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Influence of decompression surgery
on sagittal balance parameters

in patients with lumbar spinal
stenosis
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In this study we investigated the effect that lumbar decompression for lumbar spinal stenosis (LSS) has
on sagittal balance and its clinical significance. This was an observational cohort study for LSS cases
treated with decompression surgery. Core Outcome Measures Index (COMI), EuroQol (EQ-5D) and
Oswestry Disability Index (ODI) were used preoperatively and at 1 year follow-up. Pelvic incidence (PI),
pelvic tilt (PT), sagittal vertical axis (SVA) and lumbar lordosis (LL) were measured before and 1 year
after surgery. Hierarchical clustering (HC) was performed to identify subgroups with distinct patterns
of variation. Ninety-five patients were included, mean age of 63 years, with good/excellent outcome in
71.6%. The median difference between postoperative and preoperative LL was -1.3°. Increased lumbar
lordosis was correlated to ODI improvement (Pearson, r=-0.33). Three clusters were identified after

HC. Patients in cluster 2 (31.6% ) had decrease in LL after surgery (mean values for cluster 1, 2, 3: 3.3°,
-5.6°, 0.8°), increase in SVA (-5 mm, +25 mm, -19 mm) and no improvement in ODI (-23.1, 3.77, -17.1).
Lumbar decompression has little effect in lumbar lordosis and sagittal balance. Cluster analysis yielded
a subgroup of patients with worse outcomes, associated to decrease of LL and increase of SVA after
surgery.

Lumbar spinal stenosis (LSS) is a common degenerative lumbar disease. It is characterized by a progressive
decrease in the anatomical size of the lumbar spine canal and is associated with symptoms that result in a
decrease in quality of life. It is the most common cause of lumbar surgery in individuals over 65 years of age'.

As age advances, a sequence of static anatomical changes occur in the lumbar spine, namely, loss of disk
height associated with mechanical incompetence of the disk, hypertrophy of the facet joints and ligamentum
flavum, bone remodeling and atrophy of the extensor muscles?. These changes lead to a loss of lumbar lordosis,
which can cause some degree of positive sagittal imbalance. Compensatory mechanisms are associated with
degenerative changes, attempting to maintain an upright posture with minimal effort and the sagittal alignment.
These mechanisms include thoracic kyphosis reduction, retrolisthesis, pelvis retroversion, knee flexion and
ankle extension?.

The sagittal balance of the body is defined by spinopelvic parameters, including pelvic incidence (PI), pelvic
tilt (PT), sacral slope (SS), sagittal vertical axis (SVA) and lumbar lordosis (LL). Changes in these parameters,
namely a positive SVA, are related to a greater severity of symptoms and represent indicators of worse quality of
life®. These parameters should be considered when making the surgical decision for a patient with LSS*. However,
the exact relationship between the changes in spinopelvic parameters and the outcomes after decompression
surgery is not yet defined.

In a previous study, we demonstrated that preoperative spinopelvic parameters are not decisive in predicting
the clinical outcomes of patients with LSS without significant sagittal imbalance who undergo decompressive
procedures. Preoperative SVA, RLL (Relative Lumbar Lordosis) and RPT (Relative Pelvic Tilt) were not associated
with achievement of clinical threshold for functional improvement after surgery”.

Degenerative LSS, in addition to the static degenerative modifications, also has a dynamic component. In
fact, trunk flexion and axial distraction lead to the widening of the spinal canal. This postural change results in
an decrease in lumbar lordosis, which allows for a relieve of the symptoms and an increase in walking distance®.
As aresult, patients tend to adopt a forward-bending posture with flexion of the hips and knees that, if prolonged
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over time, leads to decreased strength and atrophy of the paraspinal muscles’. Therefore, it is possible that some
patients with lumbar spinal stenosis have decreased lordosis to enlarge the spinal canal for clinical relief, and
sagittal balance parameters can be modified in these patients after decompression”.

