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Abstract

Objectives: Assessing the spatial distribution of oral morbidity-related demand

and the workforce-related supply is relevant for planning dental services. We aimed

to establish and validate a model for estimating the spatially specific demand and

supply. This model was then applied to compare demand-supply ratios in 2001

and 2011 in the federal state of Mecklenburg–Vorpommern (Northern Germany).

Methods: The spatial units were zip code areas. Demand per area was estimated by

linking population-specific oral morbidities to working times via insurance claim

data. Estimated demand was validated against the provided demand in 2001 and

2011. Supply was calculated for both years using cohort data from the dentist

register. The ratio of demand and supply was geographically mapped and its

distribution between areas assessed using the Gini coefficient.

Results: Between 2001 and 2011, a significant decrease of the general population

(27.0 percent), the annual demand (213.1 percent), and the annual supply

(212.9 percent) was recorded. The estimated demands were nearly (2001: 24

percent) and completely (2011: 60 percent) congruent with provided demands.

The average demand-supply-ratio did not change significantly between 2001 and

2011 (P> 0.05), but was increasingly unequally distributed. In both years, few

areas were over-serviced, while many were under-serviced.

Conclusions: The established model can be used to estimate spatially specific

demand and supply.

Introduction

Dental services planning in Germany aims to secure a

“widespread, adequate and accessible” service (1,2). This aim

is challenged by a demographically changing and increasingly

unequally distributed demand on the one side, and a spatially

polarized, more female workforce with reduced clinical work-

ing hours on the other side (1,3).

Planning dental services is relevant given that several rural

areas in Germany are already under-serviced by general prac-

titioners (4). Such under-servicing mostly affects those with

low mobility and high needs (5), and increases the existing

unequal distribution of health between populations (6-9).

For dentistry, this phenomenon has only been sparsely

assessed, with ambiguous results. While some studies could

not find an association between service provision and health

outcomes (10,11), others confirmed a relationship between

supply, demand, and oral health (12-14). Overall there does

not seem to be generalized under-servicing in most industri-

alized countries, but an increasingly unequal distribution of

both supply and demand (15,16).

Thus, there is the need to assess how dental workforce

quantities and qualities relate to the demand for services in

different spatial units. Such a spatially specific demand-

supply model could be used to not only assess current service

provision, but also to predict future demand-supply ratios in

different spatial units. For Germany, there have been

attempts to link sociodemography and oral morbidities with

reported demand patterns, and to extrapolate these to pre-

dict future demand on an average national level (2). Within

the present study, we aimed at advancing these efforts to

establish and validate a spatially specific demand model. This

model was then applied to compare demand with supply of

dental services in 2001 and 2011 in Northern Germany via

small-area based geographic analyses.
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Methods

Study design

This study compared demand and supply of dental services

in the Northern German federal state Mecklenburg–

Vorpommern, which is characterized by a dynamic and

increasingly polarized demographic constitution and an age-

ing dental workforce. We first calculated local supplies of den-

tal services using the dentist register of the state, accounting

for changing workforce characteristics (gender proportion)

and working patterns (weekly working hours) in 2001 and

2011. Then, we established a model to estimate the local

demand for dental services by linking population and oral

morbidity data with the required time for fulfilling the result-

ing demands using insurance claim data. The constructed

model was built on the assumption that the available supply

was sufficient, that is, that provided services matched

demand, and based on estimates from 1999 and 2000, as all

data was available for these years. This demand model was

then validated by comparing the predicted demand for dental

services with reported services provided in 2001 and 2011.

Eventually, demand and supply were compared, and the spa-

tial distribution of the ratio between demand and supply ana-

lyzed statistically and geographically.

Supply of dental services

To assess changes in the supply of dental services in different

spatial units, we used two datasets. The longitudinal dental

workforce register of the dental association of Mecklenburg–

Vorpommern was evaluated for data ranging from 2001 until

2011. As maintenance of anonymity of entries was required,

only data on zip code level was accessible, with zip code areas

(ZCAs) being used as spatial units for subsequent analyses.

Only dentists which were clinically active, either as practice

owner or employed dentists, were used to calculate the poten-

tial supply. Clinical working time was estimated based on

repeated cross-sectional data published by Dental Public

Services (17). This dataset provided mean weekly clinical

working time estimates for the 5 federal states which formerly

belonged to the German Democratic Republic (Eastern

Germany), including Mecklenburg–Vorpommern. We used

data only for these states, as working time differs between the

Western and Eastern German States (17). As working time

differences between genders have been reported (2), weekly

working time was calculated separately for male and female

dentists in 2001 and 2011. It should be noted that such differ-

ences have been found for different age groups of dentists,

too (18). However, no such data was available for Germany,

which was why age-dependent working times were not mod-

eled. Given that under the auspices of German healthcare, the

role of dental auxiliaries is limited (hygienists or other staff

are not allowed to work independently from the dentist, and

dental therapists do not even exist), our model did not

account for services being provided by other professionals

than the dentist. To calculate the annual potential supply, 43

working weeks per year were assumed (2,17).

Demand for dental services

The demand in 2001 and 2011 was estimated based on four

datasets. First, oral morbidity [number of decayed, missing,

filled teeth, proportion of the population with Periodontal

Screening Index (PSI) code > 3] in different age groups was

estimated for 1999-2001 and 2011 based on extrapolation of

repeated cross-sectional data from the German Oral Health

Studies (19,20). No separate estimation for different genders

was made, as gender differences were assumed to be limited

and gender distribution was not expected to change signifi-

cantly between 2001 and 2011. Second, we defined five dental

treatment complexes (conservative/surgical dentistry, pros-

thetics, periodontology, orthodontics, prophylaxis), and

assigned key items of the statutory dental fee catalogue

(BEMA) to each of these complexes. Then, the known pro-

vided treatments in 1999 and 2000 (2) were transformed into

provided treatment time by linking them to national dental

working time data for 1999 and 2000 (2,21). Third, provided

service quantities (in annual hours) per treatment complex

(fee item) were linked to socio-demographic and oral mor-

bidity data as follows: The number of decayed and filled teeth

were linked to restorative and surgical treatment quantities,

missing teeth to prosthetic treatment quantities, and cases

with PSI> 3 to periodontal treatment quantities, accounting

for the average number of remaining teeth in different ages

groups. The demand in these complexes was assumed to

decrease in people aged 70 years or older (22). Note that

other variables affecting the translation of need into demand

(e.g., educational degree, income, and general health) were

not introduced in the demand estimation given the lack of

spatially specific data for such modeling (23,24). Similarly, as

our study investigated services provided under the tenets of

the statutory insurance only, individual insurance status as

enabler or barrier for demand was not modeled (24). The

number of individuals aged 15 years or younger was linked to

orthodontic and prophylactic treatment quantities, as only

children and adolescents are eligible for such treatments

under the German statutory health insurance.

District-specific sociodemography and morbidity data

for 2001 and 2011 (25) was then transformed onto each

ZCA, and the local demand (in annual hours per ZCA) cal-

culated. The total estimated demand in the federal state was

validated against the reported demand in both years (21).

Note that for this validation, prosthetic treatment quantities

provided in 2011 needed to be calculated using diagnostic

related group data, as the latter superseded fee items (26).
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Note also that district level calculations accounted for dis-

trict mergers between 2001 and 2011.

Analyses

Sociodemographic variables (population density, mean

household income, proportion of inhabitants with higher

educational degree, proportion of inhabitants in work, mean

land prices) were obtained from the state offices for statistics.

Sociodemographic variables, supply and demand for dental

services were analyzed descriptively, and statistical compari-

son between 2001 and 2011 performed using Wilcoxon’s

ranked sum test. Statistical significance was assumed if

P< 0.05. To estimate changes in the spatial distribution of

the ratio between demand and supply (<100 percent under-

serviced, >100 percent over-serviced), the Gini coefficient

was calculated. The Gini coefficient is commonly used to

assess income inequality and ranges from 0 (perfect equality)

to 100 (complete concentration of income). It is derived from

the Lorenz curve, which plots income percentiles per popula-

tion percentiles (27,28). We fitted the Lorenz curve by plot-

ting all supply per demand percentiles.

Demand-supply ratios were geographically mapped, and

assessed for clustering or dispersion of supply and demand.

Such patterns have been observed before (29) and are in line

with various theories of migration (see below). Global spatial

autocorrelation between surrounding ZCAs was assessed

using Moran’s I (30). Positive autocorrelation (near 11.0)

indicates clustering in neighboring areas, negative autocorre-

lation (near 21.0) indicates spatial outliers (dispersion).

Local Indicators of Spatial Autocorrelation (LISA) analysis

was performed to measure and display clustering of ZCAs.

Autocorrelation means that a value at a certain location is

associated (and similar) to a value of spatial neighbors.

Global indicators (e.g., Moran’s I) are unable to display such

localized patterns.

