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Abstract: High physical activity or workload has been associated with intervertebral disc degeneration.
However, there is little data on physicians’ risks of disc disease. The study aimed to investigate
the incidences of spinal problems among neurologists and neurosurgeons. A cohort of neurologists
and neurosurgeons was derived from Taiwan’s national research database. During the study
period, the incidences of intervertebral disc herniation or spondylosis among these specialists were
calculated. Another one-to-one by propensity score matched cohort, composed of neurologists and
neurosurgeons, was also analyzed. A Cox regression hazard ratio (HR) model and Kaplan-Meier
analysis were conducted to compare the risks and incidences. The entire cohort comprised 481
and 317 newly board-certified neurologists and neurosurgeons, respectively. During the 15 years
of follow-up, neurosurgeons were approximately six-fold more likely to develop disc problems
than neurologists (crude HR = 5.98 and adjusted HR = 6.08, both p < 0.05). In the one-to-one
propensity-score matched cohort (317 neurologists versus 317 neurosurgeons), there were even
higher risks among neurosurgeons than neurologists (crude HR = 8.15, and adjusted HR = 10.14,
both p < 0.05). Neurosurgeons have a higher chance of intervertebral disc disorders than neurologists.
This is potentially an occupational risk that warrants further investigation.

Keywords: neurologists; neurosurgeons; intervertebral disc herniation; incidences; physician cohort;
cohort study

1. Introduction

Herniation of intervertebral discs could cause back pain, radicular pain, or even muscle weakness.
These symptoms have been demonstrated to cause a lower quality of life in patients when compared
with healthy populations [1,2]. For example, herniated discs may cause significant morbidity and affect
professional performance in athletes [3]. Studies have associated physical activity and workload with
an increased risk of intervertebral disc herniation and degeneration [3–9]. There have also been reports
on the association between occupation and risk of herniated intervertebral disc diseases. The results
revealed that people frequently exposed to strenuous physical activity at work had a higher risk
of herniated intervertebral disc, even without back pain history [10]. Furthermore, the risk of disc
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herniation increases when physical activity is performed improperly, and postural hygiene could
mitigate this risk. Considering the long working hours of professional medical workers and the
possibility of inappropriate postures during patient management, a study from Taiwan has already
demonstrated that physicians might have a higher risk for lumbar herniated intervertebral disc than
the general population [11]. However, there are scarce data on the incidences of such spinal problems
among physicians or whether the disc diseases are considered as an occupational risk. Moreover,
there has not been any study addressing the discrepancy of the incidences and risks among neurologists
and neurosurgeons, who have distinct working styles while dealing with, in theory, similar patients.

The present study aimed to investigate the incidences of intervertebral disc herniation among
professional medical doctors treating neurological disorders, who frequently encounter patients
with the same problem. Furthermore, the study aimed to address the discrepancy in risks among
neurologists and neurosurgeons, who treat the disorder differently (medical versus surgical,
neurologists versus neurosurgeons, respectively). The present study uniquely acquired a cohort
of physicians and surgeons over 15 years, using the National Health Insurance Research Database
(NHIRD) of Taiwan. Due to the comprehensive and monopolistic coverage of Taiwan’s national health
insurance [12], this cohort study followed-up every physician rigorously. Furthermore, other risk
factors for spinal degenerative disc disease, for example, age and gender, were matched for comparison
in the study. The workload of these neurologists and neurosurgeons was also estimated using their
in-patient volume, which was precisely recorded in the NHIRD. To date, this is the first study to
investigate the incidence rate of disc herniation among doctors and compare the risks among different
medical specialties.

