, greater force is exerted, increasing muscle strength. It has a greater impact on safety and52

can increase the diversity and efficiency of treatment by using various intervention methods [18].53

When walking, the greater the difference in step length and step time between the two feet, the more54

unstable the gait. A study has reported improvements in strength, endurance, and walking speed through55

the performance of lower extremity exercise. It also emphasizes that lower extremity exercise improves56

the functional stability of the body and the functioning of the muscles in the waist area, thereby resulting57

in improved balance and walking ability [22].58

Rhythmic exercise using PNF patterns is a type of stabilization exercise that involves rhythmic diagonal59

movements of the upper and lower extremities while maintaining a stable posture. It is also an effective60

exercise for the development of the multifidus, transversus abdominis, and transversus abdominis muscles,61

which contribute to lumbar stabilization, as well as upper and lower extremity strength [23]. In addition,62

PNF patterns exercise has been found to have a positive effect on the posture of normal adults [24] and63

revealed statistical significance in balance [25]. Walking requires balance, coordination, kinesthetic sense,64

proprioception, muscle integration, posture, and trunk stability. The effects of PNF patterns exercise on65

abdominal muscle thickness – which is involved in posture, balance, and trunk stability – have been66

studied, but there have been no studies on walking, which can be considered the culmination of all these67

components. In this study, we sought to verify the effect of rhythmic exercise using the PNF patterns on68

gait variables in normal adults.69

2. Materials and methods70

2.1. Subjects71

This study included thirty-two healthy adults as participants, who were lived in south KOREA. The72

selection criteria were that the subjects were healthy, normal adults. The exclusion criteria were the73

presence of any arthritis disorders prior to participating in the experiment, being overweight, consumption74

of alcohol before the experiment, spinal pain such as back pain, structural abnormalities in the spine, on75

any medication, or herniated intervertebral disc patient.76

The participants were randomly divided into a training group (TG; M = 2, F = 14) that participated in77

rhythmic exercise and a control group (CG; M = 2, F = 14) that did not participate in rhythmic exercise.78
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Fig. 1. Rhythmic exercise using the PNF (proprioceptive neuromuscular facilitation) patterns.

The mean age of the TG was 21.3 ± 1.2 years, the mean weight was 57.3 ± 3.7 kg, the mean height79

was 162.7 ± 3.1 cm, and the body mass index was 19.9 ± 3.1. Further, the mean age in the CG was80

22.2 ± 1.5 years, the mean weight was 58.9 ± 2.1 kg, the mean height was 161.5 ± 5.4 cm, and the81

body mass index was 20.1 ± 2.3. The analysis of gender was conducted using the chi-square test, and82

the analysis of age, weight, height, and body mass index was conducted using the independent sample83

t-test. These analyses found no statistically significant differences (p > 0.05), thereby indicating that84

there are no homogeneity problems between the two groups. This study was approved by the Nazarene85

University Institutional Review Board, and before participating in this study, participants provided written86

consent after receiving and understanding the researcher’s explanation of the purpose of the study and the87

insurance procedures in case of damage during the experiment.88

2.2. Examination methods89

The rhythmic exercise using the PNF patterns was performed by alternating the dynamic exercise using90

the PNF D1 pattern on the left and right sides, with the subjects performing abdominal drawing-in before91

performing the exercise for trunk stabilization.92

When exercising, the left foot supports the body weight and the right lower extremity performs hip93

flexion, external rotation, adduction, knee flexion, and ankle dorsi flexion. The left upper extremity94

performs shoulder adduction, flexion, external rotation, and elbow flexion, and the right upper extremity95

performs shoulder extension and internal rotation, abduction, and elbow extension. Use the PNF pattern96

when doing the exercise in the opposite posture while keeping your right foot fixed. One thing to keep97

in mind is that your torso should not shake during exercise, and your feet touching the floor diagonally98

should always touch the same point (Fig. 1) [26].99

A total of 6 weeks of PNF pattern exercise was performed in the experimental group, with 5 minutes of100

warm-up exercise, 5 minutes of cool-down exercise, and 20 minutes of main exercise, 3 times a week. CG101

was measured twice only after daily activities without special exercise, and the exercise was conducted in102

a flat, spacious, and safe exercise therapy room.103

2.3. Clinical tests104

The OptoGait (MICROGAIT, Italy) used for gait analysis is a gait analysis device that operates as an105

optical sensing system with 96 LEDs.106

OptoGait’s transmitter and receiver bars are installed on both sides of the treadmill, and when the107

subject walks on the treadmill, the gait is analyzed by infrared rays to calculate step time difference108
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Table 1
Comparison of SLD, STPD, SWPD, SSD and STD between Pre- and post-
intervention in each group (mean ± SD) (unit: SLD-cm STPD, SWPD, SSD,
STD-%) (N = 32)

