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5/20/2015 Microdiscectomy for the treatment of lumbar disc herniation: an evaluation ofreoperations and long-term outcomes.- P

· PubMed ,. 
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Abstract 

Evid Based Spine Care J. 2014 Oct;5(2):77-86. doi: 10.1055/s-0034-1386750. 

Microdiscectomy for the treatment of lumbar disc herniation: an evaluation 
of reoperations and long-term outcomes. 
Aichmair A 1, Du JY1, Shue J1, Evangelisti G2, Sarna AA 1, Hughes AP 1, Lebl DR 1, Burket JC3, Cammisa 
FP 1 , Girardi FP 1. 

Author information 
1 Department of Orthopaedic Surgery, Spine and Scoliosis Service, Hospital for Special Surgery, 
Weill Cornell Medical College, New York, New York, United States. 
21st Orthopaedic Clinic, Cisanello Hospital, University of Pis a, Pis a, Italy. 
3Department of Epidemiology and Biostatistics, Hospital for Special Surgery, Weill Cornell Medical 
College, New York, New York, United States. 

Abstract 
Design Retrospective case series. Objective The objective of this study was to assess the 
reoperation rate after microdiscectomy for the treatment of lumbar disc herniation (LDH) in patients 
with~ 5-year follow-up and identify demographic, perioperative, and outcome-related differences 
between patients with and without a reoperation. Methods The medical records, operative reports, 
and office notes of patients who had undergone microdiscectomy at a single institution between 
March 1994 and December 2007 were reviewed and long-term follow-up was assessed via a 
telephone questionnaire. Results Forty patients (M:24, F:16) with an average age at surgery of 
39.9 + 12.5 years (range: 18-80) underwent microdiscectomy at the levels L5-S1 (n = 28, 70%), 
L4-L5 (n = 9, 22.5%), L3-L4 (n = 2, 5.0%), and L 1-L2 (n = 1, 2.5%). After an average of 40.4 ± 40.1 
months (range: 1-128), 25% of patients (1 0/40) required further spine surgery related to the initial 
microdiscectomy. At an average postoperative follow-up of 11.1 ± 4.0 years (range: 5-19), 
additional symptoms apart from back and leg pain were reported more frequently by patients who 
underwent a reoperation (p = 0.005). Patient satisfaction was significantly higher in patients who did 
not undergo a reoperation (p = 0.041 ). For the Oswestry disability index, pain intensity (p = 0.036), 
and pain-related sleep disturbances (p = 0.006) were reported to be more severe in the reoperation 
group. Conclusions Microdiscectomy for the treatment of LDH results in a favorable long-term 
outcome in the majority of cases. The reoperation rate was higher in our series than reported in 
previous investigations with shorter follow-up. Although there were no statistically significant pre-
/perioperative differences between patients with and without reoperation, our findings suggest a 
difference in self-reported long-term outcome measures. 

KEYWORDS: 001; Oswestry disability index; limited discectomy; long-term outcome; lumbar disc 
herniation; microdiscectomy; reoperation 
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Abstract Full text links 

J Spinal Disord Tech. 2014 Feb;27(1):E8-E13. doi: 10.1097/BSD.Ob013e31828da8f1. 

"'("''!': ' - j 

. ~l Vlolters Kluwed 

Limited microdiscectomy for lumbar disk herniation: a retrospective long-
term outcome analysis. 
Soliman J1, Harvey A, Howes G, Seibly J, Dossey J, Nardone E. 

Author information 
1*Department of Neurosurgery, Advocate BroMenn Medical Center, Normal tCentrallllinois Neuro 
Health Science, Bloomington +Department of Mathematics, Illinois State University Normal, Normal, 
IL. 

Abstract 
OBJECTIVE AND SUMMARY OF BACKGROUND DATA: Surgical treatment of lumbar disk 
herniation is traditionally accomplished by removal of the extruded fragment as well as an 
aggressive decompression of the disk space. This retrospective study evaluates the long~term 
results of limited discectomy, otherwise known as fragmentectomy, for lumbar disk herniation using 
a minimally invasive technique. Although there are ample studies in literature regarding short-term 
outcome after limited microdiscectomy, there is a paucity of literature for long-term outcomes 
after fragmentectomy. We present long-term outcomes averaging 7 years after limited 
discectomy. 

STUDY DESIGN AND METHODS: A total of 152 patients were operated on between January 1, 
2001 and June 30, 2003 for single-level herniated lumbar disks. All patients had microsurgical 
fragmentectomy performed through a small skin incision off the midline using a tubeless retraction 
system. Fifty-four patients participated in the study, whereas 98 patients were lost to long-term 
follow-up. Long-term outcome was assessed by telephone survey or mail-in survey using the 
Oswestry Low Back Pain Disability Index and a patient outcome survey. After Institutional Review 
Board approval and patient consent, all 54 patients had a thorough chart review for evaluation of 
further lumbar surgeries. The mean long-term follow-up was 86.2 months (range, 72-104 mo) or 
about 7.2 years. 

RESULTS: Forty-eight of the 54 patients (88.9%) reported an excellent (26 patients) or good (22 
patients) long-term outcome with surgery. Long-term back and leg pain improvement was seen in 
44 of 49 (89.8%) and 44 of 50 (88.0%) patients reporting back or leg pain, respectively. The mean 
Oswestry Disability Index for long-term follow-up was 8.89, indicating minimal disability. Same-level 
recurrences requiring reoperation were seen in 6 of the 54 patients who participated (11.1 %) within 
the average 86.2-month follow-up. Four of 34 (11.85%) known contained herniations and 2 of 20 
(1 0.0%) known extruded herniations presented for same-level surgical recurrence. All recurrences 
were successfully treated with reexploration and fragmentectomy. Two patients from the recurrence 

http:!lwww.ncbLnlm.nih.govfpubmed/23563332 1/2 R.App. 000611
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group and 1 from the original 54 progressed to need an arthrodesis at the initial operated level 
(5.6%). One patient fn the same-level recurrence group and 2 patients from the original 54 
developed an operative herniated disk at an adjacent level (5.6%). 

CONCLUSIONS: Our long-term outcome study shows that a minimally invasive approach to 
microdiscectomy with removal ofthe fragment only is an effective way to treat lumbar disk 
herniation. The rate of recurrence in our long-term study seems slightly higher compared with 
previously published studies, which generally had shorter follow-up periods. Long-term patient 
outcomes for back and leg pain were also very low. No appreciable difference in operative 
reherniation could be found with patients who had contained verses extruded fragments. It is difficult 
to predict from this study whether a simple fragmentectomy was the cause of the progression to 
further surgeries or whether this was the natural progression of a degenerative spine. Further 
prospective trials are necessary to fully understand the factors associated with limited 
microd iscecto my. 

PMID: 23563332 [PubMed- indexed for MEDUNE] 
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Neurosurgery. 2009 Feb;64(2):338-44; discussion 344-5. doi: 10.1227/01.NEU.0000337574.5866:..;;..;_, · · ·· · · ···· ·· ·· · 

Recurrent disc herniation and long-term back pain after primary lumbar 
discectomy: review of outcomes reported for limited versus aggressive 
disc removal. 
McGirt MJ1, Ambrossi GL, Datoo G, Sciubba OM, Witham TF, Wolinsky JP, Gokaslan ZL, Bydon A. 

Author information 
1 Department of Neurosurgery, The Johns Hopkins Spinal Column Biomechanics and Surgical 
Outcomes Laboratory, The Johns Hopkins Hospital, Baltimore, Maryland 21287, USA 

Abstract 
OBJECTIVE: It remains unknown whether aggressive disc removal with curettage or limited removal 
of disc fragment alone with little disc invasion provides a better outcome for the treatment of lumbar 
disc herniation with radiculopathy. We reviewed the literature to determine whether outcomes 
reported after limited discectomy (LD) differed from those reported after aggressive discectomy (AD) 
with regard to long-term back pain or recurrent disc herniation. 

METHODS: A systematic MEDLINE search was performed to identify all studies published between 
1980 and 2007 reporting outcomes after AD or LD for a herniated lumbar disc with radiculopathy. 
The incidence of short- and long-term recurrent back or leg pain and recurrent disc herniation was 
assessed from each reported LD or AD cohort and the cumulative incidence compared. 

RESULTS: Fifty-four studies (60 discectomy cohorts) met the inclusion criteria, reporting the 
outcomes of 13 359 patients after lumbar discectomy (LD, 6135 patients; AD, 7224 patients). The 
reported incidence of short-term recurrent back or leg pain was similar after LD (mean, 14.5%; 
range, 7-16%) and AD (mean, 14.1%; range, 6-43%) (P < 0.01). However, more than 2 years after 
surgery, the reported incidence of recurrent back or leg pain was 2.5-fold less after LD (mean, 
11.6%; range, 7-16%) compared with AD (mean, 27.8%; range, 19-37%) (P < 0.0001 ). The reported 
incidence of recurrent disc herniation after LD (mean, 7%; range, 2-18%) was greater than that 
reported after AD (mean, 3.5%; range, 0-9.5%) (P < 0.0001 ). 

CONCLUSION: Review of the literature demonstrates a greater reported incidence oflong-term 
recurrent back and leg pain after AD but a greater reported incidence of recurrent disc herniation 
after LD. Prospective, randomized trials are needed to firmly assess this possible difference. 

PMID: 19190461 [PubMed- indexed for MEDLIN E) 

httpJ/wwW.ncbi.nlm.nih.gov/pubmed/19190461 1/2 R.App. 000614



512012015 Recurrent disc hefniation and long-term back pain after primary lumbar discectomy: review of outcomes reported for limited vers .... . 

Publication Types, MeSH Terms 

LinkOut- more resources 

PubMed Commons PubMed Commons home 

0 comments 

How to join PubMed Commons 

http://www.ncbi.nlm.nih.gov/pubmedf19190461 212 R.App. 000615



EXHIBIT 26 

EXHIBIT 26 

R.App. 000616



7/2012015 Long-term back pain after a single-level discectomy for radiculopathy: incidence and health care cost analysis,- Pub

PubMed T 

Abstract Full text l!nks 

J Neurosurg Spine. 2010 Feb;12(2):178-82. doi: 10.3171/2009.9.SPINE09410. 

Long-term back pain after a single-level discectomy for radiculopathy: 
incidence and health care cost analysis. 
Parker SL 1, Xu R, McGirt MJ, Witham TF, Long OM, Bydon A. 

Author information 
1The Johns Hopkins Spinal Column Biomechanics and Surgical Outcomes Laboratory, The Johns 
Hopkins University School of Medicine, Baltimore, Maryland, USA 

Abstract 
OBJECT: The most common spinal procedure performed in the US is lumbar discectomy for disc 
herniation. Longterm disc degeneration and height loss occur in many patients after lumbar 
discectomy. The incidence of mechanical back pain following discectomy varies widely in the 
literature, and its associated health care costs are unknown. The authors set out to determine the 
incidence of and the health care costs associated with mechanical back pain attributed to 
segmental degeneration or instability at the level of a prior discectomy performed at their institution. 

METHODS: The authors retrospectively reviewed the data for 111 patients who underwent primary, 
single-level lumbar hemilaminotomy and discectomy for radiculopathy. All diagnostic modalities, 
conservative therapies, and operative treatments used for the management of postdisectomy back 
pain were recorded. Institutional billing and accounting records were reviewed to determine the 
billed costs of all diagnostic and therapeutic measures. 

RESULTS: At a mean follow-up of 37.3 months after primary discectomy, 75 patients (68%) 
experienced minimal to no back pain, 26 (23%) had moderate back pain requiring conservative 
treatment only, and 10 (9%) suffered severe back pain that required a subsequent fusion surgery at 
the site of the primary discectomy. The mean cost per patient for conservative treatment alone was 
$4696. The mean cost per patient for operative treatment was $42,554. The estimated cost of 
treatment for mechanical back pain associated with postoperative same-level degeneration or 
instability was $493,383 per 100 cases of first-time, single-level lumbar discectomy ($4934 per 
primary discectomy). 

CONCLUSIONS: Postoperative mechanical back pain associated with same-level degeneration is 
not uncommon in patients undergoing single-level lumbar discectomy and is associated with 
substantial health care costs. 

PMID: 20121353 [PubMed- indexed for ~viEDLINE] 
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Abstract 

Evid Based Spine Care J. 2014 Oct;5(2):77-86. doi: 10. 1055/s-0034-1386750. 

Microdiscectomy for the treatment of lumbar disc herniation: an evaluation 
of reoperations and long-term outcomes. 
Aichmair A 1, Du JY1, Shue J1, Evangelisti G2, Sarna AA 1, Hughes AP1, Lebl DR1, Burket JC3, Cammisa 
FP 1, Girardi FP 1. 

Author information 
1 Department of Orthopaedic Surgery, Spine and Scoliosis Service, Hospital for Special Surgery, 
Weill Cornell Medical College, New York, New York, United States. 
21st Orthopaedic Clinic, Cisanello Hospital, University of Pisa, Pisa, Italy. 
3Department of Epidemiology and Biostatistics, Hospital for Special Surgery, Weill Cornell Medical 
College, New York, New York, United States. 

Abstract 
Design Retrospective case series. Objective The objective of this study was to assess the 
reoperation rate after microdiscectomy for the treatment of lumbar disc herniation (LDH) in 
patients with~ 5-year follow-up and identify demographic, perioperative, and outcome-related 
differences between patients with and without a reoperation. Methods The medical records, 
operative reports, and office notes of patients who had undergone microdiscectomy at a single 
institution between March 1994 and December 2007 were reviewed and long-term follow-up was 
assessed via a telephone questionnaire. Results Forty patients (M:24, F:16) with an average age 
at surgery of 39.9 + 12.5 years (range: 18-80) underwent microdiscectomy at the levels L5-S1 (n 
= 28, 70%), L4-LS (n = 9, 22.5%), L3-L4 (n = 2, 5.0%), and L 1-L2 (n = 1, 2.5%). After an average of 
40.4 ± 40.1 months (range: 1-128), 25% of patients (1 0/40) required further spine surgery related to 
the initial microdiscectomy. At an average postoperative follow-up of 11.1 + 4.0 years (range: 5-
19), additional symptoms apart from back and leg pain were reported more frequently by patients 
who underwent a reoperation (p = 0.005). Patient satisfaction was significantly higher in patients who 
did not undergo a reoperation (p = 0.041 ). For the Oswestry disability index, pain intensity (p = 
0.036), and pain-related sleep disturbances (p = 0.006) were reported to be more severe in the 
reoperation group. Conclusions Microdiscectomy for the treatment of LDH results in a favorable 
long-term outcome in the majority of cases. The reoperation rate was higher in our series than 
reported in previous investigations with shorter follow-up. Although there were no statistically 
significant pre-/perioperative differences between patients with and without reoperation, our findings 
suggest a difference in self-reported long-term outcome measures. 

KEYWORDS: ODI; Oswestry disability index; limited discectomy; long-term outcome; lumbar disc 
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PubMed 

Abstract Full text links 

Spine J. 2006 Jui-Aug;6(4):380-4. 

Mid- to long-term outcome of disc excision in adolescent disc herniation. 
Smorgick Y1, Floman Y, Millgram MA, Anekstefn Y, Pekarsky I, Mirovsky Y. 

Author information 
1Department of Orthopedic Surgery, Assaf Harofeh Medical Center, Zerifin, 70300, Israel. 
Noam.Yossi@Yahoo.com 

Abstract 
BACKGROUND CONTEXT: Adolescent disc herniation and its surgical treatment have been the 
subjects of many published clinical series. The majority of these series were heterogeneous; the 
number of adolescent patients (12-17 years) as opposed to young adults (18-20 years) was 
generally small and the length of follow-up varied greatly. Although the short-term outcome of disc 
excision in adolescents was mostly favorable, their long-term outcome is unknown. 

