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Abstract

Purpose To compare patient outcomes and complication

rates after different decompression techniques or instru-

mented fusion (IF) in lumbar spinal stenosis (LSS).

Methods The multicentre study was based on Spine

Tango data. Inclusion criteria were LSS with a posterior

decompression and pre- and postoperative COMI assess-

ment between 3 and 24 months. 1,176 cases were assigned

to four groups: (1) laminotomy (n = 642), (2) hemilami-

nectomy (n = 196), (3) laminectomy (n = 230) and (4)

laminectomy combined with an IF (n = 108). Clinical

outcomes were achievement of minimum relevant change

in COMI back and leg pain and COMI score (2.2 points),

surgical and general complications, measures taken due to

complications, and reintervention on the index level based

on patient information. The inverse propensity score

weighting method was used for adjustment.

Results Laminotomy, hemilaminectomy and laminec-

tomy were significantly less beneficial than laminectomy in

combination with IF regarding leg pain (ORs with 95 % CI

0.52, 0.34–0.81; 0.25, 0.15–0.41; 0.44, 0.27–0.72,

respectively) and COMI score improvement (ORs with

95 % CI 0.51, 0.33–0.81; 0.30, 0.18–0.51; 0.48, 0.29–0.79,

respectively). However, the sole decompressions caused

significantly fewer surgical (ORs with 95 % CI 0.42,

0.26–0.69; 0.33, 0.17–0.63; 0.39, 0.21–0.71, respectively)

and general complications (ORs with 95 % CI 0.11,

0.04–0.29; 0.03, 0.003–0.41; 0.25, 0.09–0.71, respectively)

than laminectomy in combination with IF. Accordingly, the

likelihood of required measures was also significantly

lower after laminotomy (OR 0.28, 95 % CI 0.17–0.46),

hemilaminectomy (OR 0.28, 95 % CI 0.15–0.53) and after

laminectomy (OR 0.39, 95 % CI 0.22–0.68) in comparison

with laminectomy with IF. The likelihood of a reinter-

vention was not significantly different between the treat-

ment groups.

Discussion As already demonstrated in the literature,

decompression in patients with LSS is a very effective

treatment. Despite better patient outcomes after laminec-

tomy in combination with IF, caution is advised due to

higher rates of surgical and general complications and

consequent required measures. Based on the current

study, laminotomy or laminectomy, rather than hemi-

laminectomy, is recommendable for minimum relevant

pain relief.

Keywords Lumbar spinal stenosis � Decompression �
Instrumented fusion � Spine Tango � Propensity score

Introduction

The incidence of lumbar spinal stenosis (LSS) has been

estimated between 3.9 and 11 % of the population [1, 2]

and its prevalence is steadily growing in our ageing society

[3]. Decompressive surgical treatment for carefully
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selected patients with LSS has been shown to have greater

efficacy in comparison with nonsurgical treatments [4–7].

Today, various decompressive surgical procedures dif-

fering in the invasiveness of the intervention exist. They

range from minimally invasive segmental laminotomy

preserving all posterior structures to large laminectomy

with facetectomy. The most frequently performed inter-

ventions are decompression using laminotomy, laminec-

tomy and decompression combined with an instrumented

fusion (IF) of the treated segment. If a pathologic or iatro-

genic destabilization of the spine is suspected, a more rad-

ical and invasive approach like an IF is usually chosen [8].

Use of one or the other decompression technique is

decided upon at the discretion of the clinician. A wide

variability in surgical decision making for patients with

LSS and a lack of consensus is a matter of fact [9–11].

Numerous measurable and unmeasurable factors may

influence the surgeon’s decision about his decompression

technique, with or without an IF. The comparative effec-

tiveness and complications of various decompressive pro-

cedures are uncertain [8, 12].

The international Spine Tango registry, administered

under the auspices of EuroSpine, The Spine Society of

Europe and hosted at the Institute for Evaluative Research

in Orthopaedic Surgery at the University of Bern in Swit-

zerland, documents a wide range of spinal surgical proce-

dures in combination with patient-related outcomes [13].

Currently, over 70 hospitals from 16 European and non-

European countries voluntarily contribute their patient data

to the registry along with data on treatment procedures for

LSS [13].

