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Abstract
Background The formation of dental caries is the most common chronic disease in children, and is preventable. The oral health-
related quality of life has an immense impact on an individual’s daily functioning, well-being or overall quality of life.
Objectives This study aims to investigate the cost effectiveness of the Dental RECUR Brief Negotiated Interview for Oral Health 
(DR-BNI). This 30-minute therapeutic “talk” by a dental nurse with a parent/guardian was compared with a placebo-controlled 
intervention in preventing reoccurrence of dental caries in children who have had a primary tooth extracted.
Methods An economic model was developed to simulate the clinical progression of dental caries among children who have pre-
viously had a primary tooth extracted. The analysis was conducted using the UK NHS perspective. The main outcome was the 
incremental cost-effectiveness ratio (ICER) based on the quality-adjusted life years (QALYs). Estimates of costs and probabilities 
were obtained from the DR-BNI multicentre randomised controlled trial (RCT), while QALY values were obtained from published 
literature. Univariate and probabilistic sensitivity analyses were conducted to assess the uncertainty of the result and robustness of the 
model. Affordability and risk-aversion of the intervention were investigated to help decision makers make the best possible choices.
Results With an intervention cost of £6.47, the results from the RCT showed the healthcare cost for the DR-BNI intervention was 
£115.90 per child while the control had a healthcare cost of £119.46 per child. The QALYs gained for the prevention of reoccurrence 
of dental caries was higher in the DR-BNI intervention arm by 0.023 QALYs; thus, the DR-BNI was the dominant intervention. At 
willingness to pay threshold of £3500/QALY gained, a maximum probability of being cost effectiveness is achieved at 86%. The 
secondary analysis showed a cost-savings of £20.94 per participant for the prevention of at least one filling or extraction. Affordability 
results showed that the DR-BNI programme is affordable to the UK health system at a moderately low budget.
Conclusions This study shows the proactive talking intervention to have a very moderate cost and to be effective in providing 
better health related quality-of-life gains. The intervention is cost savings with a dominant ICER even with a 200% increase in 
the cost of intervention. The NHS will be providing better oral health for children at a better net monetary benefit-to-risk ratio 
by adopting the DR-BNI intervention in preventing the reoccurrence of dental fillings and extractions for each participant.
Trial Registration: This trial was registered prospectively on 27th September 2013 with the trial registration number 
ISRCTN 24958829.
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1  Background

Tooth decay, also known as dental caries, manifests as dam-
age to teeth due to acids produced by the bacteria in den-
tal plaque, which turns dietary sugars to acid. It is one of 
the most prevalent diseases globally [1] affecting 60–90% 
of children and the majority of adults [2]. Untreated tooth 
decay (dental caries) in children is the tenth most prevalent 
disease worldwide, affecting 621 million children globally 
[3]. In a study conducted by Abanto et al. [4], the severity of 
dental caries showed a negative impact on the total score and 
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Key Points for Decision Makers 

The DR-BNI programme provides a dominant interven-
tion in preventing dental reoccurrence in children; thus, 
saving NHS resources.

The DR-BNI provides more benefits to risk compared 
with the standard care treatment.

The moderately low intervention cost of the DR-BNI 
gives a higher percentage of affordability with respect to 
budget constraints.

Care Excellence (NICE) guidance recommending that all 
children should attend the dentist at least once a year [13], 
reports from UK NHS digital records reveal that only 58.2% 
of children were seen by a dentist in 2017, with a modest 
increase to 58.6% in 2018 [14]. There were 11.4 million 
courses of treatment delivered to children during 2017–2018 
[14]. During 2015–2016, around £73 million in child Gen-
eral Dental Service (GDS) fees was authorised in Scotland, 
which was the highest ever recorded [15]. Treatment of car-
ies is expensive and lifelong; since past caries experience 
is the strongest predictor of future caries, it is essential that 
more effective preventive methods be found for both pri-
mary and secondary prevention. Therefore, it has become 
paramount that a comparative analysis of the treatments in 
relation to cost and resource allocation is investigated.

There is an increasing policy and academic interest in 
asset-based approaches (a combination of human, social and 
physical capital) as a means to develop and deliver interven-
tions for improving health and reducing health inequalities 
[16]. Economic evaluation provides justifiable methods of 
comparative analysis between healthcare intervention in 
competition for resources allocation [17, 18, 39]. An eco-
nomic evaluation applying decision analytic modelling tech-
niques helps to quantify and synthesise data on cost, benefit, 
disease progression and utility values [38]. The American 
Academy of Paediatrics defines child health as ‘the social, 
physical and emotional functioning of the child and when 
indicated, his or her family…therefore, measurement of 
health‐related quality of life (QoL) must be from the per-
spective of the child and the family’ [4]. Oral Health-Related 
Quality of Life (OHRQoL) is a multidimensional construct 
that corresponds to the impact of oral health or diseases on 
an individual’s daily functioning, well-being or overall QoL 
[19, 20].

