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A B S T R A C T

Introduction: The goal of orthodontic treatment is the improvement of oral health. Unfortunately, orthodon-
tic therapy carries a risk of complications. Most frequent reported problem is dental caries. 
Objectives: The aim of this work was an assessment of intensity of dental caries and dental treatment index in 
young patients treated with fixed appliances. 
Material and methods: Study included 144 patients, aged 12-18 years. The patients were divided into 2 groups, 
including one group with orthodontic treatment and one control group. The study was conducted in 3 stages, such 
as before orthodontic treatment, after a month, and after 6 months of therapy. Decayed, missing, and filled teeth 
(DMFT) value and caries treatment index were assessed. 
Results: Distribution of DMFT values in the first, second, and third stages of  the study was not statistically 
different (p > 0.05) in the group with orthodontic treatment and control group. However, statistically significant 
difference was found in the assessment of DMFT changes in the group having orthodontic treatment during half-
year observation period. The DT value was observed to decrease (from 0.67 to 0.33), while FT value increased 
significantly (from 3.68 to 4.15) during each of the three stages of the study. 
Conclusions: Orthodontic treatment does not significantly influence an increase of DMFT index in the patients 
with orthodontic treatment compared to patients without orthodontic therapy. Frequent visits at the dentist’s office 
during an orthodontic treatment resulted in an increase of caries treatment index in orthodontic patients. 

Key words: adolescent, dental caries, fixed orthodontic appliances. 

J Stoma 2020; 73, 5: 254-260
DOI: https://doi.org/10.5114/jos.2020.100542

INTRODUCTION

Orthodontic therapy provides a  change in the  en-
vironment of  oral cavity, with a  risk of  complications. 
The  most frequent problem reported by orthodontists 
is dental caries [1]. The studies carried out so far indi-
cate that fixed braces may additionally influence initiat-
ing or intensification of cariogenic process as they limit 
the flow of saliva, which naturally cleans the teeth and 
creates a  retentive surface, where bacterial species are 
able to reproduce and where there is an increased diffi-

culty in maintaining oral hygiene. The grade of bacterial 
colonization related to orthodontic appliances is affect-
ed by the energy and roughness of appliances surfaces 
as well as their design and dimensions [2]. Moreover, 
the  excess of  cement around orthodontic brackets ad-
ditionally fosters bacteria proliferation. While complete 
removal of excess adhesive around the bracket is desir-
able, it can be sensitive and time-consuming task [3]. 
Orthodontic appliances break the salivary homeostasis 
of  microorganisms involved in dental caries [4]. After 
placing fixed braces, some changes in dental plaque were 
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observed, including an increase in the number of Strepto-
coccus mutans, Lactobacillus bacteria, and carbohydrates 
as well as lower resting plaque’s pH [5, 6]. Therefore,  
caries prevention from the beginning of therapy is nec-
essary. Careful hygienic procedures are needed to reduce 
the risk of dental caries after orthodontic treatment [7]. 
With poor oral hygiene, which impacts the appearance 
of caries or periodontal lesions in patients during active 
treatment, it is recommended to complete or postpone 
the therapy in order to avoid further iatrogenic lesions 
as well as to conduct an effective treatment. 

OBJECTIVES 

The aim of this work was an assessment of intensity 
of dental caries and dental treatment index in young pa-
tients treated with fixed appliances. 

MATERIAL AND METHODS 

In total, the present study involved 144 patients aged 
12-18 years, with 94 girls and 50 boys. The participants 
were divided into 2 groups: orthodontically treated and 
control. The group of patients treated orthodontically in-
cluded patients qualified for treatment with conventional 
fixed orthodontic braces. The  control group consisted 
of students attending schools located in the Lublin prov-
ince, Poland. In each of the schools, there were dental of-
fices. The mean age of patients in orthodontically treated 
group was 14.03 and in control group, it was 13.48. 

A total of  60 patients undergoing treatment with 
fixed appliances (42 girls and 18 boys) and 84 control 
students attending schools in Lubelskie voivodship  
(52 girls and 32 boys) were examined. 

Clinical examination of patients from the group with 
orthodontic treatment was conducted at the Chair and 
Department of Jaw Orthopedics of the Medical Univer-
sity of  Lublin. The  control group, without orthodontic 
treatment, was examined in school dental offices. 

The research was approved by bioethics committee, pa-
tients, parents/caregivers, schools’ principals, and schools’ 
dentists. 

Generally healthy patients were qualified to the study 
group. Due to the fact that a formation of carious lesion 
takes at least 6 months, the observation period included 
first half of the year of treatment with fixed braces. 

