
Diabetes mellitus is one of the most common chronic diseases in childhood. The aim of this study was to
evaluate the oral health of children with type 1 diabetes in relation to the level of glycemic control. Eighty-seven
children aged 10 to 15 participated in the study and were divided into two groups based on the value of
glycosylated hemoglobin (HbA1c): 34 children with good metabolic control (HbA1c < 7.5%) and 53 children with
poor metabolic control (HbA1c > 7.5%). Oral health was assessed using the index of carious, extracted, and
filled permanent teeth (DMFT), plaque index (PI), and gingival index (GI). The stimulated salivary flow rate, buffer
capacity of saliva, and the level of presence of Streptococcus mutans (S. mutans) and Lactobacillus in saliva
were measured. Participants completed a questionnaire about oral hygiene habits when visiting the dentist.
The t-test and chi-square test were used, with a significance level set at p < 0.05. Children with poor metabolic
control had significantly more extracted teeth (p = 0.002), higher PI (p = 0.002), higher GI (p = 0.001), and a
higher risk of S. mutans and Lactobacillus (p < 0.005). No significant differences were found in overall DMFT
scores, salivary flow, saliva buffer capacity, oral hygiene habits, dental visits, and socioeconomic status (p >
0.05). Poor metabolic control in children with type 1 diabetes is associated with poorer oral health, lower levels
of oral hygiene, increased risk of caries and periodontal disease due to the presence of pathogenic bacteria.
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INTRODUCTION 

Type 1 diabetes mellitus (T1DM) is a chronic autoimmune
disease that most frequently affects children and
adolescents, and is characterized by the selective
destruction of pancreatic β-cells, resulting in absolute
insulin deficiency. Insulin is a key hormone in glucose
metabolism regulatory processes, and its absence leads to
chronic hyperglycemia, which, without appropriate
therapy, can lead to serious consequences for a child's
health (1,2). In addition to the increased risk of acute
complications such as diabetic ketoacidosis, long-term
hyperglycemia is associated with the development of
microvascular and macrovascular complications, including
damage to the kidneys, eyes, nervous and cardiovascular
systems (3).
The cornerstone of treatment for type 1 diabetes is lifelong
insulin therapy, aimed at maintaining optimal glycemic
control and preventing complications. In addition to insulin
therapy, patients and their parents must be educated
about the importance of self-monitoring, proper nutrition,
and regular physical activity. When managed
appropriately, therapy can significantly reduce the risk of
systemic and oral complications. Despite the availability of
various therapeutic options, many patients struggle to
achieve satisfactory glycemic control, highlighting the
need for further research and the development of
preventive strategies targeting oral health (1–4).
In addition to systemic complications, type 1 diabetes
significantly affects oral health. Oral complications of type
1 diabetes include xerostomia, periodontal disease
(gingivitis and periodontitis), dental abscesses, tooth loss,
soft tissue lesions, and burning mouth syndrome (1,2).
Numerous studies have linked poor glycemic control to an
increased incidence of caries, gingivitis, and periodontal
disease (5-7). Mechanisms include decreased salivation,
decreased salivary buffering capacity, increased glucose
in oral fluids, and a favorable environment for the growth
of cariogenic bacteria such as Streptococcus mutans and
Lactobacillus. Children with T1D are thus more prone to
dental plaque formation, inflammatory changes in the
gingiva, and progression of periodontal destruction,
especially in cases of poor metabolic regulation (elevated
glycated hemoglobin -HbA1c), with hyperglycemia
contributing to the creation of a favorable environment for
the growth of pathogenic bacteria (8-12). Periodontal
disease, recognized as the sixth clinical complication of
diabetes, is also more common in children with T1DM, with
vascular changes in periodontal tissues resulting from 

microvascular damage characteristic of diabetes (13,14).
With increasing glycated hemoglobin (HbA1c), the risk of
gingivitis and periodontitis increases significantly, and is
clinically manifested by increased plaque indices, gingival
bleeding, and inflammatory changes (9).
Regular and proper oral hygiene, along with frequent
preventive dental examinations, plays a key role in
preventing the development of caries and periodontal
disease in children with type 1 diabetes. Interestingly,
studies have also shown a feedback loop: adequate oral
health can contribute to better metabolic control,
confirming the importance of dental care in a
multidisciplinary approach to T1D treatment (8–10).
Given the growing incidence of T1DM (1,2) in the pediatric
population and the association between metabolic control
and oral health (8-12), it is necessary to integrate dental
assessment and care into the comprehensive treatment of
this disease.
The aim of this paper was to evaluate the state of oral
health in children with type 1 diabetes in relation to the
level of glycemic control.