OBJECTIVES: To evaluate the mid- and long-term results of discectomy in patients younger than 
17 years of age. 

STUDY DESIGN: Retrospective examination of a series of adolescent patients under the age of 17 
years who underwent surgery for lumbar intervertebral disc herniation. 

PATIENT SAMPLE: The medical records of 26 patients (15 males, 11 females, 12-17 years old 
[average 14.6]) who were operated for lumbar intervertebral disc herniation in three spine centers 
between 1984 and 2002 were reviewed. These subjects represented the total number of patients 
meeting the criteria of adolescents undergoing discectomy for lumbar disc herniation in these 
institutions during the study period. All patients were located and contacted by an independent 
observer not involved in the care of these patients. Low back pain associated with leg pain was the 
main clinical symptom in 20 patients (77%), leg pain in 4 (15%), and back pain in 2 (8%). They all 
underwent posterior disc excision: 23 (88%) patients had one level discectomy, and 3 (12%) had 
simultaneous discectomy at two levels. The L4-L5 interspace was involved 19 times, and the L5-S1 
interspace 10 times. Slipped vertebral apophysis was diagnosed in 4 patients (15%). Twelve of the 
26 patients (46%) had a first-degree relative with a history of lumbar disc herniation. 

OUTCOME MEASURES: Telephone interviews provided follow-up data for 26 patients. Results 
were classified as excellent, good, moderate, or poor according to current symptom status, the need 
for additional surgery, the Oswestry Disability Index, and back and leg pain scores. 

RESULTS: The average time from surgery to follow-up was 8.9 years (range 3-21 years). At follow-
up, the clinical results were excellent in 13 patients (50%), good in 4 (15%), moderate in 8 (31 %), 

httpJ/www.ncbi,nlm,nih.gov/pubmed/16825042 1/2 R.App. 000623



7/2012015 Mid· to long-term ou1come of disc excision in adolescent disc herniation.- PubMed- NCBI 

and poor in 1 (4%). Four subjects (15%) underwent a subsequent disc excision in the lumbar 
region, and one of them later underwentfusion. 

CONCLUSIONS: Discectomy provides satisfactory clinical results in young patients with disc 
herniation. The rate of reintervention (15%) is comparable to that in adults, indicating that 
discectomy for young patients should be approached similarly to that in adults. 
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The outcomes of lumbar microdiscectomy in a young, active population: 
correlation by herniation type and level. 
Dewing CB1, Provencher MT, Riffenburgh RH, Kerr S, Manos RE. 
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Abstract 
STUDY DESIGN: Prospective longitudinal clinical study. 

OBJECTIVE: The purpose of our article was to investigate the clinical outcomes with type and level 
of disc herniation in a young, active population undergoing lumbar microdiscectomy. 

SUMMARY OF BACKGROUND DATA: There are few reported outcomes studies on the 
relationship between disc herniation level, type of disc herniation, and surgical outcomes of lumbar 
microdiscectomy in a young, active population. 

METHODS: One hundred ninety-seven (197) consecutive single-level lumbar microdiscectomies 
performed by a single surgeon were prospectively followed over a 3-year period. All patients had 
failed a period of nonoperative care including physical therapy and/or transforaminal epidural steroid 
injections. One hundred eighty-three patients (139 males, 44 females) with a mean age of 27.0 
years (range 19-46 years) were prospectively followed for a mean of 26 months (range, 12-38 
months). Outcomes were assessed using Visual Analog Scale (VAS), Oswestry disability index, 
patient satisfaction, return to military duty, and need for additional surgery. The type of disc 
herniation (contained, extruded, or sequestered) and the lumbar level of herniation were also 
recorded. 

RESULTS: At final follow-up, 84% (154 of 183) of patients had returned to unrestricted military duty; 
16% (29) had been medically discharged. The mean decrease in VAS leg pain score was 4.7 points 
(from mean preoperative 7.2 to mean postoperative 2.5); 80% (146) reported a decrease of greater 
than 2 points. The mean Oswestry index improved from 53.6 before surgery to 21.2 at final follow-
up. Overall, 85% (156) were satisfied with their surgery. Six patients had recurrent herniations (3%) 
with 4 of the 6 undergoing additional surgery. Patients with preoperative VAS scores consistent with 
a preponderance of radicular leg pain versus back pain demonstrated better surgical outcomes in 
all categories (P < 0.001) When classified by disc herniation type, sequestered discs at all levels 
demonstrated better Oswestry and VAS scores versus extruded or contained disc herniations. (P < 
0.001) Disc herniations at the L5-S1 level had significantly greater improvements in both mean VAS 
leg and Oswestry outcome scores than disc herniations at the L4-L5 level. (P < 0.001) Preexisting 
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restricted duty status at time of first surgical consultation was associated with poorer outcomes. 
Smokers had a significantly lower return to full active military duty (P = 0.037). 

CONCLUSION: Microdiscectomy for symptomatic lumbar disc herniations in young, active patients 
with a preponderance of leg pain who have failed nonoperative treatment demonstrated a high 
success rate based on validated outcome measures, patient satisfaction, and return to active duty. 
Patients with disc herniations at the L5-S1 level had significantly better outcomes than did those at 
the L4-L5 level. Patients with sequestered or extruded lumbar disc herniations had significantly 
better outcomes than did those contained herniations. Patients with contained disc herniations, a 
predominance of back pain, on restricted duty and smoking should be counseled before surgery of 
the potential for less satisfaction, poorer outcomes scores, and decreased return to duty rates. 
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Minimally invasive surgery for lumbar disc herniation: 
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Abstract 
Purpose Assessing the benefits of surgical treatments for 
sciatica is critical for clinical ami policy decision-making. 
To compare minimully invasive (Ml) and conventional 
microdiscectorny (MD) for patients with sciatica due to 
lumbar disc herniation. 
Methods A systematic review and meta-analysis of con-
trolled clinical trials including patients with sciatica due to 
lumbar disc herniation. Conventional microdiscectomy was 
compared separately with: (I) Interlaminar MI disccctomy 
(ILMI vs. MD): (2) Transforaminal Ml disceclomy (TFMI 
vs. MD). Outcomes: Back pain, leg pain, function, 
improvement, work status, operative lime, blood loss. 
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length or hospital stay, complications, reoperations, anal-
gesics and cost outcomes were extracted and risk of bias 
assessed. Pooled effect estimates were cnlculated using 
random effect meta-analysis. 
Results Twenty-nine studies, 16 RCTs and 13 non-ran-
domised studies (n = 4,472), were included. Clinical out-
comes were not different between the surgery types. There 
is low quality evidence that ILMI takes 11. min longer, 
results in 52 ml less blood Joss and reduces mean length of 
hospital stay by 1.5 days. There were no differences in 
complications or reopcrations. The main limitations were 
high risk of bias, low number of studies and small sample 
sizes comparing TF with MD. 
Conclusions There is moderate to low quality evidence of 
no differences in clinical outcomes between MI surgery and 
conventional microdiscectomy for patients with sciatica due 
to lumbar disc herniation. Studies comparing transforaminal 
Ml with conventional surgery with sufficient sample size 
and methodological robustness are lacking. 

Keywords Lumbar disc · Herniation · Minimally 
invasive surgery · Sciatica · Systematic review 

Introduction 

Sciatica due to lumbar di~c herniation is re~ponsible for 
considerable personal and societal costs. Although defini-
tions vary, sciatica is generally defined as leg pain due to 
lumbosacral nerve-root compression or irritation [I]. 
Patients with disc-related sciatica may be managed con-
servatively or via surg~.:ry when conservative treatment 
fails or complaints worsen over time. Tht: goal of surgical 
management is most commonly to remove disc material to 
decompress the nerve root. Advances in surgical technique 
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and technology have seen an increase in minimally inva-
sive (MI) techniques whereby access to the disc is gained 
via a tube, using a microscope or endoscope (camera) for 
visualisation. Currently available tubular retraction systems 
and endoscopic systems enable simultaneous visualisation 
and removal of disc material via one Ml working portal. 
MI techniques arc contrasted with open microdiscectomy, 
which requires a larger incision and hypothetically a 
greater degree of muscle trauma. On the other band, safety 
of the MI approach has been questioned due to the small 
working channel and compromised visualisation. The 
minimal working space might make it difficult to avoid and 
control damage to dural and neural structures. Although 
many innovative disc treatment methods have been 
described, open micrmliseectomy (MD) remains the usual 
standanl of care for this paticlll group at the cun·em time 
[2. 3]. 

There are several routes by which the surgeon per-
forming MT surgery may access the elise or sequestered elise 
fragment. Those invcstigmec! by this review are the imer-
laminar route (ILMI) and the transforaminal route (TF!'v11). 
At present, it is unclear whether MI surgery is superior to 
usual opcrati vc care (MD) for patients with sciatica due to 
lumbar disc herniation. This question applies to both 
clinical ellectiveness and cost-effectiveness. As such. a 
review of relevant studies is necessary to establish the 
current state or evidence. 

This study aims to systematically review controlled 
clinical studies relevant to determining the clinical- and 
cost-elTectivencss of minimally invasive surgery versus 
open microdisccctomy for lumbar disc herniation. 

Methods 

Published randomised and quasi-randomised controlled 
trials (RCTs) and non-randomised controlled studies were 
included if they enrolled patients with sciatica caused by 
herniated lumbar disc, and compared MI surgery with open 
minodiscectomy. Articles published in English, Dutch m 
German were included. 

The following techniques were compared separately to 
rnicrodiscectomy (MD): 

• lnterlaminar Ml surgery (lLMI). 
• Transforaminal MT surgery (TFMT). 

In MD, access to the herniated disc involved a dorsal 
incision, followed by removal of the lamina. ln ILMI, 
access via a small dorsal working channel was created by 
tubular retractors. followed by removal ol' the lamina to 
access the herniated disc. In TFMI, a lateral percutaneous 
technique was used to access the herniated disc through a 
small workin!l channel that runs through the foramen. MD 

~ -
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and ILMI require general anaesthetic, whereas TFMl can 
he petformed under local anaesthesia. 

Relevant studies were identified via a search of CEN-
TRAL, MEDLINE and EMBASE databases (Appendix 
Table 2) from inception to January 2013. All identified 
titles were independently screened for inclusion by two 
authors, and full-text articles obtained where appropriate. 
Full-text articles were then independently screened by two 
authors; a surgeon was consulted where contention over 
inclusion involved the sun!.ical intervention. -Risk of bias for all included RCTs was assessed using 
methods endorsed by the Cochrane Collaboration [4]. The 
risk of bias instrument categorises risk according to 12 
criteria, as outlined in Appendix Table 4. Risk of bias was 
assessed for all RCTs by two authors and points of dis-
agreement resolved by consensus. Non-randomised studies 
were not formally assessed for risk of bias but the overall 
quality of evidence was downgraded by one level for risk 
of bias for all estimates that included a non-randomised 
study. 

Outcomes were extracted into a spreadsheet and pooled 
within the two comparisons (1LMI vs. MD; TFMI vs. MD) 
at three time points; short term (up to 3 months), medium 
term (>3 to <12 months). and long term (12 months or 
more). Outcomes included: clinical outcomes (back pain, 
leg pain. function. improvement, work status, satisfaction); 
pcriopcrative outcomes (operative time, blood loss, length 
of stay. analgesic use, complications, reoperations); and 
costs (e.g. costs of interventions, health care utilisation, 
production losses). 

Random effect models were used to calculate pooled 
estimates, standardised mean differences (SMD). meun 
differences or odds ratios (OR), and 95 % confidence 
intervals. Random effect models were selected to account 
for heterogeneity, as such analyses with a high P were no! 
disregarded. When standard deviations were not reported. 
if possible an estimate derived from studies within the 
same comparison was used. The GRADE [51 approach was 
used to categorise the quality of evidence fnr each 
outcome. 

A subgroup analysis wus conducted to assess the 
influence on the method of visualisation, i.e. microscope 
or camera, was conducted. This was performed by 
inspecting the between-group effect sizes for only those 
studies that used camera visualisation versus all studies. 
Further, subgroup analyses were planned to investigate 
the effectiveness of Ml surgery on obese subjects and 
p<ttients with far·latcral, as opposed to central, disc her-
niations. However, none of the included studies reported 
results in such a way to enable these subgroup analyses. 
Studies in the ILMI vs. MD comparison were coded for 
the use of a camera or a microscope to assess the influ-
ence of this on outcome. 
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Table I Included swdies 

S1Udy Study Sampk Av, Av. lnclu~inn Outcntnes 
type size age- pain dur•Hion: 

months 

TUvll 
Arts 161 RCT 328 41.5 5 MRJ confirmed lumbar herniated disc <uJd Buck pain, leg pain, improvemcm, Roland 

p<"rsistcnl sciatica, failed cons. Rx !vlnrris. operative time, LOS, blood loss. 
complications, rcopcrations, Pmlo s<.:<Jle, 
hnlhersomcncss, SF36, c·ost 

Brock [8] RCT 125 51 First time lumbar discectomy, railed COliS. Leg pain, back pain, oswcstry, LOS, 
Rx analgesics 

Franke [9] RCT 100 44 Lumbar disc herniation, Kramer dislocation Bad.: pain, leg pain, oswcstry, RTW 
grade 3-5 operative lime, opcrutive time, LOS, 

neurological 
Garg I !Ol RCT 112 38 14.2 Persistent radiculopathy, failed cons. Rx. Oswcstry. operative time, blnod lnss. LOS, 

positive SLR complkmions. rcopcrations 
Huang 113] RCT :Z2 39 Failed cons. Rx or ~cute imractablc back Leg pain, l\kNah, operative time, blood 

ami leg pain, not improved with hcdrcsr loss, LOS, cmnplicatinns, incision, blond 
analyses 

Righcsso RCT 40 44 2 MRJ confirmed posterolateral disc Leg pain. oswcstry, RTW, operative lime, 
[I~] hcrni;;t!on. persistent radicular pain, bltaJd loss, LOS. e<.lmplicatiuns, 

fai I cd wns. Rx rcopcrations, incision. neurological status 
Ryang [ 19] RCT ()() 38.7 Singlc~lcvcl herniated disc, unilulcral Pain, oswcstry, operative time, LOS, blood 

radicular syrnp!Oms, faded cons. Rx loss, incision. SF36 
Sasaoka RCT 26 :n Requiring surgery for lumbar disc Back pain, JOA, operative time, blood loss, 

1201 herniation blood analyses 
.Schick 1211 RCT 30 40 28 CT ur MRI conlirmcd disc herniation, Muscle EMG 

recurrent cpismks nf radiculopathy. 
failed wns. Rx 

Shin 123! RCT 30 45 CT or MRl confirmed single-level disc Back pain, leg pain, opcnnivc time. blood 
herniation. failed cons. Rx loss, blood analyses 

Tell 1241 HCT 2-'lO 39 3 Symptomatic single-level disc herniation, Back pain, leg p~tin, oswestry, operative 
concordant neurological signs, fnikd time, complications, rcopcrmions. 
cons. Rx incision, SF36, cust 

Bennis [71 Pros SJ 42 MRI or CT c<llllirmcd single-level Pain, operative time, blum! loss, 
herniation. with persistent radicular complications, LOS, morphine 
S]mptorns. failed cons. Rx consumption 

Martin· Pros !38 45 5 MRI conllnncd disc herniation. McNab, operative time, LOS, 
Lacz [I .'i] radiculopathy. failed cons. K\ comrlications, rcoperations 

Schizas Pros 2/1 42 3 Uncontained Dr l~rgc contained disc lesions Chwestry, operative time, LOS, 
[22) complications, analgesics 