The study excluded persons who had been previ-
ously covered with orthodontic therapy, patients after 
gnathic treatment, and patients who presented with le-
sions in enamel of non-cariogenic origin. Adequately to 
the study group, the control group was formed. In both 
groups, the assessment of intensity of dental caries was 
divided into three stages: 
• stage 1: preliminary examination of  patients quali-

fied for orthodontic treatment was carried out during 
a visit prior the insertion of permanent appliance; 

• stage 2: 1 month after the placement of the braces; 
• stage 3: 6 months after the treatment. 

Measurements in the orthodontically treated and con-
trol group patients were completed by the same examiner. 

The physical examination was carried out in a dental 
office using a shadeless lamp, with a flat mirror and perio-
dontal probe WHO-621. Clinical examination included 
an assessment of DMFT index and caries treatment in-
dex. DMFT value means the total number of teeth with 
active caries either primary or secondary, teeth extracted 
due to caries, and restored teeth. 

DMFT = D + M + F, 

where DT means decayed permanent teeth with 
primary caries, with one or several cavities and/or sec-
ondary caries (tooth with temporary filling is treated as 
decayed tooth), MT means missing permanent teeth due 
to caries, and FT means permanent teeth with one or 
more restorations, without secondary caries, teeth with 
a crown due to previous decay. 

DMFT value higher than 0 indicates that a  person 
has or had caries. Dental treatment index is the  ratio 
of  number of  filled teeth to the  total number of  teeth 
with caries and filled teeth. 

Treatment index = 
F

D + F
           ,

where F is the number of teeth with fillings without 
secondary caries, and D is the number of teeth with car-
ies or fillings with secondary caries. 

An assessment of  caries treatment index suggests 
dental care in a population, effectiveness of routine pre-
ventive methods, and systematic control visits. It allows 
for the  evaluation of  existing effectiveness of  care and 
therapeutic actions, comparison, prediction, and plan-
ning. The values of  this index ranged between 0 and 1.  
Values from 0 to 0.5 indicated absence or low effectiveness 
of treatment, while values over 0.5 or close to 1 showed 
higher/high effectiveness. 

STATISTICAL ANALYSIS 

The results of clinical examinations were statistically 
analyzed using Statistica v.8.0 (StatSoft Polska, Poland). 

RESULTS 

DMFT VALUES AND ITS COMPONENTS 

On the  basis of  Mann-Whitney U test, it can be 
concluded that distribution of DMFT index in the first, 
second, and third examination in the group with ortho-
dontic treatment and control group was not statistically 
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TABLE 1. Average DMFT index and its components in both analyzed groups 

