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Study design. A prospective cohort study.

Objective. The aim was to investigate changes in lumbar lordosis
(LL) and its association to changes in patient-reported outcome
measures (PROMs) after decompressive surgery for lumbar spi-
nal stenosis (LSS).

Summary of background. Few studies have addressed change in
LL after decompression surgery for LSS in relation to outcomes.

Materials and Methods. Preoperative and postoperative data
from 310 patients having standing x-ray both before and two
years after surgery were included. The patients were grouped
based on the change in LL preoperatively to two years after
surgery; group 1: < 5° (n= 196), group 2: ≥ 5 < 10° (n= 55), or
group 3: ≥ 10° (n= 59) of change in LL. The changes in
function, disability and pain were assessed by the Oswestry
disability index (ODI), numeric rating scale (NRS), and the
Zurich claudication questionnaire (ZCQ). The three groups
were compared regarding baseline variables using the ANOVA
test for continuous variables and the χ2 test for categorical
variables. The groups were further compared with a likelihood
ratio test in relation to changes in PROMs two years after
surgery and outcomes were adjusted for respective baseline

PROMs, age, sex, smoking, BMI, Schizas, and Pfirrmann
scores.

Results. LL was significantly changed at group level two years after
surgery with a mean difference of 2.2° (SD: 9.4°) (P= 0.001). The
three LL change groups did not show any significant differences in
patient characteristics, function, disability, and pain at baseline. The
two groups with a change of more than 5° in LL two years after
surgery (group 2 and 3) had significantly greater improvements in
ODI (P=0.022) and ZCQ function (P=0.016) in the adjusted
analyses, but was not significant for back and leg pain

Conclusion. Changed LL after decompressive surgery for LSS
was associated with improved ODI and physical function.

Level of Evidence. Level III.
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The natural curvature in the sagittal plane of the lower
back, lumbar lordosis (LL), is individual and corre-

lates with the overall alignment of the spine.1 Over a
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lifetime LL tends to decrease, and patient related factors
such as sex and range of motion have also been shown to
influence LL.2 The presence of degenerative conditions of
the lumbar spine increases with age and recent data show
that a total of 102 million (1.4%) Europeans are diagnosed
with lumbar spinal stenosis (LSS) yearly.3 In the Norwe-
gian population the number of LSS surgeries have more
than tripled between 1999 and 2013 and the rates of de-
compressive surgeries over fusion surgery have drastically
increased.4 This trend of increased rate of LSS surgeries is
also seen in other countries.4,5 Degenerative changes of the
lumbar spine may per se influence the LL but LL may also
influence patients adapting to postural changes such as
forward leaning, alleviating pain as the cross-sectional
area of the spinal canal is increased.6 Patients with
symptomatic LSS have been shown to have lower LL
compared with a control group without symptoms.7

Previous studies on changes in LL after decom-
pressive surgery for LSS have found a small but significant
increment and change in LL after decompression without
fusion for LSS.8–11 Few studies have addressed the asso-
ciations between changes in LL and PROMs, and to our
knowledge no other study has adjusted the results for
other variables that may have an impact on the outcomes
after surgery. Thus, this study aims to investigate the as-
sociation between change in LL and change in PROMs
preoperatively to two years after decompressive surgery
for LSS.

MATERIALS AND METHODS

Study Population
This cohort study is a secondary analysis of data

from the multicenter randomized Spinal Stenosis Trial
(SST) from the NORwegian Degenerative spondylolis-
thesis and spinal STENosis (NORDSTEN) study.12–14

The inclusion and exclusion criteria for the NORDS-
TEEN-SST with the addition of the specific radiologic
requirements, standing x-ray before and two years after
surgery, for this study are presented in Table 1. A
corresponding flow chart of the study cohort is presented
in Figure 1. At baseline, information about age, gender,
body mass index (BMI), smoking and Oswestry disability
index score (ODI), Zurich Claudication Questionnaire
score (ZCQ), and numeric rating scale score (NRS) for leg
and back pain and the minimally invasive surgical
procedures (unilateral laminotomy with crossover,
bilateral laminotomy, and spinous process osteotomy)
were registered. The surgical procedures were unilateral
laminotomy with crossover (n= 104), bilateral
laminotomy (n= 101), and spinous process osteotomy
(n= 105). The three randomized surgical groups showed
no clinical differences,12 and consequently, the patients
were treated as one cohort in the present analyses. All
surgical techniques involved some degree of detachment of
the multifidus muscle along with flavectomy, laminotomy,
and medical facetectomy. The surgical techniques have
previously been described in more detail.12

