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ABSTRACT 
 

Background:  To study the effect of indoor air pollution levels on postural balance control among Saudi 
school students. 
 

Methods: Ninety healthy students (age from 12-16 years) were selected randomly from several 
preparatory schools representing two areas of different air pollution load and sources in the Eastern 
Province of Saudi Arabia (group A and B). Levels of carbon monoxide gas (CO), volatile organic 
compounds (VOCs) and particulate matter less than 10 microns (PM10) were measured at different sites 
inside the selected schools. The postural control was measured for each participant using Biodex 
Balance System in bipedal stance with eyes open at the most and least stable levels for 20s.  
 

Results: There was no statistical significant difference for the mean values of overall stability index 
between both groups A and B at the most stable level (p=0.17), while there was a statistical significant 
difference at the least stable level with mean ± SD of group A and B 2.01±0.48 and 2.61±0.68 
respectively. In addition, there were statistical significant differences between the mean levels of all 
measured air pollutants and overall stability index at the two stability levels in both groups (p<0.01). 
 

Conclusion: Indoor air pollution, particularly exposure of students to VOCs, PM10 and CO, has an adverse 
effect on postural balance control among school students even at low exposure levels.  
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INTRODUCTION 
 

Good indoor air quality (IAQ) in schools is a very 
important factor for healthy, favorable learning 
environment for all schools staff, particularly 
students.1 Students spend a long time of the day 
inside their schools and they are susceptible to air 
pollutants that are emitted from different indoor 
and outdoor sources especially young age in the 
elementary schools.2-3 Several studies indicated 
that levels of air pollutants indoor are similar, or 
even higher, than those the outdoor air.4-7 These 
pollutants include chemical compounds such as 
particulate matter and biological stressors such as 
fungal spores and most of them have adverse 
health impacts.8-9 
 

Several published researches proved that there are 
strong correlations between exposure to indoor air 
pollutants and the respiratory diseases, allergies, 
and infectious diseases, particularly between 
children and adolescents. 10-12 In addition, poor IAQ 
can adversely affect student performance of 
mental tasks involving concentration, calculations, 
and memory.13 School children, particularly those 
classrooms are located near heavy traffic or 
industrialized areas, are the most probable exposed 
and affected by the poor IAQ because of their 
higher breathing rate relative to their body size, 
and continuing growth.14-15 
 

Postural balance is a common body function which 
helps the human to carry out daily living tasks.16-18 

It reaches its adult- like state between the ages of 
10 and 12 years in healthy children.19 Occupational 
and non-occupational injuries in adulthood may be 
due to impaired postural balance. 20 Postural sway, 
stability, equilibrium, standing steadiness and body 
sway denote terms to maintenance of standing 
posture which consider part of assessment of 
nervous system .21 
 

The postural balance testing indicated that 
neuromotor abnormality is a second effect due to 
exposure to various neurotoxicants.22 Postural 
instability has been associated with Mn 
neurotoxicity in occupational or environmental 
settings. 23 The influence of chronic non 
occupational Mn exposure on postural balance has 
also evaluated by a previous reports. 24 Lead 
intoxication presented postural sway in children. 25   

Worldwide, exposure to chemicals like lead, 
mercury, organic solvents such as polychlorinated 
biphenyls (PCBs) and pesticides (particularly 
organic compounds such as organophosphates) are 
harmful to children and affect the nervous system 
as well.26-27 
 

One of the most important adverse effects due to 
exposure of students to indoor air pollution is the 

developmental disorders, particularly in 
developing countries where regulations are lax or 
nonexistent. Several studied proved that lead 
emitted from leaded gasoline has its effect presents 
a threat to more than half of urban children. 28 In 
the United States, a considerable percent of young 
children have been diagnosed with one or more 
developmental disability due to the combination of 
environmental with the children genetic factors.29 
 

The present study is aimed to study the effect of 
indoor air pollution on postural balance control 
among Saudi school students. It is considered the 
first scientific work which studied this effect 
between school students in Arab countries as 
general, and in Saudi Arabia in particular. 
 

METHODS 
 

Selection of Schools & Target population 
 

For the present study, two areas with different 
numbers of air pollution sources were selected in 
the Eastern Province of Saudi Arabia. Al Doha 
residential district (group A) was selected as an 
area with low number of air pollution sources, 
while Al Rakah commercial district (group B) was 
selected as an area with slightly higher or moderate 
number of air pollution sources. From each area, 
two preparatory schools were randomly selected. 
Inside each school, five different classrooms were 
selected as sampling points for measuring of air 
pollution levels. Some of these classrooms were 
located adjacent to the outside streets while other 
was located directly to the school playground. The 
parents of 350 children from the four selected 
schools were notified by a letter to give the 
permission for their child to participate in this 
study. Only 250 of them gave their acceptance and 
a total of 250 students were initially screened and 
evaluated to determine age, inclusion and 
exclusion criteria. The inclusion criteria included 
his residence within a 5 km around the selected 
schools, and his age ranged from 12-16 year with 
normal body mass index. The exclusion criteria 
included a history of vertigo or dizziness, vestibular 
or neurologic disorders, uncorrected visual 
problems, sustained lower extremity injuries, use 
of medications influencing the balance system, 
hearing loss, and acute/chronic ear infections.  The 
above criteria were evaluated by a prepared 
questionnaire given to the applicant’s parent to fill 
it, and the applicant who didn’t match with these 
criteria was excluded from participation in the 
study. Accordingly, only 90 students were eligible 
to conduct this study, (45 from each group A and 
B). The selected students were transported to the 
physiotherapy labs in the University of Dammam 
for conducting the postural stability 
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measurements. The ethical approval to achieve 
this study was confirmed from the human research 
ethics committee in the University of Dammam. 
 

