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Abstract
This work aimed to evaluate the salivary concentration of chemical elements in patients undergoing orthodontic treatment with
fixed orthodontic appliances and removable aligners. Twelve Angle Class I and II orthodontic patients undergoing treatment with
conventional fixed appliances and 15 patients treated with removable aligners provided unstimulatedwhole saliva samples before
treatment (pre) and after 3 months of treatment (post). The concentration and secretion rate of chemical elements in saliva were
determined by total reflection X-ray fluorescence. Differences from pre to post and between groups were determined with the
paired T test or Wilcoxon test, and two-way ANOVA, considering P < 0.05. The concentrations of S, Cl, and K decreased, while
Zn increased significantly (P < 0.05) between pre and post treatment with the fixed appliance treatment. The salivary secretion
rate of S was decreased from pre to post in the fixed appliance group. No differences in the concentration and secretion rate of
chemical elements were detected from pre to post in the Invisalign group. Fe secretion rate presented an interaction between time
and treatment, with lower secretion at post (P = 0.02) in the Invisalign group. Increased Br secretion rate and decreased Rb, Fe, P,
and K in Invisalign patients suggested a better salivary electrolyte profile regarding periodontal bone remodeling. No significant
alterations in ions associated with metal corrosion and inflammatory reactions were detected in orthodontic patients under dental
plaque control.
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Introduction

The use of orthodontic fixed appliances can alter the compo-
sition of saliva trace elements and minerals when the metal
alloys are exposed to the oral environment, temperature, eat-
ing habits, salivation, and mechanical agents [1, 2]. Metal
corrosion may lead to the release of several metals and chem-
ical elements into saliva [3–6]. Increased levels of titanium
(Ti) have been detected in saliva samples after 6 months of
orthodontic fixed appliances [7]. Dental plaque and dentifrices

can also induce corrosion of orthodontic metallic appliances
and the release of iron (Fe), chrome (Cr), nickel (Ni), and
aluminum (Al) [8, 9]. A clinical study demonstrated that me-
tallic ions released frommetallic orthodontic appliances could
be incorporated into oral mucosa and cause genotoxicity in
epithelial cells [10]. The release of metal elements from me-
tallic fixed appliances or altered electrolyte content in saliva
may be associated with oxidative stress and predisposition to
dental surface decalcification [11]. The use of orthodontic
appliances is also associated with an increased predisposition
to periodontal inflammation due to deficient plaque control
and the dynamic of orthodontic forces [12]. In this sense, the
concentration of chemical elements associated with bone turn-
overs, such as calcium (Ca), zinc (Zn), selenium (Se), manga-
nese (Mn), and phosphorus (P) [13–15], may be modified
during orthodontic treatment.

The use of removable aligners may be advantageous re-
garding salivary homeostasis, since as they can be easily
cleaned, patients present better oral hygiene. In addition, re-
movable aligners do not contain metallic components [16].
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The Invisalign system (Align Technology, San José, CA,
USA) aims to move the teeth through a series of removable
aligners that can be removed to eat, drink, and brush teeth
[16]. Lower levels of periodontal inflammation are observed
since the aligners do not present any obstruction to oral hy-
giene, such as brackets, wires, elastic, or bands [17, 18].
Lower levels of inflammatory reaction may also be associated
with the accuracy of orthodontic movements, avoiding exces-
sive stress on periodontal tissues [19, 20]. In this way, it is
hypothesized that treatment with removable aligners causes
less disturbance in salivary ion content associated with bone
metabolism, inflammatory defenses, and metallic corrosion. A
study comparing fixed appliances and Invisalign aligners
demonstrated increased disturbances in potassium (K), chlo-
rine (Cl), Ca, and P electrolytes after 3 and 9 months only in
fixed appliances [11]. The results suggested that fixed appli-
ances induced more disturbances in the chemical composition
of saliva than removable aligners.

The present study aimed to evaluate the concentration of
chemical elements present in metallic ions, essential trace el-
ements, and minerals in the saliva of patients undergoing con-
ventional orthodontic treatment with metallic fixed appliances
and removable aligners before and after 3 months of ortho-
dontic treatment. The study hypothesis was that removable
aligners induce fewer alterations in salivary electrolyte
content.

