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Objective : This study aimed to determine the incidence and analyze trends of the herniated lumbar disc (HLD) based on a
national database in the Republic of Korea (ROK) from January 2008 to December 2016.

Methods : This study was a retrospective analysis of data obtained from the national health-claim database provided by the
National Health Insurance Service for 2008-2016 using the International Classification of Diseases. The crude incidence and age-
standardized incidence of HLD were calculated, and additional analysis was conducted according to age and sex. Changes in trends
in treatment methods and some treatments were analyzed using the Korean Classification of Diseases procedure codes.

Results : The number of patients diagnosed with HLD was 472245 in 2008 and increased to 537577 in 2012; however, it decreased
to 478697 in 2016. The pattern of crude incidence and the standardized incidence were also similar. Overall, the incidence of HLD
increased annually for the 30s, 40s, 50s, and 70s until 2012 and then decreased. However, the incidence of HLD for the 80s continued
to increase. The crude incidence of HLD in female patients exceeded that of male patients in their middle age (30s or 40s) and was
1.5-1.6 times higher than in male patients in their 60s. The total number of open discectomy (OD) increased from 71598 in 2008 to
93942 in 2012 and then decreased to 85846 in 2016. The rate of younger patients (the 20s, 30s, and 40s) who underwent OD was
decreased, and the rate of younger patients who underwent percutaneous endoscopic lumbar discectomy was increased. However,
the rate of older patients (the 70s and 80s) who underwent OD was continuously increased.

Conclusion : This nationwide data on HLD from 2008 to 2016 in the ROK demonstrated that the crude incidence and the
standardized incidence increased until 2012 and then decreased. The annual crude incidence was different according to age and
sex. These findings may be considered when deciding future health policy, especially in countries with a similar national health
insurance system (or with plans to adopt).
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INTRODUCTION surgical treatment'>**¥. In recent years, the number of spinal
surgeries for HLD performed each year has increased®. Open

Surgical treatment is recommended for cases of symptom- discectomy (OD) is the standard among several surgical meth-
atic herniated lumbar disc (HLD) that are intractable to non- ods used, and percutaneous endoscopic lumbar discectomy
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(PELD), laminectomy, and fusion surgery are other op-
tions'>!1>184044-47 The selection of the surgical method can
largely depend on clinical and radiological factors. With the
development of new surgical instruments and techniques, the
number of spine surgeries has increased®*.

Despite the vast amount of research devoted to spinal dis-
eases, the epidemiology of this condition is not well under-
stood, and the overall prevalence is unclear in many countries,
even in the United States'®*. The Republic of Korea (ROK)
has a National Health Insurance Service (NHIS), a compulso-
ry social insurance system that ensures about 97% of the pop-
ulation'>'"1839_ The remaining 3% of the population is ensured
by medial aid™>'7'%%), In ROK, there is a reimbursement sys-
tem. All hospitals and clinics submit the medical record to
Health Insurance Review & Assessment Service (HIRA), in-
cluding diagnostic and surgical codes, for review to be reim-
bursed for any healthcare services provided®. The HIRA da-
tabase nationally representative and contains data on multiple
variables important to epidemiological research, such as diag-
nosis, treatment, procedures performed, surgical history, and
treatment prescriptions, thereby enabling population-based
studies™'"'®),

The goals of this study were to describe the incidence of
HLD and analyze trends of treatment for HLD based on a na-
tional database in the ROK using NHIS data from January
2005 to December 2016.

MATERIALS AND METHODS

Data source and cohort design

This type of study did not require informed consent and
was exempted from the Institutional Review Board of Seoul
National University Bundang Hospital (X-1703-388-909). We
used data from the national health-claim database provided
by the NHIS for 2005-2016. Using the 10th edition of the In-
ternational Classification of Diseases (ICD-10) codes, we col-
lected data of patients with HLD. Patients that had been diag-
nosed with HLD during the preceding three years at any clinic
or hospital were excluded from selected incident cases, which
were different from prevalent cases. To secure a 3-year wash-
out period, we used 2008 as the index year; thus, the total ob-
servation period of the reconstructed cohort was 9 years
(2008-2016). Patients must have been diagnosed for the first
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between January 2008 and December 2016. We extracted only
data from tertiary-referral general hospitals (3rd Hs, 2300
beds), general hospitals (100-300 beds), hospitals (Hs, 30-100
beds), and clinics (<30 beds) to increase confidence in medical
information’"?. We excluded other medical institutions
where medical information was not clear. Nearly all hospitals
in ROK comply with the following standards of the NHIS for
reimbursement: intractable painful sciatica from a disc herni-
ation despite nonsurgical treatment for at least 6 weeks if HLD
is not accompanied by neurological deficits'>'®. However, the
selection of the surgical method was at the discretion of the

surgeon'>®.

