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Abstract
Purpose Symptomatic lumbar spinal stenosis can be treated with decompression surgery. A recent review reported that, 
after decompression surgery, 1.6–32.0% of patients develop postoperative symptomatic spondylolisthesis and may therefore 
be indicated for lumbar fusion surgery. The latter can be more challenging due to the altered anatomy and scar tissue. It 
remains unclear why some patients get recurrent neurological complaints due to postoperative symptomatic spondylolisthesis, 
though some associations have been suggested. This study explores the association between key demographic, biological 
and radiological factors and postoperative symptomatic spondylolisthesis after lumbar decompression.
Methods This retrospective cohort study included patients who had undergone lumbar spinal decompression surgery between 
January 2014 and December 2016 at one of two Spine Centres in the Netherlands or Switzerland and had a follow-up of two 
years. Patient characteristics, details of the surgical procedure and recurrent neurological complaints were retrieved from 
patient files. Preoperative MRI scans and conventional radiograms (CRs) of the lumbar spine were evaluated for multiple 
morphological characteristics. Postoperative spondylolisthesis was evaluated on postoperative MRI scans. For variables 
assessed on a whole patient basis, patients with and without postoperative symptomatic spondylolisthesis were compared. 
For variables assessed on the basis of the operated segment(s), surgical levels that did or did not develop postoperative spon-
dylolisthesis were compared. Univariable and multivariable logistic regression analyses were used to identify associations 
with postoperative symptomatic spondylolisthesis.
Results Seven hundred and sixteen patients with 1094 surgical levels were included in the analyses. (In total, 300 patients 
had undergone multilevel surgery.) ICCs for intraobserver and interobserver reliability of CR and MRI variables ranged 
between 0.81 and 0.99 and 0.67 and 0.97, respectively. In total, 66 of 716 included patients suffered from postoperative 
symptomatic spondylolisthesis (9.2%). Multivariable regression analyses of patient-basis variables showed that being female 
[odds ratio (OR) 1.2, 95%CI 1.07–3.09] was associated with postoperative symptomatic spondylolisthesis. Higher BMI (OR 
0.93, 95%CI 0.88–0.99) was associated with a lower probability of having postoperative symptomatic spondylolisthesis.
Multivariable regression analyses of surgical level-basis variables showed that levels with preoperative spondylolisthesis 
(OR 17.30, 95%CI 10.27–29.07) and the level of surgery, most importantly level L4L5 compared with levels L1L3 (OR 
2.80, 95%CI 0.78–10.08), were associated with postoperative symptomatic spondylolisthesis; greater facet joint angles (i.e. 
less sagittal-oriented facets) were associated with a lower probability of postoperative symptomatic spondylolisthesis (OR 
0.97, 95%CI 0.95–0.99).
Conclusion Being female was associated with a higher probability of having postoperative symptomatic spondylolisthesis, 
while having a higher BMI was associated with a lower probability. When looking at factors related to postoperative sympto-
matic spondylolisthesis at the surgical level, preoperative spondylolisthesis, more sagittal orientated facet angles and surgical 
level (most significantly level L4L5 compared to levels L1L3) showed significant associations. These associations could be 
used as a basis for devising patient selection criteria, stratifying patients or performing subgroup analyses in future studies 
regarding decompression surgery with or without fusion.
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Introduction

Lumbar spinal stenosis is associated with ageing and spinal 
degeneration, and can result in radiculopathy or neurogenic 
claudication [1]. If the stenosis is symptomatic, and when 
conservative interventions have failed, the surgical interven-
tion consists of decompression surgery involving removal 
of (part of) the lamina, facet joints and ligaments [2]. In 
a recent review, Ramhmdani et al. reported that between 
1.6 and 32.0% of patients develop spondylolisthesis after 
decompression surgery, believed to be caused by altered 
spinal biomechanics, leading to instability of the spinal 
segment(s) [2, 3]. When postoperative spondylolisthesis 
is associated with recurrent complaints of radiculopathy 
or neurogenic claudication, patients may be offered revi-
sion surgery of the affected segment in the form of a lumbar 
fusion [2, 4–7].

