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case letters signify the deciduous dentition, 
ie dmft or dmfs.

Those with CL/P may have a higher 
prevalence of dental caries linked to poorer 
oral hygiene as a result of a reluctance to 
brush around the cleft site, poorly aligned 
maxillary dentition and limited access 
following surgical repair of the upper lip and 
possible scarring. There may also be longer 
oral clearance times following eating. Some 
studies have concluded that individuals with 
CL/P have greater caries experience than 
non-cleft children.2,3 However, other studies 
have concluded the inverse.4

Two previous systematic reviews that 
assessed the association between CL/P and 
caries prevalence had limitations.5,6 Hasslof 
and Twetman5 used strict inclusion criteria; 
the control group had to be matched, at least 
by age and gender, which limited the number 
of studies included. Antonarakis  et  al.6 
used a checklist of items (recommended by 
Agbaje et al.7) to be included to assess caries 
experience. However, there were several 
inaccuracies in their reporting specifically 
concerning: the use of radiographs; probe 
type/usage; lesion detection; examiner recruit-
ment; training; calibration; and the number of 
examiners involved. In addition, it is three 
years since this last review. An updated review 

Introduction

Cleft lip and palate (CL/P) is a common birth 
anomaly occurring in approximately 1 in 700 
live births.1 It can occur in isolation (non-syn-
dromic) or be part of a wider series of birth 
anomalies or syndromes (syndromic). CL/P 
impacts on the individual, their families, the 
healthcare system and society throughout life.

Risk factors for oral diseases include 
unhealthy diet, tobacco use, harmful alcohol 
use, and poor oral hygiene.1 Good oral health 
(OH) is a mouth free of disease or decay. Dental 
caries experience can be described using the 
decayed, missing, filled teeth/surfaces index. 
This numerically expresses caries prevalence 
and is calculated by adding the number of 
decayed (D), missing (M), filled (F), teeth (T) 
or surfaces (S). Upper case letters represent 
permanent teeth, ie DMFT or DMFS; lower 

Objective To establish whether children born with an orofacial cleft have a higher risk of dental caries than individuals without 

cleft. Design A systematic review and meta-analysis Methods The search strategy was based on the key words ‘cleft lip palate’ 

and ‘oral hygiene caries decay’. Ten databases were searched from their inception to April 2016 to identify all relevant studies. 

All data were extracted by two independent reviewers. The primary outcome measure was caries measured by the decayed, 

missing, filled surfaces/teeth index (dmfs/dmft or DMFS/DMFT). Results Twenty-four studies met the selection criteria. All of 

the studies were observational. Twenty-two studies were suitable for inclusion in the meta-analysis. The overall pooled mean 

difference in dmft was 0.63 (95% CI: 0.47 to 0.79) and in DMFT was 0.28 (95% CI: 0.22 to 0.34). Conclusion Individuals with 

cleft lip and/or palate have higher caries prevalence, both in the deciduous and the permanent dentitions.

will reflect recent research in this area as well 
as thoroughly re-appraising existing literature.

The aim of this systematic review was to 
identify published studies that have assessed 
caries in individuals with cleft and compare 
their findings to a defined non-cleft comparison 
group, to establish whether there is any reported 
difference in caries experience between the two.

Methods

Ten electronic databases were searched from 
their inception to April 2016 by two NHS librar-
ians (EJ and BJ). These comprised MEDLINE, 
Embase, AMED via Ovid, Cochrane Library, 
Proquest, Cinahl, British Nursing Index, HMIC, 
PsychINFO, Health Business Elite (see Box 1 for 
electronic search strategy). Google Scholar was 
also searched up to page 20.
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Highlights that individuals born with a cleft lip and/
or palate may face difficulties throughout life which 
can affect their physical and mental well-being.

Notes that the quality of the papers included in 
this systematic review and meta-analysis were 
considered poor due to incomplete descriptions of the 
participants.

Shows that the CL/P groups had a greater deciduous 
dmft and permanent DMFT experience than the 
unaffected controls.

In brief

1) (systematic AND review*).ti,ab

2) (oral AND hygiene).ti,ab

3) cleft AND lip AND palate).ti,ab

4) (child* OR paediatric* OR paediatric*).ti,ab

5) 1 AND 2 AND 3 AND 4

6) 2 AND 3 AND 4

7) Duplicate filtered: [2 AND 3 AND 4]

Box 1  Search strategy
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Table 1  Characteristics, outcome measures and secondary outcomes from included studies (cont. on pg 39)

Author, date, study 
setting/design Cleft group Control group and design Outcome 

measures Secondary outcomes

Pisek, 2014, Thailand University Hospital Local schools

1) dmft 3) GI

2) DMFT 4) PI

5) Oral health-related quality of life

Chopra, 2014, India Specialist Hospital Dental Clinic dmft

Kirchberg, 2014, 
Germany University Hospital Day Care Centres, Leipzig dmft

King, 2013, Hong Kong Specialist Hospital
Local schools

dmftMatched by sex, age, ethnicity, mothers’ 
education, family income

Freitas, 2013, Brazil Specialist Hospital
University dental clinics 1) DMFT 3) PI 

Matched by sex, age, living habits (MNI and HDI 
scale) and previous orthodontic treatment 2) DMFS 4) BOP

Tannure, 2012, Brazil Specialist Hospital
University dental clinics. 1) dmft 3) Presence of plaque