Material and Methods

Experimental Design

This is a prospective cohort study in patients undergoing or-
thodontic treatment with removable aligners and conventional
fixed appliances. Patients were selected from two orthodontic
clinics, the Integrale (Londrina, PR, Brazil) and Rotta Institute
(Presidente Prudente, SP, Brazil), from August to December
2018. The patients provided unstimulated whole saliva sam-
ples before and after 3 months of the beginning of orthodontic
treatment. The participants gave written informed consent be-
fore data collection and all study procedures were approved by
the Research Ethics Committee of the State University of
Londrina, protocol no. 2.682.872.

The number of subjects per study group was determined
based on changes in the saliva Ni concentration of patients
undergoing orthodontic treatment with conventional fixed ap-
pliances before (1.1 ± 0.7 μg/l) and after 3 months of treat-
ment (3.1 ± 1.3 μg/l) using graphite furnace atomic absorption
spectrophotometry [4]. Ni is a metallic component of fixed
appliances that is most susceptible to corrosion in the oral
environment and is associated with hypersensitivity [21]. A
minimum of five patients per group was required to achieve a
statistical power of 80% and a lower alpha error of 5%.

Considering possible dropouts, 15 patients per group were
included in the sample.

Subjects

Thirty patients aged 16 to 35 years, paired for the use of fixed
orthodontic appliances and removable aligners, were included
in the study. Inclusion criteria were Angle Class I malocclu-
sion with the indication for orthodontic treatment and no his-
tory of previous orthodontic treatment. Subjects requiring
dental extraction, presenting clinical and radiographic signs
of periodontal disease, external or internal dental resorption,
a history of dental trauma, previous endodontic or orthodontic
treatment, metallic restorations, and requiring the use of mini-
implants were excluded from the selection. Smokers, diabetic
patients, or those on continuous medication for inflammatory
diseases and bone diseases were also excluded.

Before initiation and during orthodontic treatment, patients
underwent dental prophylaxis, dental plaque control, and oral
hygiene instruction. During orthodontic treatment, patients
were under the supervision of two periodontists, to properly
control dental plaque accumulation and avoid the develop-
ment of gingival inflammation due to poor oral hygiene.
During treatment, patients maintained healthy clinical aspects
of gingival tissues, without signs of gingivitis and gingival
recession, and no visible dental plaque accumulation.

Patients were classified into two study groups:

& Conventional orthodontic treatment: patients treated with
fixed appliances with metal brackets (Morelli Roth Max,
Sorocaba, São Paulo, Brazil) and metallic orthodontic
wires (Orthometric, Marília, São Paulo, Brazil). Metal
brackets were composed of NiCr alloys and orthodontic
wires by NiTi alloys.

& Removable aligner treatment: use of removable aligners
(Invisalign, Align Technology, San Jose, California,
USA). The aligners were composed of a polyurethane
polymer [22].

Saliva Sampling

Unstimulated whole saliva samples were collected at rest im-
mediately before orthodontic appliance installation and after 3
months of treatment. Patients were instructed not to eat, drink,
or brush their teeth 1 h before saliva collection. They rinsed
their mouth for 1 min with distilled water and then spontane-
ously salivated into sterile graduated collection tubes for 2
min. Saliva samples were centrifuged at 4000g for 4 min
and supernatants were immediately frozen at − 20 °C. Saliva
samples were collected between 10:00 and 16:00, at the same
hour, in pre and post moments.

2566 Zeffa et al.



Total Reflection X-ray Fluorescence

Saliva samples were thawed at 25 °C. Then, 10 μl of the
sample and 10 μl of the ultrapure gallium (Ga) standard solu-
tion (cat. 170319, Merck Millipore, Darmstadt, Germany)
were pipetted onto an acrylic disc and oven dried at 50 °C
for 30 min. The background value of each disc was read be-
fore placing the sample and standard. After drying, each sam-
ple was read in triplicate, discounting background values. For
each sample, the test-retest reliability was performed three
times and was higher than 10% for each chemical element.

