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Background: This study investigates association modified category medical specialization (CMS) and hospital charge, length of stay 
(LOS), and mortality among lumbar spine disease inpatients.
Methods: This study used National Health Insurance Service–cohort sample database from 2002 to 2013, using stratified represen-
tative sampling released by the National Health Insurance Service. A total of 56,622 samples were analyzed. The primary analysis 
was based on generalized estimating equation model accounting for correlation among individuals within each hospital.
Results: Inpatients admitted with lumbar spine disease at hospitals with higher modified CMS had a shorter LOS (estimate, -1.700; 
95% confidence interval [CI], -1.886 to -1.514; p< 0.0001). Inpatients admitted with lumbar spine disease at hospitals with higher 
modified CMS had a lower mortality rate (odds ratio, 0.635; 95% CI, 0.521 to 0.775; p< 0.0001). Inpatients admitted with lumbar 
spine disease at hospitals with higher modified CMS had higher hospital cost per case (estimate, 192,658 Korean won; 95% CI, 
125,701 to 259,614; p< 0.0001). However, inpatients admitted with lumbar spine surgery patients at hospitals with higher modified 
CMS had lower hospital cost per case (estimate, -152,060 Korean won; 95% CI, -287,236 to -16,884; p= 0.028). Inpatients admitted 
with lumbar spine disease at hospitals with higher modified CMS had higher hospital cost per diem (estimate, 55,694 Korean won; 
95% CI, 46,205 to 65,183; p< 0.0001).
Conclusion: Our results showed that increase in hospital specialization had a substantial effect on decrease in hospital cost per case, 
LOS, and mortality, and on increase in hospital cost per diem among lumbar spine disease surgery patients.
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INTRODUCTION

Over the last few decades, hospitals in South Korea have under-
gone dramatic changes of health care market conditions such as 
separation of prescription and drug dispensing in 2000 and imple-
mentation of diagnosis related groups (DRGs) in 2013. Thus, Ko-
rean hospitals traditionally have provided a broad range of health 
care services in the health care market for competitive advantage. 
However, recently, many hospitals have faced increasing financial 

challenges [1] due to an increase in the number of small general 
hospitals, from 581 in 2000 to 1,064 in 2008 [2], and increasing 
competition between hospitals.

In response to various changes of health care market conditions, 
hospitals adopted various cost-saving strategies and changed their 
medical health behavior through exploring and planning hospital 
specialization strategies for competitive advantage, to attract more 
patients. Small general hospitals increasingly specialized in cer-
tain medical services to better compete with other small and mid-
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sized hospitals as “specialty hospitals,” and an effort emerged 
among these institutions to promote the development of “superb 
small general hospitals” through investment in high-tech equip-
ment [2]. Thus, in recent times in Korea, a rapid rise in the number 
of small hospitals specializing in spinal, cardiac, orthopedic, and 
surgery services occurred [3].

In this situation, precise, valid, and reliable measures of hospital 
specialization have become increasingly necessary. Traditionally, 
the most common of these measures in the hospital context has 
been the Information Theory Index (ITI) [4-6] and inner Herfind-
ahl–Hirschman Index (IHI) [7] interpreting “specialization” used 
by Eastaugh [8,9], Linna and Häkkinen [10], Lee et al. [1], Her-
wartz and Strumann [11], and Baumgardner and Marder [7]. Both 
measures analyze hospital caseloads based on patient proportions, 
independent of patient volumes. This means that the total number 
of patients treated is effectively normalized to 100%. However, 
both IHI and ITI fail to account for important issues. First, relying 
solely on patient proportions might be problematic for larger hos-
pitals that provide a high number of diagnosis categories, as the 
patient proportions in each category are naturally relatively small-
er in such hospitals. Thus, measuring specialization at these hospi-
tals based on the patient proportions in each category, as with IHI 
and ITI, may lead to a result showing inappropriately low special-
ization for a practice as a whole in cases where several physicians 
are providing a heterogeneous range of specialties. Recent study 
developed two novel measures of hospital specialization for solv-
ing the problem as above mentioned: category medical specializa-
tion (CMS) and inner category medical specialization (ICMS); 
these are based on patient volumes including patient proportions 
[12], which were measured by both IHI and ITI.

However, to date, hospital specialization measures as a case-mix 
index of hospital level, could not identify the extent of specializa-
tion in a specific medical category within a hospital [13]. To ad-
dress this issue, this study developed “modified category medical 
specialization” (modified CMS) and investigated association 
modified CMS and hospital charge, length of stay (LOS), and mor-
tality among lumbar spine disease inpatients.

METHODS

1. Study sample

This study used Korean National Health Insurance Service–co-
hort sample data (NHIS-CSD) from 2002 to 2013, released by the 

Korean NHIS. Initial NHIS-CSD cohort members (n=1,025,340, 
approximately 2.2% of the entire population in 2002) were estab-
lished by stratified random sampling using a systematic sampling 
method to generate a representative sample of the 46,605,433 Ko-
rean residents recorded in 2002.

The present study utilized data on healthcare utilization claims, 
including patient specifications such as hospital cost per case, hos-
pital cost per diem, and LOS and mortality. In order to analyze the 
relationship between hospital specialization for lumbar spine dis-
ease specialization, hospital costs (per case and per diem), LOS 
and mortality, this study used the International Classification of 
Diseases, tenth revision (ICD-10) codes of all inpatients within 
each hospital by year (Appendices 1, 2).

This study developed a separate individual database for each 
hospital, including the calendar years and transposing claim data 
into a longitudinal design for repeated measurement. The hospi-
tals allowed us to study the associations between hospital special-
ization and outcomes during a 12-year follow-up.

To measure hospital specialization for all hospitals, there were 
no exclusion criteria in these regards. The exception was for lum-
bar spine disease specialization, where our exclusion criterion was 
one or more case of lumbar spine disease per year per hospital.

2. Study methods

In this study, the nationwide cohort sample data over 12 years 
used for this study was investigated in three parts, to meet the 
study objectives. First, we identified the distribution of hospital 
specialization scores according to scale of hospital to identify limi-
tations of hospital specialization measures such as IHI, ITI, CMS, 
and ICMS for measuring specialization in specific diseases (such 
as lumbar spine disease).

Second, given that IHI, ITI, CMS, and ICMS tend to return de-
creasing hospital specialization scores when measuring specializa-
tion in a specific disease (Appendix 3), we developed implemented 
modified CMS. New methods for measuring hospital specializa-
tion through modified CMS for lumbar spine disease inpatients 
are as follow: to extract lumbar spine disease patients within each 
hospital, diseases were classified into 267 categories based on the 
ICD-10. It takes a log transformation to the denominator of CMS 
to reduce between-hospital variation of number of medical catego-
ries, because maximum disease category is up to three to extract 
specific disease regardless of the scale of the hospital (type, num-
ber of beds, etc.).
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Where
ln(*)=natural log of what hospital has a valid diagnosis category 

ηij if the proportion of treated patients is greater than 1/267 (num-
ber of disease categories).