Dynamic Balance Measurements (Biodex Balance 
System BBS): 
 

Prior to perform the balance tests, basic 
anthropometrical data for every child were 
registered by a comfortable digital weight and 
height scale (Detecto / PD300DHR / USA). The 
body height was recorded in cm, the body mass was 
measured to the nearest 0.1 kg for the participant 
with his school uniforms but without shoes. 
Consequently, the Body mass index (BMI) was 
calculated (kg/m2) was calculated from the 
formula: BMI=Weight (W) in kg / [Height (H) in 
meter]2. (kg/m2).30 Measurements of BMI were 
transformed into percentiles using the 
anthropometric standards developed by the World 
Health Organization, Center for Disease Control 
and Prevention (CDC/WHO) as reference. To 
classify obesity, overweight, healthy 
weight……etc., the international standards 
published by Cole et al. (2000) were used as 
follows: Obesity (>95th); Overweight (>85th to 
95); Healthy weight (5th to 85th); Underweight 
(<5th).31 
 

The Balance tests of all selected students were 
performed by the Biodex Stability System (BSS) 
(Biodex, Shirley, NY) which was used for 
assessment of the postural balance control from 
standing position by evaluating of dynamic 
bilateral postural stability for each participant. This 
system consists of a support rail, platform, display 
and printer. It has 12 levels of platform stability; 
level 1, which represents the least stable platform, 
and level 12, which represents the most stable 
platform. Before the evaluation process, each 
participant was given an explanatory session to 
stand his bare feet on the centre of platform while 
his both arms should be adjusted at the side of 
body, to look straight and to focus on visually 
feedback screen. He was tested on the two stability 
levels, 1 and 12 with three trials for each level and 
the average of these trials was confirmed as a final 
result.  
 

For dynamic bilateral postural stability test, the 
participant was asked to do his best to maintain the 
cursor in the middle of bull's-eye on the screen. 
The test duration was 20 seconds. The test includes 
measurement of the overall stability index which 
represents the variance of foot platform 
displacement in degrees, from level, in all motions 
during a test. The overall stability score is believed 
to be the best indicator of the overall ability of the 
subject to balance the platform.32 The obtained 

high values represent a lot of platform movement, 
refers to less stability and means that the 
participant has a difficulty in balance control. In 
contrary, the lower values are indicative of a better 
balance control. 
 

Indoor Air Quality Measurements 
 

Inside each one of the participant’s schools, levels 
of particulate matter less than 10 microns (PM10), 
carbon monoxide (CO), and volatile organic 
compounds (VOCs) were measured through a 
period from 8 – 11 am during three days per week 
and three months of the academic year 2013.    
 

Levels of PM10 were determined gravimetrically 
(ref) in milligram of dust per cubic meter of air 
(mg/m3) using the Staplex® PST-2X Personal Air 
Sampler. Each sample of dust was collected on a 
membrane filter carried in a filter holder assembly 
and transferred to the labs of Dammam university 
for further analysis and calculations. Thirty five 
samples were collected from the two selected 
schools in each area and a total of 70 PM10 samples 
were collected during this study.   
 

The pre-calibrated MIRAN 205B Series SapphIRe-
XL Portable Ambient Air Analyzer was used for the 
direct assessment of the other two gaseous air 
pollutants levels (CO and VOCs) from the 
environment of the selected classrooms. At each 
measuring point, a reading was recorded for each 
pollutant in parts per million (ppm) every 15 
minutes, and an average concentration was 
computed for every day. Similarly, a total of 70 
daily average levels were calculated for each 
pollutant during the total period of this study from 
the two selected areas.  
 

Statistical analysis:  
 

Descriptive statistics were calculated for 
participants’ demographic characteristics. The data 
were analyzed and reported as dynamic bilateral 
overall stability index for each participant using 
Biodex stability system and three measured air 
pollutants in two different areas. Independent t-
test was used to compare between groups and a 
paired t-test was used to assess the effect of air 
pollutants on postural stability in each group. A 
probability of P<0.05 was considered to be 
statistically significant. 
 

