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ABSTRACT

BACKGROUND CONTEXT: Surgery of lumbar disc extrusion
or sequestration is usually reported in young adult. The significance
of age has not been determined when one considers that lumbar disc
herniation is the most common reason of spine surgery.

AIM: To review the recent evidence and document the mean age at
the time of lumbar disc surgery.

METHOD: A search of Medline, Embase, Cochrane database and
cross references from 1980 to 2014 was conducted to identify the
mean age of patients who underwent lumbar disc surgery. Two
reviewers independently evaluated and extracted English published
articles that contained keywords of lumbar disc herniation, extrusion
and sequestration. Quality of evidence was classified into 3 levels.
RESULTS: There were totally 134 papers, 49 were excluded. Of all
the 11,803 patients, 7,021 were male (59.48%) and 4,782 were female
(40.52%) respectively with mean age of 41.75 years, age ranged
from 18 to 96 years. All 85 articles were classified as 19 randomized
controlled none concealed trials - level I, 34 prospective comparative
studies - level Il and 32 retrospective — level 11 evidence.
CONCLUSION: Patients with proven damaged disc(s) are at greater
risk to have lumbar discectomy at the age of 41.75 years.
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INTRODUCTION

The human lumbar intervertebral disc is a complex structure with
three distinct components that undergoes progressive changes

U4 1n lumbar disc

with age, chemical and mechanical process
literature, the advanced damage of extrusion or sequestration may
inevitably result in other spinal deformities and potential serious
consequences” 7. Tears within the disc can present itself at any
age with some exceptional cases in children®®”". Even since the
first description of the ruptured intervertebral disc in 1934"", the
presence of well established tissue damage has been widely used
as an indication requiring surgical treatment. There are now an
increasing number of scientific articles using modern technology
such as intervertebral disc tissue engineering, advance biochemistry
assay method and cell therapy""'". Surprisingly, the influence of
range or mean age when patients met the criteria for surgery has
not been raised. For the purposes of this study, the review was
conducted to document the mean age at the time of surgery as well
as its significance and emphasize some interesting information in the
literature.

MATERIALS AND METHODS

Relevant randomized controlled trials (RCTs) and comparative
observational studies were identified using computerized and hard
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document search. Most common database of published literature
included the Cochrane database, Embase and Medicine through Pub
Med and cross references. Search terms or keywords were lumbar
disc herniation, extrusion and sequestration. Only English language
articles between 1980 and 2014 that addressed adult patients older
than 18 years, range and the mean age at the time of surgery, at a
single level and no other spine conditions were included. Studies
not involving surgery such as non-operative treatment or laboratory,
radiology, case report and duplicated reports were discarded.

Data from the included studies were extracted by 2 independent
reviewers using a standard data abstraction sheet. The relevant
information were (1) Country / department; (2) study design
(prospective or retrospective; (3) types of surgery: a. standard
with or without microscope and b. minimal invasive surgery, MIS
(percutaneous or endoscopic discectomy); (4) number and gender
of patients and (5) mean and range of age. Selection was based on
the basis of title, abstract and sufficient detail in the materials and
methods. Disagreement was resolved by discussion and clarified
information.

Quality of evidence was graded into 3 levels"”: Level I-
prospective randomized controlled trial (RCT); Level II — prospective
non-randomized comparative study; Level III — retrospective
comparative studies or case-controlled study. Level IV — case series
or reports and Level V — expert opinions were excluded. For quality
of RCT, methodology should contain detail of randomization,

concealment and clear description of group allocation”*,

RESULTS

There were totally 134 papers (Table 1), 49 were excluded as they
did not include relevant data. One quarter (25%) of these contained
incomplete data of age and gender. Of the 85 accepted reports, there
were 19 randomized controlled none concealed trials - level I, 34
prospective comparative studies - level II™*"" and 32 retrospective
— level III evidence"™. Of these, 35 articles were from the United
States, 23 from Europe and 23 from Asia while 4 came from other
countries.

Among physicians, orthopedists (45 articles) were more frequent
than neurosurgeons (33 articles). Co-ordination between orthopedist
and neurosurgeon was found in 7 papers. There were totally 11,803
patients, 7,021 male (59.48%) and 4,782 female (40.52%) with mean
age of 41.75 years, range 18-96 years.

Patients were operated on using standard open discectomy (56
articles) - with microscope 30 and without 40. Among those with
minimal invasive surgery, there were 34 endoscopic, 12 percutaneous
and 29 studies that used more than 1 technique for comparison.

DISCUSSION

Available literature has almost dealt with patient benefit for surgery
and which surgical technique that would provide the best outcomes.