2. Experimental Section

2.1. Data Source and Ethical Concerns

The study used the NHIRD, which contains comprehensive information on every health care
worker and insured subject of Taiwan, provided by the National Health Research Institute for academic
use. The NHIRD allows detailed information of every individual (coded for deidentification), including
gender, date of birth, date of medical board certification, residential or work area, dates of clinical visits,
hospitalization, diagnoses, procedures, prescriptions, and expenditure amounts, etc. The diagnoses
and procedures were recorded according to the International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) codes and were originally used for billing. Thus, these data were
internally monitored and cross-checked. Furthermore, the government-operated health insurance
program, National Health Insurance (NHI) of Taiwan, has enrolled 99% of the population and provides
unrestricted access to medical care in contracted clinics and institutions, which comprise 97% of
the providers of health care services in Taiwan. Therefore, the NHIRD uniquely collected all data
of patients, physicians, and physician-patients, and the cohort study had an extremely high rate of
follow-up, theoretically almost complete follow-up of these physicians.

This study was approved by the Institutional Review Board of Taipei Veterans’ General Hospital,
Taiwan (VGHIRB No.: 2012-10-008BC) and National Yang-Ming University Hospital (IRB No.
2015A015). Written informed consent from each of the enrolled was waived because all identifying
personal information in NHIRD was stripped before analysis.

2.2. Study Cohorts

The study contained two cohorts, the original cohort, and the matched-cohort; both were extracted
from the NHRID by identifying board-certified medical specialists.

In the original cohort, every newly certified neurologist and neurosurgeon was identified and
included for follow-up. Exclusion criteria were previous history of spinal problems before the
board-certification, unregistered physicians who had not been in practice in any of the hospitals,
or whose certification was suspended.
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The other matched cohort, a one-to-one matched comparison among neurologists and neurosurgeons,
was derived from the original cohort based on a propensity score calculated by sex, level of hospital in
which they were working, and in-patient service volume. The matched cohort, therefore, shared the
same inclusion/exclusion criteria with the original cohort. Sex, age, hospital level, and service volume
were considered covariates of the study.

Every neurologist and neurosurgeon was subsequently followed-up after their board certification.
During the observation period, any hospitalization coded with the ICD-9 diagnosis of spinal
intervertebral disc diseases (ICD-9-CM 721.×, 722.×, 723.×, and 724.×) was extracted and deemed as
the study end-point. This cohort only censored follow-ups in the following conditions: the subject
stopped practice (i.e., unregistered), expired, the date of the end-point incidence, or the end of this
study, 31 December 2013 (Figure 1).

Figure 1. Flowchart of data processing for neurological physician cohort in Taiwan, 1998–2013. (n = 924).

2.3. Hospital Level

All the medical specialists in Taiwan, including physicians and surgeons, are only allowed to
practice in one hospital (to which they are registered). In the present study, each of the neurologists
and neurosurgeons in Taiwan was assigned to the hospital where he or she received their board
certification. These hospitals of Taiwan are evaluated regularly for hospital accreditation by the Joint
Commission of Taiwan (http://www.jct.org.tw/FrontStage/doha_en.html), a government-sponsored
organization, and classified into three levels: medical center, regional hospital, and district hospital.
The highest level of hospitals, i.e., medical centers, in Taiwan, hold the highest standard in academics,
quality of care, and responsibility of public health. Although the public might consider that the
higher accreditation implies a better quality of medical services, the severity of diseases of the patients
does not necessarily correlate with the classification of hospitals. However, the level of hospital,
indeed, reflects some working styles of these medical specialists. For example, a larger proportion
of medical centers are affiliated with medical schools and employ more university faculties. On the
other hand, all these medical centers, regional hospitals, and district hospitals are contracted with
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the NHI program, which covers almost the entire population of Taiwan. Therefore, all the doctors,
doctor-patient, and end-point events of the study were included in this cohort, no matter which
hospital they went to or in which they worked in.

