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Abstract
Background: The purpose of this study was to compare technical and scale efficiency of primary care centers from the
two largest Greek providers, the National Health System (NHS) and the Social Security Foundation (IKA) and to
determine if, and how, efficiency is affected by various exogenous factors such as catchment population and location.

Methods: The sample comprised of 194 units (103 NHS and 91 IKA). Efficiency was measured with Data Envelopment
Analysis (DEA) using three inputs, -medical staff, nursing/paramedical staff, administrative/other staff- and two outputs,
which were the aggregated numbers of scheduled/emergency patient visits and imaging/laboratory diagnostic tests.
Facilities were categorized as small, medium and large (<15,000, 15,000–30,000 and >30,000 respectively) to reflect
catchment population and as urban/semi-urban or remote/island to reflect location. In a second stage analysis, technical
and scale efficiency scores were regressed against facility type (NHS or IKA), size and location using multivariate Tobit
regression.

Results: Regarding technical efficiency, IKA performed better than the NHS (84.9% vs. 70.1%, Mann-Whitney P < 0.001),
smaller units better than medium-sized and larger ones (84.2% vs. 72.4% vs. 74.3%, Kruskal-Wallis P < 0.01) and remote/
island units better than urban centers (81.1% vs. 75.7%, Mann-Whitney P = 0.103). As for scale efficiency, IKA again
outperformed the NHS (89.7% vs. 85.9%, Mann-Whitney P = 0.080), but results were reversed in respect to facility size
and location. Specifically, larger units performed better (96.3% vs. 90.9% vs. 75.9%, Kruskal-Wallis P < 0.001), and urban
units showed higher scale efficiency than remote ones (91.9% vs. 75.3%, Mann-Whitney P < 0.001). Interestingly 75% of
facilities appeared to be functioning under increasing returns to scale. Within-group comparisons revealed significant
efficiency differences between the two primary care providers. Tobit regression models showed that facility type, size
and location were significant explanatory variables of technical and scale efficiency.

Conclusion: Variations appeared to exist in the productive performance of the NHS and IKA as the two main primary
care providers in Greece. These variations reflect differences in primary care organization, economical incentives,
financial constraints, sociodemographic and local peculiarities. In all technical efficiency comparisons, IKA facilities
appeared to outperform NHS ones irrespective of facility size or location. In respect to scale efficiency, the results were
to some extent inconclusive and observed differences were mostly insignificant, although again IKA appeared to perform
better.
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Background
Primary care in Greece
In Greece, primary care is provided mostly through the
National Health System (NHS) with approximately 200
rural and semi-urban primary care centers and 1,000 rural
health posts, and the Social Security Foundation (IKA)
with approximately 250 urban facilities of its own. Other
primary care providers are the outpatient departments of
NHS public hospitals for the urban population, other
insurance funds, the private sector, local authorities and
city health departments. Interestingly, improvement of
primary care has been in the agenda of health reform
attempts in Greece over the past 25 years.

Planning and staffing of NHS primary care centers is
based on a combination of population-, demographic-,
economic- and geographic-based criteria. These units pro-
vide preventive, curative and rehabilitation services to
people living in their service areas, and to visitors as well.
They are staffed with salaried GPs and internists, nurses,
lab technologists and assistants and other health and
administrative personnel. Rural posts are staffed with one
physician, usually a GP. NHS primary care centers are
mainly tax-financed and their budgets are linked to staff
numbers and other inputs.

These NHS centers have partially fulfilled their objectives
by increasing access to primary care and reducing the flow
of rural patients to urban hospital outpatient depart-
ments. However, due to staffing, financial and organiza-
tional problems, they have been yet unable to develop
their own policies and their performance has not attained
expected standards [1-3]. Moreover, they are in a monop-
olistic position, particularly in remote areas and islands,
and this weakens cost minimization and performance
improvement incentives.

IKA, on the other hand, is the largest public health insur-
ance entity and the main public-sector provider of pri-
mary health care services, covering more than half of the
insured population. It operates its own network of con-
tracted doctors and primary care centers to which its
patients have free access. IKA's health care provision is
financed primarily by contributions from employees and
their employers. Facilities are staffed with part-time sala-
ried physicians covering almost all medical specialties
(who concurrently maintain private practice), nurses and
other health personnel.

Technical and scale efficiency
Technical efficiency depicts the capability of production
units to transform their inputs into outputs. In this sense,
a primary care center is perceived as efficient if it produces
the maximum possible output, given its available inputs
or, equivalently, if it utilizes a minimum level of inputs to

produce a given amount of outputs. As the ideal "maxi-
mum" or "minimum" level is unknown, efficiency is prac-
tically measured in comparative terms to other units [4].
Scale efficiency can be assessed in terms of production by
referring to the notion of returns to scale. Increasing
returns are said to exist when a proportional increase in
inputs causes outputs to increase by a greater proportion,
whereas decreasing returns is the situation in which an
increase in inputs causes output to increase by a smaller
proportion.

Data Envelopment Analysis
Data Envelopment Analysis (DEA) is a linear program-
ming technique for identifying optimal combinations of
inputs and outputs based on the actual performance of
comparable units, and a unit-by-unit empirical frontier is
created representing, in economic terms, the revealed best
practice production technology. The efficiency of a pro-
duction unit not located on the frontier is estimated by
comparing its performance with efficient units with the
most similar production characteristics. The first DEA
model made the dubious assumption of constant returns
to scale (CRS) [5], but was subsequently developed to
measure technical efficiency under variable returns to
scale (VRS) [6,7].