METHODS 

An epidemiological case-control study was conducted on
87 children with type 1 diabetes mellitus (47 boys and 40
girls), aged 10–15 years, who were treated at the Institute
for Children's Diseases, Clinical Center of Montenegro.
The study was conducted in accordance with the
Declaration of Helsinki and adhered to the principles of
good clinical practice. The research protocol was
approved by the Ethics Committee of the Clinical Center of
Montenegro (No. 03-5/23), and the study was conducted
from June 2017 to December 2018. A qualified and
calibrated dental team was responsible for the clinical
measurements. Intra-examiner reliability was rated as
excellent, with a kappa coefficient value ​ of 0.94. Children
were included in the study only after their parents
provided signed informed consent and after they received
a detailed explanation of the study’s aims and procedures.
Subjects were divided into two groups according to their
level of metabolic control. Data on glycosylated
hemoglobin (HbA1c) values ​ from the previous three months
were taken from medical records. According to the criteria
of the American Diabetes Association, good metabolic
control was defined as an HbA1c value < 7.5% (58
mmol/mol), while values > 7.5% were considered an
indicator of poor metabolic control (15). Accordingly, two
groups were formed: a group with good metabolic control
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Buffer capacity and saliva volume were determined using
the Dentobuff Strip system (Orion Diagnostica, Espoo,
Finland). Scoring, or results of saliva buffer capacity, was
performed as follows:
0—blue color, the test strip immediately turned this color;
it indicated very high buffer capacity (pH > 6);
1—blue color, the test strip changed color within five
minutes; it indicated a high buffer capacity (pH = 6);
2—green color, it represented medium buffer capacity (pH
= 4.5-5.5);
3—yellow color, represented a low buffer capacity (pH = 4,
or less than 4).
The blue color of the test strip, i.e., the values ​ 0 and 1,
indicated a high buffer capacity (18).

Microbiological analysis
The presence of Streptococcus mutans (SM) and
Lactobacillus (LB) was determined by the Dentocult SM
Strip mutans and Dentocult LB System (Orion Diagnostica,
Espoo, Finland) CRT bacterial test on saliva pre-stimulated
by chewing paraffin. The number of bacteria was recorded
as colony-forming units per milliliter (CFU/mL) of saliva.
According to the manufacturer's scorecard, the bacterial
colony count for Streptococcus mutans was scored as
follows: Class 0: < 10,000 CFU/ml; Class 1: < 100,000
CFU/ml; Class 2: 100,000-1,000,000 CFU/ml; Class 3: 
> 1,000,000 CFU/ml. The Lactobacillus colony count was
scored as follows: Class 0 (0–10³ CFU/mL); Class 1 (10⁴
CFU/mL); Class 2 (10⁵ CFU/mL); Class 3 (10⁶ CFU/mL).
Findings indicating low risk of caries were classes 0 and
1, while findings indicating high risk of caries
development were classes 2 and 3.

Questionnaire
The parental questionnaire consisted of two parts. The
first part included questions about socioeconomic data
(municipality, school, class, gender, date of birth, parents'
education and employment, parents' marital status,
number of children in the household, family income).
The second part was about children and included
questions about their oral hygiene habits (tooth brushing
frequency and use of fluoride toothpaste). Each question
had two options related to participants’ tooth-brushing
habits (twice a day or more; once a day) and frequency of
dental visits (every 6 months; once a year or less).
An assessment of socioeconomic status was also
conducted. It was classified as low, moderate, or high, 
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(HbA1c < 7.5%; n = 34) and a group with poor metabolic
control (HbA1c > 7.5%; n = 53). General exclusion criteria
for all participants were the need for antibiotic prophylaxis
and refusal of children to cooperate. All of the participants
and their families lived in the same geographical area.
All dental examinations were performed in the Dental
Clinic of the Faculty of Medicine, University of
Montenegro in Podgorica, after regular endocrinological
check-ups, in the presence of parents.

