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Abstract

Objectives: To describe the occurrence of dental pain and extractions in young
children in relation to the caries and restoration history of their primary molar teeth.
Methods: A prospective cohort study of 739 children aged 2.8 to 6.2 years attending
50 dental practices in the North West of England followed for 3 years. Incidence
rates for pain and extraction in primary molar teeth were calculated for children with
and without dental caries. Tooth years at risk of extraction or pain were calculated for
each primary molar according to whether they were caries-free, carious and unre-
stored, or restored. Results: A total of 119 (16.1 percent) children had caries at
recruitment and 157 developed caries during follow-up. Each year approximately
one in five children with caries, but only one in 100, who was caries-free, presented
with dental pain. In the whole population, each year, approximately one in 40 children
had a primary molar tooth extracted but in children with caries it was one in 10. In the
total cohort, incidence of pain was higher in unrestored carious teeth than restored,
but incidence of extraction was higher in restored than in unrestored teeth.
Conclusion: The majority of children attending general dental practice remained
caries-free and did not experience pain or extraction over 3 years. Children with
caries had a substantial risk of developing pain or having an extraction. The study
was unable to demonstrate that restoring carious primary molar teeth prevents pain
and extraction.
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Introduction
Dental caries in the primary den-

tition remains an international public
health problem. In the UK, succes-
sive national child dental health
surveys have shown little change in
caries prevalence in 5-year-old chil-
dren over the past 20 years (1). In the
United States, the National Health
and Nutrition Examination Survey
data tell a similar story: from 1988-94
to 1999-2002, there was no change in
the prevalence of dental caries in
primary teeth among children aged
2 to 11 years (2). Our ability to
measure caries prevalence and expe-
rience is well developed, but our
understanding of the impact of the
disease on young children and their
families is poor. Over recent years,

measures of the psychosocial impact
of dental conditions have been
developed for older children (3), but
these are unsuited for studies on very
young children because of their cog-
nitive and emotional immaturity. In
this age group, proxy measures of
the impact of dental conditions on
the quality of life, such as pain and
dental extraction, are perhaps more
appropriate. Dental pain has been
shown to affect the everyday lives of
children (4), and extraction has been
shown to be distressing for young
children (5) and their parents (6),
and to be closely associated with
dental fear and anxiety (7).

It is important to understand how
best to treat children with caries to
minimize the risk of these adverse

events. In the UK, two recently
conducted retrospective cohort
studies conducted in primary care
(8,9) reported tooth-level outcomes
of unrestored carious primary teeth
in young children. Both indepen-
dently reported that approximately
80 percent of carious, unrestored
primary teeth exfoliated naturally
without any symptoms. However, a
person-level analysis (10) reported
that 48 percent of children with
caries experienced at least one
episode of pain and 43.3 percent
experienced one or more primary
teeth extractions because of pain or
sepsis. Following the publication of
these studies, there has been a
debate on how best to manage the
dental care of young children with
carious primary teeth that calls for
more research to improve the evi-
dence base in this field (11-13).

This issue raises important public
health questions; as primary teeth are
temporary structures, is it more
important to measure the impact of
the disease than the disease itself?
The impact of the disease in this
population is affected by the dental
care children receive. In the UK, the
2003 Child Dental Health Survey
reported that only 6 percent of
5-year-old children were reported to
have never visited a dentist (1), and
in the United States, both the Ameri-
can Dental Association (14) and the
American Academy of Pediatric Den-
tistry recommend that infants should
have their first dental visit by age 1.

To improve our understanding of
this issue, we undertook a prospec-
tive cohort study of young children
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attending general dental practices.
The aim of the study was to describe
the epidemiology of dental pain and
extractions of primary molar teeth in
children who attend general dental
practices, and then to report these
outcomes in terms of whether or not
carious teeth were restored.

Method
After receiving appropriate ethical

approval for the study, all dentists
providing National Health Service
(NHS) care to children in four health
districts, north Cheshire, south
Cheshire, Salford and Trafford, and
Bury and Rochdale, in the North
West of England were invited to par-
ticipate in the study. NHS dental care
is publicly funded and free to chil-
dren. A total of 50 dentists responded
to the invitation and agreed to
provide access to their practices.
Each dentist received a fee of £500 to
cover the costs of any disruption to
the running of the practice.

