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SUMMARY

Oral hygiene is an important etiological factor related to oral health status in children. The aim of the
study was to evaluate the oral hygiene status in children with type I diabetes mellitus (DM) and in their
non-diabetic controls, and to correlate it with the health condition of the gingival tissues. Materials and
methods: seventy 10-15 year-old children (mean age13.6, SD=1.6) with type I DM and 70 their age and sex-
matched non-diabetic controls were included in the study. The metabolic control of DM was categorized
into well- to- moderately controlled and poorly-controlled diabetes groups based on glycosylated haemo-
globin HbA1c. The oral hygiene and gingival status were assessed using the Simplified Oral hygiene
index OHI-S (Greene-Vermillion) and gingival index GI (Löe-Silness), respectively. Student’s t, Mann-
Whitney U or chi-square tests and linear regression were used in the statistical analyses. Results: there
were no statistically significant differences in the mean values of OHI-S between the diabetics and non-
diabetics, however the mean calculus index (CI-S) was significantly higher and the mean plaque index (DI-
S) was significantly lower in diabetic subjects than non- diabetics (p<0.05). The children with type I DM
had significantly higher mean values of GI compared with the non-diabetic subjects (0.15, SD=0.37 and
0.05, SD=0.19 respectively) (p<0.05). Healthy gingiva was recorded in 73% diabetics, and 87% of the non-
diabetics (p<0.05). The poorly controlled diabetics had higher mean gingival, plaque, calculus indices
than well-moderately controlled subjects, although the differences were not statistically significant. Sta-
tistically significantly higher mean OHI-S index was found in children with poor control of diabetes
compared with the well-moderately- controlled diabetics (1.39, SD=0.75 and 1.07, SD=0.53, respectively)
(p<0.05). The level of gingivitis statistically significantly correlated with the levels of calculus in both
study groups (p<0.001). No difference in toothbrushing habits was revealed between the study subjects.
Conclusion: Despite similar oral hygiene habits, the children with type I DM were more prone to calculus
accumulation which seemed to be a predisposing factor in development of gingivitis in these individuals.
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INTRODUCTION

Bacterial dental plaque is considered to be the primary
etiological factor in the development of dental caries and
gingivitis [1, 2]. Since the level of individual oral hygiene is
directly related to the amount of plaque build up on the
teeth, it is reasonable to predict that the level of oral hy-
giene in a population is positively correlated with the preva-
lence and severity of periodontal diseases and dental caries
[3, 4].

The influence of type I diabetes mellitus (DM) on oral
health has been thoroughly studied. There is no hard evi-
dence that diabetic individuals are more prone to the risk of
dental caries and periodontal diseases. Numerous studies
showed that individuals with diabetes mellitus had an in-
creased rate of dental caries [5-7] and gingivitis [8-10] as
well as diabetics had higher dental plaque indices [8, 11]
compared with non-diabetic controls, although some work-
ers did not find significant differences in clinical periodon-
tal parameters between the insulin dependent juvenile dia-
betics and their non-diabetic siblings [12]. Furthermore, dia-
betic children were shown to have more gingival inflamma-
tion than children without diabetes, in spite of similar plaque
scores [13, 14].

It has is been stated that diabetes mellitus as such
does not cause gingivitis or periodontal pockets, but there
are indications that it alters the response of the periodontal
tissues to local factors [15]. One of the predisposing local
factors related with the development and progression of
gingival inflammation could be dental calculus [2]. It has
been demonstrated that in diabetic patients more calculus
was detected than in their controls [16].

The aim of the study was to evaluate the oral hygiene
status in children with type I diabetes mellitus and in their
non-diabetic controls, and to correlate it with the health
condition of the gingival tissues.

