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Abstract

BACKGROUND CONTEXT: Criteria for success after surgical treatment of lumbar spinal steno-
sis (LSS) have been defined previously; however, there are no clear criteria for failure and worsen-
ing after surgery as assessed by patient-reported outcome measures (PROMs).

PURPOSE: We aimed to quantify changes in standard PROMs that most accurately identified fail-
ure and worsening after surgery for LSS.

STUDY DESIGN /SETTING: Retrospective analysis of prospective national spine registry data
with 12-months follow-up.

PATIENT SAMPLE: We analyzed 10,822 patients aged 50 years and older operated in Norway
during a decade, and 8,258 (76%) responded 12 months after surgery.

OUTCOME MEASURES (PROMS): We calculated final scores, absolute changes, and percent-
age changes for Oswestry Disability Index (ODI), Numeric Rating Scale (NRS) for back and leg
pain (0-10), and EuroQol-5D (EQ-5D). These 12 PROM derivates were compared to the Global
Perceived Effect (GPE), a 7-point Likert scale.

METHODS: We used ODI, NRS back and leg pain, and EQ-5D 12 months after surgery to iden-
tify patients with failure (no effect) and worsening (clinical deterioration). The corresponding GPE
at 12-months was graded as failure (GPE=4-7) and worsening (GPE=6-7) and used as an external
criterion. To quantify the most accurate cut-off values corresponding to failure and worsening, we
calculated areas under the curves (AUCs) of receiver operating characteristics (ROC) curves for
the respective PROM derivates.

RESULTS: Mean (95% CI) age was 68.3 (68.1 — 68.5) years, and 52% were females. There were
1,683 (20%) failures, and 476 (6%) patients were worse after surgery. The mean (95% CI) pre- and
postoperative ODIs were 39.8 (39.5 — 40.2) and 23.7 (23.3 — 24.1), respectively. At 12 months,
the mean difference (95% CI) in ODI was 16.1 (15.7 — 16.4), and the mean (95% CI) percentage
improvement 38.8% (37.8 — 38.8).

The PROM derivates identified failure and worsening accurately (AUC>0.80), except for the
absolute change in EQ-5D. The ODI derivates were most accurate to identify both failure and wors-
ening. We found that less than 20% improvement in ODI most accurately identified failure
(AUC=0.89 [95% CI: 0.88 to 0.90]), and an ODI final score of 39 points or more most accurately
identified worsening (AUC =0.91 [95% CI: 0.90 — 0.92]).
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CONCLUSIONS: In this national register study, ODI derivates were most accurate to identify
both failure and worsening after surgery for degenerative lumbar spinal stenosis. We recommend
use of ODI percentage change and ODI final score for further studies of failure and worsening in
elective spine surgery. © 2021 The Authors. Published by Elsevier Inc. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Introduction

Patients operated for lumbar spinal stenosis (LSS) are
more likely to improve than those treated conservatively
[1-3]. However, about 20% report persisting back and leg
pain after surgery [4].

Success after surgical treatment of degenerative LSS has
previously been defined as a substantial clinical improve-
ment (“completely recovered” or “much improved”) [4]. In
contrast, there are no clear definitions of failure and wors-
ening after surgery. Failure can be defined as unchanged or
worsening of symptoms and worsening as a clear deteriora-
tion of symptoms after treatment [5]. The term “non-
success” includes a small improvement and cannot be clas-
sified as neither failure nor worsening. Hence “non-
success” and failure are different concepts.

Patients may accept a lack of improvement after surgery,
but worsening, indicating a potentially harmful treatment
effect, is not well tolerated [5]. Therefore, it is important to
distinguish between these concepts and to define specific
cut-off criteria for both failure and worsening for common
patient-reported outcome measures (PROMs). Such criteria
could be used in patient selection [6] and further research.

In this national spine registry study, we aimed to define
changes in Oswestry Disability Index (ODI) [7], numeric
rating scales (NRS) for back and leg pain, and quality of
life (EQ-5D index) that most accurately described failure
and worsening after operative treatment for LSS.

