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Objective : In respect of the health and safety of the public, universal access to health care is an issue of the greatest importance.
The geographic distribution of doctors is one of the important factors contributing to access to health care. The aim of this study is
to assess the imbalances in the geographic distribution of neurosurgeons across Korea.

Methods : Population data was obtained from the National Statistical Office. We classified geographic groups into 7 metropolitan
cities, 78 non-metropolitan cities, and 77 rural areas. The number of doctors and neurosurgeons per 100000 populations in each
county unit was calculated using the total number of doctors and neurosurgeons at the country level from 2009 to 2015. The
density levels of neurosurgeon and doctor were calculated and depicted in maps.

Results : Between 2009 and 2015, the number of neurosurgeons increased from 2002 to 2557, and the ratio of neurosurgeons
per 100000 populations increased from 4.02 to 4.96. The number of neurosurgeons per 100000 populations was highest in
metropolitan cities and lowest in rural areas from 2009 to 2015. A comparison of the geographic distribution of neurosurgeons
in 2009 and 2015 showed an increase in the regional gap. The neurosurgeon density was affected by country unit characteristics
(p=0.000).

Conclusion : Distribution of neurosurgeons throughout Korea is uneven. Neurosurgeons are being increasingly concentrated in a
limited number of metropolitan cities. This phenomenon will need to be accounted when planning for a supply of neurosurgeons,
allocation of resources and manpower, and the provision of regional neurosurgical services.

Key Words : Geographic mapping - Hospital distribution systems - Neurosurgeons - Health manpower.

INTRODUCTION

Universal access to health care has become increasing re-
stricted, even though it is set as one of the major objectives of
the National Health System. Factors influencing the health-
care accessibility include health care system, ability to pay for

medical expenses, regional distribution of doctors, socioeco-
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nomic status, inequity of examination, and waiting time to for
surgery'”. Of them, the uneven geographic distribution of
doctors has been identified as a contributing factor to health
inequities. Almost all Organization for Economic Coopera-
tion and Development (OECD) countries face an uneven geo-
graphical distribution of doctors'®. In order to maintain and

improve the health of the people, healthcare manpower and
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facilities should meet the social and economic conditions of
local residents to balance demand and supply. Medical re-
sources should be deployed to where all citizens can access
them quickly and easily. Although the distribution problem of
medical resources could be considered as an unimportant
problem due to the development of traffic and roads, much of
the neurosurgical area is often an interpersonal service that
cannot be delayed. Spatial and temporal access is chiefly im-
portant because the lack of medical resources reduces the ac-
cessibility of residents” access to neurosurgical care. In partic-
ular, the accessibility of neurosurgeons in neurosurgical
emergencies, such as trauma or vascular, is of utmost impor-
tance'”. The aim of this study is to assess the actual geometri-
cal distribution of neurosurgeons across Korea and to identify

possible problem that may arise from such distribution trait.

MATERIALS AND METHODS

Neurosurgeon data

Data on the number of doctors and neurosurgeons in each
country unit was obtained from records of the National
Health Insurance Service, Ministry for Health, Welfare and
Family Affairs. Neurosurgeon and doctor density was defined
as the number of neurosurgeons and doctors, per 100000 in-
dividuals at county level, respectively. Population data was ob-
tained from the Population Census Division of National Sta-
tistical Office.

Geographic classification

Municipalities consist of three types of geographic groups :
metropolitan cities, non-metropolitan cities, and rural areas.
We classified geographic groups according to the Korean
Ministry of Security and Public Administration. Seven met-
ropolitan cities include Seoul, Busan, Daegu, Incheon,
Gwangju, Daejeon, and Ulsan, each with population size ex-
ceeding 1000000 inhabitants. Non-metropolitan cities (shi)
were defined as other cities, with population size exceeding
50000 people. Rural areas include towns and villages (gun),
with population size less than 50000 people. The current offi-
cial county units are 163, including 7 metropolitan cities, 78
non-metropolitan cities, and 78 rural areas. We analyzed a to-
tal of 162 county units comprised of 7 metropolitan cities, 78

non-metropolitan cities, and 77 rural areas, reflecting the
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change of administrative district.