Thus, the aim of this study is to determine the effect that lumbar decompression surgery has on spinopelvic
parameters, based on radiological findings, and whether these changes after surgery are related to clinical results.

Methods

Study design

This observational registry-based (Spine Tango) cohort study included patients with lumbar spinal stenosis who
underwent lumbar decompressive procedures in the spine unit of a neurosurgical department of a Portuguese
university hospital, from January 2017 to December 2019. The study protocol was approved by hospital’s ethics
committee, all methods were carried out in accordance with relevant guidelines and regulations. Patients gave
consent to be enrolled in the registry and STROBE guidelines were followed for writing.

Inclusion criteria were patients over 18 years of age, who underwent decompressive procedures for lumbar
spinal stenosis, had a pre and postoperative lateral full-length spine X-ray, a pre and postoperative questionnaire
for clinical outcome assessment and had a follow-up clinical assessment of at least 1 year after surgery. Exclusion
criteria were patients who underwent a discectomy or lumbar fusion at the same operative time, patients with
previous lumbar fusion, patients with Baastrup’s disease, presence of synovial facet cysts or patients with non-
degenerative spine pathology. The operative procedures are standardized in our center, with uni or bilateral
interlaminar approach with flavectomy and laminotomy or partial medial facetectomy, as needed. Bilateral
approaches spare the posterior midline structures, unilateral approaches include driling of the base of the
spinous process for over the top decompression.

Clinical data

The following clinical and demographic parameters were collected from the medical records: age, sex, body mass
index (BMI), current smoker status, approach, number of levels, complications, outcome defined by the Odom
criteria.

The Spine Tango registry was accessed to collect Patient-Reported Outcome Measures (PROMs) before
and 1 year after surgery. The Core Outcome Measures Index for the back (COMI), EuroQoL Five Dimension
Questionnaire (EQ-5D) and Oswestry Disability Index (ODI) questionnaires were used for pre and postoperative
assessment.

All the questionnaires were self-completed by the patients or by phone by a researcher not involved in the
patient clinical follow-up.

Radiological parameters

To evaluate the sagittal alignment the following spinopelvic parameters were used: pelvic incidence (PI), pelvic tilt
(PT), sacral slope (SS), sagittal vertical axis (SVA), L1-S1 lordosis (LL), L4-S1 lordosis and the segmental lordosis
of the operated segment. These parameters was measured as previously described?, in brief: PI, angle between
the perpendicular to the S1 endplate passing through its center and the line connecting this point to the center of
femoral heads; PT, angle between the vertical axis and the line connecting the center of S1 endplate to the center
of femoral heads; SS, angle between the horizontal axis and the S1 endplate; SVA, horizontal distance between
the C7 plumb line and the posterior-superior S1 corner; LL: angle between upper L1 endplate and S1 endplate;
L4-S1 lordosis, angle between upper L4 endplate and S1 endplate; segmental lordosis, angle between upper
endplate of cranial vertebra and lower endplate of caudal vertebra regarding surgical levels of decompression.
These parameters were measured on a lateral full-length standing spine radiograph preoperatively and at least 6
months after surgery. They were taken independently by two researchers, for data analysis the mean of each pair
of measurements was considered.

To calculate the ideal spinopelvic parameters these formulas were used: ideal LL=0.54 x PI+27.6 and ideal
PT = *0.44 x PI—11.4 & the lumbar distribution index was calculated as L4-S1 lordosis/LL x 100 °. Relative
lumbar lordosis (RLL) and relative pelvic tilt (RPT) were the result from the following subtractions: LL - ideal
LL and PT-ideal PT.

The lumbar lordosis variation (postoperative LL - preoperative LL) was defined as the primary endpoint and
a relevant change of 5 degrees was settled by authors’ consensus.

Statistical analysis and sample size calculation
R software (R Foundation for Statistical Computing, Vienna, Austria) version 4.1.1 was used for data analysis.

For sample size calculation an effect size was based on 5° variation and 13¢ of standard deviation® (d=5/13),
a p value of 0.05 and a power value of 0.8 were used. The calculated sample size was 110 patients, potential
dropouts not taken into account.