Category Group Pre-intervention Post-intervention
SLD Training group (n = 16)* 3.2 ± 1.5 1.0 ± 0.8

Control group (n = 16) 3.0 ± 2.1 3.2 ± 2.1
STPD Training group* 2.5 ± 2.8 0.8 ± 0.7

Control group 2.2 ± 1.5 2.5 ± 1.4
SWPD Training group 2.9 ± 1.8 1.8 ± 1.6

Control group 2.7 ± 1.7 3.2 ± 2.9
SSD Training group 2.8 ± 1.5 2.1 ± 1.6

Control group 2.8 ± 1.8 3.0 ± 2.1
STD Training group* 3.1 ± 1.9 1.7 ± 1.1

Control group 2.9 ± 1.3 2.9 ± 1.9
∗p < 0.05, SLD; step length difference, STPD; stance phase difference, SWPD;
swing phase difference, SSD; single support difference, STD; step time differ-
ence.

(STD), step length difference (SLD), single support difference (SSD), stance phase difference (STPD) and109

swing phase difference (SWPD). It also calculates the time spent touching the ground and floating in the110

air while walking, running, and jumping through 1,000 transmissions per second to accurately calculate111

the data and analyze the gait through dedicated software. At the time of measurement, the experiment112

participants wore comfortable sportswear and the measurement location was a flat, spacious and safe113

exercise therapy room.114

2.4. Statistical analyses115

Using SPSS 21.0 KO (SPSS, Chicago, IL, USA), changes in the subject’s SLD, STPD, SWPD, SSD,116

and STD were compared for each group’s pre-test and post-test using a paired t-test, and independent117

Differences between the two groups were analyzed using independent t-tests. The significance level α118

was set at 0.05.119

3. Results120

The comparison results of pre-intervention and post-intervention data for the TG and CG revealed121

that the TG had statistically significant differences in SLD, STPD, and STD (p < 0.05), while the CG122

did not show statistically significant differences in any of the variables (p > 0.05) (Table 1). Further, a123

comparison of pre-intervention, post-intervention, and change between pre- and post-intervention between124

the TG and CG revealed that there was no statistical significance for all variables at pre-intervention (p >125

0.05); statistical significance was found for SLD, STPD, and STD at post-intervention, and statistical126

significance was found only for SLD and STPD in change between pre- and post-intervention (p < 0.05)127

(Table 2).128

4. Discussion129

Walking is affected by the corticospinal tract, which is activated when performing tasks that require130

adaptation [27]. While performing tasks that require accurate control, the motor-evoked potential of the131
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Table 2
Comparison of SLD, STPD, SWPD, SSD and STD between Training group and Control group (mean ± SD) (unit:
SLD-cm, STPD, SWPD, SSD, STD-%) (N = 32)

Category Training group (n = 16) Control group (n = 16)
Pre-intervention SLD 3.2 ± 1.5 3.0 ± 2.1

STPD 2.5 ± 2.8 2.2 ± 1.5
SWPD 2.9 ± 1.8 2.7 ± 1.7
SSD 2.8 ± 1.5 2.8 ± 1.8
STD 3.1 ± 1.9 2.9 ± 1.3

Post-intervention SLD* 1.0 ± 0.8 3.2 ± 2.1
STPD* 0.8 ± 0.7 2.5 ± 1.4
SWPD 1.8 ± 1.6 3.2 ± 2.9
SSD 2.1 ± 1.6 3.0 ± 2.1
STD* 1.7 ± 1.1 2.9 ± 1.9

Change between pre- and post-intervention SLD* 2.2 ± 1.6 −0.1 ± 2.4
STPD* 1.6 ± 3.1 −0.2 ± 1.6
SWPD 1.0 ± 2.4 −0.4 ± 2.4
SSD 0.7 ± 1.7 −0.1 ± 1.6
STD 1.4 ± 2.3 0.0 ± 2.0

∗p < 0.05, SLD; step length difference, STPD; stance phase difference, SWPD; swing phase difference, SSD;
single support difference, STD; step time difference.