RESULTS: 
 

Table 1 indicates the demographic characteristic of 
the 90 participants. The mean ± standard 
deviation (SD) of the age, weights, heights and BMI 
were 13.94 ± 1.24, 47.49 ± 4.42, 155.19 ± 6.79 and 
19.69 ± 0.77 respectively. There is no statistical 
significant differences between both groups in the
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above four factors (P=0.78, 0.13, 0.13 and 0.79 
respectively). 
  

Table 1: Demographic characteristic of participants 
 

Variables 
AlDoha group (A), n = 45 

Mean ± SD 
AlRakah group (B), n = 45 

Mean ± SD 

Age, years 13.90 ± 1.21 13.98 ± 1.27 

Height, cm 154.12 ± 7.57 156.28 ± 5.79 

Weight, kg 46.79 ± 4.56 48.20 ± 4.22 

Body mass index (BMI) 
(kg/m2) 

19.67±0.81 19.71±0.74 

 

SD= Standard deviation. 
 

Regarding the results of overall stability index 
between both groups, there is no statistical 
significant difference between the mean values at 
level 12 (i.e. most stable level) between both 
groups with t= -1.38 and P= 0.17, while, there is a 
statistical significant difference between the mean 
values at level 1 (i.e. least stable level) between 
both groups with t= 4.81 and p= 0.001 as shown in 
table 2. 
 

Table (3) represents mean ± SD for the measured 
three pollutants in both of the selected two areas. 
The mean levels of CO, VOCs and PM10 in AlDoha 
district were 1.31 ± 0.28 ppm, 0.22 ± 0.10 ppm and 
1.79 ± 0.21 mg/m3 respectively; while in AlRakah 
district they were 1.82 ± 0.58 ppm, 0.37 ± 0.17 
ppm and 2.9 ± 1.79 mg/m3 respectively. 
Statistically, there were very strong significant 
differences as shown in the table (p < 0.001). 

 

Table 2: Mean values of the overall stability index at two stability levels 
 

Items 
Overall stability index 

Most stable level (level 12) Least stable level (level 1) 

Al-Doha group (A) 0.74±0.25 2.01±0.48 

Al-Rakah group (B) 0.82±0.28 2.61±0.68 

t-value 1.38 4.81 

p-value 0.17 0.001* 

 

* Statistical significant. 
 

Table 3: Mean levels of the measured air pollutants in the selected areas 
 

Air pollutants 
Al-Doha district area 

(mean±SD) 
Al-Rakah district area 

(mean±SD) 
t-value p-value 

CO (ppm) 1.31±0.28 1.82±0.58 -6.64 0.0001* 

VCOs (ppm) 0.22±0.10 0.37±0.17 -6.26 0.0001* 

PM10 (mg/m3) 1.79±0.21 2.9±1.79 -5.13 0.0001* 
 

* Statistical significant.                   SD= standard deviation. 
CO = carbon monoxide gas                VOCs= volatile organic compounds. 

PM10= particulate matter less than 10 microns. 
 

Correlating the overall stability index values with 
mean levels of the three air pollutants using the t-
test revealed that there were statistical significant 
differences with overall stability index of bilateral 

dynamic balance at two stability levels (12 and 1) 
in both groups (A and B) with (P < 0.01) as shown 
in table 4. 
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Table 4:  T-test values for the relation between mean levels of the measured air pollutants and overall 
stability index values of both groups 

 

items CO VCOs PM10 

Location t-value p-value t-value p-value t-value p-value 

AlDoha 
OASI at most stable level 

15.59 0.0001* 13.97 0.0001* 32.91 0.0001* 

AlDoha 
OASI at least stable level 

9.59 0.0001* 25.22 0.0001* 2.97 0.0001* 

AlRakah 
OASI at most stable level 

23.74 0.0001* 10.76 0.0001* 51.81 0.0001* 

AlRakah 
OASI at least stable level 

7.76 0.0001* 22.06 0.0001* 3.88 0.0001* 

 

* Statistical significant 
OASI= overall stability index 

CO = carbon monoxide gas                VOCs= volatile organic compounds. 
PM10= particulate matter less than 10 microns. 

 

DISCUSSION AND CONCLUSIONS 
 

Postural balance is a complex task that is controlled 
by both the central and peripheral nervous 
systems. Maintaining upright posture requires 
integration of brain sensory inputs and motor 
outputs controlling the body musculature to 
achieve appropriate coordination. Under eye 
opening conditions, visual, proprioceptive, and 
vestibular pathways yield sensory information 
relevant to maintain the postural balance.33 At a 
cortical level, the ability to integrate a number of 
afferent signals is a prerequisite for static and 
dynamic balance.34 Also, posterolateral thalamus 
regarded as a structure basically involved in our 
control of upright body posture. 35  
 

Results of this study presented in this paper 
provide evidence that low to moderate indoor air 
pollutants levels exposure has a measurable and 
statistically significant impact on the control of 
postural balance in school students. Indoor air 
pollutants may have influenced the basal ganglia to 
brain stem level centers' ability to properly 
integrate the proprioceptive afferents needed for 
postural control.36Our results are in accordance 
with the conclusions of several previous studies 36-

38 that postural balance testing has proven useful in 
identifying subtle neuromotor abnormalities 
secondary to exposures to jet fuel, solvents, alcohol 
and lead. Other studies 39-42 also concluded that 
posturography is a useful technique to assess the 
toxicity of solvents on the CNS.  
 