Healthcare environment data
Using publicly available data from the National Statistical

Office, the trends in the four major emergent diseases in the
neurosurgical field were analyzed : cerebral infarction, intra-
cerebral hemorrhage, subarachnoid hemorrhage, and trau-

matic brain injury.

Statistical analysis

The number of doctors and neurosurgeons per 100000
populations in each county unit was calculated using a total
number of doctors and neurosurgeons at the county level
from 2009 to 2015. Maps were generated using X-Ray Map for
Web GIS software (http://biz-gis.com/XRayMap; BIZ-GIS,
Seoul, Korea). The level of neurosurgeon density was classitied
as 0 to 2, 2 to 4, 4 to 6 and greater than 6 neurosurgeons per
100000 populations in one map. The level of doctor density
was classified as 0 to 80, 80 to 120, 120 to 160, 160 to 200, and
greater than 200 doctors per 100000 populations in another
map. Total production sum of each country unit and individ-
ual income data were obtained from the Survey Management

Bureau of National Statistical Office.

RESULTS

General trends

Between 2009 and 2015, the number of doctors increased
from 86761 to 95076, and the ratio of doctors per 100000 pop-
ulations increased from 159 to 185. In the same period, the
number of neurosurgeons increased from 2002 to 2557, and
the ratio of neurosurgeons per 100000 populations increased
from 4.02 to 4.96 (Table 1). Table 2 shows the change in neuro-
surgeon density according to administrative districts. The
number of neurosurgeons per 100000 populations in 2009 was
4.50 in metropolitan cities, 3.94 in non-metropolitan cities,
and 2.40 in rural area. In 2015, it was 5.57 in metropolitan cit-
ies, 4.70 in non-metropolitan cities and 2.93 in rural area, re-
spectively. The trend toward urban areas continued through-
out the entire period. The number of neurosurgeons per
100000 populations was highest in metropolitan cities and
lowest in rural areas from 2009 to 2015. Fig. 1A demonstrates

the trend of absolute number of doctors and neurosurgeons by
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administrative district from 2009 to 2015. The area with more
than 50 neurosurgeons was a metropolitan area, and there was
no significant difference in absolute number of neurosurgeons
between 2009 and 2015. Fig. 1B shows the trend of the neuro-
surgeon density per 100000 population classified by adminis-
trative district. Compared to 2009, the concentration into the
metropolitan and non-metropolitan cities is further intensi-
fied in 2015. In particular, supply shortage was observed in

Gangwon and Yeongnam regions, and the distribution within

Table 2. Density of neurosurgeons according to country characteristics

the same region was uneven according to administrative dis-
trict units. Table 3 shows the number and relative proportions
of neurosurgeons between administrative units. The gap of
the value between metropolitan cities and rural areas was 1.88
times in 2009. Between 2009 and 2015, the value in metropoli-
tan cities increased by 23.8%, while that in rural areas in-
creased by 22.1%. The gap between metropolitan cities and
rural areas was still 1.90 times in 2015. Repeated measure-

ments of analysis of variance revealed that neurosurgeon den-

Metropolitan cities 4.50/1037 4.68/1092
Non-metropolitan cities 3.94/875 3.95/919
Rural 240/90 2.55/96

Total 4.02/2002 4.17/2107

4.87/1136
4.10/963
293/110

4.35/2209

5.03/1175 5191212 5.33/1244 5.57/1299
4.23/1003 4.49/1073 4.65/1126 470/1148

2.56/96 2.75/103 2.75/103 2.93/110
446/2274 4.67/2388 4.82/2473 496/2557

*Neurosurgeon density is defined as number of neurosurgeons/100000 populations

®

Fig. 1. Color map representing the geographic distribution of neurosurgeon number (A) and density (B) in 2009 and 2015.

