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ABSTRACT
BACKGROUND: White spot caries around braces is a common complication of orthodontic treatment. Numerous studies have 
indicated varying levels of the effectiveness of preventive measures for patients with braces, particularly for patients with 
noncarious enamel defects.
AIM: This study aimed to determine the effectiveness of the use of preventive agents around braces and in the area of noncari-
ous spots in patients with enamel defects at the stages of orthodontic treatment.
MATERIALS AND METHODS: The study involved 54 patients aged 14–18 years. All patients were divided into three groups. 
In group 1, patients were treated monthly with the area around the bracket and the spot with Fluorine-Lux for deep fluoridation. 
In group 2, the enamel around the braces was fluoridated monthly with Fluorine-Lux varnish. Patients used R.O.C.S. toothpaste 
for home hygiene (ProBrackets&Ortho). In group 3 (control group), patients received professional oral care twice a year accord-
ing to the standard regimen. Patients used fluoride toothpaste for oral care at home. Treatment lasted no more than 25 months. 
The initial levels of hygiene, caries intensity, and enamel resistance in all groups were comparable.
RESULTS: After removing the bracket system, the intensity of the caries in group 1 significantly increased slightly to 13.75 ± 1.12 
(p > 0.01), and the “K” component increased to 2.91 ± 0.38 (p > 0.01). After removing the orthodontic equipment, the intensity 
of the carious process in group 2 was 12.23 ± 1.34, with highly significant differences (p < 0.05), the “K” component was 
3.42 ± 0.19 (p < 0.05), and the number of teeth with noncarious defects was 4.19 ± 0.06 (p < 0.05). The appearance of new 
carious spots and cavity defects in teeth with noncarious enamel lesions that require treatment and filling were recorded. 
In group 3, the intensity of dental caries after the removal of the orthodontic equipment was 18.21 ± 0.16, with highly significant 
differences (p < 0.05), the “K” component was 6.83 ± 0.11 (p < 0.05), and the number of teeth with noncarious defects was 
1.98 ± 0.04 (p < 0.05). The appearance of new carious spots and cavity defects in teeth with noncarious enamel lesions requir-
ing treatment and filling were registered.
CONCLUSIONS: To prevent caries in the form of white spots on the teeth in patients with noncarious lesions during orthodontic 
treatment, professional oral hygiene monthly with the removal of the arch wire is recommended. The most effective is the 
combination of home oral hygiene using calcium-containing paste and monthly application of the drug Fluorine-Lux for deep 
fluoridation around braces and in noncarious areas.
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АННОТАЦИЯ
Актуальность. Кариес в виде белых пятен вокруг брекетов является частым осложнением ортодонтического лечения. 
Многочисленные исследования свидетельствуют о различном уровне эффективности профилактических мероприятий 
для пациентов с брекет-системами, особенно для пациентов с дефектами эмали некариозного происхождения.
Цель. Определить эффективность использования средств профилактики вокруг брекетов и в области некариозных 
пятен у пациентов с дефектами эмали на этапах ортодонтического лечения. 
Материалы и методы. В исследовании приняли участие 54 пациента в возрасте от 14 до 18 лет. Все пациенты 
были разделены на 3 группы. Пациентам 1-й группы ежемесячно проводили обработку зоны вокруг брекета и пят-
на препаратом «Фтор-люкс» для глубокого фторирования. Пациентам 2-й группы ежемесячно проводили фтори-
рование эмали вокруг брекетов лаком «Фтор-люкс». Пациенты использовали для домашней гигиены зубную пасту 
«R.O.C.S. ProBrackets&Ortho». Пациентам 3-й группы (группа контроля) проводили профессиональную гигиену полости 
рта 2 раза в год по стандартной схеме. Пациенты использовали для домашней гигиены зубную пасту с фторидом. 
Лечение проводилось не более 25 мес. Начальный уровень гигиены, интенсивности кариеса и резистентности эмали 
во всех группах был сопоставим. 
Результаты. После снятия брекет-системы интенсивность кариеса в 1-й группе пациентов достоверно увеличилась 
незначительно до 13,75 ± 1,12 (p > 0,01), компонент «К» увеличился до 2,91 ± 0,38 (p > 0,01). После снятия ортодон-
тической техники интенсивность кариозного процесса у пациентов 2-й группы составила 12,23 ± 1,34, при высокой 
достоверности различий (p < 0,05) компонент «К» — 3,42 ± 0,19 (при p < 0,05), количество зубов с некариозными 
дефектами составило 4,19 ± 0,06 (при p < 0,05). Зарегистрировано появление новых кариозных пятен, а также в зу-
бах с некариозными поражениями эмали полостных дефектов, требующих лечения и пломбирования. У пациентов 
3-й группы интенсивность кариеса зубов после снятия ортодонтической техники составила 18,21 ± 0,16 при высо-
кой достоверности различий (p < 0,05), компонент «К» — 6,83 ± 0,11 (при p < 0,05), количество зубов с некариоз-
ными дефектами составило 1,98 ± 0,04 (при p < 0,05). Зарегистрировано появление новых кариозных пятен, а также 
в зубах с некариозными поражениями эмали появление полостных дефектов, требующих лечения и пломбирования.
Выводы. Для профилактики кариеса в виде белых пятен на зубах у пациентов с некариозными поражениями зубов 
при ортодонтическом лечении целесообразно проводить профессиональную гигиену полости рта ежемесячно со сня-
тием дуги. Наибольшей эффективностью обладает сочетание домашней гигиены полости рта с использованием каль-
цийсодержащей пасты и нанесения ежемесячно препарата «Фтор-люкс» для глубокого фторирования вокруг брекетов 
и в области некариозных пятен.

