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Abstract
Purpose  Although surgical reduction in high-grade lumbosacral spondylolisthesis is often performed in young patients, 
criteria for defining adequate reduction leading to optimal outcomes have yet to be defined. The purpose of this study is to 
determine if surgical reduction in pelvic balance, slip grade, lumbosacral angle and L5 incidence are associated with quality 
of life after surgery, based on specific criteria proposed previously in the literature.
Methods  A prospective cohort of 61 patients (14.4 ± 2.7 years) with high-grade lumbosacral spondylolisthesis was followed 
for a minimum of 2 years after surgery. SRS-22 scores, slip grade, lumbosacral angle, pelvic balance and L5 incidence were 
assessed before surgery and at the latest follow-up. Multivariable regression analyses were performed using postoperative 
SRS domain and total scores as the dependent variables. Independent variables consisted of the preoperative SRS scores, and 
specific criteria of pelvic balance, slip grade, lumbosacral angle and L5 incidence. The influence of slip grade, lumbosacral 
angle and L5 incidence on pelvic balance was also assessed.
Results  Obtaining a balanced pelvis postoperatively was mainly predictive of improved satisfaction with surgery and self-
image and also tended to be associated with higher scores for other domains. Improved mental health was associated with 
reduction to a low-grade slip. Reduction in lumbosacral angle was not predictive of quality of life. Postoperative pelvic bal-
ance was mainly associated with preoperative pelvic balance, but there was a tendency for achieving normal pelvic balance 
when the postoperative L5 incidence was 60° or smaller.
Conclusions  When performing surgery in young patients with high-grade lumbosacral spondylolisthesis, achieving normal 
pelvic balance is the key because it is associated with improved quality of life. Reduction to a low-grade slip is predictive of 
improved mental health, but reduction in lumbosacral angle is not associated with postoperative quality of life. There was a 
tendency for obtaining normal postoperative balance in patients with postoperative L5 incidence 60° or smaller.
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Key points 

1. A normal pelvic balance is associated with improved quality of life.

2. Surgical reduction to low-grade spondylolisthesis is associated 
with improved quality of life. 

3. A L5 incidence 60° or smaller tends to be associated with normal 
pelvic balance.
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Take Home Messages

1. Achieving normal pelvic balance is important in surgery for high-
grade spondylolisthesis to reach optimal quality of life.

2. Surgical reduction of high-grade spondylolisthesis to a low-grade 
slip could help to reach optimal quality of life.

3. Surgical reduction aiming at a L5 incidence 60° or smaller could 
help to achieve normal pelvic balance.
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Introduction

Surgical treatment is often indicated in young patients with 
high-grade spondylolisthesis. However, the optimal surgical 
strategy to use in these patients remains unclear. In particu-
lar, surgical reduction is often performed but remains con-
troversial due to the potential increased risk of complications 
[1] and limited evidence supporting its efficacy [2]. Surgi-
cal reduction in high-grade lumbosacral spondylolisthesis 
implies repositioning of L5 on top of sacrum/pelvis and is 
most commonly measured from the change in vertebral slip-
page (translational reduction) or in lumbosacral angle (angu-
lar reduction). However, the criteria used to define if reduc-
tion was achieved remain elusive, considering that reduction 
maneuvers can vary from postural reduction (positioning of 
patient on the operating table) with minimal change in the 
relative position of L5 and S1 to complex procedures done to 
fully reposition L5 on top of S1. This lack of consensus for 
defining reduction and the absence of multivariable analyses 
accounting for the wide variability in reduction maneuvers 
therefore limit the conclusions that can be drawn from previ-
ous studies on the effectiveness of reduction in high-grade 
spondylolisthesis.

The current best available evidence suggests that surgical 
reduction in high-grade spondylolisthesis in young patients 
can lower the rate of pseudarthrosis [2]. It is believed that 
correcting the local kyphotic deformity and reducing ver-
tebral slippage will improve the overall spine biomechan-
ics and alignment, leading to better outcomes [3, 4]. An 
anatomical study [5] suggested that partial translational 
reduction in a high-grade slip should be performed to mini-
mize the risk of stretch injury to L5 nerve roots. Similarly, 
angular reduction with restoration of lordosis between L5 
and S1 seems beneficial for reducing the risk of L5 nerve 
root injury. Accordingly, most studies recommend partial 
reduction when performing surgery for high-grade spon-
dylolisthesis, with particular emphasis on angular reduction 
[6–12]. Labelle et al. [13] recommend that surgical reduction 
consists of translational reduction to a low-grade slip and 
angular reduction when lumbosacral angle is less than 80°. 
However, they did not provide data supporting the role of 
these specific criteria in reaching optimal outcomes.