Range of year Papers
1981-1985 9
1986-1990 ilg)
1991-1995 14
1996-2000 ilg)
2001-2005 25
2006-2010 38
2011-2014 21
Total articles published at 5 years intervals. 134
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The review at present shows the strong increase in overall rate
of lumbar disc surgery. Findings indicate high expected growing
numbers of first disc surgery with greater rate found in the United
States than other continents"**'*”. Findings also reviewed a large
number of patients — 11,803 patients underwent a variety of surgery
performed by both Orthopaedists and Neurosurgeons at a range
of academic and other spinal centers. The less frequent number of
operations performed by neurosurgeons is not consistent with some
earlier studies" """\

Particularly in the last decade (twentieth century), the review
clearly shows the burgeoning of new published articles as well
as the emergence of less traumatic operative techniques in disc
surgery ™", Despite an immense scientific interest, there are small
number of RCTs. As expected, these trials are more difficult to design
and conduct though a reasonable level of evidence can be provided.
Within all studies a number of flaws such as high cross over rates,
varied statistic techniques and unreported refusal rate could be
considered as threats to their validity"'®""*. The greater number
of observation studies in this analysis may provide some accurate
mean effects of one treatment compared with another. As has been
stated, the strength of these studies from multicenters may be readily
obtained when possible bias can be reduced” .

As shown, all the surgical techniques with results were quite
variable. These national and international discrepancies may be due
to professional preferences in choice of procedure differences in
patient selection, study protocols and the uncertainty of definition

19619 Open discectomy remains the most

and criteria for disc surgery
common approach for lumbar discectomy. A more acceptable concept
of minimal invasive surgery (MIS) could be observed without
providing comprehensive information regarding the potential risks.
Part of recent meta-analysis also concluded that better benefit could
be obtained when performed in specialized centers by experienced
surgeons’ . A consensus of opinion in the literature concerning the
growing number of lumbar spine surgeries would highlight the need
for further improvement that would maximize clinical outcomes.

For the significance of demographic data, the analysis found a
greater frequency of lumbar disc surgery in men than in women
without covering its effect on the prognosis. For the effect of age in
disc literature, high frequency tears within the disc would appear to
occur before the age 30 years and become more pronounced with
advanced age!"*""". With regard to the mean age as present (41.75
years), the disc extrusion or sequestration is neither age dependent
nor directly correlated with degeneration grade!'*'*. At this period,
some vulnerable patients may be subjected to a complex pattern of
loads, causing an abrupt displacement of disc material that requires
removal. Although the study could not substantiate the significance
of age at the time of surgery, this mean value may be used as a
considerable limit but not an objective criteria. As the displaced
disc tissue can be resolved with time and certain risk factors, some
patients who can tolerate their symptoms beyond this period may be
treated without surgery.

To select a better option of treatment for a young patient with
moderate nerve root compression is especially difficult. Surgeons
should be realized firstly that despite a successful discectomy, some
patients may have the probability of recurrent pain and disability.
Secondly, there are countless patients who undergoing disc re-
operation. Literature indicated that more than half may need re-
operation within 0.5-1 year after primary surgery!*'*”.. Thirdly,
some may have negative long-term results irrespective of the method
used to provide treatment.

On the basis of the current results, some patients may turn to in
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moment of crisis at their middle age of life!""”

, particularly after
failed surgery. Adverse event of disc lesion as well as surgical
procedure would also have devastating impact on families, societies
and economics.

For lumbar disc herniation, non-surgical treatment should be
"8 Discectomy that may give
good results should mainly be restricted to clearly defined disc
damage causing intractable pain and associated nerve entrapment
Signs[IZO,IZI

the first disc surgery as well as possibility of a later necessity for re-

recommended in the first instance'

1. Patients should be fully informed of the potential risks of

operation. Surgery should be justified to those who need it.

CONCLUSION

A large number of patients (11,803) with a male predominance
of 59.44%, underwent a variety of surgeries, at the mean age of
41.75 years. There is a strong increase in overall rate of lumbar disc
surgery performed by both Orthopaedists and Neurosurgeons. Open
discectomy was the most common approach for lumbar discectomy.

CONFLICT OF INTERESTS

There are no conflicts of interest with regard to the present study.

REFERENCES

1 Andersson GB, An HS, Oegema TR Jr, et al. Intervertebral disc
degeneration. Summary of an AAOS/NIH/ORS workshop, Sep-
tember 2005. J Bone Joint Surg Am 2006;88:895-9.

2 Fardon DF, Milette PC; Combined Task Forces of the North
American Spine Society, American Society of Spine Radiology,
and American Society of Neuroradiology. Nomenclature and
classification of lumbar disc pathology. Recommendations of
the Combined task Forces of the North American Spine Society,
American Society of Spine Radiology, and American Society of
Neuroradiology. Spine (Phila Pa 1976). 2001 Mar 1;26(5):E93-
El113.

3 Harada Y, Nakahara S. A pathologic study of lumbar disc hernia-
tion in the elderly. Spine (Phila Pa 1976) 1989;14:1020-4.

4 Yasuma T, Koh S, Okamura T, et al. Histological changes in aging
lumbar intervertebral discs. Their role in protrusions and prolaps-
es. J Bone Joint Surg Am 1990;72:220-9.

5 Saal JA. Natural history and nonoperative treatment of lumbar
disc herniation. Spine (Phila Pa 1976) 1996;21:2S-9S.

6 Boos N, Weissbach S, Rohrbach H, et al. Classification of age-
related changes in lumbar intervertebral discs: 2002 Volvo Award
in basic science. Spine (Phila Pa 1976) 2002; 27:2631-44.

