
. IntroductionⅠ

Balance of the trunk means the ability to move and 

maintain the center of gravity of the body using the spine 

and trunk. The ability to control the trunk is a key phys-

ical ability required for various functional tasks in daily 

life and is an important factor for predicting the level of 

participation in walking and functional daily life after im-

pairment of body function like stroke patients (Hsieh, 

Sheu, Hsueh, & Wang, 2002). Improvement of trunk 
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Abstract

Background: PNF patterns are the basis of human motion and can be expected to improve joint motion and 

coordination. Combined physical training with CLX training and PNF patterns can help to improve balance 

and perform functional mobility in the lower limb. The purpose of this study is to confirm the effect of 

CLX training combined with PNF pattern on balance ability. Design: Randomized Controlled Trial. 

Methods: Total 16 persons participate in this study and were randomly divided in two groups the ex-

perimental group and control group. In the experimental group, exercise program with PNF pattern and 

CLX was performed total 24 times for 8 weeks. In the exercise program, the PNF pattern composed of 

D1F and D2F was applied with CLX in five positions. Single limb hop test, Y-balance test and Balance 

Error scoring system were performed to evaluate the balance ability according to the interventions. Results: 

In the single limb hop, the experimental group revealed a significant difference than a control group 

(p<0.05).The result of balance error scoring system, experimental group revealed significant differences be-

tween before and after training and revealed significant differences than a control group (p<0.05). In the 

Y-balance test, the experimental group revealed significant differences than a control group in both side. 

Conclusion: The results of this study showed that the CLX exercise in combination with the PNF pattern 

had a positive effect on enhancing the balance ability of the normal adult and performing the functional 

mobility of the lower limb.
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control capacity can enhance balance and gait quality and 

positively affect the use of upper limb function among 

the many activities performed in daily activities 

(Fairbank, Couper, Davies, & O'Brien, 1980). In addi-

tion, it is known that the coordinated motion of the trunk 

can contribute to dynamic stability of the spinal segment 

by promoting balance of the dynamic posture and facili-

tating the trunk muscle (Miyake, Nakamura, & Nakajima, 

2014).

The proprioceptive neuromuscular fascilitation (PNF) 

is a therapeutic approach designed to promote exercise 

control based on the activity of proprioceptive sensory 

organs that provide information about body movements 

and postures. In the PNF, the movement is characterized 

by a spiral and a diagonal direction, which is known as 

the basic pattern of motions required for functional activ-

ity (Luke, Dodd, & Brock, 2004). Balance is defined as 

the ability of the body to keep the body in a stable posi-

tion in a situation where it is not moving or moving. The 

PNF approach has been reported to have an effect of in-

creasing balance capacity, including strength, flexibility, 

and balance (Mirek et al., 2015; Seo & Kim, 2015). 

The purpose of this study is to investigate the effect 

of exercise combined with PNF pattern and elastic band 

on the balance ability and agility of normal adults.

. MethodsⅡ

1. Subjects

This study was conducted in normal adults. A total of 

16 persons were selected according to the selection cri-

teria and the exclusion criteria. All subjects agreed to 

participate in the experiment after receiving explanation 

about the whole experiment. The criteria for selection of 

this study were adults between 20 and 29 years old and 

the person who had no balance restriction due to muscu-

loskeletal impairments such as fractures and neurological 

impairments including sensory organs. Subjects were ran-

domly divided into experimental group and control 

group.

2. Experimental Procedure

1) Experimental group

Subjects who were included in the experimental group 

performed a combined exercise of looped elastic band 

CLX (consecutive loop exercise) and PNF pattern for 30 

minutes every 3 weeks for 8 weeks after the pre-evalua-

tion <Table 1>.

The exercise program of the experimental group was 

conducted in five poses in a lying position, a long sitting 

position, a kneeling, a kneeling to standing, and a stand-

ing position. The PNF pattern was applied to both the 

upper and lower limbs by each posture, and D1 and D2 

patterns were combined <Table 2>.

When performing PNF pattern exercise in five poses, 

CLX CONSECUTIVE LOOPS (CLX, THERABANDTM), 

which is a loop-shaped elastic band, was worn on the 

wrists of both upper and lower limbs of the participants. 