Previous studies [14–16] suggested that reduction could 
improve pelvic balance and lumbar shape, especially in 
patients with an unbalanced pelvis (high pelvic tilt and low 
sacral slope). Achieving normal pelvic balance has been 
proposed as a major goal in successful surgical reduction in 
high-grade spondylolisthesis [14–16]. Furthermore, Labelle 
et al. [15] observed that postoperatively the lumbosacral 

angle was improved and the L5 incidence was decreased in 
patients with a postoperative balanced pelvis. More recently, 
Sebaaly et al. [17] suggested that a L5 incidence less than 
61° is a good predictor of adequate pelvic balance in high-
grade spondylolisthesis, but they did not evaluate patients 
undergoing surgical reduction in the spondylolisthesis.

Up to now, it is still difficult for surgeons to plan reduc-
tion in high-grade spondylolisthesis since there are no 
evidence-based criteria defining the extent of reduction 
required to achieve optimal outcomes. Previous studies on 
surgical reduction in high-grade spondylolisthesis have also 
failed to account simultaneously for all aspects of reduction 
(translational, angular and pelvic) that can potentially be 
modified by surgical maneuvers. In addition, the impact of 
surgical reduction on quality of life (QOL) remains largely 
unknown.

Therefore, the primary objective of the current study is 
to determine if surgical reduction in pelvic balance, slip 
grade, lumbosacral angle and L5 incidence are associated 
with postoperative QOL. Accordingly, we hypothesize that 
better postoperative QOL is associated with reaching these 
endpoints after surgery: a balanced pelvis, a low-grade slip, 
a lumbosacral angle ≥ 80° and a L5 incidence ≤ 60°. These 
criteria have been proposed previously in the literature as 
potential criteria for adequate surgical reduction in high-
grade lumbosacral spondylolisthesis. The secondary objec-
tive consists of determining if postoperative pelvic balance is 
associated with postoperative slip grade, lumbosacral angle 
and L5 incidence.

Materials and methods

This prospective observational study includes 61 patients 
enrolled prospectively at four institutions between April 1, 
2002, and December 31, 2009. The inclusion criteria for the 
current study are the following: (1) diagnosis of develop-
mental high-grade lumbosacral spondylolisthesis with pars 
interarticularis lysis or elongation as described by Mar-
chetti and Bartolozzi [18], (2) surgical treatment of spon-
dylolisthesis between ages 8 and 21 years, (3) availability 
of baseline preoperative radiographic and QOL data and (4) 
minimum follow-up of 2 years after surgery with available 
radiographic and QOL data. The exclusion criteria were the 
following: (1) previous spine or lower limb surgery, (2) asso-
ciated syndrome or connective tissue disorder, (3) inability 
to see both femoral heads on full spine radiographs, and (4) 
failure to comply with follow-up requirements. The study 
has been approved by the institutional review board from 
each institution.
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The decision to proceed with reduction and the surgical 
methods were determined by each surgeon. A total of 15 
surgeons performed the cases throughout the length of the 
study: 14 surgeons performed 5 cases or less and 1 surgeon 
performed more than 5 cases. Indirect decompression (no 
formal laminectomy) and posterior L5 laminectomy (Gill 
procedure) was performed in 4 and 57 patients, respectively. 
Pedicle screw instrumentation was used in 60 patients, while 
1 patient underwent posterior uninstrumented L4–S1 in situ 
fusion. Of the 60 patients undergoing instrumented fusion, 
L4 to S1, L5 to S1, L4 to the ilium and L5 to the ilium 
were instrumented in 21, 28, 11 and 1 patients, respectively. 
L5–S1 interbody fusion was performed using PLIF/TLIF, 
L5–S1 transfixation from S1 pedicle screws or a combina-
tion of L5–S1 transfixating cage and L5–S1 transfixation 
from S1 pedicle screws in 36, 7 and 3 patients, respectively. 
Neuromonitoring was used in 53 patients, including 3 
patients monitored using a combination of somatosensory 
evoked potentials (SSEP), motor evoked potentials (MEP) 
and electromyography (EMG), 7 patients with SSEP and 
MEP, 12 patients with SSEP and EMG, 3 patients with MEP 
and EMG, 23 patients with SSEP only, 1 patient with MEP 
only and 1 patient with EMG only.

