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Effects of the fixed orthodontic therapy on biochemical and microbiological
parameters of saliva

YTuiaj puxcHe OPTOAOHTCKE TEpamnuje Ha OMOXEeMH]jCKe U MUKPOOHOJIOIIKE

napaMeTpe IJbYBauKe

SUMMARY

Introduction/Objective Malocclusions are one of the most
frequent disorders in dentistry. They pose a risk for the onset
of caries and periodontal diseases. Fixed orthodontic
treatment solves the problem of malocclusions; however, it
requires the cooperation of patients, parents and dentists at
the same time. The goal of this study is to examine the
effects of fixed orthodontic therapy on the Streptococcus
mutans and Lactobacillus spp bacteria in saliva, the pH and
buffering capacity of saliva.

Methods The research was carried out at the Faculty of
Medicine in Foc¢a, Department of Dentistry. The study
included 100 respondents, aged 13 to 17. The respondents
were divided into two groups: the study group (respondents
wearing fixed braces) and the control group (respondents not
subjected to fixed braces therapy). Saliva samples were
taken from respondents 4, 12 and 18 weeks respectively
after the start of the orthodontic therapy. The study used the
CRT bacteria test and CRT buffer (Ivoclar vivadent).
Results The study showed the increased amount of bacteria
in the saliva of respondents during all* three follow-up
periods (x* test, p = 0.001). The largest numbers of the
Streptococcus mutans and Lactobacillus spp bacteria were
found in week 12 of the therapy. The saliva pH value and
buffering capacity of saliva ~increased significantly
statistically in week 12/0f the therapy (x* test, p-= 0.001).
Conclusion Oral conditions in patients-changed during the
fixed orthodontic therapy: the numbers of bacteria increased,
the. pH and buffering capacity of saliva changed. It was
necessary to use preventive measures in order to prevent
complications/ during )the fixed orthodontic appliances
therapy.

Keywords: malocclusion, Streptococcus mutans, bacteria

INTRODUCTION

CAXKETAK

YBon/umip Manokiny3uje MpencTaBibajy jemaH of Haj-
yemhux nopemehaja y CTOMaTONOTHjH, a YjeJHO IPEaCTa-
BJbAJy M PHU3UK 3a HAacTaHAaK Kapujeca M IapOAOHTAIHHIX
obonema. OUKCHAa OPTOIOHTCKA TEpanuja pernraBa Mpodsiem
MaJIOKIIy3Hje, alli HCTOBPEMEHO 3axTeBa capaimy ; KaKo
MAaLUjeHTa, TaKo U poAMTesha W croMaronora. I{uwmb osor
pama 6uo je ma ce uCIUTAa yTHi@E] (DUKCHE OPTOHOHTCKE
Tepanuje Ha KonuuuHy Oakrepuja Streptococcus mutans u
Lactobacillus spp y mpyBauku, pH u mydepcku kamamurer
IJbYyBa4Ke.

Metone UcrpakuBame je paheHo Ha MeqUIIHCKOM
¢daxynrery y @DouH, oncek croMaroioruja. Y CTymuju je
yuectBoBano 100 mcnuraHmka, y3pacta 13—17 roauHa.
VicouTaHHIM Cy TOJCJbEHH Ha CTYIHjCKY IpyIy (MCIHMTaHHU-
L1 KOjU HOCe (PUKCHHU OPTOMOHTCKH amapar) W KOHTPOJIHY
rpymy (ucnutaHuny 6e3 ¢ukcHe Tepamnuje). Mcnuranunmuma
Cy y3UMaHH Y30pLH IJbyBauke HaKkoH 4, 12, u 18 Hexespa of
ITOYeTKa  OPTOJOHTCKE Tepanuje.yY CTyOuju je KOPHUIITEH
CRT 6aktepuja rect u CRT mydep (MBokiap BUBaJCHT).
Pesynratn Cryamja je mnokazana mnoBehaHy koawmduHy
OakTeprja y IUbYBayKd HCIUTaHWKA y CBa TpH Tmpareha
neproga (y° Tect, p = 0,001). Hajeeha konmumna 6akrepuja
Streptococcus mutans u Lactobacillus spp uabena je y 12-0j
HenmesbM Tepamuje. PH BpenHocT mbyBauke M IyQepcKu
KaraluTeT MUbYBavyKe Cy CTaTHCTMYKM 3Ha4yajHO noBehanu y
12-0j Henesbu Teparmje (¢ Tect, p = 0,001).