Third, to verify its validity in the Korean health care environ-
ment, we examined hospital distribution by proportion and abso-
lute number of lumbar spine patients (Appendices 4, 5). In addi-
tion, we conducted correlation analysis between hospital special-
ization and absolute number and proportion of lumbar spine dis-
ease patients (Appendix 6). As a result, unlike other measures, 
modified CMS shows the highest correlation (0.611, p<0.0001) 
with absolute number of lumbar spine disease patients. Finally, we 
conducted subgroup analysis by proportion of lumbar spine dis-
ease patients. As a result of subgroups analysis, only modified 
CMS shows positive correlation with absolute number of lumbar 
spine disease patients (Appendix 7).

3. Independent variables

This study incorporated individual- and hospital-level variables 
including age, sex, residential region, surgery, death, hospital type, 
organization type, region of hospital, number of beds, number of 
doctors, presence of computed tomography (CT), presence of 
magnetic resonance imaging (MRI), presence of positron emis-
sion tomography (PET), and a year dummy.

Lists of individual-level and hospital-level variables are in Table 
1. The age variable is categorized into three groups: ≤29, 30–39, 
40–49, 50–59, 60–69, and ≥70 years. The sex variable is catego-
rized into two groups: male and female. Residential region is cate-
gorized into three groups: metropolitan (Seoul), urban (Daejeon, 
Daegu, Busan, Incheon, Kwangju, or Ulsan), and rural (everywhere 
else). Surgery and death variables are categorized into two groups: 
yes and no.

The hospital type variable is categorized into three groups: ter-
tiary hospital, general hospital, and hospital. The organization type 
variable was categorized into three groups: public, corporate, and 
private. The region of hospital variable was categorized into three 
groups: metropolitan (Seoul), urban (Daejeon, Daegu, Busan, 
Incheon, Kwangju, or Ulsan), and rural (everywhere else). The 
number of beds variable was categorized into nine groups: ≤199, 

200–299, 300–399, 400–499, 500–599, 600–699, 700–799, 800–
899, and ≥900. The number of doctors variable was categorized 
into seven groups: ≤49, 50–99, 100–149, 150–199, 200–249, 250–
299, and ≥300. In addition, presence of CT, presence of MRI, and 
presence of PET were categorized into two groups: yes or no. Final-
ly, a year dummy variable was included in our analysis. We mea-
sured hospital specialization using the main independent variables: 
IHI, ITI, CMS, ICMS, and modified CMS, as continuous variables.

4. Control variables

To investigate our hypothesis, this study used LOS, mortality, 
hospital cost per case, and hospital cost per diem as dependent 
variables. In Korea, the fees for services (FFS) catalogue is negoti-
ated by the government, care providers, and other stakeholders 
every year. This study discounted hospital charges for all inpa-
tients on the basis of catalogue for the year 2002 using each year’s 
negotiated FFS catalogue.

5. Analytical approach and statistics

In this study, the units of analysis are each individual and each 
hospital. Thus, this study employed analysis of variance; cluster 
analysis, to identify groups of individuals or objects that are simi-
lar to each other but different from individuals in other groups; 
and generalized estimating equation (GEE) regression model ac-
counting for correlation among individuals within each hospital 
to investigate whether general characteristics and hospital special-
ization had a relationship with mortality, LOS, hospital costs per 
case, and hospital costs per diem. In GEE, proc genmod was used, 
with link identity, distribution normal. SAS ver. 9.4 (SAS Institute 
Inc., Cary, NC, USA) was used to estimate all calculation and our 
hypothesis. All statistical significance tests were two-tailed and re-
jected null hypothesis of no difference if p-values were less than 
0.05 or equivalent.

RESULTS

Table 2 shows results for general characteristics of all variables 
by surgery and mortality, and Table 3 shows results for general 
characteristics of all variables by LOS, hospital cost per case, and 
hospital cost per diem. According to Table 2, of the 56,622 total 
cases included in our analysis, there were 21,317 surgery cases 
(37.7%) and 283 mortality cases (0.5%). Average LOS of total cases 
was 11.564 days (standard deviation [SD]=10.139), average hospital 
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Where 

ln(*)=natural log of what hospital has a valid diagnosis category η�� if the proportion of treated patients is 

greater than 1/267 (number of disease categories). 
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Table 1. Association of modified CMS on each dependent variable among total patients  

Variable
Length of stay Mortality Hospital cost per case Hospital cost per diem

Estimate p-value Odds ratio p-value Estimate p-value Estimate p-value

Hospital level                 
Modified CMS -1.700 < 0.0001 0.635 < 0.0001 192,658 < 0.0001 55,694 < 0.0001
Type                 

Tertiary hospital 1.072 < 0.0001 0.972 0.902 36,498 0.704 34,173 0.013
General hospital 0.977 < 0.0001 0.781 0.084 -136,847 0.017 -3,989 0.624
Hospital Ref   1   Ref   Ref   

Organization type                 
Public 2.135 < 0.0001 2.122 0.001 39,035 0.767 -55,363 0.003
Corporate 0.732 < 0.0001 1.371 0.003 50,415 0.251 -13,594 0.029
Private Ref   1   Ref   Ref   

Region                 
Metropolitan -1.648 < 0.0001 0.943 0.631 14,011 0.755 53,700 < 0.0001
Urban 1.671 < 0.0001 1.151 0.219 363,145 < 0.0001 257 0.969
Rural Ref   1   Ref   Ref   

Bed                 
≤ 199 -1.679 < 0.0001 1.506 0.294 113,590 0.442 5,837 0.781
200–299 -1.146 0.003 1.624 0.196 361,535 0.01 36,932 0.065
300–399 -0.175 0.664 1.669 0.176 777,216 < 0.0001 24,401 0.238
400–499 -1.268 0.003 1.298 0.508 433,116 0.005 26,096 0.233
500–599 0.755 0.045 1.033 0.928 923,310 < 0.0001 46,079 0.017
600–699 0.806 0.025 0.903 0.763 913,663 < 0.0001 43,418 0.018
700–799 0.416 0.216 0.828 0.583 630,061 < 0.0001 -13,794 0.425
800–899 1.447 < 0.0001 0.946 0.828 231,736 0.03 -13,158 0.386
≥ 900 Ref   1   Ref   Ref   

Doctor                 
≤ 49 1.496 0 0.651 0.272 -1,101,740 < .0001 -70,699 0.001
50–99 0.755 0.063 0.737 0.412 -1,159,576 < .0001 -27,814 0.182
100–149 0.558 0.15 0.872 0.695 -776,666 < .0001 -60,307 0.002
150–199 0.993 0.005 0.394 0.018 -688,876 < .0001 -63,345 0.001
200–249 0.307 0.361 0.461 0.031 -595,701 < .0001 -52,864 0.002
250–299 0.519 0.07 1.218 0.357 -402,449 < .0001 -46,951 0.001
≥ 300 Ref   1   Ref   Ref   

Computed tomography                 
No -0.19 0.305 0.925 0.677 -176,502 0.008 -29,488 0.002
Yes Ref   1   Ref   Ref   

Magnetic resonance imaging                 
No 1.578 < 0.0001 1.589 0 -246,132 0 -25,261 0.006
Yes Ref   1   Ref   Ref

Positron emission tomography                 
No 1.842 < 0.0001 0.887 0.504 -94,042 0.183 -32,219 0.001
Yes Ref   1   Ref   Ref   

Individual level                 
Patient clinical complexity level                 

0 -5.417 < 0.0001 0.192 < 0.0001 -118,002 0.328 56,699 0.001
1 -2.293 < 0.0001 0.233 < 0.0001 867,483 < 0.0001 67,963 0
2 -0.564 0.109 0.387 < 0.0001 1,374,079 < 0.0001 76,577 < 0.0001
3 Ref   1   Ref   Ref   

(Continued to the next page)
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costs per case of total cases were 2,941,444 (SD=3,876,058), and aver-
age hospital costs per diem of total cases was 275,882 (SD=483,928) 
(Table 3).

