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Abstract
BACKGROUND: The majority of people who work as tea plantation pickers are powerful. They carry heavy loads of 
tea on their backs while the roads are quite dangerous and sometimes cause problems. A balance training program 
has proven to reduce postural sway, increasing leg muscle strength, and improving balance strategies.

AIM: The aim of this study was to determine the effect of Vladimir Janda balance training methods with an external 
load on postural sway and leg muscle strength of tea pickers.

METHODS: The study design used was quasi-experimental with a randomized control group pretest-posttest design. 
Participants were tea pickers consisting of a productive age group of 15 people and 15 people as a control treatment 
group. The Vladimir Janda method balance exercises were conducted over 5 weeks consisting of 5 phases. Phase 
I-IV was carried out 5 times a week, while the V phase was done three times a week and each session lasted 15 min. 
Postural sway was measured with a posturometer. Leg muscle strength was measured by a back-leg dynamometer. 
The statistical tests used were Independent T-test and the Mann-Whitney test.

RESULTS: The statistical test for the control and treatment groups using the Mann-Whitney test showed p = 0.001, 
meaning no external load effects on postural sway. Independent t-test showed p = 0.000, meaning there are 
differences in the effect between the treatment and control groups after being given balance exercises to increase 
leg muscle strength. Logistic regression test results obtained the receiver operating charateristics value of 0.917, 
meaning the Vladimir Janda balance training can affect the postural sway and knee extensor muscle strength by 
91.7%.

CONCLUSION: The Vladimir Janda balance exercise method can reduce postural sway and increase the strength of 
knee extensor muscles and ankle flexor Dorsi muscles. External loads can affect the postural sway.
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Introduction

Indonesia is an agricultural country and was 
predominately livelihood in agriculture. One of the 
estates that had the greatest contribution to national 
revenue is a tea plantation [1]. Kemuning Tea Plantation 
located in Ngargoyoso, Karanganyar, located on the 
east and from 7.400 to 7.600 from 11.100 to 11.2500 LS 
with an altitude of about 800–1540 m above the surface 
sea and slope of 45°. Strip area, in this area a path 
straight down or uphill and winding also slippery [2].

The majority of workers on tea plantations is a 
picker [3]. Tea pickers work with containers strapped to 
his back and began to pluck tea from the top downwards 
with the load of tea in the back. Position carries a heavy 
load on your back and the road is quite dangerous for 
the tea pickers sometimes cause problems for the tea 
pickers [4].

The large external loads can affect the postural 
control because it can improve postural sway because 
the center of mass is too close to the base of pressure [5]. 

Postural sway increased after the neck muscle 
fatigue [6]. External loads can cause musculoskeletal 
disorders in the upper and lower extremities and usually, 
the incidence is higher in women than men [7].

Balance exercise is a physical activity that is 
done to improve the stability of the body by improving 
lower extremity muscle strength balance exercises [8]. 
The basic approach was first developed by Dr. Vladimir 
Janda who is an expert on psychiatry and neurology 
that come from the Czech Republic. Balance training 
consists of five phases which is I-IV referred to as the 
exercise phase conducted over 4 weeks and phase V 
is referred to as the maintenance phase carried out for 
1 week [9].

The balance exercise using the Vladimir Janda 
method consisted of five phases which were carried out 
for 5 weeks. Phases I-IV are carried out for 4 weeks, 
namely, five times a week, and phase V is carried 
out in the 5th week, namely, three times a week. This 
exercise has movements that are carried out on the 
floor surface and the surface of the balance board [10]. 
Exercise using a balance board can also strengthen the 
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core muscles or the muscles around the abdomen and 
back, not only the core muscles but can also increase 
the strength of the lower extremity muscles. In addition, 
balance board exercises are very helpful in preventing 
injuries and can maintain postural stability [11].

The movement of balance exercises on the 
surface of the balance board consists of six movements:
1. Stand up with one leg raised
2. Stand by lifting one leg and then swinging the 

leg
3. Stand by bending your knees a 30–45° angle 

(single leg squat) and lifting the other leg
4. Stand on both feet while rotating the balance 

board
5. Stand on one leg while rotating the balance 

board
6. Stand up by lifting one leg while doing the 

activity [10].

