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Saliva is a critical and useful biological fluid necessary for good health and for the appropriate execution
of mouth activities. Orthodontic biomaterials have a complex relationship with many components,
including the oral environment. Treatment with fixed orthodontic appliances may causes dental caries.
As a result, it is necessary to comprehend how orthodontic therapy and various fluoride regimens affect
the chances of developing dental cavities as well as individual risk factors. Usage of fluoride will tend to
reduce the caries in the patients diagnosed with the fixed orthodontic treatment. The aim of this study
was to screen the biochemical parameter of the fluoride levels in the patients undergone and completed
the treatment of orthodontic fixed appliances. In this study, 35 patients have been visited on day 1 as well
as day 35 and categorized as T0 and T1 groups. Saliva samples were collected and fluoride levels were
measured between T0 and T1 groups. Using the fluoride kit with the spectrophotometer, fluoride levels
were measured. The results confirmed similar fluoride levels between T0 (26.11 ± 4.86) and T1 (27.71 ±
4.40) groups. There was no significant association observed in this study (p = 0.56). Fluoride might have
no role in the patients undergoing orthodontic treatment.
� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

One of the most undesirable side effects of fixed orthodontic
treatment is enamel demineralization (Dai et al., 2019). Fixed
orthodontic appliances can alter microbial colonization of the
mouth cavity (Pellissari et al., 2021). Orthodontic brackets attached
to the teeth could cause trouble in cleaning the teeth, biofilm for-
mation and allowing new organisms to colonize (Alkhayyat and
Alshammery, 2021). Orthodontic equipment can limit intraoral
space, impair tongue movement, and hence distort certain specific
sound frequencies (Melo et al., 2021). Orthodontic appliances dra-
matically affect the oral environment and make mechanical plaque
removal difficult for orthodontic patients (Papadopoulou et al.,
2021).
The secretory proteins present in saliva perform an indirect role
in bone formation and resorption, which is related with periodon-
tium remodeling for tooth movement as well as periodontal tissues
(Baeshen, 2021). Therefore, saliva is crucial for sustaining oral
hygiene. The formation of saliva varies from person to person,
and there is no apparent correlation between saliva composition
and the composition of blood. Studies suggest a link between lower
levels of salivary buffering capacity, calcium, phosphate and tooth
decay (Cunha-Cruz et al., 2013). A small amount of electrolytes and
proteins are found in saliva, but they are critical for preserving oral
health and maintaining the integrity of teeth (AlHudaithi and
Alshammery, 2021). Depending on how frequently patients floss
and brush their teeth, fixed orthodontic appliances may impede
oral hygiene procedures and cause alterations in the oral micro-
flora, which could decrease the acidity of the mouth and promote
accumulation of plaque and increase the affinity to bacteria to
metallic surfaces because of electrostatic reactions (Kouvelis
et al., 2021). Orthodontic tooth mobility and fixed orthodontic
treatment pain may be evaluated by examining salivary fluid
(Bhat et al., 2021).

Fluoride ions help to prevent the development of white spot
lesions in tooth enamel. In orthodontic treatment, many ways
are used to administer fluoride to teeth, including topical fluorides
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and fluoride-releasing polymers (Benson et al., 2005). The con-
stituents of the supplied fluoride source may also alter fluoride
bioavailability in plaque. Various research have showed that after
teeth brushing or rinsing with fluoridated mouthwash, salivary flu-
oride concentration increases rapidly, but returns to normal levels
two hours after administering fluoride (Naumova et al., 2012). As
an unstimulated, total-saliva sample, the fluoride concentration
reflects the sum of fluoride that is present in ductal saliva and
many other locations within the mouth where fluoride is retained
(Talwar et al., 2016). Subsurface hypomineralization leads to the
formation of dental fluorosis, which becomes more pronounced
as it extends into dentine. The most likely connection here is that
the hydrolysis and removal of proteins from the enamel is most
likely to occur during the maturity of the tooth enamel (Stogiera
et al., 2020). The incidence of dental caries in the Western world
has fallen in the latter half of the 20th century thanks to the com-
mon usage of fluoride toothpaste. To put it simply, fluoridated
goods exhibit a wide range of abilities when it comes to the
amount and location of Fluoride in the oral cavity. It is possible
to boost the fluoride level in saliva with rinsing solutions and
toothpaste (Baeshen et al., 2010). Previous studies have shown
the association and disassociation with the follow-up studies using
many biochemical parameters including fluoride (Hallgren et al.,
1990;Marini et al., 1999; Seyam et al., 2021). In this study, we
aimed to investigate the fluoride levels in the follow-up study of
patients undergone the orthodontic treatment for day 1 to day
35 in the Saudi population.
Table 1
Patient details of orthodontic treatment.