Patients were aged 14.4 ± 2.7 years. There were 43 girls 
and 18 boys. Ethnicity was Asian for 2 patients, African-
American for 2 patients, Hispanic for 2 patients and Cau-
casian for 56 patients. A total of 59% of patients had an 
associated scoliosis, and none of these patients required long 
fusion for their scoliosis during the follow-up, and the index 
surgery was performed solely to treat the spondylolisthesis 
in these patients.

All patients had full spine postero-anterior and lateral 
standing radiographs showing the pelvis and both femoral 
heads, taken preoperatively and at 2-year postoperative fol-
low-up. All parameters were measured by a single observer 
using a dedicated computer software. The translational 
deformity was measured from the percentage of slip using 
the technique described by Bourassa-Moreau et al. [19] 
(Fig. 1). A high-grade slip refers to a slip percentage ≥ 50%, 
while a low-grade slip refers to a slip percentage < 50%. 
Angular deformity was assessed using the lumbosacral angle 
following the technique described in Fig. 2. Pelvic balance 
(balanced vs. unbalanced) was determined from the tech-
nique described by Hresko et al. [14]. A first step consists 
of measuring pelvic tilt and sacral slope from the stand-
ing radiograph. Then, pelvic balance is determined using 
the scatter plot provided by Hresko et al. [14], in which the 
individual pelvic tilt and sacral slope values are reported 
with respect to a bisecting line that allows differentiating 
between a balanced pelvic and an unbalanced pelvic. A bal-
anced pelvis refers to a relatively low pelvic tilt and high 
sacral slope, while an unbalanced pelvis refers to a relatively 
high pelvic tilt and low sacral slope, in the presence of a 

more vertical sacrum. L5 incidence was measured using the 
technique originally described by Roussouly et al. [20] to 
assess pelvic balance, consisting of the angle between a line 
joining the center of the upper endplate of L5 to the hip 
axis (midpoint of the line joining the center of the femoral 
heads) and a line perpendicular to the upper endplate of L5. 
Adequate reliability for measuring these parameters have 
already been described in previous publications for different 
spinal pathologies [21–32] and also after instrumentation of 
the spine [31] (Fig. 3).   

QOL was assessed from the SRS-22 questionnaire, which 
is the only QOL assessment tool that has been validated for 
young patients with spondylolisthesis [36]. Function, pain, 
self-image and mental health domain scores, as well as the 
total score were calculated at baseline preoperatively, and 
postoperatively after a minimum 2 years follow-up. Satisfac-
tion with management was also calculated from the SRS-22 
questionnaire at the latest follow-up.

Statistical analyses were done using IBM SPSS Statis-
tics version 24 software, and a level of significance of 0.05 
was used. In addition to descriptive statistics, comparisons 
between preoperative and postoperative variables were car-
ried out using paired Student t tests for continuous variables 
and Fisher’s exact tests for binary variables (proportions). 
Multivariable regression analyses were performed using 
general linear models with postoperative SRS-22 total and 

Fig. 1   Spondylolisthesis measurement technique. The sacral endplate 
is defined by lines a–b. The posterior–inferior corner of the L5 ver-
tebral body (point c) is projected onto the sacral endplate (point d) 
using a line (lines c–d) perpendicular to the sacral endplate. The per-
centage of slip is calculated by dividing the distance of slip (distances 
b–d) by the length of the sacral endplate (distances a–b) and multiply-
ing by 100
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individual domain scores as dependent variables. For each 
dependent variable (postoperative SRS score), the preopera-
tive SRS score was entered in the model as an independent 
variable, except for satisfaction. The main independent vari-
ables consisted of four binary variables measured postopera-
tively: 1) pelvic balance (balanced vs. unbalanced pelvis), 2) 
slip grade (low-grade vs. high-grade), 3) lumbosacral angle 
(< 80° vs. ≥ 80°), and 4) L5 incidence (≤ 60° vs. > 60°). 
These four parameters were selected because they have been 
proposed previously [13–17] as potential guidelines when 
planning surgical reduction in spondylolisthesis. Results 
from the general linear models are expressed in terms of 
beta (β) coefficients with 95% confidence interval and cor-
responding p value.