Many studies have been carried out to assess the relative 
effectiveness of decompression alone versus decompression 
with fusion in patients with lumbar spinal stenosis with or 
without spondylolisthesis and there is currently no evidence 
for the superiority of one procedure over the other [3, 5–8]. 
Most of the aforementioned studies have only evaluated 
whether there is a need for decompression to be accompa-
nied by fusion in groups of patients whose main commonal-
ity is their having stenosis with/without spondylolisthesis; 
however, knowing the individual variability in the presen-
tation of these conditions, the patients likely vary widely 
in their constellation of symptoms, imaging features, etc. 
Possibly, some patients will benefit from additional fusion, 
whereas others will have less need for it, but no studies have 
been able to clarify the circumstances under which one 
might consider adding a fusion during the index decompres-
sion surgery. Other than “having spondylolisthesis in addi-
tion to stenosis,” no criteria have been used (or are indeed 
available) to pre-stratify patients prior to randomization or 
to perform post hoc subgroup analyses of treatment effects 
based on factors that are associated with a propensity to 
develop post-decompression spondylolisthesis—factors that 
might be expected to tip the balance in favour of adding 
fusion during the index surgery. This is the result of the 
limited number of papers and mostly small non-clinical stud-
ies, reporting on determinants or correlates of post-surgical 
spondylolisthesis in this study population [2, 4, 5, 9–11].

The aim of this large, two-centre international cohort 
study was to explore factors associated with postoperative 
symptomatic spondylolisthesis after decompression surgery. 

The factors that were analysed included patient character-
istics, surgical variables and morphological/pathological 
characteristics measured on preoperative MRI scans and 
conventional radiograms (CRs) of the lumbar spine.

Materials and methods

Patient selection

The Medical Ethical Committee at the respective hospitals 
approved this cohort study (METCZ20180075). Patients 
were identified based on healthcare codes 30,326–30,329 
(one-level laminectomy or laminectomy at two levels or 
more) for the Dutch hospital. For the Swiss hospital, relevant 
fields in the local spine surgery outcomes database (which 
is operated within the framework of the EUROSPINE Spine 
Tango registry) were searched for patients that had under-
gone lumbar decompression surgery without fusion. Patients 
were included if they had undergone lumbar decompression 
surgery between January 2014 and December 2016 in one 
of the two participating centres. Exclusion criteria were: age 
under 18 years, no available preoperative MRI scans, sco-
liosis with a Cobb angle above 20°, previous fusion surgery 
of any lumbar segment, additional discectomy or previous 
decompression surgery at the level of interest, vertebral 
fracture at the level of interest and a follow-up of two years 
after decompression surgery. Follow-up data were retrieved 
from questionnaires, patient reports or MRI scans. Patients 
were actively contacted if no follow-up data were available 
in the patient chart regarding recurrent neurological com-
plaints (radicular complaints or neurogenic claudication) 
and/or lumbar fusion surgery. The absence of postopera-
tive symptomatic spondylolisthesis was assumed if avail-
able postoperative radiographs or MRI scans showed no 
postoperative spondylolisthesis, if there were no recurrent 
neurological complaints, and no lumbar fusion surgery had 
been performed in two-year follow-up.

Data collection

Based on expert opinion and the literature, the following 
variables were chosen to explore possible associations with 
postoperative symptomatic spondylolisthesis:

Patient characteristics: sex, age at the time of surgery, 
BMI, smoking at time of surgery (yes/no) and rheumatoid 
arthritis (yes/no). Variables were obtained from patient files.
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Surgical variables: level of surgery (L1L2–L5S1), 
method of decompression surgery (interlaminar decompres-
sion or laminectomy) and surgeon performing the surgery. 
For example, interlaminar decompression of L4L5 is attrib-
uted to level of surgery L4L5, and laminectomy L4 is also 
attributed to level of surgery L4L5. Variables were obtained 
from surgical reports and patient files.

Morphological and pathological characteristics: Disc 
height, Pfirrmann grade (for definition, see below) and pre- 
and postoperative spondylolisthesis were measured on sagit-
tal T2-weighted MRI scans, while facet joint angles, facet 
joint tropism, facet effusion, facet joint degeneration grade, 
cross-sectional area (CSA) and greyscale of paravertebral 
muscles [M. psoas, M. multifidus (MF) and M. erector spi-
nae (ES)], CSA of vertebral body and greyscale of fat were 
measured on axial T2-weighted MRI images using SECTRA 
IDS7 (Appendix 1).

The correct slice for measurements on axial MRI scans 
was chosen by locating the inferior part of the interverte-
bral disc at the level of spinal stenosis [12, 13]. Research-
ers measuring preoperative morphological and pathological 
characteristics were blinded to the occurrence of postopera-
tive symptomatic spondylolisthesis.

To assess intervertebral disc height, the average was taken 
from the anterior, middle and posterior part of the disc [14] 
(Appendix 1, Fig. 1). Intervertebral disc degeneration grade 
was visually assessed according to the Pfirrmann et al. grad-
ing scheme, classifying the intervertebral disc into five cat-
egories from 1 (normal) to 5 (collapsed disc space) [15].