Methods

The research design used was a quasi-
experimental design with randomized control group 
pretest-posttest design. This research has earned 
a Certificate of Ethical Clearence from the Ethics 
Committee of the Medical Research Health, Faculty 
of Medicine, Universitas Gadjah Mada in Ref number: 
KE/FK/880/EC/2016. Participants were tea picker 
who is in Karanganyar Kemuning tea plantation with a 
work area on the slope 45°. Participants were divided 
into two groups: a control group of 15 people and the 
treatment group of 15 people and all are women. The 
control group was given without the Vladimir Janda 
balance training method while the treatment group was 
given exercises Vladimir Janda balance training over 
5 weeks in which each training session takes as much 
as 15 min.

The population in this study was 70 tea 
pickers who were in the Kemuning tea plantation. 
There were 70 tea pickers met the criteria desired 
by the researchers, namely, 30 people, inclusion 
criteria: (1) The participants is a tea picker at the 
Kemuning tea plantation, Karanganyar with a basket 
carrying a basket, (2) Participants aged 25–40 years, 
(3) The participant is in good health (blood pressure: 
120/80 mmHg, weight: normal according to body mass 
index (BMI), (4) The working hours of the research 
participants are 6 h per day, (5) Have worked as a 
tea picker for more than 2 years, (6) participants 
are willing to participate in research and are willing 
to cooperate and actively provide information. The 
exclusion criteria: (1) The participant has a balance 
disorder, (2) The participant has a dual profession 
other than as a tea picker, (3) The participant has 
posture disorders and body defects, and after using 

the calculation formula, a sample of 27 people was 
obtained. Anticipating dropout, the number of samples 
needs to be added by 5-10% so as not to interfere with 
the research results. The sample size of the study was 
calculated using the formula for the sample size for 
experimental research.

 
n =  N
  1 + N(d2)

External load analysis

The use of external load in the form of transport 
equipment such as bags made from parachute material 
base used to collect the result of the passage of tea 
leaves. How external load measurement in this study 
by taking the average weight of the entire participant of 
study during the week and use units kilograms.

Analysis of postural sway

The frequency of postural sway in the value of 
using posturometer. Measurements using posturometer 
by means of research participants posturometer stands 
above board and will be assessed when the subject 
began to fall. The unit used to assess postural sway 
in this research is seconds. This measurement is done 
three times repetition and will take the best value.

Leg muscle strength analysis

Muscular strength in this research is the 
energy released by muscles when performing pull 
the leg dynamometer to the fullest. Measurement is 
performed three times and muscle strength is known 
from the highest rate shown on the dynamometer 
needle in kilograms. Measurements were performed 
3 times repetition and will take the best value.

Balance exercise training

Vladimir Janda balance training method is a 
balance training program that has a lot of variations 
of movement. Vladimir Janda balance training method 
consists of five phases carried out for 5 weeks. Phase 
I-IV conducted over 5 times a week, phase V was 
conducted three times in a week. Each exercise is 
performed for 30 s each leg and resting for 30 s before 
the next leg and using tools such as balance boards. 
This exercise is carried out for 15 min each session.

Analysis results

The data collected, then conducted tests of 
normality using the Shapiro-Wilk. If the data were 
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normally distributed then continued by independent 
t-test. If the data are not normal then using the Mann-
Whitney test. To determine the predictive variables then 
performed multivariate logistic regression analysis.

Results

Characteristics of research participants in the 
control group and the treatment group at the beginning 
of the study can be shown in Table 1.

Table 1: Characteristics of research subjects
Variable Groups p

Control Treatment
Mean ± SD Mean ± SD

Age (year) 40.6 ± 3.66 39 ± 3.74 0.161
BMI (kg/m2) 23.34 ± 1.63 21.05 ± 1.80 1.00
Duration of the work (year) 18.2 ± 7.75 20.26 ± 7.85 0.624
Working time (hour) 6.46 ± 0.71 6.53 ± 0.80 0.935
Postural Sway (second) 3.3 ± 1.34 11.96 ± 6.76 0.019
Muscle strengthen of knee extensor (kg) 33.93 ± 13.77 50.97 ± 24.57 0.009
Muscle Strengthen of dorsifleksor (kg) 1,15 ± 0,42 3.57 ± 2.01 0.00
BMI: Body mass index, SD: Standard deviation.

Statistically age, BMI, the length of 
employment, and working time in each group had no 
significant difference (p > 0.05).