leg muscles increases, which helps to improve walking ability [28]. Human walking puts pressure on132

the spine, pelvis, and lower extremities due to gravity, which can affect posture misalignment, gait, and133

balance. The pelvis plays an important role in human movement because it supports the spine and acts134

as a center of connection between the upper and lower extremities [29]. The spine and pelvic must be135

in the correct posture so that it can adjust the upper and lower body during movement to improve the136

performance of daily living activities and walking ability [30].137

In a previous study, Wang [31] reported that rehabilitation therapy for patients with hemiplegia of short138

and long duration increased walking speed after 12 sessions for hemiplegia of short duration. Genthon139

et al. [32] measured changes in the center of pressure while maintaining similar postures in normal140

subjects and hemiplegia patients and reported poorer balance control in hemiplegic lower extremities141

in hemiplegia patients. Garland et al. [33] reported that rehabilitation therapy helps improve standing142

balance and functional mobility in hemiplegia patients. De Haart [34] reported that rehabilitation therapy143

helps improve standing balance in post-acute stroke patients.144

Cristopoliski et al. [35] investigated whether a stretching program that increases the range of motion of145

the lower extremities in elderly people improves walking. Twenty healthy elderly women were divided146

into two groups. The experimental group performed stretching exercises 12 times over four weeks,147

while the control group did not exercise. As a result of evaluation before and after the experiment,148

the experimental group’s stride length increased, walking speed increased, and double support time149

decreased. Additionally, it was reported that the anterior and lateral tilt and rotation of the pelvis were150

greater in the experimental group, and that stretching can be used as an effective means to improve range151

of motion and affect walking performance. Seo and Kim [36] classified 30 chronic stroke patients into152

an experimental group and a control group. For 4 weeks, the experimental group received 30 minutes153

of general exercise therapy and then 30 minutes of inclined walking training using the PNF lower limb154

pattern. The control group received general exercise therapy for 30 minutes and then walked training on155

level ground for 30 minutes. The Berg balance scale test, time-out and movement test, and functional156

reach test were performed, and statistical significance was reported in the experimental group. Ritzmann157

et al. [37] performed a high-load jump exercise similar to gait training in 23 men using high-intensity158

interval training, repeating 4 jumps 10 times, and reported increased gait variability and improvement159
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in gait rhythmicity as a result. Lim [38] randomly assigned 22 stroke patients to an experimental group160

(n = 11) and a control group (n = 11), and over 4 weeks, 5 days a week, the experimental group did161

15 minutes of PNF pattern exercise using a sprinter and skater patterns, Mat and walking training for162

15 minutes and FES stimulation for 20 minutes for a total of 50 minutes. The control group underwent163

mat and walking training for 30 minutes and FES stimulation for 20 minutes for a total of 50 minutes. The164

Berg Balance Scale was used for the functional rich test and balance evaluation, and the Timed-Up and165

Go test was used for the walking test. As a result, the experimental group showed significant results in the166

functional rich test and Berg Balance Scale, reporting that PNF pattern exercise is helpful in improving167

the walking ability of stroke patients. However, these studies were conducted on hemiplegia patients and168

were not relevant to improving walking ability in normal people.169

Cho and Gong [24] conducted a study on 32 normal adults. They divided the subjects into two groups170

training and control. The training group received rhythmic exercise using the PNF patterns three times171

a week for six weeks. As a result, the training group showed statistically significant improvements in172

pelvic position, pelvic rotation, trunk inclination and scapular position. Gong [23] conducted a study173

on 32 normal adults. He divided the subjects into experimental and control groups. The experimental174

group performed dynamic exercise using the PNF patterns for 6 weeks, and the experimental group175

showed an increase in the thickness of the deep abdominal muscles that contribute to trunk stabilization.176

In addition, Gong [25] also reported that balance ability improved in the training group after six weeks of177

PNF patterns exercise.178

As a result of this experiment, TG showed statistically significant differences in SLD, STPD, and179

STD, and CG showed no statistically significant differences in all variables. The PNF patterns exercise is180

believed to have a positive effect on gait variables by improving abdominal deep muscle activation, posture,181

and balance through the continuous diagonal and spiral movements of the pelvis, lower extremities,182

scapula, and upper extremities while maintaining body stability through abdominal draw-in. Although183

the existing PNF patterns exercise mainly targeted patients with hemiplegia and quadriplegia, it is184

disappointing that this study targeted normal adults. In the future, additional research is needed to expand185

the research area to include neurological patients. However, we wanted to find out how effective dynamic186

exercise using the PNF pattern is for the gait of normal adults. Thus, rhythmic exercise using PNF patterns187

with abdominal draw-in conducted in this study is recommended as an effective exercise method for188

improving walking ability in people with poor core stability, posture, and balance.189

5. Conclusions190

In this study, as a result of verifying the effect of rhythmic exercise using the PNF patterns on the gait191

variables of normal adults, there was statistical significance in SLD, STPD and STD, which suggests that192

rhythmic exercise using the PNF patterns helps improve the walking ability of normal adults.193