Comparative treatment assessments would ideally be

done based on randomized treatment assignment to balance

the baseline patient characteristics. This, however, is not

always feasible in real-life medical practice due to a

number of ethical, administrative, financial, and numerous

other considerations. On the other hand, there are statistical

methods used in observational studies to reduce selection

bias and confounding caused by a non-random treatment

assignment. One technique is the propensity score [14].

Although the methodology was first described in the 1980s,

it has only recently gained popularity and entered ortho-

paedics [15]. This analytic approach produces a single

variable—a propensity score—from numerous covariates

simplifying therewith the adjusted comparison. The pro-

pensity score allows for comparison of patients with sim-

ilar characteristics between the studied groups and

consequently enables investigators to adjust for selection

bias due to measured factors, though it still cannot account

for selection bias that is due to unobserved factors.

Using data of the international Spine Tango registry, the

comparative effectiveness of three different decompression

types and decompression in combination with an IF was

analysed. An adjusted analysis based on propensity scores

was applied in searching for predictors of the desired

outcome.

Materials and methods

The registry

‘Surgery 2006’ is a physician-based form in the registry

containing epidemiological and diagnostic data, treatment

parameters, description of intraoperative surgical and

general complications, length of hospital stay, etc. The

register allows linking these data to outcome data. Beyond

the surgical records, patients are asked to complete a self-

reported Core Outcome Measure Index (COMI) question-

naire with two graphical pain scales (GPS 0–10 points) for

back and leg pain [16]. The instrument documents five

domains (pain, back-related function, symptom-specific

well-being, general quality of life and disability (social and

work)), based on which a COMI score is calculated. Fol-

low-up COMIs also include a question on reinterven-

tion‘‘Since the operation in our hospital, have you had any

further operation(s) on your lumbar spine in our or in other

hospitals?’’ with three possible answers: ‘‘no’’, ‘‘yes, but at

a different level of the spine’’, ‘‘yes, at the same index level

of the spine’’.

Table 1 Types of instrumented fusion

Type of instrumented fusion Laminectomy ? IF

n = 108

Pedicle screws with rod 49 (45.37 %)

Pedicle screws with rod ? interbody

stabilization with cage via posterior

approach

47 (43.52 %)

Pedicle screws with rod ? ‘‘other’’ type of

instrumentation

2 (1.85 %)

Pedicle screws with rod ? facet screws 2 (1.85 %)

Interbody stabilization with cage via posterior

approach

2 (1.85 %)

Pedicle screws with rod ? transarticular

screws

1 (0.93 %)

Pedicle screws with rod ? interbody

stabilization with cage via posterior

approach ? pedicle screws with plate

1 (0.93 %)

Interbody stabilization with cage via posterior

approach ? laminar hooks with rod

1 (0.93 %)

Interbody stabilization with cage via posterior

approach ? pedicle screws and plate

1 (0.93 %)

Pedicle screws with plate ? transarticular

screw

1 (0.93 %)

‘‘Other’’ type of instrumentation 1 (0.93 %)

IF instrumented fusion
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Patient sample

The database of the registry was screened on November

21st 2012 for the diagnosis of degenerative LSS treated

with laminotomy, hemilaminectomy, laminectomy, or

laminectomy in combination with an IF. Degenerative

spondylolisthesis grades 0–1 were allowed. A total of 6,752

cases were identified. Patients with additional percutaneous

or motion-preserving measures, patients with non-degen-

erative spondylolisthesis and patients with ‘unknown’ ASA

status (n = 1,009) were excluded. Patients without infor-

mation on ASA status or patients with ASA4 or ASA5

statuses were also excluded for reasons of sample homo-

geneity and adjustment accuracy (n = 44). Of the

remaining 5,699 patients, 1,176 had completed a baseline

and at least one follow-up COMI assessment between 3

and 24 months postoperatively. The 1,176 patients were

assigned to four groups: (1) laminotomy (n = 642), (2)

hemilaminectomy (n = 196), (3) laminectomy (n = 230),

and (4) laminectomy combined with an IF (n = 108)

(Table 1).

The data on 1,176 patients came from 25 centres.

Laminotomy was performed in 18, hemilaminectomy in

18, laminectomy in 13 and laminotomy combined with IF

in 16 centres. The contribution of six centres to the study

was less than five cases. The average contribution of the

remaining 19 centres to the study was 61.3 cases.