Unlike other elastic bands, CLX has a loop-shaped space 

in the band, so it can easily provide anchorage point 

without having to tie it separately for fixation during 

band exercise, and it provides simultaneous resistance to 

multiple joints. For each positions, we performed a CLX 

+ PNF pattern for 5 minutes and then gave a rest for 1 

minute. We announced that could stop immediately if 

there were symptoms such as dizziness or nausea during 

exercise.

2) Control Group

Participants in the control group performed a post - 

evaluation after 8 weeks without any further intervention 

after the pre - evaluation and observed changes in their 

balance and coordination abilities. One of the participants 

in the control group dropped out of the group, There are 
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seven people who have finally finished.

3. Assessment tools

1) Balance error scoring system

The balance error scoring system (BESS) measures 

three postures. It is composed of two-leg stance, one-leg 

stance and tandem stance, and measurement is performed 

on the unstable surface in the same manner after the 

measurement on the flat ground. The total score of the 

test is 60 points, which means that the lower the total 

score, the better the subject's balance ability. For each 

posture, the maximum error score is 10points, and the 

score of each posture is summed up to represent the total 

score. The retest reliability was 0.70 and the interclass 

reliability was ICC=0.96 (Bell, Guskiewicz, Clark, & 

Padua, 2011).

 

2)  Y-balance test

The Y-balance test is an assessment method designed 

to predict the risk of injury to the general public or ath-

letes and can be used to measure effectiveness and bal-

ance and coordination in the rehabilitation process. Each 

participant should have one leg standing in the middle of 

the three segmented mark on the floor and then stretch 

the other leg as far as possible in an anterior, postero-

lateral, and posteromedial directions. Measure the dis-

tance to the point where the toe of the outstretched foot 

is located while maintaining a balance of standing. The 

distance between the three directions measured on each 

foot was converted to a standard score for analysis 

(Myers, Christopherson, & Butler, 2018). 

3)  Single limb hop test

Single limb hop test (SLHT) was performed to eval-

uate coordination, strength, and balance ability. For the 

measurement, the subjects placed one leg standing in the 

starting line and measured the distance by forward jump-

ing as far as possible. The best records were used for the 

analysis by performing each of the legs three times each. 

The inter-reater reliability of the single limb hop test is 

0.75 (Sawle, Freeman, & Marsden, 2017).

4. data analysis

All data are described using mean and standard 

deviation. Paired t test was performed to compare before 

and after each group. Independent t test was used to 

compare the intergroup effects of intervention. All stat-

istical significance levels were set at 0.05

. ResultsⅢ

1. General characteristics of subjects

The general characteristics of participants in this study 

are as follows. There were no significant differences in 

the height, weight, age, BMI, and sex composition of the 

participants between the groups <Table 3>.

2. Comparison of BESS

The experimental group showed a significant differ-

ences from 28.37 points to 12.87 points, but no sig-

nificant differences was observed in the control group. In 

the comparison between the groups according to the in-

tervention, the experimental group showed a more sig-

nificant difference than the control group <Table 4>. 

3. Comparison of Y-balance test

The Y-balance test on the left side showed a sig-

nificant difference from 69.72 points to 104.25 points in 

the experimental group and the control group also 

showed a significant difference from 67.14 to 77.50. In 

the comparison between the groups according to the in-
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tervention, the experimental group showed a more sig-

nificant difference than the control group. The Y-balance 

test on the right side showed a significant difference 

from 70.29 to 103.34 in the experimental group and a 

significant difference from 67.34 to 79.06 in the control 

group. In the comparison between the groups according 

to the intervention, the experimental group showed a 

more significant difference than the control group <Table 

5>. 

4. Comparison of Single limb hop test

In the SLHT on the left side, the experimental group 

increased numerically from 135.25cm to 140.62cm, but 

there was no significant difference. In the comparison be-

tween the groups according to the intervention, the ex-

perimental group showed a more significant difference 

than the control group. In the SLHT on the right side, 

the experimental group showed a significant difference 

from 139 cm to 141 cm before the experiment. In the 

comparison between the groups, the experimental group 

showed a more significant difference than the control 

group <Table 6>.

