
Aim To model the inequalities in availability of National Health
Service general dental practitioners in England and Wales in
relation to key socio-demographic factors.
Methods Current estimates of the numbers of NHS general
dental practitioners for each health authority were related to data
from the 1991 census using Poisson regression models, and
generalised estimating equations to allow for correlation between
results for neighbouring health authorities. 
Results An ‘average’ health authority, without a dental school,
would be expected to have 2,138 residents for every NHS dentist.
Controlling for relevant factors, health authorities with higher
proportions of the following are associated with lower (better)
population to dentist ratios by the amounts shown: each 1%
higher female population (–11.8%; 95%CI –19.1%, –3.9%
P = 0.004); each 1% greater South Asian population (–1.4%;
95%CI –2.1%, –0.7% P <0.001). A health authority with a dental
school is associated with a more favourable ratio compared with
one without such a facility (–9.2%; 95%CI –16.2%, –1.6%
P = 0.019). Each additional 1% of the following are associated
with a worse ratio by the amounts shown: children aged 0 to 14
years old (+5.2%; 95% CI +2.4%, +8.1% P < 0.001); adults aged
over 65 years old (+2.8%, 95%CI +1.0%, +4.7% P =0.002);
households without a car (+0.8%; 95%CI 0.0%, +1.6% P =0.042).
Conclusions Ensuring access to dental care may be a more
complex issue than simply providing adequate numbers of dentists
at a national level. Any manpower planning exercise should
additionally consider local factors that may act as incentives or
disincentives to those professionals who provide care. 

Dentists provide almost all the oral health care in the United
Kingdom. The Dentists Act currently permits only minimal

duties to be undertaken by the professions complementary to den-
tistry (PCDs), such as hygienists and dental therapists. There are
currently just over 29,000 persons registered to practice dentistry in
the UK and around 4,000 PCDs.1 The British Dental Association
(BDA) estimates that there are around 20,000 dentists in general
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practice who provide at least some NHS care, and approximately
500–1,000 purely private dentists.2

The UK as a whole had a population to dentist ratio of 2,485 to 1
in 1994. This was the second least favourable ratio among European
Union countries.3 The BDA has stated its belief that there is insuffi-
cient dental manpower and has called for manpower requirements
to be reassessed.4 The General Dental Council has requested that
government change the 1984 Dentist’s Act to permit a wider skill-
mix of personnel to be employed in the provision of dental services.
This occurred as a result of the recommendations published in a
review of the role of PCDs.5

Individuals and professional organisations have expressed con-
cerns about dental manpower; in particular regarding the geo-
graphical maldistribution of general dental practitioners. However,
there is relatively little information in the literature to guide policy.
The most frequently cited studies were conducted more than 20
years ago.6–9 Recently, Buck considered inequalities in numbers of
general dental practitioners both in terms of the relationship to
population size and, importantly, in relation to inequalities in oral
health.10 He reported that the inequalities in manpower were worse
when compared with oral health than they were when compared
solely with population size. Reducing inequalities in health became
one of the main health policy issues of the late 1990s.11 The inde-
pendent inquiry into inequalities in health collected evidence and
reviewed recommendations for tackling the public health 
problems arising from these inequalities.12

Much is known about the factors that affect demand for services
from consumers of healthcare. People from higher socio-eco-
nomic groups are more likely to register with a dentist and are
more likely to attend for check-ups when they do not have symp-
toms.13,14 A recent survey undertaken by the National Consumer
Council reported that registration was higher in the higher social
groups (81%) than in the lower social groups (67%).15 Self-
reported registration was also higher in females (79%) than males
(71%). In each case the reported levels of registration are higher
than the actual levels recorded by the Dental Practice Board.16 In
most industrialised countries the socio-economic gradient in the
use of dental services is well documented, not only in terms of rel-
atively lower frequency of dental visits for low-income and less
educated groups, but also in relation to lower consumption of pre-
ventive services.17

