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ABSTRACT

Introduction: Access to National Health Service dentistry in England deteriorated during the COVID-19 pandemic, but how activity per
population changed across areas and which areas remain persistently under-served is unclear. Methods: Ecological longitudinal study
of 287 English local authority districts. Units of dental activity delivered per 1000 population were derived fromm NHSBSA dental statistics
for financial years 2019/20 to 2023/24 and linked to the English Index of Multiple Deprivation 2019. Persistent low activity was defined
as activity in the lowest quintile in at least four of five years. Logistic regression and gradient boosting were compared with five-fold
cross-validation. Results: Mean activity fell from 1,370.5 per 1000 in 2019/20 to 1,245.5 per 1000 in 2023/24, a decline of =125.0 per 1000, with
an acute collapse to 425.0 per 1000 in 2020/21 and only partial recovery. Activity correlated positively with deprivation (r = 0.42). Districts
with persistent low activity were less deprived (mean IMD score 16.5 versus 20.4) and smaller (mean population 151,027 versus 188,984).
Deprivation and population predicted persistent low activity only modestly (area under the curve 0.61 and 0.54). Conclusions: National
Health Service dental activity collapsed during the pandemic and recovered incompletely. Activity is pro-poor in its geographic distri-
bution, and persistently low activity concentrates in less deprived districts, consistent with substitution by private dentistry rather than
an inverse care gradient.

Keywords: health services accessibility; dental care; deprivation; machine learning; small-area analysis; England.

RESUMEN

Introduccién: El acceso a la odontologia del Servicio Nacional de Salud en Inglaterra empeord durante la pandemia, pero se desconoce
cémo cambid la actividad por poblacién entre areas. Métodos: Estudio ecolégico longitudinal de 287 distritos de Inglaterra. Las unidades
de actividad dental por cada 1000 habitantes se obtuvieron de las estadisticas dentales del NHSBSA para los ejercicios 2019/20 a 2023/24 y
se vincularon al Indice de Privacion Mdltiple 2019. La actividad baja persistente se definié como actividad en el quintil inferior en al menos
cuatro de cinco afos. Resultados: La actividad media cayd de 1370,5 por 1000 en 2019/20 a 1245,5 por 1000 en 2023/24, un descenso de
-125,0 por 1000, con colapso a 425,0 por 1000 en 2020/21. La actividad se correlacioné positivamente con la privacién (r = 0,42). Los distritos
con actividad baja persistente eran menos privados (IMD medio 16,5 frente a 20,4) y mas pequerios (151 027 frente a 188 984 habitantes).
La privacion y la poblacion predijeron la actividad baja persistente solo de forma modesta (area bajo la curva 0,61y 0,54). Conclusiones:
La actividad dental del Servicio Nacional de Salud colapsé durante la pandemia y se recuperé de forma incompleta. La actividad es
pro-pobre, y la actividad baja persistente se concentra en distritos menos privados, coherente con la sustitucion por odontologia privada.

Palabras clave: accesibilidad a los servicios de salud; atencion dental; privaciéon; aprendizaje automatico; analisis de areas pequefas;
Inglaterra.
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INTRODUCTION

Access to National Health Service dentistry in England deteriorated through the late 2010s
and worsened sharply during the COVID-19 pandemic, when routine care was suspended and
many practices never fully reopened to NHS patients.(1,2) Media accounts of patients unable to
find an NHS dentist have become common, and the geographic unevenness of this problem has
entered public and parliamentary debate.(3,4)

The root causes are contested, but they include a unit-of-dental-activity contract that many
argue misaligns incentives, longstanding underfunding relative to need, and a workforce whose
distribution follows practice economics rather than population need. Because NHS dental services
are commissioned and delivered locally, monitoring activity per population at the level of local
authority districts is a natural way to track where access has fallen furthest and where it has failed
to recover.

The dental contract itself has been the subject of repeated reform proposals, and the me-
asured decline in activity provides an empirical backdrop against which the success or failure of
those reforms can be judged.