For agreement analysis intraclass correlation coefficients (ICCs) estimates were calculated based on mean
rating, absolute agreement, 2-way random effects model.

Shapiro-Wilk test was used to assess normality distribution of continuous data. Variation values were
obtained with subtraction of the preoperative measurements from the postoperative ones. Continuous variables
were analysed with Wilcoxon signed rank test for paired data and Kruskal-Wallis were used for median
comparison between independent samples. Correlation analysis was performed with Pearson’s correlation
coefficient or Spearman’s rank correlation coefficient according to variables distribution. A p value <0.05 was
defined as statistically significant.

Further evaluation was planned to understand the underlying structure of the data and identify subgroups
of patients with different patterns of clinical and radiological variation. Unsupervised hierarchical clustering
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analysis was performed after dimension reduction with principal component analysis (PCA)!*!l. PCA is an
unsupervised analysis that reduces the complexity of high-dimensional data while preserving important patterns.
Dimension reduction is achieved by transforming the data into a smaller set of dimensions called Principal
Components. This was important for our data, with many clinical and radiological variables per patient and
where multiple comparisons could be a concern. PCA was performed after scaling of continuous variables, an
eigenvalue > 1 and a cumulative variance > 80% were used as criteria to select dimensions. After that, hierarchical
agglomerative clustering was performed in the selected Principal Components. This algorithm employs the use
of distance measures to generate clusters. We determined the number of clusters by partitioning the dendrogram
to maximize the distance between nodes using the Ward’s criterion.

Results

The overall characteristics of the patients are summarized in Table 1. A total of 95 patients were included in this
study, with a mean age of 63 years and 50 (52.6%) males. One or two levels surgery was done in 93.6% of the
patients, unilateral approach was used in 55.8% of the cases. The complication rate was 10.5%, consisting of dural
tears without postoperative effects, one CSF leak and one infection. The outcome defined by the Odom criteria
was good or excellent in 71.6% of the patients.

The mean preoperative and postoperative values for clinical scores and radiological parameters are
summarized in Table 2. There were no differences between preoperative and postoperative radiological
parameters, except for RLL but with a difference below 3°. For the COMI, ODI and Eq. 5D there were significant
improvements in the postoperative follow-up.

Excellent reliability was achieved in inter-rater agreement analysis with ICCs ranging from 0.85 to 0.93.

Lumbar lordosis change

The median difference between postoperative and preoperative LL was —1.3° (Q1, Q3: -3.08, 4.85) (Fig. 1), this
value was not statistically significant (signed rank test, p=0.127. The lumbar lordosis change was correlated
to functional improvement as measured with ODI (Pearson, r=-0.33, p=0.003) (Fig. 2). There were no other
clinically significant correlations between radiological changes and improvement in clinical scores (ODI, COMI
and EQ-5D).

\ Overall (N=95)

Sex

Female 45 (47.4%)
Male 50 (52.6%)
Age

Mean (SD) 63.18 (10.67)
BMI

<20 1(1.1%)
20-25 20 (21.1%)
26-30 46 (48.4%)
31-35 25 (26.3%)
>35 3 (3.2%)
Smoker

No 89 (93.7%)
Yes 6 (6.3%)
Number of levels

1 52 (54.7%)
2 37 (38.9%)
3 6 (6.4%)
Approach

Unilateral 53 (55.8%)
Bilateral 42 (44.2%)
Odom

Poor 7 (7.4%)
Fair 20 (21.1%)
Good 28 (29.5%)
Excellent 40 (42.1%)
Complications

No 85 (89.5%)
Yes 10 (10.5%)

Table 1. Patient characteristics.
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density

0.061

0.04+

0.02;

0.00;

Lumbar lordosis 0.127°
Median (Q1, Q3) 54 (49, 62) 54 (47, 60) 1(:3,5)