Ключевые слова: профилактика кариеса; брекет; ортодонтическое лечение; белые пятна эмали; дефекты эмали; 
глубокое фторирование.
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BACKGROUND
Despite advances in orthodontic treatment over the 

past 20 years, the development of dental caries such as 
white spots around braces remains a problem. The inci-
dence of white spots, based on post-treatment evalua-
tions, ranges from 0% to 97%. Five risk factors for the 
development of dental caries in the form of white spots 
during treatment have been identified: treatment dura-
tion >36 months, teeth without fluorosis, poor oral hy-
giene, poor oral hygiene after the installation of fixed 
appliances, and presence of enamel defects [1–4]. Dental 
caries are prevalent in the general population, with re-
ports indicating that 20%–80% of people worldwide have 
enamel defects. Patients with such defects often require 
orthodontic treatment. The wide range of enamel defects 
reported is mainly due to the inclusion criteria for what 
constitutes an enamel defect, such as enamel hypoplasia 
or its absence, discoloration indicating hypomineraliza-
tion, fluorosis, and caries. Environmental exposure and 
genetic changes can impair enamel development. Patho-
logical conditions such as fever, infection, trauma, satu-
ration changes, antibiotic therapy, and other factors can 
adversely affect amelogenesis. The enamel phenotype 
resulting from different types of damage during amelo-
genesis varies depending on the type of stress, dura-
tion, and intensity of exposure. Short-term environmen-
tal stressors such as fever often cause localized enamel 
defects, whereas chronic stressors such as increased 
fluoride exposure are more likely to be associated 
with generalized defects [5–10]. When treating pa-
tients with enamel defects who require orthodontic treat-
ment with fixed appliances, planning for caries prevention 
programs considering the enamel structure is important.

Numerous studies have evaluated the effective-
ness of methods to prevent white enamel spots during 
orthodontic treatment. The development of fluoride ma-
terials for braces is currently underway. Oral hygiene 
must be maintained using high-fluoride toothpaste and 
professional preventive products. The combined use of 
fluoride, hydroxyapatite, and calcium compounds has 
been a recent topic of debate [11–22]. Studies have 
confirmed the effectiveness of deep enamel fluoridation 
[23–29].