In DEA, a linear programming formulation is solved for
each unit in order to maximise efficiency, which is defined
as the weighted sum of outputs to the weighted sum of
inputs. Weights are chosen to show the specific unit in the
most positive light as possible, under the restriction that
no other unit, given the same weights, is more than 100%
efficient. The underlying concept is that a benchmark,
which is a convex combination of efficient units, can vir-
tually exist and inefficient ones should attempt to emulate
its practices to become themselves efficient. The input-ori-
ented model focuses on the minimization of inputs and
calculates the degree to which each production unit can
radially reduce the quantities of utilized inputs in order to
still produce a given amount of outputs. In contrast, the
output-oriented model calculates efficiency as the per-
centage increase in outputs that is feasible by a given avail-
able quantity of inputs.

DEA has a number of strengths such as being under-
pinned by economic theory and methods, focusing on rel-
ative (not absolute) efficiency, ability to incorporate
multiple inputs and outputs simultaneously and identify-
ing actual good practice and performance targets. As a
non-parametric technique, it does not require knowledge
of the underlying production function as opposed to typ-
ical econometric models. However, in practice it can be
challenging to characterize the production process validly,
particularly when an unmanageable number of variables
may be required to capture it adequately or the quality of
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available data may be too poor to provide accurate meas-
urement and produce valid results. As a data-driven deter-
ministic technique, results are highly sensitive to outlier
observations, insensitive to statistical noise and the meas-
urement of comparative efficiency rests on the hypothesis
that efficient units are genuinely efficient.

Since its introduction, DEA has been improved and
adopted in a variety of uses in for-profit and not-for-profit
situations [8] and has been validated by observations,
simulations and hypothetical data sets with known effi-
ciencies [9]. Applications of DEA in health care manage-
ment have raised important questions on individual
performance of production units. The literature contains
extensive reviews of studies in which parametric and
mostly non-parametric methods have been employed to
assess the productive performance of hospitals and health
care services [10,11]. DEA has also been used to study effi-
ciency in the context of primary health care centers [12-
15].

Standard DEA models incorporate only inputs, which are
controllable at the unit level. However, socio-economic,
environmental and other exogenous factors, known as
non-discretionary inputs, may be important in determin-
ing efficiency variations across facilities, particularly in
public sector production applications [16]. The effect of
such factors is usually explored with "second stage DEA",
for which various approaches have been described [17].
The most often encountered approach is the two-limit
Tobit technique, which has been adopted as the natural
choice for modelling DEA scores in second stage evalua-
tions. This method is suitable when the dependent varia-
bles are censored or corner solution outcomes [18], as in
the case of DEA scores which are continuous on the [0–1]
interval and take the value 1 with positive probability,
while the probability of obtaining the limiting-value 0 is
zero. Tobit regression has been used in various efficiency
studies in health care, such as in hospitals [19-21], nurs-
ing homes [22,23], oral health provision [24] and for esti-
mation of physician efficiency [25].

Efficiency measurement of Greek primary care
An overview of the fairly limited efficiency studies involv-
ing the Greek health care sector, using non-parametric
and parametric methods, has been provided elsewhere
[26,27]. A common finding in most of these studies was
the potential for considerable improvement regarding
both technical and scale efficiency and those specifically
involving primary care did not differ in this respect. An
early study evaluated the operation of primary health
centers in terms of inputs and outputs and the extent to
which organization of primary health in Greece was in
coherence to WHO guidelines [28]. Another Greek study
involving 133 IKA primary care centers showed that those

with eligible covered populations from 10,000 to 50,000
were the most efficient and suggested that population size
and vulnerability should be considered in resource alloca-
tion and policymaking [29]. One study examined the effi-
ciency of 24 NHS centers in rural and semi-urban areas
and concluded that those located close to secondary or
tertiary hospitals suffered from higher inefficiencies [30].
Recent evidence from small-scaled hospitals-known as
hospital/health centers-located on small islands or in
remote mainland areas in Greece and serving populations
less than 20,000, showed average technical inefficiencies
of about 25% and raised the concern that efforts to
improve efficiency could compromise access equity for
the respective populations [31].

The present study is the first to jointly involve primary
care facilities from the NHS and IKA and to attempt to
interpret potential efficiency variations based on their
structural and organizational differences. Furthermore, it
specifically focuses on the issues of catchment population
(i.e. the area and population from which the primary care
facilities attract patients) and location (urban/semi-urban
and remote/island) and on the extent to which these affect
technical and scale efficiency. Primary care centers were
classified as small, medium and large if their service pop-
ulations were <15,000, 15,000–30,000 and >30,000
respectively.

Methods
Data collection
The NHS Regional Health Systems, which oversee the
operation of primary care centers in their respective areas,
and the central administration of IKA for its own facilities,
provided all the data for this study. These data included
staff numbers according to specialty, i.e. physicians,
nurses, paramedical, administrative and other support
staff, numbers of scheduled and emergency (the latter
applicable only to NHS) patient visits and numbers of
performed laboratory and radiographic examinations.
Data collection was performed under the responsibility of
the Hellenic Open University. Initially, raw 2004 data for
133 out of 196 NHS (response rate 67.9%) and 118 out of
204 IKA facilities (response rate 57.8%) was collected and
examined for completeness and clarity. In order to form a
reasonably homogenous set of health centers, extremely
large (>300 staff) and small (<8 staff) units were excluded
from the sample, since the former emulate practices of
small hospitals, while the latter of rural posts. Centers
reporting zero inputs or outputs for any of the variables
and those suspected of reporting unreliable data (i.e. unu-
sually large or small amounts of outputs) were also
removed from the sample. These procedures resulted in
the final sample consisting of 103 NHS and 91 IKA pri-
mary care centers.
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DEA model specification
Input-output selection in DEA is usually guided by expert
opinion, past experience and economic theory and there
are no tests for model misspecification, which is most seri-
ous when relevant variables are omitted rather than when
irrelevant ones are included [32]. Moreover, difficulties
related to the measurement of outputs in healthcare facil-
ities are well known and refer mainly to the nature and
variety of functions [33]. It is hence typical to employ
intermediate outputs/services in hospital cost or produc-
tion analyses (e.g. patient days, number of cases, etc.).
Furthermore, delivery of primary health care is diverse
and there is little consensus on a common operational
definition or on the identification of inputs, outputs and
processes [34].