Matched by age, sex, geographical location 2) DMFT

Hazza’a, 2011, Jordan University Hospital 
1) dmft 3) GI

2) DMFT 4) PI

Rawashdeh, 2011, 
Jordan University Hospital Matched for age and sex

1) dmft 3) GI

2) DMFT 4) PI

5) Oral  Candida

Al-Dajani, 2009, Syria University Hospital Non-cleft siblings matched by sex 1) DMFT 2) Caries prevalence

Britton, 2010, Scotland
All children with CL/P between 6 
months to 6 years in W. Scotland 
invited to attend

National Data: NDIP 3 yrs and 5 yrs (2008) dmft

Zhu, 2010, China University Hospital Chengdu City
1) dmft/DMFT

2) dmfs/DMFS

Parapanisiou, 2009, 
Greece

Matched by age, gender and orthodontic 
treatment

1) dmfs 3) PI

2) DMFS 4) Hypoplasia

5) White spot lesions

Mutarai, 2008, 
S.Thailand Cleft centres Well baby clinics

1) DMFT
3) Fluoride usage

2) DMFT/tooth

Al-Wahadni, 2005, N. 
Jordan Prince Rashed hospital 1) DMFT

2) PI

3) GI

4) PPD 

Ahluwalia, 2004, 
England

Craniofacial multidisciplinary 
clinic Dental trauma clinic

1) dmft 3) Oral  Hygiene

2) DMFT 4) PI

5) GI

Kirchberg, 2004, 
Germany University of Leipzig Schoolchildren from Leipzig

1) dmft

2) DMFT

Budai, 2001, Hungary Szote Dental and Oral Surgery 
Clinic 1990-1994 Hódmezövásárhely Dental Clinic

1) D

2) M

3) F

D: decayed; dmfs: deciduous dentition decayed, missing or filled surfaces; DMFS: Permanent dentition decayed, missing or filled surfaces; dmft: deciduous dentition decayed, missing or filled teeth; 
DMFT: Permanent dentition decayed, missing, filled teeth; F: Filled; M: Missing;  MNI: medical necessity index; HDI: human development index; PI: plaque index; BOP: bleeding on probing (BOP); GI: 
gingival inflammation; PPD: probing pocket depths; OH: oral hygiene; FDI: Fédération Dentaire Internationale 
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All titles and abstracts retrieved from the 
search were assessed for eligibility against pre-
determined inclusion criteria by one reviewer 
(VW) and retrieved as a full document. The 
full-text articles were read in their entirety by two 
reviewers (VW/RP) and decisions on inclusion 
and exclusion recorded. Excluded studies are 
listed in Table 1. Any disagreements that arose 
were resolved through discussion. Reference lists 
of all full text articles and all relevant systematic 
reviews were hand-searched for additional 
studies. The Cleft Palate Craniofacial Journal; 
The American Cleft Palate-Craniofacial Journal 
and The Journal of Cleft Lip and Palate and 
Craniofacial Anomalies were also hand searched 
for additional studies from 1964 onwards.

No restrictions regarding language of 
the article were imposed. This review 
was conducted following a predeter-
mined written protocol registered on the 
PROSPERO database; registration number: 
CRD42015020403.

In addition, this review adhered to the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses guidelines (PRISMA).

Inclusion criteria for the studies used were:
• Types of participants: People (any age, 

gender, socio-economic status or geographi-
cal location) with non-syndromic CL/P 
(syndromic CL/P only included if they 
comprised less than 20% of the study group)

• Type of outcome: Decayed, missing, filled 
surfaces/teeth indices (dmft/DMFT and 
dmfs/DMFS) in the primary, mixed or 
secondary dentition were used as outcome 
measures

• Type of comparator: A comparison of 
outcomes between a cleft and non-cleft group.

Comparison groups of any size were accept-
able including any National Data.

The primary outcomes were dmft/dmfs and/
or DMFT/DMFS.

Data were independently extracted by two 
reviewers (VW, RP) using a standardised 
form. The methodological quality of studies 
was evaluated independently by the same two 
researchers (Table  2) using a standardised 
checklist from a previous systematic review of 
the methods for assessing caries experience in 

epidemiological surveys.7 Standard risk of bias 
tools were not applicable for this study type. 
Disagreements were resolved through discus-
sion with a third reviewer (AI).

Results

Searches
The search strategy yielded 790 potentially 
relevant papers for inclusion. After duplicate 
titles were removed, 384 remained. Once 
screened, 64 full text copies were retrieved 
and scrutinised by two reviewers (VW and 
RP). Four articles were accessed through 
hand-searching. In total, 24 were included in 
this review (Fig. 1). Key information from each 
study is summarised in Tables 1 and 2. The 24 
studies were published between 1964 and 2014 
from 17 countries across four continents.

Description of participants
Eleven studies were conducted in European 
populations, nine from Asia, three from South 
America and one from North America. The 
total number of individuals with cleft was 

Table 1  Characteristics, outcome measures and secondary outcomes from included studies  (cont. from pg 38)

Author, date, study 
setting/design Cleft group Control group and design Outcome 

measures Secondary outcomes

Budai, 2001, Hungary Szote Dental and Oral Surgery 
Clinic 1990-1994 Hódmezövásárhely Dental Clinic

1) D

2) M

3) F

Hewson, 2001,  Ireland Born and resident in W. Ireland 
since 1980 School children in the same region

1) dmf

2) DMF

Lucas, 2000, UK Multidisciplinary cleft clinic

Trauma clinic
1) dmfs 5) O’Leary Index

2) DMFS 6) Gingivitis

matched by age, sex, ethnicity
3) dmft 7) FDI notation of enamel defects

4) DMFT 8) Plaque samples

Bokhout, 1996, 
Netherlands University hospitals Born in same hospital as cleft children or 

attending day nursery
1) dft
 

2) Caries  overall findings 

3) Gingival condition 

4) Plaque (present/absent)