This study focused on a preventive intervention rather 
than a treatment intervention. There have been no economic 
evaluations investigating dental reoccurrence in children 
using a goal-oriented “talking” therapy. The aim of this 
study was to compare the cost effectiveness of the Dental 
RECUR Brief Negotiated Interview for Oral Health (DR-
BNI) and a placebo control intervention in preventing dental 
reoccurrence in children who have previously had a primary 
tooth extracted. The placebo-controlled intervention com-
prised a parent-nurse conversation about the child’s future 
tooth eruption plus standard care [22]. The placebo-control 
contained no discussion on caries prevention. Both interven-
tions (conversations between parent and dental nurse) were 
delivered in the secondary care centres that children were 
attending for extraction of primary teeth. Following extrac-
tions, children in both groups were advised to attend their 
child’s dental practice as usual.

subscales on family activity, parental emotions and financial 
burden.

In the UK alone, nearly one‐third of children aged 
5 years, and almost a half of 8‐year‐olds, have experience 
of caries [5]. Dental caries impacts children’s lives in many 
ways. In a UK child dental health survey conducted in rela-
tion to the most common symptoms, 18% of 12-year-olds 
and 15% of 15-year-olds reported pain and previous experi-
ence of toothache [6]. Children from more deprived and low-
income quintiles have a higher prevalence and severity of 
dental caries [7]. A study by Sarri et al. [8] on dental neglect 
in deprived areas in the UK discovered that four in ten ado-
lescents experienced dental prevention neglect and five in 
ten experienced dental treatment neglect. In some areas in 
the UK, there has been a reported decrease in prevalence 
of active dental caries and caries experience between 2003 
and 2013 even in deprived areas [9]; however, this reported 
decrease occurred following a change from negative to posi-
tive parental consent for dental epidemiological surveys in 
England and Wales.

Although it is hoped that the introduction of fiscal 
changes in the taxation of sugar levels in soft drinks may 
reduce the consumption of some sugars in children and 
young people [10], much remains to be done, as prevalence 
is high for a disease that is preventable. Public Health Eng-
land (2017) has published Delivering Better Oral Health, 
evidence-based guidance for primary dental care identifying 
that prevention of dental caries depends on control of dietary 
sugar and twice-daily toothbrushing with fluoridated tooth-
pastes [11]. The guidance includes effective clinical preven-
tive procedures of fluoride varnish applications and fissure 
sealants. In England, guidance has also been published for 
dental commissioners to provide a framework for the Start-
ing Well Core programme, which aims to improve dental 
attendance for pre-school children and the delivery of pre-
ventive care [12]. Despite National Institute for Health and 
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2  Methods

A decision-tree model was developed to simulate the transi-
tion in reoccurrence of dental caries in children who have 
had a primary tooth extracted. The evaluated cost effective-
ness of the DR-BNI in comparison to the control interven-
tion was conducted using Microsoft Excel for Office 365. 
The structure and parameters of the tree were determined 
by the data obtained from the Dental RECUR trial [22] and 
published literature. The base branches from the decision 
node in the tree represented an intervention delivered to the 
parent of the child with dental caries while other branches 
accounted for the health state pathways. A schematic dia-
gram of the decision tree is presented in Fig. 1, which exem-
plifies the life-course approach that could be taken to analyse 
different interventions to prevent dental caries reoccurrence.

The analysis was based on a two-arm multicentre rand-
omized controlled trial (RCT) with blinded outcome assess-
ment and a 2-year post-intervention follow-up [22]. The 
DR-BNI intervention was a 30-min conversation between 
a dental nurse and a parent, or caregiver, of child patients 
involved in the study. This therapeutic conversation focused 
on keeping the newly erupting dentition healthy going for-
ward by setting specific preventive goals which were iden-
tified and chosen by the parent in a structured conversa-
tion with the trained dental nurse. These goals were based 
on behaviour change techniques using a non-judgemental, 
empathic approach and based on best evidence for prevent-
ing dental caries [11]. This “talking” intervention had a 
6-segment structure and was developed by a clinical and 
health psychologist [22]. A review appointment was made 
with the child’s general dental practitioner, who was advised 
to treat the child as being at high caries risk. The placebo 
control contained information that was structured around 
concepts of growing up, shedding and growing new teeth, 
descriptions and illustrations; there was no discussion on 
caries prevention, but advice was given to visit a general 
dental practitioner (GDP) as usual. National guidelines for 
GDPs require that preventive advice is given for children at 
risk to dental caries. A full description of the trial can be 
obtained from the main paper [22].