We further assessed if sociodemographic variables had

predictive value for the ratio between demand and supply

using generalized linear modeling (GLM). Variable choice

was guided by data availability and economic theory on

migration, with the migrating individual being regarded as

an investor in his/her own value (31). In this theory, individ-

uals (dentists) migrate according to the value of the oppor-

tunities at different destinations (higher income in affluent

or densely populated areas, greater amenities in urban areas,

with better availability of schools or medical services, etc.)

after subtracting the costs of moving (investment in future

practice, loss of secure income at present destination, associ-

ated social costs), thus maximizing their financial, social

and political net benefits. Previous studies (32,33) had built

on a range of variables, with some of them being available

for the present evaluation, that is, population density and

land price as proxies for urbanization and the associated

amenities, annual household income and the proportions of

Table 1 Sociodemography, Demand and Supply of Dental Services in Mecklenburg–Vorpommern in 2001 and 2011

2001 2011

Changes 2011

versus 2001

Population 1,759,709 1,634,734 27.0% (P< 0.001)

Mean age (years;

male/female)

41.2 (39.3/43.1) 45.8 (44.2/47.4) 111.2% (P< 0.001)

Demand

(annual hours)

Predicted (proportion

of overall demand

in %)

Reported (deviation

from predicted

in %)

Predicted (proportion

of overall demand

in %)

Reported (deviation

from predicted

in %)

Conservative-operative 877,610 (50%) 833,838 (25%) 731,981 (48%) 711,190 (23%) 216.6% (P< 0.001)

Prosthetics 532,140 (30%) 611,581 (112%) 496,508 (33%) 517,886 (14%) 26.7% (P< 0.001)

Periodontology 104,864 (6%) 105,762 (11%) 97,787 (6%) 97,778 (60%) 26.8% (P< 0.001)

Orthodontics 168,345 (10%) 196,167 (115%) 139,252 (9%) 132,669 (25%) 217.3% (P< 0.001)

Prophylaxis 65,367 (4%) 70,396 (17%) 54,071 (4%) 48,099 (212%) 217.3% (P< 0.001)

Total 1,748,326 (100%) 1,817,747 (14%) 1,519,598 (100%) 1,507,625 (60%) 213.1% (P< 0.001)

Dentists

Total (male/female) 1,449 (590/859) 1,312 (525/787) 29.5% (P< 0.001)

Age (years –

male/female)

45.2 (45.2/45.2) 50.8 (50.6/51.0) 112.4% (P< 0.001)

Weekly working

hours (male/female)

35.9 (38.8/33.8) 34.5 (37.4/32.5) 23.9% (n/a)

Supply (annual hours) 2,232,690 1,945,256 212.9% (P< 0.001)

Population per dentist 1,435 (1,099/2,116) 1,451 (1,093/2,176) 11.1% (P> 0.05)

Ratio demand/supply 105% (65%/142%) 98% (59%/143%) 26.7% (P> 0.05)

The ratio of demand per supply indicates the potential over- or under-servicing. If not given otherwise, median and 25th/75th percentiles are

given. Differences between 2001 and 2011 were assessed for statistical significance (P< 0.05/Wilcoxon), with ZCAs or dentists being the units of

statistical analysis.
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the population in work and with higher education degree

(as measures for potential dentist income). The employed

predictors were available on the district level only, and were

distributed to all ZCAs in each district.

GLM was performed using the abovementioned parame-

ters as independent variables, and the demand-supply ratio

in different spatial units as the dependent variable. Variables

were simultaneously entered, and those with a variable infla-

tion factor >5 removed to reduce multicollinearity. Variables

not significantly contributing to the model (P> 0.1) were

then excluded stepwise (backwards selection). Statistical and

spatial analyses were performed using SPSS 20 (IBM,

Armonk, NY, USA) and ArcGis 10.2 (Esri, Redlands, CA,

USA), respectively.

Results

Between 2001 and 2011, there was a significant decrease of

the statewide population (27.0 percent, P< 0.001) and the

demand of dental services (213.1 percent, P< 0.001). Nearly

50 percent of the demand was for conservative-surgical serv-

ices, while that demand for periodontal services and prophy-

laxis made up 6 percent or less (Table 1). The greatest relative

decrease in demand between 2001 and 2011 was found for

orthodontic and prophylactic services, the smallest relative

decrease for prosthetic and periodontal treatments. Given its

absolute share of provided services, the absolute decrease was

greatest for combined conservative-surgical services. Overall,

the relative share of different treatment complexes per total

demand was largely stable in the evaluated decade. Validation

of the model found only limited deviation of predicted from

reported demands (Table 1).

The number of active dentists decreased (29.5 percent,

P< 0.001) and the dental workforce aged between 2001 and

2011. Overall, the supply decreased significantly (212.9 per-

cent, P< 0.001) (Table 1). The average ratio of demand per

supply did not change significantly between 2001 and 2011

(26.7 percent, P> 0.05), but was more unequally distributed

between ZCAs in 2011 (Gini-coefficient 44.4) than 2001

(41.9).

Figure 1 Ratio of demand and supply in 2001 (a) and 2011 (b) in different spatial units (ZCAs). Under-serviced areas (supply less

than 50% or between 50 and 79% of the demand) are indicated by red and orange, respectively, while over-serviced areas are

indicated by turquoise and blue (supply 21% or more above demand). Areas where demand and service seem to match are shown

in green. The five biggest cities (>50,000 inhabitants) are shown by white circles. Areas with spatial clustering (high–high, i.e.,

blue–blue, and low-high, i.e., blue-red,) are highlighted by an accented border.

Table 2 Results of Generalized Liner Modeling

2001 2011

GLM GLM

Mean (range) Mean coefficient (95% CI) Mean (range) Mean coefficient (95% CI)

Model fit X
2
512.49, P50.029 X

2
510.83, P50.055

Population density (pop./km2) 119 (18-1535) 0.1 (0.0/0.3) 116 (16-1481) 0.0 (0.0/0.1)

Annual household income (Euro) 13328 (12795-14282) 0.0 (20.1/0.0) 16373 (15167-17457) 0.0 (0.0/0.0)

Land price (Euro/m2) 48 (38-84) 0.4 (20.1/1.4) 44 (31-100) 0.5 (20.7/1.7)

Proportion in work (%) 42 (39-44) 5.6 (22.6/14.2) 47 (39-54) 22.8 (26.4/0.8)

Proportion with higher education (%) 12 (10-12) 4.6 (23.5/12.7) 17 (14-25) 1.9 (22.4/6.2)

Generalized linear modeling (GLM) was performed to assess a potential association between sociodemographic variables of each spatial unit and

the ratio between demand and supply. Descriptive values (mean, ranges) are shown for both years. GLM fitted moderately in 2001, with one

variable (in bold) showing a significant association. GLM did not find any variable to have significant predictive value in 2011.
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Geographic mapping indicated a large variance in the

demand-supply ratio with some areas being greatly over-

serviced, but many ZCAs being under-serviced. This polariza-

tion was increased in 2011 compared with 2001. Significant

spatial autocorrelation was observed neither in 2001 nor in

2011 (Moran’s I50.18; Z51.79, P> 0.05 in both years). LISA

identified two clusters, one with high–high and one with

high-low clustering (Figure 1).

Potential predictors of the demand-supply ratio were sub-

mitted to GLM (Table 2). For 2001, only one predictor (pop-

ulation density) showed statistical significance, with an

increased ratio (potential over-servicing) in densely versus

less densely populated areas. The overall fit of the model was

very limited (P50.029). For 2011, no variable showed any

statistical significant effect (Table 2).

Discussion

The present study established and validated a model to assess

spatially specific demand of dental services. Demand and

supply was then estimated for 2001 and 2011 for a Northern

German state, indicating an increasingly unequal spatial dis-

tribution of the ratio of demand and supply. Our approach

seems suitable for assessing spatial patterns in the availability

of dental services and identifying spatial areas at risk of over-

or under-servicing. This approach could be applied in future

studies for predicting small-area demand and supply.

Based on our results, the shrinkage and ageing of the

assessed population combined with changes in oral morbid-

ities led to a decrease in the statewide demand in 2011 com-

pared with 2001. The composition of this demand saw

limited change, reflecting the limited relative changes in oral

morbidity (number of decayed or lost teeth, etc) in the eval-

uated decade. It is likely that in the future, the demand for

certain services will increase (e.g., a greater number of teeth

will be retained, potentially increasing the need for periodon-

tal treatment needs), while others will decrease (e.g., tooth

replacements). Concurrently, despite shrinking and ageing,

the statewide dental workforce seemed sufficient to secure the

required supply. More important, there was a severe spatial

misdistribution of the ratio between demand and supply.

Based on the central place theory, which has been found to

apply to medical service supply before (34), such results are

not unexpected, as are our findings of certain clustering in or

around urban areas. Identifying such spatial inequalities and

quantifying these will be helpful for service planners, for

example, to tailor interventions to tackle such imbalances.

To our knowledge, this is the first spatial model for esti-

mating both demand and supply for dental services. The

used method allows one to estimate demands based on

expected or known local demography and morbidity. There-

fore, compared with studies calculating dentist-per-

population densities, our approach allows more precise and

detailed calculations not only of demand quantities, but also

qualities. If applied to predict future areas with over- and

under-servicing, the availability of sociodemographic varia-

bles on zip-code area level might be desirable to increase the

precision, as district level data might be too coarse. For

detailed service planning, dentist data on a smaller-than-zip-

code level might be helpful, allowing an analysis of access

(means of transportation), too. Similar studies in general

medicine have combined census and morbidity data and

simulated the local supply and demand on the individual or

household (i.e., micro-) level both statically and dynamically

(over time) (35,36).

The constructed model and the underlying data have sev-

eral limitations. First, our demand model was built on the

assumption that in 1999 and 2000, demand and supply quan-

tities were congruent; this assumption is unlikely to hold

true, but was required to set a reference standard. In this

sense, one should pay more attention to changes in the

demand-supply ratio over time or differences between spatial

units, than absolute values. It can, however, be expected that

demand-supply ratios below 50 percent or above 200 percent

indicate under- and over-servicing regardless of the underly-

ing reference.

Second, we used insurance claim data, which does not nec-

essarily reflect demand, as service provision can be assumed

to be determined by a great many factors. Moreover, treat-

ment patterns (claimed items) might change with time,

which is why the model should be regularly adjusted.

Demand itself is likely to be influenced not only be needs

(oral morbidities), but also by supply-side factors, which was

not accounted for. Moreover, spatially specific enabling and

predisposing factors (educational and income factors, insur-

ance status, general health) will affect demand (37). The

translation of needs into demand might differ between fed-

eral states or different countries (38), as healthcare system-

factors will play a role (as will the state- or country-specific

proportions of differently insured individuals). Thus, more

detailed and small-scaled data regarding oral morbidity and

its association with demand are needed.