To calculate facet joint angles, two lines were placed 
between the two peaks of the superior articular facet joint 
towards the centre of the vertebral body and another midsag-
ittal line through the spinous processes. The angle between 
the lines was defined as facet joint angle [16–18] (Appen-
dix 1, Fig. 2). The mean of the two facet joint angles was 
calculated and presented. Facet joint tropism was assessed 
with “yes” or “no” by calculating a difference between left 
and right facet joint angle where a difference above 10° 
being counted as tropism present [16, 17]. The presence of 
effusion was visible on axial MRI scans as a hyperinten-
sity of ≥ 1 mm within the facet joint and was assessed with 
“yes” or “no” [19]. To determine the facet joint degeneration 
grade, the protocol of Weishaupt et al. was used, with grades 
being assigned between 0 (normal) and 3 (severe degenera-
tion) [20].

For measurement of vertebral body CSA, the border of 
the vertebral body was marked. For muscle measurements, 
muscle borders of the left and right M. psoas, MF and ES 
were marked, avoiding fat tissue and connective tissue [16, 
21–23] (Appendix 1, Fig. 3). The relative CSA of the mus-
cles was calculated by dividing muscle CSA by vertebral 
body CSA [12, 23, 24]. Greyscale of fat tissue was meas-
ured using the method of Valentin et al. [25] (Appendix 1, 

Fig. 3). The relative greyscale of the muscles was calculated 
by dividing muscle greyscale by fat tissue greyscale [21, 
22, 25, 26]. The mean of the left and right relative CSA and 
greyscale of the muscles was calculated.

The extent of pre- and postoperative spondylolisthesis 
was measured on MRI scans by placing a line along the 
posterior side of the lower vertebral body and a second 
line along the posterior side of the upper vertebral body [5] 
(Appendix 1, Fig. 4). Postoperative spondylolisthesis was 
measured on postoperative MRI scans, independently by two 
researchers as a continuous variable in mm. Only when both 
researchers identified a postoperative spondylolisthesis, and 
when the patient had recurrent neurological complaints, the 
patient was assigned to the group with postoperative symp-
tomatic spondylolisthesis. If spondylolisthesis was present 
preoperatively, a worsening of any distance after decom-
pression surgery was counted as postoperative symptomatic 
spondylolisthesis. This worsening was only considered real 
worsening if both researchers independently measured a dif-
ference in slippage.

Sagittal balance parameters [pelvic incidence (PI), sacral 
slope (SS), pelvic tilt (PT) and lumbar lordosis (LL)] were 
measured on preoperative sagittal CR of the lumbar spine 
using Surgimap 2.3.2.1 (Appendix 1, Fig. 5). These param-
eters were determined according to generally accepted defi-
nitions [27, 28].

Sample size

As a rule of thumb, ten events per variable are necessary 
to find associations in logistic regression models [29]. The 
number of variables to be included in the multivariable 
regression model depended on the number of independ-
ent variables with a P-value below 0.20 in the univariate 
regression models. Four variables were included in the mul-
tivariable regression analyses of postoperative symptomatic 
spondylolisthesis in patient-basis variables. This required 
that there be a minimum of 40 patients with and 40 patients 
without postoperative symptomatic spondylolisthesis. Seven 
variables were included in the multivariable regression anal-
yses of surgical level-basis variables of which one variable 
had three subgroups. This required that there be a minimum 
of 80 surgical levels with and 80 surgical levels without 
postoperative symptomatic spondylolisthesis.

Statistical analyses

Analyses were divided into those using patient-basis vari-
ables (age, gender, BMI, smoking, rheumatoid arthritis, type 
of surgery, single- or multilevel surgery, PI, SS, PT and LL) 
and those using surgical level-basis variables (level of sur-
gery, facet angles, facet tropism, facet joint effusion, facet 
degeneration, disc height, disc degeneration, preoperative 
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spondylolisthesis, CSA and greyscale of M. psoas, MF and 
ES). Patient-basis variables were analysed for the total num-
ber of included patients. Surgical level-basis variables were 
analysed for the total number of included surgical levels, 
since some patients underwent multilevel decompression 
surgery.

For these analyses, groups were formed based on the 
occurrence of postoperative symptomatic spondylolisthe-
sis. Univariate logistic regression analyses were performed 
for both patient-basis variables and surgical level-basis 
variables, to determine associations between individual 
factors and the presence of postoperative symptomatic 
spondylolisthesis. Subsequently, multivariable logistic 
regression was performed, including variables from the 
univariate logistic regression analyses with an α-value 
below 0.20. Variables were removed from the analysis 
if the α-value was above 0.05 using stepwise backward 
elimination. Statistical analyses were performed using IBM 
SPSS Statistics 25.