Acknowledgments194

This research was supported by Korea Nazarene University Research Grants in 2024.195

Conflict of interest196

None to report.197



Galley Proof 25/04/2024; 9:36 File: thc–1-thc248036.tex; BOKCTP/ljl p. S7

W. Gong / The effects of rhythmic exercise using PNF patterns on gait variables in normal adults S7

References198

[1] Ferber R, Osternig LR, Woollacott MH, Wasielewski NJ, Lee JH. Reactive balance adjustments to unexpected perturbations199

during human walking. Gait Posture. 2002; 16(3): 238-248.200

[2] Hatch J, Gill-Body KM, Portney LG. Determinants of balance confidence in community-dwelling elderly people. Physical201

Therapy. 2003; 83: 1177-1079. doi: 10.1093/ptj/83.12.1072.202

[3] Perry J. Gait Analysis: Normal and Pathological Function. 2nd ed. Slack Incorporated; 2010: 19-47.203

[4] Wilmore JH, Costill DL. Physiology of Sport and Exercise, ed 2. Champaign, Human Kinetics, 1999.204

[5] Shagold M, Mirkin G. Physiology and Sports Medicine, ed 2. Philadelphia, Davis, 1994.205

[6] Murray MP, Kory RC, Clarkson BH. Walking patterns in healthy old men. J Gerontol. 1969; 24(2): 169-178. doi: 10.1093/206

geronj/24.2.169.207

[7] Prince F, Corriveau H, Herbert R, Winter DA. Gait in the elderly. Gait Posture. 1997; 5: 128-135.208

[8] Winter DA. The Biomechanical and Motor Control of Human Gait: Normal, Elderly and Pathological, ed 2. Waterloo,209

University of Waterloo Press, 1991. http//worldcat.org/isbn/0888981058.210

[9] Feland JB, Myrer JW, Schulthies SS, Fellingham GW, Measom GW. The effect of duration of stretching of the hamstring211

muscle group for increasing range of motion in people aged 65 years or older. Phys Ther. 2001; 81(5): 1110-1117.212

[10] Blair SN. Physical inactivity. The biggest public health problemof the 21st century. Br J Sports Med. 2009; 43(1): 1-2.213

[11] LeBlanc AD, Spector ER, Evans HJ, Sibonga JD. Skeletal responses to space flight and the bed rest analog. A review. J.214

Musculoskelet. Neuronal Interact. 2007; 7(1): 33-47.215

[12] Booth FW, Roberts CK, Laye MJ. Lack of exercise is a major cause of chronic diseases. Compr. Physiol. 2012; 2(2):216

1143-1211. doi: 10.1002/cphy.c110025.217

[13] Dupui P, Montoya R, Costes-Salon MC, Séverac A, Güell A. Balance and gait analysis after 30 days-6 degrees bed rest.218

Influence of lower-body negative-pressure sessions. Aviat Space Environ. Med. 1992; 63(11): 1004-1010.219

[14] Kouzaki M, Masani K, Akima H, Shirasawa H, Fukuoka H, Kanehisa H. Effects of 20-day bed rest with and without220

strength training on postural sway during quiet standing. Acta Physiol. 2007; 189(3): 279-292. doi: 10.1111/j.1748-221

1716.2006.01642.x.222

[15] Gill TM, Allore H, Guo Z. The deleterious effects of bed rest among community-living older persons. J Gerontol A Biol223

Sci Med Sci. 2004; 59(7): 755-761. doi: 10.1093/gerona/59.7.M755.224

[16] Reschke MF, Bloomberg JJ, Paloski WH, Mulavara AP, Feiveson AH, Harm DL. Postural reflexes, balance control,225

and functional mobility with long-duration head-down bed rest. Aviat Space Environ Med. 2009; 80(1): A45-54. doi:226

10.3357/ASEM.BR06.2009.227

[17] Miller CA, Kofman IS, Brady RR, May-Phillips TR, Batson CD, Lawrence EL. Functional task and balance performance228

in bed rest subjects and astronauts. Aerosp Med Hum Perform. 2018; 89(9): 805-815. doi: 10.3357/AMHP.5039.2018.229

[18] Adler SS, Beckers D, buck M. PNF in practice: an illustrated guide. 3rd ed. Springer; 2007.230

[19] Dedieu P, Zanone PG. Effects of gait pattern and arm swing on intergirdle coordination. Hum Mov Sci. 2012; 31(3):231

