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Background. In schoolchildren the most com-

monly decayed primary teeth are molars affecting

proximal adjacent surfaces especially.

Aim. To determine whether a more acidic plaque

in response to sucrose challenge is detected in

children with more carious lesions.

Design. Plaque pH measurements, using the micro-

touch technique, were carried out in interproximal

spaces between primary molars, in 157 high caries

risk children (314 sites and caries status of the 628

proximal surfaces recorded). The area under the

curve (AUC5.7 and AUC6.2) was analyzed.

Results. The AUC5.7 and the AUC6.2 showed a sta-

tistically significant difference between plaque

adjacent to proximal surfaces with or without car-

ies. Differences for AUC5.7 and AUC6.2 were

recorded between one decayed surface compared

to two decayed surfaces (P < 0.01) whereas a sta-

tistical significant difference was only observed for

AUC5.7, when the areas under the curve were

obtained near one decayed surface compared to

two sound surfaces (P = 0.04).

Conclusions. The higher acidogenicity of the den-

tal plaque found in presence of a proximal carious

lesion in primary maxillary molars represents an

additional risk factor for the adjacent surface. This

finding may help clinicians in treatment decisions.

Introduction

In the last decades an improvement in chil-

dren dental health has been described in

many industrialized countries (Marthaler,

2004). In Italy, the percentage of caries-free

children increased from 10% to 64%, while

the percentage of untreated decayed teeth

increased from 44% to 62% from 1989 to

2004 (Campus et al., 2007). Dental caries is

the net result of many dynamically related

factors. In addition to the hard tissue, other

factors include carbohydrates consumption,

microbiological biofilm composition, plaque

and saliva amount and composition. The

result of the interaction among the different

variables involved in the caries process can be

studied by assessing the metabolic activity of

the oral biofilm, i.e., plaque acidogenicity1–6.

In schoolchildren the most commonly

affected teeth are primary molars, at occlusal

and proximal surfaces level7,8. Caries risk

evaluation can help the dentist to make spe-

cific preventive and treatment recommenda-

tions in order to reduce the child’s risk and

improve oral health. Risk assessment also

contributes to efficient delivery of care, by

eliminating unnecessary interventions and

prolonging the prognosis of treatments9–11.

The final outcome is related not only to its

fermentation activity, but also to factors such

as the exact composition of the tooth surface

underlying the actual plaque area and the

interaction between the two. Plaque factors,

as well as acidogenesis and acid tolerance of

plaque microorganisms, may vary12,13. The

time factor is important, as the development
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of a lesion is the result of repeated acid

attacks during a certain time period.

Caries risk assessment is determined by the

balance among factors that may negatively

impact and protective factors that may pro-

mote oral health9–11. Caries experience (dmft

and DMFT > 0) is often used to assess the

caries risk at individual level. In order to cre-

ate a risk profile able to predict the develop-

ment of new lesions, a combination of

different factors have to be considered. The

acid formation by cariogenic bacteria is how-

ever crucial event in caries lesion develop-

ment: variation in plaque pH has been found

in relation to caries activity at individual

level14, as well as, at surface level6.

Since the Stephan-curve was firstly des-

cribed15, this technique has been frequently

used for evaluation of food cariogenicity

and ⁄or individual caries risk status2,3. The

currently, most often used method is the mi-

crotouch method. This consists of a hand-held

microelectrode and a reference electrode con-

nected through a salt bridge to one of the

subject’s finger, making it possible to perform

intermittent pH readings of interdental pla-

que. The technique is simple and enables

intermittent readings at different sites; how-

ever, criticism has been made that the

repeated insertion of the electrode into the

plaque may disturb the plaque structure and

change its acidogenic properties16.

The hypothesis tested in this clinical study

was to evaluate if the in vivo plaque adjacent

to carious teeth has a stronger pH response to

a sucrose challenge than plaque not associ-

ated with caries. To verify this hypothesis, an

in vivo study was designed, evaluating the

relationship between plaque pH and tooth

surface status by analyzing the interdental

supragingival plaque pH before and after a

sucrose rinse in a group of high caries risk

schoolchildren.