The relationship between deprivation and NHS dental activity is central to this debate and is
more subtle than it first appears. A long literature documents socioeconomic inequalities in dental
attendance and unmet need, with deprived groups less likely to attend and more likely to report
unmet need across England and Europe.(5-7)

At the same time, because deprived populations depend on NHS rather than private dentistry,
the volume of NHS activity delivered per resident can be higher in deprived areas even while unmet
need remains high, a pattern described as the inverse dental care law in Scotland and England.(8,9)

This tension means that a low volume of NHS activity per population does not automatically
indicate a shortage of access; it may instead indicate substitution by private care in more affluent
areas.(10)

Oral health inequalities are not unique to England: they are among the most persistent
gradients in high-income countries, and international comparisons consistently place dental care
near the top of the list of services for which access tracks income.(6,11)

The English case is nevertheless distinctive because adult dental care is funded largely out
of pocket within a universal system, so the public and private sectors substitute for one another in
a way that shapes the geographic footprint of NHS activity.

Ethnicity adds a further dimension to these inequalities. Scoping reviews of oral health in the
United Kingdom find that ethnic minority groups bear a disproportionate burden of oral disease
and face additional barriers to accessing NHS dental care, patterns that overlap with but are not
reducible to socioeconomic position.(12)

The dental workforce itself is unevenly distributed, and the availability of general dental prac-
titioners has long been lower in some areas than in others, a distribution shaped by practice eco-
nomics rather than population need.(13,14)

Regular dental attendance among older adults is also socially patterned, so the districts where
activity is lowest are not necessarily those where need is lowest, and the two must be distinguished
rather than conflated.(15)

Measuring dental access at small-area level poses a distinct challenge, because no single
indicator captures the relevant concept. Approaches used in the literature include the number
of practitioners per resident, the proportion of the population attending within a period, and the
volume of treatment delivered per resident; each captures a different aspect of the access pathway
from availability through uptake to receipt of care.(16)

Prior neighbourhood-level work in England has combined these sources to show that spatial
disparities in NHS dentistry are associated with deprivation and with the local availability of prac-
tices.(10,17) The present study uses treatment volume per resident, which reflects the realised end
of the pathway, and interprets it alongside deprivation to separate low activity driven by private
substitution from low activity driven by genuine shortage.

Machine learning offers a way to interrogate which area characteristics predict persistently
low NHS activity and to move beyond single-year cross-sectional description.(18,19) By fitting a
model and reporting its out-of-sample performance, an analysis can distinguish the part of the
geographic pattern that deprivation can explain from the part that it cannot, which is a more in-
formative claim than a single correlation coefficient. Recent work has used linked administrative
dental datasets to describe area-level inequalities in England, and a systematic review of dental
deserts has called for better spatial characterisation of workforce and activity.(20,21)

The objective of this study was to describe the change in NHS dental activity per population
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across English local authority districts between financial years 2019/20 and 2023/24 and to test
which area characteristics predict persistent low activity.

METHODS

Design and data

This was an ecological longitudinal study of English local authority districts, chosen because
they are the scale at which dental services are commmissioned and at which population and de-
privation data are routinely published. Units of dental activity (UDA) delivered by patient location
were obtained from the NHS Business Services Authority dental statistics, which report activity by
financial year and by geography including local authority districts.(22)

A UDA is a weighted measure of dental treatment in which a simple examination carries fewer
units than a course of treatment involving fillings or dentures; the measure is therefore a summary
of the volume of clinical work delivered rather than a simple count of attendances. Financial years
2019/20 through 2023/24 were analysed, a window that brackets the immediate pre-pandemic
year, the pandemic disruption, and the subsequent recovery.

The outcome was UDA delivered per 1000 population, computed by dividing each district's
annual UDA total by its mid-2021 population from the Office for National Statistics. Activity was
attributed to the patient’s area of residence rather than the practice location, so the outcome
describes where treated residents live rather than where practices are sited.

