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Abstract: The aim of this research was to identify the differences in the incidence of symptomatic
cervical and lumbar disc herniation according to age, sex, and national health insurance eligibility.
We evaluated the hospital documents of patients who received medical treatment for symptomatic
cervical and lumbar disc herniation between 2004 and 2010 and excluded those who claimed to
have expenses at oriental medical clinics or pharmacies. Furthermore, any duplicate documents
from the labor force population aged 20–69 years were excluded from the analysis. The results
showed that the number of individuals diagnosed with symptomatic cervical and lumbar disc
herniation increased with age, and the incidence of these diseases was higher in women than in men.
Additionally, the incidence differed depending on the subject’s qualification for health insurance.
The incidence of lumbar disc herniation showed differences depending on the degree of the lumbar
burden. The present study findings may help determine whether lumbar disc herniation is associated
with tasks performed at the patient’s workplace. Further research is needed to classify the risk of
lumbar disk herniation in the workplace into detailed categories such as types of business, types of
occupation, and lumbar compression force.
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1. Introduction

Disc herniation (DH) is the displacement of disc material (nucleus pulposus or annulus fibrosis)
beyond the intervertebral disc space [1]. Lumbar disc herniation (LDH) is the major cause of morbidity
and its treatment is very expensive [2]. In South Korea, DH greatly affects a worker’s compensation.
It has also been considered a controversial disease for medical compensation approval because it
is difficult to medically identify whether DH is caused by occupational factors or factors naturally
developed by individuals [3]. Although there is no basic epidemiological information for determining
whether DH is associated with occupational factors, some epidemiological studies have revealed
the incidence of DH. According to Jordon, the prevalence of LDH in Finland and Italy is 1–3%,
which is higher for individuals aged 30–59 years, with men having a two times higher incidence than
women [1]. Deyo et al. assumed that the incidence of LDH in America would reach about 1–2% [2].
Radhakrishnan et al. reported that the annual incidence of cervical disc herniation (CDH) in Rochester
and Minnesota between 1976 and 1990 reached its peak for individuals in their 60s, with 18.6 of
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100,000 individuals developing the disease [4]. Meanwhile, a significant number of asymptomatic
disc herniation (DH) cases may be present as well [5,6]. However, these results have been limited
to a certain age group, region, occupation, or group and cannot be referred to when evaluating the
occurrence distribution in all age groups or the differences in DH incidence between men and women
according to age [7–14], thereby limiting their generalizability. The limitations of these epidemiological
studies are attributed to the lack of analysis of nationwide diagnosis documents which until now
had been impossible. However, since big data analysis has become a major aspect of medical studies,
several attempts have been made to analyze all health insurance data and identify the distribution of
disease occurrence [15]. In South Korea, health insurance data have become public, enabling the study
of the distribution of disease occurrence through analysis of the data from the whole country.

Generally, identifying the distribution of disease occurrence is crucial for preventing a disease and
determining the association between occupational factors and disease occurrence in order to determine
worker’s compensation. Therefore, in this study, we analyzed health insurance data to identify the
distribution of symptomatic CDH and LDH occurrence according to age, sex, and workforce eligibility
for national health insurance. Asymptomatic DH was excluded from the analysis as its presence could
not be determined from health insurance data. The qualification for health insurance varies with the
characteristics of the tasks performed in the workplace. The reason for investigating the distribution
of incidence by eligibility was to determine whether there were differences in the incidence of DH
according to type of labor, as the nature and type of labor performed by the subscribers may vary
according to their eligibility.

2. Materials and Methods

2.1. Study Subjects

We obtained health insurance big data from the National Health Insurance Service in Korea.
Then, data on subjects who were diagnosed with CDH and LDH and received medical treatment
between 2004 and 2010 were selected at the headquarters of a big data analyzing laboratory. To select
the subjects, the following diagnosis codes were used: M500 (cervical disc disorder with myelopathy),
M501 (lumbar and other disc disorders with myelopathy), M502 (other cervical disc displacement
disorders), M510 (lumbar disc disorder with myelopathy), M511 (herniated disc disease of the lumbar
spine with radiculopathy), and M512 (herniated intervertebral disc).

