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Abstract

Background: Untreated dental caries have considerable consequences on the growth and development of children and their qual-
ity of life.
Objectives: The aim of this study was to evaluate the prevalence of clinical consequences of untreated dental caries in a sample of
Iranian children based on the pufa/PUFA diagnostic index.
Methods: In this descriptive analytical study, 360 students between the ages of 6 - 12 years were selected using cluster sampling.
Oral clinical examinations were performed by one pedodontist. DMFT, dmft, PUFA and pufa scores were recorded. The height and
weight of children were also measured to calculate body mass index (BMI). Descriptive findings are reported in terms of frequencies
and percentages, as well as means and standard deviations. The data were analyzed in the Statistical Package for the Social Sciences
(SPSS) version 21 using Fisher’s Exact Test, the Mann Whitney U test, and logistic regression. The level of significance was set at P =
0.05.
Results: The overall caries experience and the overall prevalence of untreated dental caries in the study population was 93.0% (mean
value of 4.39 ± 2.78) and 30.0% (mean value of 0.57 ± 1.15), respectively. Components of d/D and p/P had the highest frequencies.
Males and females showed no significant differences in terms of prevalence or severity of untreated dental caries (P > 0.05). The
prevalence and mean value of pufa score were significantly higher in under-weight subjects than in normal children (P < 0.05).
Under-weight subjects had 10 and 3.5 times greater risk of pufa and PUFA development, respectively.
Conclusions: Our results emphasize the need for further attention to public dental care programs and dental care measures.
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1. Background

In developing countries, most dental caries remain un-
treated, and many children suffer from its consequences (1,
2). The effects of untreated caries have been evaluated in
many studies (1, 3, 4). Untreated caries can cause changes
in the health status, quality of life, growth, developmen-
tal patterns, and school performance of children; in severe
cases, it can cause cellulitis or even brain abscess (1, 3, 5).

The dmft/DMFT index is used for the assessment of den-
tal status in different communities and age groups. How-
ever, this index does not provide any information regard-
ing the consequences of untreated caries; it only evaluates
the presence of caries, restorations, and missing teeth (2).
Pulpal involvement as a consequence of dental caries is not
taken into account in this index. In 2010, a new index re-
ferred to as pufa/PUFA was introduced to determine the
frequency and the severity of the clinical consequences of
untreated caries (2). In this index, exposed pulp, oral mu-
cosal wounds due to remaining roots, fistula, and abscess

are reported. This index has been used in only a few stud-
ies on Brazilian and Filipino children (1, 6, 7). Some previ-
ous studies have evaluated the dental status of Iranian chil-
dren, and all of them have used the classic dmft/DMFT in-
dex (8-11).

In a study by Monse et al. in 2010, the pufa and PUFA in-
dices for 6 - 12-year-old Filipino children were reported to
be 3.5 and 1.2, respectively (2). In addition, in 2013, Oziegbe
et al. evaluated the frequency and clinical consequences
of untreated caries in Nigerian elementary school children
using the pufa index (12). Moreover, in 2012, Baginska et
al. evaluated the efficacy of the pufa index in detecting the
consequences of untreated caries in primary dentition of
children in Poland and reported a strong association be-
tween the dmft and pufa indices (13). In their study in Brazil
in 2011, Figueiredo et al. reported pufa to be a suitable epi-
demiologic index for the assessment of dental caries (6).
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2. Objectives

No previous study has evaluated the frequency of
pufa/PUFA in Iran. This index can be largely used for den-
tal treatment planning, emergency dental treatments and
evaluation of the accessibility of dental care services; it
may even be superior to dmft/DMFT in this regard. Con-
sidering all of the above, this study aimed to assess the
prevalence of the clinical consequences of untreated den-
tal caries in a group of 6 - 12-year-old Iranian children as de-
tected by pufa/PUFA.