Third, systematic effects on treatment provision are likely,

with macroeconomic and healthcare-specific changes poten-

tially distorting our estimates. One example of such changes

are the described introduction of diagnostic related groups in

prosthetic dentistry, which was shown to alter service patterns

(39). Similarly, a changed provision and consumption of spe-

cific treatments might impact on demand (e.g., composite

restorations needing renewal earlier or later than amalgams,

or repairs being performed more often on composites than

amalgams).

Fourth, our demand model was built on claim data of the

statutory insurance. This was acceptable for Mecklenburg–

Vorpommern given its low proportion of privately (nonstatu-

tory) insured patients (4 percent) (40). Attempts should be
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made to integrate demands for otherwise reimbursed or pri-

vately paid (out-of-pocket) services, as these were shown to

differ in different insurance systems (24). Individual differen-

ces are likely to be modified by age. Our assumption of age

only impacting on demand above a certain threshold is a sim-

plification, while insufficient data is available to model the

relationship between age and demand more realistically

(23,24).

Fifth, we did not incorporate possible effects of dentists’

age on working times, as no data for Germany was available

to support such age-dependent supply simulation. Given

that, as shown, the workforce is ageing significantly, an age-

dependent decrease in the working hours per dentists might

well have an impact on our overall estimates. Conversely,

future dental services in Germany might be provided by den-

tal auxiliaries to a greater share (as is the case in many other

countries). Combined with a greater productivity (e.g., via

CAD-CAM assisted prosthetics, rotary endodontics, one-step

adhesive systems, etc.), this might increase the supplied serv-

ices despite a shrinking and ageing workforce of dentists.

Last, our supply model accounted for migration of dentists

between zip-code areas in the decade, but did not assess any

in- or outflow of dentists to or from other federal states or

beyond national borders. While such migration of dentists

from or to Germany is limited (41), it might be relevant in

other countries and should be integrated into the model.

In conclusion, the present study demonstrated how oral

morbidity and demographic data can be used to estimate the

spatially specific demand for dental services. Using the out-

lined approach, the local demand can be assessed both quan-

titatively and qualitatively. Moreover, spatially mapping

demand and supply allows to identify areas with current or

future over- or under-servicing (42), and to describe or mon-

itor the distribution of demand-supply ratios between spatial

units.
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Estimating future dental
services’ demand and supply: a
model for Northern Germany

Jäger R, van den Berg N , Hoffmann W, Jordan RA, Schwendicke F. Estimating
future dental services’ demand and supply: a model for Northern Germany.
Community Dent Oral Epidemiol 2016; 44: 169–179. © 2015 John Wiley & Sons
A/S. Published by John Wiley & Sons Ltd.

Abstract – Objectives: To plan dental services, a spatial estimation of future
demands and supply is required. We aimed at estimating demand and supply
in 2030 in Northern Germany based on the expected local socio-demography
and oral-health-related morbidity, and the predicted number of dentists and
their working time. Methods: All analyses were performed on zip-code level.
Register data were used to determine the number of retiring dentists and to
construct regression models for estimating the number of dentists moving into
each zip-code area until 2030. Demand was modelled using projected
demography and morbidities. Demand-supply ratios were evaluated and
spatial analyses applied. Sensitivity analyses were employed to assess
robustness of our findings. Results: Compared with 2011, the population
decreased (!7% to !11%) and aged (from mean 46 to 51 years) until 2030. Oral-
health-related morbidity changed, leading to more periodontal and fewer
prosthetic treatments needs, with the overall demand decreasing in all
scenarios (!25% to !33%). In contrast, the overall number of dentists did only
limitedly change, resulting in moderate decrease in the supplied service
quantities (max. !22%). Thus, the demand–supply ratio increased in all but the
worst case scenario, but was unequally distributed between spatial units, with
several areas being over- and some being under- or none-serviced in 2030.
Conclusions: Within the limitations of the underlying data and the required
assumptions, this study expects an increasingly polarized ratio of dental
services demand and supply in Northern Germany. Our estimation allows to
assess the impact of different influence factors on demand or supply and to
specifically identify potential challenges for workforce planning and regulation
in different spatial units.
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Access to a specific healthcare service is one

dimension of quality of care (1), which impacts on

the utilization of this service (2), and can be mea-

sured by assessing the theoretical demand for a

service and the truly supplied quantity and quality

of this service. Data on the association between

access to dental services and health outcomes are

sparse and contradictory, with some studies not

finding any relationship between both variables (3,

4), while others confirm such association (5–7). The

contradiction might be caused by different

methodologies used and different definitions of

access being in place: most studies looked at the

average ratio between the quantitative demand for

services and the available or supplied services (8),

while it is likely that access differs between spatial

units. There are only few studies using appropriate

methods for evaluating spatially specific access in

dentistry, possible reasons for this being that the

required methods (involving geographic informa-

tion systems) are not widely established in den-

tistry, and that no generally accepted definition of
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a sufficient access is available (9). Oftentimes, the

number of dentists per population is calculated to

assess access. However, this construct might be

flawed. Instead, demand might better be deducted

from needs resulting from oral-health-related

morbidity and their resulting transformation into

demands, with both needs and their transforma-

tion into demand being affected by the socio-

demography of the analysed population. Similarly,

supply will be not only affected by the number of

dentists providing services, but also their working

patterns, i.e. their weekly clinical working time.

For assessing the spatially specific ratio between

demand and supply, available socio-demographic

and morbidity data could be translated into quali-

tative and quantitative demand, while the number

of dentists could be transformed into a similarly

scaled supply variable. For Germany, a model for

estimating such area-specific demand–supply

ratios was established and employed to assess

changes in the demand–supply ratio in one federal

German state between 2001 and 2011 (10). This

study found no generalized under-supply with

dental services, but an increasingly unequal spatial

distribution, which is in conflict with the aim of

dental workforce planning for securing a ‘wide-

spread, adequate and accessible supply’ for dental

services (8, 11). In conclusion, dental workforce

planning in Germany (and most likely elsewhere)

might be challenged twice: On the one hand, the

workforce is rapidly ageing and more female, with

generally reduced working hours and an increas-

ing spatial concentration of the workforce in urban,

not rural areas (11, 12). On the other hand, an

ageing, but also shrinking population with signifi-

cantly altered morbidity and demand patterns

makes workforce planning less predictable, espe-

cially when considering that both ageing and

shrinking are also spatially specific phenomena.

There is the need to estimate both the future

demand for and, if uncontrolled, the future supply

with dental services. A continuous or accelerated

increase in the spatially unfair relation of demand

and supply could perpetuate oral-health inequali-

ties (13–16). The present study aimed at establish-

ing a model to estimate supply and demand for

dental services in 2030 via small area-based geo-

graphic analyses. Analyses were performed for a

Northern German federal state, Mecklenburg-

Vorpommern, which has been evaluated using

similar methods before and has a highly dynamic

socio-demography as well as a great urban-rural

polarization.

Methods

Study design
This study sought to estimate the supply with and

demand for dental services in 2030 in different spa-

tial units in Mecklenburg-Vorpommern. Supply in

each spatial unit was estimated by assessing

expected losses of dental workforce, and by

estimating the future inflow of dentists into each

spatial unit via regressing past inflow on various

predictor variables. Demand was calculated by

linking the projected local population and its

morbidities with theoretical treatment needs and

associated treatment times, and transforming these

needs into spatially specific demands. As various

assumptions were required, three scenarios were

used to check the robustness of our findings.

Setting
The federal state of Mecklenburg-Vorpommern is

one of the least densely populated areas of

Germany, with 1.6 million inhabitants (2014) living

on 23 211.05 km² (69/km²). The state has six dis-

tricts and two district-like larger cities (Schwerin,

the capital with 91 000 inhabitants, and Rostock,

situated at the Baltic sea, with 203 000 inhabitants).

The six districts are relatively large administrative

units (between 2118 and 5470 km², between

155 000 and 262 000 inhabitants), with mostly rural

areas and only few mid-sized cities (the third big-

gest city of the state has 63 000 inhabitants). The

next smaller administrative units are municipali-

ties (755 in Mecklenburg-Vorpommern). This study

used zip-code areas (ZCAs) as spatial units, as den-

tist data were only available on this level. There are

176 ZCAs in Mecklenburg-Vorpommern, which

overlap between municipalities, while districts

contained up to 34 ZCAs.

In Mecklenburg-Vorpommern, the vast majority

(>95%) of the population is insured via the statu-

tory (public) insurance, while less than 5% are

members of a private insurance company. Thus,

most dental treatments are provided under the

tenets of the statutory insurance, with dentists hav-

ing a licence for providing ‘public’ treatments.

Remuneration is performed on a fee-per-item base,

with most but not all treatments being fully reim-

bursed by the statutory insurance (prosthetic den-

tistry is only partially subsidized, while elective

treatments are not at all covered). Dentists with a

public licence have the option to provide any addi-

tional services and to treat privately insured

patients.
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Supply estimation
For estimating the regional supply with dental ser-

vices, a previously validated model (10) was

employed. Briefly, data of the longitudinal dental

workforce register of the Dental Association of

Mecklenburg-Vorpommern from 2001 until 2011

were extracted. The number of dentists per ZCA

ranged between 0 and 185, with a mean of 7 den-

tists per ZCA in 2011. The loss and gain of clini-

cally active dentists in different ZCAs was

calculated as follows. Future losses were predicted

based on dentists’ year of birth, assuming two

retirement ages (65 and 67 years based on the cur-

rent retirement age in the German social pension

scheme), with separate analyses for male and

female dentists (Fig. 1a). Note that dentists are not

bound to these retirement ages, as they do not con-

tribute to the social, but a professional private pen-

sion scheme. To predict future gains, we first

performed ordinary least-square regression, using

spatially specific socio-demographic variables and

dentist losses between 2001 and 2011 as indepen-

dent variables, and the spatial gain of dentists in

that decade as dependent variable (Table 1). Socio-

demographic predictors were available on district

level only and thus distributed between ZCAs

prior to the analysis. Variables were first entered

simultaneously, and variables with a variable infla-

tion factor above five successively removed to

reduce multi-collinearity. Only variables which

significantly contributed to the model (P < 0.1)

were included into a second model. Geographi-

cally weighted regression (GWR) was then applied

using these remaining variables. GWR yielded

regression coefficients and an intercept for each

spatial unit, which were then used to estimate

potential future dentist gains from 2011 to 2030

(Table 1).