Materials and methods

Selection of the sample

The study was conducted in Sassari (Italy), in

a population aged 7–9 years. A total of 1120

children were recruited for the initial

screening. A preliminary survey was carried

out in order to identify and select high caries

risk children eligible for the study, as previ-

ously described17. Briefly, the inclusion crite-

ria were the presence of 2 or 3 dentinal

carious lesions and a salivary concentration

of mutans streptococci (ms) higher than

105 CFU ⁄mL. Mutans streptococci (ms) counts

in saliva was assessed using the dip-slide

technique (CTR bacteria, Ivoclar Vivadent,

Germany). Ms salivary class was scored fol-

lowing manufacturer’s instructions. The study

sample consisted of 157 children (74 boys

and 83 girls). The study was approved by the

Ethics Committee at the University of Sassari

(registration no. 2006 ⁄ 24).

Study design

Children came to the Dental Institute at the

University of Sassari for an assessment of pla-

que acidogenicity. No toothbrushing or other

oral hygiene methods were allowed in the

morning before the measurement. The sub-

jects also refrained from eating, drinking and

using chewing gum 1 h before the measure-

ments. For each child, measurements of pla-

que pH were made in the interproximal

spaces between the first and second primary

molars, on the left and right upper jaw.

A total of 314 sites were studied. Each inter-

proximal space was surrounded by (a) two

sound proximal surfaces, (b) one sound and

one decayed surface or (c) two decayed sur-

faces. Thus, the caries status of 628 proximal

surfaces was recorded. No restorations were

present in the interproximal spaces examined.

Figure 1 shows the flow chart of the study

design.

Clinical examination

Clinical assessments were carried out by two

examiners (GC and SS) under standardized

conditions with optimal artificial lighting, fol-

lowing air drying and using a plain mirror

and a WHO-CPI probe. Dental caries was only

registered if the probe did enter the lesion, or

if the lesion could be judged as clearly into

the dentine, undermining the enamel, with

the underlying carious dentine appearing as a

120 M. G. Cagetti et al.

� 2010 The Authors

International Journal of Paediatric Dentistry � 2010 BSPD, IAPD and Blackwell Publishing Ltd



brownish or whitish spot. Arrested caries of

dentine with a hard, smooth, ‘non-sticky sur-

face’, were also registered as caries18,19.

The two examiners received training and

intra- and interexaminer reliability was ass-

essed before the beginning of the survey17,19.

Forty-five subjects were re-examined after

72 h by the two examiners. Interexaminer

reliability was evaluated through analysis of

variance for fixed effect20,21, whereas intra-

examiner reproducibility was assessed as per-

cent agreement and Cohen’s Kappa statistics.

A good interexaminer reliability was found

without significant differences (P = 0.21) and

with a low value of mean squares for error

(0.44). As regard intraexaminer reproducibi-

lity, the percent agreement was high (Cohen’s

Kappa 0.84).

Plaque pH measurements

Using the microtouch technique, plaque aci-

dogenicity was assessed before and after a

sucrose challenge. The pH of the plaque

located in the left and right interproximal

space between the first and second maxillary

primary molars was measured in quintupli-

cate at six different times: at baseline (before

sucrose rinse) and 2, 5, 10, 15 and 20 min

after a 1-min rinse with 10 mL of 10% (w ⁄v)

sucrose using active movements. The inter-

proximal spaces were exposed to the salivary

secretion rate during the whole 20-min test

period. An iridium touch microelectrode,

diameter 0.1 mm (Beetrode NMPH-1�, World

Precision Instruments, Sarasota, FL, USA)

with a porous glass electrode as reference,

was used (MERE 1, WPI, Sarasota, FL, USA)2.

A salt bridge was created in a 3 M KCl solu-

tion between the reference electrode and one

finger of the child. Before and after each pH

evaluation, the electrode was calibrated using

standard solutions with pH 7.00 and 4.002.

Plaque measurements in each interproximal

space were made in randomized order for the

different individuals; however, the pH of each

child was always assessed in the same order.

Statistical methods and data analysis

For each subject and time point, the mean

and standard error of the five pH readings,

registered in the two interproximal spaces,

were calculated. The pH-data were further

analyzed separately for the left and right

upper jaw as well as using the mean for the

two sites. Area under the curve (AUC),

described as the area between reference pH

(6.2 or 5.7) and the pH curve, was calculated

using a computer-based program22. The area

under the curve at pH 5.7 and pH 6.2

(AUC5.7 and AUC6.2) was used as a measure-

ment of the total discriminant ability of the

presence or absence of carious lesions to play

a role in plaque pH fall. Moreover, minimum

pH and maximum pH fall were calculated.

