
R

P
a
r
V
a

U
b

A
A

A

W
t
E
c
a
a
s
i
P
A
i
t
E
c
©

K

I

T
t
s

v
(

h
0

British Journal of Oral and Maxillofacial Surgery 57 (2019) 505–514

Available  online  at  www.sciencedirect.com

ScienceDirect

eview

revalence  of  distal  surface  caries  in  the  second  molar
mong  referrals  for  assessment  of  third  molars:  a  systematic
eview  and  meta-analysis
. Toedtling a,∗, H. Devlin a, M. Tickle b, L. O’Malley a

Faculty of Biology, Medicine and Health, Division of Dentistry, University of Manchester, Coupland Building 3, Coupland Road, Manchester, M13  9PL,
K
Dental Public Health and Primary Care, University of Manchester, Coupland Building 3, Coupland Road, Manchester, M13 9PL, UK

ccepted 23 April 2019
vailable online 23 May 2019

bstract

e conducted a systematic review of epidemiological studies to assess the prevalence of distal surface caries (DSC) in second molars adjacent
o third molars. We searched the Cochrane Library, Lilacs, Embase, and Medline through Ovid

®
(Wolters Kluwer) to retrieve English and non-

nglish papers from inception to June 2016, and supplemented this with a search of the references and by tracking citations. Three reviewers
ontributed: one reviewed all the papers, and the other two divided the rest between them. They extracted data, completed structured quality
ssessments with a validated risk of bias tool for observational studies, and categorised the summary scores. The search yielded 81 records
nd 11 studies were analysed. The considerable methodological diversity meant that five were not eligible for inclusion in the quantitative
ynthesis. A meta-analysis of six studies on the prevalence of DSC and a subgroup analysis of three on various third-molar angulations were
ndicated. The overall pooled prevalence estimate calculated with a random-effects model was 23% (95% CI 2% to 44%) among patients.
revalence subtotals were 20% (95% CI 5% to 36%) for prospective, and 15% (95% CI 5% to 36%) for retrospective studies among teeth.

 subgroup analysis of three studies with 1296 patients (1666 molars) yielded a prevalence of DSC of 36% (95% CI 5% to 67%) for mesial
mpactions and 22% (95% CI 1% to 42%) for horizontal impactions. DSC was present in 3% of distally-inclined impactions, (95% CI 1%
o 5%) and in 7% (95% CI 1% to 13%) of vertical third molars. The studies varied. The risk of bias was low in one and moderate in two.
uropean studies suggested that DSC may be present in about one in four referrals for the assessment of third molars, and that the risk is

onsiderably higher in those with convergent third molar impactions.

 2019 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

nce; epi

w
m

eywords: Third molar; caries; distal surface caries; second molar; prevale

ntroduction
he retention of lower third molars has been associated with
he development of distal caries in the second molar (in the
urface of the tooth immediately adjacent to the impacted
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demiology

isdom tooth).1,2 Distal surface caries (DSC) in a second
olar that is associated with a retained third molar is also

nown as distal caries or distal cervical caries, and has been
efined as caries that affect the crown, cervical area (amelo-
emental junction), root, and proximal surfaces of the distal
spect of the second molar.3,4 Currently, the exact prevalence
s unknown and, to the best of our knowledge, the qual-

ty of the evidence that supports existing data has not been
nvestigated systematically.5 DSC leads to poor outcomes for
econd molars, and some authors have expressed concern that

blished by Elsevier Ltd. All rights reserved.

https://doi.org/10.1016/j.bjoms.2019.04.016
http://www.sciencedirect.com/science/journal/02664356
mailto:vtoedtling@hotmail.co.uk
mailto:verena.toedtling@icloud.com
mailto:verena.toedtling@manchester.ac.uk
https://doi.org/10.1016/j.bjoms.2019.04.016


5 l and M

t
p
t

o
o
H
s
f
d
y

a
h
t
t
p
h
a
l
D
f
m

h
t
c
r
o
O
t
w
w
a
d
c
r
v

M

W
i
a
i
c
p
m
D
(
w
(
w
d

i
o
s
c
i
p
u

o
c
c
m
“
c
m
m
“
“
T
t
t
L

d
t
a
T
l
a
i
t
t
r
t

m
e
i
t
a
a

l
u
f
u
t
a
d

m

06 V. Toedtling et al. / British Journal of Ora

he retention of third molars can be more harmful than their
rophylactic extraction.6 Ventä et al7 showed that removal of
he third molar is eventually required in most patients.