Dahllof, 1989, Stockholm
All children born with cleft 
in Stockholm between 
1980–1981 invited to join

Matched by age and sex 1) Dental Caries 2) Gingival Bleeding Index

Hochstein, 1970, Germany N=1198 N=1198 dmft

Bethmann, 1967, Germany Hospital 1) dmft

Lauterstein & Mendlesohn, 
1964, USA

Dental clinic. 1) DMFT

White, non-cleft, not sibling controls 2) DMFS

D: decayed; dmfs: deciduous dentition decayed, missing or filled surfaces; DMFS: Permanent dentition decayed, missing or filled surfaces; dmft: deciduous dentition decayed, missing or filled teeth; 
DMFT: Permanent dentition decayed, missing, filled teeth; F: Filled; M: Missing;  MNI: medical necessity index; HDI: human development index; PI: plaque index; BOP: bleeding on probing (BOP); GI: 
gingival inflammation; PPD: probing pocket depths; OH: oral hygiene; FDI: Fédération Dentaire Internationale 
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4,768 (median: 79; IQR: 51 to 217), and the 
total number of controls was 3,672 (median: 
65; IQR: 49 to 125) (excluding studies that used 
national data). Two studies used national data 
as a comparison group with one having an 
unknown sample size and one with a sample 
size of 47,646.10,11 For one further study, 
complete translation was unavailable, but the 
control group comprised 28,000 participants, 
most likely based on national data.12 There 
was partial reporting of gender in two of the 
studies.10,11 The age range spanned 18 months 
to 25 years. We were unable to calculate the 
mean age of the cleft and control groups across 
studies because it was not reported in seven 
studies.2,8–13

While the majority of studies excluded 
children with multiple abnormalities, recog-
nised syndromes, systemic disease or con-
genital malformations; two included children 
with syndromes.12,14 Five studies also excluded 
people receiving any additional care, for 
example, under active care for caries, unable 

Table 2  Main results (cont. on pg 41)

Author, date Cleft group Comparison group Outcome 
measure(s) Results

Pisek, 2014
N = 68 M: 50% F: 50% N=118 M: 40.7% F: 59.3% 1) dmft 1) 0.66 (SD 1.38) vs. 1.05 (SD 1.72) P = 0.08

Mean age: 11.8 years Mean age: 11.9 years 2) DMFT 2) 0.82 (SD 1.23) vs. 0.38 (SD 0.93) P = <0.01

Chopra, 2014 N = 48 Mean age 56 months N = 48 Mean age 58 months dmft 3.8 (SD 4.5) vs. 2.0 (SD 2.5)

Kirchberg, 2014 N = 245 Mean age 3.3 years
N = 548

dmft 1.96 (SD 3.24) vs. 1.24 (SD 2.46)
Mean age 4.3 years

King, 2013 N = 132  Age 2–7 years
BCL/P:27; LUCL/P:52; RUCL/P:28; P:25 N = 132 dmft

2-4 years 1.5 (SD 2.89) vs. 1.6 (SD 2.77)

5-7 years 5.2 (SD 4.38) vs. 2.9 (SD 3.88)

Freitas, 2013 N = 30  M:11: F:19
CL/P: 43.3%; CL/A:36.7%; CP:20.0% N=30

1) DMFT 1) 8.2 (0.82) vs. 7.17 (0.97)    P = 0.498  CI: 
-2.043, 4.110

2) DMFS 2) 10.83 (1.2) vs. 8.77 (1.48)  P = 0.356  CI: 
-2.439, 6.572

Tannure, 2012

N = 115      M:62: F:53 N = 230   M:132: F:98 1) dmft 1) 1.68 (0.20) vs. 2.61 (0.19) P = 0.02

Mean age 11.83 (4.14) Mean age 8.88 (2.93) 2) DMFT 2) 1.20 (0.17) vs. 0.90 (0.12) p=0.16

CL:22;  CL/P:73;  CP:20

Hazza’a, 2011

N = 98 M:51: F:47 N = 98 1) dmft 1) 4.28 (0.42) vs. 1.66 (0.15)     P <0.001

Mean age 11.7 (6.3) Matched by age and sex 2) DMFT 2) 4.58 (0.54) vs. 2.25 (0.20)     P <0.001

UCL/P:52;  BCL/P:46

Rawashdeh, 2011
N = 60    M:25; F:35
Mean age 10.1 (6.71)
UCL/P:28; BCL/P;18; CP:14

N = 60 1) dmft 1) 2.93 (0.27) vs. 1.9 (0.18)     P = 0.015

Matched for age and sex 2) DMFT 2) 3.3 (0.30) vs. 2.5 (0.27)    P = 0.0001

Mean age: 9.75 (7.26)

Al-Dajani, 2009 N = 53 Mean age: 18.6 (4.7) N = 53 Mean age 18.1 (4.5) 1) DMFT 6.83 (0.42) vs. 3.81 (0.43) P < 0.001  