Outdoor air pollutants are able to penetrate inside 
the buildings, influencing indoor concentration 
levels.43 Traffic is one of the most important 
sources of air pollution in schools.44 This fact is 
confirmed by our study, where a very strong 
statistical difference (p <0.001) was found between 
the mean levels of all measured air pollutants 
inside schools of the two selected areas (AlDoha 
and AlRakah) due to the difference in outdoor 
traffic activity. Our study results are in accordance 
with the results of study which was conducted to 
investigate outdoor and indoor sources of PM 
measured at 39 primary schools in Barcelona 
during 2012 revealed that on average 47% of indoor 
particulate matter (PM) level was found to be 
generated indoors due to continuous resuspension 
of ground particles, skin flakes, clothes fibers, 
chalk and building deterioration; while the outdoor 
sources, particularly traffic movement, was 
responsible for the remaining 53% of measured PM 
indoors. It was also found that, traffic contributions 
were significantly higher (more than twofold) for 
classrooms with windows oriented directly to the 
street, rather than to the interior of the block or to 
playgrounds.45-47 Other studies were achieved in 
several schools in the Kingdom of Saudi Arabia 
(KSA) and United Arab Emirates (UAE) showed 
high levels of VOC, CO and PM in elementary 
schools' classrooms, especially those located 
directly on the outside traffic streets. 48-49 
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As reported by Mejía et al. (2011) 50, the school 
environment could be a major contributor to 
children exposure to air pollutants. Although, there 
are numerous studies in the literature relating 
indoor air quality and student's health 51-53, no 
studies have been fulfilled to study the effect of  
indoor air pollutants on the student’s postural 
stability; and based on our knowledge, this study is 
considered the first one in this field. We found 
very strong statistical significant differences 
between mean levels of the three measured air 
pollutants (VOCs, CO and PM10) and the mean 
values of overall stability index during  bilateral 
dynamic balance at two stability levels (12 and 1) 
in schools of the two selected areas, as shown in 
table 4. 
 

Among the most important categories of chemicals 
that occur in the indoor air are volatile organic 
compounds (VOCs). The reasons for the broad 
occurrence of these chemicals are their volatile 
character and the fact that they have been used 
widely in a big number of household products. 54-55 
They are emitted from various outdoor sources 
such as industrial processes and transportation and 
from indoor sources such as environmental 
tobacco smoke and cleaning products. 56-57 In an 
experimental study, Otto et al. 58 noted that 
subjects exposed to a low concentration of VOCs 
(25 µg/m3) reported symptoms of headache, 
drowsiness, fatigue, and confusion. At fairly high 

concentration (188 µg/m3), VOCs may cause 

symptoms of lethargy, dizziness, and confusion. At 

high concentrations, many VOCs are potent 

narcotics, and can depress the central nervous 

system. At extreme concentrations, some VOCs 
may result in impaired neurobehavioral function. 
59 In our study, the mean level of VOCs in AlRakah, 
which is a moderate polluted area (0.32 ppm), was 
higher than the 0.24 ppm air quality guideline 
(AQG) for this pollutant as recommended by the 
World Health Organization (WHO); 60-61 while the 
mean level in AlDoha, which is a light polluted area 
(0.22), was near the AQG value. All of these results 
indicate that exposure of school students to VOCs 
can lead to a bad postural stability control, 
particularly in high air polluted areas.    
 

Particulate matters (PM) are solid or liquid matter 
with aerodynamic diameters ranging from 0.005 to 
100 mm. Dusts, fumes, smoke, and organisms such 
as viruses, pollen grains, bacteria, and fungal 
spores are solid PM, whereas mists and fog are 
liquid PM. 62 Small particles (such as PM10 and 
PM2.5) are likely to be more dangerous, since they 
can be inhaled deeply into the lungs and settle in 
areas where natural clearance mechanisms, like 

coughing, cannot remove them. 63 PM exposures 
are linked to cognitive deficits, oxidative stress, 
neuroinflammation and neurodegeneration.64 
Several individual metals including aluminum, 
arsenic, cadmium, lead, manganese, and mercury 
have been demonstrated to affect the neurological 
system 65, and general accumulation of metal ions 
in the brain contributes to heightened oxidative 
stress and neuronal damage.66 Several studies 67-68 
reported that low level lead exposure during early 
childhood is associated with neuromotor 
dysfunction such as unsteadiness, clumsiness and 
fine motor deficits. In addition, suglia et al. 2008 
reported a relationship between exposure to black 
carbon (the major component of particles from 
traffic) and reduced neurocognitive functioning in 
urban 8-11-year-old children. 69 The mean levels of 
PM10 during this in schools of AlRakah and AlDoha 
were 2.9 and 1.79 mg/m3 respectively (2900 and 
1790 µg/m3 respectively). All the recorded PM10 
levels were much higher than the recommended 
AQG values (150 µg/m3) as recommended by the 
US Environmental Protection Agency (USEPA). 70 
Our results were in accordance with the study that 
was conducted in the elementary schools of the 
UAE, where the mean level of PM was 1730 µg/m3. 
Consequently, Exposure of students to high levels 
of PM10 is another cause of the bad postural stability 
control. 
Carbon monoxide (CO), the largest constituent of 