Saliva spectra were obtained by the total reflection X-ray
fluorescence system—TXRF S2 Picofox (Bruker, Berlin,
Germany)—located at the Applied Nuclear Physics
Laboratory of the State University of Londrina (UEL) and
evaluated by SPECTRA software (Bruker, Berlin,
Germany). The saliva samples and standard were irradiated
with a Mo target X-ray tube at 50 kV and 602 μA for a 200-s
exposure time (Bruker, Berlin, Germany). The method con-
sists of the detection and quantification (in the ppb range) of
the characteristic radiation emitted by the chemical elements
present in the sample after these are excited by the incident X-
rays. The range elemental detection limits vary from alumi-
num (Z = 13) to yttrium (Z = 39). Detection accuracy varies
from aluminum (Z = 13) to yttrium (Z = 39) for K-series
radiation. The accuracy of the system was checked before
each experiment with certified standard solutions recommend-
ed by the manufacturer.

Statistical Analysis

The Shapiro-Wilk test was used to evaluate data distribution.
Data with normal distribution are described as mean and stan-
dard deviation, and data without normal distribution are de-
scribed as medians and 25 to 75% quartiles. For comparison
between pre and post moments, the Student’s t test
(parametric) and Wilcoxon test (non-parametric) were per-
formed. The effect of time and treatment was identified with
the two-way ANOVA test. If the assumption of sphericity of
data was violated by the Mauchly’s test, the Greenhouse-
Geisser correction was applied. Differences were considered
significant if P < 0.05.

Results

Three (10%) patients in the fixed appliance group did not
attend the data collection after 3 months and were excluded
from the study. Twenty-seven patients, 12 with conventional
fixed braces (21.8 ± 7.8 years, 6 men) and 15 with removable
aligners—Invisalign® (25.3 ± 12.1 years, 9 men)—were in-
cluded in the study, with no significant between-group

differences in age (P < 0.05, Student T test) and sex (P <
0.05, Fisher’s exact test).

All saliva samples contained P, sulfur (S), Cl, K, Ca, Zn,
bromine (Br), and rubidium (Rb). Al, P, Ti, Cr, Mn, Fe, Ni,
copper (Cu), strontium (Sr), and cobalt (Co) were not found in
all saliva samples (Table 1) at pre and post moments, in both
groups.

The concentrations of S, Cl, and K decreased, while Zn
increased significantly (P < 0.05) between pre and post treat-
ment with the fixed appliance treatment (Table 2). No differ-
ences in chemical element concentrations were detected in the
removable aligner group from pre to post (Table 2). The
chemical elements (Sr, Ti, Ni, Co) that were detected in less
than four samples in pre or post moments in both study groups
are not included in the tables and statistical analysis. The two-
way ANOVA test detected effects of time with decreasing
concentrations of P (P = 0.04), S (P = 0.04), K (P = 0.02),
and Fe (P = 0.04) in both groups. A treatment effect was
observed in reduced concentrations of Br (P = 0.03) in the
removable aligners group compared with the fixed appliance
group.

The secretion rate of chemical elements was determined
through multiplying ion concentration by saliva flow rate.

Table 1 Number (percent) of saliva samples containing chemical ele-
ments detected by TXRF in patients before (pre) and after 3 months (post)
of orthodontic treatment with fixed appliances or Invisalign removable
aligners

Fixed appliance patients Removable aligner patients

Pre (n = 12) Post (n = 12) Pre (n = 15) Post (n = 15)

Al 07 (58.3%) 09 (75%) 04 (26.6%) 06 (40%)

P 12 (100%) 12 (100%) 15 (100%) 15 (100%)

S 12 (100%) 12 (100%) 15 (100%) 15 (100%)

Cl 12 (100%) 12 (100%) 15 (100%) 15 (100%)

K 12 (100%) 12 (100%) 15 (100%) 15 (100%)

Ca 12 (100%) 12 (100%) 15 (100%) 15 (100%)

Ti 05 (41.6%) 03 (25%) 09 (60%) 03 (20%)

Cr 09 (75%) 05 (41.6%) 07 (46.6%) 10 (66.6%)

Mn 10 (83.3%) 10 (83.3%) 13 (86.6%) 13 (86.6%)