Group DMFT n M SD V Min Max Q1 Me Q3 

With orthodontic treatment DMFT1 60 4.35 3.00 69.0% 0.00 15.00 2.00 4.00 6.50 

DMFT 2 60 4.35 3.00 69.0% 0.00 15.00 2.00 4.00 6.50 

DMFT 3 60 4.48 3.05 68.0% 0.00 15.00 2.00 4.00 7.00 

Control DMFT 1 84 4.10 3.00 73.3% 0.00 14.00 2.00 4.00 6.00 

DMFT 2 84 4.10 3.00 73.3% 0.00 14.00 2.00 4.00 6.00 

DMFT 3 84 4.15 3.05 73.4% 0.00 14.00 2.00 4.00 6.00 

With orthodontic treatment D1 60 0.67 1.26 188.7% 0.00 6.00 0.00 0.00 1.00 

D2 60 0.52 1.14 221.1% 0.00 6.00 0.00 0.00 1.00 

D3 60 0.33 0.82 244.9% 0.00 4.00 0.00 0.00 0.00 

Control D1 84 0.90 1.39 153.1% 0.00 7.00 0.00 0.00 1.50 

D2 84 0.86 1.38 161.1% 0.00 7.00 0.00 0.00 1.00 

D3 84 0.81 1.38 169.9% 0.00 7.00 0.00 0.00 1.00 

With orthodontic treatment M1 60 0.00 0.00 – 0.00 0.00 0.00 0.00 0.00 

M2 60 0.00 0.00 – 0.00 0.00 0.00 0.00 0.00 

M3 60 0.00 0.00 – 0.00 0.00 0.00 0.00 0.00 

Control M1 84 0.01 0.11 916.5% 0.00 1.00 0.00 0.00 0.00 

M2 84 0.01 0.11 916.5% 0.00 1.00 0.00 0.00 0.00 

M3 84 0.01 0.11 916.5% 0.00 1.00 0.00 0.00 0.00 

With orthodontic treatment F1 60 3.68 2.80 75.9% 0.00 15.00 2.00 3.00 5.00 

F2 60 3.83 2.87 74.9% 0.00 15.00 2.00 4.00 5.00 

F3 60 4.15 2.90 69.8% 0.00 15.00 2.00 4.00 6.00 

Control F1 84 3.18 2.68 84.2% 0.00 12.00 1.00 3.00 5.00 

F2 84 3.23 2.66 82.6% 0.00 12.00 1.00 3.00 5.00 

F3 84 3.33 2.71 81.2% 0.00 12.00 1.50 3.00 5.00 

TABLE 2. Mann-Whitney U test values for DMFT and its components 

Comparison DMFT U Z p-value 

Group with orthodontic treatment and control group DMFT1 2365.5 0.6280 0.5300 

DMFT 2 2365.5 0.6280 0.5300 

DMFT 3 2325.0 0.7929 0.4278 

Group with orthodontic treatment and control group D1 2212.5 –1.4225 0.1549 

D2 2114.0 –1.9310 0.0535 

D3 2007.5 –2.5366 0.0112 

Group with orthodontic treatment and control group M1 2490.0 –0.8311 0.4059 

M2 2490.0 –0.8311 0.4059 

M3 2490.0 –0.8311 0.4059 

Group with orthodontic treatment and control group F1 2224.5 1.2058 0.2279 

F2 2180.5 1.3851 0.1660 

F3 2071.0 1.8334 0.0668 

different (p > 0.05). ANOVA Friedman test showed that 
in the group with orthodontic treatment, DMFT index 
assessments in the first, second, and third examination 
were statistically different (p < 0.05). Wilcoxon signed-

rank test revealed that DMFT values in the  first and 
third examinations as well as in the  second and third 
examinations in the group with orthodontic treatment 
were statistically different (p  <  0.05). Due to the  lack 
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of differentiation of the results, it was impossible to use 
Wilcoxon signed-rank test to compare DMFT index in 
the first and second examinations. 

On the  basis of  ANOVA Friedman test, it can be 
said that in the control group the DMFT values assessed 
in the  first, the  second and the  third examination were 
not statistically different (p  >  0.05), therefore were not 
changing over time. Moreover, on the basis of Wilcoxon 
signed-rank test, it can be concluded that DMFT index in 
the first and the third examination, as well as in the sec-
ond and the third examination in the control group were 
not statistically different (p > 0.05). Due to the lack of dif-
ferentiation of results, it was impossible to use Wilcoxon 
signed-rank test to compare DMFT values in the first and 
in the second examination. 

On the basis of values of descriptive statistics, it can be 
concluded that in the group with orthodontic treatment, 

DMFT index was lower before fixed braces application 
compared to values obtained after 6 months of  therapy. 
The values obtained after a month of treatment with fixed 
braces were also lower compared to data obtained after  
6 months of  treatment. Mann-Whitney U test revealed 
that distribution of decayed teeth in the first and second 
examinations in the group with orthodontic treatment and 
in control group was not statistically different (p > 0.05). 
While distribution of decayed teeth obtained in the third 
examination in the group with orthodontic treatment and 
in control group was statistically different (p < 0.05). 

On the basis of values of some descriptive statistics, it 
can be concluded that the number of decayed teeth obtained 
after six-month observation period was lower in the group 
with orthodontic treatment than in control group. 

ANOVA Friedman test indicated that in the  group 
with orthodontic treatment, the number of decayed teeth 

TABLE 3. ANOVA Friedman test and Wilcoxon signed-rank test values for DMFT and its components 