Table 1 shows the results for the adjusted effect of the associa-
tion between modified CMS and LOS, mortality, hospital case per 
case, and hospital cost per diem among total patients, including 
both surgery and non-surgery lumbar spine disease patients, ad-
justing for hospital type, organization type, region of hospital, 
number of beds, number of doctors, presence of CT, presence of 
MRI, presence of PET, patient clinical complexity level (PCCL), 
age, sex, residential region, surgery, death, and year. Inpatients ad-

mitted with lumbar spine disease at hospitals with higher modi-
fied CMS had a shorter LOS (estimate, -1.700; 95% confidence in-
terval [CI], -1.886 to -1.514; p<0.0001). LOS was 1.072 days longer 
(95% CI, 0.548 to 1.595; p<0.0001) in tertiary hospital compared 
with hospitals. Inpatients admitted with lumbar spine disease at 
hospitals with higher modified CMS had a lower mortality rate 
(odds ratio, 0.635; 95% CI, 0.521 to 0.775; p<0.0001): 2.122 times 
higher (95% CI, 1.389 to 3.243; p= 0.001) in public hospitals and 
1.371 times higher (95% CI, 1.110 to 1.694; p= 0.003) in corporate 
hospitals as compared with private hospitals. Inpatients admitted 
with lumbar spine disease at hospitals with higher modified CMS 

Variable
Length of stay Mortality Hospital cost per case Hospital cost per diem

Estimate p-value Odds ratio p-value Estimate p-value Estimate p-value

Sex                 
Male -0.895 < 0.0001 1.472 < 0.0001 -92,025 0.001 13,295 0.001
Female Ref   1   Ref   Ref   

Age (yr)                 
≤ 29 -2.602 < 0.0001 0.147 < 0.0001 -946,853 < 0.0001 -22,105 0.017
30–39 -2.261 < 0.0001 0.157 < 0.0001 -805,589 < 0.0001 -28,210 0
40–49 -1.409 < 0.0001 0.172 < 0.0001 -656,418 < 0.0001 -26,463 0
50–59 -0.704 < 0.0001 0.246 < 0.0001 -329,168 < 0.0001 -12,070 0.064
60–69 -0.143 0.255 0.368 < 0.0001 54,352 0.23 5,881 0.36
≥ 70 Ref   1   Ref   Ref   

Region                 
Metropolitan 0.252 0.044 0.785 0.067 117,435 0.009 -7,959 0.213
Urban 0.129 0.292 0.84 0.131 -57,136 0.193 -9,528 0.126
Rural Ref   1   Ref   Ref   

Surgery                 
Yes Ref   1   Ref   Ref   
No -3.676 < 0.0001 1.599 < 0.0001 -2,008,377 < .0001 -100,115 < 0.0001

Death                 
Yes Ref   NA   Ref   Ref   
No 1.875 0.001 NA 753,879 0 -30,075 0.289

Year                 
2002 3.077 < 0.0001 0.65 0.287 445,872 < 0.0001 334 0.981
2003 2.987 < 0.0001 1.46 0.122 18,560 0.832 -36,056 0.004
2004 1.369 < 0.0001 1.055 0.814 -437,645 < 0.0001 -4,215 0.712
2005 1.521 < 0.0001 1.067 0.748 17,856 0.803 31,539 0.002
2006 2.032 < 0.0001 1.718 0.002 1,845 0.979 -20,933 0.032
2007 1.827 < 0.0001 1.445 0.033 181,910 0.005 -4,922 0.59
2008 2.099 < 0.0001 1.203 0.281 158,788 0.01 -11,451 0.187
2009 2.207 < 0.0001 1.39 0.036 349,137 < 0.0001 -12,424 0.136
2010 1.473 < 0.0001 1.387 0.033 325,841 < 0.0001 -12,264 0.126
2011 0.6 < 0.0001 1.257 0.127 -30,054 0.578 -14,884 0.054
2012 0.368 0.012 1.307 0.064 80,687 0.123 6,921 0.351
2013 Ref   1   Ref   Ref

CMS, category medical specialization; Ref, reference; NA, not applicable.

Table 1. Continued
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Table 2. General characteristics of all variables for analysis (surgery, mortality)    

Characteristic Total
Surgery Mortality

Yes No p-value Yes No p-value

Hospital level
Type < 0.0001 < 0.0001

Tertiary hospital 6,593 (11.6) 2,639 (40.0) 3,954 (60.0) 55 (0.8) 6,538 (99.2)
General hospital 14,257 (25.2) 4,954 (34.8) 9,303 (65.3) 78 (0.6) 14,179 (99.5)
Hospital 35,772 (63.2) 13,724 (38.4) 22,048 (61.6) 150 (0.4) 35,622 (99.6)

Organization type < 0.0001 < 0.0001
Public 725 (1.3) 176 (24.3) 549 (75.7) 14 (1.9) 711 (98.1)
Corporate 21,369 (37.7) 7,619 (35.7) 13,750 (64.4) 161 (0.8) 21,208 (99.3)
Private 34,528 (61.0) 13,522 (39.2) 21,006 (60.8) 108 (0.3) 34,420 (99.7)

Region < 0.0001 0.0002
Metropolitan 18,800 (33.2) 8,030 (42.7) 10,770 (57.3) 64 (0.3) 18,736 (99.7)
Urban 17,022 (30.1) 6,870 (40.4) 10,152 (59.6) 87 (0.5) 16,935 (99.5)
Rural 20,800 (36.7) 6,417 (30.9) 14,383 (69.2) 132 (0.6) 20,668 (99.4)

Bed < 0.0001 < 0.0001
≤ 199 26,886 (47.5) 10,186 (37.9) 16,700 (62.1) 103 (0.4) 26,783 (99.6)
200–299 12,986 (22.9) 5,260 (40.5) 7,726 (59.5) 56 (0.4) 12,930 (99.6)
300–399 2,895 (5.1) 774 (26.7) 2,121 (73.3) 26 (0.9) 2,869 (99.1)
400–499 1,319 (2.3) 331 (25.1) 988 (74.9) 11 (0.8) 1,308 (99.2)
500–599 1,696 (3.0) 541 (31.9) 1,155 (68.1) 10 (0.6) 1,686 (99.4)
600–699 1,387 (2.5) 462 (33.3) 925 (66.7) 8 (0.6) 1,379 (99.4)
700–799 1,198 (2.1) 450 (37.6) 748 (62.4) 4 (0.3) 1,194 (99.7)
800–899 1,424 (2.5) 609 (42.8) 815 (57.2) 9 (0.6) 1,415 (99.4)
≥ 900 6,831 (12.1) 2,704 (39.6) 4,127 (60.4)

