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Abstract

Objectives: To describe a modification of the index of clinical
consequences of untreated dental caries [pulpal involve-
ment, ulceration, fistula and abscess (PUFA/pufa) index] to
pulpal involvement-roots-sepsis (PRS/prs) and to compare
the two indices using the example of caries in primary molar
teeth in children aged 6-8 years. Subjects and Methods: The
study sample included 542 children aged 6-8 years, from five
randomly selected schools in the Bialystok District, Poland.
The occurrence of clinical consequences of untreated caries
in deciduous molars using the pufa and prs indices was eval-
uated. Data were analysed to express the prevalence, the ex-
perience and the distribution of particular pufaand prs codes
in the sample population. The differences in layout of the
pufa and prs components were expressed. Results: The re-
sponse rate was 77.6%. The prevalence of the clinical conse-
quences of untreated caries was 40.77%, mean pufa and prs
were the same (0.85 + 1.33). According to the pufa index, the
following mean values were obtained: p=0.79,u=0.01,f=
0.04 and a=0.01. For the prs index, the mean values were as
follows: p = 0.45, r = 0.35 and s = 0.05. Conclusion: The pro-
posed prs index was a useful epidemiological instrument for

the evaluation of the clinical consequences of untreated car-
ies in the surveyed population. The PRS instrument could be
a good alternative to the PUFA index.

Copyright © 2013 S. Karger AG, Basel

Introduction

At the beginning of the 21st century, dental caries is
still a serious problem, especially in low- and middle-in-
come countries [1-3]. The reasons include a high con-
sumption of cariogenic food, the negligence in daily oral
health practices and irregular dental check-ups [4, 5]. In
developed countries, the severity of the disease was re-
duced over the last decades and the non-cavitated lesions
are more prevalent than cavities [6-9]. However, even in
economically developed regions, there are groups from a
lower socio-economic background with a higher risk of
severe caries [5, 9, 10]. The outcome of primary teeth
treatment is poor all over the world [11, 12]. The differ-
ences in the epidemiological situation between countries
and regions resulted in the development of new tools for
the assessment of caries severity. But among several doz-
en different kinds of criteria for caries detection, only few
distinguish the pulpal involvement and dental sepsis [6,
13, 14]. The need for an epidemiological tool for the eval-
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uation of advanced caries stages with pulp exposure or
dental sepsis undoubtedly exists [13, 14, 15]. The lack of
a proper measurement methodology resulted in very lim-
ited datain the literature. Some studies reported needs for
pulp care and for extraction registered by WHO codes for
treatment needs [16], but such data have not often been
presented in the literature.

In 2010, an index of clinical consequences of untreated
caries (PUFA) was introduced by Monse et al. [13]. The
index was developed in a similar way to the decayed
missed filled teeth (DMFT) system as a sum of teeth with
four different diagnoses. P/p means pulpal involvement
and is recorded when the caries process is so advanced
that the opening of the pulp chamber is visible or when
the crown is destroyed and only roots are left. U/u is for
an ulceration of soft tissues caused by sharp edges of a
dislocated tooth with pulpal involvement. F/f is diag-
nosed when a pus-releasing sinus tract related to a tooth
with pulpal involvement is present and A/a means the
presence of an abscess. For the purpose of the population
studies, the prevalence and experience of PUFA can be
evaluated.

However, the role of the indices used in the epidemio-
logical studies is not only to describe the disease itself but
also, or primarily, to depict the range of treatment needs
in the population to the health planners and policy mak-
ers. As regards the presentation of treatment needs, the
construction of the PUFA index is not sufficient. We have
some doubts with regard to the description of code P in
PUFA [13]. The inclusion of two different clinical situa-
tions in a single code, i.e. teeth with cariously exposed
pulp and teeth considered for extraction in which the car-
ious process results in an extensive destruction of the
crown with remaining roots or their fragments, causes
that it is difficult to assess the actual treatment needs. In
the first case, an effective endodontic treatment is possi-
ble, which can considerably extend the time when the
tooth remains in the oral cavity, thus prevent conse-
quences caused by a premature loss of dentition. The
roots of primary teeth should be definitely extracted to
prevent odontogenic infections. As regards the roots of
permanent teeth, in some cases they can be left in the oral
cavity provided that an endodontic treatment and a pros-
thetic reconstruction have been performed. In less afflu-
ent societies, however, because of the financial barrier the
root extraction is the treatment of choice [1, 3]. The need
of distinguishing the ulceration code appears to be am-
biguous as well because, most frequently, these are teeth
with an extensive crown destruction which should be
considered for extraction. It cannot be ruled out, how-
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ever, that a tooth being the cause of soft tissue damage can
be left in the oral cavity after smoothing sharp edges, an
endodontic treatment and a reconstruction of lost tissues.
Not insignificant is the fact that in most available research
studies it was the most rarely diagnosed PUFA code [17,
18]. Frencken et al. [14] and de Souza et al. [19] raised the
issue of reasonableness of separating the codes relating to
dental sepsis - a fistula (F) and an abscess (A) - as they
both were a manifestation of the same condition and
might interchange into each other. An argument in fa-
vour of joining the above codes is also a small percentage
of teeth with the said diagnoses presented in the research
studies on PUFA/pufa [13, 14, 17, 18].

