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Objective: To evaluate qualitative and quantitative changes in the saliva of individuals undergoing orthodontic 
treatment with fixed appliances. 

Methods: Salivary samples were collected from 50 individuals divided in two groups: Experimental Group – pa-
tients with fixed orthodontic appliances (n=25); and Control Group – subjects with no orthodontic appliances 
(n=25). Salivary flow rate, pH, buffering capacity, amylase activity, concentrations of total proteins, calcium and 
glucose were measured in all salivary samples. 

Results: There was a reduction in salivary pH and buffering capacity and an increase in the concentration of cal-
cium ions in the experimental group (p<0.05); there was also an increase in glucose, amylase and protein concen-
trations in the saliva of the Experimental Group, but the differences were insignificant. There was insignificant 
correlation between calcium ion concentration and salivary flow or between buffering capacity and salivary flow. 

Conclusion: The saliva of individuals with fixed orthodontic appliances had lower pH, buffering capacity and cal-
cium concentration than that of individuals without any type of orthodontic appliance. These oral changes are 
enough to cause tooth demineralization. Patients with orthodontic appliances should adopt additional oral hy-
giene procedures. 
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introduction
Saliva is a complex mixture of fluids produced 

by the salivary glands and the gingival crevice, as 
well as bacteria, leukocytes and exfoliated epithelial 
cells.6,9,10,11,13,29 Its composition varies according to the 
flow, nature and duration of stimuli, plasma composi-
tion and time of the day when it is collected.25

Water (99%) is the main component of saliva, and 
the remaining 1% is of inorganic and organic compo-
nents.13 The inorganic elements that play the most 
important role in osmolarity of saliva are sodium, 
potassium, chloride and bicarbonate. Saliva is always 
hypotonic in relation to plasma. The main organic el-
ements are salivary amylase, proteins (lysozyme, lac-
toferrin, secretory immunoglobulins, peroxidase and 
agglutinins), peroxidase complex (peroxidase and my-
eloperoxidase) and agglutinin. They have antimicro-
bial functions, inhibit calcium and phosphate precipi-
tation, have bactericidal or bacteriostatic effects, and 
segregate bacteria, which facilitates their removal.11

The diverse composition of human saliva explains 
its several functions, such as the contribution of sali-
vary amylase to digestion, protection of hard and soft 
tissues, cleansing of the oral cavity, neutralization 
and buffering of acids found in foods, and participa-
tion in bacterial metabolism, demineralization and 
formation of pellicle. Saliva is also responsible for 
maintaining the biological balance in the oral cavity 
since the salivary flow continuously removes bacteria 
from the teeth surfaces and mucosa. Another impor-
tant salivary function is maintenance of a relatively 
neutral pH in the oral cavity what is mostly done by 
the bicarbonate system.10,20,27

Saliva is a fluid that may be easily collected by 
stimulation, and has been used in medicine as a 
diagnostic tool for certain diseases.20 In dentistry, 
it has been studied as a tool for periodontal diag-
nosis,15 to monitor patients with final stage kidney 
disease17 and to assess the risk of caries in orth-
odontic patients.30 Salivary tests are useful both in 
planning preventive measures and in the evalua-
tion of the results of treatment.25

Orthodontic treatments using fixed appliances in 
a healthy oral cavity may induce the continuous ac-
cumulation of bacterial biofilm, which compromises 
oral hygiene, affects oral microflora, produces lesions 
in the oral mucosa, worsens periodontal diseases and 

consequently causes infection.3 These factors may 
promote dental enamel demineralization and biofilm 
formation,24 which increases the risk of caries.7 

In particular, metal brackets and orthodontic 
bands induce specific changes in the oral environ-
ment, such as decreases in pH and increases in the 
amount of biofilm.2,4,8,23

The protective characteristics of saliva against 
caries are a result of the salivary flow, of its buffering 
capacity and of its calcium and phosphate concentra-
tions, and well as of several antibacterial systems.6 The 
process of eliminating sugar is affected by the salivary 
flow. The increase in salivary flow results in faster di-
lution of substances in the oral cavity.18

The evaluation of the risk of developing caries or 
forming dental calculi depends on the salivary com-
position of each individual. These diseases may lead 
to serious complications for the patient and may put 
at risk the esthetic, functional and health benefits of 
orthodontic treatments, requiring a premature re-
moval of the appliances. Therefore, the characteristics 
of saliva of individuals under treatment using fixed 
orthodontic appliances should be studied.