Doctor 0.002 < 0.0001
≤ 49 42,870 (75.7) 15,952 (37.2) 26,918 (62.8) 194 (0.5) 42,676 (99.6)
50–99 3,025 (5.3) 1,144 (37.8) 1,881 (62.2) 12 (0.4) 3,013 (99.6)
100–149 1,347 (2.4) 505 (37.5) 842 (62.5) 10 (0.7) 1,337 (99.3)
150–199 1,444 (2.6) 575 (39.8) 869 (60.2) 2 (0.1) 1,442 (99.9)
200–249 1,116 (2.0) 426 (38.2) 690 (61.8) 3 (0.3) 1,113 (99.7)
250–299 1,490 (2.6) 577 (38.7) 913 (61.3) 15 (1.0) 1,475 (99.0)
≥ 300 5,330 (9.4) 2,138 (40.1) 3,192 (59.9) 47 (0.9) 5,283 (99.1)

Computed tomography 0.707 0.4946
No 2,907 (5.1) 1,104 (38.0) 1,803 (62.0) 12 (0.4) 2,895 (99.6)
Yes 53,715 (94.9) 20,213 (37.6) 33,502 (62.4) 271 (0.5) 53,444 (99.5)

Magnetic resonance imaging < 0.0001 < 0.0001
No 3,283 (5.8) 443 (13.5) 2,840 (86.5) 45 (1.4) 3,238 (98.6)
Yes 53,339 (94.2) 20,874 (39.1) 32,465 (60.9) 238 (0.5) 53,101 (99.6)

Positron emission tomography < 0.0001 0.0007
No 43,956 (77.6) 16,307 (37.1) 27,649 (62.9) 196 (0.5) 43,760 (99.6)
Yes 12,666 (22.4) 5,010 (39.6) 7,656 (60.5) 87 (0.7) 12,579 (99.3)

Individual level
Patient clinical complexity level < 0.0001 < 0.0001

0 39,143 (69.1) 13,595 (34.7) 25,548 (65.3) 108 (0.3) 39,035 (99.7)
1 11,424 (20.2) 5,208 (45.6) 6,216 (54.4) 66 (0.6) 11,358 (99.4)
2 5,261 (9.3) 2,233 (42.4) 3,028 (57.6) 73 (1.4) 5,188 (98.6)
3 794 (1.4) 281 (35.4) 513 (64.6) 36 (4.5) 758 (95.5)

(Continued to the next page)
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had higher hospital cost per case (estimate, 192,658 Korean won; 
95% CI, 125,701 to 259,614; p<0.0001). Inpatients admitted with 
lumbar spine disease at hospitals with higher modified CMS had 
higher hospital cost per diem (estimate, 55,694 Korean won; 95% 
CI, 46,205 to 65,183; p<0.0001).

Table 4 shows the results for the adjusted effect of the associa-
tion between modified CMS and LOS, mortality, hospital cost per 
case, and hospital cost per diem among lumbar spine disease sur-
gery patients adjusting for hospital type, organization type, region 
of hospital, number of beds, number of doctors, presence of CT, 
presence of MRI, presence of PET, PCCL, age, sex, residential re-
gion, death, and year. Inpatients admitted with lumbar spine dis-
ease at hospitals with higher modified CMS had a shorter LOS (es-

timate, -2.539; 95% CI, -2.859 to -2.220; p<0.0001). Inpatients ad-
mitted with lumbar spine disease at hospitals with higher modi-
fied CMS had an association 0.972 times lower (95% CI, 0.837 to 
1.130; p= 0.715). Inpatients admitted with lumbar spine disease at 
hospitals with higher modified CMS had lower hospital cost per 
case (estimate, -152,060 Korean won; 95% CI, -287,236 to -16,884; 
p= 0.028): -556,111 Korean won lower (95% CI, -941,978 to -170,243; 
p= 0.005) in tertiary hospitals and -607,487 Korean won lower 
(95% CI, -847,311 to -367,662; p<0.0001) in general hospitals com-
pared with hospitals. Inpatients admitted with lumbar spine dis-
ease at hospitals with higher modified CMS had higher hospital 
cost per diem (estimate: 42,362 Korean won; 95% CI, -29,180 to 
55,544; p<0.0001).

Characteristic Total
Surgery Mortality

Yes No p-value Yes No p-value

Sex 0.810 0.2458
Male 26,666 (47.1) 10,053 (37.7) 16,613 (62.3) 143 (0.5) 26,523 (99.5)
Female 29,956 (52.9) 11,264 (37.6) 18,692 (62.4) 140 (0.5) 29,816 (99.5)

Age (yr) < 0.0001 < 0.0001
≤ 29 4,316 (7.6) 1,266 (29.3) 3,050 (70.7) 1 (0.0) 4,315 (100.0)
30–39 7,309 (12.9) 2,227 (30.5) 5,082 (69.5) 2 (0.0) 7,307 (100.0)
40–49 9,993 (17.7) 3,440 (34.4) 6,553 (65.6) 6 (0.1) 9,987 (99.9)
50–59 12,712 (22.5) 4,926 (38.8) 7,786 (61.3) 27 (0.2) 12,685 (99.8)
60–69 12,114 (21.4) 5,433 (44.9) 6,681 (55.2) 59 (0.5) 12,055 (99.5)
≥ 70 10,178 (18.0) 4,025 (39.6) 6,153 (60.5) 188 (1.9) 9,990 (98.2)

Region 0.553 0.0017
Metropolitan 9,962 (17.6) 3,791 (38.1) 6,171 (62.0) 30 (0.3) 9,932 (99.7)
Urban 13,339 (23.6) 4,983 (37.4) 8,356 (62.6) 60 (0.5) 13,279 (99.6)
Rural 33,321 (58.9) 12,543 (37.6) 20,778 (62.4) 193 (0.6) 33,128 (99.4)

Death < 0.0001
Yes 283 (0.5) 59 (20.9) 224 (79.2) 283 (100.0) -
No 56,339 (99.5) 21,258 (37.7) 35,081 (62.3) - 56,339 (100.0)

Year < 0.0001 0.111
2002 1,453 (2.6) 589 (40.5) 864 (59.5) - 1,453 (100.0)
2003 1,964 (3.5) 810 (41.2) 1,154 (58.8) 9 (0.5) 1,955 (99.5)
2004 2,372 (4.2) 992 (41.8) 1,380 (58.2) 10 (0.4) 2,362 (99.6)
2005 3,276 (5.8) 1,437 (43.9) 1,839 (56.1) 14 (0.4) 3,262 (99.6)
2006 3,523 (6.2) 1,485 (42.2) 2,038 (57.9) 26 (0.7) 3,497 (99.3)
2007 4,148 (7.3) 1,776 (42.8) 2,372 (57.2) 23 (0.6) 4,125 (99.5)
2008 4,818 (8.5) 1,904 (39.5) 2,914 (60.5) 22 (0.5) 4,796 (99.5)
2009 5,482 (9.7) 2,185 (39.9) 3,297 (60.1) 33 (0.6) 5,449 (99.4)
2010 6,204 (11.0) 2,388 (38.5) 3,816 (61.5) 35 (0.6) 6,169 (99.4)
2011 7,259 (12.8) 2,553 (35.2) 4,706 (64.8) 37 (0.5) 7,222 (99.5)
2012 8,133 (14.4) 2,689 (33.1) 5,444 (66.9) 44 (0.5) 8,089 (99.5)
2013 7,990 (14.1) 2,509 (31.4) 5,481 (68.6) 30 (0.4) 7,960 (99.6)
Total 56,622 (100.0) 21,317 (37.7) 35,305 (62.4) 283 (0.5) 56,339 (99.5)

Values are presented as number (%).