One-way analysis of variance (ANOVA) was

performed to analyse statistically significant

differences in plaque pH between plaque

located near two sound, one sound and one

decayed or two decayed proximal surfaces.

Instrument reliability (test-retest reliability)

was measured by assessing the intraclass cor-

relation coefficient (ICC), based on the five

repeated measurements, in order to ensure

the reproducibility of the instrument21. Valid-

ity tests were carried out. Data from baseline

measurement were used to assess the validity

of the instrument. Because there was no ‘gold

standard’, construct validity was assessed. Sta-

tistical analysis was performed with Stata 10

for Mac. A P-value of <0.05 was considered

statistically significant.

Results

The values for AUC5.7 and AUC6.2, minimum

pH and maximum pH fall on the right and

left upper jaw measured near sound and ⁄or

157 subjects

157 sites157 sites

Right sid
e Left side

Plaque-pH measurements
in the interproximal area

Both sound
n = 158 One decayed

one sound
n = 136

Both decayed
n = 20

314 surfaces314 surfaces

Both sound
n = 100 One decayed

one sound
n = 188

Both decayed
n = 26

Fig. 1. Flow chart of the study design describing subjects,

sides (left or right upper jaw) and sites (interproximal areas).
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carious surfaces are given in Table 1. After a

1-min 10% sucrose mouthrinse, the AUC5.7

and the AUC6.2 differed to a statistically sig-

nificant degree between plaque adjacent to

sound or decayed proximal surfaces, both on

the right and left upper jaw. Minimum pH

values were lower and maximum pH fall

higher in plaque near a carious surface,

although the statistical analysis only revealed

significant differences in relation to caries

presence for maximum pH fall. The minimum

pH (mean ± SD) near two sounds, one sound

and one decayed and two decayed surfaces

was 4.7 ± 0.04, 4.5 ± 0.03 and 4.3 ± 0.03,

respectively. The corresponding values for

maximum pH fall was 1.6 ± 0.1, 1.8 ± 0.04

and 2.2 ± 0.06, respectively (data not in

tables).

Figure 2 shows the mean plaque pH

response curves after the sucrose rinse

obtained in plaque from interproximal space

near two sound surfaces (n = 258), one sound

and one decayed (n = 324) or two affected sur-

faces (n = 46). A gradual increase in plaque

acidogenicity was found in relation to

increased caries status. Five minutes after the

sucrose rinse, a quick fall in plaque pH was

recorded for all spaces, but it was more marked

in the presence of carious lesions. At 5 min,

the plaque pH was 5.6 ± 0.7, when both sur-

faces were sound, 5.2 ± 0.8, when one surface

was decayed and 4.7 ± 0.8, when both sur-

faces were decayed. The pH values showed a

continuous drop until 15 min after the rinse

and then began to rise again both in plaque

located near a carious lesion and near a sound

surface. Statistically significant differences

(P < 0.05) were observed at each time point

between plaque located in interproximal space

surrounded by two sound and two affected

surfaces. Significant differences (P < 0.05)

were also recorded when comparing one

affected surface and both affected surfaces 10,

15 and 20 min after the sucrose rinse.

In Table 2, AUC5.7 and AUC6.2 assessed in

plaque near decayed or sound surfaces are

listed (mean ± SE and 95% confidence intervals).

Table 1. Area under the curve (AUC5.7 and AUC6.2), minimum pH and maximum pH fall (mean ± SE and 95% confidence
intervals) obtained, after a sucrose rinse, for two sound (n = 258) and one or two decayed (n = 370) surfaces in the left and
right upper jaw respectively.

Decayed surfaces
mean ± SE (95% CI)

Sound surfaces
mean ± SE (95% CI)

P-value
Anova one-way

Left upper jaw
AUC5.7 15.8 ± 0.8 (14.1–17.4) 10.6 ± 0.5 (9.5–11.7) <0.01
AUC6.2 25.3 ± 0.9 (23.4–27.1) 18.8 ± 0.6 (17.5–20.1) <0.01
Minimum pH 4.4 ± 0.03 (4.3–4.6) 4.7 ± 0.04 (4.6–4.8) 0.20
Maximum pH fall 2.1 ± 0.05 (2.0–2.2) 1.6 ± 0.1 (1.5–1.7) 0.03