Prevalence is one of the most commonly reported epidemi-
logical measures, and it quantifies the burden of a health
utcome or disease in a population at a single time point.
owever, although studies report the prevalence of DSC in

econd molars, estimates are not consistent, and vary widely
rom 0%8 to 51%.9 Direct comparison is difficult because
enominators are differently defined, and a systematic anal-
sis of international prevalence is warranted.

In England and Wales, the National Institute for Health
nd Care Excellence (NICE)10 guidelines on third molars
ave changed since 2000, leading to a suspected increase in
he prevalence of DSC. A deliberate strategy of no interven-
ion aims to retain impacted third molars in a pathologically
rone state for longer, but predominantly mesioangular and
orizontally-inclined mandibular teeth form an inaccessible
rea distal to the second molar where plaque collects, and
ong-term retention is thought to raise the susceptibility to
SC considerably. Retention may therefore contribute to the

ormation of DSC and have a deleterious effect on second
olars.1–5

In the last decade, several observational studies4,8,9,11–15

ave suggested an increase in the prevalence of DSC among
he patients referred to departments of oral and maxillofa-
ial surgery. The main aim of this study therefore, was to
eview published papers on the prevalence of DSC in sec-
nd molars that are associated with impacted third molars.
ur primary objectives were to quantify its prevalence and

o assess the associated risk of bias by systematic review
ith meta-analysis. The secondary objective was to find out
hether this estimate varied according to population (patients

ttending general practice or hospital), geographical location,
emographics, the time at which the study was conducted,
haracteristics of third molars, and general dental health. The
eview was conducted according to Meta- analyses of Obser-
ational Studies in Epidemiology (MOOSE) standards.16

aterial  and  methods

e aimed to include prospective and retrospective stud-
es that assessed the prevalence of DSC in second molars
djacent to third molars. Full-text studies that reported its
ncidence in people aged 16 years and over who had had
linical and radiographic examinations, were included. The
rimary outcome was the development of DSC in the second
olar, identified by clinical and radiographic examination.
ata were also collected on demographics, type of population

care settings), continent of origin, and year of publication, as
ell as angulation of the third molar, and general dental health
decayed, missing, filled tooth (DMFT) scores). Prevalence
as defined as the number of people or molars with DSC,
ivided by the number of people or molars studied.17

s
t
r

axillofacial Surgery 57 (2019) 505–514

Studies that provided information on different or unspec-
fied patterns of caries, or those that merely described loss
f adjacent molars, disease, or patterns of resorption in the
econd molar (without reference to the distal surface of the
rown, cervical area, or root), were excluded. Those that
ncluded patients with their primary dentition, or those that
rovided the incidence without a description of the method
sed, were also excluded.

We did a comprehensive search of published papers
n the prevalence of DSC. The keywords with “wild-
ards” and medical subject headings were used in different
ombinations: “molar”; “wisdom tooth”; “3rd molar”; “third-
olar”; “wisdom adj3 t**th”; “distal surface caries”;

distal”; “adj3 caries”; “cervical caries”; “distocervical
aries”; “disto-cervical caries”; “second molar*”; or “2nd
olar*”; “second-molar*”; “adjacent molar*”; “approxi-
al caries”; “interproximal caries”; “caries adj3 second”;

root surface”; “decay”; “not secondary”; “incidence”;
prevalence”; “frequency”; “population”; and “proportion”.
he following databases were searched from inception

o June 2016: Cochrane Library, (Embase, and Medline
hrough the Ovid

®
(Wolters Kluwer) search platform), and

ilacs.
After the electronic searches and initial selection, we

id a supplementary hand search of all the studies iden-
ified, tracking citations and checking the references. We
lso checked those of national guidelines on third molars.
here were no restrictions on language or date of pub-

ication. All the references identified were compiled into
 reference manager (EndNoteTM X7, Clarivate Analyt-
cs). The titles and abstracts of all the articles identified
hrough the electronic searches were screened by three con-
ributors, and all the papers were reviewed by two. One
eviewed them all, the other two divided the rest between
hem.

