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caries in England in 2014–2015.7 The 2013 UK 
National Health Service Anaesthesia Activity 
Survey shows that dental caries was the second 
most common reason for general anaesthesia 
(GA) in preschool age children and the third 
most common reason in school age children.8,9 
There has been a significant increase in 
spending by the NHS for the extraction of teeth 
under GA,5 from £21 million in 2010/11 to £35 
million in 2014/15.10,11

Given the interest in improving standards 
of paediatric DGA, the impact of the service 
on children and their parents/careers, and the 
financial burden to the NHS, it is important to 
understand the factors contributing to children 
who need tooth extraction due to caries under 
DGA. Such knowledge may help developing 
strategies to minimise its use in the future. It 
may also help characterise population groups 
at higher risk of receiving dental treatment 
under DGA with a view to target them for 
oral health promotion and caries prevention 
programmes.

Introduction

Dental general anaesthesia (DGA) is a phar-
macological technique to provide extensive 
or urgent dental treatment – usually extrac-
tions – to children with caries within a hospital 
setting.1,2 DGA should not be used routinely 
for healthy patients but only as a last resort 
for dental treatment.3 The number of children 
being admitted for elective extractions of 
teeth due to caries under DGA is increasing 
annually,4,5 as is the average number of teeth 
removed.6 Approximately 45,000 children 
between 1 and 15 years of age were admitted 
to hospital for GA with a diagnosis of dental 
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Managing these DGA children and their 
families is a local and a national challenge.12 
Few studies have explored factors associated 
with DGA use among children. Multiple extrac-
tions, dental anxiety and young age are the main 
reasons for referral of children to DGA.13–17 More 
distal determinants – those beyond behavioural 
factors and dental status – have rarely been 
explored. There is some evidence that children 
from ethnic minority groups18,19 and living in 
deprived areas4,16 are overrepresented among 
DGA patients compared to national statistics. 
However, most studies to date were based on 
patient samples, which limits the ability to gener-
alise the findings to the wider population. Using 
hospital records also limits the amount of infor-
mation available and restricts data analysis to a 
few specific variables. Population-based studies 
may overcome these limitations.

The aim of this study was to assess the 
demographic, socioeconomic, behavioural and 
clinical factors associated with the use of DGA 
among British children.
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Highlights that factors beyond child age, dental anxiety 
and dental status were associated with receiving dental 
treatment under general anaesthesia.

Understanding the distal determinants of use of 
dental general anaesthesia among children may help 
to identify high risk groups for targeted oral health 
promotion.

In brief
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Materials and methods

Study population
This study used data from the 2013 Children’s 
Dental Health Survey (CDHS), a cross-
sectional survey based on a national repre-
sentative sample of children aged 5, 8, 12 and 
15  years attending state and independent 
schools in England, Wales and Northern 
Ireland. The total sample of 13,628 children 
was recruited using multi-stage stratified 
sampling. Children in Wales and Northern 
Ireland and those in most deprived schools 
(>30% of children eligible for free school 
meals) were oversampled. In England and 
Wales stratification was done by region. 
Eighty-one local authorities (LA) in England 
and 27 unitary authorities (UA) in Wales were 
selected with probability proportional to size. 
Primary and secondary school clusters were 
created within LAs and UAs. Using simple 
random sampling, 81 primary school clusters 
and 81 secondary school clusters were selected 
from the sampled LAs in England and 27 
primary and 27 secondary school clusters 
were selected from the sampled UAs in 
Wales. A simple random sampling of schools 
in Northern Ireland was performed. A total 
of 9,866 children were clinically examined 
(72% participation rate), and 4214 productive 
parental questionnaires were returned (43% 
response rate).20 The sample for this study 
included 3053 (72%) children with complete 
data on all relevant variables.

Variables selection
The outcome measure for this study was 
the lifetime prevalence of DGA use. Parents 
were asked whether their child has ever had 
a general anaesthetic before dental treatment 
(child is unconscious). The survey question did 
not ascertain the reason for the use of DGA.