Method

We conducted a retrospective observational study using
prospectively collected data from the Norwegian national
spine registry (NORspine). We report data according to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) recommendations [8].

Patient population

Eligible were 10,822 patients reported to NORspine, aged
50 years or older, operated for Lumbar Spinal Stenosis in
Norway between January 1, 2007, and April 1, 2017 (Fig. 1).

The NORspine registry

All private and public hospitals that perform spine surgery in
Norway (100 %) report to NORspine, which is a comprehen-
sive clinical registry, currently covering 70 % of all operations
for degenerative spine done in Norway [9]. Patients unable to

give informed consent, with severe psychiatric diagnoses, or
drug problems, as well as patients treated for spinal tumors,
fractures, or primary infections, are not included in NORspine.
At admission for surgery (baseline), patients signed an
informed consent and completed a questionnaire that
included PROMs and questions about the duration of leg
and back pain, socio-demographics, and lifestyle issues.
The surgeon recorded information about the diagnosis, indi-
cation for surgery (radiologic findings and symptoms),
comorbidity, treatment, and perioperative complications on
a standardized form. At 3 and 12 months after the operation,
the patient completed follow-up questionnaires, including
repetitive PROMs. Patients received and returned the 3-
and 12-month follow-up questionnaires directly to NOR-
spine by mail without the treating hospital's involvement.
Non-responders got one reminder questionnaire by mail.

Patient-reported outcome measures (PROMs) and
reference

Oswestry Disability Index (ODI) is a validated measure of
back pain-related disability [7]. It consists of ten questions
related to activities of daily living, each with five response

Eligible 10,822

8,311 reponders

2,511 non-
responders
12 months post
surgery

12 month post
surgery

53 missing
GPE

8,258 included

in final analyses

Fig. 1. Flowchart showing eligible patients, responders, non-responders,
and those that could not be analyzed due to missing Global Perceived
Effect (GPE) score. 8,258 patients were available for final analyses.
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alternatives (0—5), which are summarized into a percentage
score ranging from 0 (minimal disability) to 100 (bed bound).

The Numeric Rating Scales for back and leg pain range
from O (no pain) to 10 (worst imaginable pain). NRS is easy
to use, correlates well with other pain measuring tools, and
is recommended for measuring chronic pain [10,11].

EuroQol-5-Dimension-3-Level (EQ-5D) is a validated
non-disease specific health-related quality of life measure.
Patients report five dimensions: mobility, self-care, the
activity of daily living, pain, and anxiety/depression. Each
dimension is graded by three levels (no, moderate, or severe
problems). The index score varies between minus 0,59 to 1,
0 ("worse than dead" to "perfect health” [12-14].

At 12-month follow-up, patients also rated their perceived
effect of surgery by a Global Perceived Effect scale (GPE)
[15]. We used GPE as a reference to study PROMs mentioned
above. The seven response alternatives were: 1= completely
recovered, 2= much better, 3= somewhat better, 4= unchanged,
5= somewhat worse, 6= much worse, and 7= worse than ever.
We graded patients who perceived themselves as unchanged or
any degree of worsening (GPE 4-7) as "failures.” Patients who
perceived themselves as “much worse” or “worse than ever”
(GPE 6 and 7) were grades as ‘“‘worsening.”

We calculated three different derivates for each of the
PROMs; final score (12 months after surgery), the absolute
change, and the percentage change. We assessed the accu-
racy of these 12 PROM derivates to identify failure and
worsening, using the GPE as an external criterion, as
explained above [16-18].

1491
Statistical analyses

We analyzed differences within or between groups with
student T-test for continuous data (reported as mean, 95%
confidence interval (CI), and mean difference). We used
relative risk (RR) with 95% CI and z-statistics when com-
paring categorical data.