Outcome measures and statistical analysis

Each patient’s last available follow-up examination

between 3 and 24 months postoperative was considered in

the analyses. Comparison of pain relief and COMI score

improvement between baseline and follow-up was per-

formed in each group using the Wilcoxon signed-rank test.

As clinical dichotomized outcomes, achievement of

minimum relevant change (MRC) in (a) COMI back and

(b) leg pain and (c) COMI score of 2.2 points on the GPS

[16], (d) surgical and (e) general complications, (f) mea-

sures taken due to complications, and (g) reintervention on

the index level based on patient information (COMI) were

considered.

The inverse probability of treatment weighting (IPTW)

using the propensity score was applied to balance the

treatment groups for their baseline characteristics. IPTW

using the propensity score uses weights based on the pro-

pensity score to create a synthetic sample in which the

distribution of measured baseline covariates is independent

of treatment assignment. The propensity score was esti-

mated without regard to outcome variables, using multiple

logistic regression analysis. The following covariates were

included in the propensity score: patient age (continuous)

and gender (male/female), segment (Th12/L1, L1/2, L2/3,

L3/4, L4/5, L5/S1), ASA status (1/2/3), number of previous

surgeries (0/1/[ 1), extent of lesion (1/[ 1 levels), coexis-

tence of additional spinal pathology (yes/no), degenerative

spondylolisthesis grade I (yes/no), preop back (continuous)

and leg pain (continuous), and COMI score (continuous) as

well as performance of discectomy (yes/no). Univariate

comparison of patient characteristics in the treatment groups

before and after weighting adjustment was performed using

general linear modelling or a Chi-square test as appropriate.

Pairwise comparisons of back and leg pain relief and COMI

score improvement was performed using general linear

modelling with Bonferroni adjustments.

All statistical analyses were conducted using SAS 9.4

(SAS Institute, Inc., Cary, NC, USA). a\ 0.05 was used

throughout the study.

Results

The overall average follow-up interval was 12 months

(range 3–24 months; on average 13 months in group 1,

11 months in group 2, 12.5 months in group 3 and

12.5 months in group 4). All four treatment groups showed

significant back and leg pain relief and COMI score

improvement (p \ 0.001) between baseline and follow-up.

Propensity score-based weights were successfully cal-

culated in the multivariate logistic regression. Table 2

shows patient characteristics before and after weighting

adjustment. Before adjustment patients were significantly

different in at least two of the treatment groups in all

covariates except in proportions of most severely affected

levels (p = 0.051), extent of disease (p = 0.11), and in

preoperative COMI score (p = 0.083). After weighting

adjustment none of the treatment groups differed from

either group (Table 2).

The weighted MRC of back pain was 45.0, 34.4, 39.8,

and 47.2 %; of leg pain 57.6, 39.4, 53.7, and 72.3 %; and

of COMI score 60.9, 48.0, 59.2, and 75.3 %, respectively,

for the four groups. Figure 1 shows how the sole decom-

pression groups perform similarly, particularly with regard

to the various degrees of back pain relief. The curves of

laminectomy in combination with IF are slightly shifted to

the right reflecting the achievement of MRC for pain and

COMI score in a slightly higher proportion of patients.

Table 3 demonstrates the expectable (weighted) postop-

erative back and leg pain relief and COMI score improve-

ment in an average patient. The weighted back pain relief

was not significantly different between the treatment groups

in pairwise comparisons (p [ 0.10). The weighted leg pain

relief was significantly higher after laminectomy in combi-

nation with IF in comparison with hemilaminectomy

(p \ 0.001), laminotomy (p = 0.002) and laminectomy

(p = 0.001). The weighted leg pain relief after

360 Eur Spine J (2015) 24:358–368
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hemilaminectomy was significantly lower in comparison

with laminotomy (p = 0.002). Regarding the weighted

COMI score improvement, the hemilaminectomy group had

significantly lower improvement in comparison with

laminotomy (p = 0.027) and laminectomy in combination

with IF (p = 0.002).

Surgical and general complications, measures taken and

COMI-based reintervention assessments are shown in

Fig. 1 The diagram

demonstrates back and leg pain

relief grouped by 2-point steps

between -10 (worst pain

deterioration) and ?10 (highest

pain relief) for four treatment

groups

362 Eur Spine J (2015) 24:358–368
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Table 4. Overall, the surgical complication rates were

comparable between the groups, with a slightly lower rate in

the hemilaminectomy group. The overall proportions of

general complications were higher in the laminectomy

groups, particularly for laminectomy combined with IF.