The interventions were delivered by dental nurses, 
employed on average at NHS Band 4 [23]. The population 
included in the study comprised children aged 5–7 years of 
age who were scheduled to have at least one tooth extrac-
tion under general anaesthesia, inhalation sedation or local 
anaesthesia due to dental caries in 12 centres across the 
UK [22]. In total, 80 % (n = 193) of participants received 
a final dental assessment two years after extraction of their 
primary teeth. During this period, the majority of children 
had re-attended the practice of the referring general dental 

practitioner (61 %, n = 119 in DR-BNI group; 64 %, n = 122 
in the placebo control group) who provided treatment data.

The model constructed was both a deterministic and 
probabilistic decision model. For the probabilistic analysis, 
a distribution was used to represent the possibility of events 
occurring.

The primary outcome measure for this analysis study was 
presented as the incremental cost per QALY gained (also 
known as the incremental cost-effectiveness ratio [ICER]).

In analysing the trial data, any visit involving fissure 
sealants, fillings or extractions was regarded as a treatment 
visit. If any two visits were less than 60 days apart, both 
visits were considered part of the same course of treatment. 
For two visits that were more than 90 days apart, they were 
considered different courses of treatment, while for visits 
between 60 and 90 days apart the following criteria were 
used to identify whether these should be treated as separate 
courses of treatment:

If the second visit included a history examination, it was 
considered a different course of treatment
If the second visit was not a treatment visit, it was con-
sidered a different course of treatment

DR-BNI 

Control 

Caries Recur 

No Caries Recur 

No Caries Recur 

Caries Recur 

Fig. 1  Schematic diagram of the decision tree model of the den-
tal caries re-occurrence intervention in children. DR-BNI Dental 
RECUR Brief Negotiated Interview for Oral Health, Recur Reoccur-
rence



434 E. Victory et al.

If the second visit was a treatment visit and did not 
include a history and examination, it was considered as 
part of the same course of treatment.

The analysis was examined using the UK National Health 
Service (NHS) perspective. The cost of treatment is classi-
fied into Bands 1–3 of Units of Dental Activity (UDAs) in 
England; while in Scotland and Northern Ireland, the den-
tists’ payment system is a mix of capitation payments and 
Item of Service charges (see Table 1) [24–26]. Band 1 treat-
ment is quantified as 1 UDA and valued between £20–35. 

For Band 2 it has a value of 3 UDAs and Band 3 has a 
value of 12 UDAs [27]. This analysis applied an average 
UDA value of £28. All costs were values used in 2020 or 
inflated to the year 2020 as reported in the UK unit cost of 
health and social care [55]. Two main classes of cost were 
considered: the treatment cost and the cost of delivering the 
intervention. The treatment costs are directly associated with 
the dental service offered to the children by the dentist/GP 
during the trial period while the delivery cost comprised the 
cost incurred in setting up and delivering the intervention 
(see Table 1).

Table 1  Description of fees for dental treatment in Primary Dental Care in the UK and description of costs of training for interventions in the 
Dental RECUR trial

Data from the trial were applied to extrapolate evidence for this analysis, Table 5 shows the summary of the number of treatments and the num-
ber of participants involved in the treatment

Parameters Description of fees in £ (sterling) in UK Dental payment system

England Scotland Northern Ireland

Treatment cost
Band 1 22.7 Fee-for-item Fee-for-item National Services Scotland 2016 [15]
Band 2 62.1
Band 3 269.3
Examination Band 1 9.40–29.15 8.79–27.64
One x-ray Band 1 4.55–9.65 4.30
Two x-rays Band 1 6.40–19.00 6.13 NHS 2017 [24]
Fissure sealant Band 1 9.15
Amalgam filling Band 2 9.95–25.50 9.39–24.15
White filling Band 2 18.75 18.40–46.74 NI direct government services [26]
Root filling molar Band 2 112.50 105.90
Root filling premolar Band 2 63.45–73.25 59.29–68.74
Root filling incisor or canine Band 2 53.75 50.33
Referral Band 1 16.25 NHS 2018 [40]
Simple extraction Band 2 9.15–55.25 8.68–52.36
Surgical extraction Band 2 24.95–57.25 24.15–59.83
Oral hygiene Band 1 4.48
Dietary advice Band 1 4.48 4.48
Antibiotic Band 2 14.60 14.60
General cost per hour
Cost of doctor’s visit (with qualification) £35 Curtis and Burns 2019 [41]
Cost of clinical psychologist £29.48 Royal College of Nursing 2020 [23]
Dental nurse £12.93 Royal College of Nursing 2020 [23]
Training cost DR-BNI Control
Days of training 12 days 6 days Pine et al, 2020 [22]
Mean travel cost of clinical psychologist 100
Total number of nurses trained 30
Duration of training 6 h 5 h
Individual practice duration 6 h
Material/equipment £50
Cost of miscellaneous per nurse £10
Average cost of intervention delivery per 

dental nurse
£301.65 £222.83
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Likewise, a summary of the total cost of each treatment 
type is given in Table 2. These cost values were classed into 
treatment course and applied to conduct further analysis.

