
Diabetes mellitus (DM) is a group of metabolic

diseases characterized by hyperglycemia. There

are two types of DM. Type 1 develops most

frequently in children and adolescents and

accounts for 10% of all cases of DM. Type 2,

the more common form of DM, is more prevalent

among older adults. The World Health Organ-

ization (WHO) predicts that between 1995 and

2025, the number of adults with DM will more

than double worldwide; from 135 to 300 million.

In this period, developing countries will see more

than a threefold increase, from 84 to 288 million

(1). Due to its systemic nature, DM often leads to

impaired general health, including oral health.

Both types of DM have been shown to be

associated with an increased risk of periodontal

diseases (2). However, the effects of DM on

dental caries are less well known and the study

results are contradictory (3–10). The prevalence of

dental caries in type 1 or type 2 diabetic subjects

compared with normal controls has been repor-

ted to be higher, lower, and similar, but some

studies did not classify subjects with respect to

the DM type or type of caries (6–8).

The relationship between type 2 DM and dental

caries is complex. Both have increased prevalence

with age. The impact of type 2 DM on caries

development may differ between teeth and sites

(coronal or root surface). Most of the previous

studies have ignored this potential difference by

Community Dent Oral Epidemiol 2007; 35: 302–309
All rights reserved

� 2007 The Authors. Journal compilation
� 2007 Blackwell Munksgaard

Root surface and coronal caries
in adults with type 2 diabetes
mellitus
Hintao J, Teanpaisan R, Chongsuvivatwong V, Dahlen G, Rattarasarn C. Root
surface and coronal caries in adults with type 2 diabetes mellitus. Community
Dent Oral Epidemiol 2007; 35: 302–309. � 2007 The Authors. Journal compilation
� 2007 Blackwell Munksgaard

Abstract – Objectives: To determine the effect of type 2 diabetes mellitus (DM)
on coronal and root surface caries and to investigate some factors suspected of
being related to or interacting with DM, that may be associated with coronal
and root surface caries. Methods: A stratified cross-sectional study was
conducted in 105 type 2 diabetic patients and 103 non-diabetic subjects of the
same age and gender. Coronal and root surface caries, exposed root surfaces,
periodontal status, stimulated salivary functions, oral hygiene status, oral
health behaviors, and counts of mutans streptococci and lactobacilli were
measured. Results: Type 2 diabetic patients compared with non-diabetic
subjects had a higher prevalence of root surface caries (40.0% versus 18.5%;
P ¼ 0.001), a higher number of decayed/filled root surfaces (1.2 ± 0.2 versus
0.5 ± 0.1; P < 0.01) and a higher percentage of generalized periodontitis (98.1%
versus 87.4%; P < 0.01); but the prevalence and decayed/filled surface of
coronal caries was not significantly different (83.8% versus 72.8% and 8.0 ± 9.4
versus 6.3 ± 7.5 respectively). The factors associated with root surface caries
included type 2 DM, a low saliva buffer capacity, more missing teeth, and
existing coronal caries; whereas wearing removable dentures, more missing
teeth, a high number of lactobacilli, and a low saliva buffer capacity were
associated with coronal caries. Conclusion: Type 2 DM is a significant risk
factor for root surface, but not for coronal caries. Periodontal disease should be
treated early in type 2 diabetic subjects to reduce the risk of subsequent root
surface caries.
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reporting the total caries experience as a whole

without specifying the site (6–8, 11). Others have

not documented any evidence of the type 2 DM

effect on either coronal or root surface caries (3–5).

However, all these studies had a rather small

sample size and gave no information on concurrent

periodontal disease being a known risk factor for

root surface caries (3–5). Other potential associated

factors for root surface caries such as oral hygiene,

oral health behavior, microbial, and salivary factors

have not yet been thoroughly examined.

As the prevalence of dental caries, periodontal

diseases, and type 2 DM is increasing in Thailand

(12–14), this study was conducted to (i) determine

the effect of type 2 DM on both coronal and root

surface caries and (ii) investigate some factors

suspected of being related to, or interacting with,

DM that may be associated with coronal and root

surface caries.