The influence of external load on postural sway 
and the effect of balance exercises Vladimir Janda 
training to postural sway either no load or with the load.
Table 2: Results of analysis of postural sway control group and 
treatment
Variable Control Mean ± SD Treatment Mean ± SD

Without Load With Load Without Load With Load
Pre-test Post-

test
Pre-
test

Post-
test

Pre-
test

Post-
test

Pre-
test

Post- 
test

Postural 
sway 
(second)

3.93 ± 
1.48

6.8 ± 
5.39

1.86 ± 
0.61

3.4 ± 
1.14

2.66 ± 
0.69

17.1 ± 
2.44

1.53 ± 
0.80

12.73 ± 
1.61

Mann-Whitney test results in the control and 
treatment groups with weights at the end of the study also 
showed a significant (p < 0.05), namely, Vladimir Janda 
balance training can reduce postural sway (Table 2).

Effect of balance exercises Vladimir Janda 
training to leg muscle strength is the strength of the 
knee extensor muscles and flexor ankle dorsi.
Table 3: Results of analysis of muscle strength knee extensor 
and treatment control group
Variable Control Mean ± SD Treatment Mean ± SD

Without load With load Without load With load
Pre-test Post-

test
Pre-
test

Post-
test

Pre-
test

Post-
test

Pre-
test

Post-
test

Muscle 
strengthen knee 
extensor (kg)

27.6 ± 
10.09

30.7 ± 
10.16

19.6 ± 
9.59

25.2 ± 
13.1

40.2 ± 
13.58

71.2 ± 
15.66

28.1 ± 
11.69

52.9 ± 
14.4

Independent test results of t-test in the control 
and treatment groups at the end of the study had 
significant results (p < 0.05), namely, Vladimir Janda 
balance training can improve the strength of the knee 
extensor muscles (Table 3).

Mann-Whitney test results in the control and 
treatment groups at the end of the study there were 

significant differences (p < 0.05), namely Vladimir 
Janda balance training can improve muscle strength 
ankle dorsiflexor (Table 4).
Table 4: Results analysis Dorsi muscle strength ankle flexor in 
control group and the treatment group
Variable Control Mean ± SD Treatment Mean ± SD

Pre-test Post-test Pre-test Post-test
Muscle strengthen 
dorsi ankle flexor (kg)

1.26 ± 0.44 2.16 ± 1.33 1.03 ± 0.33 4.96 ± 1.44

Logistic regression test results below show the 
receiver operating characteristics (ROC) value found in 
models 3 was 0.917 which if interpreted the variables 
that are in model 3 that is postural sway with the weight 
and strength of the knee extensor muscles can be 
affected by Vladimir Jandabalance training of 91.7%, 
8.3% while the others can be influenced by other 
factors outside Vladimir Janda balance training, such as 
activity outside exercise, nutrition, and environmental 
conditions (Table 5).
Table 5: Result analysis multivariate logistic regression
Model OR CI 95%

Min Max
Model 1

Postural sway without load 0.037 0.00 0.00
Postural sway with load 0.00 0.00 0.00
Muscle strengthen knee extensor 0.00 0.00 0.00
Muscle strengthen dorsi ankle flexor* 0.206 0.00 0.00

Model 2
Postural sway without load* 0.046 0.00 0.00
Postural sway with load 0.00 0.00 0.00
Muscle strengthen knee extensor 0.00 0.00 0.00

Model 3
Postural sway with load 0.00 0.00 0.00
Muscle strengthen knee extensor 0.00 0.00 0.00
ROC 0.917

OR: Odds ratio, CI: Confidens interval, ROC: Receiver operating characteristics, *: Variable that throws in 
next model.

Discussion

Influence of external expenses on postural 
sway

The results of this study indicate postural sway 
without load and the load on the control and treatment 
groups yielded significant results (p < 0.05). An external 
imposition that occurs in the tea pickers can improve 
postural sway toward research participants both the 
control group and the treatment group. The external 
load can affect the musculoskeletal system. Response 
postural muscles synergistic leads to time and distance 
from the activity of the muscle groups needed to 
maintain balance and posture control [12].

External load limit recommended for women 
is 30% of the body weight. Based on the age limit of 
the load may be appointed legally by the internationally 
were women aged 16–18 years maximum lifting load 
11 kg while for women aged above 18 years maximum 
lifting load is 16 kg [13].