Study population

We identified patients with HLD in each year using accord-
ing to the following ICD-10 codes (Table 1). Patients with
these disease codes as the main diagnosis were included in this
study. Patients with these disease code as an accessory diagno-
sis were excluded. Patients with a congenital anomaly or a his-
tory of trauma were also excluded. Regarding patients diag-
nosed with HLD, this study included only patients for whom
the use of diagnostic modalities such as computed tomogra-
phy, or magnetic resonance image within 4 weeks from the
initial diagnosis was reported. The information for the popu-
lation and the number of hospital of ROK was obtained from
an open data access system (Korean Statistical Information

Service; www.kosis.kr)?.

Table 1. Definition of HLD

Code* Inclusion

M51.06 Intervertebral disc disorders with myelopathy, lumbar
region

M51.16 Intervertebral disc disorders with radiculopathy, lumbar
region

M51.17 Intervertebral disc disorders with radiculopathy,
lumbosacral region

M51.26 Other intervertebral disc displacement, lumbar region

M51.27 Other intervertebral disc displacement, lumbosacral region

M51.86 Other intervertebral disc disorders, lumbar region

M51.87 Other intervertebral disc disorders, lumbosacral region

G834 Cauda equine syndrome

*Indicate The International Classification of Diseases, Tenth Revision
codes (ICD-10), 2016. HLD : herniated lumbar disc
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Data analysis

The number and distribution of patients with HLD stratified
by age, and sex

The annual crude incidence was calculated for HLD instead
of overall crude incidence because the incidence of HLD
changed annually. First, the number of cases of HLD, diag-
nosed for the first time from 2008 to 2016, was obtained.
Then, the annual crude incidence of HLD was calculated us-
ing the total population of each year, which had been correct-

ed for the number of deaths and births in each year.

Number of cases X 100,000
Total observation size (person X 1 year)

Annual crude incidence =

Also, the annual crude incidence of HLD according to age
and sex were also obtained. The standardized incidence of
HLD was derived from the crude incidence using the formula
below, after adjusting for demographic bias in this cohort rela-
tive to the national population structure. (P, = proportion of
each age / sex group of the national population; I, = incidence

of each age / sex group of the cohort population).

Standardized incidence:ZP,XI ;

Also, the age-specific incidence was calculated to obtain the
crude incidence for each age group, with the age-groups being
defined in 10-year periods. We performed data manipulation
and extraction using SAS version 9.4 (SAS Institute, Cary, NC,
USA).

Treatment for HLD

Change in the trend of treatment method and number of
treatments was analyzed for HLD, and change in some treat-
ments by region and hospital size were also analyzed. Treat-
ments for HLD consisted of OD, defined using procedure
codes H3585 and H4055 in the Korean Classification of Dis-
eases procedure codes, and PELD defined using codes H4282.
The departments that performed the surgery were also classi-
tied according to the code, defined 05 for the department of

orthopedic surgery and 06 for the department of neurosur-

gery.

Statistical analysis

The statistical analysis was conducted to analyze the annual
trends in the number of HLD, including the differences in age,
and sex. Spearman’s rank-order correlation was used to deter-
mine the linear relationship of a trend with Spearman’s coeffi-

cient (r) and p-value. The Wilcoxon signed rank test was used

Incidence of HLD
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Fig. 1. The total incidence, crude incidence and standardized incidence of HLD from 2008 until 2016. HLD : herniated lumbar disc.
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to confirm the change in the variables each year. A p-value
<0.05 was regarded as statistically significant (two-tailed). Sta-
tistics were performed using SPSS version 22 (IBM Corp., Ar-

monk, NY, USA).
Total incidence of HLD
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RESULTS

The number and distribution of patients with
HLD stratified by age, and sex

The number of patients diagnosed with HLD was 472245 in
2008 and increased to 537577 in 2012; however, it decreased to
478697 in 2016 (Fig. 1). The pattern of crude incidence and the
standardized incidence were also similar. The crude incidence

Crude incidence of HLD
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Fig. 2. A: The total incidence of HLD for each age group diagnosed with HLD from 2008 until 2016. B : The crude incidence of HLD for each age group
diagnosed with HLD. HLD : herniated lumbar disc.