The DR-BNI RCT did not collect Health-related Quality 
of Life (HRQoL) values because the two commonly used 
measures of HRQoL were designed for use with children 
aged >7 years and were not appropriate for the 5- to 7-year 
participants in the current study. Specifically, the Euro-
pean QoL 5-Dimension youth (EQ-5D-Y) was designed 
for children aged 8–15 years and the Child Health Utility 9 
Dimension (CHU-9D) was designed for children aged 7–11 
years. No direct QALY values were available, but estimates 
were obtained from the literature [28–30] and apply similar 
methodology as obtained from Claxton et al (2014), where 
a missing tooth or dental caries impacts the QoL [30]. Esti-
mates of utility values of acute otitis media were adopted. 
For no caries reoccurrence, utility value of 0.96 was used 
while the value of 0.88 was adopted for caries reoccurrence. 
Though proxy QALYs from the literature were used we 
would expect QALYs to be higher for the no caries reoc-
currence group. The utility values adopted in this study fall 
within the acceptable range as can be seen in Nguyen et al. 

[43]. The utility values are shown in Table 3. All QALY 
values were adjusted to cover the follow-up period while 
the transition probabilities and costs were obtained from the 
data set at end of the follow-up. A course of treatment and 
recovery is <90 days for dental caries, but 2 years in the 
intervention programme; thus, in accordance with NICE 
guidance [49–51], a discount rate of 3.5% for cost and effect 
was applied. A univariate sensitivity analysis was performed 
by varying the annual discount rate from 0–6% to assess the 
robustness of the base-case result.

The deterministic analysis investigated the values applied 
to the model using point estimates; hence, ameliorating the 
impact of extreme values. The one-way sensitivity analy-
ses were conducted to factor in variability in the results by 
applying a range to individual parameters (see Table 6 in 
“Appendix”). High impacting parameters were examined 
within acceptable ranges and the results summarised using 
the tornado diagram (Fig. 2).

The probabilistic sensitivity analysis was conducted to 
investigate the uncertainty of the input parameters by assign-
ing probability distribution to the parameters [31]. The costs 
were assigned a gamma distribution while the QALYs and 
probabilities were assigned a beta distribution (see Table 7 
in “Appendix”). For the multi-way sensitivity analysis, a 
Monte-Carlo simulation was conducted [31, 32] with 5000 
iterations from which the ICER was evaluated. The values 
of the various iterations are plotted and shown on the cost-
effectiveness plane. Cost-effectiveness acceptability curve 
(CEAC) was generated to show the probability of the DR-
BNI being cost effective at various values of willingness 
to pay (WTP) threshold. Affordability constraints of joint 
distribution of the simulated incremental cost and health 
benefit are investigated using the theory and methodology 
detailed by Sendi et al. [52, 53]. Affordability curves were 
also plotted for various budget constraint (or resource allo-
cation constraints) and analysed as a function of the cost-
effectiveness ratio [52, 53]. Further investigations into the 
risk-aversion analysis for both the DR-BNI intervention 
programme and the standard care programme were also 
examined using the same methodology as Sendi et al. [53, 

Table 2  Total cost for each treatment in the trial data

DR-BNI Dental RECUR Brief Negotiated Interview for Oral Health, 
GMP general medical practitioner

Treatment DR-BNI Control

History examination 3645.72 3259.83
Dietary advice 4149.32 3890.66
Oral hygiene instruction 4349.14 4004.16
Fluoride varnish 3613.78 3336.90
Fissure salant 585.80 681.00
Filling 1358.02 2848.42
Extracted 310.50 310.50
X-ray 113.50 68.10
Antibiotics 62.10 310.50
Referral 249.70 158.90
GMP visits 2310.00 3115.00

Table 3  Mean (SE) output 
values for each treatment arm of 
the decision-tree parameter

DR-BNI Dental RECUR Brief Negotiated Interview for Oral Health, QALYs quality-adjusted life years, SE 
standard error
a All probabilities and QALYs values were adjusted to 2 years, matching the follow-up period in the analy-
sis

DR-BNI Control Source(s)

Cost of no. caries recur £121.43 (17.20) £105.00 (16.51) Pine et al. [22]
Cost of caries recur £113.57 (13.92) £132.40 (13.62)
Probability of no. caries 0.74 0.63
Utility for no caries  recura 0.96 (0.01) 0.96 (0.01) Oh et al. [28], Coco 

[29], Claxton et al. 
[30]

Utility for caries  recura 0.88 (0.01) 0.88 (0.01)
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54] to determine the benefit-to-risk ratio towards the cost as 
a budgetary constraint. The cost-effectiveness risk-aversion 
curves (CERACs) are plotted using the results derived from 
the risk-aversion analysis. From the 2019 UK national sta-
tistics, the population of 8-year-olds is estimated to be under 
7.2 million. A cohort of 3.6 million (50% of 8-year-olds) 
was adopted for the affordability and risk-aversion analysis, 
since a survey by Steele et al. [5] reports that almost half 
of 8‐year‐olds have experience of caries. The sensitivity of 
the result was examined using high impacting parameters 
to probe the robustness of the model. The results obtained 
provides decision makers with the necessary evidence in 
making the best resource allocation [17, 38].