Reliability measurements

Intraobserver and interobserver reliability of measurements 
were assessed for the following continuous variables: facet 
joint angles, disc height, muscle CSA and greyscale, and 
sagittal balance parameters. A randomly chosen 10% of the 
measurements were taken twice by the same researcher with 
at least three weeks between measurements and a further 
random 10% were repeated by a second researcher. Data 
were analysed using intraclass correlation coefficients 
(ICC), two-way mixed analysis with absolute agreement and 
accepted as adequate if ICC > 0.60 (33).

Results

Patient population

A total of 1723 patients underwent lumbar decompression 
surgery between January 2014 and December 2016; 1186 
patients were excluded from the study, mostly because they 
had undergone decompression surgery of the cervical or tho-
racic spine or received additional intervertebral disc removal 
(see Appendix 2 flow chart). Finally, 716 patients were 
included in the analysis of patient-basis variables. Single-
level surgery was performed in 416 patients and multilevel 
surgery in 300 patients. Preoperative spondylolisthesis was 
present in 243 patients (33.9%). Preoperative CRs were only 
available for 488 patients, because they were not always part 
of standard care. This resulted in a total of 1094 surgical 
levels that could be included in the analysis of surgical level-
basis variables.

Intraobserver and interobserver reliability

Assessment of intraobserver and interobserver reliability 
showed ICCs ranging from 0.81 to 0.99 and 0.67 to 0.97, 
respectively, depending on the variable in question (Table 1), 
all exceeding the required threshold for acceptable reliability 
of ICC > 0.60.

Patient characteristics and regression analyses

For the variable “level of surgery,” the categories L1L2 and 
L2L3 were combined to make a category L1L3, because 
the frequency of decompression surgery at these levels was 

Table 1  Intraclass correlation coefficients of intraobserver and interobserver reliability

CSA Cross-sectional area, MF M. multifidus, ES M. erector spinae, LL Lumbar lordosis, PI Pelvic incidence, SS Sacral slope, PT Pelvic tilt

Measure ICC Measure ICC

Intraobserver Interobserver Intraobserver Interobserver

Facet joint angle right 0.87 0.87 Greyscale MF right 0.87 0.72
Facet joint angle left 0.86 0.82 Greyscale MF left 0.87 0.67
Disc height 0.95 0.89 Greyscale ES right 0.88 0.75
CSA M. psoas right 0.99 0.97 Greyscale ES left 0.92 0.72
CSA M. psoas left 0.95 0.97 CSA vertebrae 0.81 0.80
CSA MF right 0.96 0.77 Greyscale back fat 0.83 0.79
CSA MF left 0.96 0.78 LL 0.97 0.95
CSA ES right 0.96 0.84 PI 0.98 0.90
CSA ES left 0.97 0.81 SS 0.94 0.78
Greyscale M. psoas right 0.91 0.94 PT 0.99 0.87
Greyscale M. psoas left 0.94 0.94
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low. Facet joints graded as degeneration grade 0 or 1 were 
combined as grade 0–1, because frequency of these grades 
was low.

First, analyses were performed on patient-basis variables. 
In total, 66 of 716 included patients developed postoperative 
symptomatic spondylolisthesis (9.2%). Univariable logistic 
regression showed an association between postoperative 
symptomatic spondylolisthesis and female sex, lower BMI 
and increased PI and PT (Table 2). There was no significant 
difference in the occurrence of postoperative symptomatic 
spondylolisthesis across surgeons.

Multivariable logistic regression was performed includ-
ing two patient-basis variables identified from the univari-
ate regression analysis with P-values below 0.20. Sagittal 
balance parameters were excluded from the multivariable 
analysis, since the data of 228 patients were missing. Two 
independent associations were found after stepwise back-
ward elimination: patients had a higher probability of 
postoperative symptomatic spondylolisthesis if they were 
female. Higher BMI decreased the probability of having 
postoperative symptomatic spondylolisthesis (Table 3).

Second, analyses were performed on surgical level-basis 
variables. Postoperative symptomatic spondylolisthesis was 
recorded in 72 of 1094 (6.6%) included surgical levels. Uni-
variate logistic regression for surgical level-basis variables 
showed an association between postoperative symptomatic 
spondylolisthesis and smaller facet joint angles (more sagit-
tal orientated facets), presence of preoperative spondylolis-
thesis, surgery at level L4L5 compared to levels L1L3 and 
increased greyscale of MF. Lower probability of postopera-
tive symptomatic spondylolisthesis was associated with facet 
degeneration grade 2 compared with grade 3 (Table 4).