A number of variables were selected as 
potential determinants of DGA use. They 
were broadly classified as demographic, 
socioeconomic, behavioural and clinical 
factors. Demographic factors were sex, age, 
ethnicity and country of residence. Ethnicity 
was extracted from school records (White, 
South Asian, Black, Mixed and Other) and 
recoded as White or ethnic minority group 
due to the small numbers in some ethnic 
categories. Family socioeconomic position 
(SEP) was measured by the National Statistics 
Socio-Economic Classification (NS-SEC) 
and area deprivation. NS-SEC groups were 
derived using the self-coded method based 

on current or last main job or occupation, 
employment status, size of organisation and 
supervisory status of the parent or guardian. 
Eight operational categories were derived: (1) 
higher managerial and professional; (2) lower 
managerial and professional; (3) intermediate; 
(4) small employers and own account workers; 
(5) lower supervisory and technical; (6) semi-
routine; (7) routine; and (8) never worked 
and long‐term unemployed.21 The eight cat-
egories were collapsed into managerial and 
professional, intermediate, and routine and 
manual occupations.22,23 For complete coverage 
of the population, individuals who had never 
worked or were in long-term unemployment 
and those not classified for other reasons 
were added as not classified.22,23 Area depriva-
tion was determined based on the postcode 
of children’s home address using the Index 
of Multiple Deprivation (IMD) at the Lower 
Super Output Area level. The 2010 IMD was 
used for England and Northern Ireland and 
the 2011 IMD for Wales. Area deprivation was 
divided into quintiles (least deprived to most 
deprived) in order to enhance comparability 
across countries.

Behavioural factors were the age when child 
started toothbrushing, age when child first 
visited the dentist, usual reason for dental visit 
and dental anxiety. Parents were asked how old 
the child was when they started brushing their 
teeth or having them brushed for them (under 
6 months of age, between 6 months and 1 year, 
1 and 2 years, 2 and 4 years, 4 and 6 years, 
and 6 years or older), how old the child was 
when they first went to the dentist (response 
in years), and the usual reason for the child 
going to the dentist (either for a check-up or 
when having trouble with teeth). Parents also 
indicated how anxious their child gets when 
they visit the dentist, using a 10-point scale, 
ranging from 1 for ‘not at all anxious’ to 10 for 
‘extremely anxious’.

Clinical factors were the numbers of decayed 
and filled teeth for both dentitions combined. 
Examinations were conducted by 75 trained 
dentists with children sitting on a fully 
reclining chair and using plain mouth mirrors, 
a periodontal probe and artificial light. Cotton 
wool/gauze was used to clear teeth of debris 
and moisture. Dental caries was visually 
diagnosed at the caries into dentine threshold 
(including visual dentine caries) without 
radiography or fibre-optic trans-illumination. 
Examiners were trained in eight groups, with 
good inter-examiner reliability (Kappa values 
ranged from 0.814 to 0.928).20

Data analysis
All analyses were performed in STATA 13 
(StataCorp., College Station, TX). Analyses 
were weighted to adjust for the unequal prob-
ability of selection, non-response at school 
and pupil levels. They also took into account 
the complex survey design (stratification and 
clustering) to produce correct standard errors.

We first describe the study sample in terms 
of demographic (sex, age groups, ethnicity 
and country of residence), socioeconomic 
(NS-SEC classification and area deprivation), 
behavioural (age when started brushing, age 
when first went to the dentist, usual reason 
for dental visit and dental anxiety) and clinical 
dental factors (number of decayed teeth and 
number of filled teeth) and compare it against 
those excluded because of missing values to 
evaluate the impact of missing data. Chi-square 
and ttest were used when comparing categori-
cal and continuous factors, respectively.

The association of demographic, socioeco-
nomic, behavioural and clinical factors with 
lifetime prevalence of DGA use was evaluated 
in crude and adjusted models using logistic 
regression because the binary outcome was an 
uncommon (<10%).24 Odds ratio (OR) with 
95% confidence intervals (CI) were therefore 
reported as the measure of association.25

Results

The characteristics of the study sample are 
presented in Table  1.  No major differences 
were observed between the study sample and 
the full sample of participating children with 
complete parental questionnaires. The lifetime 
prevalence of DGA use was 9.1% (95% CI: 
6.811.3%).

The lifetime prevalence of DGA use varied 
according to demographic, socioeconomic, 
behavioural and clinical factors (Table 2). DGA 
use was more common among Welsh and Irish 
children and those who go to the dentist only 
when in trouble. DGA use increased with age, 
age when brushing started and decreased with 
family SEP (both socioeconomic classification 
and area deprivation). In addition, children 
who had undergone a DGA had greater dental 
anxiety scores and more decayed and filled 
teeth than those who never used those services.