3  Results

3.1  Base Case

The odds of new caries experience occurring were reduced 
by 51% in the DR-BNI group as compared with the control 
group; there was a 29% decrease in the relative risk (RR) 
[22]. Table 4 shows the main results of the cost-effective-
ness analysis derived from the deterministic model, with 
the ICER from the mean cost and QALYs associated with 
each intervention. With an intervention cost of £6.47, the 
total healthcare cost from the DR-BNI intervention was 
£115.90 and the healthcare cost from the control arm was 
£119.46, while the QALYs values were 1.82 and 1.80, 
respectively. From Table 4, the results show that the cost 

from the DR-BNI intervention was lower than the cost of 
treatment of the control arm. Though the QALY value at 
each health state is equivalent, the total QALY gained from 
the DR-BNI intervention was higher than the control arm. 
The ICER value of the DR-BNI intervention is dominant in 
comparison to the standard care. This result is not just below 
the recommended NICE threshold [33] of £20,000–£30,000/
QALY, it also saves resources and cost to the NHS.

3.2  Sensitivity Analyses

The univariate sensitivity analysis showed the variability of 
the ICER as a parameter change over a range of values. With 
a variation of a 200 % increase in the intervention cost, the 
tornado plot (Fig. 2) shows the DR-BNI intervention to still 
be cost effective in comparison to the control with a value 
of £119.11/QALY. Two other high-impact parameters in the 

-2500 -2000 -1500 -1000 -500 0 500 1000 1500 2000 2500

QALYs for No Caries (0.94 - 1.00)

Discount Rate: Outcomes (0% - 6%)

Probability of Caries Recur (-20% to +20%)

QALYs for Caries (0.72 - 0.94)

Interven�on delivery Cost (0 to 200%)

Probability of No Caries Recur (-20% to +20%)

Cost of Caries Recur (-1SD to +1SD)

Cost of No Caries Recur (-1SD to +SD)

Incremental Cost Efec�veness Ra�o (ICER)

-151.86

Fig. 2  Tornado diagram for univariate sensitivity analyses with a 
dominant ICER value for cost, QALY values, probabilities, interven-
tion delivery cost and discount rate. DR-BNI Dental RECUR Brief 

Negotiated Interview for Oral Health, ICER incremental cost-effec-
tiveness ratio, QALY quality-adjusted life year

Table 4  Base case results for the cost-effectiveness analysis for costs 
and QALY gains

DR-BNI Dental RECUR Brief Negotiated Interview for Oral Health, 
ICER incremental cost-effectiveness ratio, QALY quality-adjusted life 
year

Cost (£) Incremen-
tal cost

QALYs Incremental 
QALYs

ICER (cost/
QALY)

DR-BNI 115.90 − £3.56 1.82 0.023 Dominant
Control 119.46 1.80
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model were the probabilities of transiting to different oral 
health state, and the costs associated with each health state. 
From the tornado diagram, the change in the cost of no car-
ies recurring with ± one standard deviation (SD) generated 
a variation of a dominant ICER value for the DR-BNI for the 
lower limit and an ICER value of £2125.93/QALY for the 
upper limit. For a change in the cost of patients with caries 
recurrence, a dominant ICER for the DR-BNI with minus 
one SD but an ICER of £1211.87/QALY for plus one SD. 
Changes in the ICER value are observed when the probabil-
ity transition are varied by ±20 %, but the result still remains 
dominant in favour of the DR-BNI intervention.

The various QALY values were also investigated for vari-
ability, a value range of 0.72–0.94 for patients with recur-
rence of dental caries, while for patients with no caries, 
recurrence had values ranging from 0.94 to 1. The variability 
in the QALY values and discount rate of the outcome had 
little but no significant change in the ICER result.

Further univariate sensitivity analysis of the ICER was 
investigated for the lower and upper bound confidence inter-
val around the point estimate of the RR of progression to 
dental caries state. At the lower bound RR of 0.53 the ICER 
value remains dominant in favour of the DR-BNI and for the 
upper bound RR of 1.05 the ICER value is £1077/QALY. 
As shown in Fig. 3, we see the ICER values for various RRs 
of progression have a nonlinear relationship which tends to 
infinity as the RR tends to one, for RR values less than one, 
the ICER value is dominant.