Such prognosis focuses on the distribution of

inflowing dentists between ZCAs. It does not con-

sider changes in the total number of inflowing den-

tists per year. We checked this inflow via

Fig. 1. Estimation of supply with dental services in 2030. (a) Assuming different retirement ages (65 or 67), the baseline
stock of dentists (2011) was assumed to decrease. All calculations were performed separately for male and female den-
tists. (b) The number of newly licensed dentists in Germany (left y-axis, black circles) was estimated based on data from
2001 to 2011. Three scenarios were applied (worst case, constant number, best case: continuous linear increase, moderate
case: in-between). The retention rate of newly licensed dentist in the federal state of Mecklenburg-Vorpommern (right
y-axis, rings) was assumed to remain constant at 2.48%. (c) Based on reported weekly working hours, effective working
hours for male and female dentists were modelled in three scenarios (worst case: continuously linear decline; best case:
constant; moderate: in-between). Data from (a) and (b) were used to estimate the net gain of dentists, and working times
(c) used to assign the annual supply (Table 1). All calculations were performed on zip-code level, state-wide level data
were only used for summarily display.
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estimating the number of newly licensed dentists

in Germany between 2001 and 2011, and calculat-

ing how many of these moved or stayed in Meck-

lenburg-Vorpommern (retention rate). To do so,

data provided by the state dental association were

used (17). While the retention rate had not signifi-

cantly changed between 2001 and 2011, the number

of newly licensed dentists per year increased

(Fig. 1b). Thus, three models were employed – one

assuming a constant number of annual licenses

until 2030, one assuming a linearly increasing

number, and one with a half-linearly increase in

the number of newly licensed dentists until 2030.

Annual gains in each spatial unit, as predicted via

GWR, were adjusted accordingly. For all analyses,

the proportion of female to male new dentists was

assumed to be 3:2, as this number remained con-

stant over the last decade (17).

Clinical working time of dentists in 2030 was

estimated based on repeated cross-sectional

working time reports (18). Three scenarios of work-

ing times were applied: working time remaining

constantly, increasing constantly, or increasing

only moderately until 2030 (Fig. 1c). Different

weekly working times were assumed for male and

female dentists (8). To calculate the annual poten-

tial supply, 43 working weeks per year were

assumed (8).

Demand estimation
Demand for dental services in 2030 was estimated

using an established model. First, the population in

each ZCA was predicted using two data from two

prognoses (19, 20), which were used in different

scenarios (Fig. 2a). Prognosis data were available

on district level only, relative changes between

2011 and 2030 in each district were used to esti-

mate population changes in different ZCAs. Sec-

ond, oral morbidity (number of decayed, missing,

filled teeth, proportion of the population with peri-

odontal screening and recording index [PSR] ≥ 3)

in different age groups was predicted based on

extrapolation of repeated cross-sectional data (21,

22). Third, five dental treatment complexes were

defined (operative/surgical dentistry, prosthetics,

periodontology, orthodontics, prophylaxis), and

used to link past morbidity to provided treatment

times via insurance claims data (18). Thus, factors

for transforming morbidity into demand-time were

estimated. The following assumptions were made:

decayed and filled teeth were assumed to generate

restorative and surgical needs, missing teeth to

generate prosthetic needs, cases with PSR ≥ 3 to

generate periodontal treatment needs according

to their number of remaining teeth, and individu-

als aged 15 years or younger to generate orthodon-

tic and prophylactic treatment needs. In the

Table 1. Prediction of local gain of dentists

2011
OLS model 1
R² = 0.99; P < 0.001

OLS model 2
R² = 0.99; P < 0.001

GWRModel
R² = 0.99

Mean (range)
Mean coefficient
(95% CI)

Mean coefficient
(95% CI)

Mean coefficient
(95% CI)

Population density
(population/km²)

116 (16–1481) 0.00 (0.00/0.00);
P = 0.037

0.00 (0.00/0.00);
P = 0.013

!0.06 (!12.0/0.00);
P < 0.001

Annual household
income (Euro)

16 373 (15 167–17 457) 0.00 (!0.01/0.01);
P = 0.406

– –

Land price
(Euro/m²)

44 (31–100) 0.00 (!0.01/0.00);
P = 0.745

– –

Proportion
in work (%)

47 (39–54) 0.00 (!0.01/0.01);
P = 0.919

– –

Proportion with
higher education (%)

17 (14–25) 0.00 (0.00/0.00);
P = 0.102

– –

Population per dentist
(median, 25th/75th
percentiles)

1451 (1093/2176) 0.00 (0.00/0.00);
P = 0.968

– –

Dentists loss per year
2001–2011 (median,
25th/75th percentiles)

0.4 (0.0–11.5) 0.90 (0.88/0.92);
P < 0.001

0.90 (0.88/0.92);
P < 0.001

0.81 (0.78/0.83);
P < 0.001

Modelling was first performed using ordinary least-square regression (OLS). Only variables which significantly con-
tributed to this model (OLS model 1) were used to construct OLS model 2 and, subsequently, a geographically weighted
regression (GWR) model. Model fit (adjusted R² and level of statistical significance) was near perfect for all models. For
GWR, the number of lost dentists per year had the greatest predictive value, with a mean of 0.81 dentists gained per one
lost dentist. Data obtained via GWR were used to estimate the annual gain per year in each ZCA until 2030 (Fig. 1).
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established model, demand was assumed to be

lower in populations aged 70 years or older (23).

The impact of this assumption was checked by

increasing the cut-off to 75 years, as future elderly

might be healthier, have more teeth, and would

consume dental services until higher ages.

Scenarios
Three scenarios were constructed, combining dif-

ferent assumptions. Each scenario was defined by

the predicted population in 2030, the age cut-off at

which demand was assumed to decrease, the dif-

ferent annual gains of dentists depending on the

numbers of newly licensed dentists, and gender-

specific working hours.

By combining the less positive population sce-

nario, the earliest age at which demand was

assumed to decrease, the highest annual numbers

of newly licensed dentists and the longest weekly

working hours, a best case scenario (highest supply

and lowest demand) was constructed. Vice versa, a

worst case and a moderate scenario were con-

structed, each combining different assumptions

with each other.

Analyses
The distribution of socio-demographic variables

and the supply and demand for dental services

was analysed statistically and spatially. To esti-

mate the spatial distribution of the ratio between

demand and supply (<100% under-serviced,

>100% over-serviced), the Gini coefficient was cal-

culated. The Gini coefficient is commonly used to

assess income inequality. Values of 0 indicate per-

fectly equal distribution of the demand–supply

ratio, values of 100 indicate perfect inequality (24,

25). Spatial analysis included mapping of demand-

supply ratios and analysis of clustering. Spatial

autocorrelation between surrounding ZCAs was

assessed via global Moran’s I (26). Local clustering

was evaluated via Local Indicators of Spatial Auto-

correlation analysis. Association between socio-

demographic variables and the population per

dentist density in 2030 was evaluated via bivariate

analyses using Spearman’s correlation coefficient

and linear regression analysis, and via ordinary

least-square regression and GWR as described. Sta-

tistical and spatial analyses were performed using

Fig. 2. Demography and oral-health-related morbidity in 2011 and 2030. (a) The state-wide population will significantly
age between 2011 and 2030; two different prediction models were employed for subsequent calculations (2030a, 2030b).
Predicted morbidities were then linked to required treatment times. Reported number of decayed teeth (DT, b), missing
teeth (MT, c), filled teeth (FT, d) and periodontally affected teeth (e) in each age group.
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SPSS 20 (IBM, Armonk, NY, USA) and ArcGis 10.2

(Esri, Redlands, CA, USA).

Results

Compared with 2011, the state-wide population

decreased (!7% to !11%) and aged significantly

(from mean 46 to 51 years) until 2030, with a

slightly higher number of (slightly younger) inhab-

itants in the worst case compared with alternative

scenarios. Based on these population prognoses,

demand for different dental services was calcu-

lated (Table 2). Total demand decreased signifi-

cantly in all scenarios (!25% to !33%), with

greatest decrease for prosthetic services, while the

demand for periodontal services increased. The

overall number of dentists did only limitedly

decrease in the moderate and worst case scenario

(!22%), and even increased in the best case sce-

nario. The same was found for the overall annual

working time (Table 2). Subsequently, the density

of population per dentist did not dramatically

change in the moderate scenario, and decreased

and increased in the best and worst case scenario

respectively.