Right upper jaw
AUC5.7 16.6 ± 0.9 (14.8–18.4) 9.9 ± 0.5 (8.9–10.9) <0.01
AUC6.2 26.2 ± 0.9 (24.3–28.1) 18.2 ± 0.6 (17.1–19.4) <0.01
Minimum pH 4.4 ± 0.05 (4.3–4.5) 4.7 ± 0.04 (4.6–4.9) 0.20
Maximum pH fall 2.0 ± 0.06 (1.9–2.1) 1.5 ± 0.1 (1.3–1.6) 0.03

4.0

5.0

6.0

7.0

0 5 10 15 20

Both sound
One decayed + one sound
Both decayed

pH

Time (min)

k

k

k
k

k

#

#

#

Fig. 2. Plaque pH response after 1-min sucrose rinse in

relation to status of dental surface (both sound, one

decayed + one sound, and both decayed) n = 314 sites.
kStatistically significant difference (P < 0.05) between both

decayed and both sound surfaces. #Statistically significant

difference (P < 0.05) between both decayed and one

decayed + one sound surface.
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The highest values for AUC5.7 and AUC6.2

were found for plaque located near two cari-

ous surfaces. The statistical analysis revealed

significant differences in AUC5.7 and AUC6.2

between one decayed compared with two

decayed surfaces (P < 0.01), whereas a statisti-

cally significant difference was observed for

AUC5.7 alone, when the areas under the curve

were obtained in plaque near one decayed

surface compared with two sound surfaces

(P = 0.04).

No statistically significant relationship was

found between the reproducibility of plaque

pH measurements associated with the

presence or absence of carious lesion in the

interproximal space (Table 3). The high intra-

class correlation values (range 0.82–0.91)

showed how closely the single quantitative

measurements in the same group resembled

one another (data not in table).

Discussion

In this paper an in vivo association between

interdental plaque acidogenicity and caries

surface status in the interproximal space was

studied. This finding can be useful to evaluate

the caries risk status at surface level in order

to establish an individualized caries treatment

plan.

This study assessed the sucrose-induced

plaque pH response of dental plaque using

a microtouch electrode, which enables reli-

able measurements of pH fluctuations at dis-

crete sites, even in field conditions2. In the

present trial, the microtouch method has

showed a good reproducibility when used

in plaque covering both sound and carious

surfaces.

The iridium oxide microelectrode used

for the microtouch model enables fairly

simple pH measurements. Moreover, there is

in literature agreement regarding its ability

to produce readings that are reasonably

accurate and precise up to thirty minutes

after standardization16. This study shows that

the reliability of the microtouch technique

for plaque pH measurements in interproxi-

mal maxillary primary molar ⁄ molar spaces

was high and it was not affected by the

presence of carious lesions in the inter-

proximal space.

All the children included in the study were

high caries risk subjects (mutans streptococci

>105 CFU ⁄mL in saliva and presented 2 or 3

dentinal carious lesions). Resting plaque pH

values were generally lower near decayed

tooth surfaces. The pH response of human

dental plaque to sugar in vivo has indicated

that the resting plaque pH, prior to sugar

exposure, and the minimum pH, reached

after sugar exposure, became increasingly

lower with increasing caries activity15,23. In

this study, data showed a small difference in

Table 2. AUC5.7 and AUC6.2 (mean ± SE and 95% confidence intervals) after a sucrose rinse, related to the caries status of
the adjacent surfaces.

AUC5.7

mean ± SE (95% CI)
AUC6.2

mean ± SE (95% CI)

One decayed and one sound surface 12.6 ± 0.9 (10.8–14.4) 23.5 ± 0.8 (20.1–26.9)
Both decayed surfaces 9.9 ± 0.5 (8.9–10.9) 18.2 ± 0.6 (17.1–19.4)
P-value Anova one-way <0.01 0.01
One decayed and one sound surface 12.6 ± 0.9 (10.8–14.4) 23.5 ± 0.8 (20.1–26.9)
Both sound surfaces 17.4 ± 0.7 (14.3–20.5) 27.7 ± 0.4 (24.6–29.8)
P-value Anova one-way 0.04 0.05

Table 3. Random-effects regression model of binary sound
vs decayed surfaces of dental plaque pH after a sucrose
rinse.