3. Methods

This descriptive analytical study was approved by the
Ethics Committee of Zahedan University of Medical Sci-
ences (code 92-186). A total of 360 students between 6 - 12
years old were selected from 4 elementary schools in 2 city
districts (I and II) of Zahedan in southeast Iran using clus-
ter sampling in January, 2014. According to a pilot study,
the sample size was calculated to be 323 subjects (z = 1.96,
P = 0.3, d = 0.05). To obtain more reliable results, we en-
rolled 360 subjects in our study. To minimize the effect of
socioeconomic status, a public (boys-only) and a private
(girls-only) school were randomly selected from district I
and a public (girls-only) and a private (boys-only) school
were randomly selected from district II. Stratified cluster
sampling was used in all schools in such a way that fifteen
subjects were randomly selected from the list of students
in one randomly selected class in each of the first to sixth
grades. Generalized developmental dental anomalies or
chronic diseases affecting oral and dental health were the
exclusion criteria.

Parents of the chosen children gave their written in-
formed consent for participation of their children in this
study. Clinical examinations were then performed. Clin-
ical examination was performed by an experienced pe-
dodontist and DMFT, dmft, pufa, and PUFA indices were
recorded. Photographs of 23 cases showing different pa-
rameters of pufa/PUFA (p/P, u/U, f/F, a/A) together with 30
non- pufa/PUFA cases were used to made the examiner cal-
ibrated. After a 1-month interval, the intra-examiner relia-
bility was confirmed by re-examination of 10% of the study
population.

PUFA/pufa is an index for recording the oral status and
consequences of untreated caries. PUFA/pufa assessment
was performed visually using a dental mirror without any
instrumentation. Only one score was recorded per tooth.
In PUFA/pufa, P/p represents visible pulpal involvement of
the severely decayed tooth (the pulp chamber is visibly ex-
posed or the tooth crown is severely damaged due to ex-
tensive caries with only the roots or root segments remain-

ing), whereas U/u represents oral mucosal ulcerations due
to trauma caused by the sharp tips of a carious tooth or
the residual root segments; F/f represents fistula, and A/a
represents abscess. The PUFA/pufa index was calculated for
each individual, similar to the DMFT/dmft, and indicates
the number of teeth that meet the PUFA/pufa diagnostic
criteria. The prevalence of PUFA/pufa was defined as the
percentage of individuals with a PUFA/pufa score of one
or more. The DMFT and dmft indices were also calculated
and recorded according to the World Health Organization
(WHO) criteria.

The reproducibility of PUFA/pufa and DMFT/dmft was
assessed by re-examining 10% of the study population af-
ter 4 weeks. Prior to examination, all children were asked
to brush their teeth. Clinical examination was performed
in the health rooms of the schools, and children were ex-
amined in a supine position under daylight using a head-
light. A dental explorer and a dental mirror were used
to determine the DMFT/dmft index. Anthropometric mea-
surements, including height and weight, were made by
the health instructor of children. Measurements were re-
peated twice, and the mean values were recorded. Weight
was measured using a digital scale with 100 g accuracy
(Beurer®, Germany), which was calibrated after every five
measurements. Measurements were made with children
wearing light clothing in a standing position with no shoes
on.

Height was measured using a tape measure (Stature®

meter 2 m, Germany) with 0.5 cm accuracy while children
standing that was accurate to within children standing
with no shoes on and their shoulders placed against the
wall. Weight and height were used to calculate BMI (weight
in Kg/height in m2). According to WHO guidelines, subjects
were categorized into 4 groups in terms of BMI: under-
weight for age (BMI < 13.25), normal weight for age (BMI =
13.25 - 17.5), over-weight for age (BMI = 17.5 - 18.5), and obese
for age (BMI > 18.5). In addition, the dental health status
of the children was recorded on forms, which were later
given to parents to inform them about the dental health
status of their children so that they could seek any neces-
sary treatment.

Descriptive data were reported in terms of frequency
and percentage, as well as mean and standard deviation
values. Data were analyzed using Fisher’s Exact Test, the
Mann Whitney U test, and logistic regression in SPSS ver-
sion 21 (Microsoft, IL, USA). The level of significance was set
at P = 0.05.

4. Results

In this survey, 360 children with the mean age of 9.79
± 1.57 years were examined. Intra-examiner reliability was
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determined by re-examining 10% of the subjects through-
out the survey using the kappa coefficient. The variations
in kappa coefficient values for pufa, PUFA, dmft and DMFT
were 0.81 to 0.89, which can be interpreted as good.