The results from regression analysis show 
that lifetime prevalence of DGA use was asso-
ciated with some, but not all of the factors that 
were investigated (Table 3). Age and country 
of residence were the only demographic 
factors significantly associated with DGA use. 
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Table 1  Characteristics of the study sample (N = 3,053) and comparison with the full sample of participants (N = 4,214)

Explanatory variables
All participants Study sample

N (%) or Mean ± SD N (%) or Mean ± SD

Sex

Male 2096 -50.8 1510 -51.7

Female 2118 -49.2 1543 -48.3

Age group

5-year-olds 1252 -26.3 975 -27.8

8-year-olds 1171 -24.6 872 -24.2

12-year-olds 975 -23.8 658 -23.5

15-year-olds 816 -25.3 548 -24.6

Ethnicity

White 3539 -80.6 2750 -82.9

Ethnic minority group 464 -19.4 303 -17.1

Country of residence

England 2230 -91.4 1598 -91.1

Wales 902 -5.1 665 -5.4

Northern Ireland 1082 -3.5 790 -3.5

Socioeconomic classification t

Professional & managerial 1681 -38.6 1263 -38.9

Intermediate occupations 1062 -23.7 786 -24.7

Routine & manual 1080 -26.6 753 -26.2

Never worked 122 -3.5 82 -3.4

Not classified 269 -7.6 169 -6.8

Area deprivation

1st quintile (most deprived) 905 -27.9 612 -26

2nd 853 -19.5 622 -18.7

3rd 884 -17.3 676 -17.7

4th 854 -19.3 656 -19.9

5th quintile (least deprived) 625 -16.1 487 -17.8

Age toothbrushing started

<6 months 1082 -26.1 833 -26.7

6-12 months 2111 -49.4 1594 -50

>12 months 923 -24.5 626 -23.3

Usual reason for dental visit

Regular check-up 3912 -93.5 2948 -94.3

Only when in trouble 165 -6.6 105 -5.7

Age when first went to the dentist 2.50 ± 2.15 2.43 ± 2.07

Dental anxiety score (0-10) 2.77 ± 2.41 2.76 ± 2.40

Number of decayed teeth 0.87 ± 1.82 0.80 ± 1.78

Number of filled teeth 0.46 ± 1.05 0.42 ± 1.02

Counts are unweighted
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Table 2  Lifetime prevalence of dental general anaesthesia (DGA) use by demographic, socioeconomic, behavioural and clinical 
characteristics of participants (N = 3503)

Explanatory variables
Have not used DGA Used DGA 

P valuea

N (%) or Mean ± SD N (%) or Mean ± SD

Sex 0.328

Male 1343 -91.8 167 -8.2

Female 1376 -90 167 -10

Age <0.001

5 years 930 -96.7 45 -3.3

8 years 779 -91.4 93 -8.6

12 years 552 -88.5 106 -11.5

15 years 458 -86.3 90 -13.7

Ethnicity 0.599

White 2444 -90.7 306 -9.3

Ethnic minority group 275 -92.3 28 -7.7

Country of residence <0.001

England 1477 -91.6 121 -8.4

Wales 571 -83.2 94 -16.8

Northern Ireland 671 -84.6 119 -15.4

Socioeconomic classification <0.001

Professional & managerial 1184 -94.7 79 -5.3

Intermediate occupations 691 -94.1 95 -5.9

Routine & manual 633 -84.2 120 -15.9

Never worked 62 -80.3 20 -19.7

Not classified 149 -89.3 20 -10.7

Area deprivation <0.001

1st quintile (most deprived) 520 -87.6 92 -12.4

2nd 551 -87.9 71 -12.1

3rd 590 -91.5 86 -8.6

4th 601 -93.7 55 -6.3

5th quintile (least deprived) 457 -95.4 30 -4.6

Age toothbrushing started 0.02

<6 months 768 -94.2 65 -5.8

6-12 months 1404 -90.3 190 -9.7

>12 months 547 -88.5 79 -11.5

Usual reason for dental visit 0.001

Regular check-up 2634 -91.8 314 -8.2

Only when in trouble 85 -76.9 20 -23.1

Age when first went to the dentist 2.43 ± 2.06 2.46 ± 2.24 0.893

Dental anxiety 2.64 ± 2.28 3.95 ± 3.25 <0.001

Number of decayed teeth 0.76 ± 1.75 1.22 ± 2.08 0.045

Number of filled teeth 0.34 ± 0.88 1.23 ± 1.80 <0.001

aChi-square test was used for sex, ethnicity, country of residence and usual reason for dental visit, Chi-square test for linear trends was used for age, socioeconomic classification, area deprivation 
and age toothbrushing started, and t-test was used for age when first went to the dentist, dental anxiety, and numbers of decayed and filled teeth.
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Table 3  Association of demographic, socioeconomic, behavioural and clinical factors with lifetime prevalence of dental general 
anaesthesia (DGA) use

Explanatory variables
Crude associations Adjusted associationsb

ORa [95% CI] P value ORa [95% CI] P value

Sex

Male 1 [Reference] 1 [Reference]