3ak/pyuyak TokoM (UKCHE OPTOJOHTCKE Tepamuje Memwajy
Ce YCJIOBH Yy yCTHMa TMalMjeHTa: moBehaHa je KOJMYMHA
Oakrepuja, 1oja3u 1o nmpomeHne PH BpexHocTH 1 Mydepckor
Karmanurera  IUbyBauke. HEONMXOZHO je  KOPHCTHUTH
MPEBEHTHBHE MEpe Kako OW ce Chpedmsie KOMILUIHKAIH]e
TOKOM Teparnije GUKCHUM OPTOJOHTCKUM anaparuma.
Kbyune pujeun wmanokmysuja, Streptococcus mutans,
Oaktepuja

Saliva is the main defense mechanism in the oral cavity and is a major factor for

preserving and maintaining the health of oral tissue. Chemical properties of saliva are
affected by local factor in the oral environment and general health of individual. The physico-
chemical properties of saliva determine the progress of orthodontic treatment and its adverse
effects in an orthodontic patient.

Malocclusion is one of the most frequent dental disorders and increases the risk of the
onset of caries and periodontal diseases [1]. The placement of orthodontic brackets and bands

may compromise oral hygiene, because new retentive places are formed resulting in
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increased accumulation of dental plaque leading to gingival inflammation [2]. Orthodontic
treatment may solve the problem of malocclusion, but it increases the risk of caries onset and
the severity of this lesion may range from a white spot on a tooth or demineralization to the
loss of integrity of the enamel surface and the onset of a cavity [3]. Studies report that the
prevalence of white spot lesions during orthodontic treatments ranges from 30 to 70% [3, 4].
The changes in salivary parameters such as the decline in the pH and buffering capacity of
saliva may contribute to the demineralization of enamel and increase the susceptibility of
teeth to the onset of caries [5].Amongst various microflora in the mouth the Streptococcus
mutans bacteria is the main culprit for the onset of caries. The. presence of these
microorganisms at high levels indicates an increased risk of caries. Caries is an undesirable
side effect of treatment with fixed orthodontic appliances. [6, 7].Patient undergoing
orthodontic therapy have oral ecological changes that lead to increased number of mutans
Streptococci in the saliva and dental plaque [8]. At the same time, the presence of the
Lactobacillus spp bacteria increases the-severity and incidence of caries [9]. Lactobacillus
spp is a secondary invasive bacteria and/is responsible for the progression of the caries

lesions.

The side effects of the  fixed. orthodontic therapy on oral health are described in
numerous studies [10, 11, 12]. The studies report that caries as a complication of fixed
orthodontic therapy is present in 2-96% of patients [13, 14]. Chang et al. [15] were amongst
the first who had examined the impact of the fixed orthodontic therapy on the salivary
microbiological parameters, pH and buffering capacity of saliva. Other authors too examined
the impact of the fixed orthodontic therapy on the salivary microbiological parameters, pH

and buffering capacity of saliva [16, 17].

The goal of this study was to examine the impact of the fixed orthodontic therapy on

the salivary microbiological parameters, pH and buffering capacity of saliva.