Having analysed the presented doubts, we have come
to the conclusion that the index of clinical consequences
of untreated caries would benefit from a slightly different
selection of diagnoses so that individual codes not only
determine the progression of the carious process but also
refer to the treatment needs. Our idea was to develop an
index based on assumptions similar to PUFA, but allow-
ing an easier presentation of the treatment needs.

Hence, the aim of this paper was to develop a new in-
dex of clinical consequences of untreated caries to be
named the pulpal involvement-roots-sepsis index (PRS).

Subjects and Methods

The study protocol was approved by the Bioethical Committee
of the Medical University of Bialystok, Poland. The study was pre-
ceded by a calibration session comprising theoretical and practical
sessions. The theoretical training was conducted on the basis of
available literature concerning the PUFA/pufa index [13]. The
practical part consisted of examining, twice at a week’s interval, 10
children aged between 5 and 7 years with a poor dental condition.
The calibration session for this study was short because the exam-
iner (J.B.) had 10 years’ experience in epidemiological studies and
was previously involved in a survey evaluating teeth using the pufa
index.

The survey was conducted in the Bialystok District, Poland.
The minimum study sample was assessed to be 358 subjects based
on the following assumptions: 13,000 of 6- to 8-year-old children
living in this area, 40% of pufa prevalence, 95% of confidence in-
terval and 5% measuring error. 698 children from five randomly
selected schools in the Bialystok District were invited to the study.
The parents’ or guardian’s consents for the child’s participation in
the study were obtained. The exclusion criteria were lack of par-
ents’ approval, the child’s absence at school on the day of examina-
tion and the child’s negative attitude during examination. The
study covered 542 children aged between 6 and 8 years, mean age
7.60 £ 0.80. A total number of 3,977 primary molar teeth were ex-
amined.

One examiner (J.B.) and one person (J.K.) recording the results
were involved in the data collection. The oral examination was
conducted in schools, in artificial light with the use of a dental mir-
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Table 1. Description of the PRS index

Characteristic Code  Description Treatment
Pulpal involvement ~ P/p Caries process reached pulp chamber Endodontic treatment
Roots R/r Caries process destroyed tooth structures to Extraction
non-restorable stage
Sepsis S/s A pus-releasing sinus tract or a pus containing swelling  Endodontic/surgical treatment with an

related to the tooth is present

antibiotic therapy (permanent dentition)
Extraction (primary dentition)

PUFA
Pulpal involvement Ulceration Fistula Abscess
Pulpal involvement  Roots Sepsis

PRS

Fig. 1. The possible methods of transferring the diagnoses from
PUFA to PRS.

ror. According to PUFA recommendations [13], no dental probe
was used. All children were asked to brush their teeth before the
oral examination. The presence of primary molars with cavities
reaching the pulp chamber, injuries of soft tissues caused by teeth
with severe caries and the presence of fistula or abscess were re-
corded. Also, teeth with extensive damage of hard tissues were re-
corded as roots in the assessment form.