2.2. Methods

Among the study subjects who were selected by disease codes, subjects for whom the accuracy
of diagnosis could not be confirmed, such as those who had been to a pharmacy or an oriental
medical clinic, were excluded. However, the health insurance data represent claims data for insurance
payments, and if a person received treatment for DH on multiple occasions, then the number of
times that person was diagnosed with DH would be calculated in duplicate. Accordingly, to prevent
duplicate calculation for a single subject, all records, except the initial hospital diagnosis of CDH
or LDH were deleted. In addition, to identify the relevance of occupational factors, subjects were
limited to those aged 20–69 years because they represent the actual labor population; subjects in
other age groups were excluded. Those who were eligible for health insurance consisted of regional
subscribers, company subscribers, government office and private school subscribers, and medical care
subscribers. Regional subscribers included those who own their own businesses, such as a restaurant
or beauty salon, and perform various forms of physical labor. Company subscribers included those
who were employed in companies; approximately 70% of company subscribers performed field work
that required physical work, whereas the major duties of the remaining 30% involved office work.
Most of the government office and private school subscribers performed office work. Most of the
medical care subscribers performed physical work with low payment, such as daily construction site
work. In addition, health insurance data did not include worker’s and military compensation.
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As the study population size varied by subscriber type, sex, and age, the number of individuals
diagnosed with CDH and LDH was calculated by using the total number of individuals diagnosed
with CDH and LDH between 2004 and 2010 as the numerator and the total number of individuals over
same 7-year period by age, sex, and health insurance eligibility as the denominator. The results were
represented as the number of individuals diagnosed with these diseases out of 100,000 individuals in a
period of 7 years.

2.3. Statistical Analysis

For the statistical analysis, SAS version 9.2 (SAS Institute, Cary, NC, USA) was used along with
data cleaning. Frequency analysis and the chi-square test were also performed.

2.4. Ethics Statement

The present study protocol was reviewed and approved by the Institutional Review Board of
Pusan National University, Yangsan Hospital College (approval No. 04-2015-008).

3. Results

3.1. Mean Number of Subscribers by Gender, Age, and National Health Insurance Eligibilty

To determine the size by gender, age, and eligibility, the mean number of subscribers over the
seven-year period from 2004–2010 is presented in Table 1. There were statistical differences between
distribution by sex and subscriber type (p < 0.01).

Table 1. Mean number of subscribers according to gender, age and health insurance eligibility
(2004–2010) (person).

Gender Age Region Company Government Office
and Private School Medical Care p-Value *

Male

20–29 281,506 1,169,017 136,223 20,221

<0.001
30–39 1,135,868 2,287,096 285,904 42,423
40–49 1,759,028 1,710,430 321,634 120,896
50–59 1,142,273 881,303 213,928 103,216
60–69 570,752 342,511 18,992 78,225

Female

20–29 213,898 1,178,690 150,430 145,31

<0.001
30–39 485,794 923,692 211,537 55,115
40–49 661,224 695,133 146,633 99,192
50–59 411,267 332,118 51,620 67,926
60–69 268,635 91,770 3988 101,613

* Results of Chi-square test according to age, eligibility.

3.2. Number of Examinees with CDH According to Gender, Age and Health Insurance Eligibility

The number of patients with CDH increased with age for both men and women. For every age
group, the number of female patients was higher than that of male patients (see Figure 1). In terms of
health insurance eligibility, the number of patients with CDH significantly differed between subscriber
types (p < 0.01): The number of male patients with CDH who were regionally health insured was the
lowest, while the rest of the male patients showed similar results. Meanwhile, the number of female
patients with CDH was the highest for those subject to medical care, while the rest showed similar
results (see Table 2).
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insurance eligibility (2004–2010). 
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Medical Care p-Value 

Male 

20–29 187.87 229.29 205.34 186.51 

 