Relatively little research has focussed on the supply-side of the
dental manpower equation. Taylor et al. hypothesised ‘If more were
known about the factors which influence dentists’ choice of practice
location, the knowledge might then be used to redress the imbal-
ance’.18 The aim of the current investigation was to construct a
model to describe and predict the geographical inequalities in avail-
ability of NHS general dental practitioners in England and Wales in
relation to key socio-demographic factors.
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Methods
Data preparation
The numbers of dentists providing NHS dental care within each of
the 105 English and Welsh health authorities were estimated from
the numbers of NHS contracts for each health authority. These
were derived from the January to March 1999 Dental Practice
Board bulletin.16 The DPB data were also used to calculate current
total population estimates for each health authority. Socio-demo-
graphic data were extracted from the ‘small area statistics’ tables of
the 1991 census. Since the health authority boundaries changed in
1996, it was not appropriate to extract the data at the level of 1991
health authorities. These data were therefore extracted at the
enumeration district level (ED) level and were aggregated to the
1996 district health authority level by combining EDs using the

geographical information systems (GIS) software package —
ARCINFO.19

The data were used to generate a series of possible factors (covari-
ates) that might explain the variations in the relationship between
population size for a health authority and the number of general
dental practitioners with a NHS contract. All proportions were
calculated from the 1991 census data. 

Statistical methods
Poisson regression models were fitted to the data to investigate
the relationship between the numbers of NHS practitioners and
the potential explanatory factors. The analyses accounted for the
differing population sizes in the different health authorities. 
Further statistical techniques were employed to account for the
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Table 1 Population per NHS dentist in each health authority in 1999

Health authority People per Health authority People per
NHS dentist NHS dentist

Kensington, Chelsea & Westminster 1214 Birmingham 2210
Camden and Islington 1378 Sefton 2222
Ealing, Hammersmith and Hounslow 1407 Bradford 2226
East Norfolk 1495 North and Mid Hampshire 2228
Brent and Harrow 1550 Morecambe Bay 2232
West Hertfordshire 1593 Suffolk 2237
Barnet 1605 North West Lancashire 2242
Croydon 1614 West Pennine 2253
East and North Hertfordshire 1681 North Cumbria 2262
Manchester 1697 Gwent 2273
East Surrey 1715 Somerset 2274
Enfield and Haringay 1732 Wiltshire 2279
Merton, Sutton and Wandsworth 1737 Leicestershire 2288
Avon 1737 North Nottinghamshire 2295
Tees 1782 Rotherham 2298
Sheffield 1829 Isle of Wight 2331
Kingston and Richmond 1833 Portsmouth & SE Hampshire 2347
West Surrey 1836 Oxfordshire 2358
West Sussex 1848 Bury and Rochdale 2359
Wirral 1863 Coventry 2360
Newcastle and North Tyneside 1891 East Kent 2364
Leeds 1894 East Lancashire 2400
East Sussex, Brighton and Hove 1899 Worcestershire 2402
Hillingdon 1904 Bro Taf 2406
North and East Devon 1922 Southampton & SW Hampshire 2409
Lambeth, Southwark and Lewisham 1940 North Cheshire 2437
Nottingham 1940 County Durham 2443
Liverpool 1965 Shropshire 2454
West Kent 1967 Cambridge and Huntingdon 2481
Herefordshire 1977 South Essex 2482
Buckinghamshire 1981 North Wales 2523
East London and The City 1998 South Derbyshire 2526
Redbridge and Waltham Forest 2006 Dyfed Powys 2528
Bexley and Greenwich 2032 Warwickshire 2531
Bromley 2038 St Helens and Knowsley 2542
Gateshead and South Tyneside 2044 Bedfordshire 2557
South and West Devon 2067 South Lancashire 2566
Stockport 2068 Cornwall and Isles of Scilly 2566
North Yorkshire 2072 Barnsley 2585
Berkshire 2077 Sunderland 2593
Salford and Trafford 2096 Wakefield 2601
North Essex 2120 North Staffordshire 2659
Wigan and Bolton 2125 Wolverhampton 2661
Lechyd Morgannwg 2127 Solihull 2699
Gloucestershire 2143 Northamptonshire 2787
Doncaster 2144 North West Anglia 2831
Calderdale and Kirklees 2165 South Staffordshire 2904
Dorset 2176 East Riding 2932
North Derbyshire 2177 Lincolnshire 2935
South Cheshire 2183 Dudley 2938
Sandwell 2189 South Humber 2981
Northumberland 2205 Walsall 3359
Barking and Havering 2207
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geographical relationships between the health authorities. The
statistical methods are described in detail in the appendix.  