Table 2. The percentage for each age group diagnosed with HLD from 2008 until 2016

Age (years) 2008 2009 2010 2011 2012 2013 2014 2015 2016
0-9 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

10-19 1.37 1.46 143 142 1.34 1.36 140 1.23 1.07
20-29 718 6.96 6.65 6.54 6.34 6.40 6.48 6.21 578
30-39 12.61 12.75 12.85 12.84 12.84 12.82 12.65 12.08 11.54
40-49 20.68 20.22 19.64 18.80 18.35 17.97 17.58 1713 16.61

50-59 2216 22.67 23.39 24.06 2434 2395 23.65 23.67 2344
60-69 19.98 19.29 18.68 18.18 17.86 17.58 17.88 19.04 19.84
70-79 13.04 13.39 13.73 14.26 14.70 15.21 15.17 15.04 1548
>80 297 3.25 3.62 3.89 4.22 471 518 5.60 6.23
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

HLD : herniated lumbar disc
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of HLD increased from 946.8 to 1053.3 per 100000 person-
year until 2012 and then decreased to 918.2 per 100000 per-
son-year in 2016 by an average of 3% each year (p<0.01; r=1.0).
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The standardized incidence of HLD increased from 946.8 to
975.1 per 100000 person-year until 2012 and then decreased to
796.1 per 100000 person-year in 2016 by an average of 4.5%

2016
3000 —

2500 |-

2000 |-

1500 |-

1000 |-

500 |-

>

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 >80

——Male —— Female

Fig. 3. A:The crude incidence of HLD according to sex in 2008. B : The crude incidence of HLD according to sex in 2016. HLD : herniated lumbar disc.
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Fig. 4. A: The total number of OD from 2008 until 2016. B : The number of OD according to the age group. OD : open discectomy.
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each year (p<0.01; r=1.0).

Overall, the incidence of HLD increased annually for the
30s, 40s, 50s, and 70s until 2012 and then decreased (Fig. 2A).
However, the incidence of HLD for the 80s continued to in-
crease. The age-specific incidence for patients older than 40
years exceeded the overall crude incidence (Fig. 2B). The rate
of diagnosis for HLD older than 60 years was increased from
36.0% in 2008 to 41.6% in 2016. The percentage of diagnosis
of HLD according to age decreased in the 40s or less, and it
increased in the 70s or more (Table 2).

Regarding the crude incidence according to sex in 2008, the
crude incidence of HLD in female patients exceeded that of
male patients in their 30s and was 1.6 times higher than in
male patients in their 60s (Fig. 3A). In 2016, however, the
crude incidence of HLD in female patients exceeded that of
male patients in their 40s and was 1.5 times higher than in

male patients in their 60s (Fig. 3B).

Treatment for HLD

The total number of OD increased from 71598 in 2008 to
93942 in 2012 and then decreased to 85846 in 2016 (Fig. 4A).
The OD was the most performed at a hospital, followed by a
general hospital and tertiary referral hospital. In 2008, 85.3%
(61056/71598) of OD was performed at medium-sized hospi-
tals (general hospitals and hospitals) and, in 2016, 85.3%
(61056/71598) of OD was performed at medium-sized hospi-
tals. The number of OD showed a different pattern according
to the age group (Fig. 4B). The number of younger patients

(the 30s and 40s) who underwent OD were decreased from
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2010, and that of older patients (the 60s, 70s, and 80s) who un-
derwent OD were continuously increased. The rate of OD also
showed a different pattern according to the age group (Table 3).
The percentage of younger patients (the 20s, 30s, and 40s)
were continuously decreased, but that of older patients (the
70s and 80s) was continuously increased.

The total number of PELD decreased from 1990 in 2008 to
1142 in 2013 and then increased to 2131 in 2016 (Fig. 5A). The
PELD was also the most performed at a hospital, followed by a
general hospital and tertiary referral hospital except 2012. In
2008, 91.8% (1827/1990) of PELD were performed at medium-
sized hospitals (general hospitals and hospitals) and, in 2016,
94.0% (2003/2131) of PELD were performed at medium-sized
hospitals. The number of PELD showed a different pattern ac-
cording to the age group (Fig. 5B). The number of younger pa-
tients (the 20s, 30s, and 40s) who underwent PELD was much
higher than that of older patients (the 60s, 70s, and 80s) who
underwent PELD.

From 2008 to 2016, the cost and the annual number of op-
eration of OD and PELD increased (Table 4). OD was more
expensive, and the proportion of OD in total HLD surgery
had increased. Therefore, the total cost increased significantly.

