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Abstract 

Background  The aim of this study is to assess the caries prediction of the reduced Cariogram by comparing baseline 
caries risk profiles with non-cavitated and cavitated lesions over periods of six, twelve, and 18 months.

Methods  From May 2016 to October 2017, seven schools in Bhakkar, Pakistan, participated in a cohort study. First 
base line examination was conducted followed by examinations at 6, 12 and 18 months. Children intraoral examina-
tions were performed on portable dental chair with in school premises by a trained examiner. A modified ICDAS index 
was used to measure caries at baseline and at follow-up examinations after 6, 12, and 18-months. A receiver operating 
curve (ROC) analysis was performed to evaluate its effectiveness for predicting dental caries increment.

Results  About 40% of children had a low-risk status, 30.5% medium risk, and 29.7% high risk, at baseline risk assess-
ment. At 18 months, 73% of high-risk children, 59% of medium-risk children, and 41% of low-risk children showed 
a caries increment. For the reduced Cariogram model, the area under the curve on the 6, 12 and 18 months follow-up 
was 0.63, 0.65 and 0.70 respectively.

Conclusions  Our findings indicates that a reduced Cariogram can predict the progression of caries in both cavitated 
and non-cavitated lesions and model exhibits a level of discriminatory ability. While it might not achieve a very high 
accuracy, it suggests that the model is able to predict caries increment effectively than random guessing.
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Introduction
The contemporary approach to caries management 
involves risk-based, patient-centered strategies [1]. The 
effectiveness of preventive measures depends on the 
availability of an accurate caries risk assessment system 
that can determine an individual’s level of caries risk [1]. 
To address the complexity of caries risk, a computerized 

program called Cariogram has been developed as a valu-
able tool for evaluating caries risk [2].

Cariogram was specifically developed to establish the 
connection between caries and its risk factors. It was 
designed to provide insights into the likelihood of caries 
occurrence, present a graphical representation of caries 
risk, and recommend appropriate preventive treatments 
[3]. There are two versions of Cariogram available: the 
full version and the reduced version. The full Cariogram 
employs nine caries-related factors to establish a com-
prehensive caries risk profile, serving as both a predic-
tor and risk model to assist in intervention planning [4]. 
On the other hand, the reduced Cariogram utilizes seven 
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caries-related factors to establish a simplified caries risk 
profile [4].

Numerous studies have explored the predictive valid-
ity of the reduced Cariogram in assessing dental caries 
increment among children aged 12 and preschoolers over 
a 12–24-month period, with cavitated lesions serving as 
indicators [5, 6]. However, there is a noticeable gap in the 
literature examining the predictive value of the reduced 
Cariogram in identifying non-cavitated carious lesions as 
early as six months. It is crucial to recognize that exclud-
ing non-cavitated lesions from this analysis could result 
in a significant loss of valuable information since these 
lesions contribute substantially to caries experience [7]. 
Furthermore, dental treatment planning often primarily 
targets cavitated lesions, thereby overlooking the impor-
tance of non-cavitated lesions.

In countries like Pakistan, where there is a high preva-
lence of caries and limited resources for oral healthcare 
services, the ability of the reduced Cariogram to predict 
the early onset of non-cavitated lesions can aid clinicians 
in managing treatment intensity. This also enables effi-
cient allocation of treatment resources to those genuinely 
in need [7]. Therefore, the main objective of our study 
was to assess the predictive ability of the reduced Cario-
gram for caries by comparing baseline caries risk profiles 
with non-cavitated and cavitated lesions over periods of 
six, twelve, and eighteen months.

Methods
From May 2016 to October 2017, seven schools in 
Bhakkar, Pakistan, participated in a cohort study. First 
base line examination was conducted followed by 
examinations at 6, 12 and 18 months. The Medical Eth-
ics Committee of the Faculty of Dentistry at the Uni-
versity of Malaya approved this study (Ref no. DF 71 
CO1512/0072(P)). This study was permitted to be con-
ducted in government schools by the district education 
officer. Separate consents were sought from the adminis-
trations of all private schools.

Parents’ written consent was obtained before chil-
dren were selected. The study participants were con-
veniently selected. Children aged 11–12 who understood 
basic instructions were conveniently included in this 
study. Children who are younger than or older than 
11–12 years of age, receiving orthodontic treatment, and 
with acquired physical disabilities were excluded from 
the study. Children who required urgent care during the 
examination were referred to the nearest district hospital 
for dental treatment.

We calculated the sample size using Lawrence & 
Sheiham’s [8] mean caries progression rates. The fol-
lowing formula was used to calculate the sample size 

n = (Zα/2 + Zβ / ES)2 [9]. Where ES = 0.36, Zα/2 = 1.96, 
Zβ = 0.84 (80%).