Female 1.24 [0.80-1.92] 0.329 1.08 [0.74-1.57] 0.691

Age

5 years 1 [Reference] 1 [Reference]

8 years 2.75 [1.31-5.78] 0.008 2.7 [1.29-5.69] 0.009

12 years 3.8 [2.09-6.91] <0.001 2.78 [1.50-5.14] 0.001

15 years 4.62 [2.46-8.68] <0.001 3.32 [1.60-6.87] 0.001

Ethnicity

White 1 [Reference] 1 [Reference]

Ethnic minority group 0.81 [0.38-1.76] 0.599 0.76 [0.35-1.67] 0.492

Country of residence

England 1 [Reference] 1 [Reference]

Wales 2.21 [1.40-3.50] 0.001 2.35 [1.47-3.75] <0.001

Northern Ireland 2 [1.31-3.04] 0.001 1.54 [0.84-2.81] 0.16

Socioeconomic classification

Professional & managerial 1 [Reference] 1 [Reference]

Intermediate occupations 1.11 [0.61-2.03] 0.723 0.94 [0.52-1.69] 0.83

Routine & manual 3.36 [1.88-5.98] <0.001 2.08 [1.20-3.60] 0.009

Never worked 4.37 [1.52-12.58] 0.007 3.52 [1.10-11.26] 0.034

Not classified 2.13 [0.73-6.22] 0.164 1.28 [0.41-3.98] 0.671

Area deprivation

1st quintile (most deprived) 1 [Reference] 1 [Reference]

2nd 0.97 [0.43-2.22] 0.95 1.04 [0.52-2.09] 0.919

3rd 0.66 [0.38-1.14] 0.137 0.97 [0.47-2.03] 0.945

4th 0.47 [0.28-0.82] 0.007 0.63 [0.31-1.26] 0.19

5th quintile (least deprived) 0.34 [0.20-0.57] <0.001 0.63 [0.31-1.30] 0.214

Age toothbrushing started

<6 months 1 [Reference] 1 [Reference]

6-12 months 1.75 [0.79-3.89] 0.165 1.53 [0.72-3.29] 0.27

>12 months 2.12 [1.05-4.25] 0.036 1.59 [0.76-3.34] 0.22

Usual reason for dental visit

Regular check-up 1 [Reference] 1 [Reference]

Only when in trouble 3.37 [1.56-7.24] 0.002 2.47 [1.07-5.68] 0.034

Age when first went to the dentist 1.01 [0.91-1.11] 0.892 0.88 [0.79-1.00] 0.051

Dental anxiety 1.21 [1.13-1.29] <0.001 1.18 [1.10-1.26] <0.001

Number of decayed teeth 1.12 [1.02-1.22] 0.02 1.01 [0.90-1.14] 0.865

Number of filled teeth 1.71 [1.44-2.03] <0.001 1.51 [1.25-1.83] <0.001

aLogistic regression was fitted and odds ratios (OR) reported.
bAdjusted associations were controlled for all the factors listed in the table.
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Eight, 12- and 15-year-olds had 2.70 (95%CI: 
1.29–5.69), 2.78 (95%CI: 1.50–5.14) and 3.32 
(95%CI: 1.60–6.87) greater odds of DGA use 
than 5-year-olds, whereas Welsh children had 
2.35 (95%CI: 1.47–3.75) greater odds of using 
DGA than English children. Socioeconomic 
classification, but not area deprivation, was sig-
nificantly associated with DGA use. Children 
of parents in routine and manual occupations 
and those of parents who never worked had 
2.08 (95%CI: 1.20–3.60) and 3.52 (95% CI: 
1.10–11.26) greater odds of using DGA than 
those of parents in managerial and professional 
occupations. In terms of behavioural factors, 
children who visit the dentist only when in 
trouble had 2.47 (95% CI: 1.07–5.68) greater 
odds of using DGA than those who visit the 
dentist for regular check-ups, whereas the 
odds of using DGA increased by 1.20 (95%CI: 
1.11–1.29) times per unit increase in dental 
anxiety score. As for clinical factors, the 
number of filled teeth, but not the number of 
decayed teeth, was significantly associated with 
DGA use. The odds of using DGA increased by 
1.51 (95%CI: 1.25–1.83) times per additional 
tooth filled.

Discussion

This population-based study shows that nine 
children in every hundred in the 2013 Children’s 
Dental Health Survey used DGA in their 
lifetime. In addition, the lifetime prevalence of 
DGA use was associated with some but not all 
factors investigated. Over and above the effect 
of child age, dental anxiety and dental status, 
the family SEP, usual reason for dental visit and 
country of residence were other factors associ-
ated with DGA in the adjusted model.