Material and methods

Study population
This stratified cross-sectional study conducted in

southern Thailand was approved by the Ethics

Committee of Prince of Songkla University. To

test the hypothesis concerning the equality of

proportions of root surface caries in people with

type 2 diabetes and non-diabetic people, with

� ¼ 0.05 and 80% power, the required sample

size was 105 subjects for each group. All partic-

ipants in this study fulfilled the following inclu-

sion criteria: (a) older than 34 years, (b) to

present at least six teeth with crowns, (c) no

severe mental or systemic disorder or pregnancy,

(d) no sign or symptom of AIDS, and (e) no

antibiotic administration during the last

6 months. Informed consent was obtained before

oral examination was performed.

Type 2 diabetic subjects were recruited from the

endocrine clinic of Songkhlanagarind Hospital. The

prospective list of diabetic patients at the endocrine

clinic was examined. On the day of appointment,

subjects were approached and screened for eligi-

bility criteria. Non-diabetic subjects were selected

from the general practice clinic of the same hospital

on the day for regular health check-ups. Non-

diabetic subjects had no known history of DM and

had a fasting plasma glucose level <110 mg/dl.

Selection of the non-diabetic controls was balanced

by age–sex stratification with type 2 diabetic

individuals.

Clinical examination
Fasting venous blood was collected for the meas-

urement of plasma glucose levels in both groups by

an automated analyzer (Hitachi 917; Roche, Mann-

heim, Germany) using the Hexokinase method

(Roche) and glycosylated hemoglobin (HbA1c) was

examined in the type 2 diabetic group using the

turbidimetric inhibition immunoassay (Hitachi 717;

Roche).

After breakfast, the subjects were interviewed

using a structured questionnaire for socioeconomic

data and behaviors related to oral health such as

smoking habit, use of fluoride toothpaste, frequency

of tooth brushing, sugar intake and dental visits

within 12 months. Diabetes-related variables were

extracted from medical records; including diet or

oral anti-diabetic and insulin use, duration of the

disease in years, and presence of any complications.

After the interview and medical record review,

paraffin-stimulated whole saliva was collected into

a beaker for 5 min. The saliva secretion rate was

calculated as ml/min. The stimulated saliva pH

was measured using pH indicator strips (Mache-

rey-Nagel, Düren, Germany). The stimulated saliva

buffer capacity was obtained by mixing 1 ml of

saliva with 3 ml of 0.005 N HCL and shaking. The

sample was left to stand for 10 min and the final

pH was then measured with pH indicator strips.

The number of mutans streptococci colonies and

lactobacilli colonies was examined using the spat-

ula method described by Kohler and Bratthall (15).

Oral examination of all teeth (except third

molars) using a plain mouth mirror and standard

probe was performed without radiograph assess-

ment. Clinical examinations were performed by

one examiner (J.H.) throughout the study. Intra-

examiner (1 week apart) kappa statistics for coron-

al caries, root surface caries, and bleeding on

probing were 0.93, 0.87, and 0.79, respectively,

while the weight kappa for probing depth, attach-

ment level, plaque index, and calculus index were

0.87, 0.78, 0.89, and 0.81, respectively. The presence

and type of prosthesis (removable and non-remov-

able dentures) were recorded. The Simplified Oral

Hygiene Index (OHI-S), consisting of plaque and

calculus indices, was employed (16). Buccal surfa-

ces of teeth 16, 11, 26, and 31, and the lingual

surfaces of teeth 36 and 46 were examined. The

mean score of each index was calculated for each

subject. The average individual plaque and calcu-

lus scores were combined to obtain OHI-S. Bleed-

ing on probing, probing depth, and attachment

levels were assessed on six surfaces of each tooth,
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including the mesiobuccal, midbuccal, distobuccal,

mesiolingual, midlingual, and distolingual surfa-

ces. The probe was inserted into the bottom of the

pocket and gently moved laterally along the pocket

wall. Bleeding on probing was measured as present

or absent. The probing depth was defined as the

distance between the bottom of the pocket and the

gingival margin, and the attachment level was

defined as the distance between the bottom of the

pocket and the cemento-enamel junction (CEJ).

