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Abstract
The global prevalence of visually impaired children has increased. A limitation or absence of
light affects neural stimulation and disturbs circadian rhythms. When the dark phase is longer than
the light phase, this limits motor responses, including those of the salivary glands. The aim of this
study was to compare salivary flow rate, pH, viscosity, and buffering capacity between visually
impaired and visually healthy children.
This study was performed on 35 visually impaired children, 7–11 years old, and 35 visually
healthy children, 7–12 years old. All participants provided unstimulated saliva and stimulated saliva
for 5 minutes in the morning by a spitting method for measurement of salivary flow rate and pH.
Salivary viscosity was rated visually at the base of the mouth. Salivary pH and buffering capacity
were measured electrometrically using a handheld pH meter. Salivary buffering capacity was
measured by titration of stimulated saliva with 0.005 N HCl, and the flow rate was expressed as mL
saliva produced/5 min.
The stimulated salivary flow rate and buffering capacity were significantly lower in the visually
impaired children than in the visually healthy children. Unstimulated salivary flow rate and pH
showed no statistically significant differences, but were slightly lower in visually impaired children.
Salivary viscosity was not significantly different between the two groups.
Visual acuity affects the composition of saliva secretions. Salivary flow rate, pH, and buffering
capacity are lower in visually impaired children than in visually healthy children.
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Introduction
Visual impairment is a condition
characterized by a decreased ability to see or an
absence of light perception. The prevalence of
visually impaired individuals has increased
globally.1 In Indonesia, the population of visually
impaired children increased from 0.08% in 2010
to 0.17% by 2013.2
Limitation of light affects neural
stimulation and disturbs circadian rhythms when
the dark phase is longer than the light phase.3,4,5
An absence of light information that enters the
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hypothalamus (i.e., the suprachiasmatic nuclei
[SCN]) causes limitations in the motor responses
of the body organs and glands. In the dark
phase, minor salivary glands secreted mucus,
while in light phase the saliva is serous.4,5
Saliva has two main functions and
several minor functions, based on its
composition. The first function is a digestive
function and the second is a protective function.
The effectiveness of these functions is
associated with the saliva characteristics, such
as pH, flow rate, viscosity, and buffering
capacity.5
Mount categorized the condition of
saliva (i.e., flow rate, pH, and viscosity) using a
traffic light color system that was associated with
the risk of caries, while Ericsson categorized
salivary buffering capacity with an electrometric
method that involved titration of saliva with 0.005
N HCl.6,7
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Salivary flow rate, pH, viscosity, and
buffering capacity are affected by circadian
rhythms, the strength of stimulation, diet,
hormone levels, medications, psychological
state, and systemic condition.3,8
The aim of this study was to compare
the salivary flow rate, pH, viscosity, and buffering
capacity in visually impaired and visually healthy
children.
Materials and methods
This study was approved by the Ethical
Committee of the Faculty of Dentistry,
Universitas Indonesia. After being informed of the
aim of the investigation, the adult responsible for
each child provided a written consent to
participate in the study. This was a case-control
study. The study sample consisted of 70 children,
divided into two groups. The first group was
composed of 35 visually impaired children, 7–11
years old (15 girls and 20 boys). The second
group was composed of 35 visually healthy
children, 7–12 years old (19 girls and 16 boys).
The inclusion criteria were children who were
free from systemic and local diseases that affect
salivary gland secretions. The exclusion criteria
were children who used dentures, children who
were on medication, and children who had
multiple disabilities.
Saliva was measured between 8.00 and
10.00 in the morning, 1 hour after the last meal.
The viscosity of the unstimulated saliva was
measured visually at the base of the mouth and
categorized as watery pooling of saliva, no visible
pooling, and thick. The unstimulated salivary flow
rate was determined by collecting saliva in a tube
for 5 minutes using spitting methods. After 5
minutes, the pH and the amount of saliva were
recorded. The pH of the saliva was measured
with a digital pH meter (Hanna, USA). Stimulated
saliva was collected in the tube after the child
chewed M-Parafilm for 5 minutes and the
stimulated salivary flow rate was recorded. To
measure salivary buffering capacity, 1 mL of
saliva was titrated with 3 mL 0.005 N H Cl. After
mixing the tube contents, the pH electrode was
immersed in the tube and the pH value was
recorded.
Data were analyzed using the Statistical
Package for Social Sciences (ver.17, SPSS).
Statistical comparisons data were performed with
the Mann-Whitney U test. The values for the
Volume ∙ 11 ∙ Number ∙ 1 ∙ 2018