The median ratio of demand to supply was

nearly perfect in 2011 (98%). Due to the decreased

demand per capita (i.e. decreased morbidity), this

ratio increased in 2030 in the moderate and, more

so, in the best case scenario. Only in the worst case

scenario did this ratio decrease. However, the dis-

tribution of this ratio in different spatial units was

increasingly unequal in 2030 compared to 2011

regardless of the scenario as indicated by per-

centiles and Gini coefficients (Table 2). Spatial

analysis confirmed this unequal distribution

(Fig. 3), with large areas being over-serviced (ratio

>100%), but some areas being under- or not at all

serviced in 2030. Global spatial autocorrelation was

limited in all scenarios (Moran’s I was 0.15

[Z = 1.43, P = 0.15] in the moderate, 0.15 [Z = 1.38,

P = 0.17] in the best, and 0.17 [Z = 1.63, P = 0.10]

in the worst case scenario respectively). In only

few areas, a clustering of ZCAs with high ratios

with each other (high-high) or with ZCAs with low

ratios (high-low) was found (Fig. 3).

Using correlation and regression analyses, we

evaluated if socio-demographic characteristics

predicted the population-to-dentist ratio in 2030

in different ZCAs (Table 3). While bivariate anal-

yses indicated that with increasing population

density, the population-to-dentists ratio increased

as well, this was not confirmed by multivariate

analysis. Using GWR, we found a positive corre-

lation in some, but not all areas (Fig. 4). Overall,

the constructed model had moderate fit

(R² = 0.42).

Table 2. Demand for and supply with dental services in 2011 and 2030 in each ZCA

2030

2011 (10) Moderate Best Worst

Population 1 634 734 1 451 887 1 451 887 1 525 038
Mean age 45.8 51.2 51.2 50.9
Reduced demand at ≥70 years ≥70 years ≥70 years ≥75 years
Demand (% of total)
Conservative operative 731 981 (48%) 482 087 (48%) 482 087 (48%) 538 296 (47%)
Prosthetics 496 508 (33%) 258 137 (26%) 258 137 (26%) 297 666 (26%)
Periodontology 97 787 (6%) 127 418 (13%) 127 418 (13%) 147 650 (13%)
Orthodontics 139 252 (9%) 102 980 (10%) 102 980 (10%) 110 165 (10%)
Prophylaxis 54 071 (4%) 39 986 (4%) 39 986 (4%) 42 776 (4%)
Total 1 519 598 (100%) 1 010 608 (100%) 1 010 608 (100%) 1 136 553 (100%)

Dentists (male/female) 1312 (525/787) 1222 (504/718) 1346 (553/792) 1099 (455/644)
Weekly working hours 34.50 33.25 34.50 32.00
Total annual hours 1 945 256 1 750 410 1 999 378 1 514 715
Population per dentist
(median, 25th/75th percentiles)

1451 (1093/2176) 1425 (1047/2388) 1302 (962/2174) 1688 (1213/2841)

Ratio demand/supply in %
(median, 25th/75th percentiles)

98% (59%/143%) 120% (60%/187%) 137% (68%/211%) 90% (48%/140%)

Gini coefficient 44.40 49.06 49.13 48.39

Number of ZCAs was 176. For 2030, three different scenarios were modelled, each based on a combination of assumed
input estimate. The ratio of demand per supply indicates potential over- or under-servicing. The Gini coefficient indi-
cates the equality of the distribution of this ratio between spatial units (ZCA).
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Discussion

Estimating future demand for and supply with

dental services is relevant and increasingly com-

plex given a population with spatially unequally

ageing, shrinking, morbidities and service utiliza-

tion patterns. This study applied a validated model

Fig. 3. Ratio of demand and supply in 2011 (a) and 2030 (b–d) in different spatial units (zip-code areas). Under-serviced
areas (supply of 0% or between >0% and 74% of the demand) are indicated by red and pink, respectively, while over-ser-
viced areas are indicated by light and dark blue (supply 125–200%, or above 200% of the demand). Areas with matching
demand and supply (ratios of 75–124%) are shown in green. The five biggest cities (>50 000 inhabitants) are indicated by
black rings. Areas with spatial clustering (high-high, i.e. blue–blue, and low-high, i.e. blue–red,) are highlighted by an
accented border. Different scenarios were analysed based on a combination of different assumptions (b–d).

Table 3. Bi- and multivariate correlation analyses between socio-demographic variables and the population-to-dentist
ratio

Values
Bivariate Multivariate

Spearman GWR OLS GWR

Mean (range) R² R²

R² = 0.07
Mean coefficient
(95% CI)

R² = 0.42
Mean coefficient
(95% CI)

Density 2030 (pop./km²) 119 (18–1535) 0.42 0.42 – 0.0 (!0.1/0.1)
Annual income 2011 (Euro) 13 328 (12 795–14 282) !0.08 0.03 – –

Land price 2011 (Euro/m²) 48 (38–84) 0.06 0.02 – –

Working population 2011 (%) 42 (39–44) !0.25 0.04 !10.3 (!18.0/!2.5) –

Higher education 2011 (%) 12 (10–12) 0.02 0.01 8.4 (0.9/16.0) –

Only one socio-demographic variable was available for 2030 (population density); other predictors were only available
for 2011. Spearman’s coefficient and geographically weighted regression (GWR) were first used to evaluate a possible
bivariate association between each socio-demographic variable and the population per dentist in each ZCA (number of
ZCAs was 176). Bivariate analyses found only limited correlation (R²) for all variables except population density. For
multivariate analysis, ordinary least-square regression was used firstly, with only two variables being retained (P < 0.1),
and very low overall fit of the model (R² = 0.07). For GWR, the association between population density varied in differ-
ent spatial units, with certain areas showing a negative, and others showing a positive correlation (see Fig. 4 for more
details).
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to estimate the spatial specific demand based on

age-adjusted morbidity data. The future supply in

different spatial units was estimated using dentist

cohort data, accounting for potential changes in the

composition and working patterns of the future

workforce. We then compared demand and sup-

ply, with spatial analyses being able to identify

areas at risk of future under- and over-servicing.

In all assessed scenarios, a large regional variety

between demand and supply was found, with

many areas being potentially over-serviced, but

few (mostly rural) areas being without any local

dental service at all in 2030. While a possible com-

pensation of under- with over-servicing and vice

versa from neighbouring spatial areas has been

reported (27), our analyses, for example using Mor-

an’s I, did not confirm such compensation. Our

results further highlight the limited value of aver-

age (national or state-wide) estimates, which do

not reflect the local demand and supply. If assessed

on average, none of the scenarios found under-ser-

vicing in 2030, which has been defined as a ratio of

dentists per population of 1:5000–1:4000 depending

on need (9), but rather significant over-servicing.

In our model, the number of future dentists

moving into an area was estimated based on the

number of dentists who stopped being active in

this area. This assumption, admittedly, introduces

great uncertainty, as the decision of where to settle

will – in reality – incorporate far more factors,

which are likely not to be static over the next

15 years. However, given the perfect fit of the

model for the decade between 2001 and 2011, we

found the used model suitable for attempting a

prediction; moreover, we used sensitivity analyses

to assess the robustness of our findings. Neverthe-

less, caution is required when interpreting our

results, as especially for small ZCAs (e.g. those

with only one or two dentists present in 2011), the

uncertainty resulting from our assumptions might

have great impact on the estimated supply in 2030.

The inflow of dentists further depended on

the national number of newly educated dentists

in Germany, and their retention in Mecklen-

burg-Vorpommern. Both numbers are not

known, and no regulation is in place for con-

trolling the number of future licenses. Again,

sensitivity analyses were used to assess the

impact of the resulting uncertainty. The average

ratio of demand and supply in 2030 matched

only in our worst case scenario. In both other

scenarios, average over-servicing was predicted.

Similarly, in all scenarios, the distribution of

supply and demand was highly polarized.

Despite their uncertainty, these findings high-

light the relevance of dental workforce planning,

Fig. 4. Prediction of population-to-dentist ratios according to the population density. Geographically weighted regres-
sion was used to estimate spatially specific coefficients. In few ZCAs, a negative correlation was found (red or pink),
while in others, the association was positive (blue). In most areas, correlation coefficients were low (between !0.05 and
0.05, green colour).
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especially as both German dental education and

services are financed by the public (2).

A variety of options have been suggested for

controlling the distribution of medical workforce,

and while most of them have not been evaluated in

dentistry yet, they should be briefly discussed here.

One measure which is both politically available

and effective (and has been used in German den-

tistry in the past) is demand-based licensing. It is

easy to implement and enforce, not costly, and

especially useful for tackling over-supply (28).

Such quota could be established by the federal

state’s dental association, which has been granted

autonomy for securing an adequate service supply.

In contrast, changing the remuneration system

from fee-per-item to capitation might be effective

to increase spatial dispersion of dentists (28), but

could only be implemented nationally, involving a

complete overhaul of German dental care, and is

thus highly unlikely. Given that Mecklenburg-Vor-

pommern has two universities which educate

future dentists, dental training might be used to

guide dentists towards rural, possibly under-ser-

viced areas, for example, via practice-based educa-

tion in such rural areas, or recruitment of students

with interest and affinity for working in less urban

regions. Dentists might be willing to move to

under-serviced areas if budget constraints (which

are in place in Germany) were relaxed or adjusted

demand-specifically (at present, these are uniform

across the federal state). Financial bonus could be

paid for moving or staying in rural ZCAs (as is cur-

rently done for general practitioners in many areas

in Germany). While the latter measures are all the-

oretically available, there is evidence that they

might lack effectiveness while generating signifi-

cant costs (28). It remains unclear if future younger

dentists might generally be more mobile and will-

ing to move to rural areas, as data for physicians

indicate (29), or trending more towards urban

areas (30).

The used model for estimating spatial specific

demand first calculated age- and morbidity-

adjusted needs and then transformed these into

demand, taking into account age-specific consump-

tion of services. This model has been validated

before and found suitable to estimate both the

average demand and the service composition (i.e.

the proportion of different services per total

demand). Based on our model, a general decline in

dental treatment needs might be expected given

the shrinking population. Moreover, a shift from

prosthetic to periodontal needs is likely, account-

ing for the higher number of retained teeth even in

older age groups. In relative terms, prosthetic treat-

ment needs will account not for one third, but only

one quarter of overall needs, while periodontal

treatment needs will expand in relative and abso-

lute terms (being the only dental field with abso-

lute growth). The proportion of conservative,

orthodontic and prophylactic treatments is not

expected to greatly change between 2011 and 2030.

