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Background and Objectives: To evaluate and compare the salivary calcium, phosphate, amylase, 
total protein concentrations, flow rate, pH and buffering capacity before and during orthodontic 
treatment. 
Methods: Salivary samples were collected from 40 individuals in the age group of 15-25 years 
having malocclusion and comparison of salivary calcium, phosphate, amylase, total protein 
concentrations, flow rate, pH and buffering capacity was done 45 days after beginning the 
orthodontic treatment. 
Results: Salivary alpha-amylase, calcium, and phosphate concentrations were higher in patients 
undergoing orthodontic treatment as compared to those patients before starting treatment. 
Interpretation and Conclusion: The salivary parameters such as pH, buffering capacity, flow rate 
were significantly reduced in patients undergoing orthodontic treatment whereas parameters such as 
total protein concentration, salivary calcium, phosphate and amylase were increased. 
 
  

  
 
 

 
 
 
 
 
 

 
 

 
 

 

 
 

 
 

 
 

 
 
 
 
 
 
 
 

 
 

 
  
 

 
 

INTRODUCTION 
 

Patients generally seek orthodontic treatment for aesthetics, 
health of periodontal and dental tissues, and occlusion, as well 
as for reasons of self esteem. In order to treat malocclusion it is 
of utmost importance to ascertain the changes in the oral 
environment during therapy1. Fixed orthodontic intervention 
therapy poses challenge for the patients in terms of oral 
hygiene maintenance leading to plaque accumulation, causing 
inflammation in the gingival tissues as well as demineralisation 
of teeth and white spot formation. Saliva is an oral fluid that 
can be collected by non invasive means and it has beneficial 
effects to the oral health by virtue of its flow, buffering 
capacity, pH and other various factors. 2 & 3 Individuals seeking 
orthodontic treatment may have altered salivary pH, buffering 
capacity 1 & 4 ultimately leading to variation in amylase, 
calcium and phosphate contents.1 Alpha- amylase of saliva 
cleaves alpha (1-4) glycoside linkage in starch and glycogen 
which helps in dissolution as well as removal of starch 
containing food debris that gets accumulated surrounding teeth 
as well as oral mucosa.5 It can further interact with several 
types of streptococci enhancing bacterial adhesion. Pellicle 
formulated   on the orthodontic modules is a harbour of 
salivary proteins as well.6 Salivary fluid is a good source of 
calcium and phosphate ions which induces dissolution of 

calcium hydroxyappatite which is the key inorganic component 
of teeth.7, 8 & 9 Such ions have a vital role for post eruptive 
maturation of enamel, thus allowing remineralisation of 
incipient carious lesion.10,11&12 As scarcity of studies relating 
changes in salivary parameters and demineralisation of enamel 
during orthodontic treatment was observed this study was 
planned with the null hypothesis that there is no difference 
between salivary parameters at baseline and 45 days after 
orthodontic treatment.  
 

MATERIALS AND METHODS 
 

This prospective observational study was planned in the 
Department of Orthodontics and Biochemistry.  Study was 
started only after receiving Ethics committee approval. A total 
of 40 participants having an age range of 15-25 years, & 
willing to undergo orthodontic treatment were selected, their 
follow up were conducted till their next appointment which had 
a minimum time interval of 45 days after start of orthodontic 
treatment. All the participants were given participants 
information sheet regarding study.  
 

Participants having any systemic or some local disease that 
affects secretions of saliva as well as participant who require 
special health care needs such as the ones who were medically 
indigent, participants with smoking habit, poor oral hygiene, 
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active caries or periodontal disease, previous orthodontic 
treatment and those who did not wish to provide informed 
consent were not included in the study. All subjects were 
treated with a straight wire technique using MBT, 0.022-inch-
slot brackets (3 M Unitek, Monrovia, California, USA) on both 
the maxillary and the mandibular arches. Before the beginning 
of treatment, all patients underwent meticulous professional 
oral hygiene at the Department of Periodontology.  Oral 
hygiene instructions were given after fixed appliance 
placement. 
 