Any disagreements were resolved by consultation until
utual agreement was reached. The University of Manch-

ster (UK) provided the statistical analysis and the authors
nterpreted the results. All the authors substantially con-
ributed to and revised the work for intellectual content and
ccuracy, and ensured the integrity of the research and that
ll inquiries were appropriately investigated and answered.

Studies that were not in the English language were trans-
ated and assessed. The data were extracted independently
sing a specifically-designed data extraction form. Any dif-
erences were resolved by consultation with all the authors
ntil mutual agreement was reached, and the study charac-
eristics were tabulated in Word (Windows software). One
uthor of an original report was contacted by email for more
ata on the care setting.18

Structured quality assessments were done according to the
ethod designed and validated specifically for prevalence

19
tudies by Hoy et al (Table 1). This has two responses
o each question: a high and a low risk of bias, which has
esulted in high inter-rater agreement.19 It comprises 10 ques-
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Table 1
Adapted tool for assessment of risk of bias in prevalence studies.19

Item Low risk High risk

External validity:
1. Was the study’s target population a close representation of the national population in relation to relevant variables?
2. Was the sampling frame true or a close representation of the target population?
3. Was some form of random selection used to select the sample, OR was a census undertaken?
4. Was the likelihood of nonresponse bias minimal?
Internal validity:
5. Were data collected directly from the subject (as opposed to a proxy)?
6. Was an acceptable case definition used in the study?
7. Was the study instrument that measured the parameter of interest shown to have validity and reliability?
8. Was the same mode of data collection used for all subjects?
9. Was the length of the shortest prevalence period for the parameter of interest appropriate?
10. (Assesses bias related to the analysis)
11. Were the numerators(s) and denominator(s) for the parameter of interest appropriate?

Summary assessment Low risk Moderate risk High risk

12. Summary item on the overall risk of bias

Table 2
Characteristics of excluded studies.

First author, year, and reference Reason for rejection

Shugars 200420 Assessed caries in the second molar but not specifically those affecting the distal aspect
Shugars 200521 Assessed caries in the second molar but not specifically those affecting the distal aspect
Garaas 201222 Assessed caries in the second molar but not specifically those affecting the distal aspect
Fisher 201223 Assessed caries in the second molar but not specifically those affecting the distal aspect
Bozzatello 200624 Assessed caries in the second molar but not specifically those affecting the distal aspect
Alves 201425 Assesses association between stage of eruption and occlusal caries in second molars among 12-year-old schoolchildren
Ajrish 201526 Assessed caries in the second molar but not specifically those affecting the distal aspect
Oderinu 201227 Withdrawn study
McArdle 200628 Case series of DSC
N
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unn 201312 DSC incidence study
uang 201429 DSC incidence study

ions/item assessed (internal/external validity, no response
nd measurement biases, and bias related to the analysis of
ata) to provide an overall judgment of the risk (low, moder-
te, or high).

After consideration of specific key domains, the reviewers
roduced an overall summary score for each study to com-
lement the individual scores for risk of bias. High risk was a
igh-risk score in item 2 or 7; moderate risk was a high-risk
core in item 3 or 9; and low risk was a low-risk score in
tems 2, 3, 7, and 9.

For synthesis and assessment of heterogeneity, the data
ere imported into Metaprop version 14 (StataCorp soft-
are) to calculate appropriate pooled prevalence estimates;
5% CI, and subtotal estimates for subgroups according to
tudy characteristics and various angulations of third molar,
n line with the secondary objectives of the review.