Radiologic Imaging Preoperative and
Postoperative

LL was measured on standing lateral x-rays of the
lumbar spine in neutral position, between the upper end-
plate of L1 and the upper endplate of S1 (Fig. 2). The
patients were categorized into three groups based on the
change of LL between the preoperative and the two-year
postoperative x-rays: change in LL of < 5° (group 1), ≥ 5
and < 10° (group 2) or ≥ 10° (group 3). The intervals of
change as represented by group 1, 2, and 3 were selected
based on the established 5° measurement error15 found in
literature and the > 10° change found to lead to a
significant change in physical scores after decompressive
surgery for LSS.16 All radiologic images were imported
and stored in a Picture and Archiving Communicating
System (PACS), Sectra IDS7, Sweden, where the
integrated software tools for angle measurements were
used. Measurements of LL on a set of 50 postoperative
lateral standing x-rays were performed on two occasions
by two spine surgeons to establish the interobserver and
intraobserver reliability of the LL measurements.

Outcome Assessment and Patient-Reported
Outcomes Measures (PROMs)

The PROMs used in this study were self-ad-
ministered at the admission for surgery (baseline) and at
two years after surgery. The outcomes investigated was
changes in pain-related physical function assessed by the
ODI (0–100), NRS (an 11-point scale from 0, none to 10,
worst possible) for back and leg pain and the ZCQ, a self-
administered measures for evaluation of symptom severity
and physical function (symptom severity range of scores
1–5, physical function scale range of scores 1–4, and pa-
tient satisfaction scale range 1–4), in lumbar spinal
stenosis in relation to the three different group of changes
in LL after surgery.17,18

Statistical Analysis
Descriptive statistics for continuous variables are

presented as means with standard deviation and catego-
rical data are presented as numbers and percentages. In-
traclass correlation coefficient (ICC) was used for
calculation of interobserver and intraobserver reliability of
the LL measurements. The mean changes in PROMs;
ODI, ZCQ, and NRS (for back and leg pain) are pre-
sented with means with a 95% CI. Groups at baseline were
compared using the ANOVA test for continuous variables
and the χ2 test for categorical variables. The three groups
were compared with a likelihood ratio test in relation to
changes in PROMs two years after surgery. The changes
in PROMS two years after surgery in relation to the three
groups of different change of LL were adjusted for re-
spective baseline PROMs and for age, sex, smoking, BMI,
Schizas, and Pfirrmann scores. A P< 0.05 was considered
to be significant. We used SPSS (IBM SPSS Statistics
for Mac, Version 26.0; IBM Corp., Armonk, NY) for
statistical analyses.

Spine � Volume 50, Number 1, January 2025 Change in Lumbar Lordosis After Decompressive Surgery • Åkerstedt et al

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. www.spinejournal.com | 41



Ethics and Trial Registration
The Committee for Medical and Health Research

Ethics of Central Norway approved the study (study identifier:
2011/2034). The study was registered at ClinicalTrials.gov on
November 22, 2013, under the identifier NCT02007083. All
patients provided written informed consent.

RESULTS

Demographic Characteristics
The patient characteristics are presented in Table 2. A

total of 437 patients were included in the NORDSTEN-
SST study, and 310 of these had complete radiology
examinations before and two years after surgery and were
included in the present study. The mean patient age was
67 years (SD: 8.2) and the study included 165 male and 145
female patients. The mean BMI was 27.8 (SD: 4.1) before

surgery. In all, 248 patients (80%) were nonsmokers, 61
patients (20%) were smokers, and 1 patient had missing
information about smoking. There were no significant
differences regarding baseline parameters between the three
groups of changes in LL (Table 2).

Radiologic Findings
The interobserver reliability was 0.98 (95% CI:

0.95–0.98) and the intraobserver reliability was 0.99 (95%
CI: 0.98–0.99) for LL measurements. The mean LL was
48.9° (SD: 12.9°) before surgery and 51.1° (SD: 13.5°) two
years after surgery, resulting in an increase of 2.2° (SD:
9.4°) (P= 0.0001). Most patients (n= 196, 63%) had a
small change in LL when comparing the preoperative and
postoperative images < 5° (group 1), 55 patients had a
change between 5° and 10° (group 2) and 59 patients had a
change over 10° (group 3). Figure 3 shows the
preoperative and two years postoperative standing x-ray
of a patient with a change in LL of > 10° and a patient
with a change of < 5°. There were no significant
differences between the surgical techniques and changes
in LL (P= 0.41).