ES is effect size, Zα and Zβ are critical values from the 
standard normal distribution, corresponding to the cho-
sen significance level (α) and the desired statistical power 
(1 − β) respectively.

Estimated sample size was 60 participants. Therefore, 
sixty participants were selected for each risk group. A 
sample size of 180 participants was estimated. Based on 
an attrition rate of 20%, a sample size of 226 was required.

Risk assessment
At baseline, Cariogram was used to determine the risk 
of caries among the subjects based on seven factors. The 
DMFT index and Silness and Loe index were used to col-
lect clinical observations related to "caries experience" 
and "plaque content". Parent-proxy questionnaires were 
used to collect information on caries-related systemic 
diseases and fluoride exposure. The decision regarding 
"clinical judgment" was reached by considering the com-
bined scores of specific factors obtained from the Cario-
gram, along with sociodemographic factors. Through the 
use of a diet diary, we estimated the frequency of meals 
and snacks, as well as the contents of the diet. To verify 
the accuracy of the diet diary information, the subjects 
were interviewed after the diet diary was submitted. The 
score range for each factor is from 0–3 and 0–2 in case of 
systemic diseases [3].

The explanations of scorings for each factor according 
to Cariogram are shown below.

1)	 For the caries experience, examiner judgement can 
be used to choose the right score on the basis of a 
previous epidemiological survey [3]. For caries expe-
rience, the scores range from 0–3.

Code 0: DMFT score 0
Code 1: DMFT score of 1 and 2
Code 2: DMFT score of 3 and 4
Code 3: DMFT score of 5 and 6 or more

2)	 Plaque levels were measured using Loe and Sill-
ness plaque index. The index teeth used to examine 
plaque levels were 16, 12, 24, 36, 32, and 44. For each 
index tooth, plaque score was estimated by add-
ing the scores of the tooth surfaces (buccal, lingual, 
mesial and distal) and divided them by 4. Similarly, 
for an individual, the plaque score calculated for the 
six index tooth were added and divided by the total 
number of index teeth.

Code 0: Extremely Good, Plaque index < 0.4.
Code 1: Good, Plaque index 0.4–1.0.
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Code 2: Less than good, Plaque index 1.1–2.0.
Code 3: Poor, Plaque index > 2.0.

3)	 The clinical judgement (perceptions of the examiner) 
factor is different from the other elements. It pro-
vides an opportunity for the examiner to express his/
her ‘Clinical feeling’ and to see if the opinion differs 
from the program’s inbuilt estimation. The default 
setting Code 1 was overruled by the examiner if not 
satisfied with the scoring [3].

Code 0: The total impression of the caries situa-
tion, including social factors, gives a favourable 
view, more positive than what the Cariogram 
seems to indicate.
Code 1: The Cariogram shows the risk, according 
to the other values entered.
Code 2: If caries situation is worse than what 
Cariogram shows and the combined effect of 
dental caries including social factors, points in 
the direction of increased caries risk. Less than 
good compared to what the tests and the other 
factors seem to indicate.
Code 3: The combined effect of the caries situa-
tion, including social factors, is very bad and the 
investigator is sure that caries will occur in the 
coming year and would want the green sector to 
be minimal.

4)	 Diet content and diet frequency analysis was based 
on the information given in the 3- day diet diary. 
Codes used for this factor are given below:

Code 0: Very low intake of fermentable carbohy-
drates.
Code 1: Low intake of fermentable carbohydrates/ 
non-cariogenic diet.
Code 2: Moderate intake of fermentable carbohy-
drates.
Code 3: Highly intake of fermentable carbohy-
drates/ high cariogenic diet.

5)	 For diet frequency, the Cariogram provides codes 
0–3.

Code 0: Maximum three sugar containing meals 
per day (including snacks).
Code 1: Maximum five sugar containing meals per 
day.
Code 2: Maximum seven sugar containing meals 
per day.
Code 3: More than seven sugar containing meals 
per day.

6)	 The information related to fluoride exposure was 
gathered by interviewing the participants. For fluo-
ride program, Cariogram provides Codes ranging 
from 0–3.

Code 0: Maximum fluoride exposure based on fre-
quent use of fluoride toothpaste, fluoride varnish, 
rinsing and tablets.
Code 1: Infrequent use of fluoride toothpaste, fluo-
ride varnish, rinsing and tablets.
Code 2: Use of fluoride toothpaste only. Code 3: 
Not using any fluoride measures.

7)	 The factor of the general systemic disorder factor has 
three codes:

Code 0: Healthy patients without any caries-
related disease.
Code 1: Patient with a disease which can indirectly 
contribute towards high caries risk.
Code 2 was scored for bedridden patients or taking 
medication which can affect the saliva secretion.