Figure  4 is a cost-effectiveness plane showing 5000 
simulated ICER iterations for the DR-BNI versus control 
intervention using the probabilistic sensitivity analysis. The 
simulated ICERs are scattered over the four quadrants of the 
planes suggesting that there are occasions where the control 
intervention might be more cost effective. The south-east 
and north-east quadrants of the cost-effectiveness plane are 
the more densely populated of the four quadrants. This indi-
cates that the DR-BNI intervention was the more dominant 
or cost effective of the two interventions on most occasions.

Figure 5 shows the CEAC plot for the DR-BNI and the 
control intervention. The curves show the probability of each 
intervention being cost effective at different levels of WTP 
per QALY gained. At no point in time did any of the inter-
ventions generate a 100 % probability of being cost effec-
tive. The DR-BNI CEAC curve plateaus at WTP of £3500 
per QALY gain with an approximate probability of 0.86 
(see dotted line, Fig. 5). At WTP threshold of £0/QALY the 
ICER value has a probability of approximately 60 % being 
cost effective. At the higher WTP threshold of £20,000/
QALY gain the probability of the DR-BNI programme being 
cost effective is 86% (see dotted line Fig. 5).

3.3  Affordability and Risk‑aversion Analysis

The CEAC curve provides a visual summary of the uncer-
tainty about cost effectiveness but does not investigate this in 
relation to potential resource constraints [52]. Affordability 

-6000

-4000

-2000

0

2000

4000

6000

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

In
cr

em
en

ta
l C

os
t E

ffe
c�

ve
ne

ss
 R

a�
o

Rela�ve Risk of Progression 

Fig. 3  Sensitivity analysis of the incremental cost-effectiveness (ICER) ratio to the relative risk of progression to dental caries



438 E. Victory et al.

-80

-60

-40

-20

0

20

40

60

80

-0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1 0.12

In
cr

em
en

ta
l C

os
ts

 (£
)

Incremental effects (QALYs)

Fig. 4  Cost-effectiveness plane for dental caries reoccurrence in children

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5000 10000 15000 20000

Pr
ob

ab
ili

ty
 c

os
t-

eff
ec

�v
en

es
s

Willingness-to-Pay (£/QALY)

DR-BNI

Control

Fig. 5  CEAC from the Monte Carlo (probabilistic) sensitivity analy-
sis with different levels of willingness to pay. Dotted lines represent 
the WTP threshold values at £3500 and £20,000 per QALY gain. 

CEAC cost-effectiveness acceptability curve, QALY quality-adjusted 
life year, WTP willingness to pay



439Economic Evaluation of Dental Re-occurrence in Children

curves were generated to investigate the probability of the 
cost and effect with reference to specific budget constraints 
on the DR-BNI intervention. From Fig. 6, the probability of 
the DR-BNI intervention being affordable is 60% at no extra 
budget. As the budget increases the probability of the DR-
BNI being affordable also increases. At a budget constraint 
of £36 million the probable affordability is 81%. An afford-
ability of 100% probability is reached at a budget constraint 
of £234 million.

Further analyses investigated the combined impact of the 
cost-effectiveness and the affordability constraints at various 
WTP threshold for the DR-BNI intervention programme at 
different budget levels in Fig. 7. Each curve in the plot repre-
sents the probability of the DR-BNI intervention programme 
being cost effective and affordable at various WTP thresh-
olds and various budget constraints. This figure shows that at 
a programme budget of £18 million the probability that the 
DR-BNI programme is both cost effective and affordable is 
peaked at 67 % at WTP threshold of £150/QALY gain, but 
gradually settles to 62 %. The higher the programme budget 
the higher the probability of being cost effective and afford-
able. The upper curve shows that at a programme budget 
of £234 million (no budget constraints) the corresponding 
probability of simultaneously being cost effective and afford-
able peaks at 86 % at the WTP threshold of £3500/QALY 
gained. For any programme budget equivalent or above the 

“no budget constraints” (£234 million) the probability of 
the cost-effectiveness affordability curve will be the same 
as upper curve shown in Fig. 7. The “no budget constraint” 
curve in Fig. 7 is the same as the CEAC curve in Fig. 5, this 
curve does not attain a 100 % probability.

To inform a risk-averse decision maker, a computation of 
the risk-averse impact of each intervention arm for all pos-
sible WTP threshold value is plotted as a cost-effectiveness 
risk-aversion curve (CERAC) (see Fig. 8). From Fig. 8 it is 
observed that for all threshold values, the DR-BNI interven-
tion offers more net monetary benefit (NMB) per unit of 
bad risk for all WTP threshold. The benefit-to-risk ratio is 
observed in the difference between the CERAC curves rep-
resenting each intervention programme. The CERAC cuts 
the x-axis when the expected NMB exceeds zero.