Toyonc Pros 40 17 MRl wnlinncd dis..: herniation, pcrshtcnt S;~tisfadiun 

!25J or rc..:urring leg pain. failed cons. Rx 
German Retro !72 43 First time. single-level lumbar di~ccctomy Operalive time, blood loss, LOS. narcotic 

II ! l usage, physio referrals 

Harrington Retro 66 42 J{adicular pain due to herniated disc, failed Oswcslry. operative time. blood loss, 
I 121 cons. Rx, no prior Jumbm surgery narcotic usage, LOS, cornplicat.inns 

Lau ( 14] Retm 45 4.1 Ncuro[oglcal ddicit or p;iin. failed cnns. Rx Pain, operative tim~. blood loss, LOS, 
cornp! ications, neurological 

Mur:unat.'u Rctm 40 32 Disc herniation and sciatita, resistant to Operative time, blond loss, MRI findings 
[Hi] cons. Rx 

Nakaga\-\ .. a Retro 60 40 Painful sciatica refractory ro cons. Rx JOA. RTW, operative time. blood loss. 
[ 17] analgesic use, complications, 

rcoperations, blood analyses, days fever 

Wu [26] Rctro 1231 42 5 MR! or CT confirmed prolapsed disc, Buck pain. leg pain. oswcstry, McN<lb, 
dinica! complaints consistent. failed RTW. nperativc time, bloud loss, LOS, 
tons. Rx analgesic usc, complications, reoper:nions 
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Tublc 1 ctmtinueu 

Study Study Sample Av" Av. 
type 

TFMI 
Hcrmamin RCT 

127) 

Krapp~ I RCT 
12')1 

Mayer [32] RCT 

Kim 128] Rctro 

Lee 131] Rctro 

Lee 10101 Rclm 

lLMl + TFMl 
R ucttcn RCT 
!lll 

RucHcn RCT 
[34] 

size 

60 

40 

.j() 

902 

60 

54 

200 

I 00 

age pain duration: 
months 

40 >:l 

40 >I 

41 6.9 

41 ll 

39 >3 

4-'i 

~J 3 

:w 2 

Eur Spine J (2014) 23:1021-1043 

lndusion Outcomes 

LBP and radicular symptoms, imaging Back pain, improvement, RTW, 
confirrneJ disc herniation a! L2~S l, failed satisfaction, narcotic usage, 
cons, Rx complications, rcopcrations 

MRT confirmed disc herniation, pcrsiSicnt l\lcN a b. RTW, wmpl i cations, rcopcruti o ns, 
radkulopathy, ncurologicnl deficit, failed cost 
cons, Rx 

Failed cons. Rx, small non~containcd Llisc lbck pain leg pain, disability, symptom 
bern i ali on score, RTW, operative time, rcopcrations 

Intractable radicular symptoms, failed cons. McNab, npcrativc time, blood Jms, 
Rx, singlc~lcvcl disc hcmiation complications, rcnpcrminns, radiological 

CT or 1\lRJ confirmed disc hcrniatinn, ~vlcNab, operative time, LOS, radiological 
unilateral leg > back pain. failed cons. 
Rx 

Previous open lumbar rnicrodisccclomy. Back pain, leg pain, oswcstry, operative 
rc.:urrcnt rudi<:ular pain, rv!Rl mnfirmcu time, LOS, tompliLations, rcopcrations 
disc herniation at same level, failed cons. 
Rx 

Rauicular pain and neurological deJkits, Back p:1in. leg pain, oswcstry, satisfaction, 
>HO % lwu failed cons. Rx operative lime, blood loss. complications, 

rcopcnnions, NASS score (pain and 
neurology) 

C!inical!y symplomatic recurrent disc Back pain, leg pain, oswcstry, satisfaction, 
hcrniution aftcr disccctomy, 1\IRI operative time, blond loss, complications, 
confinned disc herniation, radicular pain reopcmtimt>, NASS score (pain and 
and neurological deficits, 79 % had failed neurology) 
cons. Rx 

ILMI intcr!arninm minin1ally ilw<~>ivc surgery, TFAI! transforamiual minimally iuvasivc surgery, Pro.1· prosp~ctivc srudy design, Rerm retrospective 
study dcsign.JlW/op within 2 weeks of ~urgcry, R1W return to work, ··onx. Rx conservative treatment, LOS length of hospital stay, .lOA Japanese 
Orthopcuic Assodation uutcornc score 

Result~ 

The searches identified 4,138 titles (Appendix Figure 4): 
arter screening and exclusion on the basis or title and 
abstract, the full-text or 141 articles was reviewed and a 
runbcr 112 excluded (Appendix Table 3). Finally, 29 
studies were included in the review (total 11 ""' 4,472): 16 
were RCTs, four prospect[ ve cohorts and nine retrospect[ ve 
cohorts. A total of 21 studies [6~26] were included in the 
!LMI vs. MD comparison and six studies [27~321 in the 
TFMI vs .. MD comparison. Two RCTs [33, 34] included 
both ILMI and TFMl in their index group and compared 
these patients to a MD group. The results from these two 
studies were assessed separately from the ;1bovc. 

Diagnosis usually involved a history of pain with a der-
matomal distribution radiating down the leg that corresponded 
to MRI or CT conf1rmed nerve root compression by a herniated 
imervenebral disc. IV1ost included patients had experienced a 
period of unsuccessful non-operative treatment. The mean age 
of the participants was approximately 40 years; average 

<2J Springer 

symptom duration prior to surgery ranged from approximately 
l month-2 years (Table I). All RCTs except one had a high 
risk of bias, several used quasi-randomisation instead or true 
randomisation, allocation concealment was often uncertain, 
and blinding was uncommon (Appendix Table 4} 

Due to the high risk of bias, the quality of evidence was 
graded down by one level for risk of bias for all pooled 
estimates. The quality of evidence was graded down by two 
levels for risk of bias for all analy~es that included non-
randomised studies. Evidence level was graded down one 
further level due to imprecision if the total number of 
participants was <400 [351. 

Effects of interventions 

lnterlaminar minimally invasive surgery 
versus microdiscectomy (!Uv11 vs. MD) 

Eleven RCTs [6, 8-lO, 13, 18-21, 23. 24], four prospective 
studies [7, I 5, 22, 25] and six retrospective studies (I I, 12, 
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ILMI MD 
Study or Subgroup Mean so Total Mean so Total Weight 

Std. Mean Difference 
IV, Random, 95% Cl 

Std. Mean Difference 
IV, Random, 95% Cl 

Arts 2009 20.1 22 167 
Brock 2008 0.9 1.4 66 
Huang 2005 1.5 1.4 10 
Righesso 2007 1.5 1.4 21 
Shin 2008 2.5 1.6 15 
Teli 2010 1 1 70 

15.6 23,3 
1.4 1.4 
1.4 1.4 
1.2 1.4 
2.4 2.1 

1 1 

161 
59 
12 
19 
15 
72 

34.8% 
20,9°/;; 

5.3c:lfo 
9.0%;; 
?.o~~ri 

22.9% 

0.20 [-0.02, 0.42] 
·0.35 [·0. 71' -0.00] 

0.07 [-0. 77, 0.91 J 
0.21 [-0.41' 0.83] 
0.05 [·0.66, 0.77] 
0.00 [-0.33, 0.33] 

Total (95% Cl) 349 336 100.0% 0.02 [-0.18, 0.22] 
' Heterogeneity: Tau•" 0.02; Chi2"' 7.16, df " 5 (P " 0.21 ); 1• = 30% ' 

·2 ' ·1 0 1 2 
Test for overall effect: Z"' 0.20 (P'" 0.84) Favours lLMI Favours MD 

Fig. 1 ShnrHcnn kg pain: intcrlaminar minimally invasin: versus microdisccctomy 

ILMl MD 
Study or Subgroup Mean SO Total Mean SO Total Weight 
2.19.1 ACTs 
Arts 2009 4.7 6.5 167 3.4 6.3 161 36.4S-b 
Franko 2009 (Index) 9 15 27 15.5 15 23 7,9o/o 
Franko 2009 {Transfer) 11.6 15 25 11.6 15 25 8, 1~{;. 
Garg 2011 1.75 15 55 2.14 15 57 16.5% 
Righesso 2007 10 15 21 8 15 19 6.6°/-:. 
Toli 2010 14 4 70 13 4 72 19.9% 
Subtotal (95% Cl) 365 357 95.5% 
Hetorogonoity: Tau2 "'o.oo; Chi""' 5.53. dl ~ 5 (P" 0.35); I>~ 10% 
Test for overall effect: Z"' 1.28 (P '"0.20) 

2.19.2 Non-randomized 
Schizas 2005 22.3 12 14 15 12 14 4.5°/w. 
Subtotal (95% Cl) 14 14 4.5% 
Heterogcnoity: Not applicablo 
Tost for overall effect: Z ~ 1.52 (P "'0.13) 

Std. Mean Difference 
IV, Random, 95% Cl 

0.20 [·0.01, 0.42] 
-0.43 [·0.99, 0.14] 
0.00 [·0.55, 0.55] 

-0,03 [·0.40, 0.34] 
0.13 [·0.49, 0.75] 
0.25 [·0.08, 0.58] 
0.10 [-0.06, 0.26] 

0.59 [·0, 17, 1.35] 
0.59 [-0.17, 1.35] 

' ' 

Std. Mean Difference 
IV Random 95% Cl 

-18-

• 

Total (95% Cl) 379 371 100.0% 0.12 [·0.04, 0.29] ~ 
""' h'" ~ f ~ 6 p "'0. • 2-;::;:: Q,' ' ' HetorogenCI!y Tau 0.01, C 1 6.98, d 32). I 14 ,c 

Test for overall effect: Z"' 1.43 (P ~ 0. 15) 
Test for subgroup differences: Chi''" 1.51, df ~ 1 (P "'0.22), F"' 33.6% 

-2 -1 0 1 2 
Favours ILMI Favours MD 

Fig. 2 Long-term function: intcrlaminar minimally inv~;sivc versus mlcrodisccc!Omy 

14, !6, l7, 261 were included in the ILMI vs. MD com-
parison (Appendix Table 5). 

There is moderate quality evidence that 1LMT is not 
superior to MD on clinical outcomes of back pain [6~8, 23, 
24] (!'our RCTs, nne non-ramlomised studies; 11 = 640) and 
leg pain [6, 8, 13, lR, :23, 24] (six RCTs: n = 687) (Fig. l) 
and low quality evidence of no difference on composite 
pain (back and leg) f9, 19, 261 (two RCTs, one non-ran-
domised study: 11 = 1,391) or patient satisfaction [25] (one 
non-randomised study; n = 40) at any time point. There is 
moderate quality evidence from six RCTs r6, R-10, 24, 36] 
(11 = 847) and two non-randornised studies I l 2. 26] that 
short-term function outcomes are bcl!er in the MD group. 
This difference is small (SMD 0.17, 95% Cl 0.0~0.34) and 
is not maintained at medium or long term (Fig. 2). There is 
low quality evidence from two RCTs [6, 131 (n = 338) that 
long-term general improvement is greater in the MD 
groups; the difference is not significant when two non-
randomised studies are included (total n = I ,9R5). 

Although three studies (n = 1.271) report time to return to 
work [ 17, 18, 26], none report sufficient data to calculate a 
pooled estimate of the between-group difference. 

There is moderate quality evidence from eight RCTs [G, 
I 0, l3, 18-20, 23, 241 (total 11 = 760) that ILMI takes 
longer than MD (mean increase in minutes; 11.64, CI 
5.04-18.23); the estimate was similar when eight non-
randomised studies !7. 1!, 12, 14-17, 26] are included 
(total n = 2,595). Mean operative time for the ILMI was 
89.4 min and for MD; 64.9 min. There is moderate quality 
evidence from live RCTs [6, 10, 13, 18, 19] (totaln = 562) 
that length of hospital stay is not different; however, when 
six nnn-randomised studies [7, l J, 14, 15, 22, 26] (total 
n = 2,259) are included there is low quality evidence that 
it is reduced in the JLMI group (number of days fewer; 
1.49, CJ 0.43~2.54). There is low quality evidence from six 
RCTs [10, 13, 18-20, 23] (total1z = 290) that blood loss is 
not different, bnl when six non-randomised studies [ 11, 12, 
14, 16, 17, 26} (totaln = 1,904) are included there is low 
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ILMI MD Odds Ratio Odds Ratio 
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H Random 95% Cl ' ' 
2.35.1 ACTs 
Arts 2009 19 167 14 161 19.6% 1.35 [0.65, 2.79] 
Franke 2009 (Index) 2 52 3 48 3.1 ~10 0.60 [0.1 0, 3.76] 
Garg 2011 5 55 5 57 6, 1~~ 1.04 [0.28, 3.81] 
Huang 2005 1 10 1 12 1.2~6 1.22 [0.07, 22.40] 
Righesso 2007 2 21 0 19 1.1 <;-;, 5.00 [0.23, 111.05] 
Ryang 2008 2 30 6 30 3.6% 0.29 [0.05, 1.55] 
Teli 2010 11 70 7 72 10.1% 1. 73 [0.63, 4. 76] 
Subtotal (95% Cl) 405 399 44.9% 1.18 [0.73, 1.91] 
Total events 42 36 
Heterogeneity: Tau>= 0.00; Chi>= 4.78, df = 6 (P = 0.57); t< = 0% 
Test for overall effect: 2 = 0.68 (P = 0.49) 

2.35.2 Non-randomized 
Bennis 2009 5 57 3 26 4.5°/o 0.74 [0.16, 3.35] 
German 2008 4 49 6 123 6.0% 1.73 [0.47, 6.43] 
Lau 2011 4 20 6 25 5.1% 0.79 [0.19, 3.31] 
Martin-Laez 2012 3 37 10 101 5.7% 0.80 [0.21. 3.09] 
Nakagawa 2003 2 30 0 30 1.1 %, 5.35 [0.25, 116.31] 
Schizas 2005 2 14 0 14 1.1% 5.60 [0.25, 132.56] 
Wu 2006 35 873 19 358 31.6% 0.75 [0.42, 1.32] 

~ Subtotal (95% Cl} 1080 677 55.1% 0.90 [0.58, 1.38] ... 
Total events 55 44 
Heterogeneity: Tau'"' 0.00; Chi>"' 4.18, df = 6 (P = 0.65); I'= 0% 
Test for overall effect: Z = 0.50 (P = 0.62) 

Total (95% Cl} 1485 1076 100.0% 1.01 (0.74, 1.40] ... ~ 
Total events 97 80 

' ' I 
2:.::: ·.::: = = "' 2::;,;: 0' Heterogeneity. Tau 0.00, Ch1 9.65, df 13 (P 0.72), I O,o 0.02 0.1 10 50 1 

Test for overall effect: Z = 0.09 (P = 0.93) Favours ILMI Favours MD 
Test for subgroup differences: Chi>= 0.71, df = 1 (P = OAO), 12"' 0% 

Fig. 3 Complicmion rat~>: intcrlaminar minimally invasive versus miuodisccctomy 

quality evidence that blood loss is less in the ILMT group 
(millilitres of blood loss less; 51.64, CI 22.34--80.94). 
There is low quality evidence (six RCTs; H = 804) that 
there is no dilTerence in the rate of complications !6. 7, 9-
ll, 13~15, 17~19, 22. 26j, the estimate being largely 
unaffected by the addition of seven non-randomiscd studies 
(total n = 2,561) {Fig. 3 ). and moderate quality evidence 
(six RCTs; n = 782) that there is no difference in rate of 
reoperatinn [6, 9, 10, 12, 15, 17~19, 24, 26], the estimate 
being largely unaffected by inclusion of four non-ran-
domised studies (total n = 2,277), There is low quality 
evidence rrom three non-randomised studies [7, I 1, 12] 
(total n = 321) that TLMI results in reduced postoperative 
morphine requirement and four [8, 17, 22, 261 further 
studies (11 = l ,445) also reponed data suggesting reduced 
analgesic usage in the ILMI group, but these could not be 
pooled. 