Gingival recession was the distance from CEJ to the

gingival margin. Coronal caries were assessed

using the simplified oral health record form of

the WHO (17). Root surface caries were examined

according to the criteria of Katz (18). Occlusal,

buccal, lingual, mesial, and distal surfaces of each

tooth were examined for coronal caries while root

surface caries were recorded for all mesial, distal,

buccal, and lingual surfaces. Root surfaces with

gingival levels below the CEJ were defined as

exposed.

Statistical analysis
Data were entered twice to verify accuracy of the

entry using EpiData version 2.1 (The EpiData

Association, Odense, Denmark). Data was trans-

ferred to Stata version 7.0 (Stata Corporation,

College Station, TX, USA) for statistical analysis.

Each individual’s periodontal condition was eval-

uated in terms of severity and extent. Severity was

described for the entire individual site and was

categorized on the basis of clinical attachment loss

(CAL) as follows: slight ¼ 1–2 mm CAL, moder-

ate ¼ 3–4 CAL, and severe ¼ ‡5 mm CAL.

Extent was characterized as localized if £30% of

the sites were affected and generalized if >30% of

the sites were affected (19).

The analysis was based on remaining teeth and

the third molars were excluded. Thus, the decayed

and filled surfaces (DFS) or teeth (DFT) were

analysed for both coronal or root surface caries

experience. The mean numbers of surfaces, teeth

with caries experience, and exposed roots were

calculated. The prevalence of root surface and

coronal caries was assessed.

Differences in the prevalence rates of dental

caries or the periodontal condition of type 2

diabetic and non-diabetic groups were compared

using the chi-squared test. When comparing the

median number of dental caries between groups

the Mann–Whitney test was employed. As teeth

were measured for the presence of coronal or root

surface caries nested within subjects, multilevel

logistic model, glmmPQL in R-package (20) was

used. Models of the presence of root surface caries

and coronal caries were separately developed.

Subject’s characteristics and possible interactions

between the diabetic status and other characteris-

tics were independent variables. The final model

was chosen based on the backward elimination

process, starting with the full independent varia-

bles, followed by subsequent removing of nonsig-

nificant individual independent variables until no

other nonsignificant independent variable could be

removed. To break down the effect of type 2 DM,

first, multilevel linear modeling of the gingival

recession in millimeters was developed by using

lme in the R-package to check the effect of type 2

DM on exposed root surfaces. In this model, level 1

was the sites, level 2 was the teeth, and level 3

was the subjects. Finally, to examine the effect of

type 2 DM on enhancing root surface caries, the

data set was confined to teeth with root surface

already exposed and the outcome was root surface

caries.

Results

One-hundred and five (90% response rate) type 2

diabetic and 103 (70% response rate) non-diabetic

subjects consented to the study. The main reason

for refusal was not having enough time for the

examination. The ratio of type 2 diabetic and non-

diabetic subjects was well balanced in all age and

sex groups. The type 2 diabetic group had a higher

probability of wearing removable dentures, higher

plaque index, calculus index, and counts of mutans

streptococci and lactobacilli than the non-diabetic

group. Saliva flow rate, pH, and buffer capacity

were lower in the type 2 diabetic group than in the

non-diabetic group (Table 1).

Regarding the oral health outcome, deeper per-

iodontal pockets, more attachment loss, more

bleeding on probing and a higher prevalence of

generalized chronic periodontitis and severe peri-

odontitis were significantly more common in type 2

diabetic subjects than in non-diabetic subjects

(Table 2).

For caries assessment, type 2 diabetic subjects

had significantly less remaining teeth, had more

exposed root surfaces, and had a higher mean and

prevalence of root surface caries than non-diabetic

subjects. However, the difference in prevalence and

mean of coronal caries was not statistically signi-

ficant (Table 3).
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There was no association between the two types

of caries and the diabetes-related variables inclu-

ding duration of DM, poor diabetic control (HbA1c

>8.5%), diabetic complications, and insulin treat-

ment.

Multilevel logistic models were separately com-

puted for risk factors of coronal and root surface

caries with the same set of independent variables

(Table 4). After adjustment for all independent

variables, teeth of type 2 diabetic subjects were

independently at greater risk for root surface caries

but not for coronal caries than those of non-diabetic

subjects. For determining root surface caries, the

effects of type 2 DM and other independent

variables were not changed after the presence of

coronal caries was removed.