BC: Bilateral cleft; BLC: Bilateral cleft; BCLP: Bilateral cleft lip and palate; CI: Confidence interval; CL: Cleft lip; CL/A: Cleft Lip/Alveolus; CL/A/P: Cleft lip with or without cleft alveolus and cleft palate; CLP: Cleft 
Lip and Palate; CP: Cleft Palate; dmf: deciduous dentition decayed, missing or filled; DMF: permanent dentition decayed, missing or filled; dmfs: deciduous dentition decayed, missing or filled surfaces; DMFS: 
Permanent dentition decayed, missing or filled surfaces; dmft: deciduous dentition decayed, missing or filled teeth; DMFT: Permanent dentition decayed, missing, filled teeth; F: Female; LUC: Left unilateral cleft; 
M: Male; N: Number; NS: Non-significant; RUC: Right unilateral cleft; SD: Standard Deviation; SE: Standard Error; SM: Sub mucous; UC: Unilateral cleft; UCLP: Unilateral cleft lip and palate

Records identified through database search 790 Duplicates removed = 406 

Records screened 
384

Not Children – 4  
Not Cleft – 9  
Irrelevant – 137 
Syndrome – 45  
Not Oral Health – 68  
No Non-Cleft Comparison Group - 68 
Reviews – 8 
Duplicate – 1 

Full text articles assessed for eligibility  
64 

Articles Included  
20  

Additional articles through 
hand-searching:  

4  
Total Included: 24 

Full text articles excluded:  Unable to Translate – 9  
Unable to Access – 3  
Irrelevant – 6  
No DMFT Outcome –8  
No Control Group – 10  
Not Oral Health – 3  
Not Cleft – 1  
Existing Review – 1  
Summary Review – 1  
Duplicate – 2 

Fig. 1  Flow chart showing study selection
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Table 2  Main results (cont. on pg 40)

Author, date Cleft group Comparison group Outcome 
measure(s) Results

Britton, 2010
N = 188 M:54.1% F:45.9%
CP: 45%; UCL/P: 26%; BCL/P: 11%; 
UCL: 7%; BCL: 1%

No SD/SE available for National 
data dmft

1.5-2.49 years: 0.49 (0.15) vs. 0

2.5-3.49 years: 1.03 (0.20) vs. 0.97

3.5-4.49 years 0.94 (0.14) vs. 0.97

4.5-6.00 years 3.24 (0.32) vs. 1.86

Zhu, 2010 N = 380    M:246: F:134
Age 3–25 yrs

N = 339 M:219: F:120
Age 3–25 yrs

1) dmft/DMFT

1) 3-5 years 2.53 (0.21) vs.  1.92 (0.11)

    6-12 years 4.24 (0.19) vs. 3.11 (0.16)

   13-25 years 2.44 (0.13) vs.1.39 (0.11)

2) dmfs/DMFS

2) 3-5 years 4.38 (0.47) vs. 2.28 (0.13)

    6-12 years 9.26 (0.52) vs.3.98 (0.21)

   13-25 years 3.54 (0.21)  vs..73 (0.14)

Parapanisiou, 2009

N = 41 M:23: F:18 N = 41 1) dmfs 1) 7.24 vs. 8.38 t-test    P = 0.003

Mean age 10.54 (3.37) Mean age 10.7 (3.03) 2) DMFS 2) 3.00 FS 2.39 vs. 3.40 FS = 2.05

UCL/P:26; BCL/P:10; CP:5

Mutarai, 2008

N = 69 M:36: F:33 N = 69
1) DMFT 1) 9.19 (0.73) vs. 6.46 (0.78)     P <0.001

Mean age 27.61 months (6.03) Mean age: 25.81 months (5.75)

CL: 15.9%; CP: 20.3%
2) DMFT/tooth 2) 0.56 (0.04) vs. 0.41 (0.03)    P <0.001

UCL/P:43.5%; BCL/P:20.3%

Al-Wahadni, 2005

N = 32 N = 32 1) DMFT 10-15 yrs: 4.76 (0.90) CI: -0.22-3.6 vs. 2.08 
(0.20) CI: -0.28 -3.66  P = 0.04

M:18: F:14 M:18: F:14 16- 28 yrs: 5.42 (1.04) CI: 0.92-5.71 vs. 2.11 
(0.19) CI: 0.85-5.79 P = 0.008

Mean age 12.6 (2.19) Mean age: 20.1 (3.82)

Ahluwalia, 2004 N = 81   M:40: F:41
N = 61   M:30: F:31 1) dmft 1) 2.38 (0.28) vs. 0.62 (0.17) P < 0.001

Mean age: 10.5 (se 0.4) 2) DMFT 2) 1.56 (0.18) vs. 0.48 (0.17) P < 0.001

Kirchberg, 2004

N = 623 N = 47,646

1) dmft

1) 6 years: 4.00 vs. 2.05     P = 0.000;

Age 6-16 years Age 6-16 years     7 years: 5.16 vs. 2.42     P = 0.000;

CL/A/P:303; CL/A:194; CL:126     8 years: 4.47 vs. 2.64     P = 0.006;

    9 years; 3.38 vs. 2.50      P = 0.016

2) DMFT

2) 6 years: 0.21 vs. 0.06    P = 0.000;

    7 years: 0.84 vs. 0.20     P = 0.000;

    8 years: 0.51 vs. 0.35     P = 0.006;

    9 years: 1.32 vs. 0.62     P = 0.000;

    10 years:1.37 vs. 0.86     P = 0.000;

    11 years: 1.88 vs. 1.14    P = 0.001;

    12 years: 3.09 vs. 1.54    P = 0.002;

    13 years: 2.84 vs. 2.11    P = 0.056;

    14 years: 2.51 vs. 2.60    P = 0.790;