2.4. Service Volume of Physicians

Estimation of each neurologist’s and neurosurgeon’s workload was based upon the in-patient
service volume. All physicians were classified into three approximate quantiles based on the annual
volume of their in-patients, and ranked by neurologist and neurosurgeon, respectively. The cut off
points were defined proactively to avoid potential bias resulting from ad-hoc analysis. Since the service
volume could be subject to changes due to each physician’s occupational life, the rank of the last year
of follow-up of each physician was used for analysis. The service volumes of these physicians were
accordingly divided into three equal quantiles: low, medium and high.

2.5. Statistical Analysis

All of the data were linked using the SQL server 2017 (Microsoft Corp., Redmond, WA, USA)
and analyzed by the SPSS software (SPSS, Inc., Chicago, IL, USA). The cumulative incidence rates of
the study’s outcome (i.e., spinal disc diseases) were estimated and compared using the Kaplan-Meier
method and Log-rank test. The Cox proportional hazard model was used to compare the hazard
ratios of such outcomes among neurologists and neurosurgeons after adjustment for the covariates,
including sex, age, hospital level, and service volume. A two-tailed level of 0.05 was considered
statistically significant.

3. Results

Since 1 January 1998, there were a total of 924 newly board-certified neurologists and neurosurgeons
identified in the NHIRD. After exclusion of those who had a history of spinal diseases (n = 2),
not registered to practice (n = 27), or who never worked in a hospital (n = 97), there were 798 medical
specialists in the original cohort.

The original cohort followed-up 481 neurologists and 317 neurosurgeons for up to 15 years
(31 December 2013). The neurosurgeons were significantly more male predominant and older than the
neurologists (both p < 0.001). The neurologists and neurosurgeons also had a different composition
of the hospital level they worked in, and their volume of in-patient services (both p < 0.001)
differed. The overall incidence rate of spinal disc diseases requiring hospitalization was 1.76 per
1000 person-years (Table 1). Neurosurgeons had a significantly higher chance of such a problem
than neurologists (3.51 vs. 0.59 per 1000 person-years, crude hazard ratio (HR) = 5.98, p < 0.001).
After adjustments made for age, sex, hospital level, and service volume, the neurosurgeons were
six-fold more likely to have such problems (adjusted HR = 6.08, p < 0.05) (Table 2).

Table 1. Demographic features between neurological physicians (NP) and surgeons (NS) in original
cohort and propensity score matched cohort (1998–2013).

Demographic Features

Original Cohort Propensity Score Matched Cohort 1

Neurological
Physician, NP

Neurological
Surgeons, NS

Neurological
Physicians, NP

Neurological
Surgeons, NS

n = 481 (%) n = 317 (%) p-Value n = 317 (%) n = 317 (%) p-Value

Gender <0.001 1.000
Male 329 (68.4) 307 (96.8) 307 (96.8) 307 (96.8)

Female 152 (31.6) 10 (3.2) 10 (3.2) 10 (3.2)

Age of board certification (mean ± SD) 31.5 ±3.5 34.2 ±2.4 <0.001 31.8 ±3.4 34.2 ±2.4 <0.001
Working hospital level <0.001 0.061

Academic medical centers 185 (38.5) 135 (42.6) 112 (35.3) 135 (42.6)
Metropolitan and local hospitals 296 (61.5) 182 (57.4) 205 (64.7) 182 (57.4)

Physician service volume <0.001 0.648
High 223 (46.4) 123 (38.8) 126 (39.7) 123 (38.8)
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Table 1. Cont.

Demographic Features

Original Cohort Propensity Score Matched Cohort 1

Neurological
Physician, NP

Neurological
Surgeons, NS

Neurological
Physicians, NP

Neurological
Surgeons, NS

n = 481 (%) n = 317 (%) p-Value n = 317 (%) n = 317 (%) p-Value

Middle 126 (26.2) 99 (31.2) 90 (28.4) 99 (31.2)
Low 132 (27.4) 95 (30.0) 101 (31.9) 95 (30.0)

Outcome
Hospitalized for spinal problem 2 (0.4) 8 (2.5) 0.017 1 (0.3) 8 (2.5) 0.038

1 Propensity scores were calculated using multiple logistic regression with sex, working hospital level, and physician
service volume.