The study population was drawn
from all children born between July
3, 1995, and December 23, 1997,
attending the 50 practices. Children
in the age band of interest were iden-
tified from computer records, and
letters inviting parents to enroll their
children into the study were sent via
the practices. New patients in the
relevant age group who attended
during the recruitment period were
also invited to participate in the
study. The recruitment period was
between January 22, 2000, and
November 22, 2001, and the children
were followed up until July 1, 2004.

The investigation was confined to
the primary molar teeth. The dentists’
diagnoses of caries and the restor-
ative interventions provided were
recorded in the children’s clinical
records. The outcomes of interest,
namely pain and extraction, were
also recorded from the clinical
records. An episode of pain was
defined as a recorded unscheduled
visit to the dental surgery as a result
of dental or orofacial pain. The study
dentists agreed to follow a protocol
to systematically capture caries diag-
noses, restorative care provided, and
the outcomes of interest. To support

the dentists in capturing information
according to the protocol, they were
provided with a study pack contain-
ing easy-to-follow guidelines for
recording clinical information. This
pack was contained in a folder,
which also enclosed each child’s
clinical record. A research assistant
provided a short tutorial on the
recording of records according to
the protocol at the start of the study.
The dentists were asked to record a
full clinical dental charting of each
child at recruitment and at each visit
over the 3-year follow-up period to
record:
• new carious lesions: tooth

affected and site;
• episodes of restorative care: tooth

restored and site;
• episodes of pain including: estab-

lishing if the visit was prompted
by pain, the reason for the pain,
and the tooth that caused the
pain; and

• extractions: tooth or teeth
involved.
Clinical data from the child’s

dental records were photocopied in
the practices each year. A trained
dental nurse transferred all data from
the photocopied clinical records to a
data abstraction form, from which
the data were entered into a com-
puter for analysis.

Person-Level Analysis. At
recruitment children were catego-
rized as caries-free or having the
disease. A child was coded as having
caries at recruitment if any primary
molar tooth was recorded as carious
and unrestored or as restored by the
dentist. In addition, children who
had a restoration placed within 3
months of their first examination
were recorded as having caries at
recruitment. This rule allowed the
dentists time to complete and record
treatment events that were scheduled
following the initial examination.

Crude incidence rates per 100
person years of a child’s first episode
of dental pain because of caries and
first extraction of a carious molar
tooth were calculated by dividing
the number of pain and extraction
events by person years at risk.
Person years at risk of pain were

measured for children who were
recorded as having pain from the
date of recruitment until the date of
the child’s first recorded episode of
pain. For those children with no
record of pain, person years were
measured from the date of recruit-
ment until the date of the child’s last
recorded dental appointment during
the follow-up period. Similarly, to
estimate the crude incidence of the
first extraction of a molar tooth,
person years for those children who
experienced an extraction were cal-
culated from the date of recruitment
until the date of the first molar tooth
extraction. For children who did
not have an extraction, person years
were calculated from the date of
recruitment until the date of the
child’s last recorded dental appoint-
ment during the follow-up period.

Incidence rates were constructed
for two groups: children who were
caries-free and children recorded as
having caries. Children who were
caries-free at recruitment, who sub-
sequently developed caries during
follow-up, initially contributed per-
son years and pain and extraction
events to the caries-free group. After
the date that these children were first
recorded as having caries, they then
contributed person years to the
group with caries.

Tooth-Level Analysis. Each of
the children’s molar teeth was
assigned to one of three mutually
exclusive states:
• caries-free;
• carious unrestored; and
• restored.

A tooth was considered to be
caries-free unless it was recorded as
having untreated caries or restored.
A caries-free tooth could change
states during follow-up to either
carious unrestored or restored. A
carious unrestored tooth could
change states to restored, but once a
tooth had a restoration placed, the
tooth was considered restored and
could not return to another state.

Two outcomes were recorded
and analyzed, namely, a child’s first
episode of dental pain and the first
extraction of any primary molar
tooth. The cause of each first episode
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of pain and each extraction was
attributed to a molar tooth that was
recorded at the child’s previous
dental examination as either caries-
free, carious unrestored, or restored.
In a small number of cases, it was not
possible to attribute the source of
pain to a restored or unrestored
tooth. This occurred when diffuse
pain was recorded from a quadrant
that contained both restored and
unrestored carious teeth.