We analyzed the differences between neurosurgeons and or-
thopedic surgeons in the choice of surgical method (Table 5). The
number of OD by neurosurgeon was increased from 54535 in
2008 to 66383 in 2016, and that of PELD by neurosurgeon was
also increased from 1414 in 2008 to 1872 in 2016. The ratio of
OD to PELD by neurosurgeon was similar. The number of

OD by the orthopedic surgeon was increased from 19279 in

Table 3. The percentage of each age group who underwent open discectomy for HLD from 2008 until 2016

Age (years) 2008 2009 2010 2011 2012 2013 2014 2015 2016
0-9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10-19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20-29 6.3 5.8 54 4.7 4.2 3.8 37 3.1 2.7
30-39 12.5 12.9 13.2 12.8 12.1 12.0 109 9.7 8.5
40-49 20.8 20.3 19.8 19.0 18.4 179 17.2 16.3 15.2
50-59 23.6 239 243 251 253 249 25.2 24.7 237
60-69 249 236 231 22.0 219 21.8 22.5 242 256
70-79 129 13.6 14.3 15.0 159 16.8 17.6 18.5 19.8
>80 1.2 14 15 1.6 2.0 2.3 25 29 3.6
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

HLD : herniated lumbar disc

J Korean Neurosurg Soc 63 (1) : 108-118 13



J Korean Neurosurg Soc 63 | January 2020

PELD PELD
2500 | 600 [~
500 |~
2000 |~
400 [~
1500 [~
300 |~
1000 |~
200 |-
500
100 |-
T /
0 0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2008 2009 2010 2011 2012 2013 2014 2015 2016
mmm Tertiary referral hospital == (eneral hospital 09 =——10-19 =—20-29 =———30-39 —40-49
(A) s Hospital —Total e 50-59 e 60-69 ——70-79 ——280

Fig. 5. A: The total number of PELD from 2008 until 2016. B : The number of PELD according to the age group. PELD : percutaneous endoscopic lumbar
discectomy.

Table 4. The total cost of the HLD in 2008 and 2016

oD 1878 71598 134461044 1947 85846 167142162
PELD 1332 1990 2650680 1391 2131 2964221
Total 137111724 170106383

HLD : herniated lumbar disc, OD : open discectomy, PELD : percutaneous endoscopic lumbar discectomy

Table 5. Choice of a surgical method according to surgeon specialty 2008 to 19680 in 2016. However, that of PELD by the orthope-
_ dic surgeon was decreased from 580 in 2008 to 303 in 2016.
Neurosurgeon

oD 54535 (97.5) 66384 (97.3)

PELD 1414 (2.5) 1872 (2.7) DISCUSSION
Orthopedic surgeon

oD 19279 (97.1) 19680 (98.5) This study analyzed a comprehensive overview of the inci-

PELD 580 (29) 303 (15) dence and treatment of HLD in ROK based on NHIS data-
Values are presented as number (%). OD : open discectomy, PELD - base. The strength of the current study is that it analyzed na-
percutaneous endoscopic lumbar discectomy tionwide data from a single-ethnicity population of 50 million

people to evaluate trends in the incidence and treatment of
HLD. Therefore, this study is sufficiently reliable. In the previ-
ous study, the surgeries for HLD and cost-effectiveness have
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been analyzed based on the NHIS database'®. However, the
applicability of these findings is limited because only data
from 2003 to 2008 were included.

The number of patients diagnosed with HLD was increased
until 2012; however, it decreased until 2016. The pattern of
crude incidence and the standardized incidence were also
similar. The surgical indications for HLD guided by NHIS
and HIRA were similar for 9 years, and the benefit standards
also did not change. However, since the early 2000s, media
have raised questions about overdiagnosis and unnecessary
treatment of spinal diseases. Especially in 2013, many media
have pointed this out and become social issues. Since then, the
number of patients seeking a hospital for spinal disorders has
decreased. Furthermore, as the standards for the reimburse-
ment of diagnosis and treatment become stricter, non-deduct-
ible treatment (e.g., neuroplasty, neurolysis) and Korean Tra-
ditional Medicine (KTM; traditional oriental medicine
adopted in Korea) practice have increased. The proportions of
KTM hospitals increased from 30.2% (12890/42682) in 2012
to 32.6% (15093/46297) in 2016. Unfortunately, it is impossible
to obtain accurate statistics on these non-deductible treat-
ments and KTM practice through the NHIS data.

The incidence of HLD for the 80s continued to increase.
The age-specific incidence for patients older than 40 years ex-
ceeded the overall crude incidence. The rate of diagnosis for
HLD older than 60 years was increased from 36.0% in 2008 to
41.6% 1in 2016. The rate of diagnosis of HLD according to age
decreased in the 40s or less, and it increased in the 70s or
more. The increase in the number of seniors is due to the in-
crease in the elderly population in ROK. The proportion of the
old age group over than 65 years old increased from 11.3%
(5424667/47990761) in 2010 to 13.3% (3079213/51269554) in
2016 continuously as Korean society is aging (Korean Statisti-
cal Information Service; www.kosis.kr).