Association Between Changes in LL and Changes
in PROMS Preoperatively to Two Years
Postoperatively

In the unadjusted analyze, a change in LL were asso-
ciated with improved outcomes in ODI (P= 0.0040), ZCQ
function (P= 0.0058), and NRS back pain (P= 0.021), with
higher change scores in the group 2 and 3. However, no

TABLE 1. Inclusion and Exclusion Criteria for the NORDSTEN-
SST Trial With the Addition of the Specific Radiologic
Requirements for This Study*
Inclusion criteria
Presence of clinical symptoms of spinal stenosis, such as neurogenic

claudication or pain radiating bilaterally to the lower limbs
Nonresponse of at least three months of nonsurgical treatment
Radiological findings corresponding to the clinical symptoms of LSS.

Central-stenosis or lateral recess stenosis.
Able to give informed consent and to answer the questionnaires
Over 18 years of age
Able to understand Norwegian, both spoken and written
*Preoperative and two years postoperative standing lateral x-rays of

the lumbar spine
Exclusion criteria
Degenerative lumbar spondylolisthesis, with a slip ≥ 3 mm verified

on standing plain x-rays in lateral view
Not willing to give written consent
Previous surgery at the level of stenosis
Fracture or former fusion in the thoracolumbar region
Cauda equina syndrome (bowel or bladder dysfunction) or fixed

complete motor deficit
ASA classified 4 or 5
Over 80 years of age
Presence of lumbosacral scoliosis of more than 20°, verified on AP

view
Presence of distinct symptoms in one or both legs, due to other

diseases, for example, polyneuropathy, vascular claudication, or
osteoarthritis

LSS at 4 or more levels
Unable to comply fully with the protocol, including treatment,

follow-up, or study procedures (psychosocially, mentally, or
physically)

The patient is participating in another clinical trial that may interfere
with this trial

Figure 1. Flowchart of the NORDSTEN study, SST, and LLS
cohort according to STROBE statement.

Figure 2. The lumbar lordosis (LL) was measured on lateral
x-rays as the angle between the upper endplates of L1
and S1.
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association between LL change and improvements in NRS
leg pain (P= 0.14) or ZCQ symptoms (P= 0.084) were seen.
After adjustment for baseline PROMs, age, sex, smoking,
BMI, Schizas, and Pfirrmann scores, improvements in ODI
(P= 0.022) and ZCQ function (P= 0.016) were significant
between groups 1, 2, and 3 with higher improvements for
group 2 and 3 (Table 3).

DISCUSSION
An overall small change of LL was seen on group

level in patients with LSS operated with decompressive
surgery after two years follow-up. However, a larger
change of LL was found to be associated with greater
improvements in ODI and ZCQ function.

Radiographic parameters such as low LL has pre-
viously been found to be associated with back pain in
patients with spinal deformities and LSS.19 However, a
limited number of studies have investigated LL in relation
to outcomes after decompressive surgery in patients with
LSS.8–10 A Cochrane review published by Hatakka et al.
in 202120 concluded that decompressive surgery may have
a small statistically significant, but probably clinically in-
significant, effect on LL. Chang21 divided their patients
into groups with a poor and a good postoperative physical
score (SF-36) and VAS. They found LL after surgery to be
correlated to improved outcome in SF-36 and VAS with a
lower mean LL in the group with poor outcomes com-
pared with the group with good outcomes.21 Fujii et al.9

on the other hand, found no correlation between LL be-
fore surgery and PROMs (ZCQ and VAS) after surgery.
None of these studies address changes in LL occurring
after surgery in relation to PROMs. To our knowledge,
changes in LL in relation to outcomes after LSS surgery
without fusion has previously only been studied by
Chang16 where, in a cohort of 85 patients, a 10° change in

TABLE 2. Baseline Parameters of the Cohort of LLS Patients
Selected for Surgical Treatment and having Radiologic
Investigations With Standing X-Rays Before and at Two Years
(N=310)

Change in lumbar lordosis, Δ LL (°)

Group 1
(< 5°)

Group 2
(≥ 5° < 10°)