Table 1 presents data regarding the prevalence, mean,
and range of indices in the subject; detailed information
in terms of gender and BMI are illustrated in Table 2.

The overall caries experience (dmft + DMFT > 0) was
93.0%, and the overall prevalence of untreated dental caries
(pufa + PUFA > 0) was 30.0%. The mean values of these two
indices were 4.39 ± 2.78 and 0.57 ± 1.15, respectively.

The main component of the dmft and DMFT indices
was d/D (d = 77.6%, D 40.8%). The diagnosis of other compo-
nents was as follows: m = 24.1%, M = 0.3%, f = 17.8%, and F =
6.8. The major contributors of pufa and PUFA indices were
p/P (p = 23.0%, P = 3.5%). The frequency of other individual
parameters was u = 0.0%, U = 0.0%, f = 0.8%, F = 0.0, a = 5.7%,
A = 0.3. The “d + D to PUFA” ratio was nearly 30%, showing a
relatively high rate of untreated caries progression to pulp
involvement.

In relation to gender, there was a significant difference
detected only for DMFT, both for the prevalence (Fisher’s
exact test, P < 0.001) and the mean value (Mann Whitney
U, P < 0.001), with a predominance of females. For other
indices including dmft, pufa, PUFA, dmft + DMFT, and pufa
+ PUFA, females did not show any significant difference
when compared to males (P > 0.05).

Because only 9 children in our study population were
over-weight and none of the children were obese, the data
related to normal weight and under-weight children were
statistically analyzed. As presented in Table 3, the preva-
lence and mean value of DMFT and PUFA were not associ-
ated with BMI. Similarly, the prevalence of dmft + DMFT
was not associated with BMI. On the contrary, other indices
were related to BMI.

Comparing children in terms of pufa prevalence with
reference to BMI, after age and gender adjustment, a logis-
tic regression model showed that under-weight subjects
were nearly 10 times more likely to suffer from dental dis-
ease than normal children. Moreover, the under-weight
group were nearly 3.5 times more likely to develop the
PUFA compared to normal group.

5. Discussion

Dental caries, the most prevalent childhood disease,
remain a public health problem worldwide (12, 14-18)
This study aimed to assess the prevalence of the clinical
consequences of untreated dental caries as detected by
pufa/PUFA in 6 - 12-year-old Iranian children.

In the current study, the overall dental caries experi-
ence was found to be 93.0%. The overall prevalence of clini-

cal consequences of untreated dental caries was 30.0%. Our
study was the first to assess the consequences of untreated
dental caries in 6 - 12-year-olds in Iran and showed that de-
spite the high prevalence of dental caries experience, the
prevalence of consequences of untreated dental caries was
relatively low, with a severity of 0.52± 1.09 in primary teeth
and 0.06 ± 0.34 in permanent teeth. In other words, one
out of three individuals in our study population suffered
from the clinical consequences of untreated carious teeth,
requiring pulp therapy or tooth extraction.

The prevalence of untreated dental caries in the cur-
rent study indicates a lack of access to dental care services,
which along with the presence of risk factors of dental
caries, lead to the progression of carious lesions to pulp
involvement and other consequences. Negligence of par-
ents with regard to seeking dental treatment is another
reason for this finding (15). Dental-related fears and behav-
ior problems can also lead to delays in seeking dental treat-
ments and consequently result in caries progression and
eventual consequences of untreated carious teeth (19, 20).
In fact, children with these avoidance behaviors should be
treated under general anesthesia (21).

The DMFT/dmft index does not show the severity
of caries or their consequences (22). This means that
DMFT/dmft data alone cannot inform health policy mak-
ers about the severity of caries and their consequences on
general health and quality of life. Public health authori-
ties’ decisions are mainly influenced by in which informa-
tion is presented to them (2). For this reason, in recent
years, great emphasis has been placed on developing more
sensitive diagnostic criteria to better differentiate among
the different stages of caries progression (23). The need for
data regarding the extent of carious lesions and their con-
sequences led to the development of the PUFA/pufa index
(2). The PUFA/pufa index provides accurate information
about the stage of caries and the clinical consequences of
untreated caries (12). This index was first used in the Philip-
pines, and its validity and reliability have been confirmed
(2). It is currently used to epidemiologically assess carious
lesions and classify the consequences of untreated caries.
The four stages of caries defined in this index are related
to the general health status of individuals (2). This index
is easy to use, fast, and safe; it doesn’t require any equip-
ment, and it can be used by individuals other than dentists
as well. Moreover, it has good intra- and inter-examiner re-
liability (2, 12, 24).