    15 years: 4.31 vs. 3.16    P = 0.034

    16 years: 5.61 vs. 3.84    P = 0.066

BC: Bilateral cleft; BLC: Bilateral cleft; BCLP: Bilateral cleft lip and palate; CI: Confidence interval; CL: Cleft lip; CL/A: Cleft Lip/Alveolus; CL/A/P: Cleft lip with or without cleft alveolus and cleft palate; CLP: Cleft 
Lip and Palate; CP: Cleft Palate; dmf: deciduous dentition decayed, missing or filled; DMF: permanent dentition decayed, missing or filled; dmfs: deciduous dentition decayed, missing or filled surfaces; DMFS: 
Permanent dentition decayed, missing or filled surfaces; dmft: deciduous dentition decayed, missing or filled teeth; DMFT: Permanent dentition decayed, missing, filled teeth; F: Female; LUC: Left unilateral cleft; 
M: Male; N: Number; NS: Non-significant; RUC: Right unilateral cleft; SD: Standard Deviation; SE: Standard Error; SM: Sub mucous; UC: Unilateral cleft; UCLP: Unilateral cleft lip and palate
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Table 2  Main results (cont. from pg 41)

Author , date Cleft group Comparison group Outcome 
measure(s) Results

Budai, 2001

N = 31   M:17: F:14

N = 31 M:17: F:14

1) D 1) 56 vs. 48

Age 10–12 years 2) M 2) 34 vs. 29

3) F 3) 54 vs. 43

Hewson, 2001

N = 96  M:48: F:42 N = 100   M:60: F:40 1) dmf 1) 2.52 (0.30) vs. 0.93 (0.20)   t = 4.4 
P = <0.0001

Syndromic:14: Non-syndromic:76 Age 3 – 16 yrs 2) DMF 2) 1.67 (0.22) vs. 2.07 (0.31)    P = NS

Age 18 months – 16 years 11 months

Lucas, 2000

N = 60   M:36: F:24

N = 60  Mean age: 8.8 (3.2)

1) dmfs 1) 6.05 (1.5) vs. 6.97 (1.13)     P >0.05

Mean age: 9.1 (3.1) 2) DMFS 2) 2.33 (0.52) vs. 2.32 (0.53)      P >0.05

UCL/P Left:34  UCL/P Right:26 3) dmft 3) 2.35 (0.44) vs. 2.93 (0.41)     P >0.05

4) DMFT 4) 1.18 (0.22) vs. 1.48 (0.30)     P >0.05

Bokhout, 1996

N = 76    M:44: F:32

N = 75 M:33: F:42 1) dft
 

1) 0.59 (1.56) vs. 0.11 (0.06)  t = 2.92, df 
= 98.27, P = 0.004CL:5; CLA:15; UCL/P:29

BCL/P:12; CP:15; BLC:12; UC: Left:31 Right:18

Dahllof, 1989

N = 49   M:28: F:21 N = 49 1) Dental 1) 7.0 (1.21) vs. 3.9  (0.73) P(MW)<0.05

Mean age: 5.5 2 = Pierre Robin Syndrome     Caries      3.9 (0.77) vs. 1.5  (0.41) (MW)<0.01

CA:25; CL/P:24 1 = Larsen Syndrome

Hochstein, 1970

N = 1198

N = 1198 dmft

3 years: 1.59 vs. 0.61; 

Age 3–14 years 4 years: 3.31 vs. 1.33; 

5 years: 5.40 vs. 2.64; 

6 years: 6.14 vs. 3.73; 

7 years: 7.19 vs. 4.71

Bethmann, 1967

N = 710

N = 28000

1) dmft

1)  3 years:00.61 vs. 1.33;

Age 3-14 years      4 years: 3.77 vs. 1.33;

     5 years: 5.52 vs. 2.64;

     6 years: 6.19 vs. 3.73;

     7 years: 6.08 vs. 4.71;

     8 years: 3.37 vs. 5.33

2) DMFT

2)  6 years: 0.23 vs. 0.58;

     7 years: 0.73 vs. 0.71;

     8 years: 1.03 vs. 1.28;

     9 years: 1.90 vs. 1.88;

     10 yrs: 2.32 vs. 2.45;

     11 yrs: 3.58 vs. 2.66;

     12 yrs: 4.21 vs. 3.63;

     13 yrs: 4.42 vs. 4.17;

     14 yrs: 6.73 vs. 5.39

Lauterstein & 
Mendlesohn, 1964

N = 285   M:138: F:147 N = 300 M: 125: F:175 1) DMFT 1) 8.01 vs. 7.45

Mean age: 8.5 (2.1) Mean age: 9.0 (2.0) 2) DMFS 2) 14.10 vs. 13.30

SM:38: BC:38 LUC:55;  RUC:43; Isolated: 111

BC: Bilateral cleft; BLC: Bilateral cleft; BCLP: Bilateral cleft lip and palate; CI: Confidence interval; CL: Cleft lip; CL/A: Cleft Lip/Alveolus; CL/A/P: Cleft lip with or without cleft alveolus and cleft palate; CLP: Cleft 
Lip and Palate; CP: Cleft Palate; dmf: deciduous dentition decayed, missing or filled; DMF: permanent dentition decayed, missing or filled; dmfs: deciduous dentition decayed, missing or filled surfaces; DMFS: 
Permanent dentition decayed, missing or filled surfaces; dmft: deciduous dentition decayed, missing or filled teeth; DMFT: Permanent dentition decayed, missing, filled teeth; F: Female; LUC: Left unilateral cleft; 
M: Male; N: Number; NS: Non-significant; RUC: Right unilateral cleft; SD: Standard Deviation; SE: Standard Error; SM: Sub mucous; UC: Unilateral cleft; UCLP: Unilateral cleft lip and palate
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to provide an oral rinse, were under treatment 
using antimicrobials or immunosuppressants, 
or had clinical signs of oral candidiasis.