Table 2. Incidence rates and hazard ratios for spinal problems in NP and NS in original cohort and
propensity score matched cohort (1998–2013).

Admission for Spinal Problem
Original Cohort Propensity Score Matched Cohort 1

Total NP NS Total NP NS

Incidence (per 1000 person-years) 1.76 0.59 3.51 1.95 0.43 3.51
Number of occurrences 10 2 8 9 1 8
Observed person-years 5692.3 3411.0 2281.3 4606.6 2325.3 2281.3

Crude HR (95% C.I.) 1.00 5.98 (1.19–57.81) ***,2 1.00 8.15 (1.19–361.84) *,2

Adjusted HR (95% C.I.) 1.00 6.08 (1.15–32.12) *,2 1.00 10.14 (1.14–90.22) *,2

1 Propensity scores were calculated using multiple logistic regression with sex, working hospital level, and physician
service volume. 2 Statistical significances: * p < 0.05; *** p < 0.001.

In the other matched (one-to-one by propensity score) cohort, composed of 317 neurologists
and 317 neurosurgeons, the composition of gender, level of working hospital, and in-patient service
volume were very similar, except the neurosurgeons were approximately 2.4 years older at the time of
board-certification than the neurologists (Table 1). The risk of spinal disc problems was also significantly
higher among neurosurgeons than neurologists (crude HR = 8.15 and adjusted HR = 10.14, p < 0.001
and p < 0.05, respectively) (Table 2).

In the Kaplan-Meier analysis, the cumulative incidence rates of these hospitalized spinal problems
were significantly higher among neurosurgeons than neurologists in both the original and matched
cohorts (both p < 0.05) during the 15 years (Figure 2).

Figure 2. The Kaplan-Meier plot and Log-rank test for the incidence rates of spinal problems in NP
and NS in the original cohort and propensity score matched cohort (1998–2013).
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4. Discussion

This retrospective cohort study analyzed a total of 798 neurologists and neurosurgeons who
worked in the hospitals of Taiwan. During the observation period of 15 years, the neurosurgeons
were 6- to 10-fold more likely to develop spinal disc problems that required hospitalization than the
neurologists. To date, there have been no other reports that have demonstrated the differential incidences
and risks of spinal disc disease among medical specialists. Using the NHIRD, which comprehensively
covers health care providers and consumers of Taiwan, the specific cohort of medical specialists had
little selection bias. The study completely followed-up every doctor enrolled. This was the first study
that focused on neurologists’ and neurosurgeons’ risks of spinal disc diseases, which could be correlated
with the differences in their working style and workload. The results could imply the occupational risk
of spinal disc problems among medical professionals. Although the incidences and risks were not high,
the remarkable difference among the two specialties, neurology and neurosurgery, treating, presumably,
a similar group of patients, warranted notice and further investigation.

Intervertebral disc herniation and spondylosis are diseases of a degenerative nature and, thus,
are intuitively associated with wear and load. It is commonly accepted that older age, obesity,
and high physical activity are risk factors of spinal disc protrusion [13–15]. There are also a few reports
addressing certain jobs and activities, including football and heavy lifting, that may predispose subjects
to such problems [3,4,9,15–17]. The mechanism of spinal disc herniation is generally correlated with
an excessive load over the vertebral segment and deficiency of structural strength, for instance, a torn
annulus fibrosis. Therefore, lifting heavy loads repeatedly, non-ergonomic postures for a prolonged
time, and lengthy working hours could accelerate degeneration and protrusion of intervertebral discs.
In a nationwide population-based study in Taiwan, Chan et al. illustrated the risk of lumbar herniated
intervertebral discs among physicians, non-physician health care professionals, and the general
population. The results revealed that physicians and non-physician health care professionals had a
higher L-HIVD risk than the general population, but there was no difference between physicians and
non-physician health care professionals [11]. It is also reasonable to infer that neurosurgeons encounter
more of the aforementioned situations than neurologists during work, since neurosurgical operations
often take many hours. The neurologists, presumably, can better adapt posture, ergonomics and
hours of work better than neurosurgeons due to more flexible working schedules. It was the authors’
theory that neurologists, thus, might have a lower risk of spinal disc problems than neurosurgeons.
The study deliberately chose a cohort composed of neurologists and neurosurgeons, whose clinical
work, theoretically, covered patients of substantial similarity, for comparison.