Secondarily, a multivariable logistic regression analysis 
was performed to determine the association between a binary 
dependent variable (postoperative pelvic balance: balanced 
vs. unbalanced pelvis) and the following independent vari-
ables assessed postoperatively: 1) slip grade (low-grade vs. 
high-grade), 2) lumbosacral angle (< 80° vs. ≥ 80°), and 3) 
L5 incidence (≤ 60° vs. > 60°). Preoperative pelvic balance 
was also included in the analysis as an independent variable. 

Fig. 2   Measurement of lumbosacral angle using the posterior border 
of the S1 vertebral body and the superior endplate of L5

Fig. 3   Case illustration of a patient (a, b) with a 93% slip, 75° lum-
bosacral angle, 26° pelvic tilt, 50° sacral slope and 73° L5 incidence 
preoperatively (a) that was reduced to 8% slip, 86° lumbosacral angle, 
40° pelvic tilt, 35° sacral slope and 49° L5 incidence postoperatively 
(b). The pelvis was balanced preoperatively and unbalanced postop-
eratively. His quality of life was deteriorated postoperatively for all 
domain scores and for the total score, while the satisfaction score was 
rated as 1/5. Another patient (c, d) had a 57% slip, 84° lumbosacral 

angle, 35° pelvic tilt, 45° sacral slope and 61° L5 incidence preop-
eratively (c) that was reduced to 9% slip, 87° lumbosacral angle, 20° 
pelvic tilt, 58° sacral slope and 56° L5 incidence postoperatively (d). 
The pelvis was unbalanced preoperatively and became balanced post-
operatively. His quality of life was improved postoperatively for all 
domain scores and for the total score, while the satisfaction score was 
rated as 5/5
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Results from the logistic regression model are expressed in 
terms of odds ratio with 95% confidence interval and cor-
responding p value.

Results

Pelvic balance, slip percentage, lumbosacral angle and L5 
incidence were all significantly different between preop-
erative and postoperative assessments (Table 1). Overall, 
33 (54.1%) and 36 (59.0%) patients had a balanced pelvis 
pre- and postoperatively, respectively. Of the 33 patients 
with a balanced pelvis preoperatively, 25 (75.8%) remained 
balanced while only 8 (24.2%) became unbalanced post-
operatively. Of the 28 patients with an unbalanced pelvis 
preoperatively, a balanced pelvis was restored in only 11 
(39.1%) patients, while 17 (60.1%) remained unbalanced 
postoperatively.

Although mean pelvic tilt and sacral slope varied by 
less than 2° due to surgery, the changes were highly sig-
nificant. Postoperatively, mean slip percentage, lumbosacral 
angle and L5 incidence were significantly decreased, with 
80.3% patients having a low-grade slip, 77.0% a lumbosa-
cral angle ≥ 80° and 54.1% a L5 incidence ≤ 60°. QOL also 
significantly improved after surgery, as shown in Table 2. 
Pain, self-image, function, mental health and total score 
improved in 83.6%, 88.5%, 83.6%, 68.9% and 90.2% of 
patients, respectively.

Table 3 presents the results of the multivariable regres-
sion analyses related to QOL scores. Higher postoperative 
self-image score was mainly associated with a postopera-
tive balanced pelvis (p = 0.02). Postoperative pain score was 
related to preoperative pain score (p < 10−3), but not with 
postoperative pelvic balance, slip grade, lumbosacral angle 
nor L5 incidence. Function was not associated with any 
included dependent variables. Higher mental health score 
was associated with higher preoperative mental health score 
(p = 0.005) as well as having a postoperative low-grade slip 
(p = 0.046). Improved satisfaction from surgery was associ-
ated with having a postoperative balanced pelvis (p = 0.04). 
Postoperative total score was mainly associated with the pre-
operative total score (p = 0.01). There was also a tendency 
for obtaining a higher postoperative total score in the pres-
ence of a postoperative balanced pelvis, although statistical 
significance was not reached (p = 0.08).

Table 4 shows the results from the multivariable logistic 
regression model of postoperative pelvic balance. Postopera-
tively, the pelvis was more likely to be balanced when patients 
had a balanced pelvis preoperatively (p = 0.02). There was a 
tendency for obtaining a postoperative balanced pelvis in the 
presence of a postoperative L5 incidence ≤ 60°, but this finding 
did not reach statistical significance (p = 0.09).

There were 3 patients with a dural tear that was primarily 
repaired during surgery. Another patient had persisting drain-
age from the wound raising a suspicion for a cerebrospinal 
fluid leak. This patient underwent reoperation 3 weeks after 
the index surgery and a dural tear was successfully repaired 
with no residual leak.