To assess the outcomes of indi-
vidual molar teeth, analyses of the
incidence the first episode of dental
pain and extraction were undertaken
for teeth in three states: caries-free,
carious unrestored, and restored. In
these analyses, tooth years at risk of
an episode of dental pain or extrac-
tion were calculated separately for
each primary molar tooth before
being combined to produce total
tooth years at risk for caries-free,
carious and unrestored, and restored
teeth.

To estimate the incidence of
extraction events in caries-free
molars, tooth years at risk were cal-
culated from the date of recruitment
until the date the tooth changed state
to being either carious or was
extracted. If the tooth remained
caries-free and was not extracted,
then follow-up ended on the date of
the child’s last recorded dental visit

during the study period. For unre-
stored carious molar teeth, tooth
years of follow-up began either at
the date of recruitment or if a caries-
free tooth developed caries during
follow-up, on the date that the tooth
was first recorded as having caries.
For all unrestored carious teeth,
follow-up ended on the date that
the tooth was either extracted or
changed states to become restored. If
neither of these events occurred,
follow-up ended on the date of the
child’s last recorded dental appoint-
ment in the study period. For
restored teeth, tooth years were cal-
culated from the date of recruitment
or the date that a restoration was first
placed, until the date the tooth
was extracted; if a tooth was not
extracted, follow-up ended on the
date of a child’s last recorded dental
appointment.

Crude incidence rates were calcu-
lated by dividing the total number of
extraction events in all molars that
were caries-free, carious and unre-
stored, and restored by the total
number of tooth years in each of
these three states. Sixteen children
who had three or more teeth
extracted were excluded from this
analysis to avoid bias from inclusion
of a small number of children with
multiple extractions (possibly includ-
ing balancing extractions), contribut-

ing a very large number of events to
the analysis. To estimate the crude
incidence of the first episode of
dental pain in caries-free, carious
unrestored, and restored molars,
similar methods were used, but tooth
years were calculated from study
entry until the date a child had his or
her first episode of dental pain. Cal-
culations of incidence were con-
ducted for two populations: the
whole study population, which
includes children who had caries
already at recruitment, and the popu-
lation of children who were recorded
as being caries-free at study entry.

Results
The study population consisted of

739 children with an age range of 2.8
to 6.2 years of age. Less than 1
percent of children (n = 7) were less
than 3 or 6 years old. The majority
(49.7 percent, n = 367) of children
were 3 years of age; the remainder of
the study population was made up of
similar proportions of children aged
3 (27.5 percent, n = 203) and 5 (21.9
percent, n = 162) years. In total, 119
(16.1 percent) children had caries at
their initial examination and a further
157 developed caries during follow-
up.

During the course of the study,
115 children had at least one episode
of dental pain recorded. The causes
are summarized in Table 1. Of the 91
children who had pain attributed to
caries in a primary molar tooth, 39
(42.9 percent) had more than one
episode of dental pain, with most
episodes being attributable to the
same molar tooth. Thirteen (14.3
percent) of these 91 children pre-
sented with dental pain at their
first dental examination and 78
(85.7 percent) had pain during the
follow-up period. For these 78 chil-
dren, Table 2 describes the source of
their first episode of pain; most (82
percent, n = 64) of the 78 children
had caries recorded in their dental
record prior to the onset of pain, but
14 (18 percent) had no previous
history of dental caries. Table 3
describes the number of teeth in
which caries was restored or left
unrestored in the children who had

Table 1
Causes of First Recorded Episodes of Pain (Percent) in All Children

Who Were Recorded as Having Experienced Pain

Cause of Pain % (n = 115)

Pain from incisors or canine teeth because of caries or trauma 11.3
Pain from erupting first permanent molar teeth 2.6
Nonspecific pain reported by children who were caries-free 7.0
Pain because of caries in primary molar teeth 79.1

Table 2
Source of the First Episode of Dental Pain in 78 Children Reporting

Pain as a Result of Caries in Their Primary Molar Teeth

Tooth Status at Previous Dental Examination % (n = 78)

Caries-free 37
Restored 40
Carious but unrestored 17
Pain unable to be attributed to a specific tooth 6
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caries recorded in their dental record
before the onset of pain (n = 64).
The table shows that 47 (73.4
percent) children had all of their
carious molar teeth restored before
the onset of dental pain.