After including nine surgical level-basis variables in 
the multivariable regression analysis, three associations 
were found after stepwise backward elimination: surgi-
cal levels with preoperative spondylolisthesis, smaller 
facet joint angles (i.e. more sagittal-oriented) and level of 
surgery (Table 5).

Discussion

This study aimed to explore factors associated with postop-
erative symptomatic spondylolisthesis after decompression 
surgery. A total of 716 patients, representing 1094 surgical 
levels, were included in the analyses. Statistical analyses 
were carried out separately for patient-basis variables and 
for surgical level-basis variables. In total, 66 of 716 included 
patients had postoperative symptomatic spondylolisthesis 
(9.2%). Female sex showed a positive association with the 
presence of postoperative symptomatic spondylolisthesis 
after decompression surgery, while increasing BMI was 
associated with a lower probability of spondylolisthesis. Ta
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Postoperative symptomatic spondylolisthesis was observed 
in 72 of 1094 (6.6%) included surgical levels. On a surgical 
level-basis, preoperative spondylolisthesis, level of surgery 
(based on univariable regression analyses; most significantly 
level L4L5 compared to levels L1L3) and smaller facet 
angles (i.e. more sagittal-oriented facets) were associated 
with postoperative symptomatic spondylolisthesis. ICCs for 
intraobserver and interobserver reliability of the morpho-
logical variables, determined on preoperative MRI scans and 
CRs, were in the range 0.67–0.99, i.e. above the acceptable 
value of 0.60 for all variables.

Patient‑basis variables

Previous studies have not evaluated female sex and lower 
BMI as possible factors associated with postoperative spon-
dylolisthesis. Rosenberg et al. [30] reported that females have 
a more stable lumbosacral joint, which potentially results in 
abnormal stress at the intervertebral joints above this level. 
This could lead to degeneration of the intervertebral disc and 
ligaments, resulting in hypermobility and spondylolisthesis 
[30]. While decompression surgery may further increase 
instability of the lumbar spine when removing (part of) the 
lamina, facet joints and ligaments, it might be expected that 
females would have a higher chance of developing postopera-
tive symptomatic spondylolisthesis, for the same reasons that 
they have a greater chance of developing spondylolisthesis 
itself. Furthermore, females generally have greater longitudi-
nal age-related decrease in the bone mineral density (BMD) 
than males [31], partly hormonally mediated but possibly 
also due to their lower body weight. Body mass is positively 
correlated with BMD, likely because increased mechanical 
strain on the bones results in increased bone mass to accom-
modate the greater load [32, 33]. Similarly, lower BMI is 
associated with a lower BMD. Lower BMD has been shown 
to increase the risk of pars interarticularis fractures and spon-
dylolisthesis after decompression surgery, due to the inability 
to manage increased shear forces [10, 11]. Possibly, such a 
mechanism could underlie the association observed in the 
present study between lower BMI and postoperative sympto-
matic spondylolisthesis after decompression surgery.

Univariate regression analysis showed an increased PI 
and PT in patients with postoperative symptomatic spon-
dylolisthesis, which is comparable with other findings in the 
literature [34]. Sagittal balance parameters are correlated 
with one another, and an increased PI and PT are associated 
with an increased LL. LL also showed a trend for an associa-
tion with postoperative spondylolisthesis in the univariable 
regression analysis (P = 0.06). An increased PI and PT, and 
therefore, an increased LL could result in increased shear 
forces which could lead to increased stress of pars inter-
acticularis as mentioned above [34].

Surgical level‑basis variables

Previous studies mostly described disc height, facet joint 
angles, facet joint degeneration and preoperative spon-
dylolisthesis as possible associated factors for postopera-
tive spondylolisthesis [2, 4, 5, 9–11]. Ramhmdani et al. and 
Blumenthal et al. found significantly increased disc height 
in patients with postoperative spondylolisthesis, which fits 
with the notion of disc height collapse being one of the re-
stabilization mechanisms to minimize intervertebral motion 
[2, 5, 35]. Blumenthal et al. [5] reported that a disc height 
greater than 6.5 mm was a possible risk factor; however, 
they only included patients with preoperative degenerative 
spondylolisthesis, which is different from the present study. 
Ramhmdani et al. [2] did not perform a regression analysis 
and had a prevalence of only 10 patients with postoperative 
spondylolisthesis.

In their multivariable regression analysis, Blumenthal 
et al. also found that more sagittal-oriented facet angles were 
a risk factor for postoperative spondylolisthesis [5], similar 
to our findings.