Secondary results from baseline parameters are shown in 
Table 5. It is observed that DR-BNI had 217 dental visit and 
control had 215 visits. Thus, there was a higher proportion 
of dental visits to number of participants in the DR-BNI 
group in comparison with the control group (with a differ-
ence of 0.26). The case was different with the reported vis-
its to the general medical practitioner (GMP), the DR-BNI 
group reported fewer visits (0.60 visits per participant) than 
in the control group (0.68 visits per participant). There was 
more progression to fillings and extractions in the control 
intervention than in the DR-BNI intervention. The results 
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from Table 5 show that the DR-BNI intervention reduces 
progression to dental caries reoccurrence. The ratio of chil-
dren with at least one event (fillings and extraction) in the 
DR-BNI arm is approximately 29 % and the control arm 
is 46 %; thus, a difference of 17 per 100 participants. The 
result from Table 2 supports the results from Table 5, with 
the control having higher costs for fillings, GMP visits, and 
antibiotic treatment.

The incremental cost is − £3.56 and the difference in the 
cases of children with fillings and extractions prevented is 
− 17 %. The cost-effectiveness ratio for having at least an 
adverse event (filling and/or extractions) avoided is a cost-
savings of £20.94 per participant per event prevented.

4  Discussion

The aim of this pragmatic RCT was to compare the 
resource allocation towards oral health using two different 
approaches: the DR-BNI, a goal-oriented 30-minute “talk-
ing” approach, which involved discussion on caries pre-
vention with a dental nurse and parent, and a usual care 
approach, which controlled for the time spent talking to par-
ents in the DR-BNI arm. Both groups of participants were 
given the same informative leaflet about future tooth erup-
tion. This study investigated the cost effectiveness of DR-
BNI in preventing reoccurrence of dental caries in children 
aged 5–7 years who have had a primary tooth extracted. The 
results derived from this economic evaluation, conducted 
from an NHS perspective, alongside the Dental RECUR 
pragmatic RCT, provide evidence that the DR-BNI inter-
vention is a dominant intervention in comparison to stand-
ard care, defined here as time spent talking to parents. The 
DR-BNI intervention was minimally less expensive, with a 
reduced mean cost of £3.56 per child.

The DR-BNI is a low-cost intervention (£6.47) that can 
be accommodated within the dental-care budget for children 
in the UK. The cost budget per child of the population in the 

UK has ranged from £50–£77, and for registered children 
between £78–£105 per child annually in the past few years 
[15, 46–48]; this allows for the DR-BNI programme to be 
implemented with very little or no budget constraints.

The analysis shows that the NHS will be providing bet-
ter oral health and cost savings in employing its resources 
towards the DR-BNI goal-oriented intervention. The sec-
ondary analysis also shows the DR-BNI to be effective and 
affirms that the NHS will be saving resources and costs in 
preventing fillings and extractions in patients with a value of 
£20.94 per participant for each event avoided. The QALYs 
gained by preventing reoccurrence of dental caries improves 
the OHRQoL of these children and thus eases the burden 
on parents and families [34]. The results obtained from the 
economic evaluation reaffirms the finding that the interven-
tion of nurses with parents was critical to achieving better 
oral health in the DR-BNI group [22].

The control arm had a higher cost associated with patients 
in the “caries” health state while the DR-BNI arm had a 
higher cost for patients in the “no caries” health state. The 
cost variation in the two intervention arms can be explained 
as the DR-BNI had more cost accumulated from dental and 
other advisory visits while the control had more cost from 
fillings, extractions and other treatment. The QALY values 
implemented in both arms of the intervention were the same 
across health states. The major difference was in the transi-
tion probability rates across each health state. This explains 
the primary result of the DR-BNI having a dominant ICER 
result and a cost-saving secondary result (£20.94 per par-
ticipant per case avoided), all in agreement with the results 
from the two-year clinical trial [22].

In a recent publication, Nguyen et al. [43] explored the 
impact of fluoride varnish in children using a decision tree 
and a Markov model. These techniques have been used for 
different interventions in oral health, but there are no deci-
sion models that have investigated the cost effectiveness of a 
goal-oriented therapeutic “talking” dental caries prevention 
intervention or compared it with other types of interven-
tion or treatment. Tickle et al. [35] reported that preventive 
care in oral health seemed reactive to disease patterns [35]. 
The DR-BNI provides a pro-active and reactive prevention 
intervention approach.

The DR-BNI builds on studies that have investigated the 
benefits of educational interventions on oral health [36, 37] 
by embedding behaviour change techniques using a motiva-
tional interviewing approach, which provides a less expen-
sive but more effective preventive approach to oral health. 
The involvement of parents/caregivers in the DR-BNI inter-
vention seemed to be key and supports the findings of Clarke 
et al. [34] on the impact and role of parents as drivers of 
behaviour change within the family, for preventing dental 
caries through the life course.

