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Abstract

Introduction: Malocclusions are often treated with appliances made of metal alloys. These alloys
biodegrade in oral cavity and release toxic metals such as nickel and chromium. This study aimed to
assess nickel and chromium content in the saliva of patients wearing fixed orthodontic appliances.
Materials: and methods: This was a cross-cutting study aiming at assessing nickel and chromium
content in saliva. A survey was conducted to record socio-demographic characteristics and clinical
signs due to the wearing of orthodontic appliances. A 10mL saliva sample was used to measure
salivary pH and assess nickel and chromium concentrations using atomic emission
spectrophotometry. A Student’s T-test compared saliva metal levels in non-wearers and wearers of
metal orthodontic appliances. Results: On the whole, 92 participants, among whom 46 without
appliance and 46 wearing appliance were received during the study period. Their mean age was
17.05+6.46 years. Patients’ mean saliva pH was 6.97+0.44. Mean nickel concentration was
4.39+4.01pg/1 in the saliva of non-appliance wearers and 20.41+18.56pg/1 in the saliva of appliance
wearers, respectively. Chromium mean concentration was 1.3+1.33ug/l for non-appliance wearers
and 9.38+19.49ug/l and for appliance wearers. Conclusions: Metal orthodontic appliances release
nickel and chromium in saliva. It is necessary to monitor the risk of intolerance and optimize
treatment duration.

Keywords: nickel; chromium; saliva; orthodontic appliance

1. Introduction

Correcting dental misalignment enables the dentition to fulfill its occlusal wedging, centering
and guiding functions. At the end of orthodontic treatment, oral functions such as chewing,
phonation, swallowing and breathing are easily performed. Facial aesthetics and smile improve.
Also, growth potential is optimal for the young person.

To achieve these therapeutic goals, the multi-attachment metal alloy appliance is usually used.
It includes molar bands or tubes, brackets, arches and binding wires stuck to the teeth. These
components are made of metals with varying rates of iron, nickel, chromium, molybdenum, cobalt,
copper, cadmium or titanium [Error! Reference source not found.].

Unfortunately, in the oral environment, these various metals are subject to variations due to
saliva pH, oral temperature and the actions of enzymes or bacteria in dental plaque, food and then
oral hygiene products [2—4]. The consumption of food or drinks with acidic or alkaline pH varies the
pH of the oral cavity [5], increasing the formation of an oxide layer on the surface of dental alloys.

A series of oxidation and reduction reactions occur on the metals surface. Also, various
mastication forces cause mechanical abrasion of orthodontic appliances and potentially release metal
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ions [9,10]. This biodegradation of fixed orthodontic appliances leads to the release of metal ions
(nickel, chromium, iron, copper) in the oral cavity [11,12].

Food habits and oral hygiene methods vary from one individual to another. In rice, corn,
peanuts, dried fish and tomatoes consumed in Burkina Faso, Bazié et al. found varying levels of nickel,
chromium, lead, zinc, cadmium, manganese, mercury and arsenic [6]. The local context is also
marked by the use of homemade cooking utensils made of metal alloys (aluminum, silicon, copper,
zing, chromium, etc.) which contaminate food during cooking [7,8].

These metals add to those potentially released by orthodontic appliances in patients. Metals
released in saliva go through the digestive tract and reach the bloodstream of exposed subjects and
accumulate mainly in some organs such as the liver or kidneys.

In their studies on the release of toxic components by orthodontic appliances, authors found
variable amounts of nickel, chromium or bisphenol A in the saliva of patients wearing orthodontic
appliances [4,10,11,13]. According to Ousehal et al. [12] fixed orthodontic appliances release fairly high
concentrations of nickel during the first days of their fitting in the oral cavity. As for Al-Rawe et al.
[14], the increase in the release of metal ions is mainly due to the consumption of food containing
acidic pH.

Furthermore, nickel and chromium cause more toxicological effects than other metals in dental
alloys. Allergic reactions, contact dermatitis, and gingival hyperplasia are regularly reported in
clinical practice [15,16]. The prevalence of nickel allergy is estimated at 28.5% of the general
population by Zigante et al. [15]. Mutagenic and carcinogenic effects are reported due to the
bioaccumulation of metals in the oral cavity, due to the length of orthodontic treatments [1,17,18].