It should be noted that such predictions are based

on two main factors; demographics and expected

morbidity, both of which cannot be fully predicted,

but have been shown to change along certain tra-

jectories in the past (19–21). Nevertheless, it

remains unclear if there will truly be a shift in

demands, as both patient- and supply-side factors

might hamper the full translation of needs into

demands (18). If the expected relative changes in

the composition of dental services demand were to

hold true in the next years, our estimates might be

used to guide future dental education and could

inspire different service patterns: in many coun-

tries, periodontal treatments are performed not

only by dentists, but dental healthcare profession-

als like hygienists or therapists. This is not the case

in Germany at present, as periodontal treatments

can only be performed by dentists by law. If these

regulations changed, over-servicing with dentists

would be even greater than predicted. For other

countries, the used model should be adapted to

account for such mix of service providers. Simi-

larly, the used model only simulates demand and

supply within the public health service. This was

done, as data on privately provided services are

not publically available in Germany, and was justi-

fiable for the evaluated federal state given the low

number of privately insured patients, and the low

proportion of nonpublic treatments (31). For other

states or countries, this will not apply, and require

adaptation.

This study and the underlying model have sev-

eral limitations. First, the entered socio-demo-

graphic variables stemmed from district, not zip-

code spatial levels, and were too coarse to predict

the ratio of demand and supply sufficiently.

Therefore, our model was not based on socio.-

demographic variables (except population den-

sity). Future studies might strive for incorporating

data with more spatial detail to increase the preci-

sion and robustness of their findings. Second, the

used demand model builds on morbidity data,

which was linked to claim data and subsequently

transformed into working hours. Claim data might
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not fully reflect on underlying needs, as provided

treatments are possibly affected by other factors

(costs, preferences, applicability, acceptability). In

addition, provided treatments might change with

time based on an evolving evidence-base or chang-

ing macro-economic or political conditions. One

such factor impacting on demand might have been

the quarterly entrance fee for the consumption of

therapeutic (not preventive) dental services in

Germany between 2004 and 2012. The impact of

economic changes might be limited given that in

the specific setting, most patients received dental

treatments at no or greatly reduced costs. Third,

the morbidity in Mecklenburg-Vorpommern might

differ from the German average, as reported

before (32). However, the estimates of the available

state-specific studies are not comprehensive,

usually restricted to few age groups, not wholly

representative and also not available for smaller

spatial units (districts, zip-code areas). Similarly,

the assumed transformation of needs into demand

will not be uniform: For example, a greater trans-

formation of demand in urban than rural areas

could partially compensate for the observed urban

over- and rural under-servicing. Claim data on

zip-code or district level would be required to test

this hypothesis. Last, the provided dentist data

were available on zip-code level only, which does

not allow estimating distances or assessing means

of transport.

In conclusion, the applied model can be used to

estimate the future demand and supply for dental

services, incorporating the socio-demography of

both general population and the local dentists as

well as oral-health-related morbidity. Our esti-

mates show a significant polarization of dental

services supply and demand in 2030 in Northern

Germany. The yielded estimates allow to assess the

impact of different influence factors on demand or

supply and to specifically identify future chal-

lenges in different spatial units. Based on our find-

ings, stakeholders in dental workforce planning

can be liaised and advised. Interpretation of any

data stemming from our model should be per-

formed with great caution given the uncertainty of

the required assumptions and the used data.
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Interventions for enhancing the distribution of dental
professionals: a concise systematic review

Ralf J€ager1,2, Neeltje van den Berg2 and Falk Schwendicke1

1Department of Operative and Preventive Dentistry, Charit!e – Universit€atsmedizin Berlin, Berlin, Germany; 2Institute for Community
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Background: A spatially unequal distribution of dentists or dental care professionals (D/DCPs), such as therapists or
hygienists, could reduce the quality of health services and increase health inequities. This review describes the interven-
tions available to enhance this spatial distribution and systematically assesses their effectiveness. Methods: Electronic
databases (Cochrane CENTRAL, Medline, Embase, CINAHL) were searched and cross-referencing was performed using
a standardised searching algorithm. Randomised and non-randomised controlled trials, controlled before-and-after stud-
ies and interrupted time series were included. Studies investigating a minimum of one of four interventions (educational,
financial, regulatory and supportive) were included. The primary outcome was the spatial distribution of D/DCPs. Sec-
ondary outcomes were access, quality of services and equity or adverse effects. This review was registered
(CRD42015026265). Results: Of 4,885 articles identified, the full text of 201 was assessed and three (all investigating
national policy interventions originally not aiming to change the distribution of D/DCPs) were included. In one Japanese
study spanning 1980 to 2000, the unequal spatial distribution of dentists decreased alongside a general increase in the
number of dentists. It remained unclear if these findings were associated. In a second Japanese study, an increase in the
number of dentists was found in combination with a postgraduate training programme implemented in 2006, and this
occurred alongside an increasingly unequal distribution of dentists, again without proof of cause and consequence. A
third study from Taiwan found the introduction of a national universal-coverage health insurance to equalise the distri-
bution of dentists, with statistical association between this equalisation and the introduction of the insurance. Conclu-
sions: The effectiveness of interventions to enhance the spatial distribution of D/DCPs remains unclear.

Key words: Access to oral care, dental services, dental public health, oral health-care systems, workforce planning

BACKGROUND

Access to care is a result of demand for and supply of
services. Demand is determined by a large number of
factors, including demographics, morbidity-associated
or non-associated needs (e.g. preventive services are
not associated with existing morbidities) and the
translation of needs into demands, the latter being
affected by individual and societal (economic, health
care and cultural) factors1–3. Supply, on the other
hand, is guided by the existing number of available
service providers, as well as by the ‘replenishing’ of
the health-care labour market with newly licensed
providers, their working capacity, clinical spectrum
and degree of specialisation4–6.
Demand and supply are not global parameters; in

contrast, they are spatially specific, as is the resulting
access. On the one hand, demography and oral

health-related morbidity of a population, their per-
ceived needs and the resulting demands are spatially
specific. On the other hand, current evidence indicates
that dentists and dental care professionals (D/DCPs),
such as therapists or hygienists, do not decide their
practice location based only on demand considera-
tions (as economic theory might imply) but also on
several other factors, such as affection for a specific
area, availability of staff and local amenities, and
financial considerations of future practice7–11. As a
result, the spatially specific supply and also the result-
ing demand–supply ratio is polarised in many coun-
tries, with certain (often, but not necessarily, rural)
areas being under-serviced and other (often, but not
necessarily, urban) areas being over-serviced7–10.
Spatial access is regarded as one criterion of quality

of care12, as lack of access restricts the utilisation of
care13 and aggravates an already unequal distribution
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of health14–18. Therefore, governments and regulatory
bodies desire policy interventions that allow enhance-
ment of the spatial distribution of care providers (as
enhancing spatial demographics, needs and demand is
largely beyond control in most countries). This would
allow improvement not only of access but also of the
efficiency of educational pathways in medical care (it
might be sufficient to train only the number of care
professionals specifically needed rather than training
more professionals than needed to compensate for
their probable inefficient distribution) and of the pro-
vision of care regarding supply-side-associated over-
treatment or under-treatment.
Such policies can be coercive (i.e. involve some type

of obligatory element, such as conditioned loans or
quota regulations), normative (i.e. attempt to match
the inclinations and backgrounds of providers with
the areas in need, such as rural recruitment of provi-
ders) or utilitarian (i.e. support providers willing to be
‘spatially controlled’ within the market; for example,
through providing them with practice rooms, equip-
ment and staff, or installing economic incentives)19–21.
Regardless of which strategy is chosen, all policies
aim to control either recruitment (increase or decrease
depending on need) or retention (mostly increase
rather than decrease) of providers.
A variety of practical policies has been discussed to

control spatial distribution of a range of medical disci-
plines and professionals. These can be summarised
into four categories22:

• Educational interventions (e.g. selection criteria are
tailored to attract students with affinity to under-
served areas, and admissions to medical/dental
school are selective; teaching curricula include
exposure to underserved regions via clerkships and
raise interest for working in such areas)

• Financial interventions (e.g. conditional students’
loans and/or reduced tuition fees, scholarships
linked to future practice location; incentives for
practicing in rural areas, including rural allowances,
higher fee items or reduced budgetary constraints
and/or increased salaries)

• Regulatory strategies (e.g. licensing in over-served
areas via quota programmes, compulsory commu-
nity service , relaxing work regulations for foreign
professionals willing to work in underserved areas)

• Personal and professional support strategies (e.g.
providing professional support, including staffing,
provision of adequate infrastructure for effective
workplace organisation, establishment of career
pathways, housing programmes, attending family’s
social and community needs).
When assessing not only dentistry, but the whole med-

ical system, all of these policies have been implemented,
or at least theoretically evaluated, in one or more con-
texts. However, for most, their effectiveness (i.e. the true

effect on medical care professional distribution) has not
been demonstrated; in fact, a recent Cochrane review on
this matter included only one trial22. The Cochrane
review included dentists, but not DCPs, such as hygien-
ists or therapists, who work independently and fulfil
demands but are possibly receptive to different interven-
tions compared with dentists. In general, enhancing the
distribution of D/DCPs might need interventions differ-
ent from those used for other medical care professionals,
as D/DCPs are subject to a competition that is not neces-
sarily defined by the type of treatments provided but by
the real or perceived quality of care and the associated
costs23–26. Additionally, the impact of supply-side
demand needs to be considered, especially in dentistry27,
and the type of access needed (i.e. the distance accept-
able for consumers to travel to fulfil demand) might dif-
fer in dentistry compared with other disciplines, as visits
are scheduled at different frequencies and treatment
courses often involve a sequence of visits.
Given the described importance of access for pro-

cess and outcome quality, dental policy makers are
increasingly interested in effective interventions to
enhance spatial distribution of D/DCPs. The aim of
this review was to retrieve and appraise studies on
enhancement of the distribution of D/DCPs using sys-
tematic methods.