30–39 351.90 466.49 449.85 465.38 

40–49 659.89 882.93 828.85 889.43 

50–59 1023.90 1288.37 1187.45 1153.89 

60–69 1227.78 1438.70 1812.04 1137.38 

 Total 3451.34 4305.78 4483.53 3852.59 <0.001 * 

Female 

20–29 224.07 55.00 222.69 291.99 

 

30–39 492.10 534.39 428.16 739.23 

40–49 1040.88 1179.16 994.90 1527.05 

50–59 1522.20 1838.00 1548.13 1871.57 

60–69 1422.27 1679.67 2460.95 1405.89 

 Total 4701.52 5286.22 5654.83 5835.73 <0.001 * 

* Results of the Chi-square test according to total number of eligibility. 
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Figure 1. Number of patients with cervical disc herniation (CDH) of 100,000 individuals according to
gender and age (2004–2010) *. * According to the Chi-square test, there was a statistically significant
difference of frequency with respect to gender and age (p-value < 0.001).

Table 2. Number of patients with CDH of 100,000 individuals according to gender, age, and health
insurance eligibility (2004–2010).

Gender Age Region Company Government Office
and Private School Medical Care p-Value

Male

20–29 187.87 229.29 205.34 186.51
30–39 351.90 466.49 449.85 465.38
40–49 659.89 882.93 828.85 889.43
50–59 1023.90 1288.37 1187.45 1153.89
60–69 1227.78 1438.70 1812.04 1137.38

Total 3451.34 4305.78 4483.53 3852.59 <0.001 *

Female

20–29 224.07 55.00 222.69 291.99
30–39 492.10 534.39 428.16 739.23
40–49 1040.88 1179.16 994.90 1527.05
50–59 1522.20 1838.00 1548.13 1871.57
60–69 1422.27 1679.67 2460.95 1405.89

Total 4701.52 5286.22 5654.83 5835.73 <0.001 *

* Results of the Chi-square test according to total number of eligibility.

3.3. Number of Patients with LDH According to Gender, Age, and Health Insurance Eligibility

The number of patients with LDH increased with age for both men and women, similar to the
results for those with CDH. However, the number of male patients with LDH was higher for those in
their 30s, while there were more female patients with LDH aged ≥40 years (see Figure 2). In terms of
health insurance eligibility, the number of patients with LDH significantly differed between subscriber
types (p < 0.01); the number of male patients with LDH was highest for medical care subscribers,
followed by company, government office and private school subscribers. Those who were regional
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subscribers had the lowest number of male patients with LDH. The number of female patients with
LDH was the highest for medical care subscribers, followed by those who were covered by their
company and regional subscribers, which had similar results. Those who worked at a government
office or private school had the lowest number of female patients with LDH (see Table 3).
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Figure 2. Number of patients with lumbar disc herniation (LDH) of 100,000 individuals according to
gender and age (2004–2010) *. * According to the Chi-square test, there was a statistically significant
difference of frequency with respect to gender and age (p-value < 0.001).

Table 3. Number of patients with LDH of 100,000 individuals according to gender, age and health
insurance eligibility (2004–2010).

Gender Age Region Company Government Office
and Private School Medical Care p-Value

Male

20–29 877.42 1179.71 1059.08 965.76
30–39 1061.13 1325.50 1156.03 1433.18
40–49 1216.15 1465.05 1276.52 1959.42
50–59 1566.40 1815.45 1621.91 2321.48
60–69 2194.27 2374.11 2927.55 2374.65

Total 6915.37 8159.82 8041.09 9054.49 <0.001 *

Female

20–29 716.90 868.97 698.85 1023.43
30–39 1125.99 1151.90 924.05 1784.32
40–49 1780.81 1932.13 1296.16 2819.21
50–59 2640.41 3225.92 2037.97 3618.64
60–69 3472.58 3876.77 4323.69 3451.75

Total 9736.69 11055.69 9280.72 12697.35 <0.001 *

* Results of Chi-square test according to total number of eligibility.
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4. Discussion

Previous epidemiological studies on CDH and LDH were limited to a certain group of age, gender,
occupation, or region; therefore, it is not possible to make a sound comparison between those studies
and the present study, which analyzed data on DH from a whole country. However, to help readers
understand this research, this study will be compared to previous ones.