Some limitations of this study need to be 
addressed. First, this was a cross-sectional 
study, and thus, unable to establish a temporal 
ordering between child characteristics and 
DGA use. We minimised this issue by using 
lifetime prevalence of DGA use as the outcome 
measure and selecting risk factors in early life 
(such as age when started brushing or when first 
went to the dentist) or those reflecting cumula-
tive experience (such as usual reason for dental 
visit and caries experience). Second, our study 
sample included 72% of the participants with 
productive parental questionnaires, which may 
raise some concerns about the impact of missing 
data and the representativeness of the sample. 
However, we found no differences between our 
study sample and the full sample of participants, 
suggesting that the present findings could be 

generalised to the study population. Third, 
lifetime prevalence of DGA use was based on 
parental reports, without information on the 
reasons for DGA. It is therefore possible that 
some children used DGA for reasons other than 
caries treatment, such as surgical procedures 
(for example, removal of unerupted supernu-
meraries). However, extractions due to dental 
caries remain the most common reason for 
using DGA in children.8,9 More importantly, 
our prevalence of DGA was comparable to 
previous estimates based on hospital episode 
statistics,4,7 supporting the validity of our data. 
Fourth, our analysis did not include any data 
on sugars, an important determinant of dental 
caries and subsequent services utilisation.26,27 
Data on sugars intake was gathered in the pupil 
questionnaire, which was only administered to 
12- and 15-year-olds. Furthermore, questions 
on sugars intake referred to current consump-
tion, which was more likely to have happened 
after the actual use of DGA.

Our findings corroborate those from earlier 
hospital-based studies suggesting that age, 
dental anxiety and clinical status are the main 
reasons for referral of children for DGA.13–17 
The fact that in our study older children were 
more likely to have had DGA is a reflection of 
the cumulative nature of the outcome measure 
used (lifetime prevalence), as opposed to the 
young age at presentation reported among 
patient samples.13–17 Although children who 
used DGA had higher caries experience 
than their counterparts, it was the number 
of filled (not decayed) teeth which remained 
significantly associated with DGA use in the 
adjusted model. This was expected as the 
number of fillings indicates past caries experi-
ence, although it is not possible to know from 
the available data whether those teeth were 
restored under DGA.

The present findings also emphasise the role 
of determinants beyond child dental status and 
behaviours, particularly the parental influ-
ences.28 Parents in routine/manual occupa-
tions and those unemployed were more likely 
to have children using DGA than parents in 
professional and managerial occupations. The 
significant crude association between area 
deprivation and DGA use was fully attenuated 
when adjusting for other factors and suggests 
that family socioeconomic classification may be 
a more sensitive indicator to identify children 
at higher risk of receiving DGA. Indeed, any 
association with area deprivation could be due 
to the referral pattern of dental practices in the 
child’s area of residence rather than the relative 

deprivation of the neighbourhood. The fact 
that there was a clear social gradient in DGA 
use independent of child dental anxiety and 
clinical status implies that there must be other 
reasons for these groups to end up receiving 
dental care under GA. The influence of the 
family could also be seen in terms of usual 
reason for dental visit, with problem oriented 
attenders more likely to have had DGA than 
those who were regular attenders. Moreover, 
recent evidence has suggested that there are 
high repeat rates and GA usage within the 
same family and that GA for tooth extraction 
is culturally acceptable in some communi-
ties.15,18 We also found that Welsh children 
were more likely to have ever used DGA 
than their English counterparts, which may 
reflect the contrasting prevalence and severity 
of childhood dental caries between the two 
countries.29,30 This is in addition to regional dif-
ferences in the availability of fluoride in public 
water supply as well as in access and utilisation 
of NHS dental care services.

This study has helped characterise children 
more likely to receive dental care under GA. 
More attention should be directed at prevent-
ing caries early in life and at addressing the 
main cause of caries, namely sugars consump-
tion, and the social determinants of early 
childhood caries. This should be coupled with 
oral health promotion programmes tailored to 
children at greater risk (proportionate univer-
salism). This study also provides a platform for 
further research into the family environment 
and parental influences as broader determi-
nants of DGA use.

Conclusion

This study shows that nine children in 
every hundred who participated in the 2013 
Children’s Dental Health Survey have had 
DGA in their lifetime. Beyond child age, dental 
anxiety and dental status, other factors associ-
ated with lifetime prevalence of DGA use were 
family socioeconomic conditions, emergency-
only dental visits and country of residence.
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