Caries Coefficient (SE) P-value
Intraclass
coefficient

pH 0 min )0.28 (7.04) 0.69 0.82
pH 2 min 0.19 (6.22) 0.91 0.91
pH 5 min )0.07 (7.02) 0.95 0.90
pH 10 min )0.14 (6.54) 0.83 0.88
pH 15 min 0.61 (7.80) 0.71 0.92
pH 20 min )1.39 (6.23) 0.82 0.90

Number of obs = 628; Group variable: caries ⁄ sound surface; Log
likelihood = )158.71; Likelihood-ratio test of ICC = 129.78,
P < 0.01.
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plaque pH recorded in the three different

space categories at baseline, whereas an

accentuated difference took place after the

sucrose exposure, which continued up to the

maximum pH fall at 15 min. Moreover,

increased caries activity is also clearly associ-

ated with higher dental plaque levels of

mutans streptococci and lactobacilli12, acid

tolerance or acidogenesis at the acidic pH of

named bacteria13.

The pH measurements in this study

were performed in the interproximal space

between the first and the second primary

molars of the upper jaw; however, it is

impossible to distinguish between plaque

covering the adjacent tooth, i.e., mesial and

distal proximal surfaces. Plaque pH measure-

ments should be seen as representing the

interproximal space and should be analysed

in relation to the status, sound or decayed, of

two surfaces. The main result of this study

was that the acidogenic potential of the inter-

dental plaque was gradually enhanced from

two sound, one sound and one carious and

two carious surfaces. A theoretical weak point

could be the risk for an underestimation of

the number of carious surfaces, as all pre-cav-

itated lesions were included in the ‘sound’

surfaces. It is likely that the study findings

would be more distinct in only truly sound

surfaces were included.

In the literature, several reports describe a

difference between plaque pH responses in

caries active and caries inactive chil-

dren2,24,25; however, in the present paper,

only children with two or three dentinal cari-

ous lesions were included and the pH evalua-

tions were performed in terms of the

presence of a carious lesion in the space of

pH measurements. Information on the rela-

tionship between plaque pH and caries status

is fairly limited. The available scientific evi-

dence suggests that caries development is

related to a higher plaque pH-lowering or aci-

dogenic ability of the dental plaque, where

mutans streptococci and lactobacilli within

the plaque contribute to a great extent, for a

review, see Sansone et al.26 and Lingström

et al.5; however, acid production by plaque is

not only due to the presence of mutans strep-

tococci or lactobacilli. Several other microbial

species are acidogenic, aciduric and able to

promote the caries process27.

This more acidogenic plaque indicates a

more caries-promoting ecological environ-

ment, where the different biological factors

point towards a higher risk of caries lesion

development. This is particularly true for

interproximal spaces; it has been reported

that interdental plaque is more acidogenic

than plaque covering smooth surfaces or

exposed root surfaces28,29. These differences

in plaque pH at different tooth sites are prob-

ably related to variations in bacterial composi-

tion and saliva access. Saliva access in the

interproximal space is limited, especially in

primary teeth where a wider contact surface

is seen. This is different from the contact

point that is more often found in permanent

teeth. In addition, if a dentinal lesion is pres-

ent on one or two proximal surfaces, the

plaque will be reached by saliva to a smaller

extent, resulting in greater pH-lowering

potential compared with plaque located in

more accessible sites14. By a clinical point of

view, this condition can lead to a more rapid

progression of the present proximal caries

lesion and a higher caries risk for the sound

adjacent surface. If this situation does not be

changed, both proximal surfaces will become

affected by caries in a small period of time

and a rapid caries progression of the two

lesions will occur due to the high acidogenici-

ty of the dental plaque located in that inter-

proximal space. This finding may help

clinicians in treatment decision for the man-

agement of primary teeth with proximal

carious lesions. Following the Minimal Inter-

vention Dentistry recommendations, early

intervention has to be considered when a

lesion is present. In the mouth of the child,

especially if caries is located in the proximal

surface of a primary molar, it is crucial to stop

the progression of an initial lesion of the adja-

cent surface or to prevent a sound from

developing caries. Early stages of caries can

be brought to a halt and even reversed if the

caries challenge is modified or even better

removed (i.e., improved oral hygiene and

reduced cariogenic diet) or if the protective

factors are broadened (i.e., fluoride use as the

most relevant agent).
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What this paper adds

• The presence of a proximal caries lesion produces a

wider plaque pH reduction in primary interproximal

molar space, after a sucrose rinse.

Why this paper is important for paediatric

dentists

• Early and comprehensive caries management based on

the concept of Minimal Intervention Dentistry is to be

considered in presence of proximal lesions.
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