In general, men have roughly twice the risk for lumbar her-
niated discs compared with women”. In a previous nation-
wide cohort study, the proportion of male patients who had
undergone surgery for HLD was 60.1% and 59.2% in 2003 and
2008, respectively. However, in this study, the crude incidence
of HLD in female patients exceeded that of male patients in
their middle age (30s or 40s) and was 1.5-1.6 times higher
than in male patients in their 60s. With improvements in ad-
vanced imaging techniques, HLD has been increasingly rec-

ognized in symptomatic and asymptomatic individuals®. Pre-
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vious work suggests lumbar lordosis, representative of lordotic
curvature between L1 and S1, was 7.3° greater in females than
males when standing”. Additionally, the sacral slope was
greater in females than males, when standing. These results
support that females have a greater range of motion in the
spine. Therefore, women may have more degenerative discs
than older men. However, possible explanations for the male
predominance of surgically treated HLD could be that men
have more symptomatic HLD by gender different risk-taking
behavior and gender-specific referral pattern by profession*?.

The total number of OD increased from 2008 to 2012 and
then decreased to 2016. However, the total number of PELD
decreased from 2008 to 2013 and then increased to 2016. The
OD and the PELD were performed mostly at medium-sized
hospitals (hospitals and general hospitals) in 2008 and 2016.
Various factors may have contributed to the changed number
of surgeries, such as improvements in instrumentation, surgi-
cal techniques, the influence of key opinion leaders, and fi-
nancial incentives to hospitals and surgeons®****. The choice
of surgical method can be chosen at the discretion of the sur-
geon, but it is not free from the control of NHIS?". If the stan-
dards for the reimbursement of a specific surgical method
(e.g., PELD) become stricter, then the number of surgeries
with more lenient standards might increase. The balloon ef-
fect might explain this phenomenon®®. This phenomenon
might affect medium-sized hospitals. However, biportal endo-
scopic spine surgery was introduced to manage central and
foraminal stenosis with its wide range of access angle and clear
view. Thus, the total number of endoscopic discectomy in-
creased again.

The number of OD showed a different pattern according to
the age group. The rate of younger patients (the 20s, 30s, and
40s) who underwent OD was continuously decreased, but that
of older patients (the 70s and 80s) was continuously increased.
The number of younger patients (the 20s, 30s, and 40s) who
underwent PELD was much higher than that of older patients
(the 60s, 70s, and 80s) who underwent PELD. Although age
was not a risk factor for recurrence after OD, recurrence after
PELD was reported to be higher in elderly patients (47 vs. 34
years, p<0.01)*>203%, Previous study reported that the patients
with recurrence had significantly more severe disc degenera-
tion before operation compared with patients with no recur-
rence”. Also, fragmentation of disc material was expected

with the progression of disc degeneration®. Moreover, the rap-
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id progress of degeneration has been reported at the index lev-
el and adjacent level in older patients®. Some studies showed
that recurrence rates are lower when removing a large amount
of discs than removing only the symptom-causing disc frag-
ment’*?. Therefore, it is beneficial for elderly patients to re-
move a large amount of disk and decompress the spinal canal,
considering the remnant loose disc material inside the disc
space and further degeneration®*>*4%. Consequently, the ad-
vantage of each surgical technique may be counterbalanced at
some age. In the previous study, PELD may not be effective for
patients older than 57 years'.

As mentioned above, HIRA data did not include the cost of
non-deductible treatment. The real cost of PELD was more
expensive than that shown in Table 4 and was similar to the
cost of OD. Therefore, the total cost of the HLD operation (in-
cluding OD and PELD) also would have been higher than that
shown in Table 4.

The ratio of OD to PELD by neurosurgeon was similar be-
tween 2008 and 2016. However, the ratio of OD to PELD by
the orthopedic surgeon was decreased. It has been reported
that there was a statistically significant difference between
neurosurgeons and orthopedic surgeons in the type of discec-
tomy, the value of intervention after complete spinal cord in-

jury, and the use of orthoses after fusion surgery'?

. However,
other studies have demonstrated that surgeons with either
training background can achieve similar results and have sim-
ilar competence when treating common spinal patholo-

gieszz,24,38)

Limitations of the present study

There are several limitations to be addressed in the present
study. First, inaccuracies in claims data, such as coding inac-
curacies, were a significant limitation of this study. The code
system cannot clearly distinguish certain diseases, and there
are several codes in some diseases. The ICD-10 code was not
developed for use in research. A previous study has questioned
the accuracy of administrative data for capturing clinical di-
agnoses”. However, a previous study, which validated the di-
agnosis of cerebrovascular disease based on ICD-10 codes,
comparing Korean claims data with medical record reviews,
reported a positive predictive value (PPV) of 83.4%". Addi-
tionally, other study validated the diagnosis of cervical spine
fracture based on ICD codes, revealing high PPV (94.0%).