METHODS

This review was registered after an initial scoping
exercise (Prospero CRD42015026265). We followed
the Cochrane Effective Practice and Organisation of
Care (EPOC) Group’s recommendation for conducting
reviews28. Our primary review question was: what is
the effectiveness of different policy interventions to
enhance the spatial distribution of D/DCPs?

Inclusion criteria

Studies

We included randomised and non-randomised con-
trolled trials as well as controlled before-and-after
studies and interrupted time series (ITS) which evalu-
ated the effects of policy interventions to control
the spatial distribution of D/DCPs. For ITS, no
specification of a required number of pre- and post-
intervention measure points was made. For controlled
before-and-after studies, at least two intervention sites
and two control sites needed to be included to reduce
the confounding effect of the study site22.

Participants

The participants were D/DCPs who can work inde-
pendently, such as general or specialised dentists,
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dental therapists and dental hygienists. Studies investi-
gating dental technicians and non-professional dental
health-care workers, as well as only dental nurses
(who we assumed to work only in association with a
dentist), were excluded.

Interventions

Studies investigating any intervention falling into one
of the four identified policy categories, which had
been compared with another or no intervention, were
included.

Outcomes

• Our primary outcome was the spatial distribution
of D/DCPs. Thus, we aimed to measure the effect
of an intervention on the spatial-specific recruit-
ment and/or retention of D/DCPs and/or the result-
ing net number of D/DCPs in an area. We did not
specifically aim to measure how an intervention
affected the number of D/DCPs working in rural or
underserved areas, but rather how an intervention
affected the distribution of D/DCPs in general in a
given (number of) spatial unit(s), i.e. to regulate
both over-servicing and under-servicing. This was
achieved, as maldistribution is not always equal to
an inequality in rural areas versus urban areas. It
also helped to circumvent the fact that there are no
agreed definitions for rural, urban, underserved or
overserved regions across countries.

• As secondary outcomes we assessed how these
interventions impacted on subjective or objective
access to care and the resulting quality of services
(e.g. waiting times, commuting distances, patient
satisfaction, and provision and outcomes of dental
care), including equity effects (i.e. servicing in dif-
ferent populations). Also, adverse effects were
included (adverse health or health-behaviour effects,
adverse quality of care or resource use/economic
outcomes, adverse effects on D/DCPs, adverse
equity effects).

Searches

A search algorithm, combining the different aspects
outlined in the inclusion criteria via Boolean
operators, was constructed and was adapted for
different databases. A sensitive, non-specific two-
pronged approach was used, combining the ‘problem’
((((((((((rural) OR remote) OR underserved) OR work-
force) OR distribution) OR regional) OR recruit*)
OR retention) and the target group (((((((((dentist) OR
dentists) OR dental hygienist) OR dental hygienists)
OR dental therapist) OR dental therapists) OR dental
practitioner) OR dental practitioners)))). No

restriction for study type, time or language was
applied. Four databases were screened: the Cochrane
Central Register of Controlled Trials (CENTRAL)
including the EPOC Group Specialised Register
(searched 25/08/2015); Medline via PubMed (searched
25/08/2015); Embase from 1980 onwards via Ovid
(searched 25/08/2015); and CINAHL 1980 to present
via EbscoHost (searched 31/10/2015). Cross-referen-
cing from full-text studies retrieved was used to iden-
tify further articles. Neither authors nor journals were
blinded to reviewers. Searches were performed in
duplicate and independently by both reviewers (R.J.
and F.S.), thus identifying potentially eligible studies.
Disagreements were resolved through discussion, and
where disagreements remained, the full texts were
obtained. The full texts were screened again by both
reviewers, after calibration, for inclusion. Consensus
was obtained by discussion.

Data extraction and synthesis

Data from eligible studies were independently
extracted by both reviewers and were entered into
piloted data-collection forms. We collected the follow-
ing data: study type; design; intervention; participants’
characteristics and setting; start and end dates; out-
come measure; and results.

Risk of bias assessment

We used the Cochrane EPOC group’s risk of bias tool
for interrupted time series (all studies included were
ITS), as described in detail elsewhere28. Risk of bias
was assessed by two reviewers (R.J. and F.S.) in agree-
ment.

RESULTS

Database screening using the search terms described
identified 2,967 reports in Medline, 1,415 in Embase,
25 in CENTRAL and 478 in CINAHL (Figure 1). Of
these, the full text was retrieved for 112, 95, 0 and
29, respectively. After deduplication, the full text of
201 articles was assessed; of these, 198 were excluded
(see Table S1) and three were included (Table 1). All
three studies investigated national policy interven-
tions, which were originally not aiming to change the
distribution of D/DCPs.
In the first study, a Japanese ITS29, it was reported

that increasing the overall dentist number resulted in
increased dentist-per-capita ratios between 1980 and
2000, which significantly decreased the Gini coeffi-
cient of dentists’ distribution over time (i.e. the
distribution became less unequal). Given the method-
ological limitations of this study with regard to the
statistical analysis used, the effects reported cannot
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necessarily be attributed to the intervention. The trial
did not control for secular trends (such as economic
changes or further changes in the health-care organi-
sation) that could have confounded the results, and
the shape of the intervention effect was not specified
(Table 2). The overall risk of bias was judged to be
high.
In the second study, another Japanese ITS, the

effects of a postgraduate training programme, imple-
mented in 2006, were evaluated from 2006 to 2010.
The number of postgraduate trainings provided was
fairly stable between 2006 and 2010, while the overall
numbers of dentists increased. The unequal spatial
distribution of dentists increased during the same time
period, as measured using the Gini coefficient. Again,
this study was insufficient to demonstrate an associa-
tion between the policy and the distributional effect.
It was further rated as having high risk of bias, again
as it did not account for changes in confounding vari-
ables with time and as the shape of the intervention
of the effect was not specified.
In the third study, from Taiwan, the impact of

introducing a national universal-coverage health insur-
ance using ITS methodology was assessed. This study
used spline regression to account for the data used
and their structure. The authors found that introduc-
tion of the insurance significantly equalised the distri-
bution of dentists, with the Gini coefficient improving
by 1.3% after 1 year and by 7.3% after 8 years. The
statistical analysis was found to be suitable for
answering the study questions. The study was rated as
having unclear risk of bias, as the shape of the

intervention effect was not specified, but arguments
for a gradual increase were made.

DISCUSSION

This review found only very limited evidence on the
effectiveness of interventions for controlling the spa-
tial distribution of D/DCPs. Future reviews might
therefore consider including a broad range of studies,
such as qualitative research, government reports and
grey literature.
Two of the studies included focussed on altering the

number of dentists and they yielded ambiguous results
(both were from Japan; they found increasing dentist
numbers to correlate with decreasing polarisation
between 1980 and 2000 and increasing polarisation
between 2006 and 2010). The idea behind a sheer
increase of providers leading to a better rural access is
based on dentists choosing their practice location
solely as a result of local demand: with an increasing
dentist density, dentists might move their practice to
areas with reduced competition. This concept ignores
the many other factors – such as personal attitude
towards working and living rurally, the overall busi-
ness set up in rural areas (including availability of
staff) and the limited association between sheer
demand and financial lucrativeness30 – which affect
the decision for a specific practice setting. In addition
to their conflicting findings, both studies had high risk
of bias, mainly as the analysis performed did not suffi-
ciently account for secular confounders which proba-
bly impact on dentists’ distribution.

Figure 1. Flow of the search.
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Table 1 Studies included

Study Study type, country,
sample points

D/DCP Intervention Description Measure of
distribution,

type of analysis

Findings

Toyokawa and
Kobayashi29

ITS, Japan,
national

Dentists Increasing overall
supply (regulatory
strategy)

The overall increase in the number of
dentists per capita (since 1980) was
regarded as intervention, and the
correlation with dentists’ distribution was
assessed at three time points (1980, 1990
and 2000)

Gini coefficient,
descriptive

The dentists’ per capita ratio increased
from 44.1 to 58.3 to 69.7, while the Gini
coefficient decreased from 0.270 to 0.213
to 0.197

Hirata et al.40 ITS, Japan,
national

Dentists Postgraduate
clinical training
(educational strategy)

The introduction of postgraduate clinical
training was regarded as an intervention
and the number of postgraduate trainees
from 2006 (year of introduction of
training) to 2010 was reported

Gini coefficient,
descriptive

The number of overall dentists increased
from 94,580 to 98,727. Per year, 2,396–
2,633 dentists performed the postgraduate
training between 2006 and 2010. The
Gini coefficient increased from 0.232 to
0.262 in the same time period

Yang et al. 41 ITS, Taiwan,
national

Dentists Introduction of
universal coverage by
NHI (regulatory
strategy)

Introduction of NHI (in 1995) was regarded
as an intervention, and its impact was
assessed accounting for time-trend
confounding (natural growth effects, etc.)
from 1971 to 2002. Data after 2002 were
discarded as further health reform policies
were enacted

Gini coefficient,
spline regression

While the number of dentists per 100,000
increased from 1971 (6.09) to 2001
(39.92), the Gini coefficient first increased
and then decreased. Introduction of the
NIH decreased the Gini coefficient by
0.013 at 1 year and by 0.079 at 8 years
(this was highly significant)

D/DCP, dentists/dental care professional; NHI, national health insurance; ITS, interrupted time series.