The aim of this study was to determine the effec-
tiveness of prophylaxis around brackets and in noncari-
ous spots during orthodontic treatment in patients with 
enamel defects.

MATERIALS AND METHODS
The study enrolled 54 patients aged 14–18 years, who 

were divided into three groups. Each group was offered a 
choice among the three caries prevention algorithms to 
determine which was the most acceptable.

Group 1 consisted of 20 patients with a mean age 
of 16.5 years and a hygiene index was 64.32% ± 8.92%. 
This group presented with noncarious spots. After the 
installation of the bracket system, all patients re-
ceived monthly professional oral hygiene. Subsequently, 
“Fluorine-Lux” (TechnoDent, Russia) was applied around 
each bracket and on all enamel defects for deep fluorida-
tion. The enamel was first impregnated with a liquid con-
taining magnesium hexafluorosilicate and slightly dried 
to increase the concentration. Then, it was treated with 
calcium hydroxide suspension. This interaction resulted 
in the formation of insoluble crystalline salts of mag-
nesium and calcium fluorides in a silicic acid gel, which 
trapped the crystals in the enamel defects around the 
bracket or adhesive.

Patients were advised to use ROCS ProBrackets & Ortho 
toothpaste twice daily for home oral hygiene. Group 2 
included 18 patients with a mean age of 16.8 years and 
a hygiene index of 62.57% ± 7.16%. This group pre-
sented with noncarious spots. After the installation of 
the bracket system, all patients received monthly pro-
fessional oral hygiene. Subsequently, the “Fluorine-
Lux” varnish (TechnoDent, Russia) was applied around 
each bracket (bracket glue) and on all enamel defects. 
The varnish contains calcium fluoride, sodium fluoride, 
aminofluoride, and a film-forming agent in a volatile sol-
vent. Patients were advised to use ROCS ProBrackets & 
Ortho toothpaste twice daily for home oral hygiene.

Group 3 included 16 patients with a mean age of 
16.4 years and a hygiene index of 66.34% ± 6.53%. 
This group had noncarious spots. After the installation of 
the bracket system, professional oral hygiene was per-
formed every 6 months, followed by fluoride varnish ap-
plication. The patients used toothpaste containing mono-
fluorophosphate twice daily for home oral hygiene.

Oral cavity sanitation was performed in all patients 
before and during the installation of the bracket system 
and the stages of treatment. The average treatment period 
was no longer than 30 months. Caries intensity was as-
sessed after oral cavity sanitation. The “D” component in-
cluded caries in staining stage K02.0. Noncarious enamel 
defects, classified in ICD10 under codes K00.4 and K00.5, 
were also noted. Patients with confirmed diagnoses of 
dental fluorosis (K00.30) were excluded according to 
the criteria. The differential diagnosis between carious 
and noncarious stains was made using vital staining and 
fluorescence diagnostics after plaque removal. If staining 
was not detected and porphyrin fluorescence was absent, 
enamel defects (K00.4 and K00.5) were noted. If staining 
was detected and porphyrin fluorescence was present, 
caries (K02.0) was noted. Methylene blue solution was 
used for staining, and VistaCam was used to determine 
fluorescence (Figs. 1 and 2).

The oral hygiene index was determined by stain-
ing teeth with an indicator and counting the number of 
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Fig. 1. Spot without signs of demineralization; enamel hypomine-
ralization of noncarious origin (postnatal hypoplasia, K00.4)
Рис. 1. Пятно без признаков деминерализации — гипомине-
рализация эмали некариозного происхождения (постнатальная 
гипоплазия К00.4)

Fig. 2. Stain with signs of demineralization in the subsurface layer 
(caries, K02.0)
Рис. 2. Пятно с признаками деминерализации в подповерх-
ностном слое (кариес К02.0)

stained surfaces of all teeth using the Hygiene Efficiency 
Index (O’Leary, 1967). The proportion of stained surfaces 
to the total number of tooth surfaces was then calculated 
as a percentage. Enamel resistance was measured using 
the test of enamel resistance (TER-test) (Okushko V.R., 
Kosareva L.I., 1984).