After adjustment for smoking, wearing remov-

able dentures, age, and number of missing teeth,

type 2 DM was associated with gingival recession

(Table 5). Among the teeth with exposed root

surface, type 2 DM was significantly associated

with root surface caries (odds ratio ¼ 1.82) after

adjustment for the same set of independent vari-

ables listed in Table 4.

Discussion

This study demonstrated that type 2 diabetic

patients when compared with non-diabetic subjects

had a lower saliva pH but a higher percentage of

current or ex-smokers, a higher frequency of

denture wearing, a higher plaque index, a higher

simplified oral hygiene index, and more severe

periodontitis. In this population, type 2 DM

showed evidence of increased exposure of the root

surface by gingival recession. Apart from type 2

DM, low saliva buffer capacity, high number of

Table 1. The distribution of characteristics (percentage or mean ± SD) of type 2 diabetic and non-diabetic subjects

Characteristics Type 2 DM (n ¼ 105) Non-DM (n ¼ 103)

Age (years) 54.3 ± 8.7 53.3 ± 7.6
Sex (females) 50.5 50.5
Duration of DM (years) 8.7 ± 5.7 –
Poor diabetic control (HbA1c >8.5%) 47.6 –
Diabetic complication 42.9 –
Anti-diabetic treatment (insulin) 15.2 –
Current or ex-smokera 33.3 24.3
Removable denture wearera 32.4 17.5
Use of fluoride toothpastea 75.2 74.8
Tooth brushing at least twice a day 83.8 90.3
Dental visit within 12 months 40.0 49.5
Sugar intake at least once a day 39.1 52.4
Saliva secretion rate (ml/min) 0.8 ± 0.5 1.0 ± 0.6
Saliva pHb 7.6 ± 0.5 7.8 ± 0.4
Saliva buffer capacity 6.5 ± 0.5 6.6 ± 0.5
Mutans streptococci >105 CFU/ml of saliva 21.0 16.5
Lactobacilli >104 CFU/ml of saliva 24.8 15.5
Simplified Oral Hygiene Indexb 3.5 ± 1.41 3.0 ± 1.4
Plaque Indexb 1.4 ± 0.1 1.2 ± 0.1
Calculus Index 2.0 ± 0.1 1.8 ± 0.1

DM, diabetes mellitus; CFU, colony-forming units.
Statistical significance (P < 0.05) by achi-squared test and bStudent’s t-test.

Table 2. The percentage of sites with different levels of
periodontal parameters among type 2 diabetic and non-
diabetic subjects

Parameters Type 2 DM Non-DM P-valuea

Teeth sites (n ¼ 13 288) (n ¼ 14 502)
Probing depth (mm)

£2 67.97 76.38
3–4 26.41 19.92
‡5 6.62 3.70 <0.001

Attachment level (mm)
0 13.94 34.65
1–2 42.24 36.29
3–4 28.12 20.36 <0.001
‡5 15.70 8.71

Bleeding on probing 34.84 27.89 <0.001
Individuals (n ¼ 105) (n ¼ 103)
Generalized
periodontitis (%)

98.1 87.4 <0.01

Severe
periodontitis (%)

84.8 72.8 <0.05

DM, diabetes mellitus.
aChi-squared test.
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missing teeth, and existing coronal caries were risk

factors for root surface caries. The significant risk

factors for coronal caries included removable den-

tures, a high level of lactobacilli, low saliva buffer

capacity, and high number of missing teeth.

Our two groups of subjects shared similar

characteristics in relation to most caries risk factors

except for a higher frequency of wearing remov-

able dentures and poorer oral hygiene in type 2

diabetic subjects. Greater loss of teeth in type 2

diabetic subjects possibly leads to an increase in the

wearing of dentures and subsequently poorer oral

hygiene. In addition, a higher prevalence and

severity of periodontitis may be a result of poorer

oral hygiene care. The pH of saliva in type 2

diabetic subjects was significantly lower than that

of non-diabetic subjects, although the range in both

groups was within normal limits. No significant

difference has been found in any of the previous

studies (4, 5). This finding together with the low

statistical significance in this study indicates that

the pH of saliva is of little or no clinical importance.