In fact, PUFA/pufa provides policy makers with com-
plete information, especially when combined with
DMFT/dmft. The PUFA/pufa index is also recommended for
use in populations with high rates of dental caries who
have no access to therapeutic and preventive measures (13,
24).
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Table 1. Prevalence, Mean Value, and Range of Indices in the Studied Subjects

Index Prevalence No. (%) Mean (SD) Range

dmft 306 (82.7) 3.49 (2.78) 0 - 12

DMFT 158 (42.7) 0.92 (1.31) 0 - 7

pufa 96 (25.9) 0.52 (1.09) 0 - 7

PUFA 14 (3.8) 0.06 (0.34) 0 - 4

Table 2. Prevalence and Mean Value of Indices in Relation to Gender and BMI

Index Variables

Gender BMI

Female Male Under-weight Normal Over-weight

Prevalence, No. (%)

dmft 155 (50.6) 151 (49.4) 258 (84.0) 43 (14.0) 6 (2.0)

DMFT 100 (63.3) 58 (36.7) 119 (75.3) 36 (22.8) 3 (1.9)

pufa 46 (47.9) 50 (52.1) 88 (91.6) 8 (8.4) 0 (0.0)

PUFA 7 (50.0) 7 (50.0) 11 (78.6) 3 (21.4) 0 (0.0)

Mean (SD)

dmft 3.44 (2.82) 3.54 (2.74) 4.05 (2.76) 1.45 (1.67) 0.89 (1.05)

DMFT 1.25 (1.48) 0.58 (1.00) 0.87 (1.29) 1.14 (1.37) 0.89 (1.53)

pufa 0.47 (1.04) 0.57 (1.14) 0.62 (1.19) 0.16 (0.44) 0 (0)

PUFA 0.06 (0.38) 0.06 (0.30) 0.06 (0.33) 0.09 (0.41) 0 (0)

Previous studies using PUFA/pufa are scarce, and there
is limited relevant information in such studies. Unfortu-
nately, direct comparison of our results with the results of
these studies is not feasible due to differences in factors
such as age, sex, ethnicity, and socio-economic status. How-
ever, some of these studies are discussed here. For example,
Murthy et al. (19) and Oziegbe et al. (12) assessed the over-
all prevalence of untreated dental caries and reported val-
ues of 19.4% and 4.0%, respectively, which are much lower
than our obtained value. In addition to the known and
unknown differences between the study populations, the
higher prevalence of untreated caries in our study may
be attributed to the higher dental caries experience com-
pared to the corresponding value in the aforementioned
studies (93.0% versus 57.9% and 10.0%, respectively).

On the other hand, Shanbhog et al. (22) reported the
prevalence of untreated caries to be 37.7%; this value was
55% in the studies conducted in the Philippines, (1, 2) which
are both higher than our obtained value. In their study
in Poland, Baginska and Stokowska (24) reported the fre-
quency of untreated caries of primary teeth to be 40.77%
in 6 - 8 year-olds with a mean value of 0.85 ± 1.33. In an-
other study by Baginska et al., (13) the frequencies of pufa

in 5- and 7-year-olds were reported to be 43.4% (with a mean
value of 2.20 ± 3.43) and 72.4% (with a mean value of 2.44
± 2.22), respectively. Monse et al. (2) reported a frequency
of 85% of pufa. Leal et al. (25) and Figueiredo et al. (6) re-
ported a frequency value similar to ours (approximately
25%). Differences between our findings and those of previ-
ous studies may also be attributed to examiner effects. In
our study, all examinations were performed by an experi-
enced pedodontist. In addition, a good kappa coefficient
indicated good intra-examiner reliability.