incomplete combustion, is a neurotoxicant at high 

exposure levels among adults and children. The 
developing nervous system is especially vulnerable 
to environmental insults. CO has the ability to 
cross the blood brain barrier and impair neuronal 

function, membrane metabolism, and anaerobic 

energy metabolism (targeting the globus pallidus, a 
subcortical structure involved in motor and 

postural control). 71-72 In utero CO exposure may 

interrupt sensitive oxygen-dependent 
neurodevelopmental processes such as 
myelination, neural packing, and neuronal 
migration. Various symptoms of 
neuropsychological impairment have been 
associated with acute low level exposures. Amitai 
et al. (1998) 73 found that subjects exposed to CO 
from residential stoves for up to 2.5 h showed 

declines in their learning and planning abilities, as 

well as a drop in their attention and concentration 
spans. In our study, the mean levels of CO in 
schools of AlRakah and AlDoha (1.82 and 1.31 ppm 
respectively) were lower than the AQG of 9 ppm as 
recommended by the USEPA and near from the 
mean level of CO inside the elementary schools of 
the UAE (1.16 ppm). These results indicate that 
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exposure of students to CO inside the studied 
schools may affect their postural stability control in 
a low degree when compared with the other two 
measured pollutants (VOCs and PM10).   
 

The overall stability index of bilateral dynamic 
balance at the least and most stability levels of 
school students is adversely affected due to the 
exposure to indoor VOCs, PM10 and CO pollutants, 
particularly in high air polluted areas. Indoor air 
quality in schools is greatly affected by the outdoor 
sources of air pollution, particularly traffic activity. 
Further and future researches in the same field are 
required for other types of air pollutants and a wide 
number of school students 
 

STUDY LIMITATION 
 

Small sample size doesn’t allow for generalization 
of the present findings. As human exposure to 
pollutants takes place in a long period of time and 
in places with different levels of pollution, it still 
difficult to estimate the individual exposure. 
Participants' postural balance control was 
measured during quiet bilateral stance using a 
natural base of support. This less challenging foot 
position might explain the absence of marked 
group differences in postural balance control in 
static conditions or in most stable condition (level 
12). In addition, learning abilities, attention and 
concentration spans are not measured in this 
study.  
 

ACKNOWLEDGEMENTS 
 

The authors would like to express their 
appreciation to all children and their parents who 
participated in this study with all content and 
cooperation. 
 

REFERENCES 
 

1. World Health Organization (WHO). Health Risk 
Assessment of Indoor Air Quality. 
MOG/HSE/4.3/001. Ulaanbaatar, Mongolia: 
WHO; 2003. 

2. Cann P, Bonvallot N, Glorennec P, Deguen S, 
Goeury C, Bot B. Indoor environment and 
children’s health: Recent developments in 
chemical, biological, physical and social 
aspects. International Journal of Hygiene and 
Environmental Health. 2011; 215(1):1– 18. 

3. WHO. Development of WHO Guidelines for 
Indoor Air Quality: Dampness and Mould. 
Bonn, Germany: Report on a Working Group 
Meeting; 2007. 

4. Pegas P, Nunes T, Alves C, Silva J, Vieira S, 
Caseiro A, et al. Indoor and outdoor 
characterization of organic and inorganic 
compounds in city centre and suburban 

elementary schools of Aveiro, Portugal. 
Atmospheric Environment .2012; 55: 80-89. 

5. Pegas PN, Alves CA, Evtyugina M, Nunes T, 
Cerqueira M, Franchi M, et al. Seasonal 
evaluation of outdoor/indoor air quality in 
primary schools in Lisbon. Journal of 
Environmental Monitoring. 2011; 13(3):657-
667. 

6. Pegas PN, Alves CA, Evtyugina M, Nunes T, 
Cerqueira M, Franchi M, et al. Indoor air 
quality in elementary schools of Lisbon in 
Spring. Environmental Geochemistry and 
Health. 2011; 33(5):455-468. 

7. Yang W, Sohn J, Kim J, Son B, Park J. Indoor 
air quality investigation according to age of the 
school buildings in Korea. Journal of 
Environmental Management. 2009; 90(1):348-
354. 

8. Rios JLM, Boechat JL, Gioda A, dos Santos CY, 
de Aquino Neto FR, Lapa e Silva JR. Symptoms 
prevalence among office workers of a sealed 
versus a non-sealed building: associations to 
indoor air quality. Environment International. 
2009; 35(8):1136-1141. 