The I2 metrics and p values were used to quantify hetero-
eneity across the studies. Tau2 was used to estimate variance
etween studies, and z values to test for overall effect. The
andom effects model was used because of the differences
n the studies, and the decision was based on statistical and

linical judgement.

Ethics approval was not necessary, as the study was a
eview of published papers.

S
a
m

esults

he electronic searches initially yielded 81 records and
he hand searches one. Two studies were excluded because
nly the abstracts were available. Table 2 shows those
xcluded,11,20–29 and Fig. 1, the selection process.30 The
orresponding author of one of the published abstracts was
ontacted but did not reply. One study was only available elec-
ronically, and one, which had been withdrawn for unknown
easons, was consequently excluded. A total of 11 studies
ere included,4,9,13–15,18,31–35 and prevalence subtotals of

hree prospective,4,9,13 and three retrospective studies,18,31,33

re presented.
The meta-analysis comprised three studies,4,9,13 which

lso provided the information and data for subgroup analysis
f different angulations of third molars and DSC. Descrip-
ive information and characteristics of the studies are shown
n Table 3.

esults  of  narrative  review
tudies from nine countries (11 452 second molars) showed
 prevalence of DSC that ranged from 4.5% - 52%. Two were
ulticentre studies (three and seven sites).9,13 The population
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic R

as assessed at a single time in each one, and in four4,9,13,35

oth the outcome assessment and data collection were done
t a single time point. Seven studies14,15,18,31–34 assessed this
ime point retrospectively through clinical notes and records.

Our secondary objective was to find out whether the esti-
ate varied by factors such as population (general practice

r hospital care), geographical location, demographics, time
t which the study was conducted, general dental health, and
haracteristics of the third molars. All studies were conducted
n hospitals. Six studies were from Asia,15,18,31–35 three from
urope,4,9,13 and two from South America.14,34 The earliest

ncluded, by Knutsson et al, was published in 1996.13 Since
013, the prevalence of DSC reported in 10 further studies

as been higher than that reported in 1996.

The studies reported the number and percentage of
ffected teeth or patients, or both, the corresponding sam-

f
2
a

and Meta- analyses) flow diagram of the selection process.30

le size, and the diagnostic criteria/criterion used to detect
SC. Six studies used dental panoramic tomograms (DPT)

s well as clinical examination,4,9,13,18,31,33 and two of
hem also used preoperative or intraoperative examina-
ion after wisdom teeth had been removed.13,33 In the
emaining studies the methods varied, and caries were
etected on radiographs (two studies used DPT,32,34 one
sed periapical radiographs (PA)14 and one a combi-
ation of DPT and periapical radiographs).35 One used
-dimensional scans and cone-beam computed tomography
CT).15

The overall age range was 14 – 89 years. The mean age,
hich was reported in seven studies,4,13–15,18,32,33 ranged
rom 24 - 29 years. One study reported a median age of
8 years,9 and another a mode of 27 years.4 Three included

 small number of patients under the age of 16.9,13,33 The
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Table 3
Descriptive information and characteristics of included prevalence studies (cross-sectional studies).

First author,
year, and
reference

Country/
Location

Continent Care
setting

Study design
(single time
point)

Age
(years)
Mean
Range
Median
Mode

No. of molars
and patients
% male/female

DMFT
Mean
Range
Median

Diagnostic
criteria
(method of
diagnosis)

Prevalence of
DSC
No. of molars
No. of patients
%
% angulation

Risk of
bias

Knutsson
199613

Sweden Europe Hospital
multi-
centre
(7)

Prospective 28
15-80
-
-

666 molars
666 patients
47 M/53 F

- CE
DPT
CE
(intra-op)