MATERIAL AND METHODS

A total of 140 10–15-year-old children (mean age13.6,
SD=1.61) living in Kaunas city and the region participated
in the study. The test group comprised 70 children with type
I DM registered in the National Childhood Diabetes Regis-
ter. The pediatrician-endocrinologist evaluated the metabolic
control of diabetes and the development of complications
at the Department of the Childhood Endocrinology at Kaunas
University of Medicine. The level of the metabolic control
of diabetes mellitus was determined by the glycosylated
haemoglobin HbA1c (analyzator DC-2000, Bayer, Germany),
which reflects the average of blood glucose balance during
the past 2-3 months. The group was divided in two sub-
groups: well- to- moderately controlled (HbA1c≤8.9%) and
poorly-controlled (HbA1c≥9.0%) diabetes [17]. The control
group comprised 70 age and sex-matched non-diabetic con-
trols without any systemic diseases and medications.

The oral hygiene status of the study participants was
assessed using the Simplified Oral hygiene index OHI-S (
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Simplified Debris (plaque) Index DI-S and Simplified Calcu-
lus Index CI-S) as described by Greene-Vermillion (1967)
[18].

The criteria for determination of DI-S and CI-S are pre-
sented in the Table 1.

The individual DI-S and CI-S were calculated by add-
ing the scores for six different tooth surfaces together and
dividing by the number of teeth examined.

Nominal scale for evaluation of DI-S and CI-S was:
Exellent – 0; Good - 0.1-0.6; Fair –0.7-1.8; Poor – 1.9-3.0.
Added together the DI-S and the CI-S scores gave the total
OHI-S index. Nominal scale for evaluation of OHI-S was:
Exellent - 0; Good - 0.1-1.2; Fair –1.3-3.0; Poor - 3.1-6.0 [19].

The gingival health of the study participants was as-
sessed using the gingival index GI as described by Löe-
Silness (1963) [20]. Each of four gingival areas of all perma-
nent teeth (facial, mesial, distal, and lingual) was assessed
for inflammation. The scores for four areas of the tooth were
added and divided by four to give a tooth score. By adding
the tooth scores together and dividing by the number of
teeth examined, an individual’s GI score was obtained. The
criteria for GI evaluation are presented in Table 1. Nominal
scale for evaluation of GI was: 0- Healthy gingiva; Mild

inflammation-0.1-1.0; Moderate inflammation- 1.1-2.0; Severe
inflammation-2.1-3.0 [21].

All study participants were interviewed about their oral
hygiene habits such as frequency of toothbrushing, using
dental floss, frequency of dental visits.

The study protocol was approved by the Ethical Com-
mittee of Kaunas University of Medicine, Kaunas, Lithuania.
Informed consent was obtained from the parents of all par-
ticipants of the study.

STATISTICAL ANALYSIS

The study results were expressed by mean values and
standard deviations (SD). Statistical significances of differ-
ences between the study groups were assessed by Student’s
t test. Frequencies were compared by using chi-square test
for cross tables. In addition, the data were checked for nor-
mal distribution by Kolmogorov-Smirnov test, and the dif-
ferences between the groups were assessed by using non-
parametric Mann-Whitney U test. The linear regression
(Pearson’s correlation, r) with 95% confidence interval were
calculated between the selected study parameters. P-values
less than 0.05 were considered statistically significant. The
data were analyzed using an SPSS (version 12.1.) statistical
program package.

RESULTS

The results showed moderate oral hygiene status in
both study groups. There were no statistically significant
differences in the mean values of OHI-S between the diabet-
ics and non-diabetics, although significantly higher mean
DI-S index was recorded in the non-diabetic group than in

Table 1. The description of the criteria for oral hygiene and gingiva health status evaluation. 
 

Criteria Score 
DI-S CI-S GI 

0 No debris or stain present. No calculus present. Normal gingiva. 

1 Soft debris covering not more than 1/3 
of the tooth surface. 

Supragingival calculus covering not 
more than 1/3 of the tooth surface. 

Mild inflammation: slight change in 
color and slight edema. No bleeding on 
probing. 

2 
Soft debris covering more than 1/3,  
but not more than 2/3 of the tooth 
surface. 

Supragingival calculus covering more 
than 1/3 of the tooth surface, or the 
presence of individual flecks of 
subgingival calculus around the tooth 
cervix. 