In this study, two outputs were selected to reflect produc-
tion responsibilities of primary care centers. Specifically,
aggregated scheduled and emergency outpatient visits and
aggregated laboratory and radiographic tests performed.
Inputs were three categories of staff as the main providers
of services, namely physicians, nursing/paramedical and
administrative/support staff. Centers were assumed to
have no control over the number of patients treated and,
as a result, limited control over the number of examina-
tions performed. It is more logical to assume that they can
control utilization of resources, implying that an input-
oriented DEA model should be adopted. A benchmarking
approach, in which efficient DMUs are measured in terms
of their importance as benchmarks for the inefficient ones
[35], was used in this study. The DEA software Efficiency
Measurement System [36] was used to compute efficiency
scores and to identify best-practice units.

Second stage analysis
In the second part of the study, the estimated technical
and scale efficiency scores were regressed against a set of

environmental characteristics, which reflect differences in
primary care organization, economic incentives, financial
constraints, geographic and demographic factors and
local peculiarities. Three explanatory variables, all beyond
the influence of managerial control, were chosen to be
included in a Tobit regression: i) catchment population
(small, medium and large) to account for the scale of
operation and differences in input mix, ii) provider (NHS
vs. IKA) to account for structural and organizational dif-
ferences in health care provision and iii) location (urban/
semi-urban vs. remote/island) to account for accessibility
and population demographics. These analyses were per-
formed with STATA ver. 8.0.

Results
Mean inputs and outputs for the 103 NHS and 91 IKA pri-
mary care centers according to size-proxied by the respec-
tive catchment populations – are presented in Table 1. IKA
centers treated more outpatients and performed more
diagnostic examinations compared to their NHS counter-
parts, and this was even more obvious in medium- and
large-sized facilities in which outputs were four to six
times higher. Mean catchment population was approxi-
mately 50% larger for large-sized IKA centers, compared
to the respective NHS ones, and this was the result of IKA
centers being located primarily in urban areas. Concern-
ing inputs, IKA employed more physicians and nursing/
paramedical staff, whereas the NHS more administrative
and other support staff. This might have been expected
since NHS centers are located mostly in rural and remote
areas or on islands, implying difficulties in attracting spe-
cialized personnel.

Table 2 shows DEA results using the entire sample. CRS
and VRS efficiency were 67.3% and 77.1% respectively
(Wilcoxon test, P < 0.001), with the observed difference
implying the existence of scale inefficiencies as well,

Table 1: Mean inputs and outputs of NHS (N = 103) and IKA (N = 91) primary care centers by size1

Inputs Outputs

NHS N Mean catchment population Physicians Nursing/Paramedical staff Administrative/Other staff Outpatients Diagnostic Tests

Small 36 9325 8.19 7.75 6.61 26732 24536
Medium 35 21722 10.94 13.71 9.60 32523 41305
Large 32 43218 16.16 23.09 11.66 49672 61473

IKA

Small 30 9759 18.00 6.10 1.93 56335 31384
Medium 25 23218 37.56 20.40 3.48 126149 146302
Large 36 67102 93.97 36.14 6.50 290674 308833

1 Size according to catchment population, i.e. small (<15,000), medium (15,000–30,000) and large (>30,000)
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which were 12.3% on average. The first direct comparison
between primary care providers revealed that IKA centers
were on average 14.8% more technically efficient than
their NHS counterparts (Mann-Whitney, P < 0.001) and
3.9% more scale efficient as well. Catchment population
evidently affected VRS efficiency and specifically smaller
facilities were the most efficient (Kruskal-Wallis, P =
0.002). Medium and large primary care centers were com-
parable, demonstrating overall technical inefficiencies
between 25.7–27.6%. The opposite was observed regard-
ing scale efficiency, since larger centers achieved signifi-
cantly higher scores. Centers were classified according to
location as either urban/semi-urban or remote/island,
and the former showed higher scale efficiency (91.9% vs.
75.3%, Mann-Whitney P < 0.001), while the latter better

technical efficiency (81.1% vs. 75.7%, Mann-Whitney P =
0.103).

VRS efficiency was further analyzed and the results are pre-
sented in Table 3, in the form of efficiency statistics and
rankings by primary care provider and unit size. Evidently,
IKA facilities were more technically efficient than NHS
ones, in all size categories, with profound differences in
medium and large units. Larger NHS centers appeared to
suffer from an average technical inefficiency of approxi-
mately 36.5%. As for identified benchmarks (i.e. 100%
efficient units), large NHS centers were those with the
fewest (3 compared to 12 from IKA) and overall more
benchmarks were identified in IKA facilities compared to
the respective NHS ones. These findings could perhaps be

Table 2: CRS, VRS and scale efficiency overall and by unit type, size and location

CRS efficiency VRS efficiency Scale efficiency

Overall (N = 194) 67.28 77.05 87.68
By type

NHS (N = 103) 59.59 70.10 85.86
IKA (N = 91) 75.99 84.90 89.74

P-sig.1 <0.001 <0.001 0.080
By size

Small (N = 66) 63.81 84.15 75.90
Medium (N = 60) 66.39 72.35 90.87
Large (N = 68) 71.44 74.29 96.31

