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The purpose of this study was to examine whether a six-week elastic
band exercise program using proprioceptive neuromuscular facilitation
(PNF) can increase isotonic strength of abductor muscles in the lower
extremity. Twenty-eight healthy students from S university were divided
into an experimental group and control group. Each group was partici-
pated in pre and post-measurement in isotonic strength using an iso-
tonic analyzer, En-treeM. Experimental group performed elastic band
exercise using PNF pattern for a six-weeks, in contrast, control group
did not take any exercise. In the results of this study, isotonic strength

INTRODUCTION

Enhancement of the muscular strength delays the process of
physical functioning degradation, and it is also an essential compo-
nent in enjoying outdoor activities with minimal stress or feeling
of lethargy. Moreover, an appropriate enhancement of muscular
strength lowers the outbreak of back pain as well as decreases the
risk of injuries in the skeletal muscle system. As walking activities
were reduced with the development of technologies and wide-
spread driving culture, muscular strength experiences has been de-
clined. As continuous lowering of muscular strength, the abductor
of the lower limb at the side that supports weight while walking
becomes weak. This may cause the progressive abnormal pelvic tilt
and swinging of the trunk, which is described as the Trendelen-
burg gait pattern (David, 2008).

measurements of abductor muscles in lower extremity in experimental
group were significantly different after exercise, but control group did
not show any significant changes. Therefore, we hope that resistive ex-
ercise would be very valuable for healthy people as well as the old peo-
ple with weakened muscle strength.
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Recently, variety of measurement method has been introduced to
examine the enhancement of muscular strength. Among such mea-
sures, the elastic band exercise promotes muscular strength without
burdening of the weakened muscles. Elastic bands, either a band or
tube made from rubber, have been used in the medical scene such as
hospitals for rehabilitation conditioning. However, nowadays it is
also widely used in normal households, sports training fields and by
seniors due to its lightness, flexibility and ease of controlling the re-
sistance intensity and direction of its loading properties. Also, it en-
ables the training following the body’s movement; so it is appropri-
ate for the muscular strength training which applies the principle of
proprioceptive neuromuscular facilitation (PNF).

The PNF is a mode to stimulate the body’s proprioceptive sys-
tem to promote normal response with its unique spiral movement.
Even weakened muscles can work more effectively with the boost
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of an antagonistic muscle compared to when they operate inde-
pendently. Therefore, PNF is utilized as a part of the rehabilitation
designed for those who have weakened muscle or joint functional-
ities. The number of PNF techniques applied enhances the muscle
strengthening properties (Hyunseung et al., 2014).

Clinically, the isotonic methodologies and equipment such as
the elastic bands have been used for their capabilities of gradual
increment of muscle resistance and muscle endurance. However,
the measurement of the isotonic muscular strengths had not been
conducted due to the lack of the appropriate measuring apparatus.
On this background, this current study explores the effectiveness
of the elastic band exercise based on the PNF pattern on isotonic
muscular strength of the hip joint abductor using the isotonic
muscular strength measuring apparatus, EN-TreeM. Through the
study, we expect to find the effective increasing condition in mus-
cular strength enhancement with the application of the principle
PNF and introduce the easy-to-use elastic band for effective iso-
tonic muscle strength which is often discussed in improvement of

muscular strength in lower extremities.

MATERIALS AND METHODS

Participants

Twenty-eight male and female students from S university were
equally divided into an experimental group and a control group.
Each group consisted of fourteen individuals; seven males and sev-
en females within each group. No participants had a reported his-
tory of illness in the nervous system, muscle system or skeletal sys-
tem. No participates were participated in a specific exercise pro-
gram. Additionally, all participants were right-dominant (Table 1).