7 Vernon-Roberts B, Moore RJ, Fraser RD. The natural history of
age-related disc degeneration: the pathology and sequelae of tears.
Spine (Phila Pa 1976) 2007;32:2797-804.

8  Martinez-Lage JF, Fernandez Cornejo V, Lopez F, et al. Lumbar
disc herniation in early childhood: case report and literature re-
view. Childs Nerv Syst 2003;19:258-60.

9 Hicks GE, Morone N, Weiner DK. Degenerative lumbar disc and

facet disease in older adults: prevalence and clinical correlates.

Spine (Phila Pa 1976) 2009;34:1301-6.

Mixter WJ, Barr JS. Rupture of the intervertebral disc with in-

volvement of the spinal canal. N Engl J Med 1934;211:210-215.

11 Takeno K, Kobayashi S, Negoro K, Uchida K, Miyazaki T,

Yayama T, Shimada S, Baba H. Physical limitations to tissue engi-

neering of intervertebral disc cells: effect of extracellular osmotic

change on glycosaminoglycan production and cell metabolism.

Laboratory investigation. J Neurosurg Spine. 2007 Dec;7(6):637-

44.

Masuda K. Biological repair of the degenerated intervertebral disc

423

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

by the injection of growth factors. Eur Spine J. 2008 Dec;17 Suppl
4:441-51.

Kandel R, Roberts S, Urban JP. Tissue engineering and the inter-
vertebral disc: the challenges. Eur Spine J. 2008 Dec;17 Suppl
4:480-91.

Sobajima S, Vadala G, Shimer A, Kim JS, Gilbertson LG, Kang
JD. Feasibility of a stem cell therapy for intervertebral disc degen-
eration. Spine J. 2008 Nov-Dec;8(6):888-96. Epub 2007 Dec 21.
Hohaus C, Ganey TM, Minkus Y, Meisel HJ. Cell transplanta-
tion in lumbar spine disc degeneration disease. Eur Spine J. 2008
Dec;17 Suppl 4:492-503.

Rodriguez AG, Slichter CK, Acosta FL, et al. Human disc nucleus
properties and vertebral endplate permeability. Spine (Phila Pa
1976) 2011;36:512-20.

Wright JG, Swiontkowski MF, Heckman JD. Introducing levels of
evidence to the journal. J Bone Joint Surg Am 2003;85:1-3.

Van Tulder M, Furlan A, Bombardier C, Bouter L. Updated meth-
od guidelines for systematic reviews in the Cochrane collaboration
back review Spine (Phila Pa 1976). 2003 Jun 15;28(12):1290-9.
Hermantin FU, Peters T, Quartararo L, Kambin P. A prospective,
randomized study comparing the results of open discectomy with
those of video-assisted arthroscopic microdiscectomy. J Bone
Joint Surg Am. 1999 Jul;81(7):958-65.

Pookarnjanamorakot C, Laohacharoensombat W, Jaovisidha
S.The clinical efficacy of Piroxicam fast-dissolving dosage form
for postoperative pain control after simple lumbar spine surgery:
a double-blinded randomized study. Spine (Phila Pa 1976). 2002
Mar 1;27(5):447-51.

U. Schick, J. Déhnert, A. Richter, A. Konig, H. E. Vitzthum: Mi-
croendoscopic lumbar discectomy versus open surgery: an intra-
operative EMG study. Eur Spine J.2002; 11:20-26

Ryuichi Sasaoka, Hiroaki Nakamura, Sadahiko Konishi,
Ryuichi Nagayama, Eisuke Suzuki, Hidetomi Terai, Kunio
Takaoka:Objective assessment of reduced invasiveness in MED
Compared with conventional one-level laminotomy. Eur Spine J.
2006; 15: 577-582.

Osterman H, Seitsalo S, Karppinen J, Malmivaara A. Effective-
ness of microdiscectomy for lumbar disc herniation: a randomized
controlled trial with 2 years of follow-up. Spine (Phila Pa 1976).
2006 Oct 1;31(21):2409-14.

Hoogland T, Schubert M, Miklitz B, Ramirez A. Transforaminal
posterolateral endoscopic discectomy with or without the com-
bination of a low-dose chymopapain: a prospective randomized
study in 280 consecutive cases. Spine (Phila Pa 1976). 2006 Nov
15;31(24):E890-7.

Katayama Y, Matsuyama Y, Yoshihara H, Sakai Y, Nakamura H,
Nakashima S, Ito Z, Ishiguro N. Comparison of surgical outcomes
between macro discectomy and microdiscectomy for lumbar disc
herniation: a prospective randomized study with surgery per-
formed by the same spine surgeon. J Spinal Disord Tech. 2006
Jul;19(5):344-7.

Righesso O, Falavigna A, Avanzi O. Comparison of open discec-
tomy with microendoscopic discectomy in lumbar disc hernia-
tions: results of a randomized controlled trial. Neurosurgery. 2007
Sep;61(3):545-9.