9. Samet JM, Spengler JD. Indoor environments 
and health: moving into the 21st century. 
American Journal of Public Health. 2003; 
93(9):1489-1493. 

10. Mejía J, Choy S, Mengersen K, Morawska L. 
Methodology for assessing exposure and 
impacts of air pollutants in school children: 
Data collection, analysis and health effects - A 
literature review.Atmospheric Environment. 
2011; 45(4):813-823. 

11. Lacasaña M, Espluges A, Ballester F. Exposure 
to ambient air pollution and prenatal and early 
childhood effects. European Journal of 
Epidemiology. 2005; 20(2):183-189. 

12. Liu L, Zhang J. Ambient air pollution and 
children’s lung function in China. Environment 
International 2009; 35(1):178-186. 

13. WHO. The physical school environment: an 
essential element of a health-promoting school. 
Department of Protection of the Human 
Environment and the Department of 
Noncommunicable Disease Prevention and 
Health Promotion; 2004. 

14. Sofuoglua S, Aslanb G, Inal F, Sofuoglua A. An 
assessment of indoor air concentrations and 
health risks of volatile organic compounds in 
three primary schools. International Journal of 
Hygiene and Environmental Health. 2011; 
214(1):36–46. 

15. Faustman EM, Silbernagel SM, Fenske RA, 
Burbacher TM, Ponce RA. Mechanisms 
underlying children’s susceptibility to 



 

 Int J Physiother 2014; 1(5)    Page | 262  

environmental toxicants. Environ. Health 
Perspect. 2000; 108 (S1):13–21. 

16. Bhattacharya A,  Shukla R, Dietrich K, 
Bornschein R. Effect of early lead exposure on 
the maturation of children's postural balance: A 
longitudinal study. Neurotoxicology and 
Teratology. 2006; 28(3):376–385. 

17. Bhattacharya A, Succop P, Kincl L, Bagchee M. 
Postural stability during task performance on 
elevated and/or inclined surfaces. 
Occupational Ergonomics. 2003; 3(2):83–97. 

18. Chiou S, Bhattacharya A, Lai C, Succop P. 
Effects of environmental and job-task factors on 
workers' gait characteristics on slippery 
surfaces. Occupational Ergonomics. 2003; 
3:209–223. 

19. Shumway-Cook A, Woollacott M. The growth of 
stability: postural control from a developmental 
perspective. Journal of Motor Behavior. 1985; 
17(2):131–147. 

20. Kincl L, Dietrich K, Bhattacharya A. Injury 
trends for adolescents with perinatal and early 
childhood lead exposure, Presented at the 2000 
NIOSH-UC Pilot Research Grant Symposium, 
University of Cincinnati; 2000. 

21. Chia S, Chua L, Ng T, Foo S, Jeyaratnam G. 
Postural stability of workers exposed to lead. 
Occupational and Environmental Medicine. 
1994; 51(11):768-771. 

22. Kuo W, Bhattacharya A, Succop P, Linz D. 
Postural stability assessment in sewer workers. 
J Occup Environ Med. 1996; 38(1):27–34. 

23. Bowler RM, Roels HA, Nakagawa S, Drezgic M, 
Diamond E, Park RM. Dose–effect relations 
between manganese exposure and 
neurological, neuropsychological and 
pulmonary function in confined space bridge 
welders. Occup Environ Med. 2007; 64(3):167–
77. 

24. Standridge JS, Bhattacharya A, Succop P, Cox C, 
Haynes E. Effect of chronic low level 
manganese exposure on postural balance: a 
pilot study of residents in southern Ohio. J 
Occup Environ Med .2008; 50(12):1421–9. 

25. Bhattacharya A, Shukla R, Bornschein RL, 
Dietrich KN, Keith R. Lead effects on postural 
balance of children. Environ Health Perspect. 
1990; 89:35–42. 

26. Centers for Disease Control and Prevention. 
CDC’s lead poisoning and prevention program. 
September 2001. Available at 
http://www.cdc.gov/nceh/lead/factsheets/lea
dfcts.htm. 

27. Baker EL, Smith TJ, Landrigan PJ. The 
neurotoxicity of industrial solvents: a review of 
the literature. American Journal of Industrial 
Medicine. 1985; 8(3):207-17. 

28. WHO. World Health Report. Reducing Risks, 
Promoting Healthy Life. Geneva; 2002. 

29. United States National Academy of Sciences. 
Scientific frontiers in developmental toxicology 
and risk assessment; 2002. 

30. Ku PX, Abu Osman NA, Yusof A, Wan Abas 
WAB. Biomechanical evaluation of the 
relationship between postural control and body 
mass index. Journal of Biomechanics.  2012; 
45(9):1638–42. 

31. Cole TJ, Bellizzi MC, Flegal KM, William HD. 
Establishing a standard definition for child 
overweight & obesity worldwide: international 
survey. Br Med J 2000; 320:1240-3. 