Person-Level Analyses. In the
whole population, there were 78
first episodes of dental pain
reported in 1,719 person years at
risk, a crude incidence rate of 4.5
per 100 person years. The incidence
of dental pain, summarized in
Table 4, was substantially lower in
children who were caries-free (1.0
per 100 person years) compared to
children with recorded caries (18.8
per 100 person years).

In the study population, 52 chil-
dren had one or more primary molar
teeth extracted. Some children had
multiple teeth extracted; for
example, 16 children had three or
more teeth extracted. The pattern of
dental extractions was different in
children with caries compared to

children who were caries-free at
recruitment. Of the 119 children with
caries at recruitment, 31 (26 percent)
had extractions; nine of these chil-
dren had extractions as part of the
course of treatment resulting from
their first examination and 22 had
extractions during the follow-up
period. Of the 620 children who
were caries-free at their initial visit,
21 (3 percent) had extractions during
the follow-up period. In the whole
population, 43 children had a first
dental extraction in 1,761 person
years at risk, a crude incidence for a
first extraction of 2.44 per 100 person
years. Children who were recorded
caries-free at each dental examina-
tion very rarely presented at their
next examination requiring a tooth to
be extracted (incidence rate of 0.4
per 100 person years), whereas this
was a relatively common event in
children recorded as having caries
(10.4 per 100 person years)
(Table 4).

Tooth-Level Analyses. The an-
alysis of extractions included 36 chil-
dren who had one or two molar
teeth extracted. Three of these chil-
dren had their dental extractions
during the entry period to the study,
leaving 33 children who had 44
molar teeth extracted during the
follow-up period. The analysis of
dental pain excluded five children
for whom it was not possible to
attribute the source of their dental
pain to an individual tooth.

Table 5 describes for the whole
study population, and Table 6 for
the children who were caries-free
at study entry, pain and extraction
events, and total tooth years of
follow-up for molars that were
caries-free, carious unrestored, and
restored. In the whole population,
there was a higher crude rate of
extraction in restored teeth than
unrestored teeth, but the reverse was
true for incidence rates of pain
(Table 5). In children who were

Table 3
The Restoration Status of Primary Molar Teeth Recorded in the 64 Children Recorded as Having Caries

prior to the Onset of Dental Pain

Number of Teeth
Recorded as Carious

Number of
Children

Number of Children

All Carious Molars
Restored

All Carious Molars
Left Unrestored

Mixed: Some Restored,
Some Unrestored

7 2 1 0 1
6 0 0 0 0
5 3 2 0 1
4 13 9 4 0
3 12 10 1 1
2 17 10 5 2
1 17 15 2 0

Table 4
Person-Level Analyses: Number of Episodes, Number of Person Years of Follow-Up, and Crude Incidence

Rates for First Episodes of Dental Pain and First Extractions in Caries-Free Children and Children
with Caries

Population
Total Number of First

Pain Episodes
Person Years

at Risk
Crude Incidence Rate of First

Pain Episode per 100 Person Years

Caries-free children 14 1378 1.0
Children recorded as having caries 64 341 18.8

Population
Total Number of First

Extractions
Person Years

at Risk
Crude Incidence Rate of First
Extraction per 100 Person Years

Caries-free children 6 1405 0.4
Children recorded as having caries 37 356 10.4
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caries-free at study entry, higher inci-
dence rates of extraction and first
pain episodes were recorded in
restored teeth than in carious unre-
stored teeth (Table 6).

Discussion
All participating children were

treated by dentists working accord-
ing to an NHS contract and were
remunerated for the care provided
on a capitation basis, receiving a
monthly fee for each child under
their care. The study was confined to
primary molar teeth, because previ-
ous studies (8) demonstrated that
caries and adverse outcomes occur
much more frequently in these teeth
than primary incisors and canines, a
finding reproduced in this study
(Table 1).

The study was conducted in
the North West of England, where
the whole population prevalence
of dental caries in 5-year-olds in
2003-04 was 49 percent; the highest
in England (15). In this study, the
proportion of children with caries at
study entry was 16 percent, and at
the end of follow-up, 276 children
had caries, which is 37 percent of the
study population. Although these
prevalence values are not directly
comparable to a point prevalence
survey of 5-year-old children,
because of the differences in age and
caries diagnosis, they demonstrate
that caries levels in children that
regularly attend a dentist are lower
than in the general population, a
finding reported in other primary
care-based studies (1,16).