Ryang YM, Oertel MF, Mayfrank L, Gilsbach JM, Rohde V.
Standard open microdiscectomy versus minimal access trocar
microdiscectomy: results of a prospective randomized study. Neu-
rosurgery. 2008 Jan;62(1):174-81;

Ruetten S, Komp M, Merk H, Godolias G. Full-endoscopic inter-
laminar and transforaminal lumbar discectomy versus convention-
al microsurgical technique: a prospective, randomized, controlled
study. Spine (Phila Pa 1976). 2008 Apr 20;33(9):931-9.

Marko Brock, Philip Kunkel, Luca Papavero Lumbar microdis-
cectomy: subperiosteal versus transmuscular approach and influ-
ence on the early postoperative analgesic consumption. Eur Spine
J(2008) 17:518-522.

© 2015 ACT. All rights reserved.



Kunakornsawat S et al. Age of Lumbar Disc Extrusion or Sequestration

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Martin Barth, Christel Weiss, Claudius Thome. Two-Year Out-
come After Lumbar Microdiscectomy Versus Microscopic Seques-
trectomy Part 1: Evaluation of Clinical Outcome. Spine (Phila Pa
1976) 2008 Feb 1; 33(3): 265-72.

Arts MP, Brand R, van den Akker ME, Koes BW, Bartels RH,
Peul WC; Leiden-The Hague Spine Intervention Prognostic Study
Group (SIPS). Tubular diskectomy vs conventional microdiskec-
tomy for sciatica: a randomized controlled trial. JAMA. 2009 Jul
8;302(2):149-58.

Jorg Franke, R. Greiner-Perth, H. Boehm, K. Mahlfeld, H. Grass-
hoff, Y. Allam, F. Awiszus. Comparison of a minimally invasive
procedure versus standard microscopic discectomy: a prospective
randomized controlled clinical trial. Eur Spine J (2009) 18:992—
1000.

Marco Teli, Alessio Lovi, Marco Brayda-Bruno, Antonino Zagra,
Andrea Corriero, Fabrizio Giudici, Leone Minoia. Higher risk of
dural tears and recurrent herniation with lumbar micro-endoscopic
discectomy. Eur Spine J (2010) 19:443-450.

Bhavuk Garg, Upendra Bidre Nagraja, Arvind Jayaswal. Micro-
endoscopic versus open discectomy for lumbar disc herniation:
a prospective randomised study. Journal of Orthopaedic Surgery
2011;1941):30-4.

Alexander Bailey, MD, Ali Araghi, DO, Scott Blumenthal, MD,
George V. Huffmon, MD, and the Anular Repair Clinical Study
Group. Prospective, Multicenter, Randomized, Controlled Study
of Anular Repair in Lumbar Discectomy. Spine Volume 38, Num-
ber 14, pp 1161-1169.

Mohamed Hussein, Ashraf Abdeldayem, Mahmoud M. M. Mattar.
Surgical technique and effectiveness of microendoscopic discec-
tomy for large uncontained lumbar disc herniations: a prospective,
randomized, controlled study with 8 years of follow-up. Eur Spine
J(2014) 23:1992-1999.

Peul WC, van Houwelingen HC, van den Hout WB, Brand R,
Eekhof JA, Tans JT, Thomeer RT, Koes BW.Surgery versus pro-
longed conservative treatment for sciatica.N Engl J Med. 2007
May 31;356(22):2245-56.

Dan M Spengler, MD: Lumbar Discectomy: Results With Limited
Disce Excision and Selective Foraminotomy. Spine. 1982;7 (6):
604-607.

S B Tibrewal, M J Pearcy, I Portek, J Spivey: A Prosective Study
of Lumbar Spinal Movements Before and After Discectomy Using
Biplanar Radiography: Correlation of Clinical and Radiographic
Findings. Spine. 1985; 10 (5): 455-460.

Roger P Jackson, James J Glah: Foraminal and Extraforaminal
Lumbar Disc Herniation: Diagnosis and Treatment. Spine. 1987;
12 (6): 577-585.

Neil Kahanovitz, Kathleen Viola and John Muculloch: Limited
Surgical Discectomy and Microdiskectomy: A clinical Compari-
son. Spine. 1989; 14 (1): 79-81.

Stern MB. Early experience with percutaneous lateral discectomy.
Clin OrthopRelat Res. 1989 Jan;(238):50-5.

C Edmund Graham: Percutaneous Posterolateral Lumbar Discec-
tomy. Clin Orthop Relat Res. 1989 Jan;(238):104-106.

Parviz Kambin, Jonathan L Schaffer: Percutaneous Lumbar Dis-
cectomy: Review of 100 Patients and Current Practice. Clin Or-
thop Relat Res. 1989 Jan;(238):24-34.

Neil Kahanovitz, Kathleen Viola, theodore Goldstein and Edgar
Dawson: A Multicenter Analysis of Percutaneous Discectomy.
Spine. 1990; 15 (7): 713-716.

Jonathan L Schaffer and Parviz Kambin: Percutaneous Posterolat-
eral Lumbar Discectomy and Decompression with a 6.9-Millimeter
Cannula. The Journal of Bone and Joint Surgery.1991;73-A (6):
822-831.