Details Participants (n = 35)

Age (Years) 21.51 ± 5.8
Gender M (14[40%] & F (21[60%])
Retainer types 35 (100%)
Treatment duration 2.7 ± 1.6
Duration for male participants 2.9 ± 1.9
Duration for female participants 2.5 ± 1.4
2. Materials and methods

2.1. Enrolment of the patients

In this follow-up study, 35 patients were enrolled after the com-
pletion of orthodontic treatment and also from other public hospi-
tals of the capital city of the Kingdom. All patients who had surgery
performed with a 0.022-in bracket system were treated with a
bracket system that had a 0.022-in slot (3 M unitek, USA). In this
study, we have opted the 14-men and remaining were women.
All the participants were enrolled by signing the informed consent
form. The minimum and maximum ages of the participants were
between 15 and 35 years of age. All the participants who were
involved in this study had undergone the treatment for at least
1 year were considered as inclusion criteria of this study. The
exclusion criteria of this study were usage of antibiotics and smok-
ing. The selection of participants based on the requirement criteria
was obtained in the documented studies (AlHudaithi and
Alshammery, 2021;Alkhayyat and Alshammery, 2021).

2.2. Ethical issues

Ethical grant was obtained for this study and all the 35 partici-
pants involved in this study had signed the informed consent form
to involve into the follow-up study.

2.3. Saliva collection

Thirty-five participants were selected based on the inclusion
and exclusion criteria. From each participant, 2 ml of the saliva
sample was collected twice i.e., during initial visit and final visit.
Initial visit indicates before debonding phase and final visit indi-
cates five weeks after the debonding or retention period. Saliva
samples were collected in an Oragene kits (Alharbi et al., 2020).
Saliva collection was done during the early hours, between 8 a.
m. and 11 a.m. To prevent contamination, participants were
refrained from eating or drinking, brushing their teeth, or gargling
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for 30–60 min before the saliva sample is collected. The saliva sam-
ple was obtained in the spitting method, using 2 ml (mL) as the col-
lection volume. After consuming 2 oz of water, participants were
instructed to rinse their mouths with distilled water for 1 min
and then expectorate the water. Five minutes after the patients
rinsed their mouths with the Oragene rinse, they were asked to spit
into the tube. The dental chair position was suggested to them,
where they should sit on the right side. To ensure saliva was flow-
ing freely, the participants were asked to keep their heads lowered
while they were speaking and to not speak until saliva had been
flowing to the front of their mouths. Additionally, they were told
not to cough up saliva because it is collected (AlHudaithi and
Alshammery, 2021).
2.4. Fluoride test

Fluoride tests was performed with the saliva samples using the
spectrophotometer with the colorimetric SPADNS method. 0.5 ml
of saliva samples were mixed with 2 ml of SPADNS reagent and
8 ml of purified double distilled water. The experiment was per-
formed with the spectrophotometer using the cuvettes. Fluoride
ion concentration was measured at 570 nm using the Trisodium
2-(4-sulfophenylazo)-1, 8-dihydroxynaphthalene3, 6-disulfonate
(SPADNS) complex as a starting complex and the subsequent
bleaching due to fluoride ion. Samples were repeated twice with
different hours (Vincent and Thomas, 2019).
2.5. Statistical analysis

Fluoride levels were measured and tabulated between the first
and second visits, and the results were compared using indepen-
dent t-tests. The p-value of < 0.05 was considered significant and
the SPSS software version 21.0 for windows for Windows (SPSS�

Chicago, IL, USA) was used to conduct a statistical test (Khan
et al., 2019).
3. Results

For this follow-up study, in which 35 individuals had previously
undergone orthodontic treatment, 35 participants were found to
be relevant. A treatment was classified into T0, which represents
the debonding phase, and T1 indicates thirty-five days after the
treatment was defined as retention phase. Table 1 shows the infor-
mation about the patients who participated in this study. In terms
of treatment length, it took exactly 35 days for the orthodontic
treatment to run its course. About 40% of the subjects were men,
and 60% were women. The 35 participants had an average age of
21.5 ± 5.8 years. Women participants had an average age of
20.5 ± 6.2, while male participants had an average age of
23.0 ± 4.91. The duration of treatment was speckled based on the
overall time of orthodontic treatment before de-bonding, which
spans from 1 to 8 years. The male participants in this study ranged
in age from 15 to 34 years old. In the case of women, the age range
is 14–39 years. The mean treatment time was found to be 2.7 ± 1.6,



Fig. 1. Representation of fluoride levels in both T0 and T1 groups.

Table 2
Biochemical analysis of the fluoride parameter.

Biochemical Test T0 T1 Lower Limit Upper Limit Minimum variation t p

Fluoride 26.11 ± 4.86 27.71 ± 4.40 �3.81 0.61 �1.6 �1.44 0.56

Table 3
Descriptive statistics performed between fluoride levels in T0 and T1 phases.