A more severe periodontitis among the type 2

DM patients was found and confirmed in a

previous report (2). The exact reason behind this

Table 3. The mean number ± SD and prevalence of root surface and coronal caries among type 2 diabetic and non-
diabetic subjects

Parameters Type 2 DM (n ¼ 105) Non-DM (n ¼ 103) P-value

Teeth presenta 21.7 ± 0.5 23.9 ± 0.5 <0.01
Teeth with exposed roota 11.3 ± 0.6 10.0 ± 0.6 0.15
Exposed root surfacesa 26.0 ± 1.8 19.4 ± 1.6 <0.01
Root surface caries (teeth)a 1.0 ± 0.2 0.4 ± 0.1 <0.001
Root surface caries (surfaces)a 1.2 ± 0.2 0.5 ± 0.1 <0.01
Prevalence (%) of root surface cariesb 40.0 18.5 0.001
Coronal caries (teeth)a 3.8 ± 0.2 3.3 ± 0.3 0.25
Coronal caries (surfaces)a 8.0 ± 9.4 6.3 ± 7.5 0.09
Prevalence (%) of coronal cariesb 83.8 72.8 0.06

DM, diabetes mellitus.
aMann–Whitney statistics.
bChi-squared test.

Table 4. The associations between the independent variables and coronal or root surface caries analyzed by multilevel
logistic model that reach a statistical significance for coronal and/or root surface caries

Independent variables

Coronal caries Root surface caries

OR (95% CI) P-value OR (95% CI) P-value

Type 2 DM1 1.08 (0.98–1.50) 0.64 2.12 (1.08–4.14) <0.05
Current or ex-smoker2 0.44 (0.30–0.64) <0.001 1.43 (0.69–2.94) 0.38
Removable dentures3 1.59 (1.03–2.43) <0.05 1.11 (0.50–2.46) 0.80
Lactobacilli >104 CFU/ml of saliva4 1.51 (1.02–2.25) <0.05 1.47 (0.69–3.12) 0.32
Agea 0.98 (0.96–0.99) <0.05 1.02 (0.98–1.07) 0.24
Missing teetha 1.09 (1.04–1.13) <0.001 1.24 (1.16–1.33) <0.001
Saliva buffer capacitya 0.71 (0.51–0.98) <0.05 0.44 (0.24–0.81) <0.01
‡1 coronal caries lesion5 – – 2.96 (1.07–8.16) <0.05

Reference level: 1 ¼ non-DM, 2 ¼ non-smoker, 3 ¼ no removable denture, 4 ¼ lactobacilli £104 CFU/ml of saliva,
5 ¼ no coronal caries.
OR, odds ratio; CI, confidence interval.
aContinuous variable.

Table 5. The associations between the independent var-
iables and gingival recession analyzed by multilevel
linear model

Independent variables Coefficient
Standard
error P-value

Type 2 DM1 0.42 0.40 <0.001
Current or ex-smoker2 0.27 0.13 <0.05
Removable dentures3 0.04 0.16 0.80
Agea 0.03 0.01 <0.01
Missing teetha 0.12 0.01 <0.001
Constant )1.98 0.39

Reference level: 1 ¼ non-DM, 2 ¼ non-smoker,
3 ¼ no removable denture.
aContinuous variable.

306

Hintao et al.



association has not been clearly explained; how-

ever, alteration in host defenses, vascular changes,

change in the oral microflora, and abnormal colla-

gen metabolism are suggested to be major factors

(2).

Although type 2 diabetic subjects had fewer

remaining teeth, the number of teeth and surfaces

with exposed root were higher than that observed

in the non-diabetic group. On the other hand, given

the more missing teeth in this group, the number of

teeth with root surface caries presented during the

survey may underestimate the size of the problem.