Postoperatively, 3 patients had transient unilateral L5 
radiculopathy (1 motor/sensory, 1 sensory, 1 motor) and one 
patient had transient bilateral L5 sensory radiculopathy that 
were resolved at the 2-year follow-up. One patient had L5 
motor radiculopathy, and another had S1 motor radiculopathy 
remaining 2 years after surgery. One patient had transient left 
meralgia paresthetica.

Table 1   Preoperative and postoperative radiographic characteristics 
(n = 61)

*Significant when p value < 0.05

Variable Preoperative Postoperative p value

Continuous
Pelvic tilt (°) 32.0 ± 11.6 30.4 ± 10.1 < 10−10*
Sacral slope (°) 50.2 ± 10.7 51.8 ± 9.6 < 10−7*
Slip percentage (%) 72.9 ± 17.9 31.0 ± 23.7 0.003*
Lumbosacral angle (°) 72.9 ± 19.6 89.8 ± 16.0 < 10−12*
L5 incidence (°) 68.6 ± 21.0 57.6 ± 19.0 < 10−12*
Binary
Pelvic balance
 Balanced (n) 33 36 0.005*
 Unbalanced (n) 28 25

Slip grade
 Low-grade (n) 0 49 –
 High-grade (n) 61 12

Lumbosacral angle
 < 80° (n) 41 14 0.002*
 ≥ 80° (n) 20 47

L5 incidence
 ≤ 60° (n) 21 33 < 10−5*
 > 60° (n) 40 28

Table 2   Preoperative and postoperative scores of quality of life 
(n = 61)

*Significant when p value < 0.05

Quality of life score Preoperative Postoperative p value

Self-image 3.3 ± 0.7 4.2 ± 0.8 < 10−12*
Pain 3.0 ± 0.9 4.0 ± 0.8 < 10−9*
Function 3.5 ± 0.6 4.3 ± 0.5 < 10−12*
Mental health 3.7 ± 0.8 4.2 ± 0.8 < 10−5*
Satisfaction – 4.5 ± 0.9 –
Total 3.4 ± 0.6 4.2 ± 0.6 < 10−13*
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One patient presented low back pain and dysesthesia 
9 months after L5–S1 pedicle screw instrumentation and TLIF. 
Supra-adjacent junctional spondylolisthesis was observed, and 
it was decided to undergo proximal extension to L4 using pedi-
cle screws and TLIF, after which the symptoms resolved.

One patient was diagnosed with proximal deep vein 
thrombosis 9 days after L5–S1 transfixation from S1 pedicle 
screws. It was later found that the patient had a heterozygous 
factor V leiden. Although not in contact with the left com-
mon iliac vein, the left screw was revised 12 days after the 

index surgery—following placement of an inferior vena cava 
filter —in order to ensure that it did not extend beyond the 
anterior vertebral body wall of L5.

Another patient underwent complete implant removal 
17 months after posterior in situ L4–S1 fusion with pedi-
cle screws placed bilaterally at L4 and S1. Implant removal 
was performed because it was presumed that prominence of 
the implants was causing local back pain. Her pain resumed 
after implant removal.

Discussion

Despite some evidence supporting the relevance of surgical 
reduction in high-grade spondylolisthesis in young patients 
[2, 3], criteria defining adequate reduction leading to opti-
mal outcomes have yet to be defined. Therefore, this study 
specifically investigated four parameters that have been 
proposed previously [13–17] to guide surgical reduction in 
spondylolisthesis, but have never been validated in a large 
prospective study design involving multivariable regression 
analyses. One of the major strengths of our study design is 
the use of an objective method to quantify reduction in terms 
of pelvic balance, slip percentage, lumbosacral angle and 
L5 incidence. Our objective method for quantifying reduc-
tion was preferred over a subjective determination by the 
surgeon since the definition and requirements for reduction 
vary widely between surgeons.

In addition, our cohort has been recruited in four different 
institutions and includes patients who underwent various 
types of procedures involving different magnitudes of reduc-
tion in terms of pelvic balance, slip percentage, lumbosacral 
angle and L5 incidence. The use of a validated QOL ques-
tionnaire and consideration of the preoperative QOL scores 
in our analyses also represent major assets for this study. 
Accordingly, the multivariable regression analyses have con-
firmed the significant influence of preoperative QOL scores 
on postoperative scores (Table 3).