After all information was collected and entered the 
Cariogram, each child was classified into a low, moder-
ate, or high-risk group for caries. The Cariogram estimate 
the caries risk by using a complicated formula containing 
many ‘if ’ conditions. All factors have been given a specific 
weight according to the chosen score, and as the scores 
increase the weight of that factor will be higher.

For example, in the default settings, the frequency 
of food intake factor has a higher weight than factors 
related to diet content. Similarly, the factor of bacterial 
counts has a higher weight as compared to the factor of 
plaque measurements. If two factors in the same group, 
such as diet content and frequency of food intake have 
high scores, additional weight to risk is given. It is also 
applicable for plaque amount and mutans streptococci 
counts. Addition weight is added to risk if several groups 
have high scores.

In case of non-use of fluoride heavyweight to the risk 
will be added. Cariogram also considers the operator’s 
‘clinical judgment’, and weights to the risk are added 
depending on the score selected for an individual [10].

The weights associated with factors in Cariogram are 
created by the interpretation of data from numerous epi-
demiological, clinical studies and case reports from the 
literature in which various factors have been compared to 
caries incidence. The program contains about 5 million 
combinations of factors, and how the outcome for each 
combination will be can only be seen in the program [10].

After a caries risk assessment, all participants were 
invited to participate and allocated to the strata formed 



Page 4 of 9Taqi and Zaidi ﻿BMC Oral Health          (2023) 23:790 

according to the risk level of participants. The base-
line examination was then performed, followed by fol-
low-up examinations with a gap of six months between 
each assessment. Before intra-oral assessment, a list of 
enrolled students containing only their name and class 
was provided to the school administration. On the day 
of the examination, a teacher nominated by the school 
administration called students from their classes accord-
ing to the list provided.

Calibrations
A single examiner was trained in ICDAS and calibrated. 
ICDAS Task Force member from Faculty of Dentistry, 
University Malaya, provided training about the modified 
ICDAS index coding procedure. After the training exer-
cise, a calibration procedure was conducted a week later. 
The calibration process was conducted using the ICDAS 
codes for the 62 mounted teeth that were validated by the 
aforementioned task group. Cohen’s weighted kappa was 
utilized to assess both intra- and inter-examiner reliabil-
ity, yielding substantial agreement with an inter-examiner 
kappa value of 0.69 and an intra-examiner kappa value of 
0.82 [11].

Instrument & Intra oral examination
A modified ICDAS index was used to measure non cavi-
tated and cavitated caries at baseline and at follow-up 
examinations after 6, 12 and 18  months. The modified 
ICDAS combined codes 1 and 2 and named them code 
A since compressed air could not be used to dry tooth 
surfaces [12]. However, codes 3–6 are cavitated carious 
lesions. In school premises, intraoral exams were con-
ducted on portable dental chair.

Dental caries increment estimation
The  Adjusted Caries Increment (ADJCI) was used to 
quantify the rate of dental caries increment between cav-
itated and non-cavitated lesions [13].

Statistical analysis
Descriptive analysis was used to calculate response rates, 
children who attended follow-ups, and dental caries 
increment. The level of significance was set at less than 
0.05. Using the chi-square test, we measured the associa-
tion between sociodemographic factors and caries risk 
levels.

Data of complete cases, absentee and drop out was 
entered in the Stata software. The characteristics of par-
ticipants missing and those who completed the study 
was compared using chi-square test. Study variables 

ADJCI = Progression × Noprogressionnor − regression / Regression + Noprogressionnor − regression .

caries risk level, and baseline modified ICDAS scores 
were used as predictors for multiple imputations. To 
evaluate the assumption that data were missing at ran-
dom, the difference between individuals with complete 
and incomplete data were measured using Chi-square 
analysis. The chained equation was applied to impute 
missing values by the predictive regression model.

We employed a standard approach to dichotomize 
the continuous variable in order to assess the diagnos-
tic accuracy of the tested tool. Specifically, we utilized 
Youden’s J statistic to determine the optimal threshold for 
dichotomization.

Youden’s index was applied for selecting the thresh-
old that maximizes the sum of sensitivity and specificity, 
effectively balancing the trade-off between true positives 
and true negatives.

Once the optimal threshold was identified, data points 
above this threshold were categorized as "positive," while 
those below were categorized as "negative." This dichoto-
mization enabled us to proceed with constructing the ROC 
curve, calculating sensitivity and specificity, and assessing 
the overall diagnostic performance of the tested tool.

Results
From the list of names provided by schools, 400 children 
were initially invited. Out of which 300 submit signed 
parental consent, 70 students refused to take part in 
study and four students left school. Therefore, the final 
sample size was 226. From each school on average school 
57 students were enrolled.