Mild inflammation: slight change in 
color and slight edema. No bleeding on 
probing. 

3 Soft debris covering more than 2/3 of 
the tooth surface. 

Supragingival calculus covering more 
than 2/3 of the tooth surface, or 
continuous heavy band of subgingival 
calculus around the tooth cervix. 

Severe inflammation: marked redness 
and edema. Ulceration. Tendency 
toward spontaneous bleeding. 

 

Figure 1. The oral hygiene levels in diabetic and non-diabetic
children.

Figure 2. The distribution of the OHI-S, DI-S and CI-S indexes in
the diabetic and non-diabetic children.
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the children with type I DM (p<0.05). In contrast, the dia-
betic subjects had significantly more calculus than the non-
diabetics (p<0.05) (Figure 1). The distribution of the OHI-S
values showed that 61% of the diabetic subjects and 43%
of the non-diabetic controls had good evaluation of the oral
hygiene (p<0.05) (Figure 2). Only 4% diabetics and 1% con-
trols were evaluated as having poor oral hygiene. Most of
the study participants (73% diabetics and 81% non-diabet-
ics) had a fair evaluation of the plaque index (DI-S) and
significantly less non-diabetic children had good evalua-
tion of the plaque index (DI-S) compared to the diabetics
(Figure 2). Analysis of CI-S index distribution in the study
population demonstrated that statistically significantly less
diabetic children were calculus free compared with the non-
diabetics (67% and 84%, respectively) (p<0.05) (Figure 2).

Analysis of the data of gingival health in the study
groups showed that the diabetic children had significantly
higher means of the gingival index compared with the non-
diabetic subjects. The mean value of GI was 0.15, SD=0.37
in the children with type I DM and 0.05, SD=0.19 in the non-
diabetic controls, respectively (p<0.05). Healthy gingiva was
recorded in 87% of the non-diabetic children, and 73% of
the diabetics (p<0.05) (Figure 3). Mild and moderate forms
of gingivitis were more expressed in the patients with diabe-
tes (27%) than in the non-diabetic subjects (13%) (p<0.05).

The higher mean GI values were determined in the dia-
betic children with poor metabolic control of diabetes than
in well-moderately controlled diabetics, although the differ-
ences were not statistically significant (the mean GI were
0.23, SD=0.49 and 0.08, SD=0.21, respectively). The same
tendency was observed when analyzing plaque (debris) and
calculus indices among the diabetics: the mean of CI-S val-
ues were 0.09, SD=0.15 in well-moderately- controlled, and
0.18, SD=0.29 in poorly- controlled diabetics, respectively;
the mean of DI-S values were: 0.98, SD=0.47 in well- moder-
ately- controlled and 1.22, SD=0.57 in poorly-controlled dia-
betics, respectively. However, the poorly controlled diabet-
ics had statistically significantly higher mean OHI-S values
than the well-moderately- controlled diabetics (the mean

OHI-S were 1.07, SD=0.53 in well-moderately- controlled,
and 1.39, SD=0.75 in poorly- controlled diabetics, respec-

tively) (p<0.05). The level of gingivitis (GI) statistically sig-
nificantly correlated with calculus (CI-S) levels in both study
groups (r=0.82, p<0.001) (Figure 4).

Analysis of the questionnaire as regards oral hygiene
habits showed that the majority of the study participants
brushed their teeth once or twice a day: (86 % diabetics and
94% non-diabetics). However, most of the children reported
that they never used dental floss (70% diabetics and 86%
non-diabetics, respectively (p<0.05)). The study groups did
not differ with respect to dental visits during last year.