P-sig.2 0.126 0.002 <0.001
By location

Urban/semi urban (N = 145) 69.48 75.68 91.87
Remote/island (N = 49) 60.77 81.10 75.28

P-sig.1 <0.05 0.103 <0.001

1According to Mann-Whitney test.
2According to Kruskal-Wallis test. Note: Size designated according to catchment population, i.e. small (<15,000), medium (15,000–30,000) and 
large (>30,000)

Table 3: VRS technical efficiency statistics and rankings

NHS primary care centers IKA primary care centers

Statistics Small (N = 36) Medium (N = 35) Large (N = 32) Small (N = 30) Medium (N = 25) Large (N = 36)

Mean 80.77 65.20 63.47 88.21 82.35 83.91
Median 85.87 64.08 61.07 97.33 87.67 85.76
Minimum 28.89 31.97 25.58 59.29 45.12 50.30
Maximum 100.00 100.00 100.00 100.00 100.00 100.00

Rankings

100% 9 (25.0%) 3 (8.6%) 3 (9.4%) 14 (46.7%) 7 (28.0%) 12 (33.3%)
80–99.9% 11 (30.6%) 5 (14.3%) 7 (21.8%) 7 (23.3%) 8 (32.0%) 11 (30.6%)
60–79.9% 10 (27.7%) 13 (37.1%) 6 (18.7%) 7 (23.3%) 6 (24.0%) 8 (22.2%)
40–59.9% 4 (11.1%) 9 (25.7) 10 (31.4%) 2 (6.7%) 4 (16.0%) 5 (13.9%)
< 40% 2 (5.6%) 5 (14.3%) 6 (18.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Note: Size designated according to catchment population, i.e. small (<15,000), medium (15,000–30,000) and large (>30,000)
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regarded as warning signals for NHS facilities to attempt
to emulate the production practices of their IKA counter-
parts. However it is questionable if this is feasible, or even
plausible. It should be noted that a problem with DEA,
when specifying VRS, is that units at both ends of the size
classification may be identified as efficient simply because
of a lack of other comparable units [37]. This probably
explains why among the smallest and largest health cent-
ers, the proportion of technically efficient units was
higher than among medium-sized units, a finding which
has also been reported elsewhere [12].

Table 4 presents scale efficiency statistics by provider and
facility size. Medium- and large-sized IKA facilities and
large NHS facilities performed better in respect to scale of
production. On the other hand, smaller centers were more
scale inefficient, particularly those operating under the
NHS (74.3%). Approximately 3/4 of the entire sample
(145 out of 194) operated under increasing returns to
scale (IRS), implying that these units theoretically should
attempt to increase efficiency by scaling their production
upwards. By provider, 83.5% (86 out of 103) of NHS and
64.8% (59 out of 91) of IKA facilities operated under IRS.
Contrarily, the 28 facilities (10 NHS and 18 IKA) operat-
ing under decreasing returns to scale (DRS) serve mostly
large populations and ideally should scale down their
production to improve efficiency. Only 21 facilities were
scale efficient (7 NHS and 14 IKA) with an average catch-
ment population of 35,000.

Figures 1, 2 further elucidate the effect of catchment pop-
ulation on CRS, VRS and scale efficiency by depicting effi-
ciency alterations with increasing population, for the NHS
and IKA respectively. Specifically, figure 1 (NHS) shows
opposite trends for technical and scale efficiency, which
became more obvious in populations of approximately
18,000 and thereafter appeared to differ increasingly as

population size increased. Simply put, the larger the
catchment population (i.e. semi-urban and urban areas),
the greater the variation between technical and scale effi-
ciency, implying that for these larger areas, policymakers
have more clues on where attention is required. The same
generally held for IKA facilites (Figure 2), however the
opposing trends emerged in smaller populations (of
approximately 12,000) and started to converge in large
ones (>100,000).

It is a social policy of the NHS to provide health care cov-
erage to remote rural areas and distant islands, at the
expense of efficiency, in an attempt to help these areas
maintain their populations. In order to disentangle the
effect of the geographic factor on the efficiency of urban
and semi-urban facilities, further analysis was performed
and the results are shown in Table 5. Specifically CRS, VRS
and scale efficiency from DEA analyses with all facilities
(N = 194) are presented by location and provider. Appar-
ently, IKA performed better regarding technical efficiency
in both urban/semi-urban and remote/island areas,
whereas the two providers were fairly equivalent in terms
of scale efficiency. A second, more homogenous and
focused DEA was performed with a new sample contain-
ing only urban/semi-urban NHS (N = 67) and IKA (N =
78) units. The results (Table 5) showed that there was
indeed a scale efficiency difference, in favour of IKA,
which was apparently masked, in the previous analysis, by
the presence of the remote/island facilities, (90.8% vs.
86.7%, Mann-Whitney P < 0.01). As for technical effi-
ciency, the scores remained significantly higher for IKA.

The next step in the analysis was to determine efficiency
targets, which in an input-oriented approach correspond
to the (theoretically) required mean input reduction in
order for units to become efficient. These results, by facil-
ity type, size and location are presented in Table 6. In the

Table 4: Scale efficiency statistics and returns to scale

NHS primary care centers IKA primary care centers

Statistics Small (N = 36) Medium (N = 35) Large (N = 32) Small (N = 30) Medium (N = 25) Large (N = 36)

Mean 74.33 87.53 97.01 77.77 95.55 95.68
Median 80.36 91.09 98.52 77.99 98.59 99.43
Minimum 27.18 45.56 83.65 44.10 75.61 74.63
Maximum 100.00 100.00 100.00 98.64 100.00 100.00

Returns to Scale (% N)