There are also several other risk factors for intervertebral disc herniation, such as obesity,
hyperlipidemia, and cardiovascular diseases [6,8,18,19]. Interestingly the aforementioned three
conditions frequently coexist among patients of spondylosis and disc herniation. Moreover, cigarette
smoking has been reported to be correlated with such spinal disc disorders [20,21]. Since these risk
factors frequently overlap and can predispose one another, they are unlikely to be independent for
disc herniation. Although the contribution of each is still uncertain, their interaction and influences are
worth further investigation. These factors were not addressed in the current study. However, given
that the comparison was made between doctors of two different medical specialties, neurology and
neurosurgery, there should be little selection bias. The two groups of doctors probably shared similar
co-morbidities of obesity, hyperlipidemia, and cardiovascular disease. On the other hand, only a few
studies have investigated the risk of spinal problems and other musculoskeletal disorders among
different medical specialties [22–24]. One study which enrolled 94 cardiologists demonstrated that
interventional electrophysiologists had a higher prevalence of spondylosis than non-interventional
cardiologists. The results indicated that the prolonged wearing of lead during the fluoroscopic
procedures likely posed extra loading to the operator’s back, and, thus, caused the disc herniation.
The findings were compatible with the theory that excessive loading for prolonged periods, for example,
the suboptimal ergonomics for the operator during a neurosurgical operation, could potentially damage
the intervertebral discs.
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There are limitations to the current study. It was difficult to precisely localize the level of disc
herniation of each physician-patient. The NHIRD kept precise records of the diagnostic codes of each
hospitalization and they were initially meant for billing purpose, so it was not possible to trace each
patient’s radiological reports or operative notes to analyze the exact level or size of, and neurological
dysfunction caused by, the herniated nucleus pulposus. It was also difficult to investigate each subject’s
body mass index, cigarette consumption status, or exact workload. For similar reasons, there were no
records of the working hours of the neurologists and neurosurgeons, such as the amount of time spent
in the clinics or operating theaters, which could accurately reflect the occupational exposure. On the
other hand, the study used the volume of in-patients of each neurologist and neurosurgeon to estimate
their workload. To ameliorate the confounders of each group, the scale of the hospital that these
medical specialists were working in was also categorized into three levels for comparison. Furthermore,
despite the large cohort of 798 medical specialists retrospectively followed-up, the incidence rates
of an outcome event—hospitalization for disc herniation—were still low. The study power could be
enhanced further by increasing the sample population. A larger sample size would be required to
validate the risk of spinal disc problems demonstrated in the cohort study. Nevertheless, the outcome
reported in the current cohort was all hospitalizations for disc herniation, which could be considered as
a definite consequence of such a disease. The outcome events would not have included those moderate
spondyloses or bulging discs of minor symptoms or equivocal diagnosis. Thus, the incidence rates
reported were likely an under-estimation. The true risks of the spinal disc disease could be even higher.

This retrospective cohort merits the comprehensiveness of inclusion of a generation of newly
board-certified neurologists and neurosurgeons with the nearly-perfect follow-up during the
observation period. It is likely that the data for the development of spinal disc problems in these
physician-patients who required hospitalization were all captured. By control of other covariates
(i.e., age, sex, hospital scale, and service volume) the differences in the outcome event demonstrated
among neurologists and neurosurgeons warrant further attention. This is potentially a risk that might
adversely affect a specialist’s career and could be avoided or at least reduced.