We used Receiver Operating Characteristics (ROC)
curves for each PROM outcome to identify cut-off val-
ues for failure (GPE = 4—7) and worsening (GPE = 6
—7) after LSS surgery. We used the closest point to the
upper left corner of the ROC curve (Fig. 2) to determine
the cut-off with the highest sensitivity and specificity.
We calculated the areas under the respective curves
(AUC) to determine how accurate the PROM derivates
classified the outcomes as failure vs. non-failure and
worsening vs. non-worsening. AUC values and corre-
sponding grades of accuracy were interpreted as follows:
< 0.7 = poor, 0.7 - 0.8 = fair, 0.8 - 0.9 = good, and
>0.9 = excellent accuracy [19].

To evaluate the consistency of our results across sub-
groups, we performed ancillary analyses for age, preopera-
tive ODI score quartiles, and type of surgery
(decompression vs. decompression and fusion). We per-
formed the subgroup analysis only for the failure group, as
the worsening group was considered too small. Patients
with a missing variable were excluded only in the analyses
for that missing variable, and we did not perform any
imputation.
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Fig. 2. ROC curves for absolute change in ODI, NRS back pain, and NRS leg pain vs. “failure” (GPE 4—7). The oblique blue line demonstrates “distance to
corner” - a method to identify the highest sensitivity and specificity for each curve. The ROC curves also demonstrate “area under the curve” (AUC) - a mea-

surement for the accuracy to identify failure.
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We performed statistical analyses using SPSS version
25. (IBM Corp. released in 2017. IBM SPSS Statistics for
Windows, Version 25. Armonk, NY)

Ethical considerations

All patients provided written informed consent before
entering the registry. The study was approved by the Nor-
wegian national research ethics committee (reference:
2017/2157, May 15 2018). The study was conducted in
accordance with the Helsinki declaration [20].

Results

Of 10,822 patients enrolled in the registry, 8,311 (77%)
responded at 12 months follow-up. Fifty-three of the res-
ponders (0.6%) did not report the GPE score. Hence, 8,258
were included in the final analyses (Fig. 1).

The overall mean age (95% CI) was 68.0 (67.8-68.1)
years, and 5,690 (53%) were women. Table 1 shows patient
characteristics at baseline. We found several small, but sta-
tistically significant, differences between the responders
and non-responders. Non-responders were somewhat youn-
ger and more often smokers, single, and disability benefit
receivers, and had more comorbidities (Table 1). Respond-
ers had less pain and disability at baseline, ODI mean dif-
ference (95% CI) was 2.7 points (2.0 to 3.4); p<.001. There
were no relevant differences between the responders and
the non-responders for the remaining patient characteristics
and diagnoses (Appendix Table 1).

Overall, 73 % had MRI findings of central spinal steno-
sis, and 16% had degenerative spondylolisthesis. The main
surgical techniques were foraminotomy (70%), and

laminectomy (12%). Also, 80 % of the surgeries were done
microscopically assisted, and 12% of the patients under-
went an additional fusion procedure. Table 2 shows the
effect of surgery as assessed by ODI, NRS back pain, NRS
leg pain, and EQ-5D derivates: final score, absolute change,
and percentage change.

At 12 months follow-up, the outcomes of 1,683 patients
(20%) were classified as failures according to the GPE
(GPE 4-7) and the outcomes of 476 patients (6%) as wors-
ening (GPE 6—7) (table 3). Table 3 also shows the PROM
derivates with corresponding cut-off values and accuracies
to identify failure and worsening. ODI percentage
change had the highest accuracy (AUC (95% CI) = 0.89
(0.88—0.90)), with a cut-off value of less than 20%, to iden-
tify failure after surgery (sensitivity/specificity: 82%/ 81%)
at 12-months follow-up. An ODI final score of 31 points or
more, and an ODI absolute change of less than 8 points,
also accurately classified failure.

ODI final score showed excellent accuracy (AUC
(95%CI) = 0.91 (0.90—0.92)) with a cut-off value of more
than 39 points to identify worsening after surgery (sensitiv-
ity/specificity: 83%/ 79%), followed by ODI percentage
change of less than 9% and an ODI absolute change
(improvement) of less than 4 points.