Source of comparison groups
Fifteen studies with a total of 2,111 controls 
selected the comparison sample from dental 
clinics, hospitals or schools in the same 
geographical area as the study.2,8,10,12,13,15–24 
Al-Dajani et al.25 used 53 siblings of cleft as a 
comparison group (with a maximum difference 
in age of three years) and six studies matched 
control participants for sex and age.14,18–20,23,26

Quality of outcome assessment and 
reporting
Examiner training and clinical examination 
procedures varied considerably (Table 3). Ten 
studies used just one examiner.8,10–12,15,19,21,22,24,26 
Three studies reported that all participants were 
examined by trained and calibrated dentists.16,17,20 
A further three studies used two examiners.9,18,23 
All reported inter-rater reliability kappa scores are 
recorded in Table 3. Several of the studies failed to 
report details of any examiner training.13,14,18,19,22,23

Fourteen studies documented the procedure 
used during the clinical examination, 

specifically mentioning the equipment used.8–

13,17–22,24,26 Conditions of the clinical examina-
tion were not always reported.2,15,16,25

The 1987 World Health Organisation 
(WHO) recommendations for diagnos-
ing dental caries were adhered to by seven 
studies.2,11,15,19,22,23,26 The modified WHO criteria 
(1997) were applied by three studies.10,18,21 One 
paper recorded caries according to the British 
Association for the Study of Community 
Dentistry (BASCD) criteria.9 Two studies took 
radiographs and two supplemented the clinical 
exam with radiographs.2,20,24

Table 3  Methodological assessment criteria

Study ID

Standardisation 
criteria

Probe type and 
usage

Light conditions

U
se of radiographs

Tooth cleaning

Level of lesion 
detection

Exam
iner 

recruitm
ent

N
o. of exam

iners 
involved

Exam
iner training

Exam
iner 

calibration

Reliability testing

Reliability 
reporting

Pisek, 2014 WHO N N N N N N Y1 N N N N 02-Dec

Chopra, 2014 WHO N N N N N N Y1 Y Y Y Y 06-Dec

Kirchberg, 2014 WHO Y Y N N N N Y3 N Y Y Y 07-Dec

King, 2013 WHO Y N N Y Y N Y1 Y Y Y Y 09-Dec

Freitas, 2013 N Y Y N N Y N Y1 Y N Y Y   ≥.87 07-Dec

Tannure,2012 WHO Y N N N Y N Y2 N N Y Y 06-Dec

Hazza’a, 2011 WHO Y Y N N Y N N N N Y Y  0.95 06-Dec

Rawashdeh, 2011 WHO Y Y N N N N Y1 N N N N 04-Dec

Al-Dajani, 2009 Y Y N N Y Y N N N N N N 04-Dec

Britton, 2010 Y Y Y N N Y N Y2 Y Y Y Y 1.0 09-Dec

Zhu, 2010 WHO Y N N N N N Y1 N N Y Y 0.95 05-Dec

Parapanisiou, 2009 Y Y N Y Y Y N Y2 Y Y Y Y 10-Dec

Mutarai, 2008 WHO N Y N Y Y N Y1 N Y Y Y 0.95 
and 0.61 08-Dec

Al-Wahadni, 2005 WHO Y N N N N N Y1 N N Y Y 0.92 05-Dec

Ahluwalia,2004 WHO N N Y N N N N N N N N 02-Dec

Kirchberg, 2004 WHO Y Y N Y N N Y1 Y N N N 05-Dec

Budai, 2001 N Y N Y N Y N N N N N N 03-Dec

Hewson, 2001 N Y Y N N Y N Y1 N Y Y Y 07-Dec

Lucas, 2000 WHO Y N N Y N N Y1 N N Y Y 0.96 06-Dec

Bokhout, 1996 N Y N N N Y N Y1 N N N N 03-Dec

Dahllof, 1989 N N N Y N Y N Y1 N N N N 03-Dec

Hochstein, 1970 Could not be assessed

Bethmann, 1967 Could not be assessed

Lauterstein &Mend-
lesohn, 1964 N Y Y Y N N N Y1 N N N N 04-Dec

WHO: World Health Organisation; Y: Yes; N: No
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Meta-analysis
A random effects meta-analysis using the 
DerSimonian and Laird estimator was 
performed in order to obtain an overall 
summary estimate of the difference in caries 
experience between CL/P and non CL/P 
groups. Random effects meta-analysis was used 
because the studies came from several popula-
tion sources around the World and one might 
expect variation in OH outcomes. However, 
fixed effect results were also reported as a check 
of robustness of the findings to the choice of 
model. The results were similar regardless of 
type of model and therefore only the results 
from the random effects model are described.

To be included in the meta-analysis, papers 
must have reported; the sample size and mean 
dmft/DMFT in each group, and either the 
standard deviation (SD), standard error (SE), 
standard error of difference, or p-value.