Area characteristics were drawn from the English Indices of Deprivation 2019 local authority
summaries.(23)

Three characteristics were used: the average Index of Multiple Deprivation (IMD) score, whe-
re a higher score indicates greater deprivation and which summarises seven domains including
income, employment, education, health, crime, barriers to housing and services, and the living
environment; the proportion of lower-layer super output areas in the most deprived 10 percent
nationally, which captures the concentration of deprivation rather than its average level; and the
district population, which serves as a proxy for the rural and urban character of an area because
smaller districts tend to be more rural.

Districts with missing activity in more than one of the five years were excluded. Persistent
low activity was defined as activity per 1000 population in the lowest quintile in at least four of the
five financial years, a definition chosen to capture sustained rather than transient under-provision.
Trends were described with the mean and standard deviation by year, and the unadjusted asso-
ciation between deprivation and activity was quantified with the Pearson correlation coefficient.

Two properties of the data bear on interpretation. The NHSBSA activity records are admi-
nistrative and therefore complete for contracted NHS care, but they exclude private treatment,
which in England accounts for a substantial share of all dental care; the outcome is thus a measu-
re of NHS activity, not of all dental care. The IMD is measured in 2019 and therefore precedes the
outcome period, which is appropriate because deprivation is treated as a fixed area characteristic
rather than a time-varying exposure, but it means changes in deprivation during the pandemic
are not reflected in the predictor.

Statistical analysis

Two classifiers, logistic regression and gradient boosting, were trained to predict persistent
low activity from the three area characteristics and compared with five-fold cross-validation using
the area under the receiver operating characteristic curve, accuracy, and the F1score for the low-ac-
tivity class. Logistic regression provides a linear, transparent baseline, while gradient boosting can
represent non-linear and interacting effects among the predictors.

Cross-validation was used because the low-activity class is a minority and an in-sample fit
would overstate discrimination; performance was reported on out-of-fold predictions only. Permu-
tation importance described the contribution of each predictor by measuring the drop in the area
under the curve when each predictor is randomly shuffled, averaged over ten repeats. All analyses
used Python 3.13 with scikit-learn, pandas, and NumPy under a fixed random seed so that the
results are reproducible. Because all data are aggregated, anonymised, and publicly available, no
ethics approval was required.

Two definitional choices warrant comment. First, activity was attributed to patient location
rather than contract location, because the research question concerns where residents obtain care
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rather than where practices are sited; contract-location activity would describe the distribution of
supply rather than realised use, and the two can diverge when patients cross district boundaries
to attend. Second, the quintile threshold for persistent low activity was chosen as a relative rather
than absolute criterion, so that the analysis identifies the districts at the bottom of the distribution
in each year without presupposing a fixed level below which access is inadequate. These choices
are transparent and could be varied in a sensitivity analysis, but the substantive conclusions are
unlikely to depend on them because the underlying gradient is continuous and positive rather
than a threshold effect.

RESULTS

Activity per population declined and recovered only partially

Across 287 local authority districts, mean dental activity was 1,370.5 UDA per 1000 population
in 2019/20, with a standard deviation of 2121 and a median of 1374.4, indicating a relatively tight
distribution around a central value of roughly 1370 per 1000 (Table 1). Activity collapsed in the first
pandemic year to 425.0 per 1000 in 2020/21, a fall of more than two thirds, and the standard devia-
tion contracted to 62.1 as virtually all districts converged on a uniformly depressed level. Activity
then recovered to 998.3 per 1000 in 2021/22 and 1203.9 per 1000 in 2022/23, reaching 1,245.5 per 1000
in 2023/24, which remained -9.1% below the pre-pandemic level (Table 1; Figure 1).

The mean change between 2019/20 and 2023/24 was -125.0 UDA per 1000 (SD 154.8), and the
widening standard deviation across the recovery years shows that districts diverged again as the
system reopened, with some returning close to their previous level and others lagging. The change
was negative for the great majority of districts, indicating that the shortfall relative to 2019/20 was
widespread rather than confined to a few areas, but its magnitude ranged widely, so the recovery
burden was unevenly shared.