NRS back and leg pain derivates showed good accuracy
identifying both failure and worsening (AUC > 0.80). EQ-
5D final score showed excellent accuracy to identify wors-
ening (AUC=0.90), but EQ-5D absolute change showed
only fair accuracy to identify failure (AUC=0.79).

Ancillary analyses (Appendix Table 2) showed that the
cut-offs for PROM derivates to identify failure did not
change across age quartiles (<25%, 25%-75%, and >75%).

Table 1

Patient characteristics of 10,822 Norwegian patients, 50 years and older, with surgically treated spinal stenosis (broken down by responders versus non-

responders)

Responders n = 8,311 (76,8%) Non-responders n =2,511 (23,2%)
Mean (95% CI) or n (%) Mean (95% CI) or n (%) Mean diff (95%CI) p-value
or Relative Risk (95% CI)

Age 68.3 (68.1 - 63.5) 66.8 (66.4 - 67.1) 1.5(1.1-1.9) <.001
Female 4,335 (52.2%) 1,355 (54.0%) 1.03 (0.99 - 1.08) .109
Civil status - single 2,145 (25.9%) 783 (31.4%) 1.21 (1.13 - 1.30) .001
Norwegian as 1™ language 8,014 (96.9%) 2,384 (95.2%) 0.98 (0.97 - 0.99) <.001
ASA* grade 1 and 2 6,409 (77.9%) 1,873 (75.5%) 0.97 (0.95-0.99) .015
Body Mass Index 27.5(27.4-27.6) 27.7(27.5-27.9) 0.2(0.0-04) .045
Smoking 1,521 (18.5%) 664 (26.7%) 1.45(1.34-1.57) <.001
University or college education > 4 years 2,439 (29.3%) 679 (27.0%) 0.92 (0.86 - 0.99) .023
Comorbidity, any 5,228 (69.2%) 1,692 (73.8%) 1.07 (1.04 - 1.10) <.001
Receives Disability benefit 2,368 (28.5%) 902 (35.9%) 1.26 (1.18 - 1.34) <.001
Previous spinal surgery, any 1,994 (24.3%) 694 (26.1%) 1.07 (0.99 - 1.16) .070
Back pain >12 months before surgery 5,851 (70.4%) 1,833 (73.0%) 1.03 (1.01 - 1.07) .010
Leg pain >12 months before surgery 4,950 (59.6%) 1,567 (62.4%) 1.05 (1.01 - 1.09) .009
Pre-operative ODI** 39.8 (39.5-40.2) 42.6(41.9-43.2) 2.7(2.0-3.4) <.001
Pre-operative NRS*#* back pain 6.5(6.5-6.6) 6.7 (6.6-6.7) 0.1 (0.0-0.2) 0,007
Pre-operative NRS leg pain 6.6 (6.5-6.6) 6.7 (6.6 - 6.8) 0.1 (0.0-0.2) 0,015
Pre-operative EQ-5D**#* 0.38 (0.37 - 0.38) 0.32(0.31-0.33) 0.06 (0.04 - 0.07) <.001

Table abbreviations explained: ASA = American Society of Anesthesiologists classification of physical status (1—5). ODI = Oswestry Disability Index (0
—100). NRS = Numeric Rating Scale 0-10. EQ-5D = EuroQol 5-Dimension 3-Level.
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Table 2

1493

Effect of surgical treatment for spinal stenosis reported by 8,311 patients at 12 months follow-up.

PROM Final score Absolute change (improvement) Percentage change (improvement)
Mean 95%C1 Mean 95%C1 Mean 95%C1

ODI 237 233 —-24.1 16.1 157 - 16.4 38.8% 37.8% — 38.8%

NRS back pain 3.8 38-39 2.7 26-27 37.5% 36.3% — 38.7%

NRS leg pain 3.6 35-36 3.0 3.0-3.1 41.9% 40.5% — 43.3%

EQ-5D index* 0.64 0.64 —0.63 0.26 0.26 — 0.27 - -

* Percentage change of the EQ-5D index is not meaningful due to a denominator between -0.6 and 1.0.