Where data were reported by age group, 
the age-specific estimates were used if suffi-
cient information allowed. If not, the pooled 
estimate was included. This was the case for 
two papers.8,9

The data were also stratified by the source of 
the comparison groups (hospital/dental clinics, 
trauma clinics, general population, sibling 
matched) and type of dentition (primary, 
mixed, secondary) to explore whether these 
explained for any between study heterogeneity. 
The year of study was also considered but the 

majority of studies were recent (post-2000), 
also stratifying by gender was considered, but 
in most studies the sample was mixed.

dmft
Out of 24 studies, 22 (91.7%) were suitable for 
inclusion in the meta-analysis. One study was 
excluded because it only reported dmfs/DMFS 
and the other because it did not provide suf-
ficient detail to allow comparison.14

Figure  2 shows a forest plot of the mean 
difference in dmft (cleft minus comparison 
group) for each study, stratified by dentition 
(see Supplementary Figure 1). The evidence 
for a difference between CL/P and non-CL/P 
individuals was equivocal in two studies10,23 and 
in the 24 year age group of one study.27 One 
study of five to 19-year-olds showed evidence 
that dmft was worse among those without CL/
P18 whereas a further study15 showed the cleft 
group had lower dmft scores than the control 
group. The other 12 estimates all suggested 
dmft was worse among individuals with cleft. 
The overall pooled mean difference in dmft 
was 0.63 (95% CI: 0.47  to 0.79) suggesting 
that individuals with CL/P have a greater dmft 
experience compared to individuals without 
cleft. However, there was substantial heteroge-
neity between studies, 86.6% of the variability 
between studies could be attributed to between 
study differences rather than sampling error. 
There was still substantial between group 

heterogeneity when studies were stratified by 
dentition (Fig. 2) and by the source of controls 
(See Supplementary Figure 2) – the I2 statistic 
ranged from 67.9% to 93.4%.

DMFT
Figure 3 shows a forest plot of the mean differ-
ence in DMFT (cleft minus comparison group) 
for each study, also stratified by dentition 
(see Supplementary Figure 3). There was no 
evidence for a difference in DMFT between 
CL/P and non-CL/P individuals in three 
studies8,12,23 and weak evidence for a greater 
caries experience in CL/P individuals in one 
study.18 There was stronger evidence that 
CL/P individuals have worse DMFT in the 
eight other independent studies.2,10,11,15,19,22,25,26 
The overall pooled mean difference in DMFT 
was 0.28 (95% CI: 0.22 to 0.34) suggesting that 
individuals with CL/P have a greater DMFT 
experience compared to individuals without 
cleft. Again, there was substantial heterogene-
ity between studies (I2 statistic was 80.9%). 
Figure  3 also shows that heterogeneity was 
reduced but still present when restricted to 
populations with the secondary dentition 
(I2 = 70.1%). The mean difference in DMFT 
between cleft and non-cleft children was 
lower in those studies that included a mixed 
dentition (mean difference 0.26) compared 
to studies that included only the secondary 
dentition (mean difference 1.72).

The source of controls explained little of 
the between study heterogeneity in DMFT 
outcomes (see Supplementary Figure 4), 
although the solitary family-based study that 
matched with siblings showed the largest asso-
ciation of DMFT with CL/P (mean difference: 
3.02, 95% CI: 1.83, 4.21).

Sensitivity analysis and publication bias
When a sensitivity analysis was performed 
using a conservative estimate of SD in studies 
where this value was not available, the results 
were very similar (see Supplementary Figures 5 
and 6). There was a strong suggestion of publica-
tion bias in both directions for dmft and DMFT 
outcomes, in particular for studies showing that 
DMFT is higher among CL/P individuals (see 
Supplementary Figures 7 and 8).

Discussion

From 22 of the 24 studies included in the meta-
analyses, the overall pooled mean difference 
in dmft was 0.63 (95% CI: 0.47 to 0.79) and 
in DMFT was 0.28 (95% CI: 0.22 to 0.34). The 

Fig. 2  Forest plot of mean difference in dmft (cleft minus comparison group) stratified by 
type of dentition. Age stratified effect estimates are given for each study where reported
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evidence suggests that cleft affected individuals 
have a higher caries prevalence than non-cleft 
affected individuals.

Strengths and limitations of the 
review
The selection process was rigorous and 
extensive to try and avoid bias. Most relevant 
studies were included, although there were 
limited funds so not all articles could be trans-
lated. As only published studies were included, 
publication bias is possible and the funnel plots 
(see Supplementary Figures 7 and 8) suggest 
evidence that publication bias exists, particu-
larly for DMFT.

Previous systematic reviews
The findings of this review agree with a 
previous Canadian review.6 However, this 
previous review had a number of limitations. 
The authors used a checklist while assessing 
caries experience that was described previ-
ously in a systematic review of the methods for 
assessing caries experience in epidemiological 
surveys.7 Employing the same checklist for the 
current review identified a number of disagree-
ments. For example, the most obvious disa-
greement concerned the use of radiographs to 
assist in the diagnosis of caries. In every case 
where the same papers were investigated by 
our review and the Canadian review,8,21,22,23,25,27 
Antonarakis et al. reported a positive result for 

radiographs, where actually the opposite was 
found to be true. A further limitation of the 
Canadian review was the exclusion of a paper 
if the control group was larger than the cleft 
group. No reason is stated for this condition 
and lifting this restriction would have yielded 
an extra five papers for inclusion.

An earlier systematic review by Hasslof and 
Twetman (2007)5 reported that although the 
data investigated seemed to show a higher 
caries prevalence in children with CL/P, no 
definitive conclusion could be made, largely 
due to the poor quality of papers selected 
for inclusion. This Danish review included 
six papers, all of which were included in the 
current review.12–14,22–24 However, this Danish 
systematic review had a number of limita-
tions. The key inclusion criteria were for the 
control group to be matched, at least by age 
and gender. Not having this stipulation would 
have meant a further 12 studies would have 
been available for inclusion. This point was 
partially addressed in the discussion, in which 
the authors state they were aware of issues with 
matching, but it was not made clear what these 
were. Our review was more inclusive and did 
not restrict by control group. We included 
studies that used National data as the control. 
Our review process was thorough and assess-
ment of quality of the dental examination 
procedure was completed by two reviewers to 
ensure accuracy.