While previous authors [14–16] have raised the impor-
tance of assessing pelvic balance in the surgical treatment 
of high-grade spondylolisthesis, our study provides evidence 

Table 3   Predictors of postoperative quality of life scores after surgi-
cal treatment of high-grade lumbosacral spondylolisthesis (n = 61)

*Significant when p value < 0.05

Predictors of postoperative 
quality of life score

β coefficient (95% CI) p value

Self-image
Preoperative self-image 0.24 (− 0.07 to 0.544) 0.1
Pelvic balance − 0.53 (− 0.97 to − 0.08) 0.02*
Slip grade − 0.31 (− 0.91 to 0.29) 0.3
Lumbosacral angle 0.34 (− 0.29 to 0.97) 0.3
L5 incidence 0.06 (− 0.47 to 0.59) 0.8
Pain
Preoperative pain 0.42 (0.20 to 0.65) < 10−3*
Pelvic balance − 0.11 (− 0.55 to 0.33) 0.6
Slip grade − 0.41 (− 0.98 to 0.15) 0.2
Lumbosacral angle 0.26 (− 0.33 to 0.86) 0.4
L5 incidence 0.10 (− 0.41 to 0.60) 0.7
Function
Preoperative function 0.15 (− 0.06 to 0.36) 0.2
Pelvic balance − 0.18 (− 0.46 to 0.09 0.2
Slip grade − 0.21 (− 0.57 to 0.15) 0.3
Lumbosacral angle 0.27 (− 0.11 to 0.66) 0.2
L5 incidence − 0.19 (− 0.52 to 0.15) 0.3
Mental health
Preoperative mental health 0.34 (0.10 to 0.57) 0.005*
Pelvic balance − 0.23 (− 0.64 to 0.18) 0.3
Slip grade − 0.56 (− 1.10 to − 0.01) 0.046*
Lumbosacral angle 0.52 (− 0.04 to 1.09) 0.07
L5 incidence 0.08 (− 0.40 to 0.55) 0.7
Satisfaction
Pelvic balance − 0.53 (− 1.04 to − 0.03) 0.04*
Slip grade 0.002 (− 0.67 to 0.67) 1.0
Lumbosacral angle 0.36 (− 0.34 to 1.06) 0.3
L5 incidence − 0.41 (− 1.00 to 0.18) 0.2
Total score
Preoperative total score 0.35 (0.09 to 0.61) 0.01*
Pelvic balance − 0.29 (− 0.62 to 0.03) 0.08
Slip grade − 0.33 (− 0.76 to 0.09) 0.1
Lumbosacral angle 0.33 (− 0.12 to 0.78) 0.1
L5 incidence 0.02 (− 0.37 to 0.41) 0.9

Table 4   Predictors of postoperative pelvic balance after surgical 
treatment of high-grade lumbosacral spondylolisthesis (n = 61)

*Significant when p value < 0.05

Predictors of postoperative 
pelvic balance

Odds ratio (95% CI) p value

Preoperative pelvic balance 4.3 (1.2–15.6) 0.02*
Slip grade 2.3 (0.4–13.6) 0.4
Lumbosacral angle 1.3 (0.2–7.8) 0.7
L5 incidence 3.5 (0.8–15.2) 0.09



2066	 European Spine Journal (2019) 28:2060–2069

1 3

that pelvic balance is indeed an important predictor of QOL. 
Achieving a balanced pelvis postoperatively was associated 
with improved self-image and satisfaction. Although not 
reaching statistical significance, all other aspects of QOL 
were in line with these findings, as pain, mental health, func-
tion and total score also tended to increase postoperatively 
when achieving normal pelvic balance. Since an unbal-
anced pelvis—as described by Hresko et al. [14]—involves 
a relatively high pelvic tilt and low sacral slope, it is typi-
cally associated with the characteristic deformity observed 
in high-grade spondylolisthesis consisting in a retroverted 
pelvis with heart-shaped buttocks. Our findings therefore 
suggest that residual retroversion of the pelvis is particularly 
detrimental to self-image after surgery, and that self-image 
is an important aspect determining satisfaction after surgery.