Increasing (IRS) 32 (88.9%) 32 (91.4%) 22 (68.7%) 30 (100.0%) 17 (68.0%) 12 (33.3%)
Constant (CRS) 3 (8.3%) 2 (5.7%) 2 (6.3%) 0 (0.0%) 6 (24.0%) 8 (22.2%)
Decreasing (DRS) 1 (2.8%) 1 (2.9%) 8 (25.0%) 0 (0.0%) 2 (8.0%) 16 (44.4%)

Note: Size designated according to catchment population, i.e. small (<15,000), medium (15,000–30,000) and large (>30,000)
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NHS, there appeared to be a general overabundance of
administrative and other support staff in all three size cat-
egories and in both urban/semi-urban and remote/island
regions. The same can be said for nursing/paramedical
staff, particularly in medium- and large-sized NHS facili-
ties. In the case of IKA, the three types of personnel appar-
ently affected efficiency equally. It should be noted that
although efficiency targets are theoretically feasible, staff
reductions in the Greek NHS are practically impossible
due to various social, political and other factors.

In the second stage of the analysis, multivariate Tobit
models were formulated in order to determine the effect
of non-discretionary inputs on technical and scale effi-
ciency. The results are presented in Table 7. Obviously

both models, as a whole, were statistically significant
(Chi-square P < 0.001). Pseudo R2 values were 0.031 and
0.053 respectively. However, this may not be the best
measure of fit and, hence, was improved by calculating R2

between predicted and observed values. The R2 values
were now 0.205 and 0.348 respectively, which are much
closer to what an OLS regression would have given. Sys-
tematically lower technical efficiency scores corresponded
to the NHS, to medium- and large-sized centers, and to
urban/semi-urban areas. Two exogenous factors, namely
unit type and size, were significant predictors of technical
efficiency, whereas location was at the borderline (P =
0.061). In the case of scale efficiency, lower scores
appeared in remote/island locations and in smaller facili-
ties, whereas facility type was evidently not a significant

CRS, VRS and scale efficiency by catchment population for NHS primary care centersFigure 1
CRS, VRS and scale efficiency by catchment population for NHS primary care centers.

CRS, VRS and scale efficiency by catchment population for IKA primary care centersFigure 2
CRS, VRS and scale efficiency by catchment population for IKA primary care centers.
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predictor (P = 0.218), in accordance to the results pre-
sented in Table 2 as well.

Discussion
This study compared technical and scale efficiency of pri-
mary care centers from the two largest Greek providers,
the NHS and the Social Security Foundation (IKA) and
investigated how each type of efficiency was affected by
the size of the facilities-proxied by the size of the eligible
service population- and by geographical position. The
results revealed variations between and within the provid-
ers. We suggest that efficiency in primary care provision in
Greece can be improved through better resource manage-
ment. To achieve this, policymakers need information

regarding relative performance of providers and facilities,
in order to plan a strategy for optimal service provision
and to overcome opposition to change posed by various
special interest groups [38].

Under the CRS assumption, facilities suffered from similar
degrees of inefficiency, regardless of size. After decompos-
ing into VRS technical efficiency and scale efficiency, clear
trends emerged, implying that both types of efficiency
should be estimated before conclusions are drawn.
Smaller facilities (catchment population < 15,000) were
observed to suffer mostly from scale inefficiencies and,
theoretically, they should attempt to scale up production
in order to improve efficiency. However this is not really

Table 5: CRS, VRS and scale efficiency by unit location and type

Facility location CRS efficiency VRS efficiency Scale efficiency

Urban/Semi urban (N = 145)
NHS (N = 67) 60.74 66.31 91.80
IKA (N = 78) 76.99 83.72 91.94

P-sig.1 <0.001 <0.001 0.380
Remote/Island (N = 49)

NHS (N = 36) 57.44 77.15 74.82
IKA (N = 13) 69.99 92.01 76.57

P-sig.1 0.102 <0.01 0.928
Urban/Semi urban centers3

NHS (N = 67) 61.13 70.34 86.69
IKA (N = 78) 77.02 84.83 90.77

P-sig.1 <0.001 <0.001 <0.01

1 According to Mann-Whitney test.
2 Remote and island centers have been excluded from the DEA analyses

Table 6: Mean efficiency targets1 by facility type, size and location

Inputs

Facilities (N) N (%) inefficient2 Physicians Nursing/Paramedical staff Administrative/other staff

NHS centers
Small (36) 27 (75.0%) 25.6% 26.4% 46.4%
Medium (35) 32 (91.4%) 38.1% 40.6% 54.6%
Large (32) 29 (90.6%) 40.3% 48.2% 51.4%

Urban/semi urban (67) 60 (89.6%) 37.6% 42.7% 52.6%
Remote/island (36) 28 (77.8%) 29.4% 30.4% 47.7%

IKA centers
Small (30) 16 (53.3%) 22.3% 22.1% 22.9%
Medium (25) 18 (72.0%) 25.0% 27.0% 24.5%
Large (36) 24 (66.7%) 27.6% 26.2% 25.8%

Urban/semi urban (78) 54 (69.2%) 25.3% 25.2% 24.5%
Remote/island (13) 4 (69.2%) 26.0% 26.0% 26.0%

1 Refers to the required reduction (%) in input in order to achieve 100% efficiency.
2 Refers to the total number (%) of <100% efficient facilities in each category
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controllable due to the fact that small centers are mainly
located on islands or in various remote rural areas. Con-
versely, larger primary care centers (catchment population
> 30,000) located mainly in suburban areas closer to hos-
pitals, evidently suffered more from technical inefficiency.
The latter is dependent on the input-output mix which is
theoretically controllable, but in practice is substantially
limited by the general preference of health care staff-
mostly physicians- to work in these facilities (and not in
the smaller ones) for reasons such as professional devel-
opment and career advancement, since they are closer to
urban areas.