High prevalence of orthodontic anomalies combined with the fact that alternative appliances
such as aligners or resin braces also release toxic components such as bisphenol A or methyl
methacrylate monomer, fixed metal braces are still widely used [9,19]. They are fairly less expensive.

Despite this interest in metal orthodontic appliances, their toxicity remains a health concern.
This issue has raised the interest in investigations to characterize the risk of patient exposure to metals
during orthodontic treatment. We report the results of a study which general objective was to assess
nickel and chromium content in the saliva of Burkinabe patients wearing fixed metal orthodontic
appliances.

2. Material and Methods

2.1. Context, Type and Duration of the Study

This prospective cross-cutting study was conducted from July 21 to October 10, 2025. Data
collection involved subjects received during consultation at Yalgado Ouédraogo University Hospital,
at Eras dental clinic and at clinic Frany. Sample analysis was performed in the Laboratory of
Environment, Toxicology and Health (LATES), University Joseph KI-ZERBO, Ouagadougou.

2.2. Population Studied and Sampling

The study covered two groups of patients. Group 1 included subjects who did not wear
orthodontic appliances. Group 2 consisted of subjects who wore multi-bracket metal orthodontic
appliances. The sample size was decided for convenience. Each group included 46 participants who
met the same inclusion criteria. After obtaining their informed consent, they were included when
they came for consultation.

2.3. Inclusion and Non-Inclusion Criteria

Subjects included in this study were non-smokers and were not under medical treatment. Also,
they were carefully examined for any oral disease, systemic disease, oral piercing, metallic dental
restorations, dentures or welding on orthodontic appliances (diabetes, renal or hepatic insufficiency,
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Parkinson, antidepressant, antihistamine, antihypertensive). Patients with a known allergy to
jewelry, watches or any other source of nickel were excluded.

The control group of subjects who did not wear orthodontic appliances was formed based on
the same inclusion criteria. They were selected among patients who came in initial consultation.

2.4. Variables Studied

Using a clinical examination form, we reported the socio-demographic profile of the subjects
selected for the study and their initial malocclusions according to the dental health component table
of the Index Of Orthodontic Treatment Need (IOTN). Then, we identified the clinical signs of
appliance toxicity in patients and listed their food habits. Lastly, we measured pH in each saliva
sample as well as nickel and chromium quantities.

2.5. Appliances
2.5.1. Orthodontic Appliance

The fixed orthodontic appliance for each patient comprised twenty brackets (BK Unix Roth .022
B704 22021HK) bonded with 3M transbond XT composite on the incisors, canines and premolars and
four bands (B704 22092HK BWP Washplus) cemented with Fuji One glass-ionomer cement on the
first molars, two preformed maxillary and mandibular orthodontic arches ligated with a chain or
elastomeric ligatures. This medical device was made by Orthoplus (Paris-France).

2.5.2. Laboratory Appliances

PerkinElmer® Optima™ 8000 inductive coupling plasma atomic emission spectrometer was used
for metal quantification. It uses a dual-spectrum optical system with a range of 160 to 900nm and a
resolution of 0.009 to 200nm. It enables simultaneous multi-element analysis and equipped with a
dual-view detector.

A 190-L LG freezer was used to store saliva samples at -20 °C before transferring them to the
laboratory for analysis. A Voltcraft PH-100 ATC series pH meter was used to measure pH in saliva.
It was calibrated every Monday morning to ensure the reliability of the measurements.

2.5.3. Small Materials, Substances and Reagents

A set of small materials or reagents were used for the study. Sterile 50 milliliter polypropylene
Falcon tubes were used to facilitate the access of the pH meter probe to saliva. Artificial saliva with a
pH of 6.8 was used as a reference to calibrate the pH meter weekly.

2.5.4. Saliva Collection and Sample Incubation

Saliva sampling was made two hours after any oral hygiene protocol and at least thirty minutes
after any food intake. The mouth was previously rinsed with 15 mL of distilled water for 30 s. Saliva
was collected without any stimulation.