Results
Table 1 lists all 105 health authorities in England and Wales along
with the total population size divided by the number of NHS 
dentists. The health authority with the most favourable ratio was
Kensington, Chelsea and Westminster (1,214 residents per NHS
dentist). The least favourable ratio was found in Walsall (3,359 resi-
dents per NHS dentist). These results are presented geographically in
Figure 1. Table 2 shows summary information for the health author-
ity explanatory covariates. Table 3 presents the results obtained
from univariate Poisson regression analyses. The results are the esti-
mated effects for each of the explanatory covariates without con-
trolling for the effects of any of the other covariates or allowing for
correlation between results for neighbouring health authorities.

Table 4 shows the relationship between the statistically significant
(P < 0.05) covariates in the final model and the population to den-
tist ratios derived using a Generalised Estimating Equation
approach as described in the appendix. The reference point is a
hypothetical ‘average’ health authority with average proportions of
all the listed covariates and no dental school. An ‘average’ health
authority would be expected to have 2,138 residents per NHS den-
tist. Health authorities with greater proportions of females are asso-
ciated with statistically significantly lower numbers of people per
NHS dentist. Statistically significantly lower ratios are also seen in
health authorities with a relatively high proportion of the popula-
tion who are South Asian, with a higher proportion of households

that are not owner-occupied, and in health authorities with a dental
school. The population to dentist ratios are statistically significantly
worse in health authorities with relatively high proportions of the
population being made up of children (0–14 years old) or older
adults (65+ years old), and a relatively large proportion of house-
holds without car ownership. Table 4 also shows the non-statisti-
cally significant associations between the other covariates and the
population to dentist ratio estimated by introducing these covari-
ates, one at a time, into the final regression model.

Discussion
Since 1990, when the new general dental service contract was intro-
duced, the provision of NHS dentistry has been changing. Some
practitioners have opted out of the NHS and some are more restric-
tive in their provision of NHS care. The National Consumer Coun-
cil’s survey asked people if they had attempted to register with a
NHS dentist in the last year and whether they had experienced any
difficulties in registering. They found that of the 19% of people who
had attempted to register with a NHS practitioner 33% had experi-
enced difficulty in doing so. This was a slightly higher proportion
than found in the Council’s previous survey in 1993, in which 28%
had reported problems.15

The existing research into the supply of dental manpower has pre-
dominantly focussed on the characteristics of individual dentists.
There is a strong relationship between the choice of practice loca-
tion and factors such as the dentists’ place of birth, and the location
of both their undergraduate and postgraduate dental educa-
tion.18,22,23 Consideration has also been given to how the practising
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Table 2. Summary statistics of health authority socio-demographic data

Item Mean Minimum Maximum Reference range
(2.5%, 97.5% percentiles)

Population density (people/km2) 1561 43 11234 61 8781
Postcode density (postcodes/km2) 48.3 2.3 561.1 2.7 282.1
Proportion of the population who are non-white (%) 5.8 0.4 37.3 5.3 29.8
Proportion of the population who are Black (%) 1.7 0.1 18.7 0.1 12.3
Proportion of the population who are South Asian (%) 2.9 0.1 19.2 0.1 15.7
Proportion female (%) 51.5 50.4 53.3 50.5 52.8
Proportion aged 0–14 years old (%) 18.9 13.2 23.0 16.3 21.8
Proportion aged 15–64 years old (%) 65.0 60.1 72.3 60.8 68.8
Proportion aged over 65 years old (%) 16.1 12.4 23.4 12.4 22.9
Proportion of unemployed men (%) 11.4 5.7 25.8 5.9 23.4
Proportion of households without a car (%) 24.8 10.7 51.4 11.8 49.5
Proportion of households not owner occupied (%) 32.0 20.5 68.5 21.4 63.1
Proportion of overcrowded households (%) 4.6 2.3 19.4 2.5 10. 5