The number of patients with CDH and LDH increased with age for both men and women.
Generally, it is known that DH occurrence increases with age [16–18]. However, Jordon reported that
the number of examinees was the highest for those aged 30–59 years [1], while Ma et al. revealed that
the number of patients decreased for those aged ≥60 years [19]. These results are different from those
of our study. In our study, as shown in Table 1, the number of subscribers decreased with an increase
in age. However, the number of patients (male and female) diagnosed with DH in a population of
100,000 individuals increased with an increase in age (see Figures 1 and 2). Moreover, although not
reported in these study results, this increase was more distinct among patients aged ≥70 years than
among those aged 60–69 years.

In contrast to previous studies that demonstrated the number of patients was two times higher
for men than for women [1,20], our study showed that the number of patients with CDH and LDH
was higher in women than in men. Every age group of female patients with CDH and female patients
with LDH above 40 years of age had a greater number than male patients, which can be interpreted
as female patients being more genetically vulnerable to DH than male patients [21]. Our comparison
between females and males by subscriber and work type revealed specific trends. For example, both
female and male government office and private school subscribers in Tables 2 and 3 are all office
workers, indicating no difference in their work type, but the number of female patients was greater
than the number of male patients in most age groups, except for patients with LDH in their 20s to 30s.
The other subscriber types showed similar results.

However, in the case of LDH, the number of male patients was higher than that of female patients
below 40 years of age, which might be a consequence of the difference in tasks performed by men and
women and the difference between the occurrence of CDH and LDH, rather than a naturally developed
disease. As shown in Table 3, the number of LDH patients was lower among male medical care
subscribers of all age groups and male regional subscribers of all ages except 20–29 years, than among
female individuals, whereas number of LDH patients was appreciably higher among male company
subscribers, male government office and private school subscribers in the age group 20–39 years than
among female patients. The exact cause of this cannot be determined by the findings of our study.
However, the higher levels of LDH diagnosis for men compared to women in these two subscriber
types, when contrasted with other subscriber types, may be due to the type of labor performed
by young male company subscribers, male government office and private school subscribers being
affected by factors that can overcome genetic factors.

The occurrence of DH according to the category of health insurance eligibility showed different
results with respect to the DH region and gender. Among males, the incidence of CDH, from high
to low incidence, was as follows: company, government office and private school, medical care,
and regional subscribers. Among females, the incidence of CDH, from high to low, was as follows:
medical care, government office and private school, company, and regional subscribers.

Among males, the incidence of LDH, from high to low incidence, was as follows: medical care,
company, government office and private school, and regional subscribers. In females, the number
of patients with LDH, from high to low incidence, was as follows: medical care, company, region,
and government office and private school subscribers. These distinctive results might be due to
differences in the tasks performed or the relevance of the tasks. This is because if DH occurs due
to genetic factors, it should not be possible to encounter differences according to health insurance
eligibility, suggesting that acquired or environmental factors are responsible for these variations.
Moreover, the physical factors account mostly for acquired or environmental factors [22]. Therefore,
if occupational or non-occupational factors are to be compared, occupational factors account mostly
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for the consistency of work intensity and repeatability. For example, it is difficult to repeat a leisure
activity, that is, a non-occupational factor for more than an hour a day, but people continually carry
out work tasks for many hours a day over years. Therefore, it is clear that occupational factors account
mostly for physical causes, which are more noticeable for LDH than for CDH. With respect to the
medical care subscribers who belonged to the low-income group, which showed the highest amount
of LDH, most people in this group often performed manual labor, such as daily construction site work.
As a result, they were more likely to sustain lower back injuries. The next highest numbers were in
those who worked at a company, of which 1/3 is comprised of office workers and 2/3 is comprised of
manufacturing workers, indicating that manufacturing workers are at a higher risk of damaging their
lumbar disc. These findings are consistent with the results of existing studies. In other words, previous
study results have demonstrated that the onset rate of LDH increases with increasing physical labor
and physical loads [23,24].

