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NORMATIVE VALUES OF TANDEM AND 
UNIPEDAL STANCE IN SCHOOL CHILDREN
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College of Physiotherapy, Sumandeep Vidyapeeth, Piparia, Waghodia, Vadodara, Gujarat, India.

ABSTRACT
Background: There were very few studies done on unipedal stance in school children and there was no study found on tandem 
stance in school children to the best of our knowledge
Aim:  To establish normative values of tandem and unipedal stance in school children.
Study Design: Descriptive study
Methodology: 250 subjects, meeting inclusion-exclusion criteria were included Each participant then completed timed unipedal 
balance test on right and left foot, and tandem stance test on right foot in front of left foot. The tests were performed barefoot on 
a floor surface. The timed measurements were completed using a stopwatch.
Results: Mean age of participants was 11.76±3.499. Mean range of unipedal stance (rt. and lt.) between 6-17 years (total 
participants) was 1.14±0.352 to 2.55±0.702 seconds. Mean range of tandem stance between 6-17 years was 1.47±0.520 to 
3.26±0.953.The results showed that age had statistically significant correlation with the both static balance tests (p value 0.000 
and r value >0.5), but gender did not show any significant correlation for balance performance in both these static balance tests. 
BMI also did not show any statistically significant correlation for both the static balance tests. (p value 0.000, r value <0.5). There 
is statistically significant correlation found between rt. and lt. unipedal stance. (r value .817** and p value 0.000 )
Conclusion: Reference values for tandem and unipedal stance were established.
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INTRODUCTION

Balance is a complex process involving the reception and 
integration of sensory inputs and the planning and ex-
ecution of movement to achieve a goal requiring upright 
posture. It is the ability to control the center of gravity 
(COG) over the base of support in a given sensory envi-
ronment.1 

Balance control is temporally organized from the head 
to feet, according to a descending organization. In motor 
development, the first period is characterized by the de-
velopment of postural responses along a cephalocaudal 
gradient. Overall balance ability and postural stability in-
crease and mature by 6 to 10 years of age2 there are many 
systems within the body that work in concert to keep the 
centre of mass (COM) within the base of support (BOS) 
when maintaining static postures and to move the COM 
in relation to the BOS in a controlled manner when en-
gaged in dynamic tasks.3

Before birth, different brain regions develop at different 
rates, and sensory organs initially develop independent-
ly of the brain regions to which they will later be con-
nected. The vestibular sense or proprioception begins to 
function before the fetus first shows a righting reflex at 
25 weeks and probably plays a part in bringing the fetus 
into a head-down position before birth. 4, 5                           

Balance and posture evaluations address whether sen-
sory information from the vestibular system coordinates 
and integrates with vision and somatosensory informa-
tion from the muscles and joints. Such tests require the 
child to balance under various vision conditions (e.g., 
with eyes open and closed or with a moving visual field) 
and varied standing surfaces (e.g., on a firm, soft, or 
moving surface).6 

Numerous techniques have been described to measure 
standing balance, with varying levels of challenge in dif-
ferent populations. The Timed unipedal stance test 
(also referred to as timed single limb stance, unipedal 
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balance test, one leg stance test, and one-leg standing 
balance) is a simple test for measuring static aspects of 
balance that can be used in a variety of settings and re-
quires minimal equipment or training.7 

Standing balance is the necessary precursor to all upright 
loco motor skills.7 Static balance is the ability to maintain 
a posture in a resting position, while dynamic balance is 
the ability to maintain postural control during the per-
formance of functional tasks.8, 9   The task of standing on 
one leg requires initially voluntary shift of the COM to 
the leg which will be stood on, followed by maintenance 
of postural orientation in space, by controlling weight, 
maintaining the vertical alignment of the rest of the body 
and equilibrium. 

One leg standing assesses postural steadiness in a static 
position by a quantitative method, measurement being 
the number of seconds that an individual can maintain a 
one leg stance. The underlying assumption being that the 
better one’s postural steadiness, the longer such a posi-
tion can be held. Tandem stance is the ability to stand 
in a heel-to-toe position, reflects the degree of postural 
steadiness when the BOS in the medial/lateral direction 
is narrow, also known as the sharpened Romberg test. 
Tandem stance was developed on the basis of classic 
Romberg’s sign and originally utilized as a bedside indi-
cator of abnormality of the proprioceptive system.8, 10, 11 

There is an information deficiency of norms regarding 
balance skills, especially in our country and taking into 
consideration that such information will contribute to 
both the planning of developmentally adequate move-
ment programs and the study of developmental specifici-
ties during such critical years as the school age, the aim 
of the present research was to establish normative value 
of tandem and unipedal stance. 