IKA primary care centers exhibited 7.4% to 20.4% (by
catchment population) higher technical efficiency than
NHS health centers, and 3.4% to 8.0% higher scale effi-
ciency (in small- and medium-sized facilities respec-
tively). It would be misleading and perhaps unfair to
indisputably accept that IKA is more efficient than the
NHS in the primary care arena, without assessing other
existing information and contributing factors. One such
example is differences in the populations addressed by the
NHS and IKA facilities (rural versus urban). People living
in, or close to, major urban areas have easier access to the
respective primary care facilities. They are also more
health conscientious, have a different epidemiological
profile and in conjunction with various influencing soci-
odemographic factors such as age and education, they
make greater utilization of health services [39].

The two Greek providers are organized and function in
different ways and this also affects efficiency. NHS pri-
mary care physicians are often committed by informal
interpersonal relationships with patients of the local rural
community, particularly the elderly and chronically ill,
and frequently make time-consuming house visits. Fur-
thermore, NHS facilities operate on a 24-hour basis and
often deal with difficult emergency cases in need of spe-

cialized medical attention. Most of these cases are referred
to secondary or tertiary regional hospitals, and the health
centers usually support the transport with medical and
other personnel. IKA health centers, on the other hand,
operate during "office hours" and handle only scheduled
patient visits.

Another point worth noting is that the NHS centers often
support affiliated rural posts with staff, which is not
relieved of other daily responsibilities at the health cent-
ers. Furthermore, staff synthesis itself is quite different
between the NHS and IKA. In the former, many non-med-
ical specialties are employed, e.g. social workers, garden-
ers, drivers, etc. and these employees are not directly
involved in the production process. However, they are
regarded as inputs as far as DEA is concerned. Contrarily,
IKA health centers operate primarily with medical staff of
differing specialties and nursing/paramedical staff.

Both the NHS and IKA have envisaged activities in the
fields of preventive medicine, health promotion and
health education, by addressing hygiene, (e.g. dental
hygiene education at schools), population screening, vac-
cinations, pap-tests, prenatal control, family planning,
blood donation and other services intended to promptly
diagnose symptoms and protect the population from seri-
ous diseases. Although both sectors have failed to follow
through on these intensions, it is clear that the NHS cent-
ers, particularly the more remote ones, have done much
more in this area than their urban IKA counterparts [31].
However, these services were not reflected in the DEA out-
puts used in this study and this creates an unfavourable
situation, regarding efficency, for the NHS primary care
centers.

An effective primary care system is associated with
increased health for the population, which in turn means
less consumption of expensive diagnostic and therapeutic

Table 7: Tobit regression analyses

MODEL_1 – Technical efficiency (VRS) MODEL_2 – Scale efficiency

Explanatory Variables Coefficient Std. Err. t-ratio P-value Coefficient Std. Err. t-ratio P-value

Constant 75.93 4.36 17.43 0.000 79.58 2.57 30.94 0.000
TYPE_2 20.90 3.62 5.77 0.000 2.62 2.11 1.23 0.218
SIZE_2 -11.59 4.58 -2.53 0.012 12.91 2.71 4.77 0.000
SIZE_3 -10.25 4.64 -2.21 0.028 17.62 2.74 6.42 0.000
LOCAT_2 8.79 4.67 1.88 0.061 -8.75 2.70 -3.24 0.001

Log likelihood -708.701 -716.349
Chi-square 44.33 * 80.57 *
Pseudo R2 0.031 0.053

TYPE_2: IKA units, SIZE_2: medium size units, SIZE_3: large size units, LOCAT_2: remote/island units
*P < 0.001
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medical interventions. In health economics terms this
facilitates generation of funds to be allocated elsewhere,
to serve other needs within the health system [40]. Whilst
efficiency is a predominant criterion for resource alloca-
tion, typically it is not the only one favoured by society
and its elected or appointed agents (i.e. politicians and/or
policy-makers). The other equally important criterion is
equity and it is taken as axiomatic that health care pursues
to improve health and to reduce access inequalities, and
that policymakers seek to concurrently achieve the, some-
what contradictive, goals of efficiency and equity [41,42].

The results of this study raise the question if the theoreti-
cally possible efficiency improvements are actually plausi-
ble and desirable. Assuming that the number of patients is
uncontrollable, efficiency improvements imply the reduc-
tion of resources. From a social perspective, this is unde-
sirable for populations with already limited health care
options. Approximately 35% of the NHS primary care
centers in this sample are located in remote regions or on
small islands, which are often occluded from the main-
land, particularly in the winter. It should be also noted
that most employees in these facilities originate from
close-by regions and desire to work in, or close to, their
hometowns. It would be perhaps contradictory to the
equity criterion to limit staff, despite our results suggest-
ing otherwise. Achieving efficiency targets requires reduc-
ing nursing/paramedical and administrative/other staff in
small and remote facilities. Possible solutions could be for
management to attempt redistributing personnel within
each unit and exploring the possibility of setting staff per-
formance incentives.

To account for the NHS's social policy to maintain facili-
ties in small and remote areas, a second and more focused
DEA was performed including only NHS and IKA facilities
located in urban or semi-urban regions. This resulted in a
5.1% reduction of mean scale efficiency in NHS facilities,
which was now statistically significantly different (and
lower) from the mean scale efficiency of the IKA centers.
This implies that the relatively low scale efficiency of small
and remote facilities increased the mean score of the
entire sample in the previous analysis, since larger units
were assigned higher scores (because DEA compares units
in relation to peers). On the other hand, this second anal-
ysis did not produce different results in respect to techni-
cal efficiency.