. DiscussionⅣ

In order to perform various tasks required in everyday 

life, training of basic physical strength is an important 

factor, and maintenance and improvement of fitness in-

cluding agility and coordination from normal adults to 

elderly people are essential(Clark, Vandermorris, & 

Heisz, 2015). The purpose of this study was to inves-

tigate the effect of a combination of PNF pattern and 

CLX, a looped elastic band, on balance ability and 

agility.

BESS was performed to evaluate the change of bal-

ance ability through core muscle strengthening. In this 

study, the experimental group showed a significant dif-

ferences in balance ability compared to the control group. 

Mikesky(1994) suggests that progressive resistance ex-

ercise using elastic bands, which can provide appropriate 

loadings to individual body capacities, is helpful in main-

taining myocardial function despite age-related muscle fi-

ber and muscle strength reduction (Mikesky, Topp, 

Wigglesworth, Harsha, & Edwards, 1994). In this study, 

we used CLX, which contains continuous loops in the 

band. Compared to the control method of load change 

according to the band color and the change of fixed point 

position in general elastic band, CLX is able to easily se-

lect the position of the ring to be fixed to the wrist or 

ankle during exercise, It is thought to be much more effi-

cient in controlling the load according to individual ex-

ercise capacity. Resistance can induce muscle tension in 

areas of weakness. This effect is referred to as dis-

sipation, which can occur not only within the limb but 

also between the muscles between the extremities (S.S., 

D., & M., 2008). 

In this study, when the PNF pattern is performed, elas-

tic bands corresponding to the strength level of the par-

ticipant are selected and the position of the fixed point 

is adjusted appropriately. This method of applying the 

elastic band was effective in providing appropriate load 

when performing various patterns by posture. In addition, 

it is considered that it was effective to provide a irradi-

ation effect to the trunk and limb muscles by appropri-

ately providing resistance direction. 

In this study, the Y-balance test conducted was per-

formed to evaluate the dynamic balance and the func-

tional symmetry of limb function. The PNF pattern per-

formed by the participants in this study is a sprinter pat-

tern and a skate pattern that are applied to the D1 and 

D2 pattern components. The PNF pattern is the basis for 

human functional activity. The sprinter pattern and the 

skater pattern are combined with the PNF patterns of the 

upper and lower limbs and are known to induce coordi-

nated and functional movements (S.S. et al., 2008). The 
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splinter pattern is induced simultaneously with flex-

ion-adduction-lateral rotation of the shoulder joint and 

lateral-superior-anterior movement of the scapular inferior 

angle. It also induces extension-abduction-interanal rota-

tion of the ipsilateral hip joint and in-

ferior-posterior-lateral movement of the ischial tuberocity. 

And The extension-abduction-internal rotation of the 

shoulder joint and the movement of the scapular inferior 

angle in the posterior-inferior-internal rotation direction 

are simultaneously induced. It also has the effect of in-

ducing flexion, adduction, internal rotation and ischial tu-

berocity of the ipsilateral hip joint in the anterior-superi-

or-medial direction (Guiu-Tula, Cabanas-Valdes, 

Sitja-Rabert, Urrutia, & Gomara-Toldra, 2017; Nakada et 

al., 2018). In this study, participants were asked to per-

form the resistance exercise combined with CLX in five 

positions such as supine, long sitting, kneeling and stand-

ing position. The characteristics of the exercise method 

in this study are the increase effect of the upper and low-

er muscle activities by applying the PNF pattern com-

bined with CLX exercise simultaneously. In the Y-blance 

test, the control group was 77.5 points in the left lower 

limb and 79.6 points in the right lower limb. In the ex-

perimental group, the difference was significant in the 

left lower limb 104.2 points and the right lower limb 

103.3 points. In the SLHT results, the experimental 

group increased from 135.3cm to 140.6cm in the left 

lower limb and increased from 139cm to 141.9cm in the 

right lower limb, the experimental group showed more 

significant differences than the control group. These re-

sults exceeded the 19.5 point, which is the reference 

point of the minimally clinically important difference of 

the Y-blance test, suggesting that the improvement of 

muscle strength and coordination ability in the ex-

perimental group  was significantly symmetrically 

increased.