Table 5  Number of visits and dental treatment provided during the 
2-year trial period

DR-BNI Dental RECUR Brief Negotiated Interview for Oral Health, 
GMP general medical practitioner

Number of cases (number of participants 
involved)

DR-BNI (n = 72) Control (n = 78)

Visits to dentist 217 215
Only 1 visit 15 22
2 or more visits 57 56
Visits to GMP 43 (20) 53 (27)
Fillings and extraction 27 (21) 51 (36)
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The sensitivity analysis showed that varying parameters 
can have an impact on the cost-effectiveness analysis. The 
biggest parameters impacting the cost effectiveness were 
costs associated with the caries/no-caries recurrence group, 
which at the worst-case scenario remains cost effective. The 
cost of the intervention has varied and its impact is observed 
to remain cost effective even at its worst-case; its best-case is 
dominant in favour of the DR-BNI with a ± 200 % change. 
Two other common underlying parameters in both arms of 
the study; QALY values and transition probabilities were 
observed to vary the ICER but not change the interpretation 
of the result. This displayed the robustness and certainty in 
the process and results derived. Further studies are required 
to investigate the long-term cost effectiveness of the DR-BNI 
in comparison to other preventive or treatment interventions 
of children probably to the age of 18 years, at which time 
the NHS does not pay (partial/full) for the treatment cost.

5  Strengths and Limitations

This is the first study that investigates the cost effective-
ness of the DR-BNI intervention for preventing reoccurrence 
of dental caries in children who have had a primary tooth 
extracted. These results will serve as a reference for future 
studies and a guide for other dental or child-based studies. 
The parameters such as costs and transition probabilities 
used in the analysis conducted in this study were informed 
from the Dental RECUR clinical trial [22], which provide 
the DR-BNI as a new addition in the preventive dental care 
literature. The perspective included in the study is the NHS 
perspective and we believe this to be most appropriate as 
the NHS covers the cost of treatment for children aged 
<18 years in the UK. The fact that this trial was under-
taken within a well-conducted RCT provides literature for a 
well-established base case for comparison with other inter-
ventions aimed at preventing dental caries. Future research 
would be beneficial to examine the benefits of applying the 
DR-BNI intervention in primary care at earlier stages of 
childhood dental caries to reduce the need for subsequent 
extractions.

This dataset had no QALY values because at the time the 
study was conducted there was no preference-based measure 
of utility for young children. Since then, the CHU-9D has 
been developed and is increasingly being used in children 
aged ≥ 7 years [44]; hence, values from published litera-
ture were applied to this study. Although publications have 
shown the positive trends between dental caries and otitis 
media [45], QALY values from the DR-BNI trial might have 
varied slightly. This analysis focused on the treatment to 

avoid double counting; hence, we adopted QALY values, 
but further outcomes such as quality-adjusted tooth years 
(QATYs), number of decayed, missing, and filled teeth 
(DMFT) can still be investigated in the future.

Another limitation observed during this study was the 
variation of isolating cost parameters during the sensitiv-
ity analysis due to the different treatment modules adopted 
by England, Scotland and Northern Ireland. In England, in 
order to vary the cost of one treatment, the costs for the 
bands should vary, and as each band contains more than one 
treatment, this produces some complexity.

Another limitation is that this study reflects only the NHS 
perspective and did not include other forms of cost, which 
might limit the results. Societal costs such as out-of-pocket 
costs, productivity loss due to a parent/caregiver accom-
panying the child, and children missing school for dental 
visits could impact the outcome of the result as shown in 
Table 4. It is widely accepted that health is strongly influ-
enced by social, economic conditions and lifestyle choices 
[16]. With less severe treatment and better health, saved time 
and resources are channelled to other societal and economic 
activities that can promote a healthy community. Future 
studies should include societal costs in order to understand 
the overall impact of this intervention, not just to the NHS 
but to the individual families and societies as a whole.

6  Conclusions

Preventable tooth extraction due to dental caries in chil-
dren costs the NHS £205 million per year in the UK [42]. 
The DR-BNI intervention offers good value for money in 
comparison to the control intervention in the dental care 
of children aged 5–7 years. This analysis also proved that 
the DR-BNI intervention prevents/reduces the reoccurrence 
of dental fillings and extraction as an adverse event with 
a mean cost savings of £20.94 per participant for adverse 
event prevented. The DR-BNI intervention was dominant 
for preventing dental caries reoccurrence with ICER values 
below the NICE threshold of £20,000 to £30,000 even at a 
worst-case scenario. The impact of a goal-oriented 30-min-
ute therapeutic “talking” intervention between a dental nurse 
and parent/caregiver should be taken into consideration by 
policy makers as the evidence indicates it to be cost-saving 
to the NHS and provide better benefit to risk.

Appendix

See Tables 6, 7.
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