DISCUSSION

The lack of correlation in diabetic children between
periodontal health and the presence of plaque on teeth sur-
faces has been extensively discussed in the literature (for
review, see Iughetti L et al., 1999) [22]. Still, many studies
indicated  significantly higher mean plaque scores [8, 11, 23,
24], more calculus [16, 25] and higher gingivitis indices [5,
26, 27] in diabetics than in non-diabetic controls. The re-
sults of present study showed no statistically significant
differences in the oral hygiene levels between the diabetic
and non-diabetic children. However, when splitting the OHI-
S index into different categories (DI-S and CI-S) it become
clear that the diabetics had less plaque on their teeth, but
significant more calculus. As suggested in the literature,
presence of dental calculus - mineralized bacterial plaque
can infuence development of gingivitis. Non-mineralized
plaque on the calculus surface is the principal irritant and
initiates gingival inflammation, but the underlying calcified
portion may be a significant contributing factor. It does not
irritate the gingiva directly but provides a fixed nidus for the
continued accumulation of plaque and retains it in close
proximity to the gingiva [2]. The epidemiological studies
show that populations with high prevalence of gingival in-
flammation and attachment loss also have higher prevalence
and extent of dental calculus (for review, see Albandar JM,
2002) [3]. We observed that the children with type I DM had
worse gingival status than the non-diabetics. The statisti-
cally significant correlation was found between gingivitis
and calculus in both study groups.

Figure 3. The distribution of the GI index in diabetic and non-
diabetic children.

Figure 4. The linear correlation with 95% confidence interval be-
tween gingivitis (GI) and calculus (CI-S) in all study
children. Correlation is significant: r=0.82, p<0.001.
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Higher incidence and severity of gingivitis was shown
to be related with poor metabolic control of diabetes [28-30].
It has been speculated that the increased glucose levels in
the gingival fluid and blood of individuals with diabetes
could change the environment of the microflora, inducing
qualitative changes in bacteria that could account for the
severity of periodontal problems, observed in poorly con-
trolled individuals with diabetes [15]. Karjalainen et al. sug-
gested that imbalance of glucose metabolism associated with
diabetes predisposed to gingival inflammation. An expressed
gingival bleeding due to hyperglycemia-associated biologi-
cal alterations could be explained by lowered host resis-
tance toward plaque [31]. Gislen et al. reported that diabetic
children with poor metabolic control showed a clear ten-
dency towards higher gingival index scores than the non-
diabetics, while no such tendency was seen between the
diabetics with good metabolic control [9].

In contrary, other investigators did not find an asso-
ciation between gingival inflammation and the metabolic con-
trol of diabetes [10, 13]. It was suggested by

Hayden et al. that, when diabetic patients suffered pe-
riodontitis it could be due to factors other (such as genetic
predisposition) than impaired glucose metabolism [32].

Our findings confirmed that the poorly controlled dia-
betics tended to have higher oral hygiene indices (both DI-
S and CI-S) than the well-moderately controlled subjects. A
tendency to more severe gingival inflammation was ob-
served in the poorly controlled diabetics, although, due to a
small number of subjects in the groups with different

metabolic control it wasn’t possible to record a signifi-
cant difference.

Although, most of the study participants reported that
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they brushed their teeth at least once a day, the analysis of
the clinical data showed relatively high levels of dental plaque
in both study groups. Similar findings were reported in the
recent study of the oral hygiene habits in Lithuanian school-
children: despite the fact that most of the children indicated
their regular toothbrushing habits, the plaque scores re-
mained rather high [33]. Possibly, the important factor con-
tributing to the growth and accumulation of plaque on the
teeth surfaces could be the failure or inability of the children
to maintain adequate daily mechanical plaque removal [34].
Therefore, considering the health risks that potentially could
be increased by diabetes mellitus the improved daily oral
self-care among children should help to prevent the pro-
gression of oral diseases.

CONCLUSIONS

Despite lower dental plaque levels in the diabetic than
in the non-diabetic children, the diabetics were more prone
to development of gingival inflammation. The presence of
dental calculus as a local risk factor associated with gingivi-
tis becomes more severe problem in the individuals with
type I diabetes mellitus.

Additional care for prevention of plaque and calculus
accumulation could be recommended particularly in patients
with poorly controlled diabetes.
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