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ABSTRACT
Article Info: . [P Considering the importance of balance in performing daily tasks and sports activities, it is nec-
Received: 19 Nov 2018 © essary to examine the balance of the body from different angles. The aim of this study was to compare
Accepted: 09 Dec 2018 the changes in Center of Pressure (COP) and Time to Stabilization (TTS) in students with and without

Available Online: 01Dec2018 :  hyperlordosis.
© [YIETYEE In this study, 30 female students of Tehran's middle school with a range of 14-15 years old who

were selected by available sampling method were participated. Subjects' spinal curvature was evaluated
by a flexible ruler. Which divided into two groups: 15 patients with hypereloidosis and 15 healthy subjects.
To assess postural static stability in a static state, from open and closed eyes on the force plate (Ver 3.0.2
model from an Iranian scientist) was used. also to assess postural stability in the dynamic state, the land-
ing stability test on the force plate device was used. Independent Sample T test statistics were used to
analyze the data.

EBIE The results of the statistical test showed that there was no significant difference in the parameters
of the center of pressure (COP) in two- position with open and closed eyes between the two groups of
healthy and hyperlordosis (P>0.05). But the time to stabilization (TTS) between the two healthy groups
and hyperlordosis was statistically significant (P<0.05).

Key words: The results of this study showed that the Spine Curvature Disorders (hyperlordosis) as a risk

Force plate, Balance, : factor can distort the dynamic balance index (time to stabilization), But has no affect the static balance
Postural control : with both open eyes and closed eyes (center of pressure).

Extended Abstract placement of the center of gravity and increases pelvic mo-

tion [3]. As aresult of increased lumbar lordosis, the erector

Introduction spinal muscles and hip flexors become shortened or stiff.

Besides, the abdominal muscles and hip extensors become

ne of the most common abnormalities in weak or stretched. Natural lordosis in the lumbar region

high school students is lumbar hyperlordo- protects it against excessive pressure and acts as a shock

sis [2]. Hyperlordosis is spinal deformity absorber [4, 5]. Murray et al. compared balance between

occurring on the sagittal plane; excessive individuals with and without ankylosing spondylitis, a form

lumbar curvature causes the forward dis- of fixed kyphosis; they concluded that these patients have
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more postural fluctuations, compared to healthy controls
[15]. However, Aydog et al. reported no significant differ-
ence in postural fluctuations and the Center of Pressure
(COP) between the two groups [16]. Spinal deformities
may displace the center of gravity and affect balance. Thus,
investigating the effect of spinal deformities can provide
beneficial data on the balance function of these individu-
als. Such information could be applied to adopt effective
methods to reduce the effects of these abnormalities on their
ability to maintain balance, health promotion, and sports
performance. Various methods are available to evaluate dy-
namic balance. Numerous researchers have used the Star
Excursion Balance Test [18]; however, it is not as func-
tional and dynamic as the jump-landing task required to
measure Time to Stabilization (TTS) [19]. TTS assessment
is the latest instrument for neuromuscular control measure-
ment. TTS uses sensory and mechanical systems to per-
form complex jump-landing task. As a result, it indicates
the body’s ability to minimize postural fluctuations when
transferring from a dynamic position to a static state [20].
It is also very sensitive to postural stability disorders [21].
This study aimed to compare the changes in COP and TTS
between students with and without hyperlordosis.
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Participants and Methods

In total, 30 female high school students in Tehran Prov-
ince, Iran, aged 14-15 years, participated in this study. They
were selected by a convenience sampling technique and
based on the study inclusion criteria. They were divided
into two groups of patients (n=15) and controls (n=15). The
subjects’ lumbar spine curvature was evaluated by a 30-cm
Iranian-made flexible ruler like the French curve; its’ reli-
ability and validity have been reported as 98% and 82%, re-
spectively, in Iran. COP parameters to examine the balance
in double-leg standing position with eyes open and closed
included the following: the range of variation (R), Path
Length (PL), Standard Deviation (SD), and Root Mean
Square (RMS) in Anterior-Posterior (AP) and Mediolat-
eral (ML) directions; average radial displacement (RDavg),
standard deviation of RDavg, Total Path Length (TPL), as
well as the ellipse surface area of base of support (CEA).
The assessments of changes in COP were performed in 30
seconds with eyes open and closed. Foot COP information
was recorded in lateral and anterior-posterior directions by
force plate [22, 24].

To measure TTS in three directions of vertical, AP, and
ML, the study participant was requested to stand on a

Table 1. T-test results for comparing COP variables in a double-leg standing position with eyes open

COP Variables Control Group Patient Group t Sig.
R. AP (mm) 04.+94.6 62.4+20.5 099.1 281.0

R. ML (mm) 62.1+59.2 95.0+38.1 510.2 81.0
PL. AP (mm) 05.+09.42 2.19+61.36 784.0 440.0
PL. ML (mm) 22.10+96.38 97.11+09.39 034.0 974.0
V. AP (mm/s) 95.+10.2 96.0+83.1 784.0 440.0
V. ML (mm/s) 51.0+95.1 59.0+95.1 034.0 974.0
RDavg (mm) 59.1+20.6 65.1+18.5 726.1 095.0
CEA (mm?) 15.96+03.196 55.68+92.144 676.1 105.0
SD. AP (mm) 86.0£86.1 6.0+61.1 913.0 369.0
SD. ML (mm) 74.1+87.5 76.1+90.4 527.0 138.0
SD. RDavg (mm) 36.+60.0 54.0+46.0 841.0 408.0
TPL (mm) 32.22+44.64 98.23+67.59 564.0 577.0
RMS. AP (mm) 32.0+71.0 38.0+53.0 460.1 155.0
RMS. ML (mm) 14.447.0 26.0+41.0 701.0 489.0
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40-cm-height stair distanced 70 cm from the center of the
force plate [25]; then, land on the center of the force plate
with one foot (the dominant foot). Accordingly, as soon as
positioned, the si=subject must have placed the hands on
the pelvic area, hold the head up, and look forward while
trying to maintain balance. Before that, the study subjects
were requested to hit the ball to determine their dominant
foot [26, 27].

Results

There was no significant difference between the two
groups in any variables of COP when standing with eyes
open (Table 1) and closed. In some cases, the variables
were slightly different; however, this difference was not sta-
tistically significant (P>0.05). Regarding TTL, there was a
significant difference between the study groups in three di-
rections of vertical, AP, and ML. In those with hyperlordo-
sis, the TTL was longer than that of the controls (P<0.05).

Discussion

The present study results suggested no significant differ-
ence in foot COP variables in standing with eyes closed
and open between two groups of healthy and hyperlordo-
sis individuals. However, the TTS result was significantly
different between the two study groups. Physical posture
is always in a state of fluctuation, and its balance is main-
tained by the combined reactions of visual, proprioceptive,
and vestibular senses data [28]. Based on the literature,
COP displacement has been used as an indirect attribute of
postural fluctuation and one’s ability to maintain balance
and postural control, consequently [29].

Conclusion

Abnormal spine alignment (hyperlordosis), as a risk fac-
tor, can affect dynamic balance index (i.e. TTS); however,
it has no effect on the static balance index (i.e. COP) with
eyes open and closed. Therefore, the improvement of hy-
perlordosis deformity may improve postural control in dy-
namic balance indices.
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