Test procedure: A drop of 1% hydrochloric acid solu-
tion was applied to the cleaned and dried vestibular sur-
face of the premolar enamel using a microcapillary at the 
center for 5 s. After the removal of the acid, a 1% aque-
ous solution of methylene blue was applied to the etched 
areas using a microcapillary. The staining intensity was 
evaluated using a 10-field typographic shade scale for 
blue with a colorimetric gradation of saturation ranging 
from 10% to 100%. To interpret the results, the staining 
intensity indicates the level of tooth enamel resistance 
to acidic factors. If the staining intensity is <30%, the 
tooth enamel is resistant to these factors. If the staining 
intensity is between 30% and 60%, the tooth enamel has 
a moderate degree of resistance to acidic factors. If the 
staining intensity is >60%, the tooth enamel is unstable 
under the influence of acids. The indices were registered 
twice, i.e., before the installation of the bracket system 
and after its removal.

Statistical data were processed using the Statistica 12.0 
program.

RESULTS
The hygiene index was not significantly different before 

the installation of the bracket system and after its remov-
al in the three groups. However, the hygiene index values 
before and after treatment were significantly different, 
indicating a significant improvement in the oral hygiene 
of all patients (Table 1). The populations being compared 
exhibited a normal distribution. Differences between the 
groups were not significant (p > 0.01). How ever, signifi-
cant differences in the hygiene index were noted before 
and after the removal of the braces (p < 0.05).

In the assessment of tooth enamel resistance in 
group 1, the hygiene index values were 42.32% ± 4.35% 
and 43.98% ± 2.11% before and after treatment. The dif-
ference was not significant (p > 0.01) (Table 2).

In group 2, the enamel resistance rate before treat-
ment was 38.93% ± 4.17%, which significantly increased 
to 49.48% ± 5.09% after brace removal. In group 3, 
the TER-test value was 44.02% ± 4.38% before treat-
ment, which significantly increased to 67.38% ± 3.21% 
after the removal of the bracket system (p < 0.05). 
Before the installation of the bracket system, no sig-
nificant differences in the TER-test values were found 
among patients in all groups. After treatment, enamel 
resistance in group 3 decreased significantly compared 
with the initial values, whereas groups 1 and 2 did not 
experience significant changes in TER-test values.

In this study, no patients had cavitated carious defects 
because their oral cavities were sanitized before brace 
system placement. The “D” component included caries 
in the staining stage (K02.0). Enamel defects were clas-
sified as K00.4 and K00.5. Importantly, the intensities 
of caries and noncarious lesions before treatment were 
comparable among the three groups and did not show 
significant differences.

Before placing the bracket system in group 1, 
the caries intensity was 11.42 ± 1.08. Carious stains 
were recorded at 2.42 ± 0.05 and noncarious stains at 
5.52 ± 0.03.

After the removal of the bracket system, the inten-
sity of caries in this group significantly increased to 
13.75 ± 1.12 (p > 0.01), and the “D” component increased 
to 2.91 ± 0.38 (p > 0.01). The number of teeth with 
enamel defects remained the same, which may indicate 
a stable situation regarding dental caries in the area of 
enamel defects of noncarious origin (Table 3).