During follow-up, 115 children
had one or more episodes of pain, of
which 91 had dental pain that was
attributable to caries in a primary
molar tooth. On average, this equates
to approximately two patients per
practice and shows that even in a
region with high disease prevalence,
it was surprisingly rare for regularly
attending young children to present
with a toothache. In the study cohort,
very few primary molar teeth were
left unrestored for long periods; for
example, the extraction analysis was
based on 182 unrestored carious
tooth years compared to 818 restored
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tooth years (Table 5). The results of
this study, a previous retrospective
study (8), and a national survey (17)
of dentists’ treatment preferences for
young children with carious primary
molar teeth all indicate that in the UK,
dentists leave few carious primary
molar teeth unrestored.

Unsurprisingly, dental pain was
rare in caries-free children but
common in children who had caries;
each year, approximately one in five
children with caries in their primary
molar teeth presented with dental
pain from one of their primary molar
teeth. Having caries in primary molar
teeth at an early age was also a
strong risk factor for future dental
extractions; 26 percent of children
with caries at recruitment had extrac-
tions compared to 3 percent in those
who were caries-free at recruitment.
In children with caries, the incidence
rate of the first extraction of a
primary molar tooth was 10.4 per 100
person years, indicating that in these
children, each year, approximately
one in 10 would have an extraction
for the first time. While pain and
extractions are imperfectly corre-
lated, because of the different influ-
ences in dentists’ clinical decision
making (18), these findings clearly
demonstrate that once caries is estab-
lished in young children, adverse
outcomes are common.

The tooth-level follow-up shows
that restoring carious molar teeth
does not necessarily prevent the
occurrence of dental pain or
decrease the risk of extraction.
Overall, the occurrence of dental
extractions was found to be higher in
restored than in carious unrestored
molar teeth. The story for dental pain
was more complex. The majority of
children who had dental pain during
follow-up had all of their carious
molars restored prior to the onset of
pain. However, the findings from the
tooth-level analysis differed depend-
ing upon which population was
examined. In the whole population,
restored primary molars had a lower
occurrence of dental pain, but in
children who were caries-free at
study entry, restored teeth had a
higher occurrence of dental pain.

Our study sheds some light on
the seemingly incompatible results
reported in previous studies (8,10) in
the North West of England, where 80
percent of untreated carious teeth
exfoliated without symptoms, yet
approximately 50 percent of children
in the study population experienced
one or more episodes of pain, or had
one or more extractions because of
pain or sepsis. It may be true that the
majority of carious primary molar
teeth exfoliate asymptomatically;
however, the key outcome measures
that have an impact on a child’s
quality of life are experienced by
individuals, not teeth. Once a child
contracts dental caries, it develops
rapidly, and multiple teeth are
affected (unpublished observations).
This study demonstrates that once a
child has caries, the likelihood of pain
and extraction are high. Therefore, in
this field, in future intervention
studies, person-level outcome mea-
sures are more important than tooth-
level measures. These findings taken
together with the reported caries inci-
dence rates in the same population
also point to a future research agenda
(unpublished observations). For
public health, the results would
suggest that prevalence is more
important to capture than caries expe-
rience, because of the very high risk
of pain and extraction once children
develop the disease. It also points to
the need to concentrate efforts on
longitudinal studies in other popula-
tions to see if similar patterns are
observed. The focus of much of the
recent debate in pediatric dentistry
has been on improving the evidence
base to determine the best way to
surgically treat carious primary molar
teeth. Randomized controlled trials
will remove the selection bias and
other sources of confounding and
bias that observational studies are
subject to and are needed to provide
high-quality evidence on how best to
manage the restorative care of young
children with caries. This study shows
that restoring carious primary molar
teeth does not prevent adverse
outcomes of pain and extraction
from occurring, or stop the disease
process. Therefore, a more important

goal for research should be to deter-
mine how best to prevent children
from developing caries, preferably
through public health means reaching
the whole population, rather than
how best to treat them once they are
compromised by the disease.

In conclusion, this observational
study demonstrated that a large
majority of young children who
regularly attended a dentist remained
caries-free and did not experience
dental pain or extraction over a
3-year period. However, children
who developed the disease had a
substantial risk of developing dental
pain or having an extraction. The
study was unable to demonstrate that
restoring carious primary molar teeth
prevents pain and extraction.
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