Experimental procedures
Elastic band exercise

With the elastic band (Hygienic Corporation, Akron, Ohio,
USA), the experimental group participated in six-week isotonic re-
sistance program while the control group was prevented from par-
ticipating in any specific exercise program other than the normal

Table 1. Physical characteristics of the subjects

Control group (n=14)
Male (n=7) Female (n=7)

Exercise group (n=14)
Male(n=7) Female(n=7)

Age (yr) 26.14+219  2157+1.90 2714+587  2443+2.94
Height (cm) 176.00+4.80 164.29+206  17643+692 164.14+3.13
Weight (kg) 7400424 54.14+549 69.14+555  54.86+273

Values are means+ SD.

http://dx.doi.org/10.12965/jer.150189

daily activities. The baseline exercise intensity was set by measuring
the one repetition maximum (1RM) on the non-dominant side ab-
ductor of the hip joint of the experimental group. We followed the
indirect IRM measurement procedure recommended by the Korea
Institute of Sports Science (1999) for the isotopic measurement ap-
paratus. First the maximum weight of hip joint to conduct abduc-
tion in a full range of motion within ten times was documented,
and the 1RM was estimated by using the following formula:

W1=W0+W0x0.025xR

W1: 1RM (kg)

WO: the weight of enabling less than 10 times of full range
motion

R: the number of motions based on W0

The color of the band was assigned as so 50-70 percent of the
estimated 1RM became the maximum tension at the hip abduc-
tor and the stretching rate was calculated. The power generated
by the band was determined by the extent of the band stretch.

Because the study involves a PNF type lower extremity exer-
cise, we estimated the band’s coefficient of extension based on the
full range of motion for each individual with the equation of (ex-
tended length—stabilized length)/stabilized lengthx100. The
bands, with the resulted stabilized length marked, were distribut-
ed to the experimental group to conduct the six-week isotonic ex-
ercise program.

The flexible band exercise was conducted in the natural lay-
ing-down position, with the elastic band positioned at the back,
putting the band at the shoulder grabbing one end of the band
with one hand while connecting the other end of the band and fix-
ing the band to the non-dominant foot. Then, the isotonic exercise
of the lower extremities was conducted in a PNF pattern move-
ment with the hip extension-abduction-internal rotation move-
ment while stretching the knee joint. Under the PNF exercise, the
starting positions of the lower extremities areas follow: the hip
joint is bent, internally rotated and externally rotated; the knee
joint is bent; the ankle joint is dorsiflexed and introverted; and the
toes are extended. On the other hand, the ending positions are: the
knee joint is bent; the hip joint is bent, externally rotated and in-
ternally rotated; the knee joint is stretched, the ankle joint is plan-
tar flexed and extroverted, and the toes are bent (Bongoh et al.,
2013). One set of the elastic band exercise consisted of ten repeti-
tions with one minute rest between each set. During the week one
and two; three sets of the exercise were conducted with resistance
at 50 percent of the estimated 1RM of hip abductor. In weeks
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three and four; five sets were conducted at 70 percent of resistance
of the IRM, and in weeks five and six; seven sets were conducted
with at 70 percent of the IRM. All exercises were conducted four
times a week for a total of six weeks.

Muscular strength assessment

The variables for the isotonic muscular strength were derived
using the isotonic muscular strength measuring apparatus EN-
TreeM (isotonic exercise & evaluation system, Enfaf-Nonius Corp.,
Holland). Both the experimental and control groups conducted the
hip abductor reps with the 8 kg loading for 40 sec with the maxi-
mum velocity. The assessment was conducted at pre and post

workout at the same measurement of time and condition.

Statistical analyses

The SPSS statistical package (ver. 12.0) was used to estimate
the means and standard deviation of each variable. The two-way
ANOVA with repeated measurements were conducted to verify
the effectiveness of the band exercise, under which the difference
of the means at pre and post workout were tested (P <0.05).

RESULTS

Peak power

As a result of the elastic band exercise based on the PNF pattern,
the maximum explosive muscular strength was 56.13 W (pre) and
61.16 W (post) at concentric contraction, 59.50 W (pre) and 75.70
W (post) at eccentric contraction, with the significant difference be-
tween the control group and experimental group (P <0.05). There-
fore, the PNF-based band exercise improved the peak explosive
muscular power in the isotonic contraction of the abductor of lower
extremities (Table 2).