It is surprising that the mean changes in mean pelvic tilt 
and sacral slope due to surgery were small (less than 2°, 
Table 1) although 80.3% of patients reached a low-grade 
slip postoperatively. In the study of Labelle et al. [15], the 
mean changes in pelvic tilt (4°) and sacral slope (3°) were 
also small even if 62 of their 73 patients underwent for-
mal “surgical attempt at reduction.” Similarly, Hresko et al. 
[16] observed small changes of 3° and 7°, respectively, in 
mean pelvic tilt and sacral slope, although partial reduc-
tion was performed in all 26 patients. These relatively small 
changes are explained by the fact that pelvic tilt and sacral 
slope do not always improve with surgery. Indeed, pelvic 
tilt and sacral slope can deteriorate (increase in pelvic tilt 
and associated decrease in sacral slope) or fail to improve 
in some patients after surgery, as reflected by the presence 
of 25 patients (40.9%) with an unbalanced pelvis postopera-
tively (Table 1). These findings highlight the unpredictable/
unknown capacity of current surgical techniques to achieve 
normal pelvic balance, in addition to the need to further 
investigate predictors of postoperative pelvic balance as it 
was done in the current study.

Although the results highlight the benefits of achieving 
normal pelvic balance after surgical reduction, it was not 
possible to clearly determine from the logistic regression 
analysis the role of reducing the slip grade, lumbosacral 
angle and L5 incidence in obtaining normal pelvic balance 
postoperatively. Only preoperative pelvic balance was asso-
ciated with postoperative balance, but there was a tendency 
for postoperative L5 incidence ≤ 60° to be associated with 
a higher likelihood of achieving a balanced pelvis. Based 
on these results, we performed post hoc logistic regression 
analyses (not shown) after subdividing the cohort accord-
ing to the preoperative pelvic balance. Postoperative slip 
grade, lumbosacral angle and L5 incidence were not asso-
ciated with postoperative pelvic balance in patients with a 
preoperative unbalanced pelvis (n = 28). However, a postop-
erative L5 incidence ≤ 60° was more likely to be associated 
with a balanced postoperative pelvis in patients who had a 

balanced pelvis preoperatively (95% confidence interval for 
odds ratio = 0.01–0.78; p = 0.03). These findings first sug-
gest that restoring normal pelvic balance in patients with 
an unbalanced pelvis preoperatively is difficult with current 
reduction techniques, and that future studies should assess 
the effectiveness of proposed reduction techniques in this 
subgroup of patients. Secondly, it seems beneficial to aim 
for a L5 incidence ≤ 60° in patients with normal preopera-
tive pelvic balance, in order to increase the likelihood of 
maintaining a balanced pelvis postoperatively. Postoperative 
L5 incidence was surprisingly not related with postoperative 
QOL scores in the multivariable linear regression analyses 
(Table 3), although L5 incidence is associated with pelvic 
balance in a subset of patients and pelvic balance is a con-
sistent predictor of QOL. This finding reinforces that the 
relationship between postoperative L5 incidence and pelvic 
balance remains limited, and that future studies should fur-
ther determine the interactions between L5 incidence and 
pelvic balance, as well as the subgroups of patients for which 
measuring L5 incidence would be clinically relevant.

Reduction to a low-grade slip grade was only predictive 
of improved postoperative mental health, although there 
were tendencies for improved self-image, decreased pain, 
improved function and increased total score postopera-
tively with reduction to a low-grade slip. These concordant 
results add to the available evidence supporting the ben-
efits of reducing the slip grade on the outcome of patients 
surgically treated for high-grade spondylolisthesis [2, 3]. 
Although postoperative mental health is mainly predicted 
by preoperative mental health, the predictive value of slip 
grade reflects its predominant impact in the management of 
spondylolisthesis and though process of patients undergoing 
surgery. It is reasonable to believe that the mental health of 
patients with high-grade spondylolisthesis is significantly 
influenced by the slip grade, since it represents the main 
aspect that physicians refer to when discussing with patients 
about the pathology, the prognosis, the indication for surgery 
and the surgical procedure.

Contrary to the common belief that reduction in lumbosa-
cral angle should be emphasized in the surgical treatment 
of high-grade spondylolisthesis [6–12], lumbosacral angle 
was not a significant predictor of QOL or pelvic balance in 
the current study. Moreover, post hoc analyses (not shown) 
using different threshold values of lumbosacral angle for 
defining reduction or stratifying patients did not result in any 
significant association with QOL scores. Although reaching 
a lumbosacral ≥ 80° was not associated with improved post-
operative QOL, it does not mean that reduction in lumbosa-
cral is not beneficial for high-grade spondylolisthesis. For 
example, reducing lumbosacral angle can potentially reduce 
the risk of L5 nerve root injury [5] and improve the biome-
chanical environment for successful fusion by decreasing the 
tension on the fusion mass [3].
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While reduction can potentially decrease the risk of L5 
nerve root injury [5], it has been reported that 5% of patients 
undergoing surgical treatment of pediatric spondylolisthe-
sis sustain neurological complications [1]. Accordingly, the 
authors believe that the use of neuromonitoring can help to 
minimize the risk of permanent L5 nerve root, as suggested 
in previous reports [33–35]. However, further study is still 
required to determine the optimal modalities (SSEP, MEP 
and/or EMG) that should be used to decrease the number of 
permanent nerve root injuries.