The districts that had the highest activity before the pandemic were not systematically the
ones that lost the most, and the post-pandemic ranking of districts by activity remained broadly
similar to the pre-pandemic ranking, which is why persistent low activity, rather than a single-year
snapshot, is the more meaningful object of analysis. The median followed the mean closely in every
year, confirming that the trend was not driven by a small number of extreme districts but reflected
a shift in the whole distribution.

Figure 1. Mean units of dental activity per 1000 population by financial year.
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Note: Error bars show one standard deviation. Source: Own elaboration from NHSBSA dental statistics and ONS population estimates.
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Table 1. Units of dental activity delivered per 1000 population by financial year, English local authority

districts.

Financial year Mean SD Median
2019/2020 1,370.5 2121 1374.4
2020/2021 425.0 62.1 421.8
2021/2022 998.3 159.7 991.3
2022/2023 1203.9 2287 1206.1
2023/2024 1,245.5 2473 1251.7

Note: UDA = units of dental activity delivered by patient location. SD = standard deviation. Source: NHSBSA dental statistics and ONS mid-
2021 population estimates.

Persistent low activity was concentrated in less deprived districts

Activity per 1000 population correlated positively with deprivation (r = 0.42), meaning more
deprived districts delivered more NHS activity per resident, and this relationship held in every fi-
nancial year (Figure 2). A correlation of this magnitude indicates that deprivation explains roughly
one sixth of the variance in district activity, a moderate but real gradient.

The correlation was stable rather than driven by a few outliers, and the scatter in the figure
shows that districts at the affluent end of the deprivation scale had the lowest activity, while the
most deprived districts had among the highest.

Using the definition of persistent low activity as activity in the lowest quintile in at least four
of the five years, 40 districts met the criterion and the remaining 247 did not. The persistently
low-activity districts were less deprived on average than the remainder (mean IMD score 16.5 versus
20.4) and had smaller populations (mean 151,027 versus 188,984) (Table 2).

Their mean activity in 2023/24 was 871.8 per 1000 compared with 1,306.0 per 1000 among
other districts, a gap that had widened relative to the pre-pandemic year, indicating that the dis-
tricts with low activity in 2019/20 remained low and fell further behind.

Table 2. Characteristics of districts with persistent low dental activity versus the remainder.

Group Districts (n) Mean IMD score Mean population Mean rate 2023/24
Persistent low activity 40 16.5 151,027 871.8
Other districts 247 20.4 188,984 1,306.0

Note: IMD = Index of Multiple Deprivation; a higher average score indicates greater deprivation. Persistent low activity is defined as activity
per 1000 population in the lowest quintile in at least four of five financial years.

Figure 2. Deprivation and dental activity per 1000 population in 2023/24.
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Note: Triangles mark districts with persistent low activity. IMD = Index of Multiple Deprivation; higher score indicates greater deprivation.
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Area characteristics predicted persistent low activity only modestly

Gradient boosting and logistic regression predicted persistent low activity with cross-validated
area under the curve of 0.54 and 0.61, respectively (Table 3). Accuracy was high only because the
low-activity class was a minority of the sample; with F1 scores of 0.000 and 0.069 for the minority
class, the models almost never identified low-activity districts correctly.

Table 3. Model performance for predicting persistent low dental activity.

Model AUC | Accuracy F1
Logistic regression 0.61 0.861 0.000
Gradient boosting 0.54 0.819 0.069

Note: AUC = area under the receiver operating characteristic curve (five-fold cross-validation); F1 = harmonic mean of precision and recall
for the low-activity class.

The two models performed similarly, indicating that the weak discrimination was a property
of the predictors rather than of the choice of algorithm. In permutation importance, deprivation
was the leading predictor (0.195), followed by population size (0.132), while the concentration of
deprivation contributed little (0.031) (Table 4).

Deprivation’'s importance of 0.195 in absolute terms is small, which is consistent with the
modest area under the curve and confirms that the three area characteristics, while associated
with activity in aggregate, are individually weak discriminators.

Table 4. Permutation importance of area characteristics for predicting persistent low dental activity.