Average peak power

As a result of the elastic band exercise based on the PNF pattern,
the maximum mean explosive muscular strength was 44.4 W (pre)
and 50.69 W (post) at concentric contraction, 42.21 W (pre) and
49.16 W (post) at eccentric contraction, with a significant differ-
ence between the control group and experimental group (P <0.05).
Therefore, the PNF-based band exercise improved the peak explo-
sive muscular power in the isotonic contraction of the abductor of
lower extremities (Table 2).

Average power
As a result of the elastic band exercise based on the PNF pattern,
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Table 2. The exchange of muscular strength in lower using band exercise |

Variables Group Contraction type Pre Post P
Peak power  Con. Concentric ~ 53.78+17.57 56.00+19.94 0.478
(W) Eccentric 5492+1359 54.13+13.46 0.869
Exe. Concentric ~ 56.13+17.38 61.16+1652 0.032*
Eccentric 5950+16.99 75.70+29.44 0.001*

Average Con. Concentric ~ 42.68+14.24 4589+17.08 0.243
peak power Eccentric 40.30+11.43 3851+11.37 0.566
(W) Exe. Concentric ~ 44.40+12.99 5069+13.68 0.005*
Eccentric 4221+12.44 49.16+14.88 0.008*

Average power Con. Concentric ~ 21.60+7.64 2345+9.10 0.128
(W) Eccentric 19.84+584 2030+7.35 0.738
Exe. Concentric 2357+757 2860+£842 0.001*
Eccentric 2301+693 2747+894 0013*

Peak velocity  Con. Concentric 120035 1.25+040 0447
(m/s) Eccentric 1174006 1.18+007 0830
Exe. Concentric 125008 1.35+008 0.022*
Eccentric 1264033 151+036 0.001*

Values are means + SD.

*P<0.05.

the average power was 23.57 W (pre) and 28.6 W (post) at con-
centric contraction; 23.01 W (pre) and 27.47 W (post) at eccentric
contraction, with a significant difference between the control
group and experimental group (P <0.05). Therefore, the PNF-
based band exercise improved the average power in the isotonic
contraction of the abductor of lower extremities (Table 2).

Peak velocity

As a result of the elastic band exercise based on the PNF pat-
tern, the peak velocity was 1.25 m/s (pre) and 1.35 m/s (post) at
concentric contraction, 1.26 m/s (pre) and 1.51 m/s (post) at ec-
centric contraction, with a significant difference between the con-
trol group and experimental group (P <0.05). Therefore, the
PNE-based band exercise improved the peak velocity in the iso-
tonic contraction of the abductor of lower extremities (Table 2).

Average peak velocity

As a result of the elastic band exercise based on the PNF pattern,
the average peak velocity was 1.02 m/s (pre) and 1.14 m/s (post) at
concentric contraction, 0.95 m/s (pre) and 1.10 m/s (post) at eccen-
tric contraction, with a significant difference between the control
group and experimental group (P <0.05). Therefore, the PNF-
based band exercise improved the average peak velocity in the iso-
tonic contraction of the abductor of lower extremities (Table 3).

Peak force
As a result of the elastic band exercise based on the PNF pat-
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tern, the peak force was 55.64 N (pre) and 59.64 N (post) at con-
centric contraction, 60.79 N (pre) and 65.20 N (post) at eccentric
contraction, with a significant difference between the control
group and experimental group (P <0.05). Therefore, the PNF-
based band exercise improved the peak force in the isotonic con-
traction of the abductor of lower extremities (Table 3).

Average peak force

As a result of the elastic band exercise based on the PNF pat-
tern, the average peak force was 51.55 N (pre) and 54.65 N (post)
at concentric contraction, 53.3 N (pre) and 55.81 N (post) at ec-
centric contraction, with significant difference between the con-
trol group and experimental group (P <0.05). Therefore, the
PNEF-based band exercise improved the average peak force in the
isotonic contraction of the abductor of lower extremities (Table 3).

Total work

As a result of the elastic band exercise based on the PNF pat-
tern, the total work was 454.43 J (pre) and 553 J (post) at concen-
tric contraction, 449.57 J (pre) and 548.36 J (post) at eccentric
contraction, with a significant difference between the control
group and experimental group (P <0.05). Therefore, the PNF-
based band exercise improved the total work in the isotonic con-
traction of the abductor of lower extremities (Table 3).