Salivary Analysis 
 

Salivary sample collection was carried out by using sterile test 
tubes twice, before and 45 days after starting the orthodontic 
treatment. The participating individuals were instructed to 
avoid eating/drinking anything for at least one hour before 
collection of saliva and were asked to rinse the mouth 
thoroughly 10 min before collection of saliva. All the salivary 
samples were collected in the morning session between 10 am 
to 11-30 am. Total of 4-5ml of saliva was collected and stored 
in the eppendorf tubes. 
 

The pH was measured using pH meter after which the salivary 
sample was titrated with 0.1N HCL which determined the 
buffering capacity.13& 14 Also the flow rate was calculated by 
measuring the amount of saliva (ml) collected per minute. The 
lower lip was dried, and the time(s) taken for a salivary droplet 
to form was recorded. 
 

The collected salivary samples were stored at 4 ºC till they 
were subjected to analysis. Care was taken that the analysis of 
the saliva sample was carried out on the same day. The entire 
saliva sample collected was subjected to centrifugation at 5000 
rpm for 5 min. The Estimation of the parameters such as total 
protein, calcium, phosphates and amylase was done using auto- 
analyser and observations were recorded in Microsoft excel 
sheet which was subjected for statistical analysis.  
 

Descriptive statistics included mean, standard deviation and 
Standard error mean. Values were determined for each of the 
test groups. T-Test for pair wise comparisons for both groups 
was performed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Significance for all the statistical tests was predetermined at a 
p-value of 0.05 or less. 
 

RESULTS 
 

In the present study, equal number of male and female 
participants were involved, 20 each, with mean age of 17 years. 
Since no statistically significant differences were found 
between males and females, data were combined for sex. 
 

All the salivary parameters such as pH, buffering capacity, 
flow rate showed statistically significant differences before and 
45 days after starting fixed orthodontic treatment. Similarly 
statistically significant differences were found for salivary 
calcium, phosphate and amylase levels in both control group 
and study group. 
 

DISCUSSION 
 

Saliva performs a multiplicity of roles within the oral cavity, 
and like many things in life, its importance is usually not 
appreciated until it is absent. Saliva has an important role to 
protect the oral health. 10 and 15 

 

Flushing (clearance and exposure) of the soft and hard tissues, 
as well as salivary constituents, such as pH-regulatory 
components, inorganic acids and carbohydrates, affecting 
microbial growth and colonization are important functions 
carried out by saliva. 10, 15&16 Resting/ unstimulated, stimulated 
whole saliva secretion and glandular salivary secretion are 
routinely employed methods for the collection and analysis of 
saliva.17 Unstimulated whole saliva mimics basal salivary flow 
rate and is the secretion that provides protection to oral tissues 
and is present for about 14 hours a day.1 Factors such as diet, 
gender, age as well as stress related conditions can also alter 
flow rate of saliva. So the method of saliva collection was 
chosen to be unstimulated in participants having similar dietary 
habits being permanent residents.  
 

Dawes et al 18 reported wide range of flow rate for unstimulated 
salivary samples but it averages 0.3-0.4 ml per min. Also the 
evidence of hypo-salivation was considered if it is less than 0.1 
ml per min. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 The mean scores, standard deviations and standard error for salivary parameters before orthodontic treatment (control 
group) and 45 days after orthodontic treatment (study group). 

 

Salivary 
Parameters 

Mean 
Std. 

Deviation 
Std. Error Mean 

Control Study Group Control Study Group Control Study Group 
pH 7.0180 6.4261 0.23758 0.27064 0.03710 0.04227 

Buffering Capacity 5.7023 5.1861 0.21202 0.16515 0.03311 0.02579 
Flow rate 0.4754 0.3968 0.06201 0.06784 0.00968 0.01059 

Total Protein 0.2417 0.6624 0.07553 0.10156 0.01180 0.01586 
Calcium 3.6088 7.4244 0.93053 1.25756 0.14532 0.19640 

Phosphate 4.2927 18.2439 2.44176 5.26679 0.38134 0.82253 
Amylase 50731.70 67932.43 29426.08 32370.69 4595.58 5055.45 

 

Table 2 Paired t-test for salivary parameters for study and control group. 
 