The patient was at rest with his mouth closed for 5 min and then directly spit up to 10 mL of
saliva in a sterilized 50 mL polypropylene tube. The tube was pre-washed with nitric acid to dissolve
any traces of metals and rinsed with demineralized water. Then, samples were anonymously labeled
and placed in the freezer at -20 °C to ensure sample stability after saliva pH measurement.

2.5.5. Saliva pH Measurement Technique

The pH was measured immediately after saliva collection (maximum 30 min). The measurement
was made using a Voltcraft portable electronic pH meter, pH-100 ATC series. After each
measurement, the pH meter probe was rinsed with distilled water contained in a rinse bottle
equipped with a soft pouring plastic spout and then dried with a soft, lint-free cloth.
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2.6. Ethical Considerations

Participants were informed of the study objectives and how it will be conducted. They gave their
informed consent in writing. Throughout the study, patient anonymity was respected and the
confidentiality of the data collected was ensured. This study received authorization from the Health
Research Ethics Committee (CERS) through its deliberation no. 2024-06-181.

2.7. Data Processing and Analysis

Data collected were processed with SPSS 21 and Word 2016 software. The significance threshold
p was set at 0.05. To highlight the interaction of orthodontic appliances in saliva, Student’s T test was
used to compare the averages of nickel and chromium in the saliva of subjects wearing and not
wearing orthodontic appliances. Our variables are described by their mean and standard deviation.

3. Results

On the whole, 92 patients participated in this study, divided into two groups: 46 patients
equipped with a multiband appliance and 46 people without any appliance. Participants were mainly
pupils and students living in the Ouagadougou city as shown in Table I. The average age was
16.26+5.85 years for those without appliance and 17.84+7.07 years for those equipped with appliance.
Their food habits were dominated by sweet foods (see Table II).

These patients consulted mainly for aesthetic reasons due to dental malpositions summarized in
Table III which also lists the clinical signs observed after the appliance was placed in the mouth and
the procedure performed just before saliva sampling.

The results showed that the pH (see Table IV) was on average 6.97+0.44 in participants wearing
appliances and slightly higher in those who did not wear appliances. As shown in Table V, on average
nickel and chromium in patients were respectively 20.41+18.56 and 9.38+19.49

Table I. Participants’ socio-demographic characteristics.

Variables With appliance Without appliance Total
Participant number (n) 46 46 92
Age (average and standard deviation) 16.26+5.85 17.84+7.07 17.05+6.46
Gender (n/%)
Male 27 18 45(51.09)
Female 19 28 47(48.91)
Residence (n/%)
Ouagadougou 43 40 83(90.22%)
Others 3 6 9(9.78%)
Occupation
Pupil 30 26 56(60.87)
Student 16 17 33(35.87)
Computer scientist 0 1 1(1.09)
Engineer 0 1 1(1.09)
Pharmacist 0 1 1(1.09)

Table II. Distribution of participants per types of food eaten just before saliva sampling.

Favorite drink Frequency Rate
Soft pop 37 40.22%
Water 6 6.52%
Natural juice 49 53.26%
Food taken before saliva sampling Rate
Frequency
Rice 42 45.65%
Pasta 15 11.96%
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To 11 6.52%
Bean 6 4.35%
Couscous 4 4.35%
Bread with eggs 4 4.35%
Bread and meat 2 2.17%
Thea 2 2.17%
Atiéké 2 2.17%
Porridge 1 1.09%
Yam 1 1.09%
Milk coffee 1 1.09%
Potato 1 1.09%
Total 92 100%
Table III. Participants distribution according to clinical aspects.
Frequency Rate
Diagnosed orthodo.ntlc anomalies 7 15.21%
Deepbite
Overbite 5 10.87%
Missing tooth 1 2.17%
Retained tooth 2 4.35%
Diastema 4 8.70%
Dental crowding 15 32.61%
Crossbite 4 8.70%
Overjet 8 17.39%
Clinical signs due to the orthodontic appliance placement (n=14)
Pruritus 1 7.14%
Irritation 6 42.46%
Metallic taste 5 35.71%
Burning 2 14.29%
Clinical procedure performed before saliva sampling (n=46)
Archwire replacement 16 34.78%
Bracket bonding 3 6.52%
Ring sealing 1 2.17%
Chain replacement 12 26.08%
Ligature replacement 38 81.61%
Table IV. Distribution according to saliva pH.
Saliva pH Without appliances (n/%) With appliances (n/%)
[6-6.5[ 2(4.35%) 8(17.39%)
[6.5-7] 16(34.78%) 14(30.43%)
[7-7.5] 27(58.70%) 17(36.96%)
[7.5-8] 1(2.1%) 7(15.22%)
Total 46(100%) 46(100%)
Saliva pH average 7.03+0.32 6.97+0.44
Table V. Quantities of nickel ions released from the fixed orthodontic appliance.
Without appliance (n=46) With appliance (n=46) p-value
Metal(ug/L) Frequency Rate Frequency Rate
Nickel 0.0002
<2 13 28.26% 2 4.35%
2to 10 30 65.22% 18 39.13%
11to 20 3 6.52% 11 23.91%
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>20 0 0.00% 15 32.61%
Total 46 100% 100.00% 100.00%
Nickel average 4.39+4.11 20.41+18.56
Chromium 0.0031