Overall, LDH showed a higher incidence rate than CDH. This seems to be attributable to the
fact that the lumbar spine bears a greater load, as it bears the weight of both the head and upper
extremities, whereas the cervical spine needs to support only the head. For CDH, posture is the main
risk factor and there are very few differences between daily life and workplace postures. On the other
hand, handling heavy loads, postural factors, and whole-body vibration are the most important risk
factors for LDH. Accordingly, it has been hypothesized that the onset rate of LDH is higher than that
of CDH because more types of loads have a greater impact on LDH than on CDH.

There are several limitations to this study. The data used in this study contain the medical
expenses that the subjects reported to the Health Insurance Service. Therefore, it might contain
inaccurate diagnosis data, in order to falsely claim medical expenses. However, to maintain accuracy,
documents claiming expenses at oriental medical clinics and pharmacies were excluded. Nonetheless,
there is a probability of misclassification due to inaccurate data, and the number of examinees of 100,000
individuals might not be accurate and might not reflect the true occurrence rate of DH. However,
the objective of this research was not to calculate the accurate occurrence rate of DH but to identify
the differences or tendencies according to age, sex, and health insurance eligibility; therefore, this
inaccuracy might not pose a problem. Despite these limitations, the study findings are relevant because
we identified the differences in DH occurrence among the citizens of a country according to labor tasks.

5. Conclusions

The number of individuals diagnosed with symptomatic CDH and LDH increased with age,
and the incidence of these diseases was higher in women than in men. Additionally, the incidence
differed depending on the subject’s qualification for health insurance. These findings may help identify
the association between DH and tasks performed at the workplace. Further research on distinctions
of DH occurrence according to a specific business category or occupation and varied task burdens
is needed.

Author Contributions: Conceptualization: S.-Y.K. Methodology: D.K., S.-Y.K. Formal analysis: Y.-K.K., I.L.
Investigation: Y.-K.K., I.L. Writing-original draft: Y.-K.K., S.-Y.K. Writing-review and editing: D.K., I.L.

Funding: This study was supported by Research institute for Convergence of biomedical science and technology
(30-2015-34), Pusan National University Yangsan Hospital.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Jordon, J.; Konstantinou, K.; O’Dowd, J. Herniated lumbar disc. BMJ Clin. Evid. 2009, 209, 1118.
2. Deyo, R.A.; Tsui-Wu, Y.J. Descriptive epidemiology of low-back pain and its related medical care in the

United States. Spine 1987, 12, 264–268. [CrossRef] [PubMed]
3. Saicheua, P. Occupational lumbar disc herniation among Thai workers claimed for compensation. J. Med.

Assoc. Thail. 2001, 8, 253–257.

http://dx.doi.org/10.1097/00007632-198704000-00013
http://www.ncbi.nlm.nih.gov/pubmed/2954221


Int. J. Environ. Res. Public Health 2018, 15, 2094 8 of 9

4. Radhakrishnan, K.; Kitchy, W.J.; O’Fallon, M.; Kurland, L.T. Epidemiology of cervical radiculopathy:
A population-based study from Rochester, Minnesota, 1976 through 1990. Brain 1994, 117, 325–335.
[CrossRef] [PubMed]

5. Lee, B.W.; Lee, J.E.; Lee, S.H.; Kwon, H.K. Kinematic analysis of the lumbar spine by digital videofluoroscopy
in 18 asymptomatic subjects and 9 patients with herniated nucleus pulposus. J. Manip. Physiol. Ther. 2011,
34, 221–230. [CrossRef] [PubMed]

6. Boden, S.D.; McCowin, P.R.; Davis, D.O.; Dina, T.S.; Mark, A.S.; Wiesel, S. Abnormal magnetic-resonance
scans of the cervical spine in asymptomatic subjects. A prospective investigation. J. Bone Jt. Surg. Am. 1990,
72, 1178–1184. [CrossRef] [PubMed]

7. Al-Ryalat, N.T.; Saleh, S.A.; Mahafza, W.S.; Samara, O.A.; Ryalat, A.T.; Al-Hadidy, A.M. Myelopathy
associated with age-related cervical disc herniation: A retrospective review of magnetic resonance images.
Ann. Saudi Med. 2017, 37, 130–137. [CrossRef] [PubMed]