Limitations in study design
However, there are some limitations with our 
review. Selection of comparison group can the-
oretically lead to bias. Those recruited from a 
dental trauma clinic may not be regular dental 
attenders, whereas those recruited from dental 
practices are more likely to have attended 
regularly (healthy-user bias). However, the fact 
that the effect sizes were similar for different 
comparison groups is reassuring.

Thirteen studies reported that a single 
examiner was responsible for all clinical 
examinations which may have introduced bias. 
The quality of recording of dental caries may 
have introduced random error, which can limit 
direct comparisons of absolute risk difference 
between studies. Ideally, caries experience 
would be assessed radiographically, but not 
purely for research purposes.

DMFT as a skewed variable
DMFT/dmft is widely reported as a mean 
value. This may not be appropriate as distri-
butions are often skewed.28 This review relied 
on reported means that may not accurately 
describe differences in caries experiences 
between groups. There was an issue with the 
quality of caries assessment and reporting in 
several of the studies such as: recording probe 
type and usage; light conditions; the use of 
radiographs; any cleaning of the tooth before 
assessment; and the level of caries detection.

Factors that could confound or 
modify risk
Several factors could confound or modify the 
risk of CL/P. These include socioeconomic 
status (SES), geographical location, age and 
dentition, gender, cleft type and syndromes, 
orthodontic treatment and fluoride. All these 
potential confounders are discussed below.

Studies from all continents except Africa 
and Australia were included in the current 
review and reported consistent associations. 
In developing countries, caries prevalence has 
typically been lower. This is thought to be due 
to less frequent consumption of refined sugars. 
However, this is now increasing.29 Although this 
review has included a broad range of studies 
from developing and developed countries, the 
individual SES of the participants could have 
had an effect on the level of caries experience 
and would warrant further investigation. No 
studies explored whether confounding by socio-
economic status explained these associations.

This review included studies which looked 
at the primary, mixed and the secondary 

Fig. 3  Forest plot of mean difference in DMFT (cleft minus controls) stratified by type of 
dentition. Age stratified estimates are given for each study where reported
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dentitions. The dmft/DMFT scoring system is 
cumulative, which could lead to an increased 
score through childhood, which then declines 
as the deciduous teeth are exfoliated and 
replaced by the permanent dentition. The 
observation that the association is similar for 
the primary, mixed and permanent dentitions 
suggests the increased risk persists.

Though gender may influence caries risk, 
few studies reported the results by gender, 
thus association was not possible.30 Type of 
cleft may influence association with oral health 
and some evidence from India showed that 
children with less severe cleft types, such as 
isolated CL or CL/A had a lower caries expe-
rience than those with more severe types of 
cleft such as CP.31 These findings are supported 
by other studies.32–34 Just over half of studies 
in this review reported on cleft type and 
this potential variable could not be explored 
further. Only three studies included syndromic 
children.9,12,14 They all show an association with 
caries experience, but it is impossible to draw 
firm conclusions about the risk associated with 
syndromic clefting.

Orthodontic appliances have been linked 
to a higher caries experience. These appli-
ances can facilitate the accumulation of caries 
inducing plaque due to the patient’s difficulty 
in tooth brushing around them and the intro-
duction of a primarily soft diet to attempt 
to avoid appliance breakages. As previously 
discussed, an infant with CL/P may require 
several episodes of orthodontic intervention 
starting soon after birth until the late teens. It 
has been shown that orthodontic appliances 
facilitate early colonisation of  Streptococcus 
mutans and  Lactobacilli  which can lead to 
dental caries in the already susceptible mouths 
of individuals with CL/P.35

In this review, few studies mentioned ortho-
dontic treatment. Eleven studies included 
children of ten years or older and it could be 
assumed the cleft group would more than likely 
have had, or were about to receive orthodontic 
treatment.10–12,15,18,22,25,26,36–38

Fluoridation of water and use of fluoride  
toothpaste can reduce caries risk. Iheozor-
Ejiofor  et  al.39 investigated the effects of 
water fluoridation on caries and found a 
35% reduction in dmft and a 26% reduction 
in DMFT. In this review, all of the studies in 
non-fluoridated areas reported that individu-
als with CL/P have a greater caries experience 
than non-cleft controls. The results from the 
fluoridated areas were mixed, with the three 
studies reporting no such difference in caries 

experience. It may be that fluoridation has a 
greater impact on the cleft affected individual 
and reduces the caries risk to match that of 
unaffected individuals.

Future research
Despite the centralisation of cleft services in 
the UK following the recommendations made 
by the Clinical Standards Advisory Group in 
1998, the more recent Cleft Care UK (CCUK) 
study has shown there has been little improve-
ment in caries experience post-centralisation.40 
Future research is required to identify effective 
treatments and models of care for children 
with cleft lip and palate so that their oral health 
can be improved.

Conclusion

This comprehensive systematic review 
included 24 papers. The quality of the assess-
ment of OH was poor in 13  of the papers. 
Despite these shortcomings, the systematic 
review and meta-analysis suggest that indi-
viduals with CL/P experience more decayed, 
missing or filled teeth when compared to 
non-affected individuals. Preventing and 
treating dental caries in children born with a 
cleft is therefore important. Further research 
is needed to describe and evaluate different 
integrated models of care for individuals with 
cleft lip and palate.
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