Fe 10 (83.3%) 10 (83.3%) 11 (73.3%) 12 (80%)

Ni 04 (33.3%) 05 (41.6%) 02 (13.3%) 03 (20%)

Cu 11 (91.6%) 08 (66.6%) 09 (60%) 10 (66.6%)

Zn 12 (100%) 12 (100%) 15 (100%) 15 (100%)

Br 12 (100%) 12 (100%) 15 (100%) 15 (100%)

Rb 12 (100%) 12 (100%) 15 (100%) 15 (100%)

Sr 01 (8.3%) 04 (33.3%) 04 (26.6%) 07 (46.6%)

Co 07 (58.3%) 07 (58.3%) 03 (20%) 03 (20%)

Al, aluminum; P, phosphorus; S, sulfur; Cl, chlorine; K, potassium; Ca,
calcium; Ti, titanium; Cr, chrome; Mn, manganese; Fe, iron; Ni, nickel;
Cu, copper; Zn, zinc;Br, bromine; Rb, rubidium; Sr, strontium;Co, cobalt
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The S secretion rate significantly decreased in the fixed appli-
ance group (Table 3). A time effect was observed through
decreasing P (P = 0.03), K (P = 0.009), and Fe (P = 0.04),
and increasing Rb (P = 0.009) and Br (P = 0.02) saliva secre-
tion rate. Fe secretion rate presented an interaction between
time and treatment, with lower secretion at post (P = 0.02) in
the removable aligner group.

Discussion

This is the first study to identify the salivary electrolyte profile
associated with periodontal status and metal corrosion in pa-
tients treated with removable aligners compared with metallic
fixed appliances. The main findings of the study demonstrated
that significant changes in ion concentration and secretion
rates occur during orthodontic treatment, mainly in fixed ap-
pliance patients. Only non-significant changes occurred in the
removable appliance treatment group from pre to post analy-
sis. The use of the TXRF technique allowed the analysis of
several elements of clinical importance in a single analysis.

The chemical elements detected may be altered due to the
corrosion of orthodontic alloys, alteration of oral homeostasis,
local inflammation, and accumulation of microbial biofilm
[11, 23–25]. In the present study, caution was taken to main-
tain satisfactory oral hygiene to avoid the development of
gingivitis and altered salivary composition due to the exces-
sive release of inflammatory products or dental plaque com-
pounds. Oral hygiene control might reduce the influence of
dental plaque corrosion on metallic alloys.

The presence of altered ionic profiles in saliva samples of
orthodontic patients using fixed appliances presented contra-
dictory results in the literature. Some studies evaluated metal-
lic ion release in saliva from orthodontic patients during the
initial stages of treatment and did not find significant differ-
ences [5, 26, 27]. On the other hand, increased levels of Fe, Ni,
and Cr were detected a few hours after insertion of metallic
fixed appliances or after long periods of treatment [28–30].
Different methods of analysis, sample collection, time, and
type of treatment might account for the contradictory findings
[3–5, 30]. An in vitro study demonstrated that metallic ions,
including Co, Ni, Ti, Cr, and Fe, were released from metallic

Table 2 Salivary concentration of chemical elements (μg/l) in saliva of patients before (pre) and after 3 months (post) of orthodontic treatment with
fixed appliances or removable aligners

Fixed appliance Removable aligner

Pre Post P Pre Post P

Al1 7.10 (0–13.23) 10.2 (1.6–14.3) 0.38 0 (0–9.9) 0 (0–9.4) 0.73

P1 98.9 (45.3–239.7) 94.9 (42.6–163.1) 0.11 165.0 (115.0–204.2) 104.6 (75.5–152.1) 0.07

S1 44.0 (15.7–73.5) 13.9 (7.4–37.9) 0.02* 25.7 (18.5–49.6) 20.8 (11.9–27.5) 0.42

Cl2 550.7 ± 259.8 423.2 ± 206 0.01* 507.2 ± 223.5 475.3 ± 202.2 0.68

K2 589.7 ± 327.8 431.2 ± 246.7 0.03* 663.7 ± 262.2 536.8 ± 251.6 0.17

Ca1 21.5 (9.8–23.8) 29.7 (9.2–35.4) 0.08 17.5 (10.8–25.3) 15.1 (10.9–24.1) 0.33

Ti1 0 (0–0.07) 0 (0–0.03) 0.64 0.05 (0–0.16) – -

Cr1 0.04 (0.005–0.007) 0 (0–0.038) 0.16 0 (0–0.05) 0.032 (0–0.057) 0.47

Mn1 0.13 (0.03–0.25) 0.06 (0.01–0.09) 0.09 0.09 (0.03–0.16) 0.06 (0.04–0.14) 0.93