<2 41 89.13% 17 36.96%

2to 10 5 10.87% 22 47.83%
11to 20 0 0.00% 4 8.70%
>20 0 0.00% 3 6.52%

Total 46 100% 46 100.00%
Chromium average 1.30+£1.33 9.38+19.49

4. Discussions

The results of this study show nickel and chromium release in patients’ saliva. Saliva seems to
be a biological sample easier to study than blood, urine, hair, nails or skin. Sampling this biological
fluid is less invasive than serum, easier to analyze than urine or hair samples.

The use of the freezer ensured the stability of the saliva samples before their analysis. Nickel and
chromium concentrations in saliva samples remain stable for 6 months if stored at -20°. The pH is
measured immediately, within thirty minutes after collection to avoid any change due to loss of CO?
or temperature fall. Since the sample is taken at least thirty minutes after having eaten, saliva
buffering capacity brings the pH back to an equilibrium value close to neutral. Yet, we noticed that
the device reduces salivary pH.

Furthermore, the spectrometer used had a quantification limit of 2 ug per liter of saliva. Below
this limit, the exact value of nickel or chromium was unknown. This limited the accurate reading of
minute levels of trace elements, particularly in the saliva of participants who do not wear appliances.

Most of participants in this study were pupils and students lining in the Ouagadougou city.
Female participants were more numerous. Indeed, they seek orthodontic treatment for aesthetic
reasons, as they are more concerned with their physical appearance. Orthodontic treatment with a
multi-bracket metal device is indicated after the eruption of permanent teeth, generally above twelve
years.

This type of treatment is most often for adolescents whose food system is rich in fermentable
sugars. 93.48% of the subjects surveyed consumed soft drinks and sweetened natural juices. Soft
drinks and sugar affect saliva pH, which becomes acidic and increases the corrosion of dental alloys
[20].

The presence of metals in subjects without orthodontic appliances shows that there are other
sources of exposure to metals. Hence the need for an individual approach by taking into account
other potential sources of metal exposure for each participant to orthodontic treatment with metal
appliances. Metal levels in in-vivo studies could be altered by factors such as food, drinks, air, or
tooth brushing [13].

There are many sources of food exposure: meat, chocolate, cocoa, dried fruits (hazelnuts,
almonds), cereals, legumes, tea, coffee, spinach. Canned goods can also be contaminated by the
migration of metals from the container. Similarly, some stainless steel or homemade aluminum
kitchen utensils widely used in our context can contribute to this contamination during cooking.
Drinking water can also be contaminated by metals. The WHO guideline values for drinking water
currently tolerate nickel concentration up to 70 ug/mL and chromium concentration up to 50 pg/mL
[21].

Occupational sources of exposure to nickel and chromium include metalworking jobs (welder,
factory), industries (automotive, jewelry, watchmaking, electrical, chrome plating). Preventive
measures must be taken by wearing personal protective equipment, ventilating work areas, and
regularly monitoring ambient air. All these sources contribute to oral exposure which increases the
doses of metals in patients wearing metal orthodontic appliances.