32. Testerman C, Vander Griend R. Evaluation of 
ankle instability using the Biodex Stability 
System. Foot Ankle Int. 1999; 20(5):317-321. 

33. Kim Y, Bowler RM, Abdelouahab N, Harris M, 
Gocheva V, Roels HA. Motor function in adults 
of an Ohio community with environmental 
manganese exposure. NeuroToxicology. 2011; 
32(5): 606–614. 

34. O’Brien J, Williams H. Application of motor 
control / motor learning to practice 
Occupational Therapy for Children. 6thed ; 
2010. 

35. Karnath HO, Ferber S, Dichgans J. The neural 
representation of postural control in humans. 
PNAS 2000; 97(25):13931–6. 

36. Bhattacharya A, Shukla R, Dietrich KN, 
Bornschein RL. Effect of early lead exposure on 
the maturation of children's postural balance: A 
longitudinal study. Neurotoxicology and 
Teratology. 2006; 28(3):376–385. 

37. Smith LB, Bhattacharya A, Lemasters G. Effect 
of chronic low-level exposure to jet fuel on 
postural balance of US air force personnel. J 
Occup Environ Med. 1997; 39(7):623–632. 

38. Bhattacharya A. Quantitative posturagraphy as 
an alternative noninvasive tool for 
alcohol/drug/ chemical testing--preliminary 
thoughts. Drug Chem Toxicol. 1999; 22(1):201–
212. 

39. Ledin T, E Jansson, C Möller and LM Odkvist. 
Chronic toxic encephalopathy investigated 
using dynamic posturography. Am. J. 
Otolaryngol. 1991; 12(2):96-100. 

40. Yokoyama K, Araki S, Murata K, Nishikitani M, 
Nakaaki K, Yokota J, et al. Postural sway 
frequency analysis in workers exposed to n-
hexane, xylene, and toluene: assessment of 
subclinical cerebellar dysfunction. Environ. 
Res. 1997; 74(2):110-115. 

41. Iwata T, Mori H, Dakeishi M, Onozaki I, Murata 
K. Effects of mixed organic solvents on 
neuromotor functions among workers in 



 

 Int J Physiother 2014; 1(5)    Page | 263  

Buddhist altar manufacturing factories. J. 
Occup. Health 2005; 47(2):143-148. 

42. Vouriot A, Hannhart B, Gauchard GC, Barot A, 
Ledin T, Mur JM, et al. Long-term exposure to 
solvents impairs vigilance and postural control 
in serigraphy workers. Int. Arch. Occup. 
Environ. Health 2005; 78(6):510-515. 

43. Buonanno G, Fuoco FC, Stabile L. Influence 
parameters on particle exposure of pedestrians 
in urban microenvironments. Atmospheric 
Environment 2011; 45(7):1434-1443. 

44. Buonanno G, Fuoco FC, Morawska L, Stabile L. 
Airborne particle concentrations at schools 
measured at different spatial scales. 
Atmospheric Environment. 2013; 67:38-45. 

45. Burtscher H, Schüepp K. The occurrence of 
ultrafine particles in the specific environment 
of children. Paediatr Respir Rev. 2012; 
13(2):89–94. 

46. Bateson TF, Schwartz J. Children’s response to 
air pollutants. J Toxicol Environ Health A. 
2010;  71(3):238–43. 

47. Buonanno G, Giovinco G, Morawska L, Stabile 
L. Tracheobronchial and alveolar dose of 
submicrometer particles for different 
population age groups in Italy. Atmos Environ. 
2011; 45(34):6216–24. 

48. ElSharkawy M. Study the indoor air quality 
level inside governmental elementary schools 
of Dammam City in Saudi Arabia. IJEHE. 2014; 
3(3):1-8. 

49. Fadeyin MO, Alkhaja K, Sulayem MB, Abu-
Hijleh B. Evaluation of indoor environmental 
quality conditions in elementary schools' 
classrooms in the United Arab Emirates. 
Frontiers of Architectural Research. 2014; 
3(2):166–177. 

50. Mejía JF, Choy SL, Mengersen K, Morawska L. 
Methodology for assessing exposure and 
impacts of air pollutants in school children: 
data collection, analysis and health effects e a 
literature review. Atmospheric Environment. 
2011; 45:813-823. 

51. Demirel G, Ozden O, Dogeroglu T, Gaga EO. 
Personal exposure of primary school children 

to BTEX, NO2 and ozone in Eskişehir, Turkey: 
Relationship with indoor/outdoor 
concentrations and risk assessment. Science of 
the Total Environment. 2014; 473–474:537–548. 

52. Van Roosbroeck S, Li R, Hoek G, Lebret E, 
Brunekreef B, Spiegelman D. Traffic-related 
outdoor air pollution and respiratory symptoms 
in children: the impact of adjustment for 
exposure measurement error. Epidemiol. 2008; 
19(3 M):409–16. 

53. Van Roosbroeck S, Wichmann J, Janssen NAH, 
Hoek G, VanWijnen JH, Lebret E, et al. Long-

term personal exposure to traffic-related air 
pollution among school children, a validation 
study. Sci Total Environ. 2006; 368(2–3):565–
73. 