Sato et al. described an increased risk of same-segment 
disease, including postoperative spondylolisthesis, after 
decompression surgery in patients with degenerative spon-
dylolisthesis, when facet joint degeneration was more severe 
[9]. This supports the findings of our study, where facet joint 
degeneration grade 2 was associated with lower probability 
of postoperative symptomatic spondylolisthesis than grade 
3, in univariable regression analysis. Supporting the findings 

Table 3  Multivariable logistic 
regression of patient-basis 
variables

Variables were included in the final model if P-value in univariate regression analyses was < 0.20. Included 
variables: sex, BMI
S.E. Standard, BMI Body mass index

Variable Regression coefficient P-value Odds ratio 95% confidence 
interval

β S.E Lower Upper

Sex (female) 0.599 0.270 0.026 1.821 1.074 3.089
BMI (kg  m−2) − 0.069 0.032 0.031 0.933 0.877 0.994
Constant − 0.747 0.897 0.405 0.474 – –
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of the present study, preoperative spondylolisthesis has pre-
viously been described as a risk factor for postoperative 
spondylolisthesis after decompression surgery. Decompres-
sion surgery at levels with preoperative spondylolisthesis 
appears to increase instability by altering the segment bio-
mechanics even more [4, 5, 9].

Level L4L5 is the most common level to develop degen-
erative spondylolisthesis. Ilio-lumbar ligaments keep L5 

strongly in an anatomical position, mostly by its posterior 
bands [36, 37]. This stabilizes the L5 vertebrae and may 
increase the biomechanical forces upon L4. In the case of 
decompression surgery at L4L5, the subsequent biome-
chanical and iatrogenic changes could lead to earlier decay 
of this segment [38]. Previous studies have not evaluated 
greyscale of MF as possible risk factor associated with 
postoperative spondylolisthesis. Higher greyscale values 

Table 4  Surgical level-basis variables of levels with and with-
out postoperative symptomatic spondylolisthesis in number and 
percentages of the total number of surgical levels and univari-

ate logistic regression using odds ratio and 95% confidence inter-
val. P-value < 0.5 stands for statistically significant difference and is 
marked in bold and with *

*P < 0.05 is defined as a significant association
SD Standard deviation, BMI Body mass index, ILD Interlaminar decompression, Ref Reference, CSA Cross-sectional area, MF M. multifidus, ES 
M. erector spinae, LL Lumbar lordosis, PI Pelvic incidence, SS Sacral slope, PT Pelvic tilt

Variable With postoperative sympto-
matic spondylolisthesis (n = 72, 
6.6%)

Without postoperative symp-
tomatic spondylolisthesis 
(n = 1022, 93.4%)

P-value Odds ratio 95% 
confidence 
interval
Lower Upper

Surgery (% (N) ILD) 80.6% (58) 82.4% (842) 0.694 1.129 0.616 2.069
Level of surgery (% (N))

  L1L3 4.2% (3) 17.0% (174) Ref Ref Ref Ref
  L3L4 15.3% (11) 32.8% (335) 0.328 1.904 0.52409 6.916
  L4L5 77.8% (56) 44.4% (454) 0.001* 7.170 2.215 23.208
  L5S1 2.8% (2) 5.8% (59) 0.476 1.933 0.315 11.850

Mean facet angle, mean (SD) 32.0 (13.1) 35.9 (11.8) 0.008* 0.972 0.952 0.993
Facet tropism (% (N) yes) 29.2% (21) 31.5% (322) 0.675 0.894 0.529 1.511
Effusion (% (N) yes) 73.6% (53) 68.4% (699) 0.357 1.289 0.751 2.213
Facet degeneration grade (% 

(N))
  0–1 5.6% (4) 6.4% (65) 0.221 0.519 0.181 1.484
  2 23.6% (17) 51.6% (527) < 0.001* 0.272 0.155 0.478
  3 70.8% (51) 42.1% (430) Ref Ref Ref Ref

Disc height, mean (SD) 8.1 (2.1) 7.7 (2.5) 0.211 1.064 0.965 1.173
Pfirmann grade (% (N))

  2 1.4% (1) 2.5% (26) 0.684 0.644 0.077 5.372
  3 54.2% (39) 56.9% (582) 0.773 1.122 0.513 2.457
  4 33.3% (24) 27.4% (280) 0.391 1.436 0.628 3.280
  5 11.1% (8) 13.1% (134) Ref Ref Ref Ref

Preoperative spondylolisthesis 
(% (N) yes)

84.7% (61) 17.8% (182) < 0.001* 25.594 13.206 49.605

Ratio mean CSA M. psoas, 
mean (SD)