Table 1 presents the dropout and response rates of par-
ticipants. Missing data accounted for 36.2% of this study, 
reducing sample size power to 70%. The multiple imputa-
tion method was used to generate plausible data for miss-
ing participants.

Table 2 demonstrates that there are no statistically sig-
nificant differences between participants who completed 
the study and those who dropped out across different 

caries risk categories and follow-up periods.
In Table  3, sociodemographic characteristics are 

compared to caries risk groups as determined by the 
reduced Cariogram. About 40% of children had a low-
risk status, 30.5% medium risk, and 29.7% high risk, 
at baseline risk assessment. A significantly higher 
proportion of low-risk participants attended private 
schools (76.6%) than government-funded schools 
(20.8%) (p = 0.001).

At 18  months, 73% of high-risk children, 59% of 
medium-risk children, and 41% of low-risk children 
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showed a caries increment. The occurrence of both cavi-
tated and non-cavitated lesions was 74% at the initial 
assessment, 84% at the first subsequent evaluation, 81% 
at the second follow-up, and 83% at the third follow-up. 
Mean caries increment was consistently higher in partici-
pants with higher caries risk than low and moderate risk 
participants, as shown in Table 4.

For evaluating the predictability of the reduced Cari-
ogram, ROC curves were generated using adjusted caries 
increments and baseline risk levels (Fig. 1). For the reduced 
Cariogram model, the area under the curve in the first 
follow-up period was 0.63 (95% CI 0.55–0.71; p < 0.002). 
Reduced Cariograms demonstrated a sensitivity of 70% 
and specificity of 60% using 31.16 as the cutoff value.

For the reduced Cariogram model at 12 months, the area 
under the curve was 0.65 (95% CI 0.57–0.73; p < 0.0001). 
The reduced Cariogram’s sensitivity was 66% and specific-
ity was 64% when using a cutoff value of 29.82.

The reduced Cariogram model had 0.70 area under the 
curve (95% CI 0.59–0.74; p = 0.0001) and predicted car-
ies increment at the third follow-up (18  months). On a 
threshold value of 29.90, the reduced Cariogram dis-
played a sensitivity of 70.15% and a specificity of 60%.

Discussion
Our research aimed to evaluate the statistical significance 
of the reduced Cariogram in predicting caries incre-
ments across various risk levels. In this study, we imple-
mented a reduced Cariogram model that eliminated the 
need for saliva and bacteria testing. Given that salivary 
flow abnormalities are extremely rare in children [14], 
salivary and microbial testing become less relevant. Fur-
thermore, saliva and microbial testing are technique-
sensitive, time-consuming, and expensive [15]. A study 
on 11–12-year-old Pakistani children demonstrated that 
a reduced Cariogram, even without saliva and microbial 
testing, could effectively identify children at risk for car-
ies [16]. However, the predictability of the reduced Cari-
ogram has yet to be studied for Pakistani populations.

We evaluated the diagnostic accuracy of the Cario-
gram using the area under the receiver operating curve 

Table 1  Dropout and response rates of participants

Risk assessment Baseline 1st Follow-up 2nd Follow-up 3rd Follow-up

Attendees 226 220 174 174 183

Absentees 0 6 22 11 0

Drop out 0 0 30 41 43

Total response rate 100% 97% 77% 77% 81%

Table 2  Comparing the  participants key exposure and ADJCI with complete and incomplete data

Risk category Follow-up 1 p-value Follow-up 2 p-value Follow-up 3 p-value

Observed Missing Observed Missing Observed Missing

Low 75 (83.3) 15 (16.7) 0.11 75 (83.3) 15 (16.7) 0.12 77 (84.4) 13 (15.6) 0.35

Medium 48 (69.4) 21 (30.4) 48 (69.6) 21 (30.4) 53 (75.4) 16 (24.6)

High 51 (76.1) 16 (28.4) 51 (76.1) 16 (23.9) 53 (79.1) 14 (20.9)

Table 3  Comparison of sociodemographic variables with risk 
categories

Chi-square test

*Significant p-value < 0.05

Sociodemographic
background

Caries risk levels according to 
Cariogram, n(%)

p- value

Low Moderate High

All subjects 90 (39.8) 69 (30.5) 67 (29.7)

  Male 49 (39.8) 38(30.9) 36(29.3) 0.98

  Female 41(39.8) 31(30.1) 31(30.1)

  Urban 77(41.4) 53(28.5) 56(30.1) 0.34

  Rural 13(32.5) 16(40) 11(27.5)

  Public funded 31(20.8) 63(42.3) 55(36.9) .0001*

  Private funded 59(76.6) 6(7.8) 12(15.6)

Table 4  Mean adjusted caries increment (ADJCI) within each risk 
category at 6, 12 and 18 months