Fe1 0.33 (0.01–0.69) 0.16 (0.03–0.56) 0.68 0.76 (0–36.16) 0.12 (0.02–0.93) 0.09

Ni1 0 (0–0.01) 0 (0–0.02) 0.95 – – 0.50

Cu1 0.017 (0.013–0.046) 0.02 (0–0.05) 0.68 0.022 (0–0.058) 0.018 (0–0.029) 0.11

Zn1 0.33 (0.27–0.35) 0.42 (0.34–0.46) 0.02* 0.33 (0.26–0.52) 0.29 (0.24–0.65) 0.84

Br1 1.86 (1.37–3.27) 1.25 (1.14–2.38) 0.20 3.58 (2.65–3.87) 2.14 (1.80–4.40) 0.93

Rb2 0.8 ± 0.5 0.61 ± 0.47 0.21 0.94 ± 0.38 0.84 ± 0.5 0.55

Sr1 – 0 (0–0.016) - 0 (0–0.020) 0 (0–0.020) 0.34

Co1 0.022 (0–0.043) 0.022 (0–0.031) 0.43 – – 0.69

The chemical elements Sr, Ti, Ni, and Cowere detected in less than four samples in pre or post moments in both study groups and are not included in the
tables and statistical analysis

Al, aluminum; P, phosphorus; S, sulfur; Cl, chlorine; K, potassium; Ca, calcium; Ti, titanium; Cr, chrome; Mn, manganese; Fe, iron; Ni, nickel; Cu,
copper; Zn, zinc; Br, bromine; Rb, rubidium; Sr, strontium; Co, cobalt
1Median (interquartile range from 25 to 75%) and Wilcoxon test
2Means ± standard deviation and paired t test

*P < 0.05
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bands, wires, and brackets, over 2 to 3 months of immersion in
artificial saliva [25, 31]. However, in the present study, no
longer-term effects of chemical elements associated with met-
al corrosion were detected in the fixed appliance group. This
result suggests that metal corrosion was no longer responsible
for the ion imbalance in saliva.

Although S is released by salivary glands, increased levels
of salivary S may be produced by dental plaque sulfur
compound-producing bacteria and are associated with halito-
sis [32]. Clinical studies reported increased levels of volatile
sulfur-containing compounds and malodor in orthodontic pa-
tients treated with fixed appliances [33, 34]. Moreover, an
in vitro study demonstrated that corrosion of fixed appliances
in artificial saliva released S ions [3]. Therefore, it was expect-
ed that a small increase in salivary S might occur in fixed
appliance patients. Contrary to our hypothesis, a significant
drop in S concentration was observed in fixed appliance pa-
tients. In Invisalign patients, no significant changes in S con-
centration were detected. This effect was expected since a
previous study found no significant change in volatile sulfur
compounds during Invisalign orthodontic treatment and

observed a good level of oral hygiene in patients during treat-
ment [16]. In the present study, patients were supervised by
two periodontists in order to prevent dental plaque accumula-
tion and gingivitis. This may have accounted for decreasing
levels of sulfur-containing compounds in saliva. Moreover,
the presence of sulfur-reducing bacteria accelerates metal cor-
rosion [24], which could increase the release of metallic ions.
However, reduced formation of oral biofilm may have re-
duced both products with sulfur content and sulfur-reducing
bacteria, as well as metallic corrosion.