Segmental lordosis 0.060 *
Median (Q1, Q3) 21 (14, 28) 20 (13, 26) 2(-4,6)

Sagittal vertical axis C7 0.808 2
Median (Q1, Q3) 27 (4,47) 23 (10, 48) 1(-23,25)

Pelvic tilt 02132
Median (Q1, Q3) 14 (10, 18) 15 (11, 19) -1(-4,3)

Relative LL 0.004*
Median (Q1, Q3) 0(-6,5) -2(-9,2) 3(-2,7)

Relative PT 0.532?
Median (Q1, Q3) 3(-2,7) 2.(-1,7) 0(-3,4)

Lumbar distribution index 0.273°
Median (Q1, Q3) 63 (58, 70) 63 (55,71) 10 (-5, 6)

COMI <0.001*
Median (Q1, Q3) 8(7,9) 5(3,8) 2(1,5)

ODI <0.001*
Median (Q1, Q3) 48.0 (38.0, 60.0) 35.6 (20.0, 54.0) 13.0 (3.5, 24.8)

Eq.5D <0.0012
Median (Q1, Q3) 0.516 (0.082,0.590) | 0.690 (0.279, 0.760) -0.164 (-0.507, 0.008)

Table 2. Preoperative and postoperative data. > Wilcoxon signed rank test.

-10 0 o 10 20
LL variation
Fig. 1. Kernel density plot for LL variation.
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Fig. 2. Correlation between LL and ODI variations (postoperative value minus preoperative value).

Cluster analysis and interpretation

To appreciate whether groups with distinct patterns of clinical and radiological variations could be identified,
we used an unsupervised hierarchical clustering analysis after PCA dimension reduction. Eight principal
components were selected accounting for 83% of data variance. Hierarchical cluster analysis on these dimensions
defined 3 different clusters of patients: cluster 1 with 31 patients (32.6%), cluster 2 with 30 patients (31.6%),
cluster 3 with 34 patients (35.8%).

The classification according to clusters grouped patients that are closer to each other. To understand how
these clusters are different, we compared clinical and radiological differences between groups with hypothesis
testing.

In comparison with subjects in other clusters, patients classified in the cluster 2 showed significantly greater
LL decrease (mean values for cluster 1, 2 and 3: 3.3° -5.6° and 0.8°) and SVA increase after surgery (-5 mm,
+25 mm and —19 mm) (Figs. 3 and 4). This was clinically relevant, as the patients in this cluster showed no
improvement of the functional status, (ODI variation: -23.1, 3.77 and — 17.1) (Fig. 5).

Discussion
In view of these results, lumbar decompression surgery for spinal stenosis seems to have little or no effect on
spinopelvic parameters and sagittal alignment. Although, there was a moderate correlation between increase of
LL after surgery and functional improvement. Additionally, a subgroup of patients (31.6%) was identified where
worse clinical results seems to be related to LL and global sagittal balance (SVA).

The importance of spinopelvic parameters in adults with spinal deformity is well studied. It is known that
a positive sagittal balance has a linear relationship with symptom severity'2. Additionally, it is possible to
predict the surgical outcome of patients based on the SVA and the difference between the PI-LL, integrating
these parameters into the therapeutic decision'>!*. In LSS, no consensus has yet been reached regarding the
relationship between spinopelvic parameters and clinical and surgical outcomes. In a previous study, we found
out that spinopelvic parameters are not crucial in predicting the clinical outcomes of patients with LSS without
significant sagittal imbalance who undergo decompressive procedures’. However, we know that in these patients
the change in spinopelvic parameters occurs as a compensatory postural mechanism to avoid symptoms of
neurogenic claudication'®. Therefore, it is generally thought that decompression surgery may improve pelvic
alignment in patients with LSS. In this study, decompression surgery has not shown potential for sagittal
alignment correction. It is unlikely that an interlaminar decompression could lead to important structural
changes in lumbar spine that can affect sagittal alignment. Also, according to these results the theoretical dynamic
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Fig. 3. Clusters comparison: LL differences (postoperative-preoperative). *: p<0.05; ***: p<0.001; ****:
p<0.0001.

component of improvement of sagittal profile after decompression has not been confirmed or it is a small effect
with no clinical relevance. Few imbalanced patients can be another reason for the absence of significant variation
in radiological parameters in the current study.