The use of excessive external loads can 
cause postural deviations [14]. Backpacks resulted in 
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increased working the rectus abdominis muscle in an 
attempt to balance the body due to the changing center 
of gravity of the body [15]. The use of a backpack can 
improve extension of the neck and torso is inclined 
forward toward the anterior as well as their tendency to 
increase [16]. External loads can cause musculoskeletal 
disorder [7]. Postural sway increases after experiencing 
neck muscle fatigue [6].

Takes lumbar flexion can increase the burden 
on the backs of postural sway both in obese children 
and children with normal weight. This is caused by lower 
leg muscle strength is decreased due to the weight of 
the body must bear the child itself (internal force) [17]. 
Comparison between carrying loads on their backs or 
posterior and anterior to the load 15% of body weight 
showed that carrying the load on his back can increase 
hip flexion with the head inclined forward so that can 
affect the body postural control [18].

Effect of balance exercise methods 
Vladimir Janda of the postural sway and a limb 
muscle strength

The results of this study indicate that prior 
to study both the control group and the treatment 
group showed that there is no considerable difference 
between the two groups, while at the end of the study 
showed that considerable differences between the 
control group and the treatment group. The results 
are consistent with previous research which states 
that the balance training methods Vladimir Janda play 
an important role in the process of proprioception on 
the human body, where proprioception has a role in 
maintaining the balance postural [9].

Assessment of postural sway is needed to 
prevent falls. If the body sways when walking so the risk 
of falling, it is necessary to exercise aid. Rate gait must 
also be done carefully, to see how to set footwell, not so 
easily swayed while standing, lift the right leg with the 
foot while walking, lower extremity muscle strength is 
strong enough to walk without helping [19].

The stability of postural sway in the treatment 
group supported by the influence of Vladimir Janda 
balance training method which improves static and 
dynamic balance [20]. Exercise conducted over 
4 weeks is enough to reduce postural sway in healthy 
adolescents [21]. The exercise program coupled with 
improved input sensory very significant in improving 
the balance of the body [22]. Interventions that can 
sufficiently increase the strength of postural control [23].

Lower extremity muscle strength is one 
important factor to maintain a balance that can be 
portrayed through the power of the flexor/extensor knee 
relevant to increase the strength of the knee extensor 
muscle strength of this study [24]. Addition affected 
by age and gender is also influenced by factors such 
as biomechanical factors, factors neuromuscular and 

metabolic factors [25]. The human skeletal muscle 
metabolism during exercise will change in altitude, hot 
and cold [26].

Muscle strength can be improved by doing 
an exercise routine exercise [25]. Minimal muscle 
power for 4 weeks had a positive impact in improving 
muscle strength [27]. Stand with both feet on the field 
unstable/contraction of muscle tibialis anterior (TA), 
soleus,and the peroneus longus which is recorded in 
the activity electromyography, it shows the muscles of 
the lower extremities is very instrumental to maintain 
the dynamic balance [28]. Exercise regularly with the 
imposition of 25–100% can increase muscle strength. 
The muscle strength of the legs, knees, and hips should 
be adequate to maintain the body balance when the 
force from outside. Muscle strength is directly related 
to the ability of muscles to overcome a force gravity 
and the other external loads that continuously affect the 
position of the body [29].

Exercise causes adaptation, namely the 
increasing movement mechanics. The basic principle of 
an exercise is based on the body as a biological system, 
to function optimally as a consequence of adaptation in 
response to exercise. Body Mechanics is an attempt 
to coordinate the musculoskeletal system and the 
nervous system in maintaining balance, posture, and 
body alignment during lifting, bending, moving, and 
perform daily activities [30].

Conclusion

Based on these results it can be concluded 
that:
1. The use of external load in the control group 

and the treatment group improves postural 
sway

2. Exercise balance Vladimir Janda method can 
reduce postural sway in the treatment group

3. Exercise balance Vladimir Janda method can 
increase leg muscle strength as the strength 
of the knee extensor muscles and flexor ankle 
dorsi muscle in the treatment group

4. The increase in leg muscle strength is the 
strength of the knee extensor muscles and 
flexor ankle dorsi muscle after exercise 
balance Vladimir Janda method can reduce 
postural sway in the treatment group.
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