Predictor Importance
IMD average score 0.195
Population 0132
Deprived areas (most deprived 10%) 0.031

Note: Importance is the mean decrease in area under the receiver operating characteristic curve after permuting each predictor (10
repeats). IMD = Index of Multiple Deprivation.

DISCUSSION

The first finding is that NHS dental activity per population collapsed during the pandemic
and recovered only partially. Activity fell by —125 per 1000 between 2019/20 and 2023/24, driven by
an acute drop in 2020/21 and a recovery that stalled roughly -9 percent below the pre-pandemic
level. This mirrors national and regional reports that documented a sharp fall in realised access
during the pandemic and a recovery that did not return activity to earlier levels.(1-3)

The persistence of the shortfall into 2023/24 indicates that the pandemic did not merely in-
terrupt care but may have accelerated a structural contraction in NHS dentistry, a concern raised
in commentary on the post-pandemic recovery.(4)

The Scotland experience is instructive here, because Scottish data likewise showed that ac-
cess fell during the pandemic and that the fall was uneven across socioeconomic groups, which
suggests the contraction is not specific to the English commissioning model.(24)

The second finding is that activity per population is pro-poor in its geographic distribution.
More deprived districts delivered more NHS activity per resident, and the districts with persistently
low activity were less deprived and smaller than the remainder. This is consistent with the inverse
dental care law, in which deprived populations depend on NHS services while more affluent po-
pulations substitute private care.(8,9)It also agrees with neighbourhood-level analyses showing
that spatial disparities in NHS dentistry reflect the distribution of the workforce and of private
alternatives rather than a simple shortage in deprived areas.(10,13)

The result cautions against equating low NHS activity with an access desert: at the district
level, low NHS activity is more often a marker of private substitution than of unmet need among
the deprived, and the concentration of NHS orthodontic activity in deprived areas in England points
in the same direction.(25)
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Older people and other groups who rely on NHS care face the inverse problem, in which
high need coexists with barriers to attendance.(26,27) Comparative work on dental coverage for
older adults across eight countries shows that England’s largely out-of-pocket adult dental care
sits alongside public systems that fund care for younger age groups, a design that concentrates
financial barriers precisely among the older population with the greatest accumulated need.(28)

The pro-poor gradient should not be read as evidence that access is adequate in deprived
areas. Area-level activity measures count treatment delivered, and a high level of NHS activity in
a deprived district can coexist with substantial unmet need, because need rises faster than su-
pply. Studies of homeless and otherwise marginalised populations document persistent barriers
to entering NHS dentistry even where services exist, including registration, cost, and competing
priorities.(29)

Urgent dental care pathways in England similarly show repeated attendance concentrated
in deprived populations, a pattern consistent with unmet routine need surfacing as emergency
demand.(30)The geographic gradient observed here is therefore best understood as the footprint
of who uses NHS care, not as a map of who needs it.

The pro-poor gradient in NHS activity is consistent with the inverse care law as classically
formulated, but its interpretation requires care. The law predicts that the availability of good me-
dical care varies inversely with the need of the population served; in dentistry the gradient runs
in the opposite direction for NHS activity precisely because private care serves as an escape valve
for the affluent.(8)

An area-level analysis that sees only NHS activity would conclude that deprived populations
are well served, when in fact the level of need is far higher than the activity delivered. The finding
that persistently low NHS activity is associated with affluence, not deprivation, therefore reflects
the dual structure of English dentistry rather than an absence of inequality. This dual structure
is a long-standing feature of the English system, in which dental care sits outside the universal
coverage that applies to most other NHS services, and it explains why dental access repeatedly
appears as an outlier in comparisons of health care equity.(9)

The incomplete recovery of dental activity also contrasts with the recovery of other NHS
services. Medical general practice and hospital care returned to or above pre-pandemic volumes
more quickly, whereas dentistry, which was subject to the longest suspension of routine care,
lagged behind.