5. Conclusions

Higher incidences of intervertebral disc disorders were demonstrated in neurosurgeons than
neurologists. Whether this is potentially an occupational risk warrants further investigation.

Author Contributions: Conceptualization, W.-C.H., C.-H.K., J.-C.W. and Y.-C.C.; Data curation, Y.-C.C.;
Formal analysis, Y.-C.C.; Methodology, Y.-C.C.; Project administration, J.-C.W.; Resources, W.-C.H.; Writing—original
draft, W.-C.H., C.-H.K., J.-C.W. and Y.-C.C.; Writing—review and editing, J.-C.W.

Funding: This reasearch was funded by the Veterans’ General Hospital, Taipei, grant number V107C-155.

Acknowledgments: This study was based partly on data from the NHRI database provided by the BNHI,
Department of Health and managed by NHRI in Taiwan. The interpretation and conclusions contained herein do
not represent the opinion of the BNHI, the Department of Health, or NHRI.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study, in the collection, analyses or interpretation of data, in the writing of the manuscript, and in the decision to
publish the results.

References

1. Darzi, M.T.; Pourhadi, S.; Hosseinzadeh, S.; Ahmadi, M.H.; Dadian, M. Comparison of quality of life in
low back pain patients and healthy subjects by using whoqol–bref. J. Back Musculoskelet. Rehabil. 2014, 27,
507–512. [CrossRef] [PubMed]

2. Tsuji, T.; Matsudaira, K.; Sato, H.; Vietri, J.; Jaffe, D.H. Association between presenteeism and health-related
quality of life among Japanese adults with chronic lower back pain: A retrospective observational study.
BMJ Open 2018, 8, e021160. [CrossRef] [PubMed]

3. Gray, B.L.; Buchowski, J.M.; Bumpass, D.B.; Lehman, R.A., Jr.; Mall, N.A.; Matava, M.J. Disc herniations in
the national football league. Spine 2013, 38, 1934–1938. [CrossRef] [PubMed]

http://dx.doi.org/10.3233/BMR-140474
http://www.ncbi.nlm.nih.gov/pubmed/24867899
http://dx.doi.org/10.1136/bmjopen-2017-021160
http://www.ncbi.nlm.nih.gov/pubmed/29950467
http://dx.doi.org/10.1097/BRS.0b013e3182a67678
http://www.ncbi.nlm.nih.gov/pubmed/24266043


J. Clin. Med. 2018, 7, 198 8 of 8

4. Belavy, D.L.; Adams, M.; Brisby, H.; Cagnie, B.; Danneels, L.; Fairbank, J.; Hargens, A.R.; Judex, S.;
Scheuring, R.A.; Sovelius, R.; et al. Disc herniations in astronauts: What causes them, and what does
it tell us about herniation on earth? Eur. Spine J. 2016, 25, 144–154. [CrossRef] [PubMed]

5. Seidler, A.; Euler, U.; Bolm-Audorff, U.; Ellegast, R.; Grifka, J.; Haerting, J.; Jager, M.; Michaelis, M.; Kuss, O.
Physical workload and accelerated occurrence of lumbar spine diseases: Risk and rate advancement periods in
a german multicenter case-control study. Scand. J. Work Environ. Health 2011, 37, 30–36. [CrossRef] [PubMed]

6. Shiri, R.; Lallukka, T.; Karppinen, J.; Viikari-Juntura, E. Obesity as a risk factor for sciatica: A meta-analysis.
Am. J. Epidemiol. 2014, 179, 929–937. [CrossRef] [PubMed]

7. Wade, K.R.; Robertson, P.A.; Thambyah, A.; Broom, N.D. “Surprise” loading in flexion increases the risk of
disc herniation due to annulus-endplate junction failure: A mechanical and microstructural investigation.
Spine 2015, 40, 891–901. [CrossRef] [PubMed]