Group ANOVA 
Friedman test

p-value Comparison Z test 
Wilcoxon signed-rank

p-value 

With orthodontic treatment 12.00 0.0025 DMFT1 and DMFT2 – – 

DMFT1 and DMFT3 2.20 0.0277 

DMFT2 and DMFT3 2.20 0.0277 

Control 5.56 0.0622 DMFT1 and DMFT2 – – 

DMFT1 and DMFT3 1.48 0.1386 

DMFT2 and DMFT3 1.48 0.1386 

With orthodontic treatment 12.47 0.0020 D1 and D2 2.52 0.0117 

D1 and D3 2.41 0.0158 

D2 and D3 1.64 0.1005 

Control 4.90 0.0863 D1 and D2 1.60 0.1088 

D1 and D3 1.27 0.2043 

D2 and D3 0.69 0.4925 

With orthodontic treatment – – M1 and M2 – –

M1 and M3 – –

M2 and M3 – –

Control – – M1 and M2 – –

M1 and M3 – –

M2 and M3 – –

With orthodontic treatment 23.72 < 0.0001 F1 and F2 2.52 0.0117 

F1 and F3 3.48 0.0005 

F2 and F3 2.95 0.0032 

Control 10.78 0.0046 F1 and F2 1.60 0.1088 

F1 and F3 2.49 0.0129 

F2 and F3 1.86 0.0627 
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in the first, second, and third examinations was statistically 
different (p < 0.05). On the basis of Wilcoxon signed-rank 
test, D values in the first and second as well as in the first 
and third examinations in the studied groups were statis-
tically different (p < 0.05). Although, D values in the sec-
ond and third examinations in the group with orthodon-
tic treatment were not statistically different (p  >  0.05). 
Moreover, based on ANOVA Friedman test, in the control 
group, the number of decayed teeth in the first, second, and 
third examination was not statistically different (p > 0.05); 
therefore, no change over time was observed. On the ba-
sis of Wilcoxon signed-rank test, it can be concluded that  
D values in the first and second, the first and third as well 
as in the  second and third examinations in the  control 
group were not statistically different (p > 0.05). 

On the basis of values of certain descriptive statistics, 
it can be concluded that in the group with orthodontic 
treatment, the number of decayed teeth was higher be-
fore fixed braces placement than a month and 6 months 
after the placement of braces. In the group with ortho-
dontic treatment, no extracted tooth due to caries was 
recorded (M = 0). 

Based on Mann-Whitney U test, it can be conclud-
ed that distribution of M values in the first, second, and 
third examinations in both the group with orthodontic 
treatment and control group were not statistically dif-
ferent (p  >  0.05). Due to the  lack of  differentiation in 
the number of missing teeth at different stages of exam-
ination in both the group with orthodontic treatment and 
control group, it was impossible to use non-parametric 
ANOVA Friedman test and non-parametric Wilcoxon 
signed-rank test. Based on Mann-Whitney U test, it can 
be concluded that distribution of  F values in the  first, 
the second and the third examination in the group with 
orthodontic treatment and control group were not sta-
tistically different (p  >  0.05). On the  basis of  ANOVA 
Friedman test, in both the group with orthodontic treat-
ment and control group, the number of restored teeth in 
the first, second, and third examinations was statistically 
different (p < 0.05). Moreover, on the basis of Wilcoxon 
signed-rank test, it can be concluded that the  number 
of  restored teeth in the  first and second, the  first and 
third as well as in the  second and third examinations, 
in the group with orthodontic treatment was statistical-
ly different (p < 0.05). Also, the comparison of F values 
in the first and third examinations in the control group 
showed statistical difference (p  <  0.05). Furthermore, 

the number of restored teeth in the first and second as 
well as in the second and third examinations in the con-
trol group was not statistically different (p  >  0.05). 
Concerning the  values of  certain descriptive statistics, 
in the  group with orthodontic treatment, the  lowest  
F values were obtained before the beginning of ortho-
dontic therapy and slightly higher values were record-
ed a month after placing fixed braces, while the highest 
number of restored teeth was observed after 6 months 
of  treatment with fixed braces. In the  control group,  
F values in the first examination were lower than values 
assessed after 6 months. 

DENTAL TREATMENT INDEX 

In the present study, good effectiveness of treatment 
caries in both analyzed groups was observed (Table 4). 
However, the comparison of  treatment index values in 
both the group with orthodontic treatment and control 
group showed quite better effectiveness of  conducted 
therapeutic procedures in the  group with orthodontic 
treatment (increase of index value from 0.85 in the first 
examination to 0.93 in the  third one) compared to 
the control group (0.78 in the first examination and 0.8 
after the six-month observation period). 

DISCUSSION 

In the last three decades, the level of tooth decay in 
Poland has been reduced by half, but it is still 3 times 
higher than in other European countries [8]. The values 
of  caries intensity among teenagers in Poland are still 
high [9]. Untreated dental-maxillo-facial defects pre-
dispose to the appearance of teeth caries. Unfortunate-
ly, during an  orthodontic treatment, there is a  danger 
of  development of  carious lesions, because oral cavity 
creates environment, which is suitable for numerous 
microorganisms and fixed braces interferes with natu-
ral ontocenosis of oral cavity. Moreover, auxiliary wire 
elements create surfaces that are impossible to clean 
in home setting. During a treatment with fixed braces, 
there is a  risk of  development of  caries lesions under 
loose or incorrectly cemented rings. 