This divergence reflects both the aerosol-generating nature of dental procedures, which jus-
tified early and prolonged infection-control restrictions, and the deeper fragility of a service whose
funding and workforce were already under strain before 2020.(1,2)

The persistence of the shortfall into the third year after the acute disruption suggests that the
pandemic converted a chronic problem into an acute and visible one rather than creating it anew.
Whether the shortfall represents a permanent contraction or a slow recovery that will eventually
close the gap cannot be settled from five years of data, but the direction of travel in the most recent
year, in which activity remained below baseline, argues against a rapid return to the status quo.

The third finding is that area characteristics predict persistent low activity only modestly.
Deprivation and population size together yielded a cross-validated area under the curve of roughly
0.54 to 0.61, and the models rarely identified low-activity districts correctly. An area under the curve
of this magnitude is close to chance, so the models offer little discriminatory value beyond what
could be achieved by knowing the overall prevalence of low activity.

The weak predictive power is itself informative: persistent low NHS activity is not tightly
determined by the deprivation and size characteristics available here, and other factors such as
workforce supply, practice ownership, and commissioning decisions are likely to dominate.(21,31)
The use of machine learning with cross-validation prevented the over-optimistic performance that
an in-sample fit would have suggested, and the permutation ranking confirmed that deprivation,
not population or the concentration of deprived neighbourhoods, carries most of the available
signal.(18)

This is consistent with broader applications of machine learning to social determinants and
small-area estimation, which emphasise that the value of such models lies as much in what they
fail to predict as in what they predict.(19,32) Prior work predicting area vulnerability from social de-
terminants in the United States and measuring health inequalities from imagery has shown that
deprivation can be a strong predictor of some outcomes and a weak predictor of others, depending
on whether the outcome is shaped directly by material conditions or by service organisation.(33,34)

Dental activity belongs to the second category, because it is mediated by commissioning
and workforce decisions that are not captured by census-derived deprivation measures. The con-
tribution of the machine learning step is therefore less to build a deployable targeting tool than
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to demonstrate, with a defensible out-of-sample estimate, how much of the geographic pattern
deprivation can and cannot account for on its own.

The modest model performance also has a practical implication for how such models should
be built and reported. An in-sample fit on the same districts would have suggested near-perfect
discrimination, because the low-activity class is defined by the very activity that the predictors
partially track. Reporting only in-sample performance would therefore overstate the utility of de-
privation-based targeting. The cross-validated estimate, by contrast, shows that deprivation alone
is not sufficient to identify districts that will remain under-served, and that commissioning data
on contracts and workforce are the more natural inputs for a targeting model.(17,21)

This is a specific instance of a general lesson in machine learning for health services research,
namely that the choice of validation strategy is not a technical afterthought but the step that de-
termines whether a model’s apparent accuracy reflects a real relationship or an artefact of how
the outcome was defined.

These results also sharpen the meaning of the term dental desert, which has been used loo-
sely to describe areas with poor access. A desert defined by low NHS activity per population turns
out to be a different entity from a desert defined by unmet need among deprived residents: the
former is associated with affluence and private substitution, the latter with deprivation. Systematic
reviews of geographic barriers to dental care have emphasised that the workforce shortfall and
the unmet need it produces are distinct problems that require distinct remedies, and the present
findings provide empirical support for keeping them separate.(21)

A policy that maps deserts by activity alone would misdirect resources toward affluent areas
with private alternatives and away from deprived areas where NHS activity is high but unmet need
persists. This distinction is directly relevant to the current policy debate, in which calls to improve
NHS dental access are sometimes framed around the number of NHS dentists per head in an areg;
the present results show that the volume of NHS treatment per resident is highest where depri-
vation is highest, so a workforce measure and an activity measure would point policy in opposite
directions.

The strengths of the study include its use of complete, nationally comprehensive administra-
tive data on dental activity, its longitudinal window that brackets the pandemic, and its transparent
distinction between description and prediction through cross-validation. By reporting out-of-fold
rather than in-sample performance, the analysis avoids overstating how well area characteristics
can identify persistently low-activity districts.