Risk category Follow-up 1 
(6 months)
Mean ± SD

Follow-up 2 
(12 months)
Mean ± SD

Follow-up 3 
(18 months)
Mean ± SD

Low 0.84 ± 1.92 1.21 ± 3.38 1.11 ± 3.33

Medium 2.49 ± 3.29 2.41 ± 3.30 2.48 ± 4.11

High 3.01 ± 3.54 3.47 ± 3.82 4.01 ± 4.31
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(ROC). According to the evidence, diagnostic models 
with an area under the curve more than 0.50 can dif-
ferentiate between individuals with or without outcome 
[17]. In our study, the accuracy of reduced Cariogram 
was 0.63 after six months, 0.65 after 12 months, and 0.70 
after 18 months. Multiple studies have shown consistent 
results of reduced Cariogram after 12 to 24  months [5, 
6]. However, barely any study has been carried out on the 
prediction of a reduced Cariogram after six months. Pre-
viously, 12–24 months have been reported to be required 
to verify Cariogram predictability statistically significant 
[5, 6, 18]. In this study we found that reduced Cariograms 
can also predict caries progression as early as six months 
in advance. In this study poor accuracy of reduced Cari-
ogram after six months follow up could be due to the low 
caries increment.

In our study, the sensitivity and specificity of the 
reduced Cariogram was 66% and 64% at 12-months and 
70.15% and 60% at 18-months. Similarly, a two-year 
prospective study on schoolchildren reported that the 
reduced Cariogram had high sensitivity and low specific-
ity [5]. After 12 months, we observed low sensitivity and 
specificity in our study, possibly resulting from low caries 
increment or regression of early caries lesions.

Our results indicate that the reduced Cariogram 
demonstrates higher sensitivity compared to specificity. 

Sensitivity and specificity are crucial parameters in 
evaluating the performance of a diagnostic tool. Sen-
sitivity represents the proportion of true positives (cor-
rectly identifying individuals at risk of dental caries), 
while specificity represents the proportion of true nega-
tives (correctly identifying individuals not at risk). In the 
context of a risk assessment tool for dental caries, the 
emphasis on either sensitivity or specificity depends on 
the clinical implications and goals. Therefore, in case of 
Pakistan where dental caries prevalence is high, a diag-
nostic tool with higher sensitivity is preferable as it aids 
in early identification of at-risk individuals and allows 
for timely preventive interventions, contributing to 
improved population health outcomes. Similarly previ-
ous research highlighted the importance of identifying 
patients with a higher risk of developing dental caries 
over those at a lower risk [18, 19].

However, a risk assessment tool that is overly sensi-
tive to caries may yield false-positive results, potentially 
leading to overtreatment of patients. The use of tests 
with higher sensitivity could lead to elevated preventative 
costs. Nevertheless, if practitioners apply clinical judge-
ment and consider comprehensive approach to preven-
tive care, tailored to individual patient needs, to optimize 
the benefits of risk assessment tools with higher sensitivity 
while mitigating potential drawbacks [20, 21].

Fig. 1  ROC at 6, 12 and 18 months
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In all caries risk groups, the mean caries increment 
increased from baseline to follow-up. Studies conducted 
by Sudhir et al. [18] and Peterson et al. [19] also reported 
a similar trend. Furthermore, we found that high-risk 
children had a greater mean caries increment than low-
risk children at all follow-ups. Similarly, other studies 
also found that high-risk children experienced ten-fold 
more caries increments than low-risk children [22, 23]. 
The rise in consumption of cariogenic foods and sugars 
among high-risk children may be the cause of this trend. 
Similarly, a study conducted on Pakistani school children 
reported an increase in consumption of sugar and cari-
ogenic food intake [7].

Application of Cariogram in Pakistan
It is evident that in Pakistan, budget allocations for oral 
health care services are constrained due to the priority 
given to controlling communicable diseases with high 
mortality rates [24]. Furthermore, the absence of com-
munity and school-based dental programs offered by 
the Ministry of Health, coupled with the distribution of 
dental practitioners primarily in urban areas, has led to 
challenges in extending oral health promotion activities 
to a wider population [24]. Based on these limitations, 
the rational approach to adopt in improving the oral 
health and especially the caries status of its 11- 12 years-
old children is to provide oral health care services at 
appropriate intervals on the basis of individual caries 
risk level. It can reduce the burden on the health care 
system by identifying an individual in genuine need of 
dental treatment.