8. Xu, X.; Li, X.; Wu, W. Association between overweight or obesity and lumbar disk diseases: A meta-analysis.
J. Spinal. Disord. Tech. 2015, 28, 370–376. [CrossRef] [PubMed]

9. 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]

10. Sorensen, I.G.; Jacobsen, P.; Gyntelberg, F.; Suadicani, P. Occupational and other predictors of herniated lumbar
disc disease-a 33-year follow-up in the Copenhagen male study. Spine 2011, 36, 1541–1546. [CrossRef] [PubMed]

11. Chan, F.K.; Hsu, C.C.; Lin, H.J.; Wang, J.J.; Su, S.B.; Huang, C.C.; Weng, S.F. Physicians as well as nonphysician
health care professionals in Taiwan have higher risk for lumbar herniated intervertebral disc than general
population. Medicine 2018, 97, e9561. [CrossRef] [PubMed]

12. Wen, C.P.; Tsai, S.P.; Chung, W.S. A 10-year experience with universal health insurance in Taiwan: Measuring
changes in health and health disparity. Ann. Intern. Med. 2008, 148, 258–267. [CrossRef] [PubMed]

13. Kelsey, J.L.; Githens, P.B.; White, A.A., 3rd; Holford, T.R.; Walter, S.D.; O’Connor, T.; Ostfeld, A.M.; Weil, U.;
Southwick, W.O.; Calogero, J.A. An epidemiologic study of lifting and twisting on the job and risk for acute
prolapsed lumbar intervertebral disc. J. Orthop. Res. 1984, 2, 61–66. [CrossRef] [PubMed]

14. Heliovaara, M. Body height, obesity, and risk of herniated lumbar intervertebral disc. Spine 1987, 12, 469–472.
[CrossRef] [PubMed]

15. Seidler, A.; Bolm-Audorff, U.; Siol, T.; Henkel, N.; Fuchs, C.; Schug, H.; Leheta, F.; Marquardt, G.; Schmitt, E.;
Ulrich, P.T.; et al. Occupational risk factors for symptomatic lumbar disc herniation; a case-control study.
Occup. Environ. Med. 2003, 60, 821–830. [CrossRef] [PubMed]

16. Hartmann, H.; Wirth, K.; Mickel, C.; Keiner, M.; Sander, A.; Yaghobi, D. Stress for vertebral bodies and
intervertebral discs with respect to squatting depth. J. Funct. Morphol. Kinesiol. 2016, 1, 254. [CrossRef]

17. Wirth, K.; Hartmann, H.; Mickel, C.; Szilvas, E.; Keiner, M.; Sander, A. Core stability in athletes: A critical
analysis of current guidelines. Sports Med. 2017, 47, 401–414. [CrossRef] [PubMed]

18. Jhawar, B.S.; Fuchs, C.S.; Colditz, G.A.; Stampfer, M.J. Cardiovascular risk factors for physician-diagnosed
lumbar disc herniation. Spine J. 2006, 6, 684–691. [CrossRef] [PubMed]

19. Longo, U.G.; Denaro, L.; Spiezia, F.; Forriol, F.; Maffulli, N.; Denaro, V. Symptomatic disc herniation and
serum lipid levels. Eur. Spine J. 2011, 20, 1658–1662. [CrossRef] [PubMed]

20. An, H.S.; Silveri, C.P.; Simpson, J.M.; File, P.; Simmons, C.; Simeone, F.A.; Balderston, R.A. Comparison of
smoking habits between patients with surgically confirmed herniated lumbar and cervical disc disease and
controls. J. Spinal Disord. 1994, 7, 369–373. [CrossRef] [PubMed]