Table 2. Continued
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Table 3. General characteristics of all variables (length of stay, hospital cost)     

Characteristic
Length of stay (day) Hospital cost per case (Korean won) Hospital cost per diem (Korean won)

Mean± SD p-value Mean± SD p-value Mean± SD p-value

Hospital level
Type < 0.0001 < 0.0001 0.0004

Tertiary hospital 12.340± 10.258 4,073,357± 4,827,482 365,897± 821,742
General hospital 12.965± 12.214 3,084,961± 4,351,142 277,903± 513,120
Hospital 10.863± 9.083 2,675,627± 3,409,682 258,568± 374,123

Organization type < 0.0001 0.2109 < 0.0001
Public 16.039± 15.975 3,226,527± 5,510,078 216,969± 493,928
Corporate 12.772± 10.539 3,369,909± 4,475,030 288,624± 583,690
Private 10.722± 9.616 2,670,286± 3,379,137 269,304± 410,536

Region < 0.0001 < 0.0001 < 0.0001
Metropolitan 9.715± 9.017 3,109,011± 3,847,805 341,082± 518,786
Urban 13.258± 10.889 3,271,190± 4,042,084 266,172± 521,540
Rural 11.849± 10.189 2,520,137± 3,722,206 224,726± 406,041

Bed < 0.0001 < 0.0001 < 0.0001
≤ 199 10.470± 8.901 2,515,714± 3,197,653 247,930± 349,336
200–299 11.507± 11.036 3,009,791± 3,699,586 310,114± 493,649
300–399 14.210± 11.155 2,885,936± 5,506,214 207,580± 407,818
400–499 13.324± 11.529 2,670,602± 3,557,473 226,261± 426,559
500–599 15.242± 11.927 3,469,678± 4,187,909 272,043± 742,036
600–699 14.610± 14.011 3,821,565± 5,230,944 296,492± 519,921
700–799 13.573± 10.702 3,896,925± 5,895,635 268,919± 280,308
800–899 14.580± 12.535 3,857,991± 3,879,661 296,764± 345,553
≥ 900 12.005± 9.283 3,894,471± 4,652,814 353,465± 807,264

Doctor < 0.0001 < 0.0001 < 0.0001
≤ 49 11.272± 9.798 2,692,606± 3,556,071 256,485± 386,024
50–99 11.728± 14.138 2,965,897± 3,954,385 351,910± 664,742
100–149 14.520± 11.693 3,802,614± 4,607,958 281,665± 741,486
150–199 13.755± 11.325 3,713,833± 5,007,180 278,344± 384,235
200–249 13.258± 10.068 3,706,323± 5,108,694 288,947± 342,877
250–299 12.736± 9.136 3,534,084± 3,982,408 299,960± 592,477
≥ 300 11.796± 9.356 4,176,295± 4,938,677 378,279± 851,768

Computed tomography 0.2753 0.0005 < 0.0001
No 10.073± 7.327 2,392,039± 2,901,786 232,260± 287,055
Yes 11.645± 10.263 2,971,177± 3,919,712 278,250± 492,258

Magnetic resonance imaging < 0.0001 < 0.0001 < 0.0001
No 13.030± 10.030 1,773,690± 2,570,092 162,979± 389,843
Yes 11.474± 10.139 3,013,319± 3,931,032 282,815± 488,269

Positron emission tomography < 0.0001 0.0043 < 0.0001
No 11.342± 10.230 2,690,128± 3,570,272 259,464± 424,430
Yes 12.334± 9.781 3,813,610± 4,684,820 333,393± 647,519

Individual level
Patient clinical complexity level < 0.0001 < 0.0001 < 0.0001

0 9.918± 8.513 2,366,234± 3,124,208 262,627± 482,602
1 14.381± 11.015 4,084,060± 4,426,943 306,522± 354,896
2 16.822± 14.123 4,706,630± 5,982,440 315,587± 685,841
3 17.355± 15.086 3,162,558± 3,921,545 224,798± 508,493

(Continued to the next page)
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DISCUSSION

In this study, our primary purpose was to modify medical spe-
cialization in Korea by category for lumbar spine disease hospital 
inpatients by taking log transformation to the denominator of 
CMS and to determine the effects of specialization on LOS, mor-
tality, hospital cost per case, and hospital cost per diem after ad-
justing for hospital type, organization type, region of hospital, 
number of beds, number of doctors, presence of CT, presence of 
MRI, presence of PET, PCCL, age, sex, residential region, surgery, 
death, and year, applying a longitudinal model to a nationally rep-
resentative cohort sample data from 2002 to 2013. Under the as-
sumption that hospitals can provide treatments in several different 

diagnosis categories [12] and may be medically specialized in each 
of them, independently of the hospital’s degree of diversification, 
we classified a hospital as specialized if the number of treated cases 
in a given diagnosis category exceeded a defined threshold (mean 
number of patients treated nationally in each disease category). In 
short, we focused on the volume as well as the proportion of pa-
tients within specific diagnosis category.

To our knowledge, this is the first study anywhere in the world 
to develop a measure for hospital specialization in a specific dis-
ease based on patient volumes and patient proportions. As can be 
seen in Appendix 3, modified CMS shows a U-shaped trend from 
small to large hospitals, associated with higher hospital specializa-
tion. Our measures are therefore the first to capture our experi-

Characteristic
Length of stay (day) Hospital cost per case (Korean won) Hospital cost per diem (Korean won)

Mean± SD p-value Mean± SD p-value Mean± SD p-value

Sex < 0.0001 0.3495 < 0.0001
Male 10.637± 9.713 2,591,159± 3,671,664 267,903± 441,874
Female 12.390± 10.436 3,253,258± 4,023,822 282,977± 518,372

Age (yr) < 0.0001 < 0.0001 < 0.0001
≤ 29 8.308± 7.240 1,369,066± 1,794,441 220,628± 378,160
30–39 8.592± 7.160 1,508,280± 1,743,870 210,589± 337,449
40–49 10.302± 9.628 2,116,664± 2,616,372 233,283± 506,684
50–59 11.763± 9.974 3,090,064± 3,654,968 284,153± 448,818
60–69 13.366± 10.336 4,043,988± 4,731,798 332,486± 549,210
≥ 70 13.926± 12.191 3,949,300± 4,929,566 310,534± 535,593