METHODS

The study was designed as a prospective cohort study. The research included 100
respondents who reported to the Faculty of Medicine in Foca, the study programme in
Dentistry during the years 2015 and 2016, who then underwent dental check-ups and were

diagnosed with malocclusions. The respondents were divided into two groups. The exposure
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group (the study group) consisted of 50 respondents who underwent the treatment of
malocclusion. The control group (the non-exposed group) consisted of 50 respondents, who
were also diagnosed with malocclusion, but did not receive treatment (financial means,
durability of treatment, patients are satisfied with the current positions of teeth). The criteria
for the inclusion in the study were: the presence of permanent dentition with other permanent
molars in place, good overall health condition of a patient, patients indicated as requiringthe
upper and lower fixed orthodontic appliances, without dental caries. The criteria. for the
exclusion from the study were periodontal diseases, patients with clefts, syndromes,and
orofacial diseases, patients who suffer from a chronic disease and receive a form of therapy

(diabetes mellitus, autoimmune diseases, and epilepsy).

The samples of saliva in the control group were collected several days after the dental
check-up (TO0). The samples of saliva in the study group were taken four, twelve and eighteen
weeks (T1, T2, T3) after the attachment of the fixed orthodontic appliances. The saliva pH,
buffering capacity, and quantitative presence of the Streptococcus mutans and Lactobacillus
spp bacteria were determined for every single patient. The respondents were instructed not to
consume any food and drinks for at least one hour before giving a sample of saliva and to
brush their teeth once, In.the morning, on the day of giving saliva samples. The respondents
were sitting in‘a dental chair slightly leaning forward and were chewing bilaterally a paraffin
ball for five minutes to stimulate saliva. Saliva was collected in sterile plastic cups for each
patient. A/ CRT bacteria test (lvoclar vivadent) was used to determine the quantitative
presence of bacteria. The agar carrier of the mentioned test was removed from the test vial
and NaHCOg tablet (for the purpose of ensuring anaerobic conditions) was placed at the
bottom of the vial. The nutrient base was moistened with a thin layer of saliva using a pipette,
to the amount of 1 ml. The agar carrier (the base) was carefully returned to the vial, which
was then firmly closed. The vials with the seeded base were incubated at 370C over 48 hours.
Thereafter the presence of the grown colonies on both seeded bases (CFU/ml of saliva) was
measured by way of comparison with the standardised scheme specified by the manufacturer.
The buffering capacity of saliva was determined using CRT buffer (Ivoclar vivadent,
Liechtenstein). The saliva pH value was determined using a digital pH meter (Funke Gerber
Germany, 4440 pH Type). The research is in compliance with the Helsinki Declaration. For
the purpose of the conduct of this study, the Approval No. 01-1142 was obtained from the

Ethics Committee of the Faculty of Medicine in Foca.
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The data were analyzed using descriptive and analytical statistics methods. y2 test and
Fischer's test for qualitative variables and Student's t test for quantitative variables were used

to determine the statistical significance between the two groups of respondents.
RESULTS

The study included 100 respondents, aged 13 to 17. The average age was 14.88+/-1.35.
The age group of 13 to 14 years old included 40% of respondents, 24% of respondents were
15 years old, while the remaining 36% of respondents were in the age group of 16 t0 17 years
old. Male respondents made up 48%, while female respondents made up 52% of the total

number of respondents.

The numbers of the Streptococcus mutans were significantly increased statistically
during all three periods of research when compared to the control group of respondents. The
largest numbers of the Streptococcus mutans bacteria were found after twelve weeks of
therapy (p = 0.001). The numbers of bacteria were reduced after eighteen weeks when
compared to week twelve of the treatment; however, a statistically significant difference still
existed when compared.to the control group of respondents (Tables 1). The numbers of the
Lactobacillus spp_bacteria were significantly increased statistically during all three periods of
research when compared to the control group of respondents. The largest numbers of the
Lactobacillus. spp bacteria were found after twelve weeks of therapy (p = 0.001). The
numbers of bacteria were reduced after eighteen weeks when compared to week twelve of the
treatment; however, a statistically significant difference still existed when compared to the

control-group of respondents (Tables 2).

The pH and buffering capacity of saliva significantly increased statistically twelve
weeks after the therapy when compared to the control group of respondents (p = 0.001). Four
and eighteen weeks after the orthodontic treatment no statistically significant difference was

found in comparison to the control group of respondents (Tables 3 and 4).