This study evaluated whether the saliva of individ-
uals being treated with orthodontic fixed appliances 
undergoes qualitative and quantitative changes. The 
following factors were evaluated: Salivary flow rate 
(SFV), salivary pH, salivary buffering capacity (SBC), 
amylase activity, total proteins, calcium and glucose. 

Material and Methods
This study was evaluated and approved by the Eth-

ics in Research Committee for Studies with Human 
Beings of Pontifícia Universidade Católica do Paraná 
(PUC-PR) under no. 1818/08.

Fifty people (18 male and 32 female) aging from 
15.8 to 25.2 years were selected among individuals that 
sought dental care at the Dental Clinic of PUC-PR. The 
Experimental Group was composed of 25 individuals 
that were currently under treatment with fixed orth-
odontic appliances, and the Control Group was com-
posed of 25 individuals with no orthodontic appliances. 
Patients, in the 3 months immediately before the begin-
ning of the study, that were diagnosed with debilitating 
diseases, that were under current treatment with drugs, 
that smoked, that were users of mouthwash or that had 
dental prosthesis were excluded from the study.
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The saliva sample was collected in the morning (be-
tween 8 and 11 a.m.) to avoid circadian rhythm varia-
tions, and was collected through the method of spit-
ting. The saliva was collected after mechanical stimu-
lus by chewing a piece of sterile latex tubing. During a 
controlled time, the subject continuously chewed and 
spat saliva into a sterile universal container. 

The containers with the samples were placed in a 
Styrofoam box with ice and sent to the Biochemistry 
Laboratory of the Center for Biological and Health 
Sciences of PUC-PR for the salivary tests. 

To evaluate saliva, colorimetric enzymatic kits 
(Labtest Diagnóstica®, Lagoa Santa, Brazil) were used 
according to the instructions of manufacturer to 
prepare biochemical samples. Readings were made 
using a Bio Plus spectrophotometer (Perkin-Elmer, 
Norwalk, CT). The following parameters were evalu-
ated: Salivary flow rate (SFV), salivary pH, salivary 
buffering capacity (SBC), and concentrations of glu-
cose, total proteins, calcium and salivary amylase.

All variables in both groups were analyzed for nor-
mality. Upon normality distribution, Student’s t test 
for independent samples was used, but when at least 
one of the variables was not normally distributed in 
both groups, Mann-Whitney’s U test was used.

Results
Table 1 shows the mean values, standard deviations 

and the statistical analysis of the variables studied. 

Mean values of protein concentration, salivary flow 
and glucose in the control group were lower than on 
the experimental group.

The Kolmogorov-Smirnov test for normal-
ity was used for all variables. In the experimental 
group, the variable calcium was not normally dis-
tributed, and in the Control Group, the variable 
buffering. For the variables protein, amylase, pH, 
salivary flow and glucose, which had a normal dis-
tribution in the Experimental and Control groups, 
the Student’s t test for independent samples was 
used (Table 1). The group without fixed orthodon-
tic appliances had an average of pH greater than 
the group with appliances (p<0.05).

The Mann-Whitney’s U test was used for the vari-
ables calcium and buffering capacity, which were not 
normally distributed in the experimental and control 
groups (Table 1). In the Control Group, mean calcium 
concentration and buffering capacity were greater 
than in the experimental group (p<0.05). 