Region 0.0731 0.0021 0.0003
Metropolitan 9.990± 10.100 2,935,998± 4,537,192 306,564± 441,434
Urban 12.692± 10.225 3,022,640± 3,902,546 257,350± 550,549
Rural 11.583± 10.055 2,910,568± 3,643,598 274,136± 466,803

Death < .0001 < 0.0001 < 0.0001
Yes 12.781± 11.222 2,817,350± 3,848,167 296,535± 668,160
No 11.558± 10.133 2,942,068± 3,876,222 275,779± 482,838

Year < 0.0001 < 0.0001 0.7751
2002 12.424± 9.530 3,311,334± 3,952,227 313,640± 559,053
2003 12.823± 11.648 2,856,296± 3,288,238 264,448± 330,068
2004 12.637± 14.212 2,727,633± 3,266,189 291,371± 430,242
2005 12.533± 12.838 3,232,273± 4,000,586 340,784± 562,475
2006 12.789± 11.187 3,124,003± 3,665,188 282,838± 383,053
2007 12.397± 10.011 3,236,505± 3,875,078 292,414± 408,736
2008 12.531± 10.207 3,097,829± 3,814,858 277,667± 510,071
2009 12.665± 11.377 3,321,143± 4,521,166 276,274± 434,815
2010 11.740± 9.008 3,165,761± 4,665,550 266,456± 320,008
2011 10.630± 9.001 2,683,059± 3,378,635 256,839± 430,593
2012 10.334± 8.483 2,708,282± 3,833,982 271,484± 660,299
2013 10.037± 8.616 2,548,756± 3,456,698 256,028± 507,837
Total 11.564± 10.139 2,941,444± 3,876,058 275,882± 483,928

Values are presented as mean± standard deviation.

Table 3. Continued
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Table 4. Association of modified CMS on each dependent variable among surgery patients   

Variable
Length of stay Mortality Hospital cost per case Hospital cost per diem

Estimate p-value Odds ratio p-value Estimate p-value Estimate p-value

Hospital level
Modified CMS -2.539 < 0.0001 0.972 0.715 -152,060 0.028 42,362 < 0.0001
Type

Tertiary hospital -0.174 0.708 1.054 0.805 -556,111 0.005 -13,852 0.471
General hospital 0.105 0.716 0.934 0.612 -607,487 < 0.0001 -40,224 0.001
Hospital Ref 1.000 Ref Ref

Organization type
Public 6.398 < 0.0001 0.888 0.755 1,088,659 0.001 -99,631 0.002
Corporate 1.030 < 0.0001 1.095 0.384 242,019 0.013 -14,342 0.129
Private Ref 1.000 Ref Ref

Region
Metropolitan -2.291 < 0.0001 1.003 0.974 -242,075 0.005 70,206 < 0.0001
Urban 1.714 < 0.0001 1.053 0.59 436,402 < 0.0001 -98 0.991
Rural Ref 1.000 Ref Ref

Bed
≤ 199 -2.083 0.005 1.164 0.659 383,062 0.217 85,483 0.005
200–299 -0.997 0.149 1.155 0.656 894,820 0.002 120,529 < 0.0001
300–399 0.580 0.427 1.367 0.350 2,105,382 < 0.0001 140,659 < 0.0001
400–499 0.073 0.926 1.083 0.827 1,021,570 0.002 71,297 0.028
500–599 1.112 0.089 0.922 0.794 1,615,999 < 0.0001 81,848 0.003
600–699 1.140 0.070 1.060 0.837 1,487,516 < 0.0001 47,037 0.070
700–799 0.616 0.270 0.888 0.654 1,123,535 < 0.0001 14,678 0.525
800–899 0.576 0.229 1.048 0.824 83,899 0.68 -7,969 0.688
≥ 900 Ref 1.000 Ref Ref

Doctor
≤ 49 0.517 0.478 0.960 0.905 -1,822,744 < 0.0001 -117,550 < 0.0001
50–99 0.870 0.225 1.036 0.915 -1,580,249 < 0.0001 -12,031 0.685
100–149 0.163 0.802 1.134 0.666 -1,227,326 < 0.0001 -79,750 0.003
150–199 1.515 0.009 0.925 0.775 -1,056,423 < 0.0001 -102,637 < 0.0001
200–249 0.935 0.095 0.855 0.557 -720,735 0.002 -72,211 0.002
250–299 1.344 0.005 1.209 0.350 -270,308 0.181 -72,847 0.000
≥ 300 Ref 1.000 Ref Ref

Computed tomography
No -0.898 0.004 0.997 0.983 -394,287 0.003 -41,399 0.001
Yes Ref 1.000 Ref Ref

Magnetic resonance imaging
No 3.65 < 0.0001 0.919 0.719 498,394 0.013 -72,968 0.000
Yes Ref 1.000 Ref Ref

Positron emission tomography
No 2.824 < 0.0001 0.930 0.638 115,532 0.425 -71,770 < 0.0001
Yes Ref 1.000 Ref Ref

Individual level
Patient clinical complexity level

0 -3.12 < 0.0001 0.570 0.006 1,297,466 < 0.0001 85,335 0.000
1 -0.513 0.383 0.569 0.007 2,280,018 < 0.0001 96,686 < 0.0001
2 1.396 0.021 0.730 0.142 2,978,026 < 0.0001 107,110 < 0.0001
3 Ref 1.000 Ref Ref

(Continued to the next page)
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Variable
Length of stay Mortality Hospital cost per case Hospital cost per diem

Estimate p-value Odds ratio p-value Estimate p-value Estimate p-value

Sex
Male -1.363 < 0.0001 1.028 0.662 -204,567 0.000 8,607 0.127
Female Ref 1.000 Ref Ref

Age (yr)
≤ 29 -3.557 < 0.0001 0.776 0.106 -1,489,142 < 0.0001 20,318 0.136
30–39 -3.053 < 0.0001 0.781 0.055 -1,297,855 < 0.0001 2,101 0.853
40–49 -1.871 < 0.0001 0.784 0.027 -1,121,956 < 0.0001 -24,467 0.013
50–59 -1.177 < 0.0001 0.820 0.035 -627,865 < 0.0001 -11,936 0.168
60–69 -0.98 < 0.0001 0.855 0.077 -319,843 0.000 -535 0.949
≥ 70 Ref 1.000 Ref Ref

Region
Metropolitan 0.618 0.002 0.921 0.390 379,186 < 0.0001 4,398 0.599
Urban 0.526 0.007 0.904 0.270 -23,903 0.772 -15,319 0.057
Rural Ref 1.000 Ref Ref

Death
Yes Ref NA Ref Ref
No 1.398 0.263 NA 192,243 0.716 -109,424 0.035

Year
2002 1.424 0.002 0.985 0.945 353,426 0.069 -3,158 0.868
2003 0.894 0.029 1.025 0.901 -603,129 0.001 -58,710 0.001
2004 -0.863 0.022 0.966 0.849 -1,218,983 < 0.0001 -25,643 0.099
2005 -0.164 0.618 0.978 0.887 -285,711 0.041 54,176 < 0.0001
2006 0.228 0.479 1.188 0.235 -462,273 0.001 -38,413 0.004
2007 0.127 0.675 1.048 0.74 -215,000 0.093 -30,744 0.014
2008 0.658 0.025 1.011 0.935 -207,560 0.096 -56,316 < 0.0001
2009 0.965 0.001 1.023 0.861 13,720 0.909 -58,672 < 0.0001
2010 0.641 0.020 1.056 0.669 210,149 0.072 -38,254 0.001
2011 0.407 0.134 1.079 0.546 -259,622 0.024 -50,741 < 0.0001
2012 0.368 0.167 1.039 0.759 122,582 0.277 -8,038 0.464
2013 Ref 1.000 Ref Ref

Adjusted for primary diagnosed code.
CMS, category medical specialization; Ref, reference; NA, not applicable.