Two RCTs reported data regarding costs. One high 
quality RCT !6. 37) {II = 328) reported quality-adjusted 
I ife-ycars, and costs of the treatmenls from a societal per-
spective. They found non-significant differences on hnth 
measures. Per-patient interventiDn costs for the two gwups 
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were US$5,529 for JLMl and US$5,070 for MD and total 
societal costs were; US$ l 6,858 and US$15,367, respec-
tively. One RCT [24] (n = 142) reported that ILMI is more 
expensive than MD {mean difference; US$728), hut did not 
conduct a cost-effectiveness analysis. The costs" were 
limited to direct medical costs; surgical instrumentation, 
operating theatn:. inpatient costs and reoperations, The 
average costs were US$3,913 for ILMI and US$3, 185 for 
MD. 

"Costs were converted from Euros using the formula: 
I E = 1.3 US$, the approximate conversion rate at the time 
of publication (20 I 0). http://www.x-rates.com/averagc/ 
?f'rom=EUR&to=USD&amount= I &ycar=20 10 . 

A subgroup analysis was conducted to assess whether 
the method of visualisation {camera or microscope} inilu-
enced the tlndings. Excluding studies that used a micro· 
scope fnr visualisation had only a small impact on the 
results; in most cases, point estimates were very similar 
but, as would be expected, conlldence intervals wider. The 
overall conclusions of the comparison between ILMI 
discectomy and conventional disccctomy are not substan· 
tially inllucnced by the method of visualisation. 
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Transforaminal minimally invasive surgery 
versus microdiscectomy (TFMJ vs. MD) 

Three RCTs [27. 29. 32] and three retrospective studies 
[28, 30. 31] were included in the TFMJ vs. MD comparison 
(Appendix Table 6). 

There is low quality evidence that TFMI is not superior to 
MD for back pain [27, 30, 32} (three RCTs, one non ran-
domiscd; n = 154 ), leg p:1in [30, 32] (one RCTs, one non 
randomised; 11 = I 00) or patient satisfaction [27] (one RCT; 
n = 60) and very low quality evidence that there is no dif-
ference in function or general improvement [27-29, 31, 32] 
(three RCTs, three non-randomised; 11 = I, 169) at any time 
point. There is low quality evidence from two RCTs 
(n = 80) that there is no difference in the proportion of 
people who return to work [29, 321. one further RCT [27] 
(If = 60) measured return to work in days but docs not report 
sufficient dcwil to estimate the between-group di!Terence. 

There is low quality evidence from two RCTs and three 
non-randomiscd studies (11 = I ,109) that operative time 
[28~32] is not different; mean operative time was 55.2 min 
for TFMI and 60.3 min for MD. Very low quality evidence 
suggests that there is no difference in length of hospital 
stay [29<Hl (one RCT, two non-randomised; n = 154) or 
rate of complications [27~30] {two RCTs, two non-ran-
domised; 11 = 1,056). There is low quality evidence from 
three RCTs [27, 29, 32] (totaln = 160) of no dirfercnce in 
reoperation rate, but low quality evidence that TFMI results 
in more reopcrations when two non-randornised, retro-
spect[ ve studies [28, 30] (total 1r = Ll29) are included 
(OR; 1.69, C! 1.06-2.71 ). 

One RCT [29] (n = 40) reported that TFMI is more 
expensive than MD. The costs included in this comparison 
were a per-minute calculation of operation theatre costs, 
per-day calculation for hospital in-patient stay, cost of 
equipment sterilisation and the cost of two endoscopes per 
operation. The total costsh were US$7 .707 for TF and 
US$ 1,417 for MD. It is noted that most of the difference is 
accounted for by the cost or two endoscopes (US$3,422) 
and further that technological advances since the publica-
tion of this study limit the gencralizabil ity of these results 
to the current situation. 

hCosts were converted from Deutschmarks using the for-
mula: l Deutschmark = 0.5 US$, the approximate conver-
sion rate at the time of publication (200\) (http://www. 
history. ucsb.edu/facul ty/marcuse/projccts/currcncy. him). 

Mixed RCTs 

Two RCTs [33, 34] (n = 200 and 11 = 1 00) allocated 
patients either to MI surgery (interlaminar or transforami-
nal approach) or to MD (Appendix Table 7). In the M! 
arm, IL approach was generally used for herniations inside 
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the spinal canal and TF for intra- and extra-foramina! 
herniations, although the final decision was at the discre-
tion of the surgeon. One study included patients with first 
time disc herniations 133], the other only patients with 
recurrent disc herniations who previously had discectomy 
surgery [34] at the same level. These studies were both 
judged to have a high risk of bias (Appendix Table 4). As 
such all pooled analyses provide low quality evidence. 

There is low quality evidence that the effects of minimally 
invasive surgery (IL or TF) for patients with first time [33] 
and recurrent disc herniations [34] arc not different to MD on 
back pain, leg pain or function at any time point. There is low 
quality evidence that more patients are satistled with Ml (OR: 
2.26, CI 1.23-4.15) and low quality evidence that the pooled 
Oswestry score is lower (better function) at one year follow-
up in the Ivll group (SMD: -0.29, CI -0.51 to -0.06). It is 
noted that this latter difference is not significant in either 
individual study or at any of the other time-points. 

There is low quality evidence that operative time (mean 
decrease in minutes; 27.33. Cl 40.06-14.59) was reduced 
compared to MD. Mean MI surgery time was 23 min and 
MD 50.5 min. There is low quality evidence that compli-
cations (OR; 0.23, Cl 0.09-0.58) are reduced compared to 
MD and low quality evidence that rate of reoperntion is not 
different. 

Discussion 

There is moderate to low quality evidence of nodi lTcrcnccs 
in clinical outcomes bet\veen Ml surgery, using either the 
intcrlaminar or the transforaminal approach, and conven-
tional microdiscectomy. This finding relates to the key 
outcomes of back pain. leg pain, function and general 
improvement and is not affected by length of follow-up or 
inclusion of non-randornised studies. The few significant 
differences found were too small to be of clinical relevance 
and not maintained over time. While studies reported data 
related to return to work rates, the heterogeneity with 
which this outcome was measured made synthesis prob-
lematic. As such it is not possible to provide a conclusion 
regarding the relative effectiveness on return to work. With 
regard to periopcrative outcomes. there was also low to 
moderate evidence of no difference between MI and MD 
for most outcomes; this is particularly notable for corn-
plication and reopcration rates. Two RCTs [6, 24. 37} 
assessed the costs of ILMI vs. MD: one was u high quality 
study and conducted a full cost-effectiveness analysis. 
They reported no significant difference on quality-adjusted 
life-years or total costs from a societal perspective. 

The re~ults regarding operative times arc dif!icult to 
interpret; while there was moderate quality evidence that 
JLMI surgery takes 10-15 min longer than MD, there is 
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considerable heterogeneity amongst operative times in the 
included studies. This may be explained by the learning 
curve associated with Ml surgery 138], variability in the 
techniques used and differences in how operative time was 
Llelined, for example whether or not total time under 
anaesthesia was measured. Similarly, there was low quality 
evidence of a difference of 1.5 d<Jys in menn length of 
hospital stay in favour of lLMI, but times were quite var-
iable between the included studies. It is not clear what the 
source of this variability was. 

A review of TFMl surgery compared to MD was recently 
published [39] and reports on findings from four studies also 
included in this review. The review docs not provide a fomwl 
evidence synthesis but it concludes strongly in favour of 
transforaminal surgery. On the basis of our more compre-
hensive review process, we contend that the available evi-
dence suggests no real difference with respect to clinical 
outcomes. Par! of this review (TFMl vs. I\lD) updates that 
conducted by Ncllenstcijn ct al. [36]: since then one rclev<mt 
RCT and one controlled retrospective study have been pub-
lished. The conclusion that there is no difference in clinical 
outcomes between the surgical types remains the same. A 
review by Jacobs et al. [40) includes many of the same studies 
included in this review and concluded that it was not possible 
to estimate the di llcrcncc in clinical outcomes between the 
surgery types. 

Assigning an acceptable definition for minimally invasive 
surgery in such a dynamic field is challenging. The intcr-
vent.ions investigated in this review involve use of a tubular 
system to retract tissues overlying the disc and to provide a 
working portal. It is recognised that other procedures arc 
someti mcs designated as minimally invasive surgery, 
including automated percutaneous discectorny [41], nuc-
leoplasty [42], chemonucleolys!s [43] and laser disc decom-
pression [44]. The decision to adopt the above dcllnition to 
focus the scope of the review was made to ensure sufficient 
homogeneity to draw clinically applicable t:onclusions. 

The strengths of this review include the sensitive search 
~trategy and the use of best-practice systematic review meth-
odology as endorsed by the Cochrane Collaboration [45]. This 
includes a protocol established prior to commencement of the 
review, inLlependent screening of identified studies for eligi-
bility, risk of bias assessment and explicit report of decisions. 
Evidence was synthesised and assessed using a standardised 
method which takes into account risk of bias and sample size 
when assessing the quality of the evidence. The review is 
up-to-date, and provides a synthesis of both randomiscd and 
non-randomised studies, with appropriate treatment of the 
increased risk of bias associated with the Iauer study type. 

There are several limitations associated with the findings 
of this review, particularly with respect to the number and size 
of RCTs included in the TFMI vs. MD comparison. Lack of 
power is a problem common to most of the included RCTs, 
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and even the pooled analyses in thcTFMI vs. MD comparison 
often included only small total samples. It is conceivable that 
the lack of difference observed between TFMI and MD in 
studies conducted to date is a Type II cmJr due to insufficient 
power. An RCT, with robust methodology and adequate 
sample size, comparing transforaminal surgery to conven-
tional microdisccctomy, is yet to be conducted. Such a study 
should pay appropriate attention to clinical concerns, such as 
indications for surgery, location of the disc fragment, surgical 
complications, muscle damage, operative time, standardised 
measurement of patient-relevant outcomes, and methodo-
logical features such as; sample size, concealed allocation, 
random allocation and blinding where possible. As Ml 
methods might hypothetically lead to a shorter hospital stay 
and earlier return to work, a comprehensive cost-effective-
ness study including a societal perspective should be con-
ducted alongside the RCT. 

With respect to the ILMT vs. MD cornpalison, the 
number of included studies ensured satisfactory power for 
many of the analyses. This comparison also contains one 
well-powered, low risk of bias RCT [6}; the results of the 
pooled analyses are very similar to those found in this 
studv. This increases cnnlldencc in the conclusion that • 
there is no substantial difference in terms of clinical out-
comes between ILMI and MD. 

Conclusions 

There is evidence from a substantial number of compara-
tive studies that suggest that clinical outcomes are not 
different between interlaminar minimally invasive discec-
tomy and conventional microdicectomy. The available 
evidence also points towards no difference on pcrioperative 
and cost outcomes, although in some cases it is less com-
pelling. Conclusions regarding the differences in effect 
between transforaminal disccctomy and conventional mi-
erodisccctomy are difficult to draw due to the lack of high 
quality studies. While available evidence also suggests that 
outcomes arc comparable, wcll·designcd research of suf-
ficient power could change estimates of effect. 
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Table 2 !\IEDL!NE search strategy 

(Spinal diseases.af OR lntenenebral disk di~placernent.af OR Spinal osteophytosis.af OR Spinal stenosis.nf OR Spnndylurlhritis.af OR 
Spondylitis.af OR Spondy!oHsthcsis.:tf OR "Spinal Ostcophytosis".af OR Back pain.af OR sciatica.af OR rmliculopathy.af OR "Spinal 
Coni Compression".af OR back.af OR spine.af OR ((stenosisJi.ab OR osteophytosis.ti.nh.) AND (spinc.ti,ab OR spinal.ti,ab OR 
vertebr'' .ti,ab)) OR Jiscopath*.ti,ab OR Jiskopath*.ti,ab OR disk disp!accmcnui,ab OR Jl,;c displ;!ccmenui,ab OR spondylarthritis.ti,ab 
OR spondylitis.li,ab OR spondylnlisthesis.li,ab OR sciatic:l.ti,:Jb OR b:1ck pain.ti,ab.) 

AND 
{"Endoscopy" .a f. or "Arthro,;copy". a f. or "Video-Assisted Surgery". a f. or "Surgical Procedures, Minimally Invasive". a f. or 

"Microsurgery". a f. or "Diskcctomy, Percutaneous". a f. or cndoscop* .ti ,a b. or microcudoscnp* .ti,ab. or microsurgery .ti,ab. or 
micro>urgical.ti.abc or arthroscop*.ti.ahc or Forarninotom*.ti,ab. or foraminoplast*.li,ab. or minimally invasive surgery.ti,ab. or video 
a,;sist cd su rgcry. ti,ab. or d i scoscop~ .t i, ub. or Pcrcutancou s transform i nal cndoscop ic disccctomy. aL or Percutaneous t ransformin al 
endoscopic disccctomy.ti,ab. or Surgical procedures. af. or Surgical proccdurcs.ti,ab. or Disccctomy Spinal cord compression. af. or 
Disccctomy Spinal cord compression.ti,ab. or Discettumy Spinal cord decompression. af. or Discectomy Spin<Jl cord dccomprcssion.ti,ab. 
or Percutaneous Sciatic<!. af. or Percutaneous Sdutica.ti,ab.) 

AND 
(randomized controtlcd trial.pL OR controlled clinical tri<lLp!. OR randomizcd.ab. OR placebo.ab. OR randDmlycab. OR trial.ah. OR 

groups.ab.) 