Table 3. Relative value of neurosurgeon density according to country characteristics

2009 0.56 210 1.54
2010 0.73 213 14

2011 0.77 194 117
2012 0.80 247 1.67
2013 0.70 263 193
2014 0.68 2.58 19

2015 0.87 2.64 1.77

114 1.88 1.64
118 1.84 1.55
119 1.66 140
119 1.96 1.65
116 2.03 175
115 1.94 1.69
119 1.90 1.60
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sity was more affected by country unit characteristics
(p=0.000) than year (p=0.834) (Table 4).

Regional distribution of the neurosurgeons

Fig. 2 reveals the neurosurgeon density by region. In Seoul-
Gyeonggi province, as of 2015, only 4 of 34 regions were in
short-supply, with less than 2 neurosurgeons per 100000
populations. Guri, Dongducheon, and Seongnam were in

Geographic Distribution of Neurosurgeons | Park HR, et al.

over-supply, with more than 6 neurosurgeons per 100000
populations. In Seoul, the number of neurosurgeons per
100000 populations increased rapidly from 4.5 in 2009 to 5.75
in 2015, and is expected to become in over-supply in the near
future. In Gangwon area, 6 out of 18 areas were in short-sup-
ply, and there was no neurosurgeon in these areas. On the
other hand, other 5 regions were in over-supply of neurosur-
geon with more than 6. It is believed that the number of neu-

Table 4. Repeated measures ANOVA results of the relationship between country unit characteristics and year, and neurosurgeon density

Parameters Type Il sum of squares Mean square F p-value
Country characteristics 732.572 366.286 66.476 0.000
Year 15.382 2.564 0.465 0.834
Error 6132.676 5.510

Total 20501.136

Corrected total 6935.858

R squared=0.116 (adjusted R squared=0.100). ANOVA : analysis of variance

Fig. 2. Color map representing the neurosurgeon density in 2015 by region.

_=Jeonra Gyeongnam
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rosurgeons serving in military surveillance was reflected in
these regions as over-supplied. In Chungcheong province, 7
out of 28 districts were in short-supply, and 2 cities were in
over-supply with more than 6 neurosurgeons per 100000 pop-
ulations. In Daegu-Gyeongbuk province, 7 of 24 areas were in
short-supply, and there was no neurosurgeon in 6 of them.
However, other 7 cities including Daegu and Pohang were in
over-supply. The regional variation was large. In Busan-
Gyeongnam area, 5 out of 20 areas were in short-supply, while 2
cities (Jinju and Tongyeong) were in over-supply of neurosur-
geon. The remaining areas had relatively even distribution of
neurosurgeons. In Jeonbuk, only one area was in short-supply,
while 5 areas were in over-supply. In Jeonnam, 8 out of 23 dis-
tricts were in short-supply, while other 8 areas were over-sup-
plied, showing a regional variation. This uneven distribution of
neurosurgeons seems to be influenced by the fact that the high-
grade, big-sized hospitals that operate the neurosurgery depart-

ment continue to be concentrated in urban area (Table 5).

Trends of neurosurgical diseases

To estimate the demand for emergency disease treatment in

Table 5. Geographical distribution of hospitals by size

neurosurgical field, recent trends in insurance claims of cere-
bral infarction, traumatic brain injury, intracerebral hemor-
rhage, and subarachnoid hemorrhage were reviewed (Fig. 3).
The actual number of patients treated with cerebral infarction
increased from 85734 in 2009 to 95876 in 2015, and the cost of
treatment increased from 43915 million won in 2009 to 79404
million won in 2015. The actual number of patients with trau-
matic brain injury increased from 46092 in 2009 to 48229 in
2012, and then decreased to 46073 in 2015. However, the cost
of treatment for traumatic brain injury steadily increased
from 11554 million won in 2009 to 19189 million won in 2015.
The actual number of intracerebral hemorrhage increased
from 18755 in 2009 to 21725 in 2015, and the cost of treatment
also increased from 16931 million won to 29465 million won
between 2009 and 2015. Subarachnoid hemorrhage also
showed an increasing trend in the actual number of patients
(8533 in 2009 and 9991 in 2015) and the cost of treatment
(10138 million won in 2009 and 16077 million won in 2015).
All of the 4 neurosurgical diseases increased in the number of

actual patients and the medical expenses in the last 6 years.