Second, this study did not describe the clinical or radiological

16 https://doi.org/10.3340/jkns.2019.0075

factors. These factors can affect the probability of surgery and
the choice of surgical method. The severity and clinical symp-
toms cannot be assessed from the claim data®. Third, we did
not calculate the overall crude incidence for HLD during a
sufficient observational period, and thus the understanding of
the natural history of each disease is limited. However, the an-
nual crude incidence is considered more appropriate for iden-
tifying the trends reflecting the medical environment. Fur-
thermore, it is thought that there will be limitations in
obtaining an accurate crude incidence of HLD, in which the
incidence changes rapidly every year, even if a sufficient ob-
servational period is considered. Fourth, the recurrence rate
and cost of reoperation were not calculated. The rate of recur-
rent disc herniation was reported from 5% to 15%'"*. How-
ever, the cost of the reoperation varied depending on the sur-
gical method used for the reoperation. We included only
patients who have been diagnosed for the first time during the

periods in this study.

CONCLUSION

This nationwide data on HLD from 2008 to 2016 in the
ROK demonstrated that the crude incidence and the stan-
dardized incidence increased until 2012 and then decreased.
The annual crude incidence was different according to age
and sex. The trend of treatment methods was also changed
and different according to the hospital size and surgeon spe-
cialty. These analyses will be of great help in determining fu-

ture health policies.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was

reported.

INFORMED CONSENT

This type of study does not require informed consent.



AUTHOR CONTRIBUTIONS

Conceptualization : KJK

Data curation : J]M]J, SUL

Formal analysis : JMJ, SUL

Funding acquisition : CWO
Methodology : ]M]J, SUL

Project administration : SJH, TAJ, HJIK
Visualization : JM]J, SUL

Writing - original draft : JM]

Writing - review & editing : JMJ, KJK

* Acknowledgements

This study was supported by the Policy Research Funds of

the Korean Neurosurgical Society.

References

1. Bailey JF, Sparrey CJ, Been E, Kramer PA : Morphological and postural
sexual dimorphism of the lumbar spine facilitates greater lordosis in fe-
males. J Anat 229 : 82-91, 2016

2. Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW : Abnormal mag-
netic-resonance scans of the lumbar spine in asymptomatic subjects. A
prospective investigation. J Bone Joint Surg Am 72 : 403-408, 1990

3. Campbell PG, Malone J, Yadla S, Chitale R, Nasser R, Maltenfort MG, et
al. : Comparison of ICD-9-based, retrospective, and prospective assess-
ments of perioperative complications: assessment of accuracy in report-
ing. J Neurosurg Spine 14 : 16-22, 2011

4. Carragee EJ, Han MY, Suen PW, Kim D : Clinical outcomes after lumbar
discectomy for sciatica: the effects of fragment type and anular compe-
tence. J Bone Joint Surg Am 85 : 102-108, 2003

5. Cinotti G, Roysam GS, Eisenstein SM, Postacchini F : Ipsilateral recurrent
lumbar disc herniation. A prospective, controlled study. J Bone Joint
Surg Br 80 : 825-832, 1998

6. Deyo RA, Mirza SK : Trends and variations in the use of spine surgery.
Clin Orthop Relat Res 443 : 139-146, 2006

7. Deyo RA, Mirza SK : Clinical practice. Herniated lumbar intervertebral
disk. N Engl J Med 374 : 1763-1772, 2016

8. Deyo RA, Mirza SK, Martin BI, Kreuter W, Goodman DC, Jarvik JG :
Trends, major medical complications, and charges associated with sur-
gery for lumbar spinal stenosis in older adults. JAMA 303 : 1259-1265,
2010

9. Deyo RA, Taylor VM, Diehr P, Conrad D, Cherkin DC, Ciol M, et al. :
Analysis of automated administrative and survey databases to study
patterns and outcomes of care. Spine (Phila Pa 1976) 19(18 Suppl) :
20835-2091S, 1994

20.

22.

23.

24,

25.

26.

A Nationwide Database Study of HLD | Jung JM, et al.

Friedly J, Standaert C, Chan L : Epidemiology of spine care: the back
pain dilemma. Phys Med Rehabil Clin N Am 21 : 659-677, 2010
Gaston P, Marshall RW : Survival analysis is a better estimate of recur-
rent disc herniation. J Bone Joint Surg Br 85 : 535-537, 2003
Hansson E, Hansson T : The cost-utility of lumbar disc herniation sur-
gery. Eur Spine J 16 : 329-337, 2007

Hussain M, Nasir S, Moed A, Murtaza G : Variations in practice patterns
among neurosurgeons and orthopaedic surgeons in the management of
spinal disorders. Asian Spine J 5 : 208-212, 2011

Jordan J, Konstantinou K, O'Dowd J : Herniated lumbar disc. BMJ Clin
Evid 2011 : 1118, 2011