Table 3 Excluded studies 

Surgery type 

l. Barth 1\l, Dicpcrs t-1, Weiss C, Thome C. Two-year outcome after lumbar micrndi,cectomy versus microscopic sequestrectomy: part 2: 
radiographic evaluation and correlation with clinical outcome. Spine. 200R;33:2Tl·9 

2. Bistrovic IL Ljuhicic D, Ekl D, Pcnczic L, Mocenic D, Stancic l\IF. Jnnucncc ol' dcpn:ssion on patients' satisfaction with the outcome of 
rnicrnsurgic:Jl ''kcy·hole" vs classical disccctomy: Prospeclive matchcd-cohnn study. Croatian 1\lcdical Journal. 2002;~3(6):702-6 

3. Bokov A. Skorodurnov A, lsrclov A, S!Upak Y. Kukarin A. Differential treatment of nerve root compression pain caused by lumbar disc 
herniation applying nuclcoplasty. Pain Physician. 20 10; 13(5):469-SO 

4. Casp:H· W, Campbell B. Barbier DD, Kretschmmcr R, Gotfried Y, The Casp:1r microsurgical discectomy and comparison with a 
conventional standard lumbar disc pmccuure. Neurosurgery. !991 ;28:78-7 

5. Ch;Htcrjcc .S, Fny PM, Findlay GF. Report nf a cnr!lrnlled clinical trial comparing autorn:llcd percutaneous lumbar disccctnrny and 
microdisccctomy in the treatment of conLaineLI lumbar disc herniation. Spine. 1995:20:734·8 

6. Doncccl !', Du Bois !vi. Fitness for work after surgery for lumb;1r disc herniation: a retrospective smdy. European spine journaL 
1998:7:29-35 

7. Faulhauer K, Manicke C. Fragment excision versus conventional disc removal iu the microsurgical treatrnem of herniated lumbar disc, 
Acta Ncurochirurg. 1995: UJD-4): 107-11 

8. Haines SJ, Jordan N, Boen JR, Nyman JA, Oldridgc NB, Lindgren BR. Disccwnuy stratcgks for lumbar disc herniation: results of the 
LAPDOG trial. Journal of Clinical Ncuroscicrwc. 2002;<)(~)41 H7 

lJ. Henriksen L, Schmidt K, Eskcsen V, Jantzen E A controlled study of microsurgical versus standard lumbar disccctomy. British journal of 
neurosurgery. 1996; 10:2R9-93 

10. Hoogland T, Schubert i'vl, Mikli!z B, Ramirez A Transforaminal postcrolatt!ral endoscopic disccc!Omy with or without the combination of 
a }ow-Jose chymopapain: A prospective randomized study in 280 consecutive cases. Spine> 2006;3 1(24):E890-E7 

II. Isaacs RE, Podichclly V, Fessler RG. Microcndoscopic discectnrny for recurrent disc herniations. Neurosurgical focus, 2003;J5:EJ J 
I 2. Kahanovitz N, Viola K. .Muculloch 1. Limited surgical disccctorny and rnicrodisceclomy, A clinical comparison. Spine. llJ89; 14( I ):79-S I 
I~. K;uayama Y, Matsuyama Y, Yoshihara H, et nl. Comparison of surgical outcomes between macro discecwmy and micro discectorny for 

lumbar disc herniation: A prospective randorni7.cd study with surgery performed by the same spine surgeon. Journal of Spinal Dismdcrs and 
Techniques. 2006; 19(5):344-7 

14. Kruglugcr J, Knahr K. Chcmonuclcolysis am! automated percutaneous discccromy-a prospective mndornizcd comparison. lntcrn:uional 
orthopaedics, 2000;24: 167-9 

15. Lagarriguc J. Chayncs P. Comparative study of lumb:1r disccctorny with or without microscope. i\ prospective ;malysc of RO cases. 
Ncurochimrgie. 19<)4;~0(2 ): 116-20 

16. Lc H, Sandhu FA, Fcsskr RG. Clinical outcomes afier minimal-access surgery fur n;current lumbar disc herniation. Neurosurgical focus. 
2003; J 5:E !2 

17. Lee SH, Lee SJ, Park KH, ct al. Comparison of percutaneous manual and endoscopic laser discectomy with chcrrmnucko!ysis and 
automated nucleotorny. Orthop:ldc. 1996;25( I ):4lJ-55 

1 R. Lemcke J. Al-Zain F. Mutzc S, Meier U. Minimaily in\·asive spinal surgery using nuckoplasty <llld the dekomprcssnr tool: A comparison 
of two method;; in a one year follow-up. Minimally Invasive Neurosurgery. 2010;53(5·6):236·42 
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Table 3 cnll!inucd 

Surgery type 

19. Liu T. Zhou Y, Wang J, Chu TW, Li C, Zhang ZF. et aL Clinical efficacy of three diiTerent minimally invasive procedures for far lalerul 
lumbar uisc herniation. Chinese MeLli cal Journal. 20 12; 125(6): 1 082·8 

20. Liu WG, Wu XT. Guo JH, Zhuang SY, Tcng GJ. Long-term omcomcs of patients with lumhnr disc herniation trcalcd wilh percutaneous 
disccctomy: Cmnparative study with microcndoscopic disccctomy. Cardiovascular and Jntcrvcntion;ll R;ldiology. 2010;~3(4):780-6 

21. Marin FZ. CAM versus nuclcnpl;1sty. Acta ncurochirurgica Supplement. 2005;92( I 00962752): 111-4 
22. tvLiroon JC, Abla A. l\licrodisccctomy versus chcmnnuclcolysis. Ncurnsurgcry. !985;16:644·9 
21. Matsumoln 1vT. \Vallmabc K, Tuji T, d ;1L l'vlicrocndoscopic discectomy for lumbar disc herniation with bony fragment due to apophyseal 
s~panllion. Minimally Invasive Ncumsurgcry, 2007;50(6):335·9 

::>4. Osterman H, Seitsaln S, Karppincn J. Malrnivaara A Effectiveness nf microrliscectomy for lumbar disc herniation· a randomized 
controlkd trial with 2 year;; of follow-up. Spine. 2006;31 :2409-14 

25. Park BS, Kwon Y J, Wnn YS, Shi11 HC. Minimally invasive muscle sparing transmuscular microdiscc~tmny: Technique and cmnp;~rison 
with conventional subperiosteal microdiscetiDmy during the early postoperative period. Joumal of Korean Neurosurgical Society, 
20 l 0:4R(3 ):215·9 

26. Porchet F, Bartltnusz V, Klcinstucck FS, Lattig F, Jcszcnszky D, Grob D. ct al. Microdisccctmny compared with standard discectomy: An 
old problem revisited with new n11lcomc measures within the framework nf a spine surgical registry. European Spine Journnl. 
2009; IS(Suppl 3):S360·S6 

27. Sahcrsk! Lit A retrospective analysis of spinal canal endoscopy and lmnincctorny outcomes duw. Pain Physician. 2000;3(2): 193-6 
28. Tassi GP. Cnmpari,;on of results of 500 microdiscectomics and 500 p~rcutancous laser disc decompression procc:durcs for lumbar disc 

h cmiation. l'hotmned i cin c and Laser S urgcry. 2006;24( 6 ): 694-7 
2lJ. Thome C, Barth M, Sdwrf J. Schmicdck P. Outcome after lumbar sequestrectomy compared with microdisccctomy: a prospective 

rantlomi zed study. J uurnal of N.:urosurgcry Spine. 2005 :2(3) :27! ·8 
10. Tul!berg T, bacsnn J, \Vcidcnllidrn L Does microscopic rcmuval of lumbar disc herni;1tion lead to better results than the standard 

proccdurc'f Rc,ults of CJ one-year randomized study. Spine, 1993;1 S(l ):24-7 
31. Tullbcrg T. Rydberg J, lsacsson .L Radiographic changes after lumbar discectomy. Sequential enhanced computed tomography in relation 

to clinical observations. Spine. 19l)3;1R;S4.1-50 
32. Tureycn K. Ont-levcl one-sided lmnb:1r disc surgery with and without microscopic assistance: !-year outcome in 1!4 consecutive 

patients, Journal of Neurosurgery 2003;99(3)'247-50 
33. \Vatters WC, 3rd, Mirkovic S, Boss J. Treatment or the isolated lumbar intervertebral disc herniation: microdisccctomy versus 

chernnnuclcolysis. Spine, 1988: I :l:J60<? 
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Table 5 ILMJ vs, r.tD GRADE evidence summary 

Quality assessment 

No. of 
studies 

Design Roll Inconsistency Indirectness Imprecision 

Back pain short term (follow-up I week; measured with; VAS; better indicated by [ower values) 
4 RCT Serious 1 No Serious No Serious No Serious 

i neon sistcncy indirectness 
. . 
unprcc1stnn 

5 !\-fixed Very No serious No serious No serious 
seriousJ inconsistency indirectness imprecision 

Back pain medium tcnn (follow-up 6 months: mensured with: VAS; better indicated by lower values) 

2 RCT No serious No serious No serious 
i ncnnsist enc y indi rcc I ness i mprect sion 

Back pain long tenn (follow-up 12 mmllhs; measured with: VAS; better indicated hy lower values) 

2 RCT S . ! 
emltlS No serious 

inconsistency 
No serious 

indirectness 
No serious 

lrnprcctSIOn 

Back pain long term (follow-up 24 month:>; as:>esscd with: proportion with ongoing pain) 

l t !3J HCT Serious 1 No scri nus 
inconsistency 

No serious 
indirectness 

Leg pain short term (follow-up 4 weeks; measured with: VAS: better indicated by Iowa values) 

6 RCT Scrious1 No serious No serious No serious 
inconsistency indirectness imprecrston 

Leg pain medium term (follow-up 6 months; measured with: VAS; hdter indicat~d by lower values) 

RCT Serious' No serious No serious No serious 
inconsistency indirectness 1mprcc1stml 

Leg pain long term (follow-up 12 months; measured with: VAS; hetter indicated hy lower values) 

3 RCT S . I , cnous No serious No serious No serious 
inconsistency indiret:tness unprectston 

Leg pain long tenn (follow-up 24 months; measmcd with: VAS; bencr indicated hy lower va!u~s) 

3 RCT Serious 1 No serious No serious 
incon sistcncy iml i rcctnc ss 

Back/leg pain short term (follow-up week; measured with: V i\S: better indicated by lower values) 
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inconsistency indirectness 

3 Mixed Very No serious No serious No serious 
scrious1 inconsistency ind i rcc tncss imprecision 

No, of patienb 

Other !Uvll 

None 318 

None 307 

None 237 

None 237 

None 70 

None 349 

None 25!l 

None 25R 

None 91 

None 52 

None 925 

Ilack/Jcg pain medium term (fnllow-tlp 6 months; measured with: VAS; better indicated hy lower v:1iues} 

2 RCf Serious 1 No serious No serious Serious2 

inconsistency indi reel ness 

B;~ck/Jcg pain long term (follow-up 12 month.~; measured with: VAS; better indic<~ted by lower v;~lues) 

3 RCT Scrious 1 No serious 
incons i stcncy 

No serious 
indirectness 

Serious" 

None 52 

None 82 

Control 

307 

333 

233 

72 

338 

252 

252 

91 

48 

406 

4g 

Effect (95 'ib Cl) 

SMD 0.28 t ~0. 79 to 
0.23) 

SMD 0.1 R ( --0.55 to 
0.19) 

SIVID 0.11 ( ~-O.OX to 
0.29) 

SMD 0.14 ( ~0.04 1o 

OJ3) 

SMD 0 ( --0.33 to 0.33) 

Slim 0.02 ( ~o. 1 H to 
0.22) 

SMD 0.05 ( ~0.12 to 
0.23) 

SM D 0.12 ( ~0.05 to 
0.29) 

Quality 

MODERATE 

<h':.!OO LOW 

MODERATE 

l\IODERA Tl3 

!£)')00 LOW 

(fJ(~)(pQ 

MODERATE 

MODERATE 

GJt:::cDO 
MODERATE 

SMD 0..15 (~0.51 to 1.4) GJ(C)00 LOW 

SMD ~0.12 (--1.65 to 
1 A I) 

SMD ~0.13 ( ~(L 78 to 
053) 

SMD -0.49 (--1.69 tn 
0.72) 

SMD ~0.09 ( ~OAO to 
0.22) 

fGSOO LOW 

d'i:lOO LOW 

GJS00 LOW 

"' c 
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Tahlc 5 continued 

Quality assessment No. of patients 
·-·--------------------

No. of 
sllldics 

Design RoB lncnnsistcncy lndirccllwss Imprecision Other IL~ll Control 

Function short term (folhm~up 3 months; measured with: VAS; llcttcr indicated hy lower values) 

7 RCT Serious 1 Nn serious 
i nconsi ste ncy 

No serious 
indirectness 

No serious 
nnprens10 n 

None 431 

9 1v!ixed Very No serious No serious Nn serious None 
• "1 scnous in~onsistency indirectness imprecision 

Function pain medium term (follow-up 6 months; me;1sured With: VAS: bcllcr indicated by lower valu~s) 

6 RCf No serious 
inconsistency 

No seriotl~ 
imtirccmess 

Nn serious 
i rnpredsinn 

Function long term (f!Jllow-up 12 months; measured with: VAS; better indicated by lower values) 

6 RCT Serious t No serious No serious No serious 

7 ~lixcd Very 
scrious 1 

inconsistency 
No serious 

incon>istcncy 

indirccwcss 

No serious 
indirectness 

unprcctston 

N n seri nus 
• • 0 

1 mprects 1011 

Function pain long term (follow-up 24 months; assessed with: proportion with ongoing pain) 
1 RCT Serious 1 No serious No serious Serious" 

inconsistency indirectness 

General improvemc.nl pain medium term (follow-up 6 months; assessed with: proportion improved} 

RCr No serious No serious 
risk inconsistency 

No serious 
indirectness 

General improvement long term (follow-up l1 months; assessed 111ith: proportion improved) 
2 RCT 

4 Mixed 

Serious 1 

Verv 
-. J scnous 

No serious 
inconsistency 

No serious 
inconsistency 

Return to work (assessed with: proportion returned to work) 

RCT No serious 
inconsistency 

3 rvlixed Very No serious 
. 3 ' scnous mconsistency 

Satisfaction with ~urger}' (assessed with; proportion satisfied) 

Mixed Very No serious 
serious' 

Operative time (measured with: minutes) 

8 RCT Serious 1 

16 Mixed Very 
• 3 scnous 

inconsistency 

No serious 
inconsistency 

No serious 
inconsistency 

No serious 
indirectness 

No serious 
i ndircct ness 

Nn serious 
indirectness 

No serious 
i ndircct ness 

No serious 
i ndircct ness 

No serious 
indirect ness 

No serious 
indirectness 

No serious 
imprecis inn 

No serious 
imprecision 

Serious~ 

No serious 
1mprectstor1 

No serious 
imprccis ion 

None 365 

None 365 

None 379 

None 91 

None 1 ! 2/167 
(67.1 C;{) 

None 121!172 
(70.3 %) 

None 9! Sf l 030 
(89.1 'k) 

None 2! 

None 871 

None 16/20 (so 'k) 

None 383 

None I ,495 

4 Hi 

809 

J:'i7 

357 

371 

91 

1241161 
(77 %) 

133/166 
(liO.I %) 

520/617 
Ul4.6 'ih) 

19 

3t)9 

llJ/20 (95 %) 

377 

llOO 

Effect (95 % Cl) 

SM D 0. 17 ((HH.lJ4) 

SMD 0.1 :'i (0Jl4-0.26) 

SMD 0.07 ( -·O.D7 to 
o.:m 

SMD 0.10 (-00(i to 
0.26) 

SMD 0.12 ( -0.04 to 
0.29) 

SMD -fUS l-0.57 to 
0.(}2) 

OR (Ui l (0.37-0. 99) 

OR 0.59 (0.36-{1.98) 

OR 1.1'1 (0.57-2.7) 

Nnt estimable 

Not estimable 

OR 0.21 (0.02-2.08) 

SMD 11.64 (5.0,1-IR.:D) 

SMD 10.63 (4.0H7.24) 

Quality 

"'0 
MODERATE 

cD!:::'00 LOW 

,,,_,o 
MODERATE 

G>I<JO 
tvlODERA TE 

ii.<i'OO LOW 

OOLOW 

·::!0 
MODERATE 

00 LOW 

T,OOO VERY 
LOW 

dJEldO 
l'>!ODERATE 

:n:r•OO LOW 

"'2. 

c 
!..l 

I 
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Tahlc 5 con! i nucd 

Quality assessment 

No. of Design RoB Inconsistency Indirectness 
studies 

Length of hosplt<JI stay (measured with: days) 

5 RCT Scrious 1 No serious Nn serious 
incmv;istcncy indirecmcss 

I I lvlixcd Very No serious No serious 
. \ senous· inconsistency indirectness 

Blood loss (measured with: millil!tres) 

6 RCT Scrious1 No serious No sc rio us 
inconsistency indirectness 

11 IV1ixed Very No sc riow; No sc rio us 
scriousJ inconsistency indirectness 

Complications (assessed with: number of complications) 

6 RCT Scrious1 No serious Serious 
i ncom i stcncy 

13 lvtixcd Very No serious Serious 
. i scnous· inconsistency 

Rcnperatinns (assessed with: number of reoperations) 

6 RCT Serious 1 Nn serinus No serious 
in consistc ncy indirectness 

j() Mixed Very No serious No serious 
' ' scnous in consi stc ncy iml i reel ness 

t\nalgcsic usc (measured with: milligrams ur morphine) 

3 Non- Very No serious No serious 
randomiscd - "I scnous· inconsistency indirectness 

Unclear allocation concealment, possible selective reporting, no blinding 
~ Small total sample size 

l Non-randornised study included 
~ Undcar which complications were recorded 

' Types of medication not specified 

" Potentially different complications reported 

r.; = ..., 
No. of patients Effect (1)5 q, Cl) Quality til ., 

"' n 
Imprecision Other l L!'vll Control '-

!·.J c 
.!.. 