29 molars,
29 patients
4.35%
Mesial 55
Horizontal
17.2
Distal 13.8
Vertical 13.8

Moderate

Chu 200331 China
Hong Kong

Asia Hospital Retrospective -
17-89
-
20-29

3178 molars
-
-

- CE
DPT

234 molars
-
7.37%
-

Low

Polat 200832 Turkey
Cumhuriyet

Asia Hospital Retrospective 25.91
18-60
-
-

3050 molars
1914 patients
43.3 M/56.7 F

- DPT 383 molars
241 patients
12.6%
-

High

Chang 200933 Korea Asia Hospital Retrospective 28.3
14-75
-
-

883 molars
786 patients
39.3 M/60.7F

- CE
DPT
CE
(intra-op)

152 molars
135 patients
17.2%
-

Moderate

Allen 20099 United
Kingdom
Surrey

Europe Hospital
multi-
centre
(3)

Prospective -
14-88
28
-

776 molars
420 patients
-

-
0-27
5

CE
DPT

150 molars
113 patients
19.3%
Mesial 74.7
Horizontal 8.7
Distal 3.3
Vertical 13.3

Moderate

Ozeç 200918 Turkey Asia - Retrospective 25.2
18-49
-
-

585 molars
485 patients
-

- CE
DPT

117 molars
97 patients
20%
-

High

Falci 201214 Brazil
Mucuri

South
America

Hospital Retrospective 24.17
16-57
-
-

246 molars
-
28 M/72 F

- PA 33 molars
-
13.4%
-

Moderate

Silva 201534 Brazil South
America

Hospital Retrospective -
18-35+
-
-

157 molars
120 patients
36.3 M/63.7 F

- DPT 40 molars
30.6 patients
25.5%
-

Moderate

Kang 201615 China
Shanghai

Asia Hospital Retrospective 29
16 – 59
-
-

500 molars
469 patients
43.6 M/ 56.4 F

- CBCT 260 molars
244 patients
52%

Moderate

Yadav 201635 India
Delhi

Asia Hospital Prospective -
18-55
-
-

1187 molars
-
45.9 M / 54.1 F

- DPT/PA 132 molars
-
11.12%
-

High

Toedtling 20164 United
Kingdom
Manchester

Europe Hospital Prospective 29
16-60
-
27

224 molars
210 patients
45.5 M/54.5 F

6
0-28

CE
DPT

85 molars
80 patients
38%
Mesial 70.6
Horizontal
15.2
Distal 2.4
Vertical 11.8

Low

CE- preoperative clinical examination, CE (intra-op)- intra-operative clinical examination, DPT- dental panoramic tomogram, PA-periapical radiograph, CBCT
– Cone-beam computed tomography.
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ig. 2. Analyses of prevalence of distal surface caries (DSC) among molars i
DPT) examinations, and were referred from general practice to hospital ca

mpact of this was taken into account and was integrated in
he assessment of risk of bias (Table 3).

Eight studies reported the number of male and female
articipants4,13–15,32,33–35 and all of them reported more
omen than men. A ratio of roughly 40:60 was common.
nly two studies provided the DMFT index and DMFT

ange,4 which varied widely (0-279 and 0-28,4 respectively).
haracteristics such as sex, DMFT index, and age, were
ither not fully reported or reported in a way that made direct
omparison and analysis of specific subgroups impossible.

Our narrative review provided an insight. Synthesised
ata across studies, however, are largely subjective, and
issimilar estimates are likely to reflect a high degree of
eterogeneity among the different groups. A meta-analysis
an summarise the evidence objectively, and to facilitate this
e excluded studies with dissimilar outcome measures. Five
ere excluded because they did not report clinical examina-

ion and DPT.14,15,32,34,35

eta-analysis  and  subgroup  analyses

ur meta-analysis included three studies4,9,13 all of which
rovided samples for subgroup analyses. The prevalence
ubtotal among teeth was 20% (95% CI 5% to 36%) z = 2.57
p = 0.01) in prospective,4,9,13 and 15% (95% CI 6% to 23%)