Accordingly, also the overall proportions of measures taken

due to a complication were clearly higher in the laminectomy

groups. The overall proportions of a reintervention as indi-

cated by the patient on the COMI follow-up were compa-

rable between the groups being slightly higher before

adjustment in laminotomy and simple laminectomy groups.

The IPTW analysis showed that hemilaminectomy was

significantly less beneficial regarding minimum relevant

back pain relief in comparison with the laminectomy in

combination with IF group (OR 0.59, 95 % CI 0.37–0.94;

Fig. 2). Laminotomy, hemilaminectomy and laminectomy

were significantly less beneficial than laminectomy in

combination with IF regarding leg pain (OR 0.52, 95 % CI

0.34–0.81; OR 0.25, 95 % CI 0.15–0.41; OR 0.44,

95 % CI 0.27–0.72, respectively) and COMI score

improvement (OR 0.51, 95 % CI 0.33–0.81; OR 0.30,

95 % CI 0.18–0.51; OR 0.48, 95 % CI 0.29–0.79, respec-

tively; Fig. 2).

The likelihood of a surgical complication was signifi-

cantly lower in the three decompression groups in com-

parison with the laminectomy combined with IF group (OR

0.42, 95 % CI 0.26–0.69; OR 0.33, 95 % CI 0.17–0.63;

OR 0.39, 95 % CI 0.21–0.71, respectively; Fig. 2). The

likelihood of general complications was also significantly

lower after laminotomy (OR 0.11, 95 % CI 0.04–0.29),

hemilaminectomy (OR 0.03, 95 % CI 0.003–0.41) and

after laminectomy (OR 0.25, 95 % CI 0.09–0.71), in

comparison with laminectomy with IF (Fig. 2). Accord-

ingly, the likelihood of required measures was also sig-

nificantly lower after laminotomy (OR 0.28, 95 % CI

0.17–0.46), hemilaminectomy (OR 0.28, 95 % CI

0.15–0.53) and after laminectomy (OR 0.39, 95 % CI

0.22–0.68) in comparison with laminectomy with IF

(Fig. 2). The likelihood of a reintervention (indicated on

COMI follow-ups) was not significantly different between

the treatment groups.

Discussion

The trend for surgical treatment of LSS is steadily growing

worldwide. A 45 % increase for decompression and a 60 %

increase for fusion surgery were observed between 2004

and 2009 in the US [17]. However, the existing knowledge

on comparative effectiveness of the different decompres-

sive approaches in LSS is sparse [12].

Postacchini et al. [18] compared multiple laminotomy

with laminectomy. This trial had several confounding

factors [12, 18] and did not reveal any differences in

clinical outcomes or spondylolisthesis progression between

the two treatment methods (OR 0.85; 95 % CI 0.25–2.88).

Thomas et al. [19] compared outcomes of 14 patients with

laminotomies and 12 with laminectomies. The comparison

showed a slightly higher reduction of back, overall leg, and

walking pain, and a slightly higher proportion of outcomes

categorized as ‘‘good’’ in the latter group [19]. In an 8-year

follow-up study Rompe et al. [20] were able to follow-up

61.6 % of their patients and to show that simple under-

cutting decompression was slightly better regarding good-

to-excellent outcomes than the groups with laminectomy

and laminectomy in combination with IF. However,

patients with laminectomy and IF were 5.1 and 6.2 % more

satisfied than patients with simple undercutting or lami-

nectomy [20]. Fu et al. [21] reported laminoforaminotomy

being significantly more beneficial than laminectomy at an

average of 40 months after surgery with regard to back and

leg pain and ODI score, although postoperatively both

groups were practically free of pain and had an Oswestry

score near zero. According to the Cochrane review by

Gibson and Waddell, three relatively old trials considered

whether some form of postero-lateral fusion, with or

without instrumentation, was a useful adjunct to decom-

pression alone (Herkowitz 1991, Bridwell 1993, Grob

1995). Pooling the three trials, a total of 139 participants

with 99 % follow-up at 2–3 years showed no statistically

significant difference in outcomes between decompression

plus fusion or decompression alone (OR 0.44; 95 % CI

0.13–1.48) as rated by the surgeon 18–24 months postop-

eratively [12].