Table 3

PROM accuracy to identify failure (GPE=4—7) and worsening (GPE=6—7) 12 months after surgical treatment of spinal stenosis in 8,258 patients. An area

under the curve (AUC) > 0.7 indicates acceptable sensitivity and specificity.

Failure (GPE 4-7) n= 1683/8258 (20%)

Worsening (GPE 6-7) n=476/8258 (6%)

Outcomes n Cut-off AUC (95% CI)  sensitivity specificity Cut-off AUC (95%CI) sensitivity  specificity
Disability

ODI final score 8,220 31 0.87 (0.86-0.88) 0.79 0.78 39 0.91 (0.90-0.92) 0.83 0.79
ODI absolute change 8,174 -8 0.86 (0.86-0.87) 0.78 0.79 -4 0.86 (0.85-0.88) 0.77 0.79
ODI percentage change 8,161 -20% 0.89 (0.88-0.90) 0.82 0.81 -9% 0.87 (0.86-0.88)  0.80 0.80
Back Pain

NRS back pain final score 8,174 5,5 0.87 (0.86-0.88) 0.79 0.81 6.5 0.90 (0.89-0.91) 0.86 0.82
NRS back pain absolute change 7,687 -1.5 0.83 (0.82-0.84) 0,80 0,74 -0.5 0.83 (0.81-0.85) 0,78 0,77
NRS back pain percentage change 7,573 -21% 0.85(0.84-0.86) 0,81 0,77 -12% 0.84 (0.82-0.85) 0,82 0,77
Leg Pain

NRS leg pain final score 8,067 5.5 0.85(0.84-0.86) 0,73 0.82 6.5 0.87 (0.86-0.89) 0,77 0,82
NRS leg pain absolute change 7,518 -1.5 0.83(0.82-0.84) 0,77 0,76 -0.5 0.82 (0.81-0.84) 0,72 0,79
NRS leg pain percentage change 7,398 -24% 0.85 (0.84-0.86) 0,79 0,78 -13% 0.83 (0.82-0.85) 0,80 0,73
Quality of Life*

EQ-5D final score 7,098 0.62 0.86 (0.85-0.87) 0,77 0,77 0.53 0.90 (0.89-0.92) 0,86 0,81
EQ-5D absolute change 6,585 0.06 0.79 (0.78-0.81) 0,71 0,76 0.03 0.81(0.79-0.83) 0,78 0,74

The final score was the absolute value at 12 months follow up. The absolute change was the final score minus the preoperative score (negative values
indicate improvement in ODI and NRS; positive values indicate improvement in EQ-5D). The percentage change was the absolute change divided by the pre-
operative score (negative values indicate improvement in ODI and NRS; positive values indicate improvement in EQ-5D).

* EQ-5D percentage change is not meaningful due to a denominator between -0.6 and 1.0.

However, the cut-offs varied between the quartiles of base-
line ODI scores. For the highest and lowest preoperative
ODI quartiles, an ODI final score of 46 and 19 points,
respectively, indicated failure. The ODI absolute change
and ODI percentage change also displayed considerable dif-
ferences across the highest and lowest quartiles of baseline
ODI score (15 points vs. 2 points and 25% vs. 10%, respec-
tively). At 12 months follow-up, there were no relevant dif-
ferences in follow-up rates (76.7% vs. 77.6%) and cut-off
values defining failure, comparing those who underwent
decompression vs. those who underwent decompression
and fusion (ODI final scores of 31 vs. 32, absolute ODI
changes of -8 vs. -9, and ODI percentage changes of -20%
vs. -24%).

Discussion

In this national spine registry study of Norwegian
patients aged 50 years and older, derivates of Oswestry Dis-
ability Index were the most accurate tools to identify both
failure and worsening after surgery for degenerative lumbar
spinal stenosis. The patients reported a clinically relevant

improvement in ODI, NRS back and leg, and quality of life
(EQ-5D) 12 months after surgery. Of the different ODI
derivates, a post-operative ODI percentage change of less
than 20% (improvement) most accurately classified out-
come as failure. ODI final score was the most accurate deri-
vate to identify worsening, with a cut-off at 39 points.