AIM

To establish normative value of Tandem stance and Uni-
pedal stance in school children, age group between 6 to 
17 years.    

OBJECTIVE

•	 To	 establish	 the	 minimum	 duration	 of	 Tandem	
stance.

•	 To	 establish	 the	minimum	duration	 of	 Unipedal	
Stance.

MATERIALS & METHODS

Ethical clearance was received from Sumandeep Vidyap-
eeth Institutional Ethical Committee (SVIEC). 

Study Design: Descriptive Study 

Study Population: school children

Inclusion criteria: 
All School going children – age group between 6-17 
years were eligible for inclusion. 

Exclusion criteria: 
Children with any neurological, musculoskeletal, and 
cardiovascular deficit that affect balance. 

•	 Any	history	of	balance	impairment.

Figure: Shows flow diagram summarizing recruitment of sub-
jects.

Outcome measures
•	 Duration in seconds in Tandem stance test.
•	 Duration in seconds in Unipedal stance test.

Methodology:  
Following ethical permission from Sumandeep Vidyap-
eeth Ethical Committee (SVIEC), various schools were 
approached for official permission from the Head / Prin-
cipal of the School. The Principal / teachers and students 
were explained about the project and requested for in-
formed consent. Verbal assent was ensured from small 
children apart from written permission from Principal / 
teacher.
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Each participant was enquired of baseline questions and 
checked for inclusion criteria. First of all, the anthropo-
metric measurements of the subjects were taken. Prior to 
balance testing, participants were familiarized with the 
balance test and provided practice sessions on the testing 
procedures to decrease the chance of a learning effect oc-
curring during testing. The tests were conducted at the 
same times of the day (between 10.00 am to 5.00 pm) 
when the body was in rest, and measures were taken to 
prevent distraction due to environmental factors (anyone 
talking, any noise). The procedure lasted 10-12 minutes 
for each child. The tests of whole group were completed 
within 15-20 days.

Each participant then completed timed unipedal balance 
test i.e. standing on right and left foot alternatively, and 
tandem stance test on right foot in front of left foot. The 
tests were performed barefoot on a floor surface. For two 
balance tests, each subject completed 3 trials on each 
leg. A 15-second rest was given between trials set to 
avoid fatigue. For all trials, the participants placed their 
hands across the chest and time started upon elevation of 
the opposite foot from the floor. Participants focused on a 
target placed at eye level, in front of them. A stopwatch 
was used to time the test. 

This study was carried out in School’s class room.Tests 
were done in separate room where source of light was 
good and also in secured place so that risk of fall dur-
ing tests was prevented. For unipedal stance, participants 
were asked to stand barefoot on the limb of their choice, 
with the other limb raised so that the raised foot is near 
but not touching the leg / ankle of their stance limb. 
Prior to raising the limb, the subject was instructed to 
cross his arms over the chest as shown in figure 1&2. The 
stopwatch was used to measure the amount of time the 
subject was able to stand on one limb. Time commenced 
when the subject raised the foot off the floor and time 
ended strictly when the subject either: (1) used his arms 
(i.e., uncrossed arms), (2) used the raised foot (moved 
it toward or away from the standing limb or touched the 
floor), (3) move the weight-bearing foot to maintain his 
balance (i.e., rotated foot on the ground). The procedure 
was repeated 3 times the mean of the 3 trials were re-
corded.7 

For tandem stance, participants were made to stand with 
feet in a heel-to-toe position on straight line drawn with 
chalk stick on the floor, and arms across the chest, with 
eyes open as shown in the figure 3 & 4. Time commenced 
when the subject placed the rt. foot in front of left foot 
on the straight line and time ended strictly when the sub-
ject either: (1) use his arms (i.e., uncrossed arms), (2)
displace any foot,(3) movement of the foot from original 
position/ stepping. The procedure was repeated 3 times 
and the mean of the 3 trials was taken.

Figure 1: Unipedal Stance Lt.wt.bearing foot

Figure 2: Rt. wt. bearing foot

 
Figure 3, 4: Tandem Stance
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RESULTS

There were total of 250 school children included, of them 
123 were males and 127 were females (fig.5). Figure 6 
shows the percentage of  distribution in the three groups 
age wise,  38% were in 6-10 years, 43% in age group 11-
15 years and 19% >15 years of age. Only 24 of 250 were 
with left hand dominance. Mean difference of Height, 
weight and BMI is shown in figure 7

Figure 8 shows Mean values of Tandem and Unipedal 
stance between males and females. Unipedal stance is 
studied of both the lower limbs.