Given these circumstances, we concur with the per-
spective that the Cariogram’s widespread application 
in the community setting may indeed be intricate. We 
acknowledge that its potential practical unattainability 
at a large scale could hinder its effectiveness in real-
world scenarios, potentially leading to non-effective 
interventions. Given these considerations, it’s impor-
tant to weigh the potential benefits of the Cariogram 
against the challenges inherent in its large-scale imple-
mentation in Pakistan. While its utility for assessing 
individual caries risk is well-established, addressing the 
aforementioned limitations becomes crucial to enhanc-
ing its effectiveness.

Raising awareness about the significance of oral 
health and its impact on overall well-being might 
encourage increased budget allocation for oral health 
care services, making resources available for Cariogram 
implementation. On the other hand, we supports the 
adoption of a risk-based approach for oral health care 
services in Pakistan, particularly for the 11–12  years-
old children, who face a significant burden of caries. 
The risk-based approach, as evidenced by international 

research [25, 26], offers the advantage of optimizing 
resource allocation by identifying individuals genu-
inely in need of dental treatment. Within this context, 
the reduced Cariogram presents itself as a viable solu-
tion due to its suitability for low-resource settings [16, 
27]. Notably, the application of the reduced Cariogram 
requires limited resources, is easy to comprehend and 
implement, and does not necessitate saliva and micro-
bial testing.

We also acknowledge that certain aspects of the risk 
assessment process might require further attention. For 
instance, collecting dietary information through meth-
ods like 24-h dietary recall can be time-saving and 
practical, considering the limitations of community set-
tings. Similarly, adapting the assessment of risk factors 
such as plaque measurements and access to fluoride 
sources can be achieved through clinical examination 
and questionnaires.

We recognize that computerization of dental 
practices is underway in Pakistan, facilitating the 
integration of this tool. Furthermore, introducing com-
prehensive training programs, especially in rural and 
underserved areas, can empower healthcare providers 
to effectively use the Cariogram in risk assessment and 
intervention planning.

In conclusion, while challenges related to cost, com-
plexity, lack of trained personnel, and technology acces-
sibility could limit the Cariogram’s implementation in 
Pakistan, strategic adaptations and focused efforts to 
address these challenges can potentially enhance its prac-
ticality and impact. By tailoring its implementation to the 
unique needs and constraints of Pakistan’s oral health 
care landscape, the Cariogram has the potential to play 
a valuable role in identifying at-risk individuals and guid-
ing effective interventions.

The strength of this study lies in its novelty as the first 
longitudinal research on the predictability of the reduced 
Cariogram conducted in Pakistan, thus providing unique 
and valuable insights. It further offers data on the prev-
alence of dental caries among 11–12-year-old school 
children in Bhakkar. To prevent excessive evaluation of 
participants and maintain a balanced assessment of the 
outcomes, a teacher, nominated by the administrator, 
randomly selected students from the provided list.

In this study, we did not employ radiographs to evalu-
ate caries, which may have resulted in an underestima-
tion of both caries prevalence and the caries increment 
rate. Despite securing participants’ contact informa-
tion and sending reminders via phone or message, we 
observed a high dropout rate. Following the guidelines 
for health studies with over 5% missing data [28], we [29] 
performed multiple imputations to address the issue of 
missing data in our study.
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Conclusion
Our findings indicates that a reduced Cariogram can 
predict the progression of caries in both cavitated and 
non-cavitated lesions and model exhibits a level of dis-
criminatory ability. While it might not achieve a very 
high accuracy, it suggests that the model is able to predict 
caries increment effectively than random guessing. Based 
on the results, it may be feasible to use a reduced Cari-
ogram in Pakistan for predicting the incidence of caries 
and strategically distributing resources to those individu-
als who require them most.

Abbreviations
ICDAS	� International caries detection and assessment systems
ADJCI	� Adjusted caries increment

Acknowledgements
The authors would like to thank the participants who took part in this study.

Authors’ contributions
MT conceived the idea of study and experimental design. MT performed 
data collection and analysis. MT and SJAZ wrote the paper. SJAZ revised the 
manuscript. All authors have conjointly given final approval and agreed to be 
accountable for all aspects of the work.

Funding
This study was self‑funded by the authors. This study was not funded by any 
agency in public, commercial or not-for-profit sectors.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This research was approved by The Medical Ethics Committee of the Faculty 
of Dentistry of Universiti Malaya, Kuala Lumpur, Ref no: DF 71 CO1512/0072(P). 
The district education officer approved the study in public‑sector schools, 
while separate approvals were obtained from the administrations of 
private‑sector schools. Informed consent was obtained from the participants. 
For participants younger than 16, informed consent was obtained from 
their respective parent(s)/guardian(s) as well. All methods were performed 
in accordance with the Declaration of Helsinki and relevant guidelines and 
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 24 June 2023   Accepted: 2 October 2023

References
	1.	 Ismail A, Tellez M, Pitts N, Ekstrand K, Ricketts D, Longbottom C, et al. 