Rizky Fitri Haryuni, and et al

unstimulated salivary flow rate, pH, stimulated
salivary flow rate, and salivary buffering capacity
were expressed as median (minimum–
maximum). A P-value <0.05 was considered
statistically significant.
Results
The results of the studied parameters
are presented in Tables 1 and 2. The stimulated
salivary flow rate and buffering capacity were
significantly lower in the visually impaired
children, whereas the salivary viscosity,
unstimulated flow rate, and pH were not
significantly different between the two groups.
Table 1 shows that the most frequent salivary
viscosity in both groups was watery pooling:
57.1% in visually impaired children and 67.5% in
visually healthy children. No visible pooling was
evident in 28.6% of the visually impaired children
and 22.9% of the visually healthy children, while
14.3% of the visually impaired children and
11.4% of the visually healthy children had thick
salivary viscosity.

Table 1. Salivary Viscosity in Visually Impaired
Children and Visually Healthy Children.

Table 2. Unstimulated Salivary pH, Flow Rate,
Stimulated Salivary Flow Rate, Buffering
Capacity in Visually Impaired Children and
Visually Healthy Children. Data are expressed as median
(minimum–maximum)

Table 2 shows the results (median
[minimum–maximum]) for stimulated salivary flow
rate, pH, unstimulated salivary flow rate, and
buffering capacity. The unstimulated salivary flow
rate was lower in visually impaired children (1.80
[0.10–6.50]) than in visually healthy children
(1.90 [0.3–10.25]), the unstimulated salivary pH
was lower in visually impaired children (6.87
[5.95–7.97]) than in visually healthy children
(7.06 [6.04–7.86]), the stimulated salivary flow
rate was lower in visually impaired children (2.50
[0.30–14.10]) than in visually healthy children
(5.00 [0.75–14.25]), and the salivary buffering
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capacity was lower in visually impaired children
(5.95 [2.61–6.94]) than in visually healthy
children (6.60 [4.73–7.7]).
Discussion
Analysis of the saliva characteristics of
visually impaired children is needed because
these characteristics are associated with the oral
condition.9,10,11 Saliva is secreted by salivary
glands, which produce difference kinds of mucus.
The parotid glands secrete serous saliva, the
submandibularis glands secrete seromucous
saliva, and the sublingualis and minor salivary
glands secrete mucus. In the unstimulated
condition, the minor salivary glands produce
almost all the saliva,7,8,11 and this condition is
most common at night or in the dark phase.7,8 A
limitation or absence of light entering the
hypothalamus also causes a limitation in the
motor responses of these glands. The
suprachiasmatic
nucleus
(SCN)
in
the
hypothalamus is associated with the sympathetic
preganglionic neurons that organize the minor
salivary glands. Low light conditions therefore
decrease the salivary flow rate, pH, viscosity, and
buffering capacity.5,8 This is important for visually
impaired children, who are reported to have a
dark phase that is longer than the light phase.4
The children participating in this study were
aged 7–12 years old. At 7 years old, children
have complex emotions, but they have ability to
form friendships, pay attention, and perform
systematic tasks. At age 12, they are entering
puberty, which can affect hormone levels and
saliva secretion.12 Children who use dentures
were not included because dentures can
compress the salivary glands. Children taking
medications were not included because
medications can affect saliva secretion. In
addition, when children are sick, they secrete
thicker saliva. 13
Saliva was collected using spitting methods
one hour after the previous meal in the morning
to minimize circadian rhythm effects. According
to the Stephan curve, salivary pH will affect
plaque pH, and salivary pH will return to the initial
pH after one hour. Spitting methods were
selected because less evaporation occurs than
with other methods.6,14
The buffering capacity of stimulated whole
saliva is determined by the levels of bicarbonate
and phosphate ions.15,16 Electrometric methods
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were used to determine salivary buffering
capacity in this study because these methods are
easier than the Ericsson and colorimetric
methods. Colorimetric methods sometimes give
inconclusive results, as the color reaction
depends on the time the saliva remains in
contact with the strip or solution.16,17 The results
also depend on the visual perception of individual
researchers. The Ericsson method is not
practical for use as a chair-side test, and the
saliva needs special handling for transport to an
analytical laboratory.16
Conclussions
Visual acuity affects the composition of
saliva secretions. The salivary flow rate, pH, and
buffering capacity are lower in visually impaired
than in visually healthy children.
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