Salivary 
Parameters 

Mean 
Difference 

Standard 
Deviation 

Standard 
Error Mean 

95% C.I. of Difference 
t 

Significance 
(2-tailed) Lower Upper 

pH 0.59 0.27 0.04 0.50 0.67 13.80 0.000 
Buffering Capacity 0.51 0.14 0.02 0.47 0.56 23.19 0.000 

Flow rate 0.07 0.04 0.006 0.06 0.09 11.89 0.000 
Total Protein 0.42 0.04 0.007 0.43 0.40 55.72 0.000 

Calcium 3.81 0.72 0.11 4.04 3.58 33.66 0.000 
Phosphate 13.95 3.91 0.61 15.18 12.71 22.84 0.000 
Amylase 17200.73 31213.24 4874.68 27052.84 7348.61 3.52 0.001 
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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.18- 21 

 

Significant decrease in salivary pH and buffering capacity was 
reported by Teixira et al1. And Kanaya et al 22 which was in 
accordance to our present study whereas Chang et al 23 reported 
increased buffering capacity in study group. In 1978 Neil 24 

reported optimum buffering capacity range which is 3-30 mg 
per 100 ml. The buffering capacity is crucial for dental erosion, 
caries and micro biota ecology as a pH below 5.5 creates an 
environment of demineralisation and supports bacteria 
dysbiosis characterised by acidophilic and aciduric bacteria.25 

and 26 This decreased pH and buffering capacity makes the tooth 
more prone to demineralise and caries hence preventive 
measures should be taken. 
 

One important aspect of saliva is its contribution to 
remineralisation of the teeth as well as preventing 
demineralisation by buffering. 27  After each intake of food, the 
pH in dental plaque drops and remains at that state until soluble 
carbohydrates are cleared from the oral cavity, and the acid 
produced from bacteria are neutralized (buffered).                
The magnitude and the time period below the tooth tissue, 
critical pH are determined by the amount of acid produced by 
bacteria, by the buffer capacity of the saliva, and saliva 
flushing. 
 

Helmerhost and Oppenheim28 reported 309 proteins which 
comprised major salivary proteins amounting to 95% acidic 
and basic proline rich protein along with amylase and other 
minor amounts of glycol protein, agglutinin, cystatine, 
hystatins, and statherins were also observed.  
 
In our study mean salivary total protein was 0.247 before 
starting fixed orthodontic treatment while it was increased to 
0.66 during orthodontic treatment. This finding was coinciding 
with the study of Teixira et al1 who reported increase in total 
protein level 0.189 in experimental group of orthodontic 
patients as compared to control group. Similar increase in total 
salivary protein level with active caries than caries free 
individuals was reported by Tulunoglu et al 29 and Preethi                       
et al.30 Salivary calcium and phosphate helps in post eruptive 
maturation of enamel and aids in precipitation/ dissolution of 
hydroxyappatite of enamel. 
 

In our study, there was increase in salivary calcium upto7.42  
in study group who were the participants undergoing 
orthodontic treatment as compared to control group wherein 
salivary calcium was 3.60  for the participants before 
orthodontic treatment. This was in contradiction to the finding 
of Teixira et al1 who reported lower concentration of calcium 
ions in saliva in experimental group as compared to control 
group. 
 

Increased Salivary calcium concentration may be due to 
demineralisation of teeth and fixed orthodontic treatment. 
Salivary calcium influences the precipitation or dissolution of 
hydroxyapatite of enamel. 31and 32 

 

Calcium ion concentration is highly dependent on pH and 
salivary flow rate. It was reported that individuals who have 
low calcium concentration in saliva have reduced pH and hence 

they are more prone to demineralisation than those having 
higher concentration of calcium. As reported by Jenkins, 8 as 
the flow rate increases the calcium ion concentration of saliva 
also increases. Saliva containing calcium and phosphate acts as 
a source of essential ion31, 33 & 34. Under such conditions, 
process of remineralisation predominates than 
demineralisation. Plaque receives calcium and phosphorous 
from the residual saliva, thereby initiating the cycle of caries. 
Phosphate ions serve to maintain salivary pH and these ions are 
present in the form of   PO4

3- ions. So when the pH becomes 
highly acidic this ion gets converted into HPO4

2- and then 
H2PO4- thus it acts as one of many salivary buffers. So saliva is 
not saturated with phosphate, chances for enamel dissolution 
and release of phosphate ion increases.35 