Caries management pathways preserve dental tissues and promote oral 
health. Community Dent Oral Epidemiol. 2013;41(1):e12–40. https://​doi.​
org/​10.​1111/​cdoe.​12024.

	2.	 Tellez M, Gomez J, Pretty I, Ellwood R, Ismail AI. Evidence on existing 
caries risk assessment systems: are they predictive of future caries? 

Community Dent Oral Epidemiol. 2013;41(1):67–78. https://​doi.​org/​10.​
1111/​cdoe.​12003.

	3.	 Bratthall D, Hänsel Petersson G, Stjernswärd JR. Cariogram Manual - a new 
and interactive way of illustrating the interaction of factors contributing 
to the development of dental caries. Internet Version 2.01. 2004.

	4.	 Singh A, Singh RP, and Pawar A. Cariogram- A multifactorial risk assess-
ment model for dental caries. Beau Bassin, Mauiritius: Lambert, 2018.

	5.	 Petersson GH, Isberg P, Twetma S. Caries risk assessment in school 
children using a reduced Cariogram model without saliva tests. BMC Oral 
Health. 2010;10(1):1–6. https://​doi.​org/​10.​1186/​1472-​6831-​10-5.

	6.	 Gao X, Di Wu I, Lo E, Chu C, Hsu C, Wong M. Validity of caries risk assess-
ment programmes in preschool children. J Dent. 2013;41(9):787–95. 
https://​doi.​org/​10.​1016/j.​jdent.​2013.​06.​005.

	7.	 David J. Dental caries among adolescents. Implications for planning oral 
health services in India and Norway, doctoral thesis. Norway: University of 
Bergen; 2006.

	8.	 Lawrence H, Sheiham A. Caries progression in 12-to 16-year-old school-
children in fluoridated and fluoride-deficient areas in Brazil. Community 
Dent Oral Epidemiol. 1997;25(6):402–11. https://​doi.​org/​10.​1111/j.​1600-​
0528.​1997.​tb017​30.x.

	9.	 Chinna K, Krishnan KK. Biostatistics for the Health Sciences. Selangor: 
McGraw Hill; 2009.

	10.	 Petersson GH, Twetman S, Bratthall D. Evaluation of a computer-based 
program for caries risk assessment in schoolchildren. Caries Res. 
2002;36(5):327–40. https://​doi.​org/​10.​1159/​00006​5963.

	11.	 International Caries Detection and Assessment System Coordinating 
Committee. International Caries Detection and Assessment System 
(ICDAS II) [report]. Baltimore, Maryland: Workshop held on March 12th-
14th, 2005; Sponsored by the National Institute of Dental and Crani-
ofacial Research, the American Dental Association, and the International 
Association for Dental Research; 2011.

	12.	 de Amorim R, Figueiredo M, Leal S, Mulder J, Frencken J. Caries experi-
ence in a child population in a deprived area of Brazil, using ICDAS 
II. Clin Oral Investig. 2011;16(2):513–20. https://​doi.​org/​10.​1007/​
s00784-​011-​0528-9.

	13.	 Ismail A, Lim S, Sohn W. A transition scoring system of caries increment 
with adjustment of reversals in longitudinal study: evaluation using pri-
mary tooth surface data. Community Dent Oral Epidemiol. 2011;39(1):61–
8. https://​doi.​org/​10.​1111/j.​1600-​0528.​2010.​00565.x.

	14.	 Gao X, Hsu C, Xu Y, Hwarng H, Loh T, Koh D. Building caries risk assess-
ment models for children. J Dent Res. 2010;89(6):637–43. https://​doi.​org/​
10.​1177/​00220​34510​364489.

	15.	 Graham F. Managing clinical risk: right person, right care. Right Time Dent Clin 
North Am. 2009;53(3):511–22. https://​doi.​org/​10.​1016/j.​cden.​2009.​03.​015.

	16.	 Taqi M, Razak IA, Ab-Murat N. Caries risk assessment in school children 
using reduced cariogram model. Pak J Med Sci. 2017;33(4):948. https://​
doi.​org/​10.​12669/​pjms.​334.​13106.

	17.	 Linden A. Measuring diagnostic and predictive accuracy in disease 
management: an introduction to receiver operating characteristic (ROC) 
analysis. J Eval Clin Pract. 2006;12(2):132–9. https://​doi.​org/​10.​1111/j.​
1365-​2753.​2005.​00598.x.

	18.	 Sudhir KM, Kanupuru K, Nusrath F, Embeti S, Chaitra NT. Validation of Cari-
ogram as a tool for caries risk prediction among 12-year-old institutional-
ized children-A longitudinal follow-up study. OHDM. 2017;16:1–8.