0.56 (0.2) 0.52 (0.2) 0.093 3.058 0.831 11.250

Ratio mean CSA MF, mean 
(SD)

0.28 (0.1) 0.26 (0.1) 0.126 4.080 0.675 24.679

Ratio mean CSA ES, mean 
(SD)

0.56 (0.2) 0.60 (0.2) 0.178 0.445 0.137 1.445

Ratio mean greyscale M. psoas, 
mean (SD)

0.13 (0.1) 0.12 (0.1) 0.333 3.636 0.266 49.597

Ratio mean greyscale MF, 
mean (SD)

0.23 (0.1) 0.20 (0.1) 0.008* 10.853 1.845 63.836

Ratio mean greyscale ES, mean 
(SD)

0.22 (0.1) 0.20 (0.1) 0.095 4.578 0.766 27.378
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indicate more intramuscular fat and connective tissue and 
less muscle tissue. We believe that higher greyscale values 
could be associated with spondylolisthesis of the spine due 
to decreased strength of the muscle and hence less active 
protection against instability. However, the confidence 
interval resulting from the univariable regression analysis 
was large (95%CI 1.845–63.836), which could be explained 
by the large standard deviation of this ratio (SD 0.1, range 
0.02–1.48) due to interpatient variability.

Limitations and future recommendations

To our knowledge, this retrospective study includes the 
largest number of patients evaluated to date to determine 
factors associated with postoperative symptomatic spon-
dylolisthesis. However, the study has various weaknesses 
that need to be highlighted. The retrospective nature of 
the study increases its risk of bias. Patients were excluded 
if they had incomplete data, which was the case for a 
total of 138 patients (16% of all eligible patients). It is 
not known whether this group would have altered the 
results; these patients could have gone to other clinics in 
the case of complaints or indeed had no recurrent symp-
toms. Another risk of bias is that postoperative imaging 
was only performed for a select group of patients. In both 
clinics, patients only received postoperative MRI scans 
in the case of (novel) neurological complaints, not if 
they were asymptomatic. Some patients could have been 
symptomatic, but chosen not to come in for a consulta-
tion and/or imaging that would have allowed for postop-
erative spondylolisthesis to be diagnosed. Only sympto-
matic postoperative spondylolisthesis was considered 

an event. We believed that only patients who developed 
novel complaints after decompression surgery due to spon-
dylolisthesis were relevant, since it is probably this very 
scenario (i.e. higher risk of postoperative symptomatic 
spondylolisthesis and the possible need for reoperation) 
for which an exploration of possible associations would 
be most useful. Furthermore, progression of the postop-
erative spondylolisthesis in patients with preoperative 
spondylolisthesis, could be part of the natural history of 
the spondylolisthesis of the patient. Another risk of bias 
concerned the measurement of spondylolisthesis on MRI 
scans instead of CRs in the upright standing position. MRI 
scans could have been falsely negative for spondylolis-
thesis due to realignment in the supine position [39]. A 
previous study showed that in 5.1% of patients with a 
Meyerding grade I or II on CR, no slippage was seen on 
MRI scans [40]. Additionally, postoperative spondylolis-
thesis was measured by two researchers, but there was no 
minimum threshold for spondylolisthesis that had to be 
met. This could have led to the inclusion of patients in the 
postoperative symptomatic spondylolisthesis group based 
on measurement errors made by both researchers.

If a routine follow-up of 2  years was not available, 
patients were actively approached. This period could, how-
ever, be too short, given that it has been reported that most 
patients develop postoperative symptomatic spondylolisthe-
sis within three years after decompression surgery [2, 3, 9], 
albeit with recurrent symptoms being present after a mean 
of 19.0 months [2].

CSA of paravertebral muscles were determined in the 
same plane as the intervertebral disc. Especially in the case 
of hyperlordotic vertebral levels, it is possible that there 

Table 5  Multivariable logistic 
regression of surgical level-
basis variables

Variables were included in the final model if P-value in univariate regression analysis was < 0.20
Included variables: level of surgery, mean facet angle, facet degeneration rate, preoperative spondylolis-
thesis, ratio mean CSA M. psoas, ratio mean CSA MF, ratio mean CSA ES, ratio mean greyscale MF, ratio 
mean greyscale ES
S.E. Standard error, CSA Cross-sectional area, MF M. multifidus, ES M. erector spinae

Variable Regression coefficient P-value Odds ratio 95% confidence 
interval

β S.E Lower Upper

Preoperative spon-
dylolisthesis (yes)

2.736 0.359 < 0.001 15.452 7.635 31.191

Level of surgery
  L1L3 Ref Ref 0.020 Ref Ref Ref
  L3L4 − 0.166 0.707 0.814 0.847 0.212 3.385
  L4L5 1.029 0.654 0.116 2.798 0.777 10.084
  L5S1 0.690 1.244 0.579 1.994 0.174 22.853

Mean facet angle − 0.026 0.013 0.044 0.974 0.950 0.999
Constant − 4.566 0.468 < 0.001 0.010 – –
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could be error introduced by the CSA not being measured 
truly cross-sectionally.