Dental examination
The presence of caries on permanent teeth was
recorded following the DMFT index (number of decayed,
extracted, and filled teeth), in accordance with the
standards of the World Health Organization (WHO) (16).
Caries was diagnosed by visual inspection using
standard dental instruments. Lesions with cavities were
registered as caries, while initial changes without
cavitation were registered as healthy teeth.
Oral hygiene was assessed using the Plaque Index (PI)
according to Silness and Löe (17). The assessment was
performed on four surfaces of each tooth: mesiobuccal,
distobuccal, mesiolingual, and distolingual. 
For clinical assessment of the gingival condition, the
Gingival Index (GI), proposed by Loe and Silness (17), was
employed. The condition of the gingiva was assessed
from the vestibular, oral, mesial, and distal surfaces of
each present tooth. The total gingival index was
calculated by summing up the scores from all surfaces of
all teeth and then dividing the obtained sum by four. This
value was then divided by the number of examined teeth.
Individuals with a gingival index of 0.1–1.0 were classified
as having mild gingival inflammation, while those with an
index of 1.1–2.0 were classified as having moderate
inflammation. If the mean value of the gingival index was
2.1–3.0, the inflammation of the gingiva was assessed as
severe, that is, very pronounced.

Saliva sample collection
Children had not received antibiotic therapy for at least 15
days prior to sampling and were not undergoing dental
treatment. Stimulated saliva samples were collected at
least two hours after the last meal (between 10:00 and
11:00 am). Saliva secretion was stimulated by chewing a
paraffin tablet, and samples were collected in graduated
containers for five minutes, excluding foam bubbles. The
saliva rate flow was expressed in mL/min.
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based on household income, with nationally defined
thresholds according to Eurostat (19). After the
examination, each child was trained in proper tooth
brushing.

Statistical analysis
Statistical data processing was performed using SPSS 19
(SPSS Inc, Chicago, Illinois, USA). Descriptive and analytical
statistics methods were used to describe the results.
Descriptive statistical methods used were: mean value,
standard deviation, and percentages. Differences in
individual parameters between the examined groups were
tested using Student's t-test and Chi-square test (χ² test).
P-values ​ less than 0.05 were considered statistically
significant.

RESULTS

This study was conducted on 87 subjects with type 1
diabetes, of whom 34 had well-controlled metabolic
disease control (HbA1c < 7.5%), and 53 had poor metabolic
control (HbA1c > 7.5%). The average age of children with
poor metabolic control was 11.4 ± 1.53, while the average
age of children with good metabolic control was 10.7 ±
1.42 (p = 0.283). In the total sample, 10.34% (n = 9) of
children had all permanent teeth healthy. The percentage
of children with all healthy permanent teeth in the children
group with well-controlled diabetes was 6.8%, while in the
group with poorly controlled diabetes, it was 4.5%.
Statistical analysis did not show significant differences in
the values ​ of this index (χ², p > 0.05).
The results show that subjects with poor metabolic control
(HbA1c > 7.5%) had significantly more extracted teeth (t-
test, p < 0.05), dental plaque (t-test, p < 0.05), and gingivitis
(t-test, p < 0.001) compared to subjects with good
metabolic control (HbA1c < 7.5%) ( Table 1).
However, the average DMFT index values, the number of
carious and repaired teeth, and the speed of stimulated
saliva flow and buffer capacity did not show significant
differences between the two groups of children with
diabetes (t-test, p > 0.05) (Table 1).
The differences in comparisons in stimulated salivary flow
rate, salivary buffering capacity, DMFT index, DMF
components, plaque index, and gingival index between
groups based on metabolic control are shown in Table 1.
Analysis of the gingival condition in children with good and
poor metabolic control (Table 2) showed significant
differences in the distribution of gingival inflammation 

between the groups. In the group of children with HbA1c < 
7.5%, most children had moderate inflammation (73.5%),
while only 2.9% had severe inflammation. In contrast, the
group of children with HbA1c > 7.5% showed a significantly
higher percentage of respondents with severe gingival
inflammation (28.3%).
The Chi-square test confirmed a statistically significant
difference in the distribution of gingival inflammation
between the tested groups (χ² test, p < 0.05). These
results indicate a significantly more pronounced gingival
inflammation in children with poor metabolic control (Table
2).
There was a significant difference in SM (χ² test, p < 0.05)
between groups regarding caries risk. It is evident from
the findings that a group of children with poor metabolic
control had a predisposition to a high risk of caries
(60.4%). However, there were no significant differences
between the two groups for SM colonies (divided into
classes) (χ² test, p > 0.05) (Table 3).
There was a significant difference in LB (χ² test, p < 0.05)
between groups regarding caries risk. It is evident from the
findings that a group of children with poor metabolic
control had a predisposition to a high risk of caries (64.2%).