Group 3
(≥ 10°) Total P

Age
Mean 66.4 68.5 67.5 67.5 0.21
SD 8.5 8.0 8.0 8.2
N 196 55 59 310

BMI
Mean 27.9 27.5 28.0 27.8 0.76
SD 4.0 4.0 4.3 4.1
N 190 53 59 302

ODI*
Mean 37.0 41.3 39.9 38.3 0.10
SD 14.3 16.3 13.5 14.6
N 195 55 59 309

ZCQ† symptom
Mean 3.4 3.4 3.3 3.4 0.89
SD 0.6 0.5 0.5 0.6
N 194 55 58 307

ZCQ† physical
Mean 3.4 3.4 3.3 2.5 0.13
SD 0.6 0.5 0.5 0.5
N 194 55 58 308

Leg pain‡
Mean 6.5 6.0 6.5 6.4 0.28
SD 2.0 2.1 2.3 2.1
N 187 53 57 297

Back pain‡
Mean 6.2 6.1 6.6 6.2 0.40
SD 2.3 2.1 2.2 2.2
N 189 53 57 299

Sex, n (%)
Men 103 (52.5) 34 (62) 28 (47) 165 (53) 0.29
Women 93 (47.5) 21 (38) 31 (53) 145 (47)

Smoking, n (%)
Yes 46 (24) 8 (15) 7 (12) 61 (20) 0.079
No 149 (76) 47 (85) 52 (88) 248 (80)

Descriptive statistics of continuous variables are expressed as mean with SD in
brackets while categorical data are expressed as numbers of patients.

*Oswestry disability index (ODI), total score range 0 to 100.
†Zurich claudication questionnaire (ZCQ) for symptom and function (ZCQ),

symptom severity range of scores 1 to 5, physical function scale range of scores 1 to
4, patient satisfaction scale range 1 to 4.

‡Numeric pain rating scale (NRS) for back pain or leg pain at baseline, each
with a range 0 to 10.

Figure 3. Preoperative (left) and two years postoperative
(right) standing x-ray of a patient with a change in LL of >10°
(top) and a patient with a change of <5° (bottom).
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LL was demonstrated to be associated with improvements
in average physical score (SF-36 questionnaire; physical
functioning, role physical, bodily pain, and general
health). However, no adjustments for confounding varia-
bles known to influence the outcomes after surgery were
performed.

Similar to the findings by Chang16 increasing LL
after surgery was found to be associated with improve-
ments in several PROMS measuring physical function
(ODI, ZCQ, and NRS back) in the unadjusted analysis in
the present study. Furthermore, a considerably larger
number of patients compared with previous studies al-
lowed for adjusted analysis to be performed. In the ad-
justed analyze associations between change in LL
(preoperative to 2 yr postoperatively) and changes in both
ODI and ZCQ scores were found.

On group level an overall small, but statistically
significant increase in LL between preoperative and two
years postoperative measurements was detected with
most of the individual patients demonstrating no or
small changes in LL. Comparing the present study co-
hort to other studies showed that the mean LL pre-
operatively was comparable to what has been reported in
previous studies on LSS patients.22,23 Even though in
most patients the LL did not change markedly after
surgery, we found that a change in LL of more than
5° two years after surgery was associated with higher
improvements in ODI and ZCQ than for patients with a
change of LL of 5° or less. These results highlight the
importance of identifying and understand factors that
may change and to some extent restore the lumbar lor-
dosis after decompressive surgery.

Overall factors affecting sagittal balance are im-
portant in the understanding of pathogenesis and the bi-
omechanical changes occurring in LSS. The changes in LL
after decompressive surgery may have several causes. For
example, successful decompressive surgery may reduce the
need to increase the cross-section area of the spinal canal
by forward leaning and thus lead to postural improve-
ments and consequential change in LL. Imagama et al.24