The NRS back and leg pain derivates also displayed
good accuracy in identifying failure and worsening after
surgery, albeit with lower AUCs, sensitivities, and specific-
ities than the ODI derivates (Table 3). These findings are in
line with previously published data on disc herniations [5].

Surprisingly, EQ-5D final score also displayed excellent
accuracy for the classification of worsening (Table 3). The
other EQ-5D derivates showed lower accuracy. EQ-5D is a
generic instrument designed to assess cost-benefit rather
than the clinical effect of treatment [21].

Previously published data have estimated the minimal
clinically important change (MCIC) for ODI between 8 to
20 points [7, 10, 22-24]. Nerland et al. defined worsening as
an 8-point increase on the ODI scale [25]. We found that
even patients with a minor ODI improvement (cut-off at 4
points, Table 3), can perceive the result as a worsening after
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surgery. This result may be explained by patients being
exhausted due to severe disability and persisting symptoms,
and due to recall bias when patients report GPE 12 months
after surgery [18].

The concept of a patient acceptable symptom status
(PASS) was developed by Van Hoof et al. in 2016 [26].
They estimated a PASS for ODI at 22 points final score
after surgery for degenerative spinal disorders. Austevoll
et al found a cut-off for success after surgery for spinal ste-
nosis at 24 points for ODI final score [4]. As expected, these
values are lower than the 31 points we found for cut-off for
failure, emphasizing that non-success, or not reaching
PASS, is not the same as failure. This means that there is a
grey zone of outcomes between thresholds for non-success
and failure that are difficult to classify [5].

We defined failure with reference to GPE categories of
“unchanged” and any degree of worsening after surgery. In
this cohort, 20 % of patients classified their outcomes after
surgery as failure, and 6 % were worse after surgery. Ner-
land found that 8.7 % of LSS patients reported worsening
after decompression [25]. Previously published data from
the SPORT study described a success rate of 65% after sur-
gical decompression of LSS [27]; however, neither failure
nor worsening were explicitly reported.

In a shared decision-making process before surgery, the
surgeon should inform the patient about the risk of failure
and worsening. A dichotomous outcome may be understood
more easily than a PROM number and can be used to esti-
mate the risk of failure. However, the most intuitive PROM
derivate is probably the ODI final score, because it indicates
if a patient has reached an unfavorable outcome or not.

We expected that cut-off values could vary by age groups
with different expectations and demands concerning physical
performance. However, our findings do not support this
hypothesis (Appendix Table 2). Furthermore, our ancillary
analyses indicated that ODI cut-off values varied with preop-
erative ODI levels, but not with the type of surgery (decom-
pression vs. decompression and fusion). Hence, analyses of
failure and worsening should be performed with adjustment
for the baseline values of the PROMs investigated.

This nation-wide observational spine registry study is
based on prospectively collected data reported by thousands
of patients operated in many hospitals, indicating that data
are robust with high external validity. Previous studies have
shown that the indications for surgery in the Scandinavian
LSS population are similar to those used in the US,
although the surgical techniques may differ between coun-
tries [28,29]. Furthermore, the patient-reported outcomes
after surgery are similar to the results reported in previous
studies [27,28].

Limitations are that NORspine covers about 70% of all
surgeries done in Norway [9], and our loss to follow-up was
23 % at 12 months. Baseline characteristics of responders
and non-responders displayed some statistically significant
differences and could indicate that non-responders would be
at higher risk for inferior outcomes [25,30]. This could

represent a selection bias when evaluating treatment effects.
However, the main purpose of this study was rather to evalu-
ate cut-offs for four common PROMs used to assess the
effect of spinal surgery. Moreover, previous cohort studies
reported similar clinical outcomes for non-responders com-
pared to responders and lost-to-follow-up rates of 12% to
42%. [31,32,33,34]. The authors of one systematic review of
spine register data recommended a follow-up rate of 60%
—80% to ensure sufficient quality in spine registers [35].