2009 2015

Te":f;:’p?fa']e’a' ﬁj:;::'l Hospital Clinic Te":f;:’p?fa"le’a' ﬁ:s“;::'l Hospital Clinic
Seoul 17 42 232 7142 14 42 218 7802
Busan 4 22 200 2065 4 24 130 2198
Daegu 4 7 136 1460 4 8 114 1615
Incheon 2 12 85 1313 3 16 55 1444
Gwangju 2 17 66 826 2 20 75 893
Daejeon 2 6 68 964 1 9 38 1026
Ulsan 0 4 64 516 1 6 40 574
Sejong - - - - 0 0 1 100
Gyeonggi 5 48 383 5470 5 53 288 6159
Gangwon 2 14 58 660 1 14 49 717
Chungbuk 1 9 63 764 1 1 40 815
Chungnam 2 9 93 993 2 11 51 1024
Jeonbuk 2 12 124 1042 2 10 81 1107
Jeonnam 0 19 12 838 1 22 83 905
Gyeongbuk 0 18 146 1169 0 19 84 1226
Gyeongnam 1 24 198 1457 2 22 142 1522
Jeju 0 6 1 298 0 7 7 361
Total 44 269 2039 27027 43 294 1496 29488
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Fig. 3. Recent trends in the number of patients and the cost of treatment of cerebral infarction, traumatic brain injury, intracerebral hemorrhage, and
subarachnoid hemorrhage. A : The number of patients treated, B : The cost of treatment (units : 10000 won).

DISCUSSION

The two most important factors in terms of accessibility of
medical resources are that there should be a sufficient number
of doctors and the doctors should be evenly distributed
throughout the area. Doctor shortages in certain areas in-
crease unmet medical demand by increasing the patients’
travel and waiting time. Access to healthcare resources has
some impact on local disease outcomes, because medical re-
sources increase treatment opportunities for inhabitants. Mu-
nicipal districts with a lot of medical supply per population
show low total mortality, cancer mortality, and mortality due
to cardiovascular diseases™”. According to the report on the
case of regional stroke centers and the difference in stroke
mortality rates, published by the Stroke Society of Korea in
2015, about 60% of the stroke centers were concentrated in
Seoul, Gyeonggi, and other metropolitan cities, while other
areas including Ulsan, Gyeongbuk, and Chungnam have less
than one. This shows serious regional disparities. The stroke
mortality rate also showed an evident regional difference.
When analyzed the average stroke mortality rates for the 3
years (2011-2013), the difference between the lowest and high-
est mortality rate region was 1.6 times.

For this reason, there are opinions that the number of medi-

cal students should be increased. Those who support this

opinion argue that the regional imbalance of doctors is due to
a lack of doctors. The number of doctors per 1000 people in
Korea is 2.2, ranking 24 out of 33 OECD member countries
(3.3 on average). The annual number of medical service cases
per doctor in Korea is 6732, which is the highest among
OECD countries with average of 2277 cases. However, the
number of medical students stayed at 3058 per year for 9 years
from 2007. In addition, the doctor shortage is intensifying in
some departments including neurosurgery, and doctor de-
mand would also increase as 80-hour workload per week for
residents is mandatory. It is argued that it is difficult to obtain
a doctor in the rural area because there is not enough doctor
supply compared to demand”.

The opinions from medical field are different. If we increase
the number of doctors according to the prediction of the
number of doctors without consideration of the decrease in
the fertility rate, it would be an oversupply in 2030s. Rather
than increasing the absolute number of doctors, it is more im-
portant to even out the regional distribution. In particular,
neurosurgeon is difficult to open a hospital and perform pri-
mary healthcare services, because advanced medical equip-
ment and medical system are required. For these reasons,
there are some opinions that the construction and qualitative
management of large-scale national hospital in rural area is

very crucial.