1) Tandem Stance(Rt. foot in front of Lt. foot):
	 •	 6-10 yrs: 1.37 - 1.58 sec.
	 •	 11-15 yrs: 2.28 - 2.60 sec.
	 •	 ≥15	yrs:	2.98	-	3.53	sec.
2) Unipedal Stance on maximum range Weight bear-

ing (both) feet:
	 •	 6-10 yrs: Min. =1.21-1.30 sec.
	 •	 11-15 yrs: Min. = 1.92- 2.09 sec.
	 •	 ≥15	yrs:	Min.	=	2.72	-	2.76	sec.

Table 1 shows correlation between Age and Tandem and 
unipedal stance. Highly significant relationship is seen 
with r value > 0.5 and p- Value 0.000 Similarly Table 2 
& 3 show significantly high correlations between height 
and the two balance tests.

Table 4 shows that unipedal stance between right &left 
lower limbs were highly correlated with r=.817**

DISCUSSION

The study aimed to establish normative values of tandem 
and unipedal stance in normal school children. There 
were very few studies done on unipedal stance in school 
children and there was no study found on tandem stance 
in school children to the best of our knowledge, these 
two tests of balance were therefore chosen for the study.

In the present study, the total numbers of participants 
were 250, of which 123 were males and 127 were fe-
male. The tandem stance and unipedal stance was stud-
ied in school children of mean age 11.76±3.499. It was 
found that, age had statistically significant correlation 
with the static balance tests (p value 0.000 and r value 
>0.5) but gender did not show any significant correla-
tion for balance performance in both these static balance 
tests. 

Similarly, other studies7, 8, 9, 13, have also suggested that 
age have greater significant correlation with balance 
than gender. However, significant differences between 
rural and urban school boys’ coordinative and balancing 
abilities have been reported by Raghupathi K etal.9 

Barbara A. Springeret et al, 7 studied 549 participants, 
in which 258 were female, and 291 male (aged 18-
80+). They have also taken mean and best of 3 Unipedal 
Stance Test times (similar to the present study) for males 
and females of 6 age groups and found that there is no 
interaction between gender and test condition, and also 
no significant difference was found for gender. But there 
were significant main effects for age category and they 
have also concluded that difference in Unipedal Stance 
Test times is not gender specific but is related to age. 7 

The authors7 have interpreted that elderly subjects had 
difficulty maintaining balance in the static phase due to 
difficulty adjusting postural control during the initial dy-
namic phase of one-leg stance. Another possibility for the 
decrease in stance times for elderly subjects is a decrease 
in lower extremity muscular strength and endurance. 7 

Fotini Venetsanou et al,8 have taken balance subtest of 
the Bruininks-Oseretsky Test of Motor Proficiency and 
found that age have great significant correlation with 
both the subtest than gender. They have also concluded 
that age seems to be a significant factor for preschool-
ers’ performance in terms of balance skills, while gender 
does not and interpreted that it can be by the rapid pro-
gress caused by the biological processes of development 
during the period between four and eight years of age 
but for gender differences, at the preschool age, the bio-
logical characteristics of boys and girls are similar rather 
than diverse and differences between genders can be 
found- may be, in “modern” societies, qualitative differ-
ences in encouragement, support, and opportunities re-
garding participation in play-game type of activities can 
be identified and may have greater influence on balance, 
and also balance is a multidimensional structure and as 
such cannot be affected by only a couple of factors. 8

V. Hatzitaki et al, 12concluded that balancing under static 
conditions was strongly associated with the ability to 
perceive and process visual information, which is impor-
tant for feedback-based control of balance.  Adults, 11- 
to 13-year-old children have the ability to select varying 
balance strategies (feedback, feed forward, or both), de-
pending on the constraints of a particular task.12

Oya	 Erkut	 Atılgan	 et	 al,	 14 studied 60 children, aged 
9-11 years. They have used static balance tests: Bipedal 
static balance with Eyes open (EO) and eyes closed (EC) 
and Unipedal static balance with respectively on right 
and left foot, eyes open for 30 seconds. They found that 
boys had good bilateral and unilateral balances than the 
girls but there was no statistical significant differences 
found for Romberg test and unilateral (right leg) static 
balance of the subjects between genders and concluded 
that unilateral static balance (left leg) parameters of the 
boys were statistically significant while there wasn’t any 
significant difference of unilateral static balance (right 
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leg) of the boys and the girls and interpretated that boys 
have a more active life than the girls in Turkey, 14 they 
play games on the streets more. The authors of this study 
therefore state that static balance (EO-EC- Left foot) 
of the boys was better than the girls because they did 
more physical activities. Soccer is also a very popular 
sport branch in their country and boys play soccer on the 
streets in early ages with their friends.14