DISCUSSION

This research showed that statistically significantly increased numbers of the

Streptococcus mutans bacteria existed in the patients’ saliva after all 3 periods of study (four,

DOI: https://doi.org/10.2298/SARH1908060161 Copyright © Serbian Medical Society



Srp Arh Celok Lek 2020 | Online First March 4, 2020 | DOI: https://doi.org/10.2298/SARH1908060161 6

12, and 18 weeks after the orthodontic therapy). The study results show that the adverse
effects of the fixed orthodontic therapy occurred already four weeks after the treatment.
Chang et al. [15] presented similar results, where they also found statistically significantly
increased numbers of bacteria already in four weeks, and in three months after wearing the
braces. The authors detected the peak in the number of microorganisms in week four of the
therapy, unlike our research. This study shows that already in week eighteen of the therapy
the numbers of bacteria start to decline, which is a very significant piece of information when
it comes to planning preventive and prophylactic measures. The increased .numbers of the
Streptococcus mutans bacteria during the therapy may be explained by.the increased retention
locations following the attachment of the appliance, which is conducive to the accumulation
of plaque thus increasing the numbers of aciduric and acidogenic bacteria, which prefer hard
and uneven surfaces for their growth [18]. The results of this study are consistent with the
results of other authors [9, 17], who also found the increased numbers of bacteria during all
three follow-up periods, whereas they followed up on patients six, twelve and eighteen weeks
of the therapy. In addition, all these studies found the largest numbers of bacteria in week
twelve of the orthodontic therapy. When compared to our study the difference was the sample
size. Numerous authors suggest that white spots on teeth, as the start of a caries lesion, are
detected already four weeks after the orthodontic treatment, therefore we are of the opinion
that it is justified to start monitoring the changes in saliva after four weeks [19, 20, 21]. White
spot lesions on teeth, if left untreated, may progress into a lesion on a tooth and this entire

process progresses rapidly in orthodontic patients [22].

The study showed the statistically increased numbers of the Lactobacilus spp bacteria
in saliva in all three follow-up periods (four, twelve, and eighteen weeks after the orthodontic
treatment). The greatest value of the numbers of the bacteria were found in week twelve of
the therapy, while the decline in the numbers of the bacteria was found already in week
eighteen, which makes for a significant piece of information when planning preventive
measures. The study showed no statistically significant difference when it came to the sex
and age of patients. These results are consistent with the results of other authors [9, 17] who
also found the increased numbers of the Lactobacillus spp bacteria in all three follow-up
periods, with the highest value of the numbers of the bacteria found in week twelve of the
therapy. Chang and associates [15] followed the numbers of this microorganism in four
weeks and three months following the therapy and they found the greatest numbers of

bacteria in month three (week twelve) of the therapy, which matched the results of our study,
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as well as of other studies [17]. Other authors also found statistically significantly increased
numbers of this microorganism in week twelve of the therapy [23]. Eighteen weeks after the
treatment, the results showed that the numbers of this microorganism were declining when
compared to week 12, however the numbers were still statistically significantly increased
when compared to the control group of respondents. The week twelve may be regarded as the
period of the most intense growth of the Lactobacillus spp bacteria in the respondents’ saliva.
However, some authors found the statistically increased numbers of the Lactobacillus spp
bacteria in saliva six months after wearing the braces, while no statistically significant
difference was detected four and twelve weeks after the therapy in-the numbers.of this

microorganism when compared to the values before the attachment/of the braces [24].

The study results show that statistically significant difference occurred between the
study and control groups of respondents, (p=0.001), in week twelve of the therapy, when it
comes to the saliva pH values, (Table 4), which is consistent with the results of other studies
[15, 17]. Some studies found no changes in the saliva pH value during all three follow-up

periods of patients with fixed orthodontic appliances [25].