Table 3 Weighted

postoperative pain and pain

relief with standard deviation in

four treatment groups

Postoperative pain

and pain relief

1) Laminotomy

n = 642

2) Hemilaminectomy

n = 196

3) Laminectomy

n = 230

4) Laminectomy ? IF

n = 108

Back pain postop 3.5 (2.8) 4.3 (2.9) 4.0 (3.0) 3.0 (2.6)

Back pain relief 2.3 (3.1) 1.7 (2.9) 1.8 (3.3) 2.6 (2.7)

Leg pain postop 3.6 (3.2) 4.8 (3.1) 3.9 (3.5) 2.1 (2.4)

Leg pain relief 3.2 (3.7) 2.1 (3.5) 2.9 (4.3) 4.6 (3.9)

COMI score postop 4.6 (2.9) 5.3 (2.8) 4.8 (2.8) 3.8 (2.8)

COMI score

improvement

3.2 (2.9) 2.5 (2.6) 3.0 (3.0) 3.7 (2.6)

Eur Spine J (2015) 24:358–368 363

123



This paucity of evidence led us to perform the current

study based on the international spine registry Spine

Tango. To account for potential selection bias in a volun-

tary registry, we applied a propensity score based, inverse

probability of treatment method. Four main propensity

score methods can be distinguished: propensity score

matching, stratification on the propensity score, IPWT

using the propensity score, and covariate adjustment using

the propensity score [22]. The analysis of a propensity

score-matched sample can mimic that of a randomized

controlled trial (RCT) [22]. This method is recommended

for large studies with sufficient matching pairs. When

comparing our four treatment groups, a simple pair match

of 1:1:1:1 would require an even larger sample size. On the

other hand, in some settings propensity score matching and

IPTW remove systematic differences between studied

subject groups to a comparable degree [22]. Finally,

matching results in a selection of practically the same

Table 4 Surgical and general complications in the groups

Surgical and general complications,

measures taken and COMI

follow-up-based re-intervention rates

1) Laminotomy

n = 642

2) Hemilaminectomy

n = 196

3) Laminectomy

n = 230

4) Laminectomy ? IF

n = 108

Surgical complications

Wrong level (%) 2 (3.12) – – –

Nerve root damage (%) 4 (6.23) 2 (1.02) 1 (0.43) –

Cauda equina damage (%) 3 (4.67) 1 (0.51) 1 (0.43) –

Bleeding in spinal canal (%) 15 (2.34) 1 (0.51) 4 (1.74) –

Bleeding outside spinal canal (%) 1 (0.16) 1 (0.51) – –

Malposition of implant (%) – – – 2 (1.85)

Dural lesion (%) 63 (9.81) 11 (5.61) 20 (8.70) 7 (6.48)

Wound infection (%) 3 (0.47) – 4 (1.74) 2 (1.85)

Other (%) 3 (0.47) 1 (0.51) 1 (0.43) 2 (1.85)

Overall patient based (%) 78 (12.15) 17 (8.67) 29 (12.61) 13 (12.04)

Overall patient-based rates after weighting 11.42 9.20 10.63 23.50

General complications

Anaesthesiological (%) 1 (0.16) – 2 (0.87) –

Cardiovascular (%) – 1 (0.51) – 2 (1.85)

Pulmonary (%) – – 2 (0.87) 1 (0.93)

Kidney/urinary (%) 3 (0.47) – 2 (0.87) 2 (1.85)

Liver/GI (%) 2 (0.31) – – 1 (0.93)

Other (%) 2 (0.31) – – 3 (2.78)

Overall patient based (%) 7 (1.09) 1 (0.51) 6 (2.61) 7 (6.48)

Overall patient based rates after weighting 1.12 0.33 2.48 9.24

Measures taken

None* (%) 18 (21.43) – – –

Intervention during or after surgery* (%) 56 (66.67) 13 (72.22) 21 (60.00) 8 (50.00)

Conservative* (%) 7 (8.33) 4 (22.22) 8 (22.86) 6 (37.50)

Extended hospital stay* (%) 12 (14.29) 1 (5.56) 6 (17.14) 7 (43.75)

Overall patient based (%) 64 (9.97) 18 (9.18) 33 (14.35) 15 (13.89)

Overall patient-based rates after weighting 9.51 9.54 12.64 27.22

Reintervention on the index level endorsed by patients in COMI follow-ups

Reinterventions (%) 17 (2.65) 2 (1.02) 6 (2.61) 1 (0.93)