Table 3. The exchange of muscular strength in lower using band exercise I

Contraction

Variables Group - Pre Post P
Average peak Con.  Concentric 098+764 105036  0.267
velocity Eccentric 0.90+0.06 0.88+£007 0679
(m/s) Exe.  Concentric 1.02+0.07 1.14+0.07  0.007*
Eccentric 0.95+0.25 110029 0010
Peakforce  Con.  Concentric ~ 54.58+5.08 55.35£590 0499
(N) Eccentric 60.14+1.14 5849+095 0298
Exe.  Concentric  55.64+1.45 5964+165  0.001*
Eccentric 60.79+5.48 65.20+69  0.010*
Average peak Con.  Concentric ~ 50.65+3.40 5156+467  0.19%
force Eccentric 53.59+0.88 51.96+062 0121
(N) Exe.  Concentric  51.55+3.49 5465+4.47  0.001*
Eccentric 53.30+2.82 5581+486  0.020*

Totalwork ~ Con.  Concentric  383.64+12820 425.07+168.80 0.233
(J) Eccentric  397.50+130.13 417.64+164.39 0.420
Exe.  Concentric  454.43+14577 553.00+168.34 0.002*

Eccentric  449.57+14457 548.36+16852 0.003*

Values are means+ SD.
*P<0.05.
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DISCUSSION

The elastic bands have been mainly used for in rehabilitation ex-
ercises for its inexpensive price, easy-to-install and safe properties
while maintaining effective weight training capabilities. In his
study, the PNF pattern was applied to an elastic band exercise, and
we expected to find both the effectiveness of the elastic band and
PNF pattern to enhance muscular strength. The elastic band exer-
cise improves the muscular strength and explosive power (Docherty
et al., 1998), the range of joint motion and flexibility (Brill et al.,
1995), and walking ability and the daily activity capabilities (Ti-
netti et al., 1997). Hughes et al. (1999) reported a 12-week elastic
band exercise program strengthened the knee joint extensor by 27
percent and muscles of lower extremities by 18 percent in the sam-
ple of seniors, while Klein et al. (2002) reported an increase of the
ankle joint’s bending power and walking rate with a 14-week exer-
cise program. According to Jette et al. (1999), the walking ability
and muscular strengths of the lower extremities were improved (by
6-12 percent) in a group of seniors who conducted 24 weeks of ex-
ercise. The results of studies directed toward the menopausal wom-
en also showing 9 to 21 percent increase in the quadriceps, knee
joints and gripping power. Moreover, the results of bicycle ergom-
eter test after applying the elastic band program in patients with
Parkinson’s disease showed a 24 percent improvement of the car-
diovascular endurance as well as the overall quality of life including
walking, muscle strength, posture and climbing the stairs (Levine
et al., 2000).

Today, the effectiveness of the PNF is actively researched not
only in light of the central nervous system disease, but also in the
range of joint motion, pain, and stability of the joints; especially, in
its application in the joint utilization (Jonghwan et al., 2003).
Muscular strength training using the PNF pattern was effective in
improving muscular strength, flexibility and balance. Its effective-
ness in maximizing the exercise units by increasing coordination of
the muscular strength, flexibility and responsiveness of the skeletal
muscle system was confirmed. Consisting with other studies, our
study also found significant increase within the experimental
groups in muscular strength and peak power of the abductor of the
lower extremities.

To summarize the results, the elastic band exercise can be uti-
lized as a part of the rehabilitation program directed toward seniors
or patients, in addition to normal healthy people along with ath-
letes. If the PNF pattern applied elastic band exercise were to be
conducted as a part of the training program, for example in soccer
or cycling, which involves a lot of lower extremities power; it may
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not only increase the muscular strength but also improve stability
of the hip and knee joints to prevent injuries. This will ultimately
maximize results in performance. In the future, the effectiveness of
PNF on the muscular strength can be explored independently by
applying a non-PNF pattern elastic band exercise for the control

group.
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