4

Table 1. The values of DMFT components, DMFT index, plaque
index, gingival index, stimulated salivary flow rate, and buffer
capacity saliva in the study groups

HbA1c < 7.5%—children with type 1 diabetes mellitus with good
metabolic control of glycated hemoglobin
HbA1c > 7.5%—children with type 1 diabetes mellitus with poor
metabolic control of glycated hemoglobin 
N = sample size; SD = standard deviation; p = p level
DMFT— decayed (D), missing (M), filled (F), teeth (T)
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Table 3. General and specific distribution of Streptococcus
mutans between groups

Table 2. Gingival index in the study groups Table 4. General and specific distribution of Lactobacillus
between groups

However, there were no significant differences between
the two groups for LB colonies (divided into classes) (χ²
test, p > 0.05) (Table 4).
Regarding tooth brushing habits and visits to the dentist,
the study did not show a significant difference between
the examined groups (Table 5). Most children from both
groups brushed their teeth only once a day, and visited
the dentist only when necessary (χ² test, p > 0.05). Family
socioeconomic status was similar in both groups (χ² test, p
> 0.05). The oral hygiene habits and socioeconomic status
of the studied groups are shown in Table 5.

DISCUSSION

This study evaluated the oral health status of
schoolchildren with type 1 diabetes mellitus in Monte-

negro in relation to metabolic control. To our knowledge,
this is the first study of its kind conducted in Montenegro.
The results of this study show that children with good
metabolic control had lower DMFT values compared with
children with poor glycemic control; however, this
difference was not statistically significant.

5

Table 5. Oral hygiene habits, dental visits, and socioeconomic
status of the examined patients
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The DMFT components were similar in both groups.
Specifically, filled teeth predominated in both groups,
followed by untreated caries, with extractions
representing the smallest proportion. No statistically
significant differences were observed when analyzing the
caries and filling components separately. However,
significantly more extracted teeth were recorded in
children with uncontrolled diabetes compared to children
with good metabolic control. Previous studies conducted
in Montenegro, involving both healthy children and those
with diabetes, reported similar dental caries prevalence in
diabetic children (10,12).
Diabetes mellitus can increase susceptibility to dental
caries. Numerous studies have investigated the influence
of metabolic control on dental caries (20-27).
Hyperglycemia is associated with reduced salivary
secretion and elevated glucose concentrations in saliva
and gingival crevicular fluid. Elevated HbA1c levels and
periods of hyperglycemia may increase caries risk in
individuals with poorly controlled diabetes mellitus (28-31).
Additionally, these individuals are more susceptible to
infections such as dental abscesses and tooth loss, often
resulting from progressive caries (5,32-34). Some studies,
however, have found no correlation between caries and
HbA1c levels (35,36). It is important to emphasize that
caries risk is influenced not only by metabolic control but
also by factors such as fluoride exposure, oral hygiene
practices, diet, salivary flow, overall health, and
socioeconomic status. Habits and behaviors of patients
and their parents are also of great importance. Poor
glycemic control may reflect a negligent attitude toward
overall health, which can also manifest as inadequate oral
hygiene and care (23). In our study, children with poor
metabolic control had significantly more missing teeth,
likely resulting from progressive, untreated caries. This
finding suggests a late diagnosis and possible inadequate
or delayed dental interventions, highlighting the need for
more frequent preventive examinations and timely
treatment in this vulnerable population.
The results also showed that patients with poor metabolic
control had significantly higher Plaque Index (PI) and
Gingival Index (GI) values compared to those with good
metabolic control. Similarly, children with poor metabolic
control exhibited significantly more pronounced gingival
inflammation. A key etiological factor contributing to
increased plaque accumulation on tooth surfaces is
inadequate or ineffective oral hygiene. Additionally,
children in this age group often lack the habit of
maintaining regular and proper daily oral care. Most 