Kim CH, Chung CK, Choi Y, Shin S, Kim MJ, Lee J, et al. : The selection
of open or percutaneous endoscopic lumbar discectomy according to
an age cut-off point: nationwide cohort study. Spine (Phila Pa 1976) 40 :
E1063-E1070, 2015

Kim CH, Chung CK, Kim MJ, Choi Y, Kim MJ, Hahn S, et al. : Increased
volume of lumbar surgeries for herniated intervertebral disc disease and
cost-effectiveness analysis: a nationwide cohort study. Spine (Phila Pa
1976) 43 : 585-593, 2018

Kim CH, Chung CK, Park CS, Choi B, Hahn S, Kim MJ, et al. : Reopera-
tion rate after surgery for lumbar spinal stenosis without spondylolisthe-
sis: a nationwide cohort study. Spine J 13 : 1230-1237, 2013

Kim CH, Chung CK, Park CS, Choi B, Kim M, Park BJ : Reoperation rate
after surgery for lumbar herniated intervertebral disc disease: nation-
wide cohort study. Spine (Phila Pa 1976) 38 : 581-590, 2013

Kim CH, Chung CK, Shin S, Choi BR, Kim MJ, Park BJ, et al. : The rela-
tionship between diabetes and the reoperation rate after lumbar spinal
surgery: a nationwide cohort study. Spine J 15 : 866-874, 2015

Kim JM, Lee SH, Ahn Y, Yoon DH, Lee CD, Lim ST : Recurrence after suc-
cessful percutaneous endoscopic lumbar discectomy. Minim Invasive
Neurosurg 50 : 82-85, 2007

Kim KH, Park EC, Hahm MI : The gap between physicians and the public
in satisfaction with the National Health Insurance system in Korea. J
Korean Med Sci 27 : 579-585, 2012

Laratta JL, Shillingford JN, Cohen-Tanugi SJ, Lombardi JM, Lenke LG,
Riew KD, et al. : Defining the “critical elements” for the most common
procedures in spine surgery: a consensus of orthopedic and neurosurgi-
cal surgeons. Spine (Phila Pa 1976) 43 : E531-E536, 2018

Lee CH, Chung CK, Kim CH, Kwon JW : Health care burden of spinal dis-
eases in the Republic of Korea: analysis of a nationwide database from
2012 through 2016. Neurospine 15 : 66-76, 2018

Mabud T, Norden J, Veeravagu A, Swinney C, Cole T, McCutcheon BA,
et al. : Complications, readmissions, and revisions for spine procedures
performed by orthopedic surgeons versus neurosurgeons: a retrospec-
tive, longitudinal study. Clin Spine Surg 30 : E1376-E1381, 2017
Marinelli NL, Haughton VM, Anderson PA : T2 relaxation times corre-
lated with stage of lumbar intervertebral disk degeneration and patient
age. AJNR Am J Neuroradiol 31 : 1278-1282, 2010

Martin BI, Franklin GM, Deyo RA, Wickizer TM, Lurie JD, Mirza SK : How
do coverage policies influence practice patterns, safety, and cost of ini-
tial lumbar fusion surgery? A population-based comparison of workers’

J Korean Neurosurg Soc 63 (1) : 108-118 17



J Korean Neurosurg Soc 63 | January 2020

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

118

compensation systems. Spine J 14 : 1237-1246, 2014

Martin BI, Mirza SK, Comstock BA, Gray DT, Kreuter W, Deyo RA : Are
lumbar spine reoperation rates falling with greater use of fusion surgery
and new surgical technology? Spine (Phila Pa 1976) 32 : 2119-2126,
2007

Martin BI, Mirza SK, Comstock BA, Gray DT, Kreuter W, Deyo RA :
Reoperation rates following lumbar spine surgery and the influence of
spinal fusion procedures. Spine (Phila Pa 1976) 32 : 382-387, 2007
Martin Bl, Mirza SK, Flum DR, Wickizer TM, Heagerty PJ, Lenkoski AF, et
al. : Repeat surgery after lumbar decompression for herniated disc: the
quality implications of hospital and surgeon variation. Spine J 12 : 89-
97,2012

Matsumoto M, Watanabe K, Hosogane N, Tsuji T, Ishii K, Nakamura M,
et al. : Recurrence of lumbar disc herniation after microendoscopic dis-
cectomy. J Neurol Surg A Cent Eur Neurosurg 74 : 222-227, 2013
McGirt MJ, Ambrossi GL, Datoo G, Sciubba DM, Witham TF, Wolinsky
JP, et al. : Recurrent disc herniation and long-term back pain after pri-
mary lumbar discectomy: review of outcomes reported for limited versus
aggressive disc removal. Neurosurgery 64 : 338-344; discussion 344-
335, 2009