8. Liu, C.; Huang, C.C.; Hsu, C.C.; Lin, H.J.; Guo, H.R.; Su, S.B.; Wang, J.J.; Weng, S.F. Higher risk for cervical
herniated intervertebral disc in physicians: A retrospective nationwide population-based cohort study with
claims analysis. Medicine (Baltimore) 2016, 95, e5055. [CrossRef] [PubMed]

9. Lan, F.Y.; Liou, Y.W.; Huang, K.Y.; Guo, H.R.; Wang, J.D. An investigation of a cluster of cervical herniated
discs among container truck drivers with occupational exposure to whole-body vibration. J. Occup. Health
2016, 58, 118–127. [CrossRef] [PubMed]

10. Tzeng, Y.S.; Chen, S.G.; Chen, T.M. Herniation of the cervical disc in plastic surgeons. Ann. Plast. Surg. 2012,
69, 672–674. [CrossRef] [PubMed]

11. Shi, N.N.; Shen, G.Q.; He, S.Y.; Guo, R.B. Epidemiology investigation and biomechanics analyses for the
correlation between sacroiliac joint disorder and lumbar intervertebral disc degeneration. Zhongguo Gu Shang
2014, 27, 560–564. (In Chinese) [PubMed]

12. Zhang, Y.G.; Sun, Z.; Zhang, Z.; Liu, J.; Guo, X. Risk factors for lumbar intervertebral disc herniation in
Chinese population: A case-control study. Spine 2009, 34, e918–e922. [CrossRef] [PubMed]

13. Leino-Arjas, P.; Kalla-Kangas, L.; Kauppinen, T.; Notkola, V.; Keskmaki, I.; Mutanen, P. Occupational
exposures and inpatient hospital care for lumbar intervertebral disc disorders among Finns. Am. J. Ind. Med.
2004, 46, 513–520. [CrossRef] [PubMed]

14. Zitting, P.; Rantakallio, P.; Vanharanta, H. Cumulative incidence of lumbar disc diseases leading to
hospitalization up to the age of 28 years. Spine 1998, 23, 2337–2343. [CrossRef] [PubMed]

15. Alonso, S.G.; de la Torre-Diez, I.; Rodrigues, J.J.P.C.; Hamrioui, S.; Lopez-Coronado, M. A systematic review
of techniques and sources of big data in the healthcare sector. J. Med. Syst. 2017, 41, 183. [CrossRef] [PubMed]

16. Zigouris, A.; Batistatou, A.; Alexiou, G.A.; Pachatouridis, D.; Mihos, E.; Drosos, D.; Fotakopoulos, G.;
Doukas, M.; Voulgaris, S.; Kyritsis, A.P. Correlation of matrix metalloproteinases-1 and -3 with patient age
and grade of lumbar disc herniation. J. Neurosurg. Spine 2011, 14, 268–272. [CrossRef] [PubMed]

17. Matveeva, N.; Zivadinovik, J.; Zdravkovska, M.; Jovevska, S.; Bojadzieva, B. Histological composition of
lumbar disc herniation related to the type of herniation and to the age. Bratisl. Lek. Listy. 2012, 113, 712–717.
[CrossRef] [PubMed]

18. Dammers, R.; Koehler, P.J. Lumbar disc herniation: Level increases with age. Surg. Neurol. 2002, 58, 209–212.
[CrossRef]

19. Ma, D.; Liang, Y.; Wang, D.; Liu, Z.; Zhang, W.; Ma, T.; Zhang, L.; Lu, X.; Cai, Z. Trend of the incidence
of lumbar disc herniation: Decreasing with aging in the elderly. Clin. Interv. Aging 2013, 8, 1047–1050.
[PubMed]

20. Slipped Disk: Overview. Available online: https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0072656/
(accessed on 1 June 2018).