A previous study revealed that fixed appliances increased
salivary concentrations of Ni and Cr [4, 6]. In the present
study, the brackets selected, according to the manufacturer,
are produced in a single body by the MIM (metal injection
molding) system, in stainless steel (CrNi) with treated bases,
and have low nickel content and stainless steel resistance. The
results suggest that no substantial corrosion of the alloy oc-
curred, so low levels of these elements were observed. As
expected, no significant changes in other metallic ions were
observed in Invisalign-treated patients, since the removable
plates are made of urethane plastic materials [22].

Table 3 Saliva secretion rate (μg/min) of chemical elements in saliva before (pre) and after 3 months (post) of orthodontic treatment with fixed
appliances or Invisalign removable aligners

Fixed appliance Removable aligners

Pre Post P Pre Post P

Al1 2.92 (0–11.20) 8.88 (0.80–14.38) 0.63 0 (0–10.06) 0 (0–10.10) 0.91

P2 72.7 (39.3–98.7) 54.2 (37.5–144) 0.91 103.7 (70.2–137.9) 79.9 (46.4–158.2) 0.85

S1 18.7 (13.4–46.8) 9.6 (7.5–16.1) 0.03* 14.3 (9.1–29.6) 16.4 (8.9–34.3) 0.98

Cl2 309.6 (265.1–337.4) 251.4 (197.1–426.9) 0.97 423.6 (233.4–574) 362 (236–524.7) 0.89

K2 351.2 ± 166.8 312.5 ± 164.3 0.66 493.8 ± 245.7 438.9 ± 203.9 0.54

Ca1 10.6 (7.3–15.3) 20.1 (7.3–34.5) 0.27 13.4 (8.1–21.9) 14.3 (7–24.1) 0.68

Ti1 0 (0–0.04) 0 (0–0.02) 0.84 0.06 (0–0.13) - -

Cr1 0.02 (0.003–0.034) 0 (0–0.02) 0.16 0 (0–0.071) 0 (0–0.027) 0.85

Mn1 0.08 (0.03–0.11) 0.03 (0.01–0.09) 0.38 0.05 (0.02–0.09) 0.06 (0.03–0.10) 0.56

Fe1 0.13 (0.02–0.24) 0.11 (0.03–0.38) 0.79 0.19 (0–41.01) 0.09 (0.02–0.45) 0.28

Ni1 0 (0–0.01) 0 (0–0.02) 1.0 – – -

Cu1 0.014 (0.006–0.031) 0.015 (0–0.028) 0.38 0.007 (0–0.06) 0.014 (0–0.026) 0.58

Zn1 0.19 (0.12–0.39) 0.28 (0.15–0.62) 0.27 0.30 (0.21–0.37) 0.33 (0.17–0.49) 0.80

Br1 1.06 (0.80–2.09) 1.18 (0.85–2.11) 0.73 1.94 (1.09–4.20) 2.04 (1.32–3.18) 0.85

Rb1 0.5 (0.24–0.61) 0.33 (0.20–0.68) 0.68 0.8 (0.39–1.06) 0.55 (0.39–0.87) 0.85

Sr1 – 0 (0–0.01) - 0 (0–0.01) 0 (0–0.02) 0.36

Co1 0.01 (0–0.02) 0.006 (0–0.017) 0.65 – – -

The chemical elements Sr, Ti, Ni, and Cowere detected in less than four samples in pre or post moments in both study groups and are not included in the
tables and statistical analysis

Al, aluminum; P, phosphorus; S, sulfur; Cl, chlorine; K, potassium; Ca, calcium; Ti, titanium; Cr, chrome; Mn, manganese; Fe, iron; Ni, nickel; Cu,
copper; Zn, zinc; Br, bromine; Rb, rubidium; Sr, strontium; Co, cobalt
1Median (interquartile range from 25 to 75%) and Wilcoxon test
2Means ± standard deviation and paired t test