The study results showed statistically significant difference when it came to the
buffering capacity of saliva twelve weeks after the therapy (p = 0.001), (Table 3). Some
studies reported the decline in the buffering capacity of saliva with the increase in the pH
value, which is not consistent with the results of this study and compels one to think about
some other ions of the stimulated saliva, apart from the bicarbonate ones, which have the
buffering effect [17]. Arab and associates [9] found a statistically significant decline in the
saliva pH value already in week six of the therapy, which continued in weeks twelve and
eighteen of the orthodontic treatment, unlike in our research. These results support the great
risk for the onset of caries, given the weak defensive ability of the organism, while the
numbers of bacteria are significantly increased. Carrillo et al. [26] found a statistically
significant increase in the pH value and buffering capacity of saliva of the respondents

already four weeks after the orthodontic treatment.

CONCLUSION

The research showed the changes in biochemical and microbiological parameters

during the fixed orthodontic appliances therapy. The patients wearing fixed orthodontic
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appliances require regular dental check-ups to be performed by orthodontists and other
dentist specialists, in order to observe in due time the risk factors for the onset of oral and

dental diseases.

Conflict of interest: None declared.
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Table 1. Data obtained by saliva analysis on the amount of Streptococcus mutans bacteria in

subjects undergoing orthodontic treatment after four, 12, and 18 weeks and in the control

group
Group of respondents
. . Number (%) Total v
Time (weeks) |Level of Bacteria Number p
Study group Control (%) F
group
Low(<10°) 6 (12) 22 (44) 28 (28)
4 High =10%) | 44 (88) 28(56) | 72(72) | 12698 |0.001
Low(<10°) 5 (10) 22 (40) | 27(27)
12 High (>10°) | 45 (90) 28 (56) | 73(73) | ++063 |0.001
Low(<10°) 10 (20) 22 (44) | 32(32)
18 High (105 | 40 (80) 28 (56) | 68(68) | 0018 |0010

+* — Chi square test; F — Fisher’s test
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Table 2. Data obtained by saliva analysis on the amount of Lactobacillus spp bacteria in
subjects undergoing orthodontic treatment after four, 12, and 18 weeks and in the control
group of subjects.

e | e i e e P R B
: Study group Control group (%) F

¢ | memoio) | viem B9 86D o | o002

2 | waiid | men | o | o s/

| LowEI T IsE SO0 TS EO 6 gon

v* — Chi square test; F — Fisher’s test
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Table 3. Buffer capacity of the control and study group
Respondents
o Level of Number (%) Total 2
Buffer capacity in saliva buffer Number | X~ P
samples : 0 F
capacity stud Control (%)
udy group| "o
Low 2(2) 4(4) 6 (6)
St“dya%"égni‘:t;r ff;: weeks | Medium | 23(23) | 26(26) | 49 (49) | 1,406 | 0,495
group High 25(25) | 20(20) | 45 (45)
Low 2 (2) 4 (4) 6 (6)
Studygroup after 12 weeksand | vjedium | 6(6) | 26(26) | 32(32) | 20,973| 0,001
group High 42(42) | 20(20) | 62(62)
Low 6 (6) 4(4) | 10(10)
Study gmc‘g;fr';tfr rlgu""%ks and | \iedium | 23(23) | 26(26) | 49(49) | 0,608 | 0,738
group High 21(21) | 20(20) | 41(41)

y* — Chi square test; F — Fisher’s test

DOI: https://doi.org/10.2298/SARH1908060161

Copyright © Serbian Medical Society




Srp Arh Celok Lek 2020 | Online First March 4, 2020 | DOIL: https://doi.org/10.2298/SARH1908060161 14

Table 4. pH values of saliva study and control group

Respondents

pH value in saliva samples AS (SD)

Control

Study group group

Study group after four weeks

and control group 6.76 (0.40) | 6.66(0.26) | 1.482 | 0.141

Study group after 12 weeks and

6.89 (0.21) | 6.66 (0.26) | 4.881 | 0.001
control group

Study group after 18 weeks and

6.84 (0.47) | 6.66 (0.26) | 2.345 | 0.210
control group

AS — arithmetic mean; SD — standard deviation; t — Student’s t test
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