Discussion
Saliva plays an important role on caries develop-

ment because of its participation in the dilution of 
substances in the oral cavity, mechanical cleansing, 
post-eruptive maturation, demineralization and rem-
ineralization of dental enamel, pellicle formation, an-
timicrobial action and buffering of acids produced by 
biofilm and foods.1,11,21

Variable Experimental group Control group p Value

Proteins 0.189 (0.076) 0.184 (0.095) 0.8307 

Amylase 7.861 (0.035) 7.857 (0.045) 0.7015 

Calcium 2.186 (0.734) 4.865 (1.334) 0.0000*

pH 6.885 (0.268) 7.104 (0.298) 0.0089*

Buffering capacity 2.346 (0.533) 2.698 (0.526) 0.0126*

Salivary flow 0.785 (0.353) 0.754 (0.235) 0.7207 

Glucose 0.241 (0.158) 0.189 (0.064) 0.1343 

Table 1 - Mean and standard deviation values of the variables of the control and experimental groups and statistical analysis.

* Significant differences (p<0.05).
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The saliva buffering capacity, defined as salivary 
resistance to pH changes, is assigned to carbonate-
bicarbonate systems, phosphates and proteins.6,25 The 
bicarbonate system is responsible for about 85% of the 
buffering capacity in the pH range of 7.2 to 6.8. When 
the salivary flow rate increases, the concentration of 
bicarbonate ions also increases.9,10,11,25

In the group using orthodontic appliances, there 
was a significant decrease in salivary pH and buffering 
capacity (p<0.05). These results are similar to those 
reported by Kanaya et al,14 who found a pH decrease 
in individuals that underwent orthodontic treatment. 
On the other hand, Chang, Walsh and Freer7 suggested 
an increase on the salivary buffering capacity after the 
placement of orthodontic appliances, but their sub-
jects had appliances for a shorter time.

Patients under orthodontic treatment may be 
more prone to tooth demineralization since the mean 
salivary pH and the buffering capacity were dimin-
ished on the experimental group. Consequently, pre-
ventive measures should be taken since there is a di-
rect association between pH and salivary buffering 
capacity decreases and increased risk of caries.

The concentration of calcium ions in saliva was dif-
ferent between the groups (p<0.05) and lower on the 
Experimental group. Individuals with a low calcium 
concentration in saliva have a lower pH and, therefore, 
a greater susceptibility to demineralization than indi-
viduals that have higher concentrations of calcium.1

The calcium concentration in saliva is highly de-
pendent on pH and salivary flow rate. According to 
Jenkins,13 there is an increase in the concentration 
of saliva of calcium ions when the flow rate is higher. 
However, some other authors have found that the 
concentration of calcium ions decreases as salivary 
flow rates increase.11,18 In our study, there was no sig-
nificant correlation between calcium ion concentra-
tion and salivary flow rate or between salivary flow 
rate and buffering capacity.

Some authors7,12,14,30 found an increase in the 

salivary flow rate of individuals with fixed orth-
odontic appliances. In our study, the experimental 
group also had a greater salivary flow rate, but the 
difference was insignificant. 

A positive correlation between salivary flow rate 
and buffering capacity has been reported by several au-
thors.5,11,16,22,28 Our data differ from their results since an 
insignificant correlation was found between the groups 
studied. Laine and Pienihakkinen19 also did not find any 
correlation between these two variables. Moreover, a 
greater glucose concentration was found in the saliva 
of the experimental group, even though this difference 
was not significant, in accordance with reports by Fors-
berg, Oliveby and Lagerlöf12. These finding may be as-
sociated with the increased salivary flow rate.

Salivary amylase, an enzyme that has the main 
function of starting the digestion of starch and 
proteins (the main organic components of saliva11) 
was elevated in the experimental group. However, 
when compared with the control group, this in-
crease was insignificant.

The factors associated with the risk of caries, such 
as buffering capacity, concentration of the calcium 
ions and salivary pH, were altered in the group with 
fixed orthodontic appliances, what suggests that orth-
odontic treatment may have an effect the intraoral en-
vironment. Because of the long time that fixed appli-
ances remain in the mouth, our findings suggest that 
preventive measures, such as hygiene, diet advising, 
topic fluoride application and prophylaxis should be 
adopted for orthodontic patients.

Conclusion
In this study, individuals with fixed orthodon-

tic appliances had lower salivary pH, buffering ca-
pacity and calcium concentration than individuals 
without appliances. Patients with fixed orthodon-
tic appliances had oral changes that might result 
in tooth demineralization and, therefore, should 
adopt additional oral hygiene procedures. 
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