Shigeru Hirabayashi, Kiyoshi Kumano, Yutaka Ogawa, Yoichi
Aota and Susumu Macehiro: Microdiscectomy and Second Opera-
tion for Lumbar Disc Herniation. Spine.1993;18 (15):2206-2211.
Takashi Sakou and Akitoshi Masuda: Percutaneous Diskectomy

© 2015 ACT. All rights reserved.

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

for Lumbar Disc Herniation: A Preliminary Report. Clin Orthop
Relat Res. 1993 Jan;(286): 174-179.

Gus J Slotman and Sherman C Stein: Laparoscopic Lumbar Dis-
kectomy: Preliminary Report of a Minimally Invasive Anterior
Approach to the Herniated L5-S1 Disk. Surgical Laparoscopy and
Endoscopy. 1995;5 (5):363-369.

Hallett H Mathews, Martin T Evans, Harry J Molligan and Brenda
H Long: Laparoscopic Discectomy With Anterior Lumbar Inter-
body Fusion: A Preliminary Review. Spine. 1995; 20, (16):1797-
1802.

Michael A MacKay, Jeffrey S Fischgrund, Harry N Herkowitz,
Lawrence T Kurz, Brian Hecht and Michael Schwartz: The Effect
of Interposition Membrane on the Outcome of Lumbar Laminec-
tomy and Discectomy. Spine. 1995; 20 (16):1793-1796.

M P Grevitt, A McLaren, I M Shackleford, R C Mulholland: Auto-
mated Percutaneous lumbar discectomy. The Journal of Bone and
Joint Surgery (Br). 1995; 77-B:626-9.

Larry D Herron, Judith A Turner, Laura A Novell and Suzanne L
Kreif: Patient Selection for Lumbar Discectomy With a Revised
Objective Rating System. Clin Orthop Relat Res. 1996;(325): 148-
155.

Tiireyen K. One-level one-sided lumbar disc surgery with and
without microscopic assistance: 1-year outcome in 114 consecu-
tive patients. J Neurosurg. 2003 Oct;99(3 Suppl):247-50.

Fisher C, Noonan V, Bishop P, Boyd M, Fairholm D, Wing P,
Dvorak M. Outcome evaluation of the operative management of
lumbar disc herniation causing sciatica. J Neurosurg (Spine 4)
2004; 100:317-324.

P.C. Hsieh, C.H. Wang. Posterior endoscopic lumbar discectomy
using a thoracoport as tubular retractor. Minim Invas Neurosurg
2004 Oct; 47(5): 319-23.

Kenneth M. Alo, Robert E. Wright, John Sutcliffe, Scott A.
Brandt. Percutaneous Lumbar Discectomy: Clinical Response in
an Initial Cohort of Fifty Consecutive Patients With Chronic Ra-
dicular Pain. Pain Practice, Vol. 4, Issue 1, 2004: 19-29.

D. D. Limbrick Jr., N. M.Wright. Verification of Nerve Root
Decompression during Minimally—Invasive Lumbar Microdiske-
ctomy: A Practical Application of Surgeon—Driven Evoked EMG.
Minim Invas Neurosurg 2005 Oct; 48(5): 273-7.

Cagatay Ozturk, Mehmet Tezer, Mehmet Aydogan, Mercan Sarier,
Azmi Hamzaoglu: Posterior endoscopic discectomy for the treat-
ment of lumbar disc herniation. Acta Orthop Belg., 2006, 72, 347-
352.

Seungcheol Lee, Seok-Kang Kim, Sang-Ho Lee,Won Joong Kim,
Won-Chul Choi, Gun Choi,Song-Woo Shin: Percutaneous endo-
scopic lumbar discectomy for migrated disc herniation: classifica-
tion of disc migration and surgical approaches. Eur Spine J (2007)
16:431-437.

Kadir Kotil, Mustafa Akcetin, Turgay Bilge. A Minimally Invasive
Transmuscular Approach to Far-lateral L5-S1 Level Disc Hernia-
tions A Prospective Study. J Spinal Disord Tech 2007 Apr; 20(2):
132-8.

Erich Kast, Joachim Oberle, Hans-Peter Richter, Wolfgang Borm.
Success of Simple Sequestrectomy in Lumbar Spine Surgery
Depends on the Competence of the Fibrous Ring A Prospective
Controlled Study of 168 Patients. Spine (Phila Pa 1976) 2008 Jun
15;33(14): 1567-71.

F Prochet, V Bartanusz, F S Kleinstueck, F Lattig, D Jeszenszky,
D Grob, A F Mannion: Microdiscectomy compared with standard
discectomy: an old problem revisited with new outcome measures
within the framework of a spine surgical registry. Eur Spine J
(2009) 18: 360-366.

Kotryna Veresciagina, Bronius Spakauskas, Kazys Vytautas Am-
brozaitis. Clinical outcomes of patients with lumbar disc hernia-
tion, selected for one-level open-discectomy and microdiscectomy.
Eur Spine J (2010) 19:1450-1458.