McGirt MJ, Eustacchio S, Varga P, Vilendecic M, Trummer M, Gorensek M,
et al. : A prospective cohort study of close interval computed tomogra-
phy and magnetic resonance imaging after primary lumbar discectomy:
factors associated with recurrent disc herniation and disc height loss.
Spine (Phila Pa 1976) 34 : 2044-2051, 2009

Miller ML, Wang MC : Accuracy of ICD-9-CM coding of cervical spine
fractures: implications for research using administrative databases. Ann
Adv Automot Med 52 : 101-105, 2008

Morgan-Hough CV, Jones PW, Eisenstein SM : Primary and revision lum-
bar discectomy. A 16-year review from one centre. J Bone Joint Surg
Br 85 : 871-874, 2003

Neuhauser H, Ellert U, Ziese T : Chronic back pain in the general popula-
tion in Germany 2002/2003: prevalence and highly affected population
groups. Gesundheitswesen 67 : 685-693, 2005

Oh H, Boo S : Burns in South Korea: an analysis of nationwide data from
the Health Insurance Review and Assessment Service. Burns 42 : 675-
681, 2016

Park JK, Kim KS, Kim CB, Lee TY, Lee KS, Lee DH, et al. : The accuracy
of ICD codes for cerebrovascular diseases in medical insurance claims.
Korean J Prev Med 33 : 76-82, 2000

Pejrona M, Ristori G, Villafafie JH, Pregliasco FE, Berjano P : Does spe-
cialty matter? A survey on 176 Italian neurosurgeons and orthopedic

https://doi.org/10.3340/jkns.2019.0075

39.

40.

42.

43.

44,

45.

46.

47.

48.

spine surgeons confirms similar competency for common spinal condi-
tions and supports multidisciplinary teams in comprehensive and com-
plex spinal care. Spine J 18 : 1498-1503, 2018

Rasouli MR, Rahimi-Movaghar V, Shokraneh F, Moradi-Lakeh M, Chou
R : Minimally invasive discectomy versus microdiscectomy/open discec-
tomy for symptomatic lumbar disc herniation. Cochrane Database
Syst Rev (9) : CD010328, 2014

Ruetten S, Komp M, Merk H, Godolias G : Full-endoscopic interlaminar
and transforaminal lumbar discectomy versus conventional microsurgical
technique: a prospective, randomized, controlled study. Spine (Phila
Pa 1976) 33 : 931-939, 2008

Schofferman J, Reynolds J, Herzog R, Covington E, Dreyfuss P, O'Neill
C : Failed back surgery: etiology and diagnostic evaluation. Spine J 3 :
400-403, 2003

Stromquist F, Stromqvist B, Jénsson B, Karlsson MK : Inferior outcome
of lumbar disc surgery in women due to inferior preoperative status: a
prospective study in 11,237 patients. Spine (Phila Pa 1976) 41 : 1247-
1252, 2016

Suk KS, Lee HM, Moon SH, Kim NH : Recurrent lumbar disc herniation:
results of operative management. Spine (Phila Pa 1976) 26 : 672-
676, 2001

Tosteson AN, Skinner JS, Tosteson TD, Lurie JD, Andersson GB, Berven
S, et al. : The cost effectiveness of surgical versus nonoperative treat-
ment for lumbar disc herniation over two years: evidence from the Spine
Patient Outcomes Research Trial (SPORT). Spine (Phila Pa 1976) 33 :
2108-2115, 2008

van den Hout WB, Peul WC, Koes BW, Brand R, Kievit J, Thomeer RT, et
al. : Prolonged conservative care versus early surgery in patients with
sciatica from lumbar disc herniation: cost utility analysis alongside a ran-
domised controlled trial. BMJ 336 : 1351-1354, 2008

Weinstein JN, Lurie JD, Tosteson TD, Skinner JS, Hanscom B, Tosteson
AN, et al. : Surgical vs nonoperative treatment for lumbar disk hernia-
tion: the Spine Patient Outcomes Research Trial (SPORT) observational
cohort. JAMA 296 : 2451-2459, 2006

Weinstein JN, Lurie JD, Tosteson TD, Skinner JS, Hanscom B, Tosteson
AN, et al. : Surgical vs nonoperative treatment for lumbar disk hernia-
tion: the Spine Patient Outcomes Research Trial (SPORT) observational
cohort. JAMA 296 : 2441-2450, 2006

Wera GD, Dean CL, Ahn UM, Marcus RE, Cassinelli EH, Bohlman HH, et
al. : Reherniation and failure after lumbar discectomy: a comparison of
fragment excision alone versus subtotal discectomy. J Spinal Disord
Tech 21:316-319, 2008