Reinterventions after weighting (%) 2.90 0.84 1.84 3.25

‘‘Other’’ surgical complications in group 1 were fat tissue necrosis, wound dehiscence and instability of one segment; in group 2, persistent low

back pain; in group 3, bladder dysfunction; and in group 4, neurapraxia of peroneal nerve and ulnar nerve palsy. The two specified ‘‘other’’

general complications in group 4) were damages from the patient position on the surgical table and MRSA sepsis. One ‘‘other’’ general

complication in group 4 and both ‘‘other’’ general complications in group 1 were not further specified. * the denominator for the percentages was

the number of patients with a surgical or/and general complication in the groups (e.g. 84, 18, 35, and 16, respectively)

364 Eur Spine J (2015) 24:358–368

123



patients from each treatment group and exclusion of other,

differing cases, which itself introduces a selection bias into

the more or less daily practice-based patient populations.

We chose the IPTW method for our study, and good

weighting was achieved. Without clear clinical guidelines

and indications for one or the other treatment procedure,

such an adjustment for patient baseline characteristics was

the only option for our comparative study of the four

procedures, in which patients with similar characteristics

and probabilities underwent either of the treatments.

Laminectomy with IF was clearly more beneficial than

either decompression method alone with respect to the

probability of achieving minimum relevant leg pain relief

and COMI score improvement of 2.2 points. Improvement

in COMI score can be equated with an increased overall

function, as the score is calculated based on pain, back-

related function, symptom-specific well-being, general

quality of life and disability domains. However, surgical

and general complications occurred significantly more

frequently in the arthrodesis patients. Wider confidence

intervals were seen for general complication estimates—

particularly for hemilaminectomy, which was due to the

low number of events. Potentially explained by the higher

rate of complications, also the likelihood for measures

taken were significantly higher in the arthrodesis patients in

comparison with the decompressed patients. The hemi-

laminectomy group had the lowest probability of desired

back and leg pain relief and COMI score improvement,

although the complication rates were also the lowest in this

group. No significant differences were seen in proportions

of reinterventions endorsed by the patients in COMI fol-

low-ups.

The average follow-up time in the study was 12 months,

though an invasive treatment such as decompression in

combination with an IF ideally should be followed up

longer for an accurate judgement of patient benefits. In the

short term, the more invasive approach appears advanta-

geous regarding patient-related outcomes. It also appears

superior regarding probability of early reoperation as

reported by Deyo et al. [23]. The reoperation probability

was higher for the decompression group over the first year

but was lower than that for the simple and complex

arthrodesis groups after 2 years. In other words, after

2 years the probability of having another operation is

higher for patients with an arthrodesis.

Longer term data on LSS are not yet available in the

Spine Tango registry. Long-term studies in the literature

suggest high patient satisfaction and good clinical results

after laminotomies (limited evidence study) [21], lamin-

ectomies (limited evidence studies) [24–26], and after

laminectomies with IF (level I study) [27]. Potentially

different perioperative treatment costs favouring sole

decompression groups in our comparison can be expected,

but were not part of the analysis. In the trends study of Bae

et al. [17], fusions were associated with a longer length of

stay and hospital costs greater than decompression charges

by a multiple of three to four times.

Finally, IF is a technically more complex and invasive

procedure for which particular surgical skills are required

and longer surgery time and more complications can be

expected. These factors should be considered when

deciding the optimal approach in treating LSS. Although a

significantly higher proportion of patients treated with IF

have achieved an MRC in leg pain and a desirable COMI

Fig. 2 Plot of odds ratios with

95 % CI for laminotomy (1),

hemilaminectomy (2), and

laminectomy (3) in comparison

with laminectomy with IF

(instrumented fusion) (4) for

each of seven outcomes. Note:

for the outcomes a–c the odds

ratios with confidence intervals

below the reference line

demonstrate inferior results; for

the outcomes d–g the odds

ratios with confidence intervals

below the reference line

demonstrate superior results
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score, the question should be raised whether these results

mean that laminectomy with IF should be the method of

choice in LSS considering the higher probability of surgi-

cal and general complications. The other side of the coin is

showing that the proportion of patients with desirable pain

and COMI score outcomes in the sole decompression

groups is lower than in the fusion group, but not low.