Limitations

The main limitation relates to the relatively small cohort 
included in this study, although it is the largest in the litera-
ture involving young patients with high-grade spondylolis-
thesis and available pre- and postoperative QOL measures. 
Our study highlights the difficulty to prospectively recruit 
young patients with high-grade spondylolisthesis due to the 
small number of patients presenting with this pathology. It 
is believed that considerable efforts through a large multi-
center study group should be invested to allow prospective 
recruitment of a large cohort of patients. However, this study 
represents a major contribution to the knowledge of high-
grade spondylolisthesis despite the relatively small cohort, 
since we were able to identify the most important aspects of 
surgical reduction as related to QOL outcomes.

Another limitation relates to our failure to analyze the 
data according to a minimum clinical important difference 
(MCID) in QOL scores. Although the SRS outcome ques-
tionnaire has been used and validated in young patients with 
spondylolisthesis [36, 37], there is no MCID proposed in the 
literature for this specific population. Because the concept 
of MCID is disease specific, it was thus not possible to use 
MCID values developed for other populations in the current 
study.

As already mentioned earlier, the authors recognize that 
QOL is only one aspect of the outcome that needs to be 
optimized after surgery for high-grade spondylolisthesis. 
The risks of further progression of the spondylolisthesis and 
developing neurological deficit are often the primary indica-
tion for surgery. Therefore, definite conclusions on the need 
and extent of surgical reduction should also be based on 
factors other than QOL, such as achieving successful fusion 
and minimizing complications. Evaluating other outcomes 
such as gait pattern and mobility could also help to the better 
assess the relevance of spondylolisthesis reduction. In addi-
tion, future studies with follow-up longer than 2 years would 
also be interesting to understand the long-term implication 
of surgery on QOL.

There was no uniform protocol for surgical reduction 
used in this study. Although the variability in the reduction 

techniques could be perceived as a limitation, we believe 
that including various procedures for reduction and fusion 
was well adapted to our study design intended to assess inde-
pendently different parameters involved during reduction. 
For example, if a single reduction technique had been used, 
it would have been difficult to obtain different magnitudes 
of reduction in terms of pelvic balance, slip percentage, 
lumbosacral angle and L5 incidence and to fully study the 
influence of reduction on QOL. This is also why our cohort 
includes patients who did not undergo reduction. However, 
future studies should also assess the performance of the 
different available techniques for achieving reduction and 
improve QOL.

Although the current study specifically evaluated the 
association between QOL and four specific criteria related to 
the extent of reduction, the authors acknowledge that other 
factors that those included in our analyses can potentially 
impact QOL, such as the indication for surgery/reduction, 
the patient’s symptoms and psychological condition, radio-
logical features, the type of surgical procedure that was per-
formed, complications, surgeon’s experience and volume. 
For example, the authors believe that particular attention 
should be given to the influence of lower extremities align-
ment on the outcome of surgical reduction, as previous stud-
ies have found an association between proximal femoral 
angle and QOL in subjects with high-grade spondylolisthesis 
[38], and better improvement in QOL with surgical reduc-
tion in patients with abnormal proximal femoral angle pre-
operatively [39]. Future studies are still needed to determine 
the best predictors of improved QOL in spondylolisthesis 
surgery.

Conclusions

This study specifically investigated if surgical reduction in 
pelvic balance, slip grade, lumbosacral angle and L5 inci-
dence are associated with postoperative QOL in high-grade 
spondylolisthesis. Achieving normal pelvic balance was the 
most important and consistent predictor of increased QOL. 
Reduction to a low-grade slip was predictive of improved 
mental health, but reduction in lumbosacral angle was not 
associated with postoperative quality of life. There was a 
tendency for obtaining normal postoperative balance in 
patients with a postoperative L5 incidence ≤ 60°. Future 
studies should attempt to identify reduction techniques that 
can reliably restore or maintain pelvic balance after surgery.
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