Table 3 Univariate relationships between 1991 census variables and the 1999 estimated population to NHS dentist ratios for English and Welsh
health authorities

Item Predicted change in 95% confidence interval (%) P
population to dentist ratio (%)

Each 100 people per km2 increase in the population density –0.41 –0.28 –0.54 < 0.001
Each 100 postcodes per km2 increase in the postcode density –11.23 –8.13 –14.24 < 0.001
Changing from a rural to an urban health authority 

(cut-off point at 1,000 people per km2) –9.84 –3.44 –15.82 0.003
Changing from a non-London to a London health authority –21.50 –14.99 –27.52 < 0.001
Each 1% increase in proportion of females –10.96 –6.14 –15.54 < 0.001
Each 1% increase in proportion aged 0 to 14 years old +4.62 +2.20 +7.10 < 0.001
Each 1% increase in proportion aged over 65 years old +0.34 –1.16 +1.87 0.657
Each 1% increase in proportion of unemployed men –0.47 –1.31 +0.38 0.281
Each 1% increase in proportion of households not owning a car –0.42 –0.07 –0.78 0.020
Each 1% increase in proportion of overcrowded households –1.81 –0.66 –2.95 0.002
Each 1% increase in proportion of households not owner-occupied –0.61 –0.28 –0.94 < 0.001
Each 1% increase in proportion of the population who are non-white –0.89 –0.51 –1.26 < 0.001
Each 1% increase in proportion of the population who are Black –1.88 –1.01 –2.74 < 0.001
Each 1% increase in proportion of the population who are South Asian –1.03 –0.25 –1.81 0.009
Changing from a health authority without a dental school to one with a dental school –11.03 –1.80 –19.40 0.020



BRITISH DENTAL JOURNAL, VOLUME 190, NO. 10, MAY 26 2001 551

environment may affect the physical and psychological wellbeing of
practitioners. Baldwin et al., looked at factors that affected where
young dentists worked and the levels of occupational stress they
endured. They found that most pressure at work was associated with
practitioners who received an income from part NHS and part pri-
vate funding.24 Croucher et al., questioned 325 general dental prac-
titioners about ‘burnout’ and their working environment. Those
practitioners reporting high levels of depersonalisation were more
likely to provide a greater proportion of care through the NHS.25

The current investigation differs from previous research in that it
uses routinely collected data to investigate the relationship between
availability of NHS GDPs and demographic characteristics of the
population they potentially serve. The health authority was chosen
as the unit of analysis for two reasons; one scientific and one prag-
matic. The analysis at the health authority level makes sense since
this is the level at which local policy decisions will be made. The
Dental Practice Board also publishes details of registrations and
contracts at this level. There is evidence within social and health ser-
vices literature that the health authority level may not be the most
appropriate level at which to undertake these types of investigations.
Census data are collected at a much lower level. As areas are com-
bined, the effect of aggregation is to lose sensitivity since larger areas
are more homogenous than smaller areas. Thus differences in social
structure may be lost. This is amply illustrated by an investigation of
the relationship between caries experience in 5 and 12-year-old chil-
dren and the Jarman index of relative deprivation by Jones et al.