Given these potential risks, alternatives to metal components during orthodontic treatment can
be ceramic brackets or aligners. Ceramic brackets are made of zirconium oxide or aluminum oxide.
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They are more stable in saliva but their cost is high and their implementation more delicate; easily
breakable during treatment and their removal is very difficult. Indeed, the polished surface of the
ceramic is less smooth compared to that of the metal, which facilitates the retention of dental plaque.
The adhesive capacity of the composite is important in the ceramic interface, the breakage during
removal refers to the tooth-composite interface. Enamel fractures regularly occur during the removal
of ceramic brackets. All these drawbacks tend to limit the use of ceramic brackets.

The use of aligners is currently flourishing, notably among adult patients, due to their aesthetic
appeal. They are designed using artificial intelligence. The cost of orthodontic treatment with aligners
is higher compared to that of treatment using metal brackets. In addition, orthodontic aligners release
bisphenol A, an endocrine disruptor, into saliva. It affects hormones and fertility by affecting
spermatozoids and ovaries health [11].

Ultimately, the presence of the appliance significantly increases nickel and chromium in saliva.
This corroborates the results found by some authors who have highlighted the increase of these
metals in saliva after wearing orthodontic appliances [4,10,16,19]. Values obtained remain lower than
those found by Ousehal et al. [12]. Bonding brackets, changing orthodontic arches or sealing molar
bands increase metal release.

By considering a patient who swallows one liter of saliva per day, according to the results of this
study, he could swallow nearly twenty micrograms of nickel and ten micrograms of chromium per
day. Since orthodontic appliances are made of several metals, the combination of both becomes a
serious concern for the human body. As Sawadogo et al. [8] point out, other metals such as aluminum
intervenes and could become a set of toxic metals for patients. The doses released are minimal, below
the daily safety limit of 600 pg per day which corresponds to the toxicity threshold of nickel [20].

However, this was a cross-cutting study with minimal assessment in saliva with pH nearly null.
A longitudinal study on larger cohorts before, during, and after orthodontic treatment would enable
to better monitor the kinetics of metal release in saliva and long-term biological effects.

5. Conclusion

This study highlights the release of metals in saliva environment by the metallic orthodontic
appliance consisting of rings, brackets, maxillary and mandibular arches. The main results show that
nickel and chromium significantly increase in saliva after the fitting of metallic orthodontic
appliances. Clinical signs report a sensation of metallic taste upon the fitting of the appliance.

While wearing fixed orthodontic appliances, it would be advisable to avoid foods with extreme
alkaline and particularly acidic pH levels. As a preventative measure, it also seems necessary to
reduce the duration of wearing metal orthodontic appliances to the bare minimum. Quantities
released remain tolerable under sound clinical practice that takes into account the risks of
sensitization and intolerance to metals, particularly nickel.

Conflicts of Interest: The authors declare having no conflict of interest.

References

1.  Wishney M, Mahadevan S, Cornwell JA, Savage T, Proschogo N, Darendeliler MA, Zoellner, H. Toxicity of
orthodontic brackets examined by single cell tracking. Toxics 2022,10;460.

2. Mirhashemi AH, Jahangiri, S., Kharrazifard MJ. Release of nickel and chromium ions from orthodontic
wires following the use of teeth whitening mouthwashes. Prog Orthod 2018,19;4.

3. Osmani Z]J, Poljsak B, Zelenika S, Kamenar E, Markovic K, Percic, M., et al. Release and surface changes of
nickel-titanium archwires induced by changes in the pH value of the saliva-significance for human health
risk assessment. Mater 2022,6(15):1994.

4.  Pritam A, Priyadarshini A, Hussain K, Kumar A, Kumar N, Malakar, A. Assessment of nickel and
chromium level in gingival crevicular fluid in patients undergoing orthodontic treatment with or without
fluoridated tooth paste. ] Pharm Bioall Sci 2021;13:51588-90.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.0542.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 November 2025 d0i:10.20944/preprints202511.0542.v1

8 of 8

5. Mirhashemi SA, Jahangiri S, Moghaddam MM, Bahrami, R. Nickel and chromium ion release from
orthodontic wires subjected to various drinks and distilled water. Front Dent 2023,18;20-33.