Another possible limitation of the NOR. spine spine reg-
ister is that it does not extend beyond 12 months follow-up.
However, several studies have shown that the effect of sur-
gical treatment of the degenerative spine stabilizes after 12
months [27,34,36-38].

Selecting the GPE as an external criterion may have weak-
nesses due to lack of objectivity and potentially a recall bias
[18,39]. However, GPE has been recognized as an acceptable
tool to measure the effect of lumbar degenerative spinal sur-
gery [40] and is a recommended clinical anchor [41].

Finally, our patients underwent different surgical proce-
dures. Still, we found no relevant differences in follow-up
rates and ODI cut-off values defining failure, comparing
those who underwent decompression vs. those who under-
went decompression and fusion.

Despite these limitations, the authors believe that our
cut-off criteria for failure and worsening may facilitate clin-
ical guidance and be used as a common language in future
research on the effects of surgical treatment of the degener-
ative spine.

Conclusions

In this national spine registry study, ODI derivates were
most accurate to identify both failure and worsening after
surgery for degenerative lumbar spinal stenosis. We found
that less than 20% improvement in ODI most accurately
identified failure and that an ODI final score of 39 points, or
more, most accurately identified worsening. We recom-
mend using ODI percentage change and ODI final score for
further studies of failure and worsening after spine surgery.
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Appendix Table 1
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Diagnosis and treatment for 10,822 Norwegian patients, 50 years and older, with surgically treated spinal stenosis (broken down by responders versus non-

responders)
Responders n = 8,311 Non-responders n = 2,511 Relative Risk (95% CI) p-value

Diagnoses
Central spinal stenosis 6,081 (73.2%) 1,825 (72.7%) 0.99 (0.97-1.02) .631
Lateral spinal stenosis 4,569 (55.0%) 1,428 (56.9%) 1.03 (0.99-1.08) .091
Disc herniation 460 (5.5%) 140 (5.6%) 1.01 (0.84-1.21) 938
Degenerative disk 1,304 (15.7%) 426 (17.0%) 1.08 (0.98-1.19) 125
Foraminal stenosis 874 (10.5%) 260 (10.4%) 0.98 (0.86-1.12) 817
Spondylolisthesis, degenerative 1,334 (16.1%) 437 (17.4%) 1.08 (0.98-1.20) 107
Synovial cyst 199 (2.4%) 61 (2.4%) 1.01 (0.76-1.35) .920
Degenerative scoliosis 354 (4.3%) 106 (4.2%) 0.99 (0.80-1.23) 934
Pseudomeningocele 0 (0%) 0 (0%) - -
Spondylolysis 0 (0%) 0 (0%) - -
Treatment
Decompression with microscope 6,577 (79.1%) 2,102 (83.7%) 1.05 (1.04-1.08) <.001
Decompression with fusion 1,022 (12.3%) 295 (11.7%) 0.96 (0.85-1.07) 462
Complication(s) peri-operatively 486 (5.8%) 171 (6.8%) 1.16 (0.98-1.38) .076
Operated > 1 level 3,129 (38.0%) 888 (35.7%) 0.94 (0.88-1.00) .040

Appendix Table 2
ODI cut-off values with corresponding AUCs indicating the highest accuracy to identify failure, broken down by quartiles of pre-operative ODI and age.
Subgroups ODI final score (AUC) ODI absolute change (AUC) ODI % change (AUC)
Pre-op ODI >51,1 46 (0.89) -16 (0.89) -27% (0.89)
Pre-op ODI 28,9-51,1 32(0.90) -8 (0.90) -20% (0.90)
Pre-op ODI <28,9 19 (0.87) -2 (0.90) -9% (0.90)
Age >74 31(0.84) -8 (0.84) -20% (0.87)
Age 62— 173 29 (0.88) -8 (0.88) -21% (0.90)
Age <61 29 (0.88) -6 (0.88) -17% (0.90)
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