Their study found that the smaller the geographical units under
study the stronger the association between caries and deprivation.26

The DPB publishes the number of contracts that it holds with
practitioners in each health authority. This will never correspond
exactly to number of dentists providing NHS care, and cannot mea-
sure what proportion of their work is undertaken under private
arrangements. Some practitioners may have recently stopped seeing
NHS patients but will have a contract with the DPB if they are wait-
ing for payment for work completed. Some practitioners may be
working as an assistant to another dentist and will not hold a per-
sonal contract with the Dental Practice Board. Some dentists will
work in more than one health authority and will hold more than
one contract. Similarly, among attenders, there is no guarantee that
people will visit a dental practice in their health authority of resi-
dence (although most probably do). 

Previous studies have shown an association between dental atten-
dance, oral health, and demographic factors. Dental attendance is in
part governed by individual patient factors, but may also be related
to the availability of services. The current study has demonstrated
that availability of NHS dental practitioners is itself also related to
local demographic factors, albeit at an ecological level. A model can
be used to describe those factors that are associated with the num-
ber of NHS dental practitioners in a health authority. Inequalities in
the numbers of NHS dentists are apparent between different health
authorities when controlling for the total population size of each
health authority.
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Fig. 1 Population per NHS dentist
(quintiles), English and Welsh
health authorities, 1999

Population per NHS dentist
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Health authorities in which there are relatively higher propor-
tions of females appear to be better served for NHS GDPs than
health authorities with lower proportions of women. However, it
should be noted that the range between the areas with the lowest
and highest proportions of females is less than 3% (Table 2) and so
caution should be exhibited when interpreting this result. The fact
that health authorities with a dental school appear to have around
a 9% improvement in the population to NHS dentist ratio sup-
ports previous research that dentists often choose to practise near
where they qualified or undertook postgraduate training. It was
also found that health authorities with a large South Asian popula-
tion were also relatively better-served. Dentistry is a career that is a
popular choice among the Indian community27 and previous
research has shown that dentists often return to their place of
childhood to practice (although ethnicity has not been specifically
considered).18,22,23 Car ownership and property ownership may
be considered as proxies for affluence. In the current study they
were both of borderline statistical significance. The importance of
these proxy measures can be difficult to assess. In highly urbanised
areas car ownership becomes less important than in rural commu-
nities. Similarly, ownership of property may be a less effective
measure of affluence in certain city areas. The only factors that
were clearly associated with lower availability of NHS GDPs were
the proportions of the local population who are either young 
(≤ 14-years-old) or elderly (≥ 65-years-old). This would tend to
reinforce the notion that dentistry is predominately a market for
young and middle-aged adults. 

As long ago as 1981 the Dental Strategy Review Group stated ‘We
believe that minimising the existing social and geographical differ-
ences in dental care will require a co-ordinated manpower policy
and cannot be left to chance as hitherto’.28 Buck points out that lit-
tle has been done since. His work shows that the inequalities in
numbers of GDPs in relation to current treatment need are worse
than the inequalities in population to dentist ratios.10 Neither the
work of Buck or the current study are able to account for the con-
tribution made by independent (private) practitioners or the
Community Dental Service (CDS). The number of entirely private
practitioners is relatively small. Although part of the remit of the
CDS is to provide care to people who may experience difficulty in
accessing care from the general dental service, its overall contribu-
tion is small in comparison with the much larger number of den-
tists in general practice.  

Conclusions
The current investigation was conducted at an ecological level
and was based on census data that is relatively old. As such, it can-
not provide conclusive proof of associations. However, it does
indicate that the process of ensuring equitable access to dental
care may be a more complex issue than simply providing ade-
quate numbers of dentists or dental auxiliaries at a national level.
In addition to consideration of the well-documented barriers to
access experienced by potential clients, any manpower planning
exercise should consider local factors that act as incentives or dis-
incentives to those professionals who will be expected to provide
dental care. Failure to consider these factors may not address the
underlying inequality in service provision and might even exacer-
bate the problem. 

The authors wish to acknowledge the kind assistance of Professor Michael Kenward
and Dr Mona Abdalla, Medical Statistics Unit, London School of Hygiene and
Tropical Medicine. This research arose following a suggestion by Professor Raman
Bedi, Eastman Dental Institute. Dr Moles was part funded by a Medical Research
Council Advanced Course Studentship. The source of the demographic data used in
this study is: the 1991 Census, Crown Copyright. ESRC purchase.