21. Hasvik, E.; Iordanova, S.E.; Grøvle, L.; Julsrud, H.A.; Røe, C.; Gjerstad, J. Subjective health complaints
in patients with lumbar radicular pain and disc herniation are associated with a sex—OPRM1 A118G
polymorphism interaction: A prospective 1-year observational study. BMC Musculoskelet. Disord. 2014,
15, 161. [CrossRef] [PubMed]

22. Seidler, A.; Bergmann, A.; Jager, M.; Ellegast, R.; Ditchen, D.; Elsner, G.; Grifka, J.; Haerting, J.; Hofmann, F.;
Linhardt, O.; et al. Cumulative occupational lumbar load and lumbar disc disease—Results of a German
multicenter case-control study (EPILIFT). BMC Musculoskelet. Disord. 2009, 10, 48. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/brain/117.2.325
http://www.ncbi.nlm.nih.gov/pubmed/8186959
http://dx.doi.org/10.1016/j.jmpt.2010.12.011
http://www.ncbi.nlm.nih.gov/pubmed/21621723
http://dx.doi.org/10.2106/00004623-199072080-00008
http://www.ncbi.nlm.nih.gov/pubmed/2398088
http://dx.doi.org/10.5144/0256-4947.2017.130
http://www.ncbi.nlm.nih.gov/pubmed/28377542
http://dx.doi.org/10.1097/MD.0000000000005055
http://www.ncbi.nlm.nih.gov/pubmed/27741118
http://dx.doi.org/10.1539/joh.15-0050-FS
http://www.ncbi.nlm.nih.gov/pubmed/26549832
http://dx.doi.org/10.1097/SAP.0b013e3182742743
http://www.ncbi.nlm.nih.gov/pubmed/23154341
http://www.ncbi.nlm.nih.gov/pubmed/25338441
http://dx.doi.org/10.1097/BRS.0b013e3181a3c2de
http://www.ncbi.nlm.nih.gov/pubmed/19940721
http://dx.doi.org/10.1002/ajim.20084
http://www.ncbi.nlm.nih.gov/pubmed/15490467
http://dx.doi.org/10.1097/00007632-199811010-00017
http://www.ncbi.nlm.nih.gov/pubmed/9820915
http://dx.doi.org/10.1007/s10916-017-0832-2
http://www.ncbi.nlm.nih.gov/pubmed/29032458
http://dx.doi.org/10.3171/2010.9.SPINE09935
http://www.ncbi.nlm.nih.gov/pubmed/21184636
http://dx.doi.org/10.4149/BLL_2012_161
http://www.ncbi.nlm.nih.gov/pubmed/23173629
http://dx.doi.org/10.1016/S0090-3019(02)00797-8
http://www.ncbi.nlm.nih.gov/pubmed/23966775
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0072656/
http://dx.doi.org/10.1186/1471-2474-15-161
http://www.ncbi.nlm.nih.gov/pubmed/24884878
http://dx.doi.org/10.1186/1471-2474-10-48
http://www.ncbi.nlm.nih.gov/pubmed/19422710


Int. J. Environ. Res. Public Health 2018, 15, 2094 9 of 9

23. Ahsan, M.K.; Matin, T.; Ali, M.Y.; Ali, M.I.; Awwai, M.A.; Sakeb, N. Relationship between physical work
load and lumbar disc herniation. Mymensingh Med. J. 2013, 22, 533–540. [PubMed]

24. Petit, A.; Roquelaure, Y. Low back pain, intervertebral disc and occupational diseases. Int. J. Occup. Saf. Ergon.
2015, 21, 15–19. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.ncbi.nlm.nih.gov/pubmed/23982545
http://dx.doi.org/10.1080/10803548.2015.1017940
http://www.ncbi.nlm.nih.gov/pubmed/26327258
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Subjects 
	Methods 
	Statistical Analysis 
	Ethics Statement 

	Results 
	Mean Number of Subscribers by Gender, Age, and National Health Insurance Eligibilty 
	Number of Examinees with CDH According to Gender, Age and Health Insurance Eligibility 
	Number of Patients with LDH According to Gender, Age, and Health Insurance Eligibility 

	Discussion 
	Conclusions 
	References