*P < 0.05
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Salivary electrolyte concentrationmay be altered in the first
month after placement of fixed appliances, returning to normal
levels after 3 months [35]. The authors reported that saliva
flow rate and Cl concentration significantly increased, where-
as P, Ca, and K concentrations decreased after placement of
fixed appliances [35]. On the other hand, in another study, no
differences in K concentration were found after 1 month of
treatment [27]. A study demonstrated that some alterations in
saliva ion content may occur after more than 3 months [11].
The authors reported decreased levels of Cl only after 9
months of treatment, but no effects on K after 3 and 9 months
of fixed appliance orthodontic treatment [11]. In the present
study, Cl and K concentrations significantly decreased in
fixed appliance patients, suggesting conventional treatment
could induce imbalance in salivary buffer capacity.
However, this imbalance may not be attributed to modulation
of Cl and K secretion by salivary glands, since salivary secre-
tion rate was not significantly altered from pre to post. During
production of hypertonic saliva in the acini of salivary glands,
the sympathetic nervous system activates the transport of Cl−

by chlorine channels and induces the subsequent passive
transport of Na+ and K+ [36]. Thus, decreased levels of K
were expected since Cl levels were reduced. The mechanism
of altered Cl and K salivary levels in fixed appliance patients
is not known, but may be related to increased stress caused by
pain during treatment or altered saliva flow secretion [27, 35].
No significant differences in Cl and K were observed in pa-
tients treated with removable appliances, suggesting the treat-
ment may have had a less negative impact on saliva secretion
and saliva buffering.

A previous study reported increased levels of Ca and P
after 3 and 9 months in fixed appliance and removable
aligner-treated patients [11]. No significant differences were
detected in either group in the present study. However, caution
was taken to avoid dental plaque accumulation, which may
account for dental decalcification, and increasing levels of Ca
and phosphate.

Other factors associated with orthodontic treatment could
contribute to changes in the concentration of chemical ele-
ments in saliva. Even controlling for dental plaque accumula-
tion and preventing gingivitis, soft tissue inflammation caused
by mechanical injury, bone remodeling of periodontal tissue,
and inflammation caused by orthodontic movement could
change salivary content [15, 17, 18, 37]. Ca, Zn, P, and Mg
play an important role in bone metabolism, and differentiation
and activation of osteoblasts and osteoclasts [13–15]. Other
salivary ions such as Mn, Fe, Zn, Cu, and Se have been asso-
ciated with antioxidant defenses and were altered during in-
flammatory processes [13, 38]. Results of the present study
suggest that neither ions associated with bone turnover nor
those associated with oxidative stress and inflammatory reac-
tions were significantly affected by orthodontic treatments
with fixed appliances or removable aligners.

A time effect was detected for decreased secretion rates of
P, K, Fe, and Rb in patients treated with removable aligners
and fixed appliance patients. Increased salivary K, Fe, and Rb
concentrations were observed in patients with periodontal dis-
ease [39]. The presence of increased Fe concentration in saliva
may be associated with hemoglobin release due to periodontal
bleeding [39]. Since our patients were under periodontal sur-
veillance, decreased levels of Fe released by gingival inflam-
mation were expected. However, oral hygiene may be more
easily performed by patients under treatment with removable
aligners and may have reversed any subclinical sign of peri-
odontal inflammation more quickly. Rb is a trace element
present in bone and is associated with osteogenesis [40, 41].
The decreased secretion of Rb and P may be associated with
different effects of fixed appliances and removable aligners in
bone tissue remodeling. Increased salivary concentrations of
Rb and K were also associated with periodontal disease,
where increased inflammatory bone destruction is present
[39].

A treatment effect favoring Br secretion rate was observed
in Invisalign patients. Although the biological role of Br in
live organisms is not completely understood, it is an essential
element for remodeling of the basement membrane in the
tissue remodeling process [42]. In this way, modulation of
Br levels could improve tissue repair during orthodontic treat-
ment, suggesting that orthodontic treatment with removable
aligners may promote a better environment for periodontal
repair.

Conclusions

We concluded that the electrolytic imbalances in S, Cl, and K
observed in fixed appliance patients suggest the treatment in-
fluenced salivary buffer capacity. An increased Br secretion
rate and decreased Rb, Fe, P, and K in the removable aligner
group compared with changes in the fixed appliance group
suggest a better salivary electrolyte profile regarding peri-
odontal bone remodeling. No significant alterations in ions
associated with metal corrosion and inflammatory reactions
were detected in orthodontic patients under orthodontic treat-
ment with concurrent dental plaque control, treated with re-
movable aligners or metallic fixed appliances.
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