'" Nn serious None :?85 277 SMD ~2.JS (~6.32 to 'i;G>::'!O 
w -imprecision I .57) 1viODERATE hi 

No serious None IDS 924 SMD ~I A9 ( ·-·2.54 to ~ 'i''.LOO LOW c 
043) .... nnprects1on w 

s . ' . enous"" None 146 144 SMD -69.55 (-150.94 'iY±OO LOW 
to 11 R4) 

No serious None 1164 740 SMD -51.64 ( -1\0.94 to "Dr£00 LOW . . . 
-22.34) nnpree~ston 

No serious None 42/405 36f:ll)l) (l) <;{,) OR LIB({) 73-1.91) 'DG00 LOW 
imprecision (104 7r) 

No serious None 19/14115 1-:0/l 076 OR 1. 0 I (074-!.4) "''i'OO LOW 
1mprects nm (6.5 %) (7 A 'ic;) 

No serious Nnne 31/395 24/387 OR 1.24 (0.65-2.3S) U.<FCJ() 
. . . (7 .R %) (6 1 c·) MODERATE HlljlfCCISIOll ' ..... ,{: 

No serious None 52/1366 3>1/911 OR 1.25 (0.57·-2.73) iiJd00 LOW 
tmprccJston (3.B '7<,) (3.7 <;{,) 

Seri.nus2 Nnnc 137 .184 ~2.83 ( ~5.6 to --0 06) ;;,000 VERY 
LOW 

c w 
"-.1 
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T~1hlc 6 TF~I! vs. MD GRADE evidence summary 

Qual it)' ii>SCSSille Ill 

No. of stm!ies Design RoB r !l cnnsi stcncy lndirec tncss Imprecision 

Back pain short term (follow-up 1 week; measured with: VAS; he11cr indicated by lower values) 

I IRI RCT Scrious 1 No serious No serious Serious" 
i ncon~istency indirectness 

2 ji\. Ill 1'1-lixed Very Nn serious Nn seriom Sed nus~ 
. 1 scnous· i nconsis Ieney indirectness 

Back pain long term (follow-up 24 months; assessed with: proportion with ongoing pain) 

1 [1,3] RCT Scrious 1 No serious 
i nconsist cncy 

No serious 
indirectness 

Serious" 

Leg pain shnrt term (follow-up I weeks; measured with: VAS; heller indicated hy lower values) 

I ! ! ll Non- Very No serious No serious Scriou~ 2 

randomiscd s.:rious3 inconsistency indirectness 

Leg pain long term follow-up 24 months; assessed with: proportion with ongoing pain) 
l ! !31 RCT Serious 1 No serious No serinus Serious" 

inc nns istency indirect ness 

NIL or patients Effect (95 % Cl) Quality 

Other TFMI Comrol 

None 30 30 SMD -0.28 (-0.79 to ;:c;;,OO LOW 
0.23) 

Nnnc 55 59 SMD ~0.18 ( -0.55 tn )000 VERY 
0.19) LOW 

None 10120 (50 'k) 15f20 (75 'if) OR O.D (OJJ9--J.:m 

None 25 2<J SMD -0.21 ( -0.72 to !000 VERY 
0.30) LOW 

None 4/20 (20 'if:) 7/20 (35 %) OR 0.46 (0.1 !-1.94) :> 00 LOW 

Function short term (follow-up 3 rnonths; tlleasurcd with: days of disabillty/oswestry: bclter indicated by lower values) 

l fl3] RCT Serious' No serious No serious Serious" None 20 20 Not estimable 

I j! ! J Non-
random i sed 

Very 
. ' scnous·· 

inconsistency indirectness 

No serious 
incon>i stcncy 

No serious 
i ndirec 1 ness 

Serious2 

General impmvem.:nt long term (follow-up 24-36 months: assessed with: proportion improved) 

3 [8, lO, J:l] RCT Serious 1 No serious 
inconsistency 

5 !8-10, 12, Mixed Very No serious 
13] . ' SCfiOUS' incomistency 

Heturn to work (assessed with: proportion returned to work) 

2 [HJ, 13] RCT No serious 
inconsistency 

Satisfaction with surgery (assessed with: proportion satisfied) 

l Is l RCT Serious1 

Operative time (measured with: minutes) 

2 [ 10, t:ll RCT Serious 1 

5 [9-13] 1-.lixed Very 
serious' 

No serious 
inconsistency 

No serious 
incon sisle ncy 

No serious 
inconsistc ncy 

Serious~ 

Serious4 

No serious 
indirectness 

No serious 
indirectness 

No serious 
indirectness 

No scriou s 
indirectness 

Serim1s2 

No serious 
imprecision 

No >crious 
imprecision 

None 

None 65170 
(92.9 %) 

None 320/401 
(79.8 %) 

29 

58170 
(82.9 'il•) 

6081714 
8) , C') ( •• - iO 

SMD 0.16 ( --0.38 to 
0.69) 

OR 2.64 (0.84-8.33) 

OR J .40 (0 49--4.0) 

'c)000 VERY 
LOW 

7:000 VERY 
LOW 

.'!000 VERY 
LOW 

None JS/40 (95 'k) 32/40 (RO cr,) OR 3.82 (0.4-36.7)" 

None nno 
(733 %) 

None 4{) 

None 396 

20/~0 

(66.7 'il.•) 

40 

7l3 

OR 1.38 (0.45--4.17) 

MD 13.26 ( ~47.01 to :::.:"!!}00 LOW 
735~) 

MD -7.[1.' ( -29.49 to :;)(J'{)O LOW 
15.43) 

~ 

''"' c 

c 
'" I 
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Table 6 continued 

Quality assessment 

Nn. of studies Design RnB lncnnsi s!Cncy 

Length of stay (measured with: days) 

3 ! 10-!2[ Mixed Vcrv No serious 
sc~ious3 inconsistency 

Cmnplications (assessed with: number of complication.~) 

2 !R. 1 {]! RCT Serious 1 No serious 
inconsistency 

4fll-Jl] l\li.wd Vcrv No serinus 
-. 1 inconsistency senous 

Rcoperations (assessed with: number of rcopcrations) 
3 18, 10, 131 RCT Scrinus 1 Nn serious 

i ncons istcncy 
5 [ll-!1, Dj Mi.xcd Very No serious 

scrious3 inconsistency 
Analgesic ose (measured with: days of narcotic use) 

l [H] RCT Serious 1 No serious 
inc n ns i stcncy 

Indirectness 

No scri ous 
indirectness 

Serious'' 

No serious 
indirectness 

Nn serious 
imlircctncss 

No seriDU'> 
indirectness 

1 Unclear allocation concealment, possible selective reponing, no blinding 

" Small total sample size 
3 Non-randomiscd study included 
·• Different measures used 

Imprecision 

Scrinus:. 

No serious 
nnprcc!ston 

No serious 
imprecision 

No. of patients 

Other TFMI 

None 75 

None 0/50 (0 %) 

None 10/376 
(2.7 'il•) 

Nunc 6/80 (6.3 %) 

None 36/406 
(X.9 '!f.) 

None 30 

5 Dnta from Krappel 2001 adjusted to enable pooling, 19 out or 20 subjects substituted for 20 nut of 20 in holh groups 
6 Potentially different complications reported 

Control 

79 

l /50 (2 'ih) 

16/693 
p 3 (/) 
-·· /C 

1/HO ( 1.3 %) 

411723 
(5.7 'it•) 

30 

Effect (95 'lr.• Cl) 

MD -1.31 (-3.X w 
1.17) 

OR 0.32 (O.OI--X24) 

OR 1.19 (0.54-2.6:1) 

OR 3.17 (0.62-!6.26) 

OR !.69 ( l.Ofi-2. 71) 

Not estimable 

Quality 

(])000 VERY 
LOW 

G·OOO VERY 
LOW 

r1•000 VERY 
LOW 

G.>G'00 LOW 

G.<!.OO LOW 

R.App. 000647



Tahlc 7 ILMI + TFl\11 vs. MD GRADE evidence sunmwry 

Quality assessment No. of patiems 

No. of 
~tudics 

Design RoB lnconsiste ncy lmlirectncss Imprecision Other ILMl + TFMT 

Back p<tin short tcnn (follow-up 3 months; m.:asur.:d with: VAS: helter mdtCilted hy lower values) 

2 [35, 36] RCT Serious' No serious No serious Scrious2 None 150 
inconsistency indirectness 

Back pain medium term (follow-up 6 months; measured with: VAS; better imlicatcd by lower values) 

2 !35, 361 RCr Serinus 1 No serious 
inconsistency 

No serious 
indirectness 

None 150 

l year (follow-up 12 months; measured with: VAS: better indicated by lower Vitlues) Back pain long-tcnn 

2 135, 361 Rcr Serious' No serious No serious Serious2 None 150 
inconsistency indirectness 

Back pain long-term 2 years (follow-up 24 months: measured with: VAS; better Indicated by lower values) 

2 [35. 36] RC..'T Serious' No serious No seriom Serious2 None J 50 
inconsi stcncy indirectness 

Leg pain short term {follow-up 3 months; measured with: VAS: Beller imlicatcd by lower values) 

2 [35. 36] Rcr S . I ermus No serious 
inconsistency 

No serious 
indirectness 

None 

Leg pain medium term (f(lllow-up 6 months; mc<~surcd with: VAS; better indicated by lower values) 

2 (35, :16 l RCr S 
. I , cnnus No serious 

inconsistency 
No serious 

. , 
Scnous· None 

i ndirct:tness 

Leg pain long~tcrm I year (fnllnw~up 12 months: measured with: VAS; betler indicated by lower values) 

150 

ISO 

2 j35, 361 RCT Scrious1 No serious 
inconsistency 

Nn scrinus 
indirectness 

None 150 

Leg pain long-term 2 years (follow-up 24 mon!hs; measured with: VAS; better indicated by lower values) 

2 135. 361 RCT S 
0 l 

CflllUS No serious 
inconsistency 

No seri nus 
indircctne,,s 

None 150 

Function short term (follow-up 3 months; me;~sured with: oswestry; better indicated by lower values} 

2 [35, 36] Rcr Serious 1 No serious 
inconsistency 

No scri ous Serious" None 150 
i ndirectncss 

Function medium term (follow-up 6 months; measured with: oswcstt)'; bcHcr indicated by lower values) 
2 135, 361 RCr Scrious1 No serious No seri nus None 150 

i nconsistcncy in directness 

Function long~tcnn l year (follow-up 12 momhs: mc;!Surcd with: oswestry; better indicated hy lower values) 

2 [35, 36) RCr S . I enous No sc rio us 
inconsistency 

No serious None 150 
i ndircet ness 

Functinn lnng-tcrm 2 years (follmv-up 24 months; measured with: oswcstry; better indic~ted by lower values) 

2 [35, 36) Rcr Serious1 No serious 
inconsistency 

No serious 
ind i rcctness 

Serious2 None 150 

Control 

!50 

15(] 

150 

150 

150 

150 

150 

!50 

150 

150 

150 

150 

Effect (95 % Cl) 

SMD --0.12 (-0.35 to 0.11) 

SMD -0.16 (-0.39 to 0.()7) 

SMD -0.()4 ( -027 to 0.19) 

SMD -0.15 ( -0.46 to 0 16) 

SMD -0.13 (-0.36 to 0.09) 

SMD 0.03 ( -0.1 to 0.25) 

SMD -0.01 (-0.24 to ll.21) 

SMD -0.05 ( -0.28 to 0.17) 

S!IID -0.02 ( -0.54 to 0.5) 

Quality 

G••::•OO 
LOW 

+•::00 
LOW 

>:D::::oo 
LOW 

<P·.:·,oo 
LOW 

r:p:.:;oo 
LOW 

,£;'300 
LOW 

G/'!00 
LOW 

c,..;=:oo 
LOW 

\l•U.':OO 
LOW 

StviD 0.05 ( -0.47 to 0.56} 1\):=:00 
LOW 

SMD -0.29 ( -0.51 to -0.06} ifH':)00 
LOW 

SMD -0.2 (-0.43 to 0.03) 1f!COO 
LOW 

,.., 
w 
c 
'" 
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Tnhle 7 continued 

Qua 1 ity assess mcu! 

Nn. nf 
studies 

Design RoB !nconsi stcncy 

Sa!isfaction with surgery (assessed with: prnponion satislict!) 

RCT Serious 1 No serious 
inconsistency 

Operutive time (measured with: minutes) 

2 [J'I. 3()] RCT Serious 1 No scri nus 
incnnsisrcncy 

Complications (assessed with: number of complications) 

RCT Serious' No serious 
ncnnsbtency 

Rcoperations (assessed with: number of rcopcratinns) 
2 {:\5, %] RCT Serious' No serious 

inconsistency 

No scriouo> 
indirectness 

No serious 
indirectness 

No serious 
indirectness 

No serious 
indircctne5s 

No. of patients 

Imprecision Other lLMI + TF1V11 

Serious" 

S . ' .. enous-

S . ' , cnous~ 

None 1311150 
(87.3 %) 

None 150 

None lifl50 (4 ':}) 

None 121150 (8 %) 

1 Inappropriate randomisation. unclear allocation concealment, possible selective reponing. no blinding 
1 Small total sample size 

Control 

113/ !50 
(75.3 '7r:) 

150 

231l50 
(!5.3 %) 

8/150 (5.3 'lr:) 

Effect ( 95 '7n Cl) 

OR 2.21i (1.23-4.15) 

1\.ID -27.33 (-40.0{) to 
-14.59) 

OR 0.23 (0.09-0.SS) 

OR 1.54 (0.61-3.9) 

Quality 

'"2'00 
LOW 

~,)(D00 

LOW 

~JO!OO 

LOW 

umoo 
LOW 

, .... 
c 
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Fig. 4 Flow of studies ! Search re;<;u]ts 
Databases (n = 4, 132) 
Hand search (n "' 6) 

Total In"" 4, 138) 

Duplicates removed l 
I (n- 3.570) 

Excluded on the ba;<;is of title or abstmct 
(n = 3,429) 

Retrieved for cmluation 
(n=l41) 

I 

Included articles 
(n = 29) 

I Excluded on the basis of eligibility criteria 
' Sccnnd<~ry pubhcatwns (n = 6) 

Surgery type (n = 34) 
Uncontrolled design (n = 25) 

Population (n'"' 31) 
Unable to obwin/trans!al~ (n"" 16) 

Total (n "' ll 'i) 

Transfurmninul vs. 1\'Jit:rodisccctomy (n ""6) 
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Is the rate of re-operation after primary lumbar microdiscectomy affected 
by surgeon grade or intra-operative lavage of the disc space? 
Ellenbogen JR1, Marlow W, Fischer BE, Tsegaye M, Wilby MJ. 

Author information 
1The Walton Centre NHS Foundation Trust, Fazakerley, Liverpool, UK. 