In present study however, right and left were highly cor-
related on unipedal stance (r=.817) 

In present study height was found to be significantly 
correlating with the balance performance for both the 
tests. (p value 0.000 and r value >0.5). This has been 
interpreted as due to the rapid progress caused by the 
biological processes of development during the period 
between four and eight years of age as explained by Fo-
tini Venetsanou etal.8 However, body mass index (BMI) 
did not show any statistically significant correlation with 
balance performance for both the static balance tests (r 
value <0.5). 

Eva D’Hondt et al, 15 studied 117 children between the 
age of 5 and 10 years (61 normal-weights, 22 overweight, 
34 obese of which 60 were girls and 57 were boys). They 
used Movement Assessment Battery for Children and 
found, Scores for balance and ball skills were significant-
ly better in normal-weight and overweight children as 
compared with their obese counterparts. They have also 
found similar trend for manual dexterity, and concluded 
that general motor skill level is lower in obese children 
than in normal-weight and overweight children. Accord-
ingly they also stated that poor Socio Economic Status 
is likely to be associated with lower motor skill perfor-
mance in children. Available data on this topic suggest 
that a low familial Socio Economic Status is an environ-
mental risk factor for motor development, and especially 
for fine motor coordination.15

CONCLUSIONS

The reference values were established for the school 
going children. In agreement to the literature age and 
height were found to have greater impact on the static 
balance. Gender and Body Mass Index did not have sig-
nificant impact, also there was no significant difference 
between the right and left unipedal stance.
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RESULTS

Table 1: Correlation between Age and Tandem and 
unipedal stance:    

Variables Mean ± SD r- Value p- Value

Age      and 11.76 ± 3.499

OTS-Rt. 2.23 ± 1.007 .649** .000

OUS-Rt. 1.68 ± .755 .621** .000

OUS-Lt. 1.80 ±.729 .686** .000

OTS-Rt is tandem stance with Right foot in front of Left foot
OUS-Rt is Unipedal stance on Right wt. bearing foot
OUS- Lt is Unipedal stance on Left wt.bearing foot)

Table 2: Correlations between Height and OTS (Rt.):

Groups Height(cms)
Mean  ±  SD

OTS (Rt.)
Mean± SD

r- Value p- Value

6-10 
years

118.98 ±10.358 1.47 ±.520
.646** .000

11-15 
years

147.88 ± 11.654 2.44±.842

>15 
years

162.08 ± 8.069 3.26 ± .953

(OTS- Rt. is tandem stance with Right foot in front of Left foot)            

Table 3: Correlation between Height and Unipedal 
stance on both feet

Age Height 
(cms)
Mean ± 
SD

Unipedal stance
(in minutes)

Rt stance r- Value
& p- 
Value

Lt 
stance

r- Value
&
p- Value  

6-10 
years

118.98 
±10.358

1.47±.520

.578**

0.000

1.14 
±.352 .660**

.000
11-15 
years

147.88 ± 
11.654

2.44±.842      1.82 
±.488

>15 
years

162.08 ±  
8.069

3.26±.953     2.42 
±1.015 

Table 4: Correlation between Rt. and Lt. Unipedal 
Stance

Groups OUS (Rt.)
Mean ± SD

OUS (Lt.)
Mean ± SD

r- 
Value

p- Value

6-10 years
1.14 ± .352 1.21 ±.424

.817** 0.000
11-15 years

1.82 ±.488 1.99 ±.515

>15 years
2.42 ± 1.015 2.55 ±.702

OUS-Rt is Unipedal stance on Right wt. bearing foot
OUS-Lt. is Unipedal stance on Left wt. bearing foot)

Figure 5: Gender distribution.

Figure 6: Age Distribution.
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Figure 7: Mean difference of Height, weight and BMI. Figure 8: Mean values of Tandem and Unipedal stance be-
tween.

(OTS- Rt. is tandem stance with Right foot in front of Left foot
OUS-Rt. is Unipedal stance on Right wt. bearing foot
OUS- Lt. is Unipedal stance on Left wt.bearing foot)