The results of the present study showed that during 
the whole observation period, DMFT value in the group 
of teenagers with orthodontic treatment was higher than 

TABLE 4. Dental treatment index values in both analyzed groups 

Treatment index Group with orthodontic treatment Control group 

DTI1 DTI2 DTI3 DTI1 DTI2 DTI3 

Girls 0.86 0.89 0.95 0.77 0.78 0.8 

Boys 0.83 0.88 0.86 0.81 0.81 0.81 

Girls + boys 0.85 0.89 0.93 0.78 0.79 0.8 
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in the control group, while this differentiation was not 
significant. However, the  assessed changes of  DMFT  
values in the group with orthodontic treatment during 
six-month observation period were statistically signifi-
cant. An average DMFT value for the group with ortho-
dontic treatment was 4.35 during the first exami nation 
and increased to 4.48 after 6 months of orthodontic ther-
apy. In turn, an increase of DMFT value in the control 
group from 4.10 to 4.15 was not significant. The assess-
ment of  DMFT components demonstrated differentia-
tion between both analyzed groups. D value in the group 
with orthodontic treatment, as opposed to the  control 
group, decreased significantly after 6 months of  ob-
servation. At the same time, F value in the group with 
fixed braces increased statistically significantly during 
each of three examinations, while in the control group, 
only slight increase of F value between the first and sec-
ond examinations was observed. The  treatment index 
of  the study group increased from 0.85 (first examina-
tion) to 0.93 (third examination), compared to the con-
trol group, where its value changed from 0.78 (first 
examination) to 0.8 (third examination). Statistically 
significant increase of  number of  fillings in the  group 
with orthodontic treatment and statistically significant 
decrease of  decayed teeth in this group was probably 
connected with oral health examinations during month-
ly orthodontic visits. 

Literature review does not clearly indicate the  im-
pact of  orthodontic treatment on DMFT value. Gupta 
and Singh [10] observed statistically significant differ-
ence in DMFT values between a group with orthodontic 
treatment and control group. Their study revealed sig-
nificantly higher frequency of  caries occurrence in or-
thodontic patients. Studies of Hadler-Olsen et al. [11] re-
ported that caries in persons with orthodontic treatment 
did not statistically differ compared to a control group. 
An increase in caries occurrence was high only in some 
patients from the group with orthodontic treatment and 
control group; however, in the majority, caries did not 
occur, or its increase was insignificant. Chen and Zhou 
[12], who compared caries severity between the treated 
with fixed braces and not treated groups, did not observe 
any significant difference both before and after the treat-
ment. However, they noted that the  treatment with 
fixed braces decreased the risk of caries development in 
the group with orthodontic treatment even more than 7 
years after finishing the therapy. Baumgartner et al. [13] 
showed less frequent occurrence of caries on contact sur-
faces in a group with completed orthodontic treatment 
compared to control group. Wisth et al. [14] indicated 
slightly higher DMFT value in a  group without ortho-
dontic treatment compared to group with fixed braces. 
Results of  this study showed tendency to less frequent 
occurrence of caries in a group of orthodontic patients. 

In order to protect against caries during an  ortho-
dontic therapy, increased hygienic regime is recommend-
ed. However, literature review indicates lack of  definite 

consent regarding the impact of the state of oral hygiene 
on caries. Śmiech-Słomkowska et al. [15] proved that 
a  proper oral hygiene was not sufficient enough to re-
duce Streptococcus mutans and Lactobacillus bacteria; 
therefore, orthodontic patients could be endangered with 
higher risk of caries occurrence. Radlińska et al. [16] un-
derline the fact that even with very high level of carioge-
nic bacteria in oral cavity, caries does not have to develop, 
especially with the presence of strong inhibitors, such as 
calcium, phosphates, and fluorine in saliva and plaque. 
The  authors underline the  fact that carious process in-
cludes a balance between demineralization and reminer-
alization; therefore, the dependence between oral hygiene 
and caries should not be directly considered. Orthodontic 
treatment coincides with a  higher level of  caries occur-
rence, which may be one of the reasons why orthodontists 
are frequently criticized for contribution to an  increase 
of  caries intensity [14]. As shown in Zachrisson and 
Zachrisson study [17] in a  part of  patients undergoing 
orthodontic therapy, new carious cavities did not devel-
op, showing that orthodontic treatment does not always 
have to harmfully influence the teeth. However, there is 
a group of people with increased risk of caries develop-
ment; therefore, an increase of DMFT index observed by 
some researchers in both groups needs to be considered 
as well as a lack of consent regarding the impact of fixed 
braces on increase of caries intensity. 

CONCLUSIONS 

Orthodontic treatment does not significantly influ-
ence an increase of DMFT index in the group of teen-
agers with orthodontic treatment compared to the con-
trol group in the first six-month period of the therapy 
with fixed appliances. Frequent visits at the dentist office 
during orthodontic treatment result in an increase of 
treatment index in patients treated with fixed appliances. 
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