Table 4. Continued

ence, professional expertise and technical equipment as well as the 
concentration of diagnoses within each diagnosis category, and 
also to show that, on balance, modified CMS provides an intui-
tively reasonable characterization of hospital specialization re-
flecting the Korean health care environment. The results of our re-
peated cross-sectional regression analysis over time (i.e., the GEE 
methodology) provide insightful scientific evidence into the asso-
ciations between the modified CMS and LOS, mortality, hospital 
cost per case, and hospital cost per diem in current practice in Ko-
rea. This is a very flexible approach to the analysis of correlated 
data from the same subject (i.e., person) over time [14,15].

The major findings of our study are as follows. First, our modi-
fied CMS shows the highest correlation with absolute number of 

lumbar spine disease patients (Appendix 6). In particular, sub-
group analysis by proportion of total patients who are lumbar 
spine disease patients reflects the results of correlation analysis be-
tween hospital specialization measures and absolute hospital vol-
ume of lumbar spine disease patients. As can be seen in Appendix 
7, IHI, ITI, CMS, and ICMS have negative associations with abso-
lute number of lumbar spine patients, and only modified CMS has 
a positive association with it. Second, results of the adjusted effects 
of the associations between modified CMS and LOS, mortality, to-
tal cost per case, and total cost per diem among lumbar spine dis-
ease surgery patients show that inpatients at hospitals with higher 
modified CMS had lower LOS, lower mortality (although not sig-
nificantly), and lower total cost per case, while inpatients at hospi-
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tals with higher modified CMS had higher total cost per diem.
Given the decreases in LOS, morality (although not significant) 

and total cost per case of lumbar spine disease surgery patients 
and the increase in total cost per diem of lumbar spine disease sur-
gery patients, specialization can be considered to improve the 
health outcomes of these patients, reflecting the use of the very 
complex and sophisticated medical technologies and of the effi-
cient and effective care and operating procedures adopted at more 
specialized hospitals. As a result of our study, it can be concluded 
that hospital specialization has a substantial effect on hospital per-
formance in the areas of LOS, mortality, and total cost.

Whereas previous studies, for example by Luft et al. [16] and Mel-
nick et al. [17] found that hospitals have a tendency to imitate com-
petitors, they also found that hospital competition tended to increase 
hospital specialization, resulting in increasing efficiency by reducing 
the costs associated with the prior service mix. In addition, several 
hospitals within more competitive markets had less specialized ser-
vice mix, suggesting that they provide a wider range of services. 
These findings imply that hospitals tend to adopt some high-visibili-
ty services offered by their competitors for competitive purposes at 
the same time that they focus on filling selected market niches.

According to many researchers, there are two opposite perspec-
tives on hospital specialization. The first perspective argues that 
hospital specialization improves quality of care and efficiency of 
hospital management by increasing productivity [18,19] and has a 
positive effect on hospital performance [20]. In addition, as shown 
by Schneider et al. [21], specialized hospitals are associated with 
higher operating margins and lower operating costs. However, 
contrary to the expectation that specialized hospitals reduce the 
overall operating profits of general hospitals, general hospital re-
siding in markets with at least one specialized hospital have higher 
profit and operating margins than those that do not compete with 
specialized hospitals. This is consistent with prevailing economic 
theory, which suggests that firms will enter markets in which prof-
it margins will be comparatively higher. In addition, economic 
theory predicts that competition eventually should lead hospitals 
to reduce the range of services they offer [22] and concentrate on 
services in which they have a comparative advantage [22]. In this 
way, each hospital finds a way to most efficiently provide given ser-
vices. The other implication of this perspective is that general hos-
pitals are threatened by specialized hospitals, because specialized 
hospitals tend to focus on services with high profit margins and to 
avoid health care services with high expenses related to admitting 

patients in severe condition [23,24].
Based on the results of previous studies showing that hospital 

specialization brings a reduction of production costs and results in 
improved efficiency of hospital operation [8,25], our results show 
that hospital specialization supports the achievement of hospital 
efficiency and increased quality of care in areas such as LOS and 
mortality.

Our results have several major implications for health care poli-
cymakers and hospital administrators, in Korea and elsewhere. 
First, this study may help hospital policymakers and hospital ad-
ministrators to understand the effects of hospital specialization 
strategy on hospital cost and quality of care under recent changes 
in the Korean health care environment such as the initiation of the 
specialty hospital designation and prospective payment systems 
(e.g., DRG) and to evaluate the internal and external environments 
of the hospital before implementing a new hospital management 
strategy [26]. Thus, our results can help hospitals improve perfor-
mance and operations. Second, with increasing competition, eco-
nomic crisis, and recent policy changes made by the Korean gov-
ernment, hospitals have to become more competitive to survive 
and have to seek to improve cost efficiency in the face of increasing 
national health expenditures and to have the desire to provide 
high-quality. Therefore, our findings add to the evidence of associ-
ations between hospital specialization and hospital cost per case, 
hospital cost per diem, LOS, and mortality, through the use of 

“modified CMS”; and these results enhance the evidentiary docu-
mentation for hospital specialization. However, to strengthen the 
reliability and generalizability of our findings of this study, repli-
cation of this work using other countries’ data could be necessary 
and further study of our modified CMS is needed.

This study has several limitations worth noting, and caution 
must be taken when interpreting the study’s results or attempting 
to generalize our findings. First, although this study analyzed na-
tionwide cohort sample data to measure hospital specialization 
during a defined period, international generalizability is limited as 
a result. Second, this study analyzed hospital cost, LOS, and mor-
tality to find out whether hospital specialization is associated with 
hospital performance. However, it was not able to measure the di-
rect management achievements of hospitals because of lack of in-
formation. Therefore, if data to measure financial performance of 
hospitals can be collected and analyzed, meaningful conclusions 
for policymakers and hospital administrators can be drawn. 
Third, when participants were selected for our study, ICD coding 
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was employed. However, because the hospital specialization vari-
able relied on ICD coding of principal diagnosis, it is difficult to 
validate individual ICD codes, because our data are anonymized 
database, making them susceptible to errors related to coding. 
Fourth, as this is a large, longitudinal, nationwide sample, there 
may be significant heterogeneity in the care provided both in the 
field and at receiving hospitals, although we limited our analysis to 
lumbar spine disease patients with surgery. Fifth, several unmea-
sured confounders exist, including hospital factors that could con-
tribute to differences in hospital cost, mortality, and LOS, such as 
better management of health resources, a well-selected care team, 
and presence of clinical pathways; lack of data on these means that 
we could not obtain information regarding unmeasured hospital 
characteristics. Therefore, further research is required to explore 
their respective contributions, because the evidence at present is 
inadequate and unclear.