Thus an instrument named PRS was developed. A description
of the PRS is given in table 1 while the method of transferring the
diagnoses from PUFA to PRS is presented in figure 1. Teeth diag-
nosed with a pulpal involvement (P) according to PUFA were clas-
sified into the same category using the PRS index or were diag-
nosed as roots (R). When using the PRS index, the examiner de-
cided whether the tooth could be properly restored after
endodontic treatment or not. Teeth with a bad prognosis for the
direct or indirect restorative treatment were scored as roots. The
same evaluation was carried out for teeth diagnosed as U (ulcer-
ation) in PUFA. The damage of soft tissues was done by sharp cav-
ity edges or fragments of roots and such teeth were allocated to one
of the PRS categories: pulpal involvement (P) or roots (R). Both
manifestations of oral sepsis were classified separately in PUFA,
scored as S component in PRS. Similar to DMF and PUFA, the PRS
index was calculated for an individual as the sum of teeth with P,
R and S greater than 0. The prevalence of PRS was counted as a
percentage of the population with a PRS score of 1 or more. The
mean PRS index was calculated as a quotient of the total sum of
PRS values and the number of subjects in the sample group. For
the primary dentition, the data were registered in lowercase letters

Pulpal Involvement-Roots-Sepsis Index

as prs index. The minimum conditions for an oral cavity examina-
tion were artificial light and dental mirror; no probing of exposed
pulp was done.

Data were analysed to express the prevalence, the experience
and the distribution of particular pufa and prs codes in the sample
population. The differences in the layout of the pufa and prs com-
ponents were expressed. The intra-examiner reliability was deter-
mined using the unweighted kappa coefficient on a sample of 5%
of the examined subjects.

Results

The response rate was 77.6%. Of the 542 children, 221
(40.8%) had untreated caries while of the 3,977 primary
molar teeth, 461 (11.6%) were diagnosed with severe car-
ies. The unweighted kappa coefficient for pufa was esti-
mated at 0.82 and for prs at 0.86.

The mean values of both instruments were the same
(0.85 + 1.33). Differences were observed in the distribu-
tion of the components. With regard to pufa, pulpal in-
volvement (p) was diagnosed in 427 (10.73%) teeth, and
the mean p value was 0.79 + 1.27. According to the prs
index, this diagnosis was made in 244 (6.13%) teeth with
a mean of 0.45 + 0.89. Other pufa codes were rarely diag-
nosed: a fistula (f) was observed in 24 (0.6%) teeth, and
soft tissue ulceration and an abscess in 5 (0.13%) molars
each. Taking into consideration the prs index, an exten-
sive destruction of crown qualified as roots was found in
188 (4.73%) teeth and a dental sepsis was diagnosed in 29
(0.73%) molars. The mean values obtained by the pufa
and prs indices are shown in table 2 while the clinical ex-
amples of PRS index categories are shown in figure 2.

The distribution of individual pufa codes with refer-
ence to the prs index is given in figure 3. The group of
teeth with pulpal involvement in the prs index consisted
of 243 teeth with the diagnosis p in pufa and of 1 tooth
qualified as code u in pufa. 184 teeth from the group of
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Fig. 2. The clinical examples of the PRS index categories. a Pulpal
involvement (P/p). b Roots (R/r). ¢ Fistula (S/s). d Abscess (A/a).

Table 2. Distribution of the number of teeth with clinical conse-
quences of untreated dental caries and mean pufa and prs experi-
ence in surveyed population

Total, n (%) Mean SD
(n=3,977)
pufa
P 427 (10.73) 0.79 1.27
u 5(0.13) 0.01 0.09
f 24 (0.6) 0.04 0.27
a 5(0.13) 0.01 0.09
pufa 461 (11.59) 0.85 1.33
prs
p 244 (6.13) 0.45 0.89
r 188 (4.73) 0.35 0.78
S 29 (0.73) 0.05 0.28
prs 461 (11.59) 0.85 1.33

pulpal involvement in pufa and 4 teeth classified as ulcer-
ation were assigned as roots (r). The s component of the
prs tool consisted of 24 teeth with fistula and 5 teeth caus-
ing abscess. No tooth with dental sepsis was qualified as
dental roots.

Discussion
The population evaluated in the present study was

characterised by a high prevalence (40%) of advanced
stages of dental caries expressed as the prs index. Most
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Fig. 3. The distribution of individual pufa codes with reference to
the prs index in the surveyed population.

prevalent were teeth with pulpal involvement (6.13%),
while teeth causing dental sepsis (0.73%) were rarely ob-
served. The experience of prs was also high because it in-
volved every tenth of the evaluated primary molars. Com-
parison of prs and pufa indices showed differences in the
distribution of teeth with pulpal involvement. In fact, 184
molars diagnosed as pulpal involvement in pufa were
classified as roots in prs and qualified for extraction. Only
0.13% of teeth caused the ulceration of oral mucosa, the
code registered by pufa, but almost all of them were found
to be roots.