21. Huang, W.; Qian, Y.; Zheng, K.; Yu, L.; Yu, X. Is smoking a risk factor for lumbar disc herniation? Eur. Spine J.
2016, 25, 168–176. [CrossRef] [PubMed]

22. Auerbach, J.D.; Weidner, Z.D.; Milby, A.H.; Diab, M.; Lonner, B.S. Musculoskeletal disorders among spine surgeons:
Results of a survey of the scoliosis research society membership. Spine 2011, 36, E1715–E1721. [CrossRef] [PubMed]

23. Giberti, C.; Gallo, F.; Francini, L.; Signori, A.; Testa, M. Musculoskeletal disorders among robotic surgeons:
A questionnaire analysis. Arch. Ital. Urol. Androl. 2014, 86, 95–98. [CrossRef] [PubMed]

24. Tzeng, Y.S.; Chen, S.G.; Chen, T.M. Herniation of the cervical disk in plastic surgeons. Ann. Plast. Surg. 2012,
69, 672–674. [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://dx.doi.org/10.1007/s00586-015-3917-y
http://www.ncbi.nlm.nih.gov/pubmed/25893331
http://dx.doi.org/10.5271/sjweh.3121
http://www.ncbi.nlm.nih.gov/pubmed/20852832
http://dx.doi.org/10.1093/aje/kwu007
http://www.ncbi.nlm.nih.gov/pubmed/24569641
http://dx.doi.org/10.1097/BRS.0000000000000888
http://www.ncbi.nlm.nih.gov/pubmed/25803222
http://dx.doi.org/10.1097/BSD.0000000000000235
http://www.ncbi.nlm.nih.gov/pubmed/25500506
http://dx.doi.org/10.1097/BRS.0b013e3181a3c2de
http://www.ncbi.nlm.nih.gov/pubmed/19940721
http://dx.doi.org/10.1097/BRS.0b013e3181f9b8d4
http://www.ncbi.nlm.nih.gov/pubmed/21270695
http://dx.doi.org/10.1097/MD.0000000000009561
http://www.ncbi.nlm.nih.gov/pubmed/29505537
http://dx.doi.org/10.7326/0003-4819-148-4-200802190-00004
http://www.ncbi.nlm.nih.gov/pubmed/18283203
http://dx.doi.org/10.1002/jor.1100020110
http://www.ncbi.nlm.nih.gov/pubmed/6491800
http://dx.doi.org/10.1097/00007632-198706000-00009
http://www.ncbi.nlm.nih.gov/pubmed/3629398
http://dx.doi.org/10.1136/oem.60.11.821
http://www.ncbi.nlm.nih.gov/pubmed/14573712
http://dx.doi.org/10.3390/jfmk1020254
http://dx.doi.org/10.1007/s40279-016-0597-7
http://www.ncbi.nlm.nih.gov/pubmed/27475953
http://dx.doi.org/10.1016/j.spinee.2006.04.016
http://www.ncbi.nlm.nih.gov/pubmed/17088199
http://dx.doi.org/10.1007/s00586-011-1737-2
http://www.ncbi.nlm.nih.gov/pubmed/21387192
http://dx.doi.org/10.1097/00002517-199410000-00001
http://www.ncbi.nlm.nih.gov/pubmed/7819635
http://dx.doi.org/10.1007/s00586-015-4103-y
http://www.ncbi.nlm.nih.gov/pubmed/26160690
http://dx.doi.org/10.1097/BRS.0b013e31821cd140
http://www.ncbi.nlm.nih.gov/pubmed/21508887
http://dx.doi.org/10.4081/aiua.2014.2.95
http://www.ncbi.nlm.nih.gov/pubmed/25017587
http://dx.doi.org/10.1097/SAP.0b013e3182742743
http://www.ncbi.nlm.nih.gov/pubmed/23154341
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Experimental Section 
	Data Source and Ethical Concerns 
	Study Cohorts 
	Hospital Level 
	Service Volume of Physicians 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