Akagi R, Aoki Y, Ikeda Y, Nakajima F, Ohtori S, Takahashi K,



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

Kunakornsawat S et a/. Age of Lumbar Disc Extrusion or Sequestration

Yamagata M. Comparison of early and late surgical intervention
for lumbar disc herniation: is earlier better? J Orthop Sci. 2010
May;15(3):294-8.

Yong Ahn, Sang-Ho Lee. Outcome predictors of percutaneous
endoscopic lumbar discectomy and thermal annuloplasty for dis-
cogenic low back pain. Acta Neurochir (2010) 152:1695-1702.
Katarina Silverplats, B. Lind, B. Zoe"ga, K. Halldin, M. Geller-
stedt, H. Brisby, L. Rutberg. Clinical factors of importance for
outcome after lumbar disc herniation surgery: long-term follow-
up. Eur Spine J (2010) 19:1459-1467.

Kyung-Chul Choi, MD, Jin-Sung Kim, MD, Byung-Uk Kang,
MD, Choon Dae Lee, MD, and Sang-Ho Lee, MD, PhD. Changes
in Back Pain After Percutaneous Endoscopic Lumbar Discectomy
and Annuloplasty for Lumbar Disc Herniation: A Prospective
Study. Pain Medicine 2011; 12: 1615-1621.

Hsien-Te Chen,Chun-Hao Tsai, Shao-Ching Chao, Ting-Hsien
Kao, Yen-Jen Chen, Horng-Chaung Hsu, Chiung-Chyi Shen, Hsi-
Kai Tsou. Endoscopic discectomy of L5-S1 disc herniation via an
interlaminar approach: Prospective controlled study under local
and general anesthesia.Surg Neurol Int 2011;2:93.

Kamrul Ahsan, Najmus-Sakeb, Alamgir Hossain, Shahidul Islam
Khan, MA Awwal: Discectomy for primary and recurrent prolapse
of lumbar intervertebral discs. Journal of Orthopaedic Surgery
2012;20(1):7-10.

Atman Desai, MD, Kimon Bekelis, MD, Perry A. Ball, MD, Jon
Lurie, MD, Sohail K. Mirza, MD, Tor D. Tosteson, DSc, Wenyan
Zhao, MS James N. Weinstein, DO, MS.Spine Patient Outcomes
Research Trial: Do Outcomes Vary Across Centers for Surgery for
Lumbar Disc Herniation? Neurosurgery 2012; 71:833-843.

Larry D Herron, Homer C Pheasant: Bilateral Laminotomy and
Discectomy for Segmental Lumbar Disc Disease: Decompression
with Stability. Spine. 1983; 8 (1): 86-98.

William A Friedman: Percutaneous Discectomy: An Alternative to
Chemonucleolysis. Neurosurgery. 1983; 13 (5);542-547.

Joseph C Maroon, Adnan Abla: Microdiscectomy versus Chemo-
nucleolysis. Neurosurgery.1985; 16 (5):644-649.

Larry D Herron, Judith Turner: Patient Selection for Lumbar
Laminectomy and Discectomy with a Revised Objective Rating
System. Clin Orthop Relat Res. 1985;(199): 145-152.

Weinstein J, Spratt KF, Lehmann T, McNeill T, Hejna W. Lumbar
disc herniation. A comparison of the results of chemonucleolysis
and open discectomy after ten years. J Bone Joint Surg Am. 1986
Jan;68(1):43-54.

Zahrawi F. Microlumbar discectomy (MLD). Spine (Phila Pa
1976). 1988 Mar;13(3):358-9.

Ramirez LF, Thisted R. Complications and demographic charac-
teristics of patients undergoing lumbar discectomy in community
hospitals. Neurosurgery. 1989 Aug;25(2):226-30.

Kahanovitz N, Viola K, Gallagher M. Long-term strength assess-
ment of postoperative diskectomy patients. Spine (Phila Pa 1976).
1989 Apr;14(4):402-3.

Caspar W, Campbell B, Barbier DD, Kretschmmer R, Gotfried
Y. The Caspar microsurgical discectomy and comparison with a
conventional standard lumbar disc procedure. Neurosurgery. 1991
Jan;28(1):78-86.

Matsunaga S, Sakou T, Taketomi E, Ijiri K. Comparison of opera-
tive results of lumbar disc herniation in manual laborers and ath-
letes. Spine (Phila Pa 1976). 1993 Nov;18(15):2222-6.

Kowalski JM, Olsewski JM, Simmons ED Jr. Results of interver-
tebral diskectomy without fusion at L4-5 versus L5-S1. J Spinal
Disord. 1995 Dec;8(6):457-63.

Knop-Jergas BM, Zucherman JF, Hsu KY, DeLong B. Anatomic
position of a herniated nucleus pulposus predicts the outcome of
lumbar discectomy. J Spinal Disord. 1996 Jun;9(3):246-50.
Stambough JL. Lumbar disk herniation: an analysis of 175 surgi-
cally treated cases. J Spinal Disord. 1997 Dec;10(6):488-92.
Ditsworth DA. Endoscopic transforaminal lumbar discectomy and

425

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

reconfiguration: a postero-lateral approach into the spinal canal.
Surg Neurol. 1998 Jun;49(6):588-97.