 

In our study, mean salivary phosphate was 4.29 before 
orthodontic treatment while it was increased to 18.24 during 
the orthodontic treatment. This high salivary phosphate 
concentration can lead to dissolution of hard tissue in the oral 
cavity in the presence of saliva. Thus the balance between 
remineralisation and demineralisation depends on salivary 
calcium and phosphate concentration so it is important that 
calcium and phosphate be saturated in saliva so as to have its 
effect on demineralisation and remineralisation.  So when the 
teeth are constantly bathed in saliva, it acts as a lubricant, 
buffer and ion source of calcium and phosphate which are 
important for remineralizing initial carious lesion. 
 
Saliva assists in digestion through amylase and also serves as a 
reservoir for ions (calcium, phosphorous) for remineralisation. 
And further through balance between pH and buffering factors 
influence the redistribution of ions between enamel 
demineralisation and remineralisation. 
 

Salivary amylase levels in our study were raised significantly 
in study group 67932.43 whereas it was 50731.70 in control 
group. This was congruent with study of teixeria et al1 who 
also reported increase in salivary amylase in experimental 
group as compared to control group. 
 

Amylase is the enzyme which is of salivary origin which clears 
carbohydrate debris. It plays a leading role in colonisation as 
well as metabolism of streptococci, enhancing formation of 
dental plaque and caries.36 

 

Acquired pellicle contains amylase and hence is available to act 
as receptor for adhesion of micro-organisms to tooth surface. 
Patients seeking orthodontic treatment may be more prone to 
demineralization as the mean salivary and buffering capacity 
was diminished in experimental group. 
 

Hence preventive measures such as hygiene, diet advising, 
topical fluoride application and prophylaxsis should be 
accounted. 
 

CONCLUSION 
 

Salivary alpha-amylase, calcium, and phosphate concentrations 
were higher in patients undergoing orthodontic treatment as 
compared to those patients before starting treatment.  
 

The outcome of the study elicits the fact that salivary calcium, 
phosphate and alpha amylase concentrations are influenced by 
the changes in the oral environment due to presence of 
orthodontic brackets in the oral cavity for a longer period. 
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However, clinical interpretation of the results obtained in the 
present study should be made carefully as it involved only few 
of the host factor components of the multifactorial process due 
to wearing of fixed orthodontic appliances.  
 

This study is of importance to orthodontist as fixed orthodontic 
appliances are a part of routine orthodontic treatment for 
correction of malocclusion but at the same time, it may be 
associated with difficulty in maintaining good oral hygiene, 
and hence further may lead to tooth demineralisation.           
This study also evaluates the role played by a host protective 
factor, ‘saliva’, in the protection of teeth by maintaining 
balance between demineralisation and remineralisation through 
various ions such as calcium, phosphorous, amylase and basic 
salivary parameters. The salivary factors evaluated here may 
prove to be useful measures of dental health experience in 
orthodontic patients and lead to target preventive measures 
appropriately.  
 

Since the proportion of the salivary contents is more important 
in susceptibility or resistance to tooth demineralisation, further 
evaluation of factors related to immunity of host will be of at 
most importance for salivary parameters evaluations in 
participants undergoing orthodontic treatment.  
 

Summary 
 

The present study was conducted on 80 salivary samples of 40 
participants, with 40 saliva samples before starting orthodontic-
treatment and 40 saliva samples, 45 days after starting fixed 
orthodontic appliance treatment. The participants were aged 
between 20-30 years. The main objective of this study was to 
evaluate and compare the salivary calcium, phosphate, 
amylase, total protein concentrations, flow rate, pH and 
buffering capacity before and during Orthodontic treatment 
with fixed appliances.  
 

Salivary parameters 
 

1. Mean salivary pH, buffering capacity and salivary flow 
rate were reduced in participants who were undergoing 
fixed orthodontic appliance treatment.  

2. Salivary total proteins, calcium, phosphates and amylase 
levels were raised in the participants who were undergoing 
fixed orthodontic appliance treatment as compared to the 
same participants before starting orthodontic-treatment.  

3. Paired t-test for all the salivary parameters was found to be 
statistically highly significant when compared before and 
during orthodontic treatment. (p<0.001)  
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