It should be noted that in all studies using the
PUFA/pufa index, (2, 6, 12, 22) most teeth with clinical con-
sequences of untreated caries were classified as P/p code.
Similarly, the P/p was the most frequently reported compo-
nent in our study (P = 3.5% and p = 23.0%). Also, 0.8% and
5.7% of primary carious teeth had fistula and abscess, re-
spectively. Out of the permanent teeth, 0.3% represented
signs of dental abscess. Moreover, none of the subjects had
oral mucosal ulcers due to untreated carious teeth. In stud-
ies conducted in the Philippines (2) and Nigeria, (12) the
prevalences of dental infection (fistula and abscess) in pri-
mary teeth were reported to be 18% and 28%, respectively.

Our findings showed a significant association between
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Table 3. Comparison of Indices in Terms of BMI (Under-Weight Versus Normal)a

Index BMI

Prevalence (No)

dmft < 0.001b

DMFT 0.226b

dmft + DMFT 0.195b

pufa 0.001b

PUFA 0.819b

pufa + PUFA 0.002b

Severity (Mean)

dmft 0.001c

DMFT 0.179c

dmft + DMFT < 0.001c

pufa 0.002c

PUFA 0.670c

pufa + PUFA 0.004c

aSignificant level was set at 0.05.
bFisher’s Exact Test.
cMann-Whitney U Test.

BMI (normal and under-weight) and the overall prevalence
and mean value of untreated dental caries. A similar associ-
ation was also found for pufa. The relationship of BMI and
oral health has been extensively studied worldwide, and
controversial results have been reported. The association
of BMI with dental caries is complex and is influenced by
several factors. Some studies have confirmed the associa-
tion of BMI and dental caries (1, 14). However, the interpre-
tation of these results must be undertaken with caution.
We only analyzed the data of normal weight and under-
weight subjects. In addition to the impact of this, it should
be noted that previous studies have used different criteria
for classification of BMI. In Iran, no standard national cri-
teria exist for growth assessment of children. Thus, differ-
ences in the reported results may be attributed to different
growth patterns of children with the WHO standard crite-
ria as well as variability in the statistical populations.

Monse et al. (2) and Benzian et al. (1) in the Philip-
pines showed that children with untreated caries had a sig-
nificantly lower than normal BMI. The results of the cur-
rent study also show a significantly higher prevalence and
severity of untreated dental caries in the primary teeth of
under-weight children; this indicates that untreated den-
tal caries have been neglected in the assessment of growth
and development in children.

As expected, we found no significant difference in
terms of the prevalence of untreated dental caries and

their mean value between males and females; in line with
our study, none of the previous studies have found gender
differences in this regard.

Some developmental dental anomalies, such as
enamel hypoplasia seen in hypophosphatemic rickets (26)
may represent as untreated dental caries; so we excluded
children who suffered from diseases which manifest
inherited or environmental developmental dental defects.

In the PUFA/pufa index, there is no score pertaining to
the severity of pain as the consequence of untreated den-
tal caries. This drawback can be considered as one limi-
tation of the index. In various studies pain parameter as
the consequence of dental disease itself or the outcome of
treatment intervention has been evaluated (27-29). How-
ever, in PUFA/pufa index which is only relied on objective
signs, the subjective parameters such as pain and discom-
fort have not been considered.

Our study had some limitations. Unequal distribution
of children in BMI groups was a limitation of our study; for
this reason, we could not assess the prevalence and severity
of PUFA/pufa in over-weight and obese children. Hence, ob-
servational longitudinal studies using PUFA/pufa in larger
statistical populations and with a wider age range of sub-
jects are recommended. However, our study provided ba-
sic information in a sample of Iranian children and calls
for timely dental care services.

5.1. Conclusion

The current study provided some information regard-
ing the prevalence of untreated dental caries, which have
not been previously reported for Iranian children; 30.0%
of our study population had untreated dental caries. A
great portion of the pufa/pufa score is was allocated to P/p.
No significant difference was found between males and fe-
males with regard to the prevalence and severity of un-
treated dental caries. A significant association was found
between BMI and the overall prevalence and mean value
of untreated dental caries, as well as between BMI and the
prevalence and mean value of pufa.
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