Yorimitsu E, Chiba K, Toyama Y, Hirabayashi K. Long-term
outcomes of standard discectomy for lumbar disc herniation: a
follow-up study of more than 10 years.Spine (Phila Pa 1976).
2001 Mar 15;26(6):652-7.

Wenger M, Mariani L, Kalbarczyk A, Groger U. Long-term out-
come of 104 patients after lumbar sequestrectomy according to
Williams. Neurosurgery. 2001 Aug;49(2):329-34.

Tsou PM, Yeung AT. Transforaminal endoscopic decompression
for radiculopathy secondary to intracanal noncontained lumbar
disc herniations: outcome and technique. Spine J. 2002 Jan-
Feb;2(1):41-8.

Nakagawa H, Kamimura M, Uchiyama S, Takahara K, Itsubo T,
Miyasaka T. Microendoscopic discectomy (MED) for lumbar disc
prolapse. J Clin Neurosci. 2003 Mar;10(2):231-5.

Morgan-Hough CV, Jones PW, Eisenstein SM. Primary and revi-
sion lumbar discectomy. A 16-year review from one centre. ] Bone
Joint Surg Br. 2003 Aug;85(6):871-4.

Tzaan WC. Transforaminal percutaneous endoscopic lumbar dis-
cectomy. Chang Gung Med J. 2007 May-Jun;30(3):226-34.
Mariconda M, Galasso O, Secondulfo V, Rotonda GD, Milano C.
Minimum 25-year outcome and functional assessment of lumbar
discectomy. Spine (Phila Pa 1976). 2006 Oct 15;31(22):2593-9.
Jang JS, An SH, Lee SH. Transforaminal percutaneous endoscopic
discectomy in the treatment of foraminal and extraforaminal lum-
bar disc herniations. J Spinal Disord Tech. 2006 Jul;19(5):338-43.
Wu X, Zhuang S, Mao Z, Chen H. Microendoscopic Discectomy
for Lumbar Disc Herniation Surgical Technique and Outcome in
873 Consecutive Cases. Spine. 2006;31(23):2689-2694.

J. F.Harrington, P. French. Open versus Minimally Invasive Lum-
bar Microdiscectomy: Comparison of Operative Times, Length
of Hospital Stay, Narcotic Use and Complications. Minim Invas
Neurosurg 2008 Feb;51(1):30-5.

Kyeong-seong Yeom, Yong-soo Choi.Full endoscopic contralat-
eral transforaminal discectomy for distally migrated lumbar disc
herniation. J Orthop Sci (2011) 16:263-269.

Lau D, Han SJ, Lee JG, Lu DC, Chou D. Minimally invasive
compared to open micro discectomy for lumbar disc herniation. J
Clin Neurosci 2011 Jan; 18(1): 81-4.

Kyung-Chul Choi, Jin Sung Kim, Kyeong Sik Ryu, Byung Uk
Kang, Yong Ahn, Sang-Ho Lee: Percutaneous Endoscopic Lumbar
Discectomy for L5-S1 Disc Herniation: Transforaminal vs Inter-
laminar approach. Pain Physician 2013; 16:547-556.

Hongwei Wang & Bo Huang & Wenjie Zheng & Changqing Li &
Zhengfeng Zhang & Jian Wang & Yue Zhou. Comparison of early
and late percutaneous endoscopic lumbar discectomy for lumbar
disc herniation. Acta Neurochir (2013) 155:1931-1936.

Haidong Xu, Xiaozhou Liu, Gang Liu, Jiangning Zhao, Qiang Fu,
Bin Xu. Learning Curve of Full-Endoscopic Technique Through
Interlaminar Approach for L5/S1 Disk Herniations. Cell Biochem
Biophys (2014) 70:1069-1074.

Mitsunori Yoshimoto, MD, Takehito Iwase, MD, Tsuneo Take-
bayashi, MD, Kazunori Ida, MD, and Toshihiko Yamashita, MD.
Microendoscopic Discectomy for Far Lateral Lumbar Disk Her-
niation: Less Surgical Invasiveness and Minimum 2-Year Follow-
Up Results. J Spinal Disord Tech 2014;27:E1-E7.

Alexander Aichmair, Jerry Y. Du, Jennifer Shue, Gisberto Evan-
gelisti, Andrew A. Sama, Alexander P. Hughes, Darren R. Lebl,
Jayme C. Burket, Frank P. Cammisa, Federico P. Girardi. Mi-
crodiscectomy for the Treatment of Lumbar Disc Herniation:
An Evaluation of Reoperations and Long-Term Outcomes. Evid
Based Spine Care J 2014;5:77-86.

Corriero OV, Morichi Rm Vagaggini A, Paoli L, Guizzardi G:
Lumbar Herniated Disc Treated by Microdiscectomy Aline or
Microdiscectomy Plus an Interlaminar Shock Absorbing Device:
Retrospective Study with Minimum 3 Years Follow-Up. Journal

© 2015 ACT. All rights reserved.