Table 2 Risk of bias; the Cochrane Effective Practice and Organisation of Care (EPOC) risk-of-bias tool for interrupted time series (ITS) was used28

Study Intervention
independent of other

changes

Shape of intervention
effect is prespecified

Intervention likely to
affect data collection

Knowledge of
intervention prevented

Incomplete data Selective reporting Other risk
of bias

Toyokawa and
Kobayashi29

High. Further factors
determining outcome
were not assessed/
controlled for

High. No shape
specified or discussed

Low. Data collection
independent and
constant over time

Low. Data sources
independent from
study and outcomes
objective

Low. Missing data not
addressed, while no
systematic distortion is
likely as data source is
constant

Low Low

Hirata et al. 40 High. Further factors
determining outcome
were not assessed/
controlled for

High. No shape
specified or discussed

Low. Data collection
independent and
constant over time

Low. Data sources
independent from
study and outcomes
objective

Low. Missing data not
addressed, while no
systematic distortion is
likely as data source is
constant

High. Not all time points
were reported

Low

Yang et al. 41 Low (controlled for
confounders over time
and performed
restricted analysis)

Unclear. No shape
specified, but
arguments for the
gradual impact of the
intervention were
made

Low. Data sources are
independent from the
study objective and the
outcomes

Low. Data sources are
independent from the
study objective and the
outcomes

Low. Missing data not
addressed, while no
systematic distortion is
likely as data source is
constant

Low Low
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The third study accounted for secular trends in con-
founders and was rated as having an unclear risk of
bias. This study found that implementation of a uni-
versal health coverage insurance reduced the unequal
distribution of dentists. One explanation for this find-
ing is that such universal coverage increases demand
in rural areas, as rural populations are now able to
afford dental care. Such insurance should thereby also

decrease the incentive to work mainly in urban areas,
as charges no longer differ between areas. Similar
policies have been applied in the USA, where Medi-
care bonus systems have been thought to increase the
attractiveness of service provision to low-income (not
only rural) populations, with limited success20,31.
Overall, the studies included are insufficient to

establish the effectiveness of existing policies for

Table 3 Examples of strategies and measures used to guide the distribution of dental care professionals

Strategy Measures Examples

Educational
interventions

Selection criteria,
selective dental
school admissions

Dentists from rural areas in Thailand preferred to work in rural areas compared with those from non-
rural areas42. In Nebraska, a rural recruitment strategy was found to increase retention over a 20-
year period43. A similar experience was reported in Australia44. The University of Kentucky recruited
students from rural Kentucky and coupled this with a no-interest student loan, which did not need
payback in case of 1 year of rural service after graduation. Of 29 graduates between 1971 and 1980,
23 (77%) returned to their rural area after graduation45. The University of Colorado established an
interdisciplinary rural track for dental students. The University of Washington increased access for
students from a rural background. These students returned to their communities for externships46

Rural teaching,
clerkships

Rural externships are in place for final-year students at Sydney University. Almost all (97%) of the
students were more likely to work in a rural setting after graduation compared with 57% pre-
placement, and externship students also practiced rurally more often than did non-externship
students47. Similar findings were found for Western Australia48; the insights gained were reported to be
an additional benefit49,50. In contrast, no benefit of such a programme was found in Alabama51. In
Minnesota, eight of 13 students returned to their externship practices after graduation52; other
American dental schools have similar programmes, but only a few measured their success53

Rural dental
schools or campi

Using scenario simulations, a significant number of patients would benefit and utilisation increase in
case of opening a new dental school in rural Southwest Virginia54. The Charles Stuart University
Dentistry Program in New South Wales, Australia, was expected to have a similarly positive effect in
200944. So far, however, no data are available that truly prove such benefits. Rural campi have been
tested in Australia and seem to retain both rural and non-rural students rurally44

Financial
interventions

Conditioned
students’ loans,
reduced tuition
fees, scholarships,
rural incentives,
allowances

In the USA, the Healthy Initiatives programme provided up to $100,000 for a dentist who remained
rural55, but no data as to the effectiveness of this policy are available

Specific feeing,
salaries, budgets

In Thailand, income incentives were found to be a deciding factor for dentists regarding their
workplace selection42, while again, the effectiveness of this intervention was not measured

The Australian Dental Relocation and Infrastructure Support Scheme provides relocation and
infrastructure grants56,57

Regulatory
strategies

Quota licensing or
redefinition of
service scope

In rural California, dental hygienists’ service scope was widened for geographically defined shortage
areas; this increased available services to rural California without any shown health risk58

Increased licensing,
foreign recruitment

The USA aimed to increase use of foreign-trained dentists in rural areas59

Mobile services Mobile and portable dental services have been shown to be effective in developing countries60. For
example, the Thai dental service provides dental treatment to over 200,000 individuals per year60

Such services are common also in the USA: the Texas mobile dental clinic provided additional services
to 26% more rural children in 201160. In Hawaii, services focus on children, the disabled, the
mentally ill, impoverished elderly subjects, homeless people, etc.60 The Kentucky mobile dental unit
provides services mainly to children and builds on the help of student dental therapists60. The
California mobile dental services has been in existence for 45 years and provides services to over
85,000 low-income Californian or Mexican children. Services are provided by dental and dental
hygiene students and paediatric dental residents60,61

Personal and
professional
support

Staffing Supportive supervision and mentoring have been found to be relevant in various settings for
recruitment and, more so, retention62. No further data on effects are available

Infrastructure As discussed above, the Australian Dental Relocation and Infrastructure Support Scheme provides
relocation and infrastructure grants56,57. Generally, there are very limited data on such efforts

Career pathways In Iowa, the ‘Office of Iowa Practice Opportunities’ was able to increase rural recruitment/retention63.
NHS Education for Scotland initiated a Fellowship to enable rural practitioners to acquire a
postgraduate degree. Of 18 dentists who completed this Fellowship, 14 (78%) remained in a rural
post; three are in further postgraduate education64

Family services,
housing programs,
community
involvement

Having an existing social network and enjoying a rural lifestyle and the community opportunities
seem to be drivers for rural retention. Purely financial incentives seem to have only limited impact30.
Overall, community involvement seems important for retention (not recruitment); however, data to
provide an accurate measure of this effect were absent or limited65

NHS, National Health Service.
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enhancing dentists’ distributions (none of the studies
focused on DCPs). Moreover, they do not seem gener-
alisable to other settings, and have limited internal
validity. Given the paucity of data on this level of evi-
dence, a broader approach might be needed, with pol-
icy documents or further ‘grey’ literature being
considered in future studies. For the purpose of an
overview of interventions that have been applied in
dentistry for enhancing the distribution D/DCPs,
Table 3 could be used. It should be noted that none
of the studies included therein could truly determine
the association between the intervention and the dis-
tribution of D/DCPs. Most studies described the
observed effects and did not account for confounders,
and a number assessed the attitudes of existing or
future providers towards an intervention but did not
quantify the effects of the intervention.
The majority of existing studies have focussed on

educational interventions (such as selective admission;
for example, recruiting students from rural areas or
those with affinity to rural practice, or rural extern-
ships) or coercive (financial) policies associated with
education (such as student loans or scholarships con-
ditioned to rural service postgraduation). No study
was found which reported on the effects of establish-
ing rural dental schools but several initiatives in this
direction were planned or theoretically evaluated. In
general, education policies seem promising32–34, with
normative strategies (selective admission) having the
additional advantage of not requiring large invest-
ments or administrative efforts. Further evidence on
financial regulations (specific rural feeing, etc.) is
non-existent in dentistry. Educational policies might
also face reduced political barriers, but nevertheless
come with certain ethical implications (for example,
preferring students with rural backgrounds actively
discriminates against those from non-rural back-
grounds).
Regulatory strategies might also be relevant.

Restricting practice in overserved areas through the
use of quotas is easy, inexpensive and effective if suffi-
cient regulatory enforcements are in place. However,
this may face political headwind, as health-care pro-
fessionals oppose such restrictions. Similarly, recruit-
ing foreign dentists is relatively inexpensive but
requires administrative efforts35. Migrant dentists
have been found to work in underserved areas more
often than non-migrant dentists36, but might not
always fulfil all educational standards in the countries
to which they migrate37. This, in turn, might impact
on the acceptance of such dentists by consumers of
dental care. In general, there is scarce evidence on the
distributional effects of such recruitment efforts, while
the broader political aspects of such interventions
often demand them to be well justified. Another strat-
egy could be to incentivise the extension or restriction

of working hours or specific budgeting in different
regions (as mentioned above). In this sense, any
recruitment strategy should also have the possible
working capacity of the recruited workforce in mind.
A fourth strategy in this direction could be diversifica-
tion of providers. Increasing the scope of practice of
dental hygienists or therapists, for example, seems
promising to serve areas where conventional dental
care cannot be cost-effectively provided by dentists38.
Mobile care units have been shown to provide services
to a relatively large number of patients at limited
costs.
Last, providing personal and professional support

to D/DCPs in under-serviced areas seems to be a rele-
vant approach, especially regarding the retention of
personnel after recruitment. At present, there is virtu-
ally no documented evidence of the effectiveness of
such measures in dentistry; however, valuable insights
can be gained when evaluating studies from other
medical disciplines33,39.
In conclusion, a number of interventions to control

the spatial distribution of D/DCPs have been designed
and even applied. However, their effectiveness
remains unclear. As the present review included only
three studies, our findings are insufficient to make any
recommendations for policy makers. Future studies
should strive to collect sufficient data, alongside the
implementation of any interventions, to allow robust
evaluations of their effectiveness. Effectiveness needs
to considered with ethical and political dimensions
before implementing any of these interventions.
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