Appendix – detailed statistical methodology
A series of univariate Poisson regression models were fitted to the
data to investigate the relationship between the numbers of NHS
practitioners and each of the covariates individually. The popula-
tion size was included as an offset in all the models to account for the
different underlying population base for each health authority. In
order to facilitate the statistical analyses and interpretations, each of
the covariates was centred on its mean by subtracting the mean
value for each covariate from the actual value for each health
authority. Standard errors were scaled according to the deviance of
the models to allow for overdispersion that is likely to arise from the
fact that many dentists work in group practices. A model with mul-
tiple explanatory covariates was developed to account for the rela-
tionship between the number of NHS dentists and each covariate
while controlling for the effects of the other covariates included in
the model. This model was produced using an automated backward
stepwise technique and confirmed by manually checking that it was
not possible to re-introduce any of the eliminated covariates at the
5% level of statistical significance. 

Geographically adjacent health authorities exhibited similarities
in their dentist to population ratios. The Pearson residuals from the
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Table 4 Relationships between 1991 census variables and the 1999 estimated population to NHS dentist ratios for English and Welsh health
authorities after controlling for statistically significant covariates

Item Predicted change in 95% confidence interval P
population to (%)

dentist ratio (%)

Covariates in final model
Each 1% increase in proportion of females –11.8 –19.1 –3.9 0.004
Each 1% increase in proportion aged 0 to 14 years old +5.2 +2.4 +8.1 <0.001
Each 1% increase in proportion aged over 65 years old +2.8 +1.0 +4.7 0.002
Each 1% increase in proportion of households not owning a car +0.8 0.0 +1.6 0.042
Each 1% increase in proportion of households not owner occupied –0.6 –1.2 0.0 0.040
Each 1% increase in proportion of South Asian people –1.4 –2.1 –0.7 <0.001
Changing from a health authority without a dental school to one with a dental school –9.2 –16.2 –1.6 0.019

Non-statistically significant covariates
Each 100 people per km2 increase in the population density +0.3 –0.1 +0.7 0.140
Each 100 postcodes per km2 increase in the postcode density +0.9 –6.9 +9.3 0.831
Changing from a rural to an urban health authority (cut-off point at 1,000 people per km2) +5.0 –3.0 +13.5 0.226
Changing from a non-London to a London health authority +9.9 –3.9 +25.6 0.168
Each 1% increase in proportion of unemployed men –0.3 –2.3 +1.6 0.735
Each 1% increase in proportion of overcrowded households +2.6 –0.3 +5.6 0.077
Each 1% increase in proportion of the population who are non-white +0.7 –0.4 +1.9 0.188
Each 1% increase in proportion of the population who are Black +1.1 –0.2 +2.3 0.095
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final Poisson regression model indicated that a correlation of 0.204
remained for health authorities that shared a boundary after allow-
ing for the explanatory covariates. In order to allow for these simi-
larities, the final model was refitted and confirmatory analysis
repeated using a ‘generalised estimating equation’ approach.20

A 105 x 105 covariance matrix was specified for the 105 English and
Welsh health authorities. This matrix took the value of 1 on the
leading diagonal, 0.204 where health authorities were geographi-
cally adjacent and 0 in all other cases. Thus the covariance structure
was defined as 1 where a heath authority was compared with itself;
0.204 when compared with a neighbour and 0 when compared with
a health authority that did not share a common boundary. All the
analyses were undertaken using the STATA statistical software pack-
age (version 5).21

A normal plot of residuals showed a very good fit to the data. The
plot showed a single outlier representing East Norfolk health
authority which has a considerably more favourable population to
dentist ratio (1,495:1) than the ratio predicted by the model
(2,139:1). In order to ensure that this result was not spurious, a sen-
sitivity analysis was undertaken using 1991 population estimates
rather than current estimates. The result was almost identical with
East Norfolk remaining as the one outlier.
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