 = 3.36 (p = 0.01) in retrospective studies (Fig. 2).18,31,33

The pooled estimate according to the prospective
tudies,4,9,13 and the prevalence among patients, are pre-
ented in Fig. 3. The heterogeneity across and between
roups, as well as the significance within the subgroup, were:
2 = 98.88%, Tau2 = 0.03, z = 2.16, and p = 0.03. In the sub-
roup analyses4,9,13 the subtotals of the prevalence of DSC
mong third molars that were inclined mesially (36%, 95%CI

% to 67%) and horizontally (22%, 95%CI 1% to 42%)
z = 2.03, p = 0.04) were significantly higher than those that
ere inclined distally (3%, 95% CI 1% to 5%) (z = 3.20,

m
i
c

ective and retrospective studies of patients who had clinical and radiological

 = 0.01) or vertically (7%, 95%CI 1% to 13%) (z = 2.38,
 = 0.04) (Fig. 4). The test of heterogeneity between sub-
roups was I2 = 96.55%.

DSC has been reported in three continents: Asia, Europe,
nd South America. Studies based in Europe suggest that
p to 20% of third molar referrals and 23% of the patients
eferred for assessment have DSC in the second molar. Its
revalence in mesial and horizontal angulations was signif-
cantly higher than it was in distal and vertical angulations.

ide confidence intervals, however, suggest a lack of pre-
ision and the need for further studies, or inherent variation
ecause of differences in the denominator populations.

iscussion

revious studies have suggested that the retention of third
olars can result in harm to the second molar, but the

recise variables that increase the risk of DSC have not
een adequately described. Our epidemiological data help us
nderstand the extent of the problem, and our meta-analysis
ives an insight into the epidemiology of DSC in the sec-
nd molars of patients referred to hospital for assessments of
hird molars. All the studies were conducted in hospitals so
here is no general population-based prevalence, which is an
mportant limitation. However, our results show that DSC is

 global phenomenon that is measured with an assortment of
adiographic methods.

The meta-analysis showed a 23% pooled prevalence of
SC among patients (DSC therefore affects about one in four
f those referred). The confidence intervals, however, were
ide (44% to 2%), which suggests a lack of precision. We

lso detected considerable heterogeneity and suggest that this

ay be caused by several factors that are linked to differences

n practice. To remove the uncertainty of the precision of the
ombined prevalence estimate, we did a random effects anal-
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Fig. 3. Meta-analysis for prevalence of distal surface caries (DSC) among patients in prospective studies of patients who had clinical and radiological (DPT)
examinations, and were referred from general practice to hospital care.

Fig. 4. Subgroup analysis for distal surface caries (DSC) among molars in various third molar angulations.
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Table 4
Risk of bias of individual studies.

Studies Risk of bias tool items*

1 2 3 4 5 6 7 8 9 10 11

Knutsson13 L L L L L L L L H L M
Chu31 H L L L L L L L L L L
Polat32 L H H L L L L L L L H
Chang33 H L L L L L L L H L M
Allen9 H L L L L L L L H L M
Ozeç18 H H H L L L L L L L H
Falci14 H L H L L L L H L L M
Silva34 H L L L L L L L H L M
Kang15 H L H L L L L L H L M
Yadav35 H L H L L L H L L L H
Toedtling4 H L L L L L L L L L L
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sis. A subtotal of DSC among molars showed a prevalence
f 20% in prospective, and 15% in retrospective, studies.

Testing for significance showed that the null hypothesis
ould be rejected, and we could accept that the prevalence of
SC was significantly higher in mesial (36%) and horizontal

22%) impactions than it was in vertical (7%) and distal (3%)
mpactions.

This overall rate is a product of current and previous clin-
cal practice (removal of symptomatic and asymptomatic,
r disease-free third molars) and therefore reflects both
pproaches to the management of retained teeth. Knuttson
t al13 reported the prevalence of DSC when third molars
ere removed prophylactically, whereas both the UK-based

tudies (Allen et al,9 and Toedtling et al4) reported it when
ational guidelines stated that third molars should be removed
nly when associated with disease. This may explain the large
ifference in prevalence, and it supports current thinking on
he retention of third molars and the harm this can cause.