660-71.232

[20] Choi YK, Nam CW, Lee JH, Park YH. The Effects of Taping Prior to PNF Treatment on Lower Extremity Proprioception233

of Hemiplegic Patients. J Phys Ther Sci. 2013; 25(9): 1119-22.234

[21] Wicke J, Gainey K, Figueroa M. A comparison of self-administered proprioceptive neuromuscular facilitation to static235

stretching on range of motion and flexibility. J Strength Cond Res. 2014; 28(1): 168-72.236

[22] Akuthota V, Nadler SF. Core strengthening. Archives of Physical Medicine and Rehabilitation. 2004; 85: 86-92. doi:237

10.1053/j.apmr.2003.12.005.238

[23] Gong, WT. The effects of dynamic exercise utilizing PNF patterns on abdominal muscle thickness in healthy adults. J239

phys Ther Sci. 2015; 27: 1933-1936. doi: 10.1589/jpts.27.1933.240

[24] Cho MS, Gong WT. The effects of dynamic exercise using the proprioceptive neuromuscular facilitation pattern on241

posture in healthy adults. J Phys Ther Sci. 2017; 29(6): 1070-1073. doi: 10.1589/jpts.29.1070.242

[25] Gong WT. Effects of dynamic exercise utilizing PNF patterns on the balance of healthy adults. J Phys Ther Sci. 2020; 32:243

260-264. doi: 10.1589/jpts.32.260.244

[26] Britta D. Let’s sprint, let’s skate. Innovationen in PNF-Konzept. Springer. 1st edition. germany. 2009: 48-60.245

[27] Nielsen JB. How we walk: Central control of muscle activity during human walking. Neuroscientist. 2003; 9(3): 195-204.246

doi: 10.1177/1073858403009003012.247

[28] Bonnard M, Camus M, Coyle T, Pailhous J. Task-induced modulation of motor evoked potentials in upper-leg muscles248

during human gait: a TMS study. Eur J Neurosci. 2002; 16(11): 2225-2230. doi: 10.1046/j.1460-9568.2002.02295.249

[29] Magee DJ. Orthopedic Physical Assessment. 5th edition, St. Louis, Missouri; Elsevier Inc. 2008; 658-660.250

[30] Kapandji IA. Physiology of the joints. Churchill Livingstone, Philadelphia, 6th ed. 2007.251

[31] Wang RY. Effect of proprioceptive neuromuscular facilitation on the gait of patients with hemiplegia of long and short252

duration. Physical Therapy. 1994; 74(12): 1108-1115. doi: 10.1093/ptj/74.12.1108.253

[32] Genthon N, Rougier P, Gissot A-S, Froger J, Pélissier J, Pérennou D. Contribution of each lower limb to upright standing254



Galley Proof 25/04/2024; 9:36 File: thc–1-thc248036.tex; BOKCTP/ljl p. S8

S8 W. Gong / The effects of rhythmic exercise using PNF patterns on gait variables in normal adults

in stroke patients. Stroke. 2008; 39(6): 1793-1799. doi: 10.1161/STROKEAHA.107.497701.255

[33] Garland SJ, Willems DA, Ivanova TD, Miller KJ. Recovery of standing balance and functional mobility after stroke. Arch256

Phys Med Rehab. 2003; 84(12): 1753-9. doi: 10.1016/j.apmr.2003.03.002.257

[34] Haart MD, Geurts AC, Huidekoper SC, Fasotti L, Limbeek JV. Recovery of standing balance in post acute stroke patients:258

a rehabilitation cohort study. Arch Phys Med Rehab. 2004; 85(6): 886-95. doi: 10.1016/j.apmr.2003.05.012.259

[35] Cristopoliski F, Barela JA, Leite N, Fowler NE, Felix Rodacki AL. Stretching Exercise Program Improves Gait in the260

Elderly. Gerontology. 2009; 55(6): 614-620. doi: 10.1159/000235863.261

[36] Seo KC, Kim HA. The effects of ramp gait exercise with PNF on stroke patients’ dynamic balance. J Phys Ther Sci. 2015;262

27(6): 1747-1749. doi: 10.1589/jpts.27.1747.263

[37] Ritzmann R, Freyler K, Kümmel J, Gruber M, Belavy DL, Felsenberg D, Gollhofer A, Kramer A, Ambrecht G. High264

Intensity Jump Exercise Preserves Posture Control, Gait, and Functional Mobility During 60 Days of Bed-Rest: An RCT265

Including 90 Days of Follow-Up. Clinical and Translational Physiology. 2018; 9: 1713. doi: 10.3389/fphys.2018.01713.266

[38] Lim CG. The effects of proprioceptive neuromuscular facilitation (PNF) pattern exercise using the sprinter and the skater267

on balance and gait function in the stroke patients. J Korean Soc Phys Ther. 2014; 26(4): 249-256.268