reported that impaired sagittal alignment was related to
back muscle strengths in elderly patients, which indicates
that postoperative rehabilitation and muscle activation
may influence the postoperative changes in LL. The de-
generative process with large or bridging osteophytes may
result in a more rigid spinal column and reduce the pos-
sibility to restore sagittal balance after surgery. On the
other hand, decompression may enable mobility of the
lumbar level in patients with posterior rigidity such as
kissing spinous processes if removed or reduced, and
thereby change LL after surgery. The effect of surgery on
the paravertebral muscles following the dissection may
contribute to changes in LL. The three different decom-
pression techniques in this cohort did not show any dif-
ference in change in LL after surgery. A larger change in
LL was associated with better outcome in this cohort, but
the association between changes in LL and outcomes after
surgery may also be explained the other way around, that
is that better outcomes and less neurogenic pain after
surgery may allow changes in posture and thereby a
change in LL. Lower LL has previously been reported to
be associated with low back pain.25 Costa et al.26 have
reported the association between lower LL and worse
outcomes in ODI one year after lumbar decompressive
surgeries. Previous studies on this material did not find
any association between LL before and outcomes two
years after surgery.27 The authors of this study con-
cludes that LL before surgery should not be considered a
determinant factor for predicting patient outcome
after decompressive surgery for lumbar spinal stenosis.
Studies as such provides general insights to the corre-
lations between changes in LL after decompressive
surgery in LSS patients and PROMs. However, the
underlying key factors responsible for changes in LL
and their relation to improvements in PROMs after
decompressive surgery in LSS patients remains to be
better understood. If such factors could be identified,
they could provide information of clinical value for the
outcomes of LSS patients undergoing decompressive
surgery.

TABLE 3. Comparison of Unadjusted and Adjusted Changes in PROMs for the Three LL Changing Groups (Changes Measured
Preoperatively to Two Years After Surgery)

Change in lumbar lordosis, Δ LL (°)

Change PROMS Group 1 (< 5°) Group 2 (≤ 5° < 10°) Group 3 (≥ 10°) P

Unadjust ODI (n= 305) −17.6 (−19 to −15) −24 (−29 to −20) −22 (−27 to −18) 0.0040*
Adjust ODI (n= 294) −17.6 (−20 to −15) −24 (−29 to −20) −22 (−26 to −18) 0.022*
Unadjust ZCQs (n= 304) −0.9 (−1.1 to −0.8) −1.1 (−1.3 to −0.9) −1.2 (−1.4 to −0.9) 0.084
Adjust ZCQs (n= 293) −1.0 (−1.1 to −0.8) −1.1 (−1.3 to −0.8) −1.2 (−1.4 to −0.9) 0.26
Unadjust ZCQSp (n= 304) −0.7 (−0.9 to −0.7) −1.0 (−1.2 to −0.8) −1.0 (−1.2 to −0.8) 0.0058*
Adjust ZCQp (n= 293) −0.7 (−0.8 to −0.6) −1.0 (−1.2 to −0.8) −1.0 (−1.2 to −0.8) 0.016*
Unadjust back pain (n= 296) −2.3 (−2.7 to −1.8) −2.8 (−3.6 to −2.0) −3.5 (−4.3 to −2.8) 0.021*
Adjust back pain (n= 285) −2.4 (−2.8 to −2.0) −2.8 (−3.6 to −2.0) −3.4 (−4.2 to −2.7) 0.065
Unadjust leg pain (n= 294) −3.2 (−3.6 to −2.8) −2.5 (−4.3 to −2.7) −4.1 (−4.9 to −3.3) 0.14
Adjust leg pain (n= 284) −3.3 (−3.7 to −2.8) −3.5 (−4.3 to −2.6) −4.0 (−4.8 to −3.2) 0.31

The variables are expressed as mean with a 95% CI.
ODI indicates Oswestry disability index (ODI), total score range 0 to 50; ZCQ, Zurich claudication questionnaire (ZCQ) for symptom and function (ZCQ), symptom

severity range of scores 1 to 5, physical function scale range of scores 1 to 4, patient satisfaction scale range 1 to 4. Numeric pain rating scale (NRS) for back pain or leg, range
0 to 10.
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Strengths and Limitations
The main strengths of this study are the large sample

size that enabled adjusted analyses and the structured
study protocol used for including patients and collecting
data. In the NORDSTEN-SST standing lumbar spine
x-rays was performed preoperatively and postoperatively,
however, full spine standing x-rays were not performed
why full analysis regarding sagittal balance parameters
could not be performed.

CONCLUSION
Changed LL after decompressive surgery for LSS

was associated with improved physical function measured
with ODI and ZCQ.

➢ Key Points

❑ This represents one of a few studies addressing
changes in lumbar lordosis after decompressive
surgery for lumbar spinal stenosis.

❑ Most patients experienced small changes in
lumbar lordosis after decompressive surgery.

❑ Changes in lumbar lordosis of > 5° was
associated with improved physical function
measured with ODI and ZCQ.
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