Descriptive statistics T0 (n = 35) T1 (n = 35)

Total cases 35 (100%) 35 (100%)
Excluded cases 0 (0%) 0 (0%)
Number of Binned Values 35 (100%) 35 (100%)
Minimum 19 20
25% Percentile 22 24
Median 26 28
75% Percentile 29 30
Maximum 36 37
Mean 26.11 27.71
Std. Deviation 4.86 4.40
Std. Error of Mean 0.82 0.74
Lower 95% CI of mean 24.44 26.20
Upper 95% CI of mean 27.78 29.22

Fig. 2. Bar diagrams represents the fluoride levels between T0 and T1 groups.
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while the projected time for males was 2.9 ± 1.9 and 2.5 ± 1.4 for
females.

Histogram represents (Fig. 1) the fluoride levels between T0 and
T1 groups in the patients undergone the treatment. The mean age
of the fluoride levels in T0 and T1 groups were found to be
26.11 ± 4.86 and 27.71 ± 4.40. When the student t-test was per-
formed between both the groups, the study results were found to
be almost all similar (p = 0.56). Both the higher and lower limits
were in the range between 0.60 and �3.81. The minimum variation
and t-stats were found to be �1.6 and �1.44 respectively Table 2.

Table 3 documents the descriptive statistics performed between
the T0 and T1 groups. In both the groups, 35 participants were
repeated within the gap between 1.25 months (5-weeks) and the
minimum fluoride levels were found to be 19 and 20 in both the
T0 and T1 groups. The fluoride levels were documented to be 22
and 24 as well as 36 and 37 in T0 and T1 groups. Both the 25%
and 75% percentile were confirmed as 22 and 24, 29 and 30. The
standard error of mean were 0.82 in T0 and 0.74 in the T1 groups.
The lower (24.44 and 26.20) and upper (27.78 and 29.22) confi-
dence intervals was observed in T0 and T1 groups. Fig. 2 presents
the fluoride levels in both the T0 and T1 groups in the form of bar
diagram.
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4. Discussion

The aim of the present study was to investigate the role of flu-
oride levels among the patients who had undergone the fixed
orthodontic treatment. The current study results confirmed the
similar fluoride levels observed in both the groups (p = 0.56). A
negative association of fluoride levels among the patients before
and after the completion of the fixed orthodontic treatment was
observed. One of the reasons for obtaining the negative results
could be the lower sample size.

According to a study done by Peros, who states that use of 0.32%
sodium fluoride-containing toothpaste 3 times daily is effective
against mutans streptococci, however not to lactobacilli in the sal-
iva of children with fixed orthodontic appliances (Peros et al.,
2012). A wealth of studies has shown that topical fluoride can help
with tooth decay by acting on dental plaque (Bowden, 1990;
Johnstone et al., 2010; Zafar and Ahmed, 2015). The same findings
have also been observed in other research, which have found that
the administration and retention of topical fluoride in plaque
results in microbial changes, leading to a less cariogenic environ-
ment. Fluoride toothpaste results showed that at one hour after
use, the mean fluoride concentration in the users’ saliva was above
the baseline fluoride concentration (Emeke et al., 2019).

Global studies have confirmed both the positive and negative
associations performed with the fluoride levels (Baeshen et al.,
2010; Demito et al., 2011; Du et al., 2012; Enerbäck et al., 2019;
Hallgren et al., 1990). Additionally, it has been a reliable treatment
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measure to reduce caries potential when using traditional fluori-
dated dentifrices (such as those that include Fluoride, which is
around 1000–1500 ppm). But for certain people, the traditional
Fluoride protocols have little to no effect on the caries rate
(Vincent and Thomas, 2019). Of the prior trials, a 1,000-ppm fluo-
ride toothpaste showed an 18% reduction in incremental caries
rates as opposed to a toothpaste with greater fluoride levels (tooth-
pastes) (Davies and Davies, 2008). Unfortunately, there are no
meta-analysis studies carried out with the fluoride levels in the
orthodontic treatment. However, Fluoride toothpaste was shown
to be an effective technique for avoiding dental cavities, as
reported in a systematic review (Twetman et al., 2003). In previous
investigations, the fluoride concentration in toothpastes has been
shown to have a more or less linear relationship with the extent
of caries reduction (Birkeland, 1972; Nordström and Birkhed,
2009; White and Nancollas, 1990). One of the previous study
demonstrated that brushing with fluoride-free toothpaste is far
less effective than brushing with fluoride-containing toothpaste
in the prevention of tooth decay (Denes and Gabris, 1991).

One of the limitations of this study can be confirmed as only flu-
oride levels were measured that too only in a small number of
patients. Other limitations of this study where we haven’t repeated
the fluoride tests with the toothpaste or miswak. The strength of
this study can be confirmed as all the Saudi subjects were partici-
pated and the sample size was deemed to be adequate.

5. Conclusion

The present study confirms similar fluoride levels in both the
groups. This study strongly recommends to carry-out the future
studies with the additional groups as well as to repeat after quar-
terly, half-yearly and also for the annum with numerous time
duration. This study also recommends to implement the meta-
analysis studies with the fluoride levels of the group of patients
undergone the orthodontic treatment with the fixed appliances
and also fluoride level studies should be implemented in all the
age group subjects with the large number of samples.
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