studies conducted in children with diabetes have reported
high plaque and gingival index values (9,10,12,37,38),
which aligns with our findings.
Diabetes increases the risk of both gingivitis and
periodontitis. Poor glycemic control is frequently
associated with a higher incidence of gingivitis, as shown
in our previous research. (9,37,38,39,40). Specifically,
elevated glucose levels in the gingival crevicular fluid and
blood of poorly controlled diabetic patients can alter the
microbial environment, leading to qualitative changes in
the bacterial composition that contribute to periodontal
disease (41–43). Disturbed glucose metabolism in
diabetics is directly correlated with the degree of gingival
inflammation (44). Increased gingival bleeding associated
with hyperglycemia may be explained by immunological
alterations and reduced immune response. However,
some authors have not observed a clear association
between gingival inflammation and levels of metabolic
control in diabetic patients (29,30).
Patients who have well-controlled diabetes and a high
level of oral hygiene, who follow the usual periodontal
maintenance procedures as well as a very strict schedule
of control examinations at the dentist, have the same risk
for periodontal alteration as non-diabetic people (45).
In our study, the average stimulated saliva flow was similar
in both groups. Although children with poor metabolic
control showed a lower salivary buffer capacity, the
difference was not statistically significant. Similar findings
have been reported in other studies (8,9).
Streptococcus mutans (SM) is the primary microorganism
responsible for dental caries in humans. In our study,
salivary levels of SM and Lactobacillus (LB) were
significantly higher in children with elevated HbA1c values.
Similar findings have been reported in previous studies (9,
20, 29, 46). Elevated glucose concentrations in saliva alter
the biofilm structure, facilitating faster colonization of SM
and LB in individuals with poor metabolic control.
Combined with reduced saliva flow, lower buffering
capacity, and inadequate oral hygiene, this can increase
the risk of caries in children with poorly controlled
diabetes (8,20,29,46–48), consistent with our results.
However, some authors do not observe this association,
noting that caries is a multiphasic, multicausal infectious
disease largely influenced by nutrition (8, 22, 36, 39, 47,
49).
Proper oral hygiene habits, such as regular tooth brushing
and routine dental checkups, are key components in
preventing oral diseases, including dental caries and
gingivitis. However, the results of this study indicate a 
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worrying pattern: most children with type 1 diabetes brush
their teeth only once a day, and visits to the dentist are
infrequent, once a year or less.
These results are consistent with findings from other
studies reporting inadequate oral hygiene routine among
children with type 1 diabetes (9, 12, 50, 30). In some
exceptions, some studies have shown better oral hygiene,
with a higher percentage of children with T1DM brushing
their teeth two to three times daily (51, 52), suggesting that
several factors—such as education, socioeconomic status,
parental support, and the health care system—may
influence the formation of healthy habits.
Furthermore, the frequency of dental examinations in our
study was also low, which has been previously confirmed
by numerous studies (9, 12, 24). Such a pattern of behavior
can be partly explained by the fact that attention in
children with diabetes is primarily focused on controlling
the underlying disease, while oral health is often put on
the back burner. On the other hand, there are also works
that show a more positive trend, stating that children with
diabetes regularly visit the dentist (53, 54), which may be
the result of a better integrated healthcare approach in
certain environments.
These contradictory data in the literature indicate the need
for standardized education and the inclusion of dental
prevention as an integral part of care for children with
diabetes (55). By introducing systematic dental
examinations and targeted preventive programs within
diabetes clinics, both the oral and general health
conditions of these patients could be improved.
Although this study has some limitations, including a
relatively small sample size, particularly few children with
well-controlled diabetes, its findings are valuable. For the
first time, they provide insight into the oral health of
children with type 1 diabetes mellitus in relation to
metabolic control in Montenegro, highlighting the
importance of additional parameters, such as saliva
analysis, in oral risk assessment. Furthermore, our results
open the way for future large-scale research to develop
targeted preventive programs and integrate dental care
into the routine care of children with chronic diseases.
The findings of this study show that children with poor
metabolic control of type 1 diabetes show a tendency
towards reduced salivary flow, lower buffering capacity,
increased plaque accumulation, more pronounced
gingivitis, and a higher risk of caries. These changes in the
oral cavity are associated with an increase in the number
of pathogenic bacteria, which further impairs oral health.
The high average DMFT index in both groups indicates a  

lack of effective preventive measures and an inadequate
curative dental policy in Montenegro.
These findings suggest the need to develop and
implement an organized preventive plan, including
education for children with diabetes and their parents, as
well as the introduction of individualized prophylactic
measures in routine dental practice.
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