Abstract 
STUDY DESIGN. Retrospective audit of consecutive patients. OBJECTive. To investigate the re-
operation rate following elective primary lumbar microdiscectomy and to determine whether 
principal surgeon grade and/or disc space lavage is a factor in recurrence. SUMMARY OF 
BACKGROUND DATA Recurrent herniation of disc material following lumbar microdiscecomy 
surgery is one of the commonest complications of the procedure. Any reduction in the number of 
revision microdiscectomies performed per year would have a significant impact on patients' lives 
and on the health service economy. We undertook this study to ascertain whether principal surgeon 
grade and/or disc space lavage has an impact in reducing there-operation rate. METHODS. We 
undertook a retrospective audit of patients who underwent elective primary lumbar 
microdiscectomy, over a 3-year period (n = 971 ). RESULTS. The overall re-operation rate for 
primary elective microdiscectomy was 3.8%, consistent with the published literature. The relative 
risk of re-operation in patients primarily operated by registrar surgeons was 1.2 fold the risk in 
patients operated by consultants (95% Cl: 0.62, 2.35) although not statistically significant (p = 
0.568). The risk of re~operation in the jnon lavage' group was 2.15 times the risk in the 'lavage' 
group (95% Cl: 0.63, 7.34), but it did not reach significance (p = 0.222). CONCLUSIONS. Principal 
surgeon grade and intervertebral disc lavage have not been found conclusively to be factors in the 
rate of recurrence. This information is useful to reassure patients that their outcome from such 
surgery is not dependent on the grade of surgeon performing the operation. There is a possible 
trend towards intervertebral disc lavage reducing the rate of recurrence. 
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Reoperation for recurrent lumbar disc herniation: a study over a 20-year 
period in a Japanese population. 
Aizawa T1, Ozawa H, Kusakabe T, Nakamura T, Sekiguchi A, Takahashi A, Sasaji T, Tokunaga S, Chiba T, 
Morozumi N, Koizumi Y, ltoi E. 

Author information 
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Abstract 
BACKGROUND: Many studies have been reported on recurrent lumbar disc herniations covering 
several pathological conditions. In those studies, reoperation rate of revised disc excisions was 
calculated by simple division between the number of reoperations and that of the total primary disc 
excisions. To determine the real reoperation rate, strict definition of pathologies, a large number of 
patients, a long observation period, and survival function method are necessary. 

METHODS: Between 1988 and 2007, 5,626 patients with disc excision were enrolled by the spine 
registration system of the Department of Orthopaedic Surgery, Tohoku University, Japan. Among 
them, 192 had revised disc surgery, and we obtained data of 186 patients whose clinical features 
were assessed and reoperation rates analyzed using the Kaplan-Meier method. 

RESULTS: In total, 205 disc herniations were excised in the revision surgery (including 
contralateral herniation at the same level and new herniation at a different level), and 101 were real 
recurrent herniations (recurrence at the same level and side as the primary herniation). The kappa 
coefficient of the spinal level and side between the primary and revision surgeries was 0.41, 
indicting moderate correlations. Real recurrent herniations showed shorter intervals between 
primary and revision surgeries. Male patients with surgery at a younger age carried a higher risk of 
reoperation. In the revision surgery, trans ligamentous extrusion was significantly more common 
than other types of herniation. On Kaplan-Meier analysis, the reoperation rate of overall revised 
excisions was 0.62% at 1 year, 2.4% at 5 years, 4.4% at 10 years, and 5.9% after 17 years. That of 
real recurrent herniations was 0.5%, 1.4%, and 2.1 %, respectively, and 2.8% after 15.7 years. 

CONCLUSION: Reoperation rate of real recurrent herniations calculated using survival function 
method gradually increased year by year, from 0.5% at 1 year after primary surgery to 2.8% at 
15.7 years. 
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[Long-term outcomes of lumbar microdiscectomy in a working class 
sample]. 
[Article in Spanish] 
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Author information 
1 Servicio de Neurocirugfa. Hospital MAZ. Zaragoza. chevimq@gmail.com 

Abstract 
INTRODUCTION: In the treatment of the lumbar disc hemiaton (LDH) microdiscectomy 
constitutes one of the standard procedures. In the present study we have analyzed the clinical 
outcome of the lumbar microdis- cectomy in a series of worker patients who underwent surgery in 
our service. 

METHODS: Retrospective analysis and a 5-year follow up, of a series of 142 patients operated on 
by means of lumbar microdiscectomy in the 2004-2005 period. The clinical outcome was 
analyzed according to the "Herron and Tumer" outline: pain reduction, use of medical treatment, 
restriction in the ability to perform physical activities, and retum to work. 

RESULTS: 116 men and 26 women, with an average age of 37.9 and 45.4 years respectively, 
underwent surgery because of LDH. In the clinical aspect, sciatica was predominant over low back 
pain in a ratio of three to one. The L5-S1 dis cal level was operated on in 68.3% of the cases. It was 
considered that occupational activities gave rise to damage in 107 patients (75.3%). Besides a 
symptomatic disc, there was an additional injured disc in 44.3% of the cases. An initial unfavourable 
outcome was seen in 42 patients (33%), 15 of which recovered from in an interval of 3 months, and 
another fifteen within a one year period. Are-operation was necessa ry in 16 patients because of 
recurrent lumbar disc herniation (11 %). Work reintegration was achieved in 83.3% (119/142) of the 
cases. After a 5-year follow up, we stated the consistency of the clinical result. 

DISCUSSION: We analyzed the intervertebral disc behaviour as regards sex, age, variety of discal 
herniation, additional disc, outcome and re-operation variables. After the analysis of the type of 
discal herniation and additional disc we defined three disc injury patterns. We consider 
microdiscectomy as the technique of choosing for the treatment of recurrence disc herniation. 

CONCLUSIONS: Between the working class, discal injury predominates in young men, as a 
consequence of the annulus breakage, or an annulus plus posterior longitudinal ligament breakage 
(traumatic herniae). Frequently it was observed that more than one disc was involved, and a left 
lateralizatio n. 
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The efficacy of minimally invasive discectomy compared with open 
discectomy: a meta-analysis of prospective randomized controlled trials. 
Dasenbrock HH1, Juraschek SP, Schultz LR, Witham IE, Sc!ubba DM, Wolinsky JP, Gokaslao ZL, Bydon A. 

Author information 
1Department of Neurosurgery, Brigham and Women's Hospital/Children's Hospital of 
Boston/Harvard Medical School, Boston, MA, USA. 

Abstract 
OBJECT: Advocates of minimally Invasive discectomy (MID) have promoted this operation as an 
alternative to open discectomy (OD), arguing that there may be less injury to the paraspinal 
muscles, decreased postoperative pain, and a faster recovery time. However, a recently published 
large randomized controlled trial (RCT) comparing these approaches reported Inferior relief of leg 
pain in patients undergoing MID. The authors conducted a meta-analysis to evaluate complications 
and improvement in leg pain in patients with radlculopathy enrolled in RCTs comparing 00 to MID. 

METHODS: The authors performed a literature search using Medline and EM BASE of studies 
indexed between January 1990 and January 2011. Predetermined RCT eligibility included the 
usage of tubular retractors during MID, a minimum follow-up duration of 1 year, and quantification of 
pain with the visual analog scale (VAS). Trials that only evaluated patients with recurrent disc 
herniation were excluded. Data on operative parameters, complications, and VAS scores of leg pain 
were extracted by 2 investigators. A meta-analysis was performed assuming random effects to 
determine the difference in mean change for continuous outcomes and the risk ratio for binary 
outcomes. 

RESULTS: Six trials comprising 837 patients (of whom 388 were randomized to MID and 449 were 
randomized to OD) were included. The mean operative time was 49 minutes during MID and 44 
minutes during 00; this difference was not statistically significant. Incidental durotomies occurred 
significantly more frequently during MID (5.67% compared with 2.90% for 00; RR 2.05, 95% Cl 
1.05-3.98). Intraoperative complications (Incidental durotomies and nerve root injuries) were also 
significantly more common in patients undergoing MID (RR 2.01, 95% Ci1.07-3.77). The mean 
preoperative VAS score for leg paln was 6.9 in patients randomized to MID and 7.2 in those 
randomized to 00. With long-term follow-up (1-2 years postoperatively), the mean VAS score 
improved to 1 .6 In both the MID and OD cohorts. There was no significant difference in relief of leg 
pain between the 2 approaches with either short-term follow-up (2-3 months postoperatively, 0.81 
points on the VAS, 95% Cl-4.71 to 6.32) or long-term follow-up (2.64 on the VAS, 95% Cl -2.15 to 
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7.43). Reoperation for recurrent herniation was more common in patients randomized to the MID 
group (8.50% compared with 5.35% in patients randomized to the OD group), but this difference 
was not statistically significant (RR 156, 95% Cl 0.92-2.66). Total complications did not differ 
significantly between the operations (RR 1.50, 95% Cl 0.97 -2.33). 

CONCLUSIONS: The current evidence suggests that both 00 and MID lead to a substantial and 
equivalent long-term improvement in leg pain. Adequate decompression, regardless of the 
operative approach used, may be the primary determinant of pain relief-the major complaint of many 
patients with radiculopathy. Incidental durotomies occurred significantly more frequently during MID, 
but total complications did not differ between the techniques. 

PMID: 22404142 [PubMed ·indexed for MEDUNEi PMCID: Prv1C36i8291 Free PMC Article 

. Images from this publication. See all images 
121 Free text 

<-,-."<-"'t-~""'-'""·:· 

j 

' ' . . . 
,~...,....,<.<,_.,.,..... .. ·;,; ' 

'$;i ~c...,.._· tv>-=> o=m 
,_>±-<»-'!-"·~ .. , •••• 

l ~~_,._; .... -~""''"'" 

Publication Types, MeSH Terms, Grant Support 

LinkOut- more resources 

. ····:,-·:--.... ;::;-:- : .. :.~--- -' . ' • . --1::: '_,_ ·./·· ", ·. 

PubMed Commons 

0 comments 

hltpllwww. ncbl ,nlm .nth.gcv/pubmed/22404142 

•. . -;-.:.-·;· ·:··-·:;··· .- .-.-.J', .. ·-~':;,-:::=:-' :.• 

PubMed Commons bome 

How to join PubMed Commons 

12 R.App. 000660



EXHIBIT 35 

EXHIBIT 35 

R.App. 000661



7122/2015 Reaper ation rate after surgery for I umbar spinal stenosis without spondylolisthesl s: a nationwide cohort study. - PubMed- NC Bl 

Abstract 

SpineJ. 20130ct;13(10):1230-7. doi: 10.1016/j.spinee.2013.06.069. Epub2013Sep7. 

Reoperation rate after surgery for lumbar spinal stenosis without 
spondylolisthesis: a nationwide cohort study. 
Kim CH1, Chung CK, Park CS, Choi B, Hahn S, Kim MJ, Lee KS, Park BJ. 

Author information 
1 Department of Neurosurgery, Seoul National University Hospital, Seoul National University College 
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Abstract 
BACKGROUND CONTEXT: Lumbar spinal stenosis is one of the most common degenerative spine 
diseases. Surgical options are largely divided into decompression only and decompression with 
arthrodesis. Recent randomized trials showed that surgery was more effective than nonoperative 
treatment for carefully selected patients with lumbar stenosis. However, some patients require 
reoperation because of complications, failure of bony fusion, persistent pain, or progressive 
degenerative changes, such as adjacent segment disease. In a previous population-based study, 
the 1 0-year reoperation rate was 17%, and fusion surgery was performed in 1 0% of patients. 
Recently, the lumbar fusion surgery rate has doubled, and a substantial portion ofthe reoperations 
are associated with a fusion procedure. With the change in surgical trends, the longitudinal surgical 
outcomes of these trends need to be reevaluated. 

PURPOSE: To provide the longitudinal reoperation rate after surgery for spinal stenosis and to 
compare the reoperation rates between decompression and fusion surgeries. 

STUDY DESIGN/SETTING: Retrospective cohort study using national health insurance data. 

PATIENT SAMPLE: A cohort of patients who underwent initial surgery for lumbar stenosis without 
spondylolisthesis in 2003. 

OUTCOME MEASURES: The primary end point was any type of second lumbar surgery. Cox 
proportional hazards regression modeling was used to compare the adjusted reoperation rates 
between decompression and fusion surgeries. 

METHOD~: A national health insurance database was used to identify a cohort of patients who 
underwent an initial surgery for lumbar stenosis without spondylolisthesis in 2003; a total of 11,027 
patients were selected. Individual patients were followed for at least 5 years through their encrypted 
unique resident registration number. After adjusting for confounding factors, the reoperation rates for 
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decompression and fusion surgery were compared. 

RESULTS: Fusion surgery was performed in 20% of patients. The cumulative reoperation rate was 
4.7% at 3 months, 7.2% at 1 year, 9.4% at 2 years, 11.2% at 3 years, 12.5% at 4 years, and 14.2% 
at 5 years. The adjusted reoperation rate was not different between decompression and fusion . 
surgeries (p=.82). The calculated reoperation rate was expected to be 22.9% at 1 0 years. 

CONCLUSIONS: The reoperation rate was not different between decompression and fusion 
surgeries. With current surgical trends, the reoperation rate appeared to be higher than in the past, 
and consideration of this problem is required. 

Copyright© 2013 Elsevier Inc. All rights reserved. 

KEYWORDS: Decompression; Fusion; Lumbar spine; Reoperation rate; Surgery 
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5-year reoperation rates after different types of lumbar spine surgery. 
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Abstract 
STUDY DESIGN: Population-based cohort study of Washington State patients who underwent 
lumbar spine surgery for degenerative conditions in 1988. 

OBJECTIVES: To compare complications and reoperation rates during the 5-year period after 
surgery between patients who have undergone lumbar spine fusion surgery and those who have 
undergone laminectomy or discectomy alone. 

SUMMARY OF BACKGROUND DATA: Spinal fusion is associated with wider surgical exposure, 
more extensive dissection, and longer operative times than lumbar surgery without fusion, and 
previous studies have shown higher complication rates and hospital charges associated with these 
more complex procedures. In elderly patients, spinal fusion operations were associated with higher 
mortality rates than laminectomy or discectomy alone, and reoperation rates were not lower. In the 
current study, reoperations, mortality, and complications following lumbar spine surgery were 
examined for the general population. 

METHODS: A statewide hospital discharge database was used to identify all Washington patients 
who underwent spine surgery in 1988 and to determine the rate of reoperation during the 
subsequent 5 years. Administrative records also were used to identify complications, mortality, and 
hospital charges associated with the operations. Unadjusted complication and reoperation rates for 
the groups were compared using chi-square statistics. Adjusted rates were compared using logistic 
regression. and proportional hazards (Cox) regression after controlling for age, gender, prior spine 
surgery, diagnosis, comorbidity, type of surgery, and coverage by Workers' Compensation. 

RESULTS: Of 6376 patients who underwent lumbar surgery for degenerative conditions in 
Washington in 1988, 1041 (16%) had operations involving spine fusion. Diagnoses of degenerative 
disc disease or possible instability were more frequent among patients undergoing fusion surgery, 
whereas herniated discs were more frequent among those undergoing discectomy or laminectomy 
alone. Complications were recorded in 18% affusion patients and 7% ofnonfusion patients (P < 
0.01 ), but mortality rates did not differ. Unadjusted reoperation rates over the 5-year period were 
greater for patients who underwent fusion than for patients who underwent nonfusion surgery (18% 
vs. 15%, respectively), but after adjustment for baseline characteristics, fusion patients had only a 
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slightly greater (and nonsignificant) risk of reoperation (relative risk 1.1, confidence inteNal .9-1.3). 

CONCLUSION: As in previous studies, complications in the current study occurred more frequently 
among patients who underwent lumbar spine fusion than among those who underwent laminectomy 
or discectomy alone. Reoperations were at least as frequent after fusion, but the authors could not 
assess treatment efficacy in terms of pain relief or improved function. Although the characteristics of 
patients undergoing fusion differed from those undergoing a laminectomy or discectomy alone, 
there appeared to be sufficient overlap in the clinical populations to warrant closer scrutiny of the 
safety, efficacy, and indications for spinal fusions, preferably in randomized trials. 
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Revision surgery following operations for lumbar stenosis. 
Qeyo RA 1, Martin 81, Kreuter W, Jarvik JG, Angier H, Mirza SK. 