Technically simpler decompressive surgery should not be

unreasonably supplemented by an IF. The addition of

fusion with or without instrumentation to surgical decom-

pression is completely justified when decompression alone

leads to spinal instability. However, there are no guidelines

to help define situations when the risk is large enough to

justify the increased complexity, cost, and complications in

patients with spinal stenosis. In a level V review (expert

opinion), Atlas et al. noted in summary that ‘‘… given the

increased complications associated with fusion procedures,

decompressive laminectomy should be the surgical proce-

dure of choice for most patients who have not had previous

spine surgery or who do not have other concomitant con-

ditions such as degenerative spondylolisthesis’’ [8, 12].

According to our results, the studied decompression pro-

cedures, with different levels of invasiveness, should not

have the same expected outcomes. A hemilaminectomy

appears as less beneficial in comparison with other

decompression types. Decompression alone can be later on

extended into a fusion, but a fusion can less easily be

reversed into a simple decompression. Hence, decompres-

sion types which the study identified as the most beneficial

ones (laminotomy, laminectomy) are probably the thera-

pies of choice, also from a cost–benefit ratio point of view.

Limitations

Some limitations of this study require mention. The accu-

racy of complication reporting in a voluntary registry

cannot be estimated. Documentation of complications and

all other data in the Spine Tango registry relies on indi-

vidual surgeons’ and hospitals’ honesty. 65.1 % of the data

used in the analysis came from centres whose reliability

has already been assessed and confirmed several times, but

the reliability of the centres associated with the remaining

data has not been assessed previously. However, no hos-

pitals involved in the analysis are known to be unreliable.

A good indicator of honest documentation is the proportion

of dural lesions. The proportions of reported dural lesions

we observed, of 9.8, 5.6, 8.7 and 6.5 % in the respective

groups, were comparable with those seen in the national

SWEspine registry for patients with decompressive surgery

(8.5 %) and patients with decompressive surgery ? fusion

for LSS (5.5 %) [28]. The rates for dural lesions in our

study (overall rate 8.8 %) were even higher than those

observed in the study by Stromqvist et al. [28] (overall rate

7.4 %), which suggests credible reporting. Even if Spine

Tango complication rates might potentially be underre-

ported, we have no reason to believe that the underre-

porting would affect the treatment groups to a different

extent and thus bias the comparative analysis. A Spine

Tango code of conduct will be introduced in 2014 to foster

honest, transparent, and monitored documentation.

As mentioned above, various measurable and unmea-

surable factors may influence surgical decision making in

favour of one approach or another [29]. We could adjust for

the most relevant covariates but one may also have to

include body mass index, smoking habits, and presence of

psychosocial factors (flags). However, these data could not

be recorded in the ‘surgery 2006’ forms. They are part of

the new ‘surgery 2011’ form and may be considered in

future analyses.

The analysis did not include physician-based follow-

ups, which would allow assessing the physician docu-

mented reintervention rates. As already mentioned above,

long-term follow-up analyses are required, where detailed

reintervention rates must be considered.

The numbers of general complications and reinterven-

tions endorsed by patients were relatively low in the

groups. Caution is required when interpreting rare events as

they may disproportionally impact the overall picture.

When comparing patient outcomes after different treat-

ments using MRC, one should be aware that MRC may

differ for different treatment measures. We based the

analysis on the 2.2 points reported as the MRC for the

graphical COMI scales [16]. The MRC in the literature

ranges between 1 and 4.5 points for various 0 to 10 rating

scales and 2 points is an often proposed cut-off [30].

The reader may agree that it would be nearly impossible

to set up an RCT comparing four different decompression

techniques. Moreover, RCT results have high internal but

low external validity in contrast to limited internal but high

external validity of observational effectiveness studies. A

large registry like Spine Tango represents an optimal data

pool for comparative effectiveness analyses using appro-

priate statistical methods.

Conclusions

Our large study of prospectively documented patients

demonstrates that back and leg pain associated with LSS

significantly improve after all decompression procedures.

None of the studied treatment options appears definitively

superior to another. However, based on the results lami-

notomy or laminectomy is somewhat more recommend-

able than hemilaminectomy for minimum relevant pain

relief.
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Despite better patient outcomes after laminectomy in

combination with instrumented fusion, caution is advised

due to higher rates of surgical and general complications

and consequent required measures. An objective assess-

ment of spinal instability and guidelines for the addition of

instrumented fusion are needed.
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