54. Sarigiannis DA, Karakitsios SP, Gotti A, Liakos 
IL, Katsoyiannis A. Exposure to major volatile 
organic compounds and carbonyls in European 
indoor environments and associated health 
risk. Environment International. 2011; 
37(4):743–765. 

55. Yu PK, Lee GWM, Huang WM, Wu C, Yang S. 
The correlation between photocatalytic 
oxidation performance and chemical/physical 
properties of indoor volatile organic 
compounds. Atmos Environ. 2006; 40(2):375–
85. 

56. D'Souza JC, Jia C,Mukherjee B, Batterman S. 
Ethnicity, housing and personal factors as 
determinants of VOC exposures. Atmos 
Environ. 2009; 43(18):2884–92. 

57. Dodson RE, Houseman EA, Levy IJ, Spengler 
JD, Shine JP, Benett DH. Measured 
andmodelled personal exposures to and risks 
from volatile organic compounds. Environ Sci 
Technol. 2007; 41(24):8498–505. 

58. Otto D, Hundell H, House D, Molhave L, 
Counts W. Exposure of humans to a volatile 
organic mixture. I. Behavioral assessment, 
Archives of Environmental Health. 1992; 47 
(1):23-30. 

59. Jones AP. Indoor air quality and health. 
Atmospheric Environment. 1999; 33(28):4535-
64. 

60. WHO. Development of WHO Guidelines for 
Indoor Air Quality: Report on a Working Group 
Meeting Bonn, Germany; 2006. 

61. WHO. Development of WHO guidelines for 
indoor air quality: dampness and mould. 
Report on a working group meeting Bonn, 
Germany; 2007. 

62. Nathanson T. Indoor air quality in office 
buildings: a technical guide. Minister of 
National Health and Welfare, Canada; 1995. 

63. Dasgupta S, Huq M, Khaliquzzaman M, 
Wheeler D. Improving indoor air quality for 
poor families: a controlled experiment in 
Bangladesh. The World Bank,  Development 
Research Group; 2007. 

64. Calderón-Garcidueñas L, Serrano-Sierra A, 
Torres-Jardón R, Zhu H, Yuan Y, Smith D, et al. 
The impact of environmental metals in young 
urbanites’ brains. Exp Toxicol Pathol 2013; 
65(5):503–11. 

65. Pohl HR, Roney N, Abadin HG. Metal ions 
affecting the neurological system. Met Ions Life 
Sci. 2011; 8:247–62. 



 

 Int J Physiother 2014; 1(5)    Page | 264  

66. Amato F, Rivas I, Viana M, Moreno T, Bouso L, 
Reche C, et al. Sources of indoor and outdoor 
PM2.5 concentrations in primary schools. 
Science of the Total Environment. 2014; 
490:757–765. 

67. Dietrich K, Berger O, Succop P. Lead exposure 
and the motor developmental status of urban 
six-year-old children in the Cincinnati 
Prospective Study.Pediatrics. 1993; 91(2):504–
505. 

68. Wasserman G, Musabegovic A, Liu X, Kline J, 
Factor-Litvak P, Graziano JH. Lead exposure 
and motor functioning in 4(1/2)-year children: 
the Yugoslavia prospective study. The Journal 
of Pediatrics.  2000; 37(4):555–561. 

69. Suglia SF, Gryparis A, Wright RO. Association 
of black carbon with cognition among children 
in a prospective birth cohort study. Am J 
Epidemiol. 2008; 167(3):280-6. 

70. Charles K, Magee RJ, Won D, Lusztyk E. Indoor 
Air Quality Guidelines and Standards. Canada:  
National Research Council; 2005. 

71. Dix-Cooper L, Eskenazi B, Romero C, Balmes J, 
Smith KR. Neurodevelopmental performance 
among school age children in rural Guatemala 
is associated with prenatal and postnatal 
exposure to carbon monoxide, a marker for 
exposure to wood smoke. NeuroToxicology. 
2012; 33(2):246–254. 

72. Hsiao CL, Kuo HC, Huang CC. Delayed 
encephalopathy after carbon monoxide 
intoxication – long-term prognosis and 
correlation of clinical manifestations and 
neuroimages. Acta Neurol Taiwan. 2004; 
13(2):64–70. 

73. Amitai Y, Zlotogorski Z, Golan-Katzav V, 
Wexler A, Gross D. Neuropsychological 
impairment from acute low level exposure to 
carbon monoxide. Archives of Neurology. 1998; 
55(6):845-848.

 
 

 
 
 
 
 

Citation 
Dr. Heba M Youssr El-Basatiny, Dr. Mahmoud Fathy El-Sharkawy. (2014). EFFECT OF INDOOR AIR 
POLLUTION ON POSTURAL BALANCE CONTROL AMONG SCHOOL STUDENTS.  International 
Journal of Physiotherapy, 1(5), 255-264. 