Author information 

Full text links 

1Department of Family Medicine, Oregon Health and Science University, Portland, OR 97239, USA 
deyor@ohsu.edu 

Abstract 
BACKGROUND: For carefully selected patients with lumbar stenosis, decompression surgery is 
more efficacious than non operative treatment. However, some patients undergo repeat surgery, 
often because of complications, the failure to achieve solid fusion following arthrodesis procedures, 
or persistent symptoms. We assessed the probability of repeat surgery following operations for the 
treatment of lumbar stenosis and examined ijs association with patient age, comorbidity, previous 
surgery, and the type of surgical procedure. 

METHODS: We performed a retrospective cohort analysis of Medicare claims. The index operation 
was performed in 2004 (n = 31 ,543), with follow-up obtained through 2008. Operations were 
grouped by complexity as decompression alone, simple arthrodesis (one or two disc levels and a 
single surgical approach), or complex arthrodesis (more than two disc levels or combined anterior 
and posterior approach). Reoperation rates were calculated for each follow-up year, and the time to 
reoperation was analyzed with proportional hazards models. 

RESULTS: The probability of repeat surgery fell with Increasing patient age or comorbidity. Aside 
from age, the strongest predictor was previous lumbar surgery: at four years the reoperation rate 
was 17.2% among patients who had had lumbar surgery prior to the index operation, compared with 
10.6% among those with no prior surgery (p < 0.001). At one year, the reoperation rate for patients 
who had been managed with decompression alone was slightly higher than that for patients who 
had been managed with simple arthrodesis, but by four years the rates for these two groups were 
identical (t0.7%) and were lower than the rate for patients who had been managed with complex 
arthrodesis (13.5%) (p < 0.001 ). This difference persisted after adjusting for demographic and 
clinical features (hazard ratio for complex arthrodesis versus decompression 1.56, 95% confidence 
interval, 1.26 to 1.92). A device-related complication was reported at the time of 29.2% of 
reoperations following an initial arthrodesis procedure. 

CONCLUSIONS: The likelihood of repeat surgery for spinal stenosis declined with increasing age 
and comorbidity, perhaps because of concern for greater risks. The strongest clinical predictor of 
repeat surgery was a lumbar spine operation prior to the index operation. Arthrodeses were not 
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significantly associated with lower rates of repeat surgery after the first postoperative year, and 
patients who had had complex arthrodeses had the highest rate of reoperatlons. 

Comment in 
Can statistics alone add clinical meaning to non-specific billing databases? Commentary on an 
article by Richard A Oeyo, MD, MPH, et al.: 11Revision surgery folfowing operations for lumbar 
stenosis". [J Bone Joint Surg Am. 2011] 
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Full text links 
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Surgery for spinal stenosis: long-term reoperation rates, health care cost, 
and impact of instrumentation. 
Lad SP1, Babu R, Ugiliweneza B, Patil CG, Boakye M. 

Author information 
1*Division of Neurosurgery, Department of Surgery, Duke University Medical Center, Durham, NC 
tDepartment of Neurosurgery, University of Louisville, Louisville, KY; and :f:Oepartment of 
Neurosurgery, Cedars-Sinai Medical Center, Los Angeles, CA. 

Abstract 
STUDY DESIGN: Retrospective cohort analysis. 

OBJECTIVE: To examine the complications, reoperation rates, and resource use after each of the 
surgical approaches for the treatment of spinal stenosis. 

SUMMARY OF BACKGROUND DATA: There are no uniform guidelines for which procedure 
(decompression, decompression with instrumentation, or decompression with noninstrumented 
fusion) to perform for the treatment of spinal stenosis. With no clear evidence for increased efficacy, 
the rate of instrumented fusions is rising. 

METHODS; We performed a retrospective cohort analysis of patients who underwent spinal 
stenosis surgery between 2002 and 2009 in the United States. Patients included (n = 12,657) were 
diagnosed with spinal stenosis without concurrent spondylolisthesis and had at least 2 years of 
preoperative enrollment A total of 2385 patients with decompression only and 620 patients with 
fusion had .follow-up data for 5 years or more. 

RESULTS: Complication rates during the initial procedure hospitalization and at 90 days were 
significantly higher for those who undef'Nent laminectomy with fusion than for those who underwent 
laminectomy alone, with reoperation rates not differing significantly between these groups. Long-
term (;:::5 yr) reoperation rates were similar for those undergoing decompression alone versus 
decompression with fusion (17 .3% vs. 16.0%, P = 0.44 ). Those with instrumented fusions had a 
slightly higher rate of reoperation than patients with noninstrumented fusions (17.4% vs. 12.2%, P = 
0.11) at more than 5 years. The total cost including initial procedure and hospital, outpatient, 
emergency department, and medication charges at 5 years was similar for those who received 
decompression alone and fusion. The long-term costs for instrumented and noninstrumented 
fusions were also similar, totaling $107,056 and $100,471, respectively. 

CONCLUSION: For patients with spinal stenosis, if fusion is warranted, use of arthrodesis without 
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instrumentation is associated with decreased costs with similar long-term complication and 
reoperation rates. 

Comment in 
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Complications, reoperation rates, and health-care cost following surgical 
treatment of lumbar spondylolisthesis. 
Lad SP1, Babu R, Baker AA, Ugiliweneza B, Kong M, Bagley CA, Gottfried ON, Isaacs RE, Patil CG, Boakye 
M. 

Author information 

Abstract 
BACKGROUND: Surgery remains the mainstay for management of lumbar spondylolisthesis and is 
considered an effective therapeutic modality following unsuccessful nonoperative treatment. 
Surgical procedures include decompression, decompression with instrumented arthrodesis, and 
decompression with noninstrumented arthrodesis. The purpose of this study was to examine the 
complications, reoperation rates, and health-care costs associated with each of these procedures. 

METHODS: The MarketScan database was utilized to identify 16,556 patients with a primary 
diagnosis of lumbar spondylolisthesis who underwent surgical treatment from 2000 to 2009. 
Outcomes were evaluated in propensity score-matched cohorts, with complication rates analyzed 
with the chi-square test, reoperation rates analyzed using the Mantei-Haenszel test, and health-care 
resource use analyzed using the Wilcoxon signed-rank test. 

RESULTS: Complication rates were significantly higher in patients who underwent arthrodesis 
compared with those who had decompression alone during the initial hospitalization (8.3% versus 
4.8%; p < 0.0001) and at the time of the ninety-day follow-up (9.6% versus 5.5%; p < 0.0001 ). 
Complication rates were similar for those who received instrumented and noninstrumented 
arthrodesis. Patients who underwent decompression alone had higher reoperation rates at two 
years or more than those who received arthrodesis (15.7% versus 11.9%; p = 0.034). Patients with 
instrumented arthrodesis trended to have higher reoperation rates than those without 
instrumentation at five years or more (18.4% versus 1 0.6%; p = 0.063). Initial hospital costs and two-
year and five-year overall costs (in 2009 U.S. dollars) were higher for patients managed with 
arthrodesis than for those who had decompression only ($102,906 versus $89,337; p = 0.0018). 
Also, patients who received instrumentation had higher hospitalization costs than those without 
instrumentation ($39,997 versus $27,309; p = 0.023) and higher overall costs at two years ($73,482 
versus $60,394; p < 0.0001 ), although the difference was not significant at five years (p = 0.29). 

CONCLUSIONS: Patients with lumbar spondylolisthesis who underwent decompressive 
laminectomy and spinal arthrodesis had lower reoperation rates but higher overall costs than 
patients treated with laminectomy alone. Noninstrumented arthrodesis was also associated with 
lower long-term reoperation rates and health-care costs compared with instrumented arthrodesis. 
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The long-term outcomes and costs of these procedures should be evaluated in conjunction with 
clinical efficacy to ensure the most cost-effective treatment is utilized. 

LEVEL OF EVIDENCE; Therapeutic level Ill. See Instructions for Authors for a complete description 
of levels of evidence. 
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Spine <Phila Pa 1976). 2013Apr 1;38(7):581-90. doi: 10.1097/BRS.Ob013e318274f9a7. 

Reoperation rate after surgery for lumbar herniated intervertebral disc 
disease: nationwide cohort study. 
Kim CH1, Chung CK, Park CS, Choi 8, Kim MJ, Park BJ. 

Author information 

Abstract 
STUDY DESIGN: Retrospective cohort study using national health insurance data. 

OBJECTIVE: To provide a longitudinal reoperation rate after surgery for lumbar herniated 
intervertebral disc (HIVD) disease, and to compare the reoperation rates of surgical methods. 

SUMMARY OF BACKGROUND DATA: Herniated intervertebral disc disease is the most common 
cause of lumbar spinal surgery. Despite improved surgical techniques and instrumentation, 
reoperation cannot be avoided. The reoperation rates were in the range of 6% to 24% in previous 
studies. A population-based study is less subject to bias; hence, a nationwide longitudinal analysis 
was warranted. 

METHODS: A national health insurance database was used to identify a cohort of patients who 
underwent first surgery for herniated intervertebral disc disease in 2003 and 18,590 patients were 
selected. Individual patients were followed for at least 5 years through their encrypted unique 
resident registration number. The primary endpoint was any type of second lumbar surgery. After 
adjusting for confounding factors, 5 surgical methods (fusion, laminectomy, open discectomy, 
endoscopic discectomy, and nucleo/ysis [including mechanical nucleus decompression]) were 
compared. Open discectomy was used as the reference method. 

RESULTS: Open discectomy was the most common procedure (68.9%) followed by endoscopic 
discectomy (16 .1 %), laminectomy (J .9%), fusion (3.9%), and nucleolysis (3.2%). The cumulative 
reoperation rate was 5.4% at 3 months, 7.4% at 1 year, 9% at 2 years, 10.5% at 3 years, 12.1% at 4 
years, and 13.4% at5 years. The reoperation rates were 18.6%, 14.7%, 13.8%, 12.4%, and 11.8% 
after laminectomy, nucleolysis, open discectomy, endoscopic discectomy, and fusion, respectively. 
Compared with open discectomy, the reoperation rate was higher after laminectomy at 3 months, 
whereas the other surgical methods had similar rates. 

CONCLUSION: The cumulative reoperation rate after 5 years was 13.4% and half of the 
reoperations occurred during the first postoperative year. With the exception of laminectomy, the 
reoperation rates of the other procedures were not different from that of open d iscectomy. 

PMID: 23023591 [PubMed- indexed for MEDLINE] 
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Repeat surgery after lumbar decompression for herniated disc: the quality 
implications of hospital and surgeon variation. 
Martin BJ1, Mirza SK, Flum DR, Wickizer TM, Heagerty PJ, Lenkoski AF, Deyo RA. 

Author information 
1 Department of Orthopaedics, HB7541, Dartmouth-Hitchcock Medical Center, One Medical Center 
Dr, Lebanon, NH 03756-0001, USA Brook.I.Martin@Dartmouth.edu 

Abstract 
BACKGROUND CONTEXT: Repeat lumbar spine surgery is generally an undesirable outcome. 
Variation in repeat surgery rates may be because of patient characteristics, disease severity, or 
hospital- and surgeon-related factors. However, little is known about population-level variation in 
reoperation rates. 

PURPOSE: To examine hospital- and surgeon-level variation in reoperation rates after lumbar 
herniated disc surgery and to relate these to published benchmarks. 

STUDY DESIGN/SETTING: Retrospective analysis of a discharge registry including all nonfederal 
hospitals in Washington State. 

METHODS: We identified adults who underwent an initial inpatient lumbar decompression for 
herniated disc from 1997 to 2007. We then performed generalized linear mixed-effect logistic 
regressions, controlling for patient characteristics and comorbidity, to examine the variation in 
reoperation rates within 90 days, 1 year, and 4 years. 

RESULTS: Our cohort included 29,529 patients with a mean age of 47.5 years, 61% privately 
insured, and 15% having any comorbidity. The age-, sex-, insurance-, and comorbidity-adjusted 
mean rate of reoperation among hospitals was 1.9% at 90 days (95% confidence interval [CI], 1.2-
3.1), with a range from 1.1% to 3.4%; 6.4% at 1 year (95% Cl, 3.9-10.6), with a range from 2.8% to 
12.5%; and 13.8% at 4 years (95% Cl, 8.8-19.8), with a range from 8.1% to 24.5%. The adjusted 
mean reoperation rates of surgeons were 1.9% at 90 days (95% Cl, 1.4-2.4) with a range from 1.2% 
to 4.6%, 6.1% at 1 year (95% Cl, 4.8-7.7) with a range from 4.3% to 1 0.5%, and 13.2% at 4 years 
(95% Cl, 11.3-15.5) with a range from 10.0% to 19.3%. Multilevel random-effect models suggested 
that variation across surgeons was greater than that of hospitals and that this effect increased with 
long-term outcomes. 

CONCLUSIONS: Even after adjusting for patient demographics and comorbidity, we observed a 
large variation in reoperation rates across hospitals and surgeons after lumbar discectomy, a 
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relatively simple spinal procedure. These findings suggest uncertainty about indications for repeat 
surgery, variations in perioperative care, or variations in quality of care. 

Copyright A© 2012 Elsevier Inc. All rights reserved. 
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The reoperation rates within 90-days, 1-year, and 4-years following inpatient lumbar decompression surgery 
for herniated disc. Each spike represents 95% Bayesian confidence interval for the probability ofreoperation 
within hospitals (figures on left) and surgeons nested within hospitals (figures on right) in Washington State. 
For the purposes of presentation we excluded those surgeons who have fewer than 10 cases (because of their 
uninformative low volumes, we could not identify any of them as being significantly above or below the 
SPORT benchmark). The solid horizontal line represents the overall reoperation rate, while dashed lines 
represent the reoperation benchmark from SPORT. 
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Risk of multiple reoperations after lumbar discectomy: a population-based 
study. 
Osterman H1, Sund R, Seitsalo S, Keskimaki I. 

Author information 
10RTON Orthopaedic Hospital, Invalid Foundation, Helsinki, Finland. heikki.osterman@fimnet.fi 

Abstract 
STUDY DESIGN: Retrospective follow-up study of patients undergoing multiple (two or more) 
reoperations after initial lumbar discectomy using an administrative database. 

OBJECTIVES: To identify the population-based risk of multiple reoperations after lumbar 
discectomy and to analyze factors associated with the risk. 

SUMMARY OF BACKGROUND DATA: Atthough multiple reoperations after initial lumbar 
discectomy are likely uncommon, research to better understand reasons for and outcomes of 
reoperations is needed because of the large number of discectomies performed. 

METHODS: Data on all lumbar spine operations during 1987-1998 were obtained from the Finnish 
Hospital Discharge Register. The patient's initial disc operation during the study period was linked to 
subsequent operations, and patients with two or more reoperations were analyzed further. The risk 
of multiple reoperations was determined using the methods of event history analysis. 

RESULTS: Among 35,309 patients undergoing an initial discectomy, 4943 (14.0%) had at least one 
reoperation and 803 (2.3%) had two or more reoperations. A total of 63% of the second 
reoperations were discectomies, 14% were fusions, and the remaining 23% were decompressions. 
Patients with one reoperation after lumbar discectomy had a 25.1% cumulative risk of further spinal 
surgery in a 1 0-year follow-up. Reduced risk was seen when the first reoperation took place more 
than 1 year after the initial discectomy (relative risk 0.83, 95% confidence interval 0.72-0.96), in 
patients for whom the first reoperation had been a fusion (relative risk 0.27, 95% confidence interval 
0.12-0.61 ), and in patients 50-64 years of age (relative risk 0.62, 95% confidence interval 0.48-
0.79). 

CONCLUSION: Patients with one reoperation after lumbar discectomy are at considerable risk of 
further spinal surgery. 
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