In group 2, the intensity of dental caries before orth-
odontic treatment was 10.98 ± 0.25, and the number of 
teeth with noncarious defects was 6.19 ± 0.09. After the 
removal of orthodontic appliances, the intensity of the 
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Table 1. Hygiene index of the patients in the study groups
Таблица 1. Индекс гигиены у пациентов групп исследования

Determination period
O’Leary hygiene index, %

Group 1 Group 2 Group 3

Before bracket 
placement 64.32 ± 8.92 62.57 ± 7.16 66.34 ± 6.53

After treatment 34.45 ± 6.31 38.73 ± 6.97 35.84 ± 7.28

Table 2. Resistance of tooth enamel by the test of enamel resistance in the study groups
Таблица 2. Резистентность эмали зубов по ТЭР-тесту у пациентов групп исследования

Determination period
ERT, %

Group 1 Group 2 Group 3

Before bracket 
placement 42.32 ± 4.35 38.93 ± 4.17 44.02 ± 4.38

After treatment 43.98 ± 2.11 49.48 ± 5.09 67.38 ± 3.21

Table 3. Intensity of caries in dynamics in two study groups
Таблица 3. Интенсивность кариеса в динамике у двух групп исследования

Study groups D (К02.0) F M DMF ED (К00.4, К00.5)
Group 1

Before bracket placement 2.42 ± 0.15 9.34 ± 0.09 – 11.42 ± 1.08 5.52 ± 0.03

After brace removal 2.91 ± 0.38 10.87 ± 0.11 – 13.75 ± 1.12 5.52 ± 0.03

Group 2

Before bracket placement 2.34 ± 0.02 8.96 ± 0.18 – 10.98 ± 0.25 6.19 ± 0.09

After brace removal 3.42 ± 0.19 9.27 ± 0.12 12.23 ± 1.34 4.19 ± 0.06

Group 3

Before bracket placement 6.12 ± 0.10 8.09 ± 0.11 – 11.25 ± 0.09 6.09 ± 0.02

After brace removal 6.83 ± 0.11 12.12 ± 0.08 – 18.21 ± 0.16 3.98 ± 0.04

Note: D, decayed teeth; M, missing teeth; F, filled teeth; ED, enamel defects.

carious process in group 2 significantly increased to 
12.23 ± 1.34 (p < 0.05), and the number of teeth with 
noncarious defects significantly decreased to 4.19 ± 0.06 
(p < 0.05). The “D” component also increased significantly 
to 3.42 ± 0.19 (p < 0.05).

In group 3, the intensity of dental caries before orth-
odontic treatment was 11.25 ± 0.09, the “D” component 
was 6.12 ± 0.10, and the number of teeth with noncarious 
defects was 6.09 ± 0.02. After the removal of orthodontic 
appliances, the intensity of the carious defects increased 
significantly to 18.21 ± 0.16 (p < 0.05), the “D” compo-
nent increased to 6.83 ± 0.11 (p < 0.05), and the number 
of teeth with noncarious defects decreased to 3.98 ± 0.04 
(p < 0.05).

New carious spots were detected along with cavitated 
defects that required treatment and filling in teeth with 
noncarious enamel lesions.

CLINICAL CASE. PATIENT WITH 
ENAMEL HYPOPLASIA BEFORE 
AND AFTER TREATMENT

Patient M, a 15-year-old girl, was diagnosed with me-
sial occlusion, retention of teeth 4.3 and 3.3, postnatal 
systemic enamel hypomineralization, and celiac disease 
(gluten enteropathy), as shown in Figure 3.

Before bracket system placement, the decayed/
missing/filled teeth (DMF) index was 4, the TER value 
was 44%, the hygiene index was 58%, and noncarious 
spots were present in 24%. The treatment period was 
25 months. After removing the bracket system, the DMF 
index was 5. The TER-test value and the hygiene index 
were 46% and 43%, respectively. In addition, noncarious 
spots were observed in 24% of the cases.
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Fig. 3. Patient M.’s teeth before (a) and after (b) treatment
Рис. 3. Фотографии зубов пациента М. до (а) и после (b) лечения

a b

CONCLUSIONS
To prevent white spots in patients with noncarious 

lesions during orthodontic treatment, monthly profes-
sional oral hygiene with arch removal is recommended. 
The most effective approach is to combine home oral hy-
giene with a calcium-containing paste and monthly ap-
plication of Fluorine-Lux (TechnoDent, Russia) for deep 
fluoridation around the brackets and in the area of the 
noncarious spots.
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