The limitations of the meta-analysis include the consider-
ble heterogeneity and, overall, the moderate quality of the
tudies. As described previously, the study sample comprised
atients treated in hospital, so is not representative of the
eneral population. Differences in the structure of publicly
unded healthcare systems and insurance-based remuneration
ystems in different parts of the world, as well as vari-
tions in education and availability of resources, such as
linical guidance, may also have influenced our estimates.
he remuneration systems in industrialised countries with
ational health services or insurance schemes, which range
rom fee-for-service to capitation payments, produce differ-
nt incentives that influence attitudes to the retention and
emoval of third molars,36 and rates of third molar agene-
is and impaction differ.37 The need and demand for their
emoval, which is thought to be associated with a lower
revalence of DSC, therefore varies widely.

The diagnostic criteria for DSC also varied, and some
tudies reported clinical examinations, which were correlated
ith a variety of radiographic images at various stages before

nd after the removal of third molars.
The European Commission radiation protection guide-

ines state that DPT is the radiographic investigation of choice
or the assessment of third molars and, in most cases, this was
sed,38 but as panoramic radiographs have poor sensitivity
or the diagnosis of caries,38 the prevalence of caries and
rogression may be underestimated.

Possible sources of bias in the meta-analysis were assessed
ith the risk of bias tool published by Hoy et al (Table 4).19

e classified items 1, 4, 5, 6, 8, and 10 as less pertinent, items
 and 9 as valuable, and items 2 and 7 as pertinent domains.
ur reasoning was that all those in the less pertinent domain
ere already part of our exclusion criteria or had no direct

pplication, whereas studies with a risk of bias in items in the
aluable domain had direct implications for the analyses, and

ad the potential to introduce selection bias or reduce inter-
al validity, which could overestimate or underestimate the
esults. Items in the pertinent domain were marked as most

t
m
fi

 – low risk, M- moderate risk, H – high risk, *2 and 7 – Pertinent items, 3
nd 9 – Valuable items.

mportant and were therefore given the greatest weight. Stud-
es with a risk of bias in this domain could affect the external
alidity and reliability of the meta-analysis, and reduce the
xtent to which the results could be extrapolated. We did not
nalyse the subgroups (DMFT, sex, and age) further, together
r separately, because they were too small and too variable,
nd did not seem to reflect the purpose of the study.

We planned to assess possible publication bias with a fun-
el plot, but the number of studies was too low. We were also
nable to do a sensitivity analysis, as only a small number of
tudies met our inclusion criteria. Despite this, we think that
ur selection process was rigorous. We addressed specific
ources of bias and excluded studies of low quality and high
isk of bias, so our results give the best possible estimates of
he prevalence of DSC.

Indications for the removal of impacted wisdom teeth
ave been controversial for many years, and NICE has pro-
ided guidance specifically for England and Wales.10 Several
nternational guidance documents refer to the NICE first
echnology appraisal (TA1) recommendations (with an expla-
ation of formal alignment),39–42 but as NICE clearly stated
hat there was no research evidence to support them,10,11

hese documents also have a limited evidence base. Under-
tandably, some nations (including the US) have challenged
he NICE recommendations, and they have not been univer-
ally adopted.43–47

At present the cause of DSC remains unknown, but sig-
ificant associations have been shown with mesially and
orizontally impacted third molars.4,9 Our subgroup analy-
es showed that when these were combined, the prevalence of
SC was almost six times higher than it was among a combi-
ation of distally and vertically inclined third molars. These
ndings agree with previous research and with the clinical
uspicion and observation of practitioners over many years.6

Given the possible risks and costs of both DSC and pro-
hylactic removal, international guidelines must be based on

he results of high quality trials in different populations. Ulti-

ately, to improve estimates of the prevalence of DSC and to
nd answers to our secondary objectives, larger well-reported
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bservational studies are needed, but research funding might
e better spent on interventional studies that show how best
o manage impacted third molars and their consequences.
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