This study has some limitations as well. Staff is generally
an unstable variable, with wide variability in levels (staff
skill mix) and ratios across settings and constitutes a
potential source of efficiency differences. This may have
introduced ambiguity in the results since significant staff-
ing inequalities were observed, mostly at the expense of
remote and island facilities because it is difficult to recruit

physicians in sufficient numbers due to the living condi-
tions in these particular regions of the country. Moreover,
medical specialists feel occluded from the "technologi-
cally dynamic" urban environment as well as from their
professional colleagues. The result is that the best-staffed
facilities are mostly those close to major urban areas.

Catchment population is also somewhat vague and diffi-
cult to measure precisely, as population varies between
summer and winter (e.g. on islands) or because patients
often prefer centers more easily accessible rather than
those to which they are theoretically assigned based on
geographical criteria (e.g. people living close to the border
between two prefectures). In the case of facilities close to
highly populated urban areas, patients often prefer to
directly visit hospital outpatient departments. The border-
line between primary and secondary care in Greece is
often vague. Due to the absence of a referral system,
patients are practically free to refer themselves to any serv-
ice provider and this is mostly responsible for the signifi-
cant use of hospital outpatient departments as a first point
of contact [2,26].

A final point requiring attention is that efficient facilities
are not necessarily producing high quality outputs. In the
present study however, quality of outputs was assumed to
be fairly similar in all units. This is justified by a number
of reasons: i) many patients (e.g. the chronically ill) visit
the centers repeatedly for prescriptions, ii) physician-
patient contact is usually brief regardless of case, iii) phy-
sicians typically refer "difficult" cases to secondary hospi-
tals and iv) a significant number of patients visit the
centers for multiple re-examinations. In any case, it has
been shown that the inclusion of quality measures high-
lights weaknesses with basic DEA models [43].

Conclusion
In the present study, smaller primary care centers
appeared to suffer mostly from scale inefficiencies and
larger ones from technical inefficiencies. IKA facilities evi-
dently outperformed NHS ones, irrespective of popula-
tion size and location, but this should be interpreted in
light of various functional, organizational and environ-
mental differences between the two major providers. NHS
facilities showed higher technical and scale efficiency var-
iations between small and large catchment populations.
The ideal service population, from the efficiency point of
view, was approximately 35,000. Below and above this
threshold, IRS and DRS scale inefficiencies were observed
respectively. However, it must be emphasized that popu-
lation thresholds cannot be generalized and more
research is required in this direction. In light of the current
government's will to set up NHS urban health centers and
expressed proposals for an integrated primary care system
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in Greece [44], efficiency studies can offer valuable
insight, particularly regarding staffing policies.

Authors' contributions
NK analyzed and interpreted the data and drafted the
manuscript. GM collected the data and assisted in the sta-
tistical analyses. VHA participated in the design of the
study and revised the manuscript for intellectual content.
DN conceived the study and participated in its coordina-
tion. All authors have read and approved the final manu-
script.

Acknowledgements
We would like to thank our colleague Dr. Nikolaos Papathanasiou for his 
assistance in performing the statistical analysis.

References
1. Abel-Smith B, Calltorp J, Dixon M, Dunning A, Evans R, Holland W,

Jarman B, Mossialos E: Report on the Greek health services.
Ministry of Health and Social Welfare, Pharmetrica, Athens; 1994. 

2. Tountas Y, Karnaki P, Pavi E: Reforming the reform: the Greek
National Health System in transition.  Health Policy 2002,
62:15-29.

3. Niakas D: The political economy of health care in Greece.  In
Handbook of International Health Care Systems Edited by: Thai KV,
Wimberley ET, McManus SM. New York: Marcel Dekker;
2002:395-396. 

4. Farell MJ: The measurement of productive efficiency.  J Royal
Stat Soc A Sta 1957, 120:252-281.

5. Charnes A, Cooper W, Rhodes E: Measuring the efficiency of
decision-making units.  Eur J Oper Res 1978, 3:429-444.

6. Âanker R, Charnes A, Cooper W: Some models for estimating
technical and scale inefficiencies in Data Envelopment Anal-
ysis.  Manag Sci 1984, 30:1078-1092.

7. Banker R: Estimating the most productive scale size using
Data Envelopment Analysis.  Eur J Oper Res 1984, 17:34-44.

8. Cooper WW, Seiford LM, Thanassoulis E, Zanakis SH: DEA and its
use in different countries.  Eur J Oper Res 2004, 154:337-344.

9. Bowlin WF: Measuring performance: An introduction to data
envelopment analysis (DEA).  J Cost Anal 1998, 3:3-27.

10. Hollingsworth B, Dawson P, Maniadakis N: Efficiency measure-
ment of health care: a review of non-parametric methods
and applications.  Health Care Manag Sci 1999, 2:161-172.

11. Hollingsworth B: Non-parametric and parametric applications
measuring efficiency in health care.  Health Care Manag Sci 2003,
6:203-218.

12. Luoma K, Jarvio ML, Suoniemi I, Hjerppe RT: Financial incentives
and productive efficiency in Finnish health centres.  Health
Econ 1996, 5:435-445.

13. Giuffrida A, Gravelle H: Measuring performance in primary
care: econometric analysis and DEA.  Appl Econ 2001,
33:163-175.

14. Kirigia JM, Emrouznejad A, Sambo LG, Munguti N, Liambila W: Using
data envelopment analysis to measure the technical effi-
ciency of public health centers in Kenya.  J Med Syst 2004,
28:155-166.

15. Osei D, d'Almeida S, George MO, Kirigia JM, Mensah AO, Kainyu LH:
Technical efficiency of public district hospitals and health
centres in Ghana: a pilot study.  Cost Eff Resour Alloc 2005, 3:9.

16. Ruggiero J: Performance evaluation when non-discretionary
factors correlate with technical efficiency.  Eur J Oper Res 2004,
159:250-257.