	19.	 Petersson G, Isberg P, Twetman S. Caries risk profiles in schoolchildren 
over 2 years assessed by Cariogram. Int J Paediatr Dent. 2010;20(5):341–6. 
https://​doi.​org/​10.​1111/j.​1365-​263X.​2010.​01064.x.

	20.	 Zero D, Fontana M, Lennon ÁM. Clinical applications and outcomes 
of using indicators of risk in caries management. J Dent Educ. 
2001;65(10):1126–32.

	21.	 Kraglund F. Evaluation of a caries risk assessment model in an adult popu-
lation. Master thesis. Canada; University of Toronto: 2009.

	22.	 Bratthall D, Hansel PG. Cariogram - a multifactorial risk assessment 
model for a multifactorial disease. Community Dent Oral Epidemiol. 
2005;33(4):256–64. https://​doi.​org/​10.​1111/j.​1600-​0528.​2005.​00233.x.

	23.	 Dou L, Luo J, Fu X, Tang Y, Gao J, Yang D. The validity of caries risk assess-
ment in young adults with past caries experience using a screening Cari-
ogram model without saliva tests. Int Dent J. 2018;68(4):221–6. https://​
doi.​org/​10.​1111/​idj.​12378.

	24.	 Haleem A, Khan A. School based oral health education in Pakistan - the 
need and possible strategies. Pakistan Oral Dental J. 2006;26(1):119–24.

https://doi.org/10.1111/cdoe.12024
https://doi.org/10.1111/cdoe.12024
https://doi.org/10.1111/cdoe.12003
https://doi.org/10.1111/cdoe.12003
https://doi.org/10.1186/1472-6831-10-5
https://doi.org/10.1016/j.jdent.2013.06.005
https://doi.org/10.1111/j.1600-0528.1997.tb01730.x
https://doi.org/10.1111/j.1600-0528.1997.tb01730.x
https://doi.org/10.1159/000065963
https://doi.org/10.1007/s00784-011-0528-9
https://doi.org/10.1007/s00784-011-0528-9
https://doi.org/10.1111/j.1600-0528.2010.00565.x
https://doi.org/10.1177/0022034510364489
https://doi.org/10.1177/0022034510364489
https://doi.org/10.1016/j.cden.2009.03.015
https://doi.org/10.12669/pjms.334.13106
https://doi.org/10.12669/pjms.334.13106
https://doi.org/10.1111/j.1365-2753.2005.00598.x
https://doi.org/10.1111/j.1365-2753.2005.00598.x
https://doi.org/10.1111/j.1365-263X.2010.01064.x
https://doi.org/10.1111/j.1600-0528.2005.00233.x
https://doi.org/10.1111/idj.12378
https://doi.org/10.1111/idj.12378


Page 9 of 9Taqi and Zaidi ﻿BMC Oral Health          (2023) 23:790 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	25.	 Institute of Medicine and National Research Council. Improving access to 
oral health care for vulnerable and underserved populations. Washing-
ton, DC: National Academies Press; 2011.

	26.	 Riley P, Worthington HV, Clarkson JE, Beirne PV. Recall intervals for oral 
health in primary care patients. Cochrane Database of Systematic 
Reviews. 2013;(12):CD004346. https://​doi.​org/​10.​1002/​14651​858.​CD004​
346.​pub4.

	27.	 Naik SP, Moyin S, Patel B, Warad LP, Punathil S, Sudeep CB. Caries Risk 
Assessment of 12–13-year-old Government and Private School Going 
Children of Mysore City Using Cariogram: A Comparative Study. J Int 
Soc Prev Community Dent. 2018;8(2):160–7. https://​doi.​org/​10.​4103/​
jispcd.​JISPCD_​437_​17. (Epub 2018 Apr 24. PMID: 29780742; PMCID: 
PMC5946525).

	28.	 McHugh M. Interrater reliability: the kappa statistic. Biochemia Medica. 
2012;22(3):276–82.

	29.	 Dong Y, and Peng C. Principled missing data methods for researchers. 
SpringerPlus. 2013;2(1). https://​doi.​org/​10.​1186/​2193-​1801-2-​222

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/14651858.CD004346.pub4
https://doi.org/10.1002/14651858.CD004346.pub4
https://doi.org/10.4103/jispcd.JISPCD_437_17
https://doi.org/10.4103/jispcd.JISPCD_437_17
https://doi.org/10.1186/2193-1801-2-222

	Predictive validity of the reduced Cariogram model for caries increment in non-cavitated and cavitated lesions: cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Risk assessment
	Calibrations
	Instrument & Intra oral examination
	Dental caries increment estimation
	Statistical analysis

	Results
	Discussion
	Application of Cariogram in Pakistan

	Conclusion
	Acknowledgements
	References