Previous studies with a small sample size (42–65

subjects per study) reported no difference in the

caries rate, both root surface and coronal caries,

between type 2 diabetic and non-diabetic subjects

(3–5). With a larger sample size as in our study (208

subjects), a higher risk for root surface caries, but

not coronal caries, can be demonstrated among

type 2 diabetic subjects. Aside from having a large

sample size, poorer oral hygiene in our type 2

diabetic subjects may in part facilitate the caries

process once the root surface is exposed.

The causal relationship between type 2 DM and

the two caries-prone sites (coronal and root sur-

face) can be discussed from two aspects. First, our

study confirmed more severe periodontitis in type

2 diabetic than in non-diabetic subjects leading to

an increased prevalence of exposure of the tooth

roots by gingival recession. There was evidence

that exposed root surfaces were more vulnerable to

demineralization than enamel (21), suggesting a

higher incidence of root surface caries in type 2

diabetic subjects. Secondly, our data demonstrated

that once roots of the teeth were exposed to the oral

environment, type 2 DM was a risk factor for those

roots in developing root surface caries. The higher

incidence of root surface caries in type 2 diabetic

subjects may be related to a higher glucose level in

secretory fluids, e.g., saliva and gingival crevicular

fluid (GCF) stimulating the root surface plaque to

an increased saccharolytic activity and acid pro-

duction. Higher glucose levels in saliva have been

found in type 1 diabetic patients compared with

non-diabetic subjects (22, 23). In the present study,

salivary glucose levels of 19 subjects were found to

be correlated with glucose in blood (data not

shown). A high glucose level in saliva could favor

an increase of aciduric and acidogenic bacteria,

such as mutans streptococci and lactobacilli asso-

ciated with root surface caries and coronal caries.

The glucose content of GCF, a biologic fluid

derived from serum, directly correlates with the

glucose concentration in serum, although in com-

paratively smaller amounts than saliva. On the

other hand, any immediate contact with bacteria in

the periodontal pocket and the crevicular orifice

may increase the glucose fermenting activity of the

root surface plaque bacteria and acid production,

subsequently leading to root surface caries.

High counts of lactobacilli in saliva were associ-

ated with coronal caries but not root surface caries.

This discrepancy may be due to the fact that the

cavities of coronal caries in our samples were more

developed and the salivary content of lactobacilli is

more reflective of coronal caries than root surface

caries.

Salivary buffer capacity is important in main-

taining a pH level in saliva and plaque which

counteracts dissolution of minerals of the teeth.

An inverse relationship between buffer capacity

and both types of caries was confirmed in the

present study as well as the previous studies (24–

26).

The association between coronal and root surface

caries at the subject level has been previously

reported (27). In the present study, a significant

association was confirmed. Teeth with coronal

caries may be brushed less thoroughly than non-

carious teeth because of pain. This can lead to poor

local hygiene and subsequently root surface caries.

Smoking is known to be a strong risk factor for

periodontitis (28). However, the expected associ-

ation with root surface caries could not be con-

firmed by our data. On the contrary, current and

ex-smoking was significantly negatively associated

with coronal caries. This is in contrast to studies

that showed that smoking is a risk factor for caries

(29–31). These reports suggested that other factors

related to smoking, such as behavioral quality and

decreased salivary flow rate, may have a con-

founding effect on smokers’ risk for caries. The

temporal sequence of smoking and dental caries

that could not be evaluated because of the cross-

sectional nature of the study might be an explan-

ation for the unexpected finding in the present

study.

Older age in our subjects was associated with a

decreased risk for coronal caries. This is in contrast

to the expectation that the risk would accumulate

and increase over time. However, the difference

can also be explained by a cohort effect. For the

past few decades, age-adjusted caries rate in

Thailand has tended to increase over time (32),

particularly as a result of an increase in the

consumption of sugars. The older subjects in the
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present study may subsequently have a lower risk

for caries than the younger subjects, leading to a

negative association between age and coronal

caries.

Periodontal disease and root surface caries pre-

vention should be emphasized for type 2 diabetic

subjects. Patients wearing removable dentures and

having a high number of missing teeth need to be

educated on the benefits of denture care and a

regular dental check-up. The precise mechanism of

type 2 DM on root surface caries and the role of

GCF on dental plaque microorganisms need fur-

ther investigation.
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