17. Hoff A: Second stage DEA: comparison of approaches for
modeling the DEA score.  Eur J Oper Res 2007, 181:425-435.

18. Wooldridge JM: Econometric analysis of cross section and
panel data.  Cambridge MA: The MIT Press; 2002. 

19. Rosko MD: Impact of internal and external environmental
pressures on hospital inefficiency.  Health Care Manag Sci 1999,
2:63-74.

20. Chu HL, Liu SZ, Romeis JC: Does the implementation of respon-
sibility centers, total quality management, and physician fee
programs improve hospital efficiency? Evidence from Tai-
wan hospitals.  Med Care 2002, 40:1223-1237.

21. Pilyavsky AI, Aaronson WE, Bernet PM, Rosko MD, Valdmanis VG,
Golubchikov MV: East-west: does it make a difference to hos-
pital efficiencies in Ukraine?  Health Econ 2006, 15:1173-1186.

22. Kooreman P: Nursing home care in The Netherlands: a non-
parametric efficiency analysis.  J Health Econ 1994, 13:301-316.

23. Rosko MD, Chilingerian JA, Zinn JS, Aaronson WE: The effects of
ownership, operating environment, and strategic choices on
nursing home efficiency.  Med Care 1995, 33:1001-1021.

24. Linna M, Nordblad A, Koivu M: Technical and cost efficiency of
oral health care provision in Finnish health centres.  Soc Sci
Med 2003, 56:343-353.

25. Chilingerian JA: Evaluating physician efficiency in hospitals: a
multivariate analysis of best practices.  Eur J Oper Res 1995,
80:548-574.

26. Mossialos E, Allin S, Davaki K: Analysing the Greek health sys-
tem: a tale of fragmentation and inertia.  Health Econ 2005,
14(Suppl 1):151-168.

27. Aletras V, Kontodimopoulos N, Zagouldoudis A, Niakas D: The
short-term effect on technical and scale efficiency of estab-
lishing Regional Health Systems and General Management
in Greek NHS hospitals.  Health Policy 2007, 83:236-245.

28. Economou H: Primary health care in Greece: The health cent-
ers establishment.  Society Economy and Health 1994, 3:83-95. [In
Greek].

29. Zavras AI, Tsakos G, Economou C, Kyriopoulos J: Using DEA to
evaluate efficiency and formulate policy within a Greek
national primary health care network.  J Med Sys 2002,
26:285-292.

30. Sissouras A, Mitropoulos I, Gounaris C: Evaluating the efficiency
of health care units: the case of the Greek primary care cent-
ers.  In Proceedings of the 7th International Conference on System Science
in Health Care Edited by: Javor A, van Eimeren E, Duru G. Budapest;
2000. 

31. Kontodimopoulos N, Nanos P, Niakas D: Balancing efficiency of
health services and equity of access in remote areas in
Greece.  Health Policy 2006, 76:49-57.

32. Ruggiero J: A new approach for technical efficiency estimation
in multiple output production.  Eur J Oper Res 1998, 111:369-380.

33. Butler JR: Hospital cost analysis.  Dordrecht: Kluwer; 1995. 
34. Huang YG, McLaughlin CP: Relative efficiency in rural primary

health care: an application of data envelopment analysis.
Health Serv Res 1989, 24:143-158.

35. Adler N, Friedman L, Sinuany-Stern Z: Review of ranking methods
in the data envelopment analysis context.  Eur J Oper Res 2002,
140:249-265.

36. EMS Homepage   [http://www.wiso.uni-dortmund.de/lsfg/or/
scheel/ems/]. [visited 16/01/2007].

37. Forsund F: A comparison of parametric and nonparametric
efficiency measures: the case of Norwegian ferries.  J Prod Anal
1992, 3:25-43.

38. Mossialos E, Allin S: Interest groups and health system reform
in Greece.  West Eur Polit 2005, 28:420-444.

39. Pappa E, Niakas D: Assessment of health care needs and utili-
zation in a mixed public-private system: the case of the Ath-
ens area.  BMC Health Serv Res 2006, 6:146.

40. Smith J: Redesigning health care.  Brit Med J 2001, 322:1257-1258.
41. Maynard A: Rationing health care: an exploration.  Health Policy

1999, 49:5-11.
42. Sheldon TA, Smith PC: Equity in the allocation of health care

resources.  Health Econ 2000, 9:571-574.
43. Thanassoulis E, Boussofiane A, Dyson RG: Exploring output qual-

ity targets in the provision of perinatal care in England using
data envelopment analysis.  Eur J Oper Res 1995, 80:588-607.

44. Souliotis K, Lionis C: Creating an integrated health care system
in Greece: a primary care perspective.  J Med Syst 2005,
29:187-196.
Page 11 of 11
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12151132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12151132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10934540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10934540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10934540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14686627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14686627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8922971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8922971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15195846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15195846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15195846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16188021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16188021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16188021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10916603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10916603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12458304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12458304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12458304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16625519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16625519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10138856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10138856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7475400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7475400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7475400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16161195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16161195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17313994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17313994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17313994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12118812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12118812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12118812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15927299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15927299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15927299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2732056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2732056
http://www.wiso.uni-dortmund.de/lsfg/or/scheel/ems/
http://www.wiso.uni-dortmund.de/lsfg/or/scheel/ems/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17081303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17081303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17081303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11375212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10827287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11103921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11103921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15931804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15931804

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Primary care in Greece
	Technical and scale efficiency
	Data Envelopment Analysis
	Efficiency measurement of Greek primary care

	Methods
	Data collection
	DEA model specification
	Second stage analysis

	Results
	Discussion
	Conclusion
	Authors' contributions
	Acknowledgements
	References