The limitations of this study are as follows. First, the 

number of samples is too small to generalize the results 

of this study on the basis of normal adult subjects. 

Second, the control group of this study did not receive 

any intervention for 8 weeks after the pretest. Because 

there was no intervention of the control group to com-

pare the intervention effect of the experimental group, 

the factor should be considered.

. ConclusionⅤ

The purpose of this study was to investigate the effect 

of PNF exercise combined with CLX band on the change 

of balance, coordination and agility in 20 normal adults. 

The results of the study showed that the experimental 

group showed significant changes in balance, coordina-

tion and agility compared to the control group. Based on 

this, it is possible to suggest an resistance exercise based 

on PNF exercise combined with CLX to induce the bal-

ance, coordination and agility required at the level of dai-

ly living.
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Appendix 1. Table

Table 1. Contents of exercise program of experiment group

position
pattern

time
Diagonal 1 pattern Diagonal 2 pattern

1 Supine 분5

2 Long sitting 분5

3 kneeling 분5

4 Kneeling to standing 분5

5 standing 분5

Table 2. Composition of PNF pattern exercise

Pattern shoulder hip

D1
D1F Flexion, adduction, external rotation Flexion, adduction, external rotation

D1E Extension, abduction, internal rotation Extension, abduction, internal rotation

D2
D2F Flexion, abduction, external rotation Flexion, abduction, internal rotation

D2E Extension adduction, internal rotation Extension, adduction, external rotation

D1F=Diagonal 1 flexion, D1E=Diagonal 1 extension, D2F=Diagonal 2 flexion, D2E=Diagonal 2 extension

Table 3. General characteristics of subjects                                                            <N=15>

Experimental group(n=8) Control group(n=7) t p/x2

Height(cm) 166.37±8.07a 167.24±5.77 10.982 0.277

Weight(kg) 63.65±6.63 58.57±9.37 5.625 0.689

Ages(years) 23.87±3.97 21.57±1.51 4.286 0.746

Body mass Index 22.99±2.44 20.88±2.84 12.991 0.449

Sex(male/female) 2/6 3/4 0.536 0.427
aMean±SD



8 대한물리치료과학회지   Vol.26, No.1, 2019. 06. 30

Table 4. The comparison of BESS                                                                     <N=15> 

BESS Total Experimental group(n=8) Control group(n=7) t p

pretest 28.37±6.36a 24.50±3.62 1.496 0.157

posttest 12.87±3.83 30.57±10.58   

Pre-post -15.50±5.63 5.87±13.90 -4.001 0.002*

t(p) 7.785(0.000)* 0.420(0.689)   
*p<0.05, Mean±SD, BESS=Balance error Scoring system

Table 5. The comparison of Y-balance test                                                            <N=15>

  Experimental group(n=8) Control group(n=7) t p

Left

Total 

score

pretest 69.72±6.09a 67.14±11.70 0.553 0.589

posttest 104.25±4.44 77.50±13.80   

Pre-post 34.54±8.04 9.19±9.67 5.540 0.000*

T(p) -12.145(0.000)* -2.514(0.046)*   

Right

total 

score

pretest 70.29±6.36 67.34±12.05 0.611 0.551

posttest 103.34±5.99 79.06±12.46   

Pre-post 33.05±6.97 10.81±10.84 4.789 0.000*

T(p) -13.411(0.000)* -2.637(0.039)*   

*p<0.05, aMean±SD

Table 6. The comparison of Single limb hop test                                                       <N=15>

 Experimental group(n=8) Control group(n=7) t p

Left SLHT(cm)     

pretest 135.25±17.26a 142.12±7.35 -1.036 0.318

posttest 140.62±12.42 126.14±10.94   

Pre-post 5.37±7.28 -16.28±6.15 6.614 0.000*

t(p) -2.086(0.75) 6.999(0.000)*   

Right SLHT(cm)     

pretest 139.00±18.59 139.37±11.45 -0.049 0.962

posttest 141.93±16.65 127.07±17.42   

Pre-post 2.93±2.48 -12.35±8.06 5.117 0.000*

t(p) -3.344(0.12) 4.053(0.007)*   
*p<0.05, aMean±SD, SLHT=Single limb hop test
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