Clinical significance was found in the correlation between LL improvement and ODI variation, and in the
characteristics of the patients in cluster 2. Those may have importance for the understanding of the patients with
poor outcome since lack of clinical improvement can be related to failure to increase LL after surgery. In cases
of severe functional impairment after decompression, more aggressive surgery for lordosis restoration can be an
option.

Literature review.

The current literature reports improvements of sagittal balance parameters, namely SVA and lumbar lordosis,
after lumbar decompression surgery. However, this improvement is often small and not always clinically
significant. Our results support this view of absence of a clinical effect regarding the entire cohort, for about one
third of patients (cluster 2) negative outcomes had a relation with postoperative sagittal imbalance.

In a systematic review including 10 articles, Ogura et al.!® concluded that the rate of spontaneous correction
of SVA from high to normal values ranged from 25 to 73% in the various articles. Postoperative sagittal
imbalance, rather than preoperative, were more related to negative clinical outcomes. In our study, about one
third of patients (cluster 2) had a relation between negative outcomes and postoperative sagittal imbalance.

In another systematic review, which looked at 18 observational studies, Hatakka et al.l” showed that there were
indeed small changes in sagittal spinopelvic alignment towards a more neutral value after lumbar decompression
surgery. In fact, there was an increase in LL and a decrease in PT and SVA, but the pooled effect sizes were
very small (3°, -1.6° and —9.6 mm). Risk of bias were related to different study objectives, heterogeneity on
populations and decompression techniques. Our results support this view of absence of a clinical effect when we
look the entire cohort.

Bouknaitir et al.!® showed a statistically significant improvement in sagittal balance in patients undergoing
decompression alone for lumbar spinal stenosis. In their study, a decrease in SVA from 65 mm to 48.6 mm and
in PI-LL mismatch from 7.80 to 4.2 was seen, as well as an association between a higher SVA and worse clinical
outcomes as measured by the ODI and VAS for leg pain.

Salimi et al.! concluded in a retrospective study that, after minimally invasive surgery, spinal sagittal
malalignment can change to normal alignment at both short-term and long-term follow-ups. Lumbar lordosis
significantly increased after decompression surgery at the 2-year (from 30.2° to 38.5) and 5-year follow-ups
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Fig. 4. Clusters comparison: SVA C7 differences (postoperative-preoperative). *: p <0.05; ****: p<0.0001.

(to 35.7°). At the 5-year follow-up, 82.5% of patients with preoperative normal alignment maintained normal
alignment, while 42.6% of patients with preoperative malalignment established normal alignment. The bigger
effects of these studies were not reproduced by the present study or many previous works, further research
should help to understand better this problem.

Limitations
This is a single center study, which can be a source of bias. Also, there was only one clinical and radiological
evaluation for each patient in the postoperative period.

In contrast to multivariate methods, cluster analysis has the benefit of exploring and understanding
the research subjects as the whole picture, the analysis involves consideration of the entire case more than
comparisons between variables within each case. However, the results of this cluster analysis should be
interpreted with caution, as findings from a single cohort may not generalize to other populations. External
validity of these analytical approaches needs to be established through replication in further studies to ensure
the robustness of the findings.

Conclusions

Lumbar decompression surgery seems to have none or little effect in spinopelvic parameters and sagittal balance.
However, in this sample one cluster of patients was identified with worse outcomes, which was related to decrease
of LL and increase of SVA after surgery.
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Fig. 5. Clusters comparison: ODI difference (postoperative-preoperative). ns: p>0.05; ****: p<0.0001.

Data availability
The dataset analysed during the current study and a supplemental file with the code and analysis are available at
https://github.com/Pedrosantossilva/LSS_SB.
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