Study Limitations:

The study has limitations:

- Activity per population is a proxy for access and conflates need, uptake, and supply; it cannot
distinguish a district where residents use private care from one where they cannot obtain
NHS care.

- The population denominator is held fixed at mid-2021, so population change after 2021 is not
reflected, which could distort rates for districts with rapid growth.

- The ecological design describes districts rather than individuals and cannot separate com-
positional from contextual effects, a limitation shared with ecological analyses of dental
outcomes.(35)

- Local authority boundaries changed during the period and districts with missing data were
excluded, so the sample of 287 districts does not cover all of England and the excluded
districts may differ systematically from those analysed.

- The predictors were limited to deprivation and population, and the omission of workforce and
commissioning measures likely explains the modest model performance. Sixth, the binary
threshold that defines persistent low activity is a simplification of a continuous gradient,
and a different threshold would yield a different but overlapping set of districts.

Each of these limitations points to a specific improvement: linkage of activity to practice
supply and waiting data, time-varying population denominators, multilevel individual data, and
inclusion of workforce indicators.

Practical implications:

For policy, the findings support two conclusions. Monitoring dental activity per population
should be interpreted alongside deprivation, because low activity in affluent areas signals private
substitution rather than access failure, while high activity in deprived areas may coexist with high
unmet need. And because the pandemic shortfall persisted, any assessment of recovery should me-
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asure activity against the pre-pandemic baseline rather than against the depressed pandemic-year
figures. The findings also underscore the value of publicly available dental administrative datasets,
whose routine publication makes the kind of area-level monitoring reported here reproducible at
low cost and feasible for routine commissioning intelligence.(20)

The approach generalises beyond England. Any country that publishes small-area health
activity and census indicators could reproduce the analysis, and the central methodological point,
that activity-based measures must be interpreted against the structure of public and private pro-
vision, applies wherever dental care is delivered through a mixed funding system.(11,28) The pro-
poor gradient itself is a general feature of need-based public services rather than a peculiarity of
dentistry, so the interpretive caution applies to any activity measure used as a proxy for access in a
mixed system. Future work should combine activity data with workforce, contract, and waiting-list
information so that the three components of access, availability, uptake, and delivery, can be mo-
delled jointly rather than conflated in a single volume indicator.

The results also carry a lesson for the routine monitoring of dental access. Because the rela-
tionship between activity and deprivation flips depending on whether one examines NHS activity or
total (public and private) activity, dashboards and public-facing statistics should report the measure
they are actually able to compute and state its limits. A statistic presented as a measure of access
but computed only from NHS activity will systematically understate the burden in deprived areas
and overstate it in affluent ones. The distinction matters for accountability, because commissioners
held to a target based on NHS activity will be rewarded for the wrong geographic pattern unless
the measure is explicitly framed as NHS-delivered treatment rather than population access.

The weakness of deprivation as a predictor of persistent low activity points to the information
that would be needed to build a better targeting model. Workforce data, including the number and
distribution of dentists and dental therapists, and contract data describing the value and terms of
NHS contracts in each area, are the natural complements to the deprivation measures used here.
(14,21) A model that combined these sources could, in principle, separate the districts where low
activity reflects a genuine shortage of supply from those where it reflects low uptake among an
affluent population, which is precisely the distinction that activity data alone cannot make.

CONCLUSIONS

National Health Service dental activity per population collapsed during the pandemic and
recovered only partially by 2023/24, leaving a substantial shortfall against the pre-pandemic ba-
seline that persisted across the whole country and across all levels of deprivation. The geographic
distribution of activity was pro-poor, with persistent low activity concentrated in less deprived dis-
tricts, which indicates that low NHS activity at the district level often reflects private substitution
rather than genuine access failure among those in need. Area characteristics predicted persistent
low activity only modestly, so deprivation alone does not identify access deserts, and workforce
and commissioning data are needed to characterise them. Any policy that maps access using NHS
activity alone risks misdirecting resources, because the activity footprint and the burden of unmet
need point in opposite directions across the deprivation gradient.
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