6. Ouédraogo Y, Lamien Y, Sawadogo A, Ouédraogo CNT, Touré K, Sangaré AD, Ouédraogo, D., Beugré JB.
Prévalence des malocclusions dentaires et besoin en traitement orthodontique des éleves de la ville de
Boromo. Rev Col Odonto-Stomatol Afr Chir Maxillo-fac, 2020,27(2) :41-48.

7. Jatania A, Puri S, Chaudhry V, Mishra, P., Tiwari, A., Kendre, B. Evaluation of salivary chromium levels
among patients undergoing fixed orthodontic treatment. Int ] Health Sci 2022,6(3): 8978-8982.

8. Mallik N, Mohanty B, Jena S, Dash, B., Sahoo, N. Evaluating the biological effects of bisphenol A leaching
during clear aligner therapy: an umbrella review of systematic reviews and meta-analyses. Cureus
2025,17(7):13p.

9.  Ousehal, L., Lazrak, L. Change in nickel levels in the saliva of patients with fixed orthodontic appliances.
Int Orthod 2012,10(2):190-197.

10. Bazié BSR, Compaoré MKA, Moumouni B, Kpoda SD, Méda NSBR, Ouédraogo-Kangambega TM, Ilboudo
I, Yonaba-Sandwidi B, Nikiema F, Yakoro A, Bassolé IHN, Hervé Hien, Kabré, E. Evaluation of metallic
trace elements contents in some major raw foodstufs in Burkina Faso and health risk assessment. Scientifc
Reports 2022,12(1):4460.

11. Bougouma M, Sawadogo ], Kaboré A, Bambara D, Ayouba Mahamane, A., Adamou, R., Legma JB. Analyse
électrochimique du comportement des ustensiles de cuisine locaux dans 1’eau de robinet et dans différents
milieux culinaires. Afr Sci 2018,14(1):106-118.

12. Sawadogo J, Nisol B, Bougouma M, Ramdé T, Boubié G, Buess-Hermann, C., Legma JB. Caractérisations
chimiques des ustensiles de cuisine artisanale en aluminium fabriqués au Burkina Faso: cas de
Ouagadougou. Int ] Biol Chem Sci 2014,8(6):2813-2827.

13. Sabri NIM, Noviaranny IY, Kazi JA. Nickel accumulation in saliva and urine post orthodontic fixed
appliance treatment in Malay population. Compendium Oral Sci 2024,11(1):79-88.

14. Al-Rawe RA, Al-Zubaydi FS, Nahidh, M., Alsheekhly, B. Urinary nickel and chromium levels in
orthodontic patients: A case-control study. ] Orthodont Sci 2025;14:21.

15. Zigante M, Mlinaric MR, Kastelan M, Perkovic V, Zrinski MT, Spalj, S. Symptoms of titanium and nickel
allergic sensitization in orthodontic treatment. Prog in Orthod 2020,21;17.

16. Joshy, N., Singh, G. Analysis of nickel and chromium levels in the saliva of patients undergoing fixed
orthodontic treatment: An observational study. ] Adv Med Dent Scie Res 2023;11(5):175-177.

17. Durgo K, Oresic S, Mlinaric MR, Fiket, Z., Juresic GC. Toxicity of metal ions released from a fixed
orthodontic appliance to gastrointestinal tract cell lines. Int ] Mol Sci 2023,24;9940.

18. Bagalkot KB, Dhaka H, Singh ], Kalsi S, Soni, S., Sharma VK. Analysis of salivary nickel levels in patients
undergoing fixed orthodontic treatment: An observational study. Int ] Res Health Allied Sci 2020; 6(5):110-
113.

19. Urbutyte K, Barciute A, Lopatiene, K. The changes in nickel and chromium ion levels in saliva with fixed
orthodontic appliances: A systematic review. Appl Sci 2023, 13, 4739.

20. Ouédraogo Y, Sakira AK, Ouédraogo M, Tapsoba I, Konsem T, Beugré JB. Influence of pH on the release
of nickel ions from fixed orthodontic appliances in artificial saliva. ] Orthodont Sci 2024,13;49 :7p.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.0542.v1
http://creativecommons.org/licenses/by/4.0/