Kunakornsawat S et a/. Age of Lumbar Disc Extrusion or Sequestration

104

105

106

107

108

109

110

111

112

113

of Spine: Advanced Techniques in Spine Surgery 2014; 3 (2).
Desai A, Bekelis K, Ball PA, Lurie J, Mirza SK, Tosteson TD,
Zhao W, Weinstein JN. Spine patient outcomes research trial: do
outcomes vary across centers for surgery for lumbar disc hernia-
tion? Neurosurgery. 2012 Oct;71(4):833-42.

Yoshihara H, Yoneoka D. National trends in the surgical treatment
for lumbar degenerative disc disease: United States, 2000 to 2009.
Spine J. 2015 Feb 1;15(2):265-71.

Keskimiki I, Seitsalo S, Osterman H, Rissanen P. Reoperations
after lumbar disc surgery: a population-based study of regional
and interspecialty variations.Spine (Phila Pa 1976). 2000 Jun
15;25(12):1500-8.

Cheng J, Wang H, Zheng W, Li C, Wang J, Zhang Z, Huang B,
Zhou Y. Reoperation after lumbar disc surgery in two hundred and
seven patients.Int Orthop. 2013 Aug;37(8):1511-7.

Martin BI, Mirza SK, Flum DR, Wickizer TM, Heagerty PJ, Len-
koski AF, Deyo RA. Repeat surgery after lumbar decompression
for herniated disc: the quality implications of hospital and surgeon
variation. Spine J. 2012 Feb;12(2):89-97.

Kim CH, Chung CK, Park CS, Choi B, Kim MJ, Park BJ. Reop-
eration rate after surgery for lumbar herniated intervertebral disc
disease: nationwide cohort study. Spine (Phila Pa 1976). 2013 Apr
1;38(7):581-90.

Smith N, Masters J, Jensen C, Khan A, Sprowson A. Systematic
review of microendoscopic discectomy for lumbar disc herniation.
Eur Spine J. 2013 Nov;22(11):2458-65.

Kamper SJ, Ostelo RW, Rubinstein SM, Nellensteijn JM, Peul
WC, Arts MP, van Tulder MW. Minimally invasive surgery for
lumbar disc herniation: a systematic review and meta-analysis.
Eur Spine J. 2014 May;23(5):1021-43.

Anderson PA, McCormick PC, Angevine PD. Randomized con-
trolled trials of the treatment of lumbar disk herniation: 1983-
2007. J Am Acad Orthop Surg 2008;16:566-7.

Sidhu GS, Henkelman E, Vaccaro AR, Albert TJ, Hilibrand A,
Anderson DG, Rihn JA. Minimally invasive versus open posterior

© 2015 ACT. All rights reserved.

426

114

115

116

117

118

119

120

121

lumbar interbody fusion: a systematic review. Clin Orthop Relat
Res. 2014 Jun;472(6):1792-9.

Kelsey JL, Githens PB, O’Conner T, et al. Acute prolapsed lumbar
intervertebral disc. An epidemiologic study with special reference
to driving automobiles and cigarette smoking. Spine (Phila Pa
1976) 1984;9:608-13.

Mundt DJ, Kelsey JL, Golden AL, et al. An epidemiologic study
of non-occupational lifting as a risk factor for herniated lumbar
intervertebral disc. The Northeast Collaborative Group on Low
Back Pain. Spine (Phila Pa 1976) 1993;18:595-602.

Wolter T, Szabo E, Becker R, et al. Chronic low back pain: course
of disease from the patient’s perspective. Int Orthop 2011;35:717-
24.

Seyedmehdi M, Attarchi M, Ghaffari M, et al. Prognostic Factors
for Return to Work After Low-Back Disc Herniation Surgery. Asia
Pac J Public Health 2013;Jan 4.

Ahn SH, Ahn MW, Byun WM. Effect of the transligamentous
extension of lumbar disc herniations on their regression and the
clinical outcome of sciatica. Spine (Phila Pa 1976) 2000;25:475-
80.

Sabuncuoglu H, Ozdogan S, Timurkaynak E. Spontaneous regres-
sion of extruded lumbar disc herniation: report of two illustrative
case and review of the literature. Turk Neurosurg 2008;18:392-6.
Carragee EJ, Han MY, Suen PW, et al. Clinical outcomes after
lumbar discectomy for sciatica: the effects of fragment type and
anular competence. J Bone Joint Surg Am 2003;85:102-8.
Rajasekaran S, Bajaj N, Tubaki V, et al. ISSLS Prize winner: The
anatomy of failure in lumbar disc herniation: an in vivo, multi-
modal, prospective study of 181 subjects. Spine (Phila Pa 1976)
2013;38:1491-500.

Peer reviewer: Santino Ottavio Tomasi, MD, Department of
Neurosurgery, Christian-Doppler-Medical Center, Laboratory
for Microsurgical Neuroanatomy, Paracelsus Medical University,
Ignaz-Harrer-Str. 79, 5020 Salzburg, Austria.