The prevalence and experience of clinical consequenc-
es of caries obtained by prs compared with the pufa index
were lower in Filipinos [13] but were higher in Brazilian
children [18]. Children from the Philippines aged 6 years
suffered from severe caries, with 84% of the population
having teeth with positive pufa scores and the mean pufa
at the level of 3.4 [13]. Six to 7-year-old children living in
adeprived area of Brazil showed 23.7% of pufa prevalence
and severity per child at 1.7. The pufa index in a previous
study conducted in the same region of Poland was higher.
Itscored 2.20 + 3.43 in 5-year-old children and 2.44 £ 2.22
in 7-year-old children [17]. However, in view of the dif-
ferences in age and type of evaluated teeth (posterior in
our study vs. anterior and posterior in the previous one),
an accurate comparison of obtained results was not pos-
sible. It should be emphasised that in all studies using the
pufa index, most teeth with clinical consequences of un-
treated dental caries were classified as pulpal involve-
ment. It is difficult to take up a wide discussion concern-
ing the frequency of distribution of different codes be-
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cause no relevant reports, apart from the pufa index, were
found in the literature. In a study on dental sepsis con-
ducted in Scotland, the occurrence of fistula or abscess in
2-11% of examined 5-year-old children was found where-
as the frequency thereof increased with worsening socio-
economic status of the sample population [9].

Indices like PUFA or PRS are especially useful for the
populations with neglected caries treatment and preven-
tion. The PUFA index was at first used and validated in
the national oral health survey in the Philippines [13, 20].
From its introduction, it was applied in the studies on the
epidemiology of caries and as a measurement tool in the
research concerning the influence of dental caries on the
general health and the quality of life [17, 18, 21, 22]. The
examination of oral cavity using the PUFA index was as-
sessed as easy to conduct, with a good intra- and interex-
aminer reliability [17, 20, 21]. So the question might be
asked whether there is a need for another instrument con-
cerning the clinical consequences of untreated dental car-
ies. The PUFA index is indeed a breakthrough tool for the
estimation of the total number of dental conditions re-
lated to severe caries. However, in our opinion, it failed in
the presentation of treatment needs of such teeth. Health
care planners and policy makers should receive clear in-
formation about the full range of the disease spectrum,
which means not only its prevalence and experience, but
also the treatment needs. Determining a group of teeth
considered for extraction due to crown destruction allows
assessing possible consequences and costs of their loss.
An early extraction of primary teeth can result in numer-
ous consequences such as chewing and speech problems,
and disturbances of eruption of permanent successors.
Losses of teeth in the permanent dentition generate a
cost-consuming prosthetic or implant treatment. The ra-
tionale for the modification of the index of clinical con-
sequences of untreated caries was proven by the differ-
ences in the distribution of teeth between pufa and prs as
observed in the present study. About 43% of teeth with
the category pulpal involvement in pufa and almost all
teeth diagnosed as ulceration were in fact so decayed that
only their roots were left and they should be extracted.

In addition, it appears to us that the choice of codes in
PUFA can be misleading for the recipients. The cumula-
tive way of presenting different clinical conditions, i.e.
teeth with a chance to remain in the oral cavity and roots,
causes that PUFA gives a more positive picture of the den-
tition than it is in reality. In PUFA, the pulpal involve-
ment component significantly exceeds other values. On
the other hand, very small values of the other PUFA codes
compared to the pulpal involvement, which may result in

Pulpal Involvement-Roots-Sepsis Index

the marginalisation of such data, give rise to doubts. The
proposed PRS index, based on the same data as PUFA,
distributes it in a way which is clearer for medical practi-
tioners, health policy makers and the general public.

It is noteworthy that the kappa values for both indices
showed very good intra-examiner reliability, as in other
studies [17, 18]. In fact, both the pufa and the prs indices
were based on the same data. The only differences were
that the examiner had to decide whether or not the degree
of crown destruction or the position of a tooth with severe
caries qualified it for extraction and that there was no
need to distinguish symptoms of dental sepsis. Further
studies with a larger sample are planned in order to test
the validity of PRS.

Conclusions

The evaluated population showed a high prevalence of
severe caries. The prs index was a useful instrument for
the evaluation of clinical consequences of untreated den-
tal caries in the surveyed population and it provided ad-
ditional information on dental status compared to the
pufa index. The PRS instrument could be a good alterna-
tive to the PUFA index.
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