Our results showed that increase in hospital specialization had a 
substantial effect on decrease in hospital cost per case, LOS, and 
mortality, and on increase in hospital cost per diem among lum-
bar spine disease surgery patients. With increasing competition 
among Korean hospitals and recent policy changes by the Korean 
government, considered above, our results may help hospital poli-
cymakers better understand the effects of hospital specialization 
strategies on hospital operations and quality of care.

In conclusion, our findings also provide unique evidentiary doc-
umentation of the effectiveness of our modified CMS. Thus, to 
strengthen the reliability and generalizability of our findings of this 
study, replication of this work using other countries’ data could be 
necessary and further study of our modified CMS is needed.
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Appendix 1. Diagnosed code of lumbar spine disease patients 

Diagnosed code Diagnosis

M43 Other deforming dorsopathies
M430 Spondylolysis
M4300 Spondylolysis, multiple sites in spine
M4305 Spondylolysis, thoracolumbar region
M4306 Spondylolysis, lumbar region
M4307 Spondylolysis, lumbosacral region
M4308 Spondylolysis, sacral and sacrococcygeal region
M4309 Spondylolysis, site unspecified
M431 Spondylolisthesis
M4310 Spondylolisthesis, multiple sites in spine
M4315 Spondylolisthesis, thoracolumbar region
M4316 Spondylolisthesis, lumbar region
M4317 Spondylolisthesis, lumbosacral region
M4318 Spondylolisthesis, sacral and sacrococcygeal region
M4319 Spondylolisthesis, site unspecified
M432 Other fusion of spine
M4320 Other fusion of spine, multiple sites in spine
M4325 Other fusion of spine, thoracolumbar region
M4326 Other fusion of spine, lumbar region
M4327 Other fusion of spine, lumbosacral region
M4328 Other fusion of spine, sacral and sacrococcygeal region
M4329 Other fusion of spine, site unspecified
M438 Other specified deforming dorsopathies
M4380 Other specified deforming dorsopathies, multiple sites in spine
M4385 Other specified deforming dorsopathies, thoracolumbar region
M4386 Other specified deforming dorsopathies, lumbar region
M4387 Other specified deforming dorsopathies, lumbosacral region
M4388 O ther specified deforming dorsopathies, sacral and sacrococcygeal 

region
M4389 Other specified deforming dorsopathies, site unspecified
M439 Deforming dorsopathy, unspecified
M4390 Deforming dorsopathy, unspecified, multiple sites in spine
M4395 Deforming dorsopathy, unspecified, thoracolumbar region
M4396 Deforming dorsopathy, unspecified, lumbar region

Diagnosed code Diagnosis

M4397 Deforming dorsopathy, unspecified, lumbosacral region
M4398 Deforming dorsopathy, unspecified, sacral and sacrococcygeal 

 region
M4399 Deforming dorsopathy, unspecified, site unspecified
M48 Other spondylopathies
M480 Spinal stenosis
M4800 Spinal stenosis, multiple sites in spine
M4805 Spinal stenosis, thoracolumbar region
M4806 Spinal stenosis, lumbar region
M4807 Spinal stenosis, lumbosacral region
M4808 Spinal stenosis, sacral and sacrococcygeal region
M4809 Spinal stenosis, site unspecified
M488 Other specified spondylopathies
M4880 Other specified spondylopathies, multiple sites in spine
M4885 Other specified spondylopathies, thoracolumbar region
M4886 Other specified spondylopathies, lumbar region
M4887 Other specified spondylopathies, lumbosacral region
M4888 Other specified spondylopathies, sacral and sacrococcygeal region
M4889 Other specified spondylopathies, site unspecified
M489 Spondylopathy, unspecified
M4890 Spondylopathy, unspecified, multiple sites in spine
M4895 Spondylopathy, unspecified, thoracolumbar region
M4896 Spondylopathy, unspecified, lumbar region
M4897 Spondylopathy, unspecified, lumbosacral region
M4898 Spondylopathy, unspecified, sacral and sacrococcygeal region
M4899 Spondylopathy, unspecified, site unspecified
M51 Other intervertebral disc disorders
M510 Lumbar and other intervertebral disc disorders with myelopathy
M511 Lumbar and other intervertebral disc disorders with radiculopathy
M512 Other specified intervertebral disc displacement
M513 Other specified intervertebral disc degeneration
M514 Schmorl’s nodes
M518 Other specified intervertebral disc disorders
M519 Intervertebral disc disorder, unspecified

Appendix 2. Surgery code of lumbar spine disease patients  

Surgery Category Procedure code

Arthrodesis for spinal deformity Anterior technique
Posterior technique

N0444, N0445
N0446, N0447

Arthrodesis of spine Anterior technique (lumbar spine)
Posterior technique (lumbar spine)

N0466
N0469

Diskectomy Invasive (lumbar spine)
Endoscopy

N1493
N1494

Injection procedure Chemonucleolysis N1495
Aspiration procedure Nucleus pulposus of intervertebral disk N1496
Laminectomy Lumbar spine N1499
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Appendix 3. (A, B) Hospital specialization trend by number of beds and hospital type. ITI, Information Theory Index; IHI, inner Herfindahl–
Hirschman Index; CMS, category medical specialization; ICMS, inner category medical specialization.
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Appendix 4. Proportion and absolute number by hospital type. (A) Total hospital. (B) Tertiary hospital. (C) General hospital. (D) Hospital.
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Appendix 5. Correlation between proportion and absolute number 
by hospital type  

Hospital type Total Tertiary hospital General hospital Hospital

Correlation 0.512 0.511 0.811 0.574
p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001

Appendix 7. Correlation between hospital specialization and absolute number by proportion 

Variable
Inner Herfindahl–Hirschman Index Information Theory Index CMS Inner CMS Modified CMS

Correlation p-value Correlation p-value Correlation p-value Correlation p-value Correlation p-value

≥ 80% of lumbar spine disease patients -0.420 < 0.0001 -0.391 < 0.0001 -0.236 0.001 -0.335 < 0.0001 0.187 0.011
≥ 70% of lumbar spine disease patients -0.344 < 0.0001 -0.230 0.000 -0.123 0.042 -0.277 < 0.0001 0.232 0.000
≥ 60% of lumbar spine disease patients -0.246 < 0.0001 -0.092 0.072 -0.033 0.523 -0.227 < 0.0001 0.281 < 0.0001

CMS, category medical specialization.      

Appendix 6. Correlation between hospital specialization and absolute number and proportion of lumbar spine disease patients

Inner Herfindahl–Hirschman Index Information Theory Index CMS Inner CMS Modified CMS

Proportion* Absolute† Proportion* Absolute† Proportion* Absolute† Proportion* Absolute† Proportion* Absolute†

Correlation 0.892 0.378 0.991 0.489 0.815 0.449 0.373 0.025 0.701 0.611
p-value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.045 < 0.0001 < 0.0001

CMS, category medical specialization.          
*Proportion of lumbar spine patients. †Absolute number of lumbar spine patients.      