J Korean Neurosurg Soc 61 (1) : 105-113 m
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The concentration of doctors in urban areas is a common

' The reasons are that the

phenomenon in OECD countries
professional services like operation are concentrated in urban
areas and the doctors prefer to work in the cities rather than
rural areas. However, Korea, along with Japan, has a relatively
smaller difference in doctor density between urban and rural
areas than other OECD countries.

Studies on the demand and geographical distribution of
neurosurgeons were conducted at an interval of years in the
United States and Europe, and the problem has been pointed
out that neurosurgeons who are able to treat neurosurgical
emergent diseases are increasingly concentrated in some large
institutions"*”""". However, in Korea, such studies have been
led by government affiliated research institutes, and there has
been no research or approach from the perspective of neuro-
surgeons. Other OECD countries have been involved in a
number of policy interventions to resolve regional imbalances

' The first is financial incentives. Canada, the

in doctors
United Kingdom, and New Zealand governments pay extra to
doctors working in rural areas. Additionally, Australia, Cana-
da, and the United Kingdom support the doctors who start
their career in rural areas by providing them the initial cost
for opening or transferring from urban to rural areas”. Al-
though these financial incentives have been successful in-
creasing the number of doctors in rural areas to a certain ex-
tent, but it is unclear whether it is more cost-effective than
education or regulatory policies. The second is the medical
education policy. Australia operates a program that offers spe-
cial admissions and scholarships to medical students from ru-
ral areas, which has been effective in inducing doctors to work
in rural areas”. In addition, Australia, Canada, Greece, and
the United Kingdom have inclusion of mandatory experience
in rural areas in medical school education curriculum, allow-
ing medical students to have experience in diverse environ-
ments and acquire necessary knowledge and skills for medical
care in rural area”. Norway, Sweden, and New Zealand have
established medical schools in rural areas, attracting more
students from rural areas and providing more training experi-
ences in rural areas”. The third is the regulatory policy. Aus-
tralia and Austria are limiting the number of payments to
doctors by region”. Germany and the United Kingdom restrict
doctor practice in oversupplied areas, such as not issuing a li-
cense in areas where a set number of doctors proposed by the

regional health plan is exceeded"”.

12 https://doi.org/10.3340/jkns.2017.0303.006

This study has some limitations. First, this research was car-
ried out based on the administrative district. It is ambiguous
whether the division of administrative district reflects the ac-
tual living area of the local inhabitants. In addition, as the de-
velopment of traffic and roads, the measurements of medical
accessibility is unclear as to the classification using adminis-
trative districts, and it was overlooked that the influence was
different depending on the size of hospitals by region. Second,
the qualitative level of individual neurosurgeons was not re-
flected in this study. Medical institutions with low economic
levels are small-sized and difficult to invest in personnel and
equipments. Therefore, there is a difference in the level of fa-
cilities provided and the quality of medical services provided
to patients. Third, the distribution of sub-specialties was not
reflected. Currently, most neurosurgeons specialize in de-
tailed areas, and it will be further necessary to analyze the re-

gional distribution of neurosurgeons with subspecialty.

CONCLUSION

The number of neurosurgeons in Korea is steadily increas-
ing. However, the distribution of neurosurgeons remains un-
even and continues to be concentrated in urban areas. This
phenomenon affects the quality of treatment and prognosis of
neurosurgical diseases in underprivileged patients. It is time to
effectively arrange the appropriate supply of neurosurgeons,
allocation of medical resources and personnel, and provision
of neurosurgical services to remote areas. A monitoring system
should be established for a proper supply of health care re-
sources and resolution of regional disparities. Establishing the
construction and qualitative management of large-scale na-
tional hospital in rural area could be another alternative. First
of all, it is necessary to accurately understand total amount of
neurosurgical demand and the distribution of neurosurgeons
by region and by sub-specialty, in order to solve the inequality

of spatial and temporal accessibility to neurosurgical care.

PATIENT CONSENT

The patient provided written informed consent for the pub-

lication and the use of their images.
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