Based on this study, recommendations for future prospec-
tive research can be made. First, previous studies have iden-
tified BMD as possible risk factor for postoperative spon-
dylolisthesis [10, 11]. This variable was not included in the 
present study, because of its retrospective nature and the lack 
of available baseline information on this particular variable. 
Second, CRs of the lumbar spine were only available for 
488 patients, resulting in less data on sagittal alignment. 
Furthermore, future studies could use CRs as the diagnostic 
tool to determine pre- and postoperative spondylolisthesis in 
the standing position, to obviate the case where MRI scans 
are perhaps negative for spondylolisthesis due to being taken 
in the supine position [39]. Third, in this study, facet joint 
effusion was recorded as a binary variable with “yes” or 
“no.” Future research should measure effusion as a continu-
ous variable, given that a larger amount could result in a 
higher risk of spondylolisthesis compared with no or a small 
amount of effusion [41].

Fourth, this explorative study highlighted factors asso-
ciated with postoperative symptomatic spondylolisthesis 
after lumbar decompression surgery. The results could be 
explored in future research when devising patient selection 
or stratification criteria or performing subgroup analyses in 
studies comparing, e.g. decompression alone versus addi-
tional fusion, with respect to revision or patient reported 
outcome measures. Pearson et al. of the SPORT-group [42] 
determined which factors led to a greater benefit from sur-
gery (laminectomy with and without fusion) over non-oper-
ative care in patients with degenerative spondylolisthesis. 
Besides location of stenosis and severity of stenosis, they did 
not include other morphological variables in their analyses, 
which could be important to use in future research and large 
multivariate models.

Conclusion

In this explorative retrospective study, independent fac-
tors in relation to patient characteristics associated with 
postoperative symptomatic spondylolisthesis were identi-
fied and included female sex. Higher BMI was associated 
with lower probability of postoperative symptomatic spon-
dylolisthesis. When determining associations in relation to 
the operated vertebral level(s), preoperative spondylolis-
thesis, more sagittal orientated facet angles and level of 
surgery were associated with postoperative symptomatic 
spondylolisthesis. These associations could be used as 
basis for devising selection criteria for patients, to stratify 
patients, or to perform subgroups analyses in future studies 
regarding decompression surgery or decompression versus 
additional fusion.

Appendix 1: Measurements 
of morphological variables

See Figs. 1, 2, 3, 4 and 5.

Fig. 1  Measurement of intervertebral disc height. The average was 
taken from anterior, middle and posterior disc height

Fig. 2  Measurement of facet joint angle. Two lines were placed 
between two peaks (red arrow) of superior articular facet joints 
towards the centre of the vertebral body and another line midsagit-
tal through the processes spinosus. The angle between the lines was 
the facet joint angle. Facet joint tropism was present if the difference 
between left and right facet joint angle was above 10°
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Fig. 3  Measurement of muscle CSA and ROI of m. psoas, m. multi-
fidus and m. erector spinae on the right side. The relative CSA of the 
muscles was calculated by dividing muscle CSA by vertebral body 
CSA. The relative ROI of the muscles was calculated by dividing 
muscle ROI by fat tissue ROI. The mean of the left and right relative 
CSA and ROI of the muscles was calculated by dividing the sum by 
two

Fig. 4  Measurement of spondylolisthesis at L4-L5. A line was placed 
on the posterior side of the lower vertebral body and a second line on 
the posterior side of the upper vertebral body to measure slippage

Fig. 5  Measurement of sagittal balance parameters; pelvic incidence, 
sacral slope, pelvic tilt and lumbar lordosis. Sacral slope is the pelvic 
incidence minus the pelvic tilt
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Appendix 2: Flow chart

Patients undergoing decompression between January 
2014 and December 2016 (n = 1723):

Patients excluded based on surgical data (n = 869):
- Cervical/thoracic surgery (n = 455)
- Undergoing decompression with lumbar 

fusion (n = 21)
- Discectomy (n = 203)
- Previous lumbar fusion surgery (n = 33)
- Scoliosis/deformities (n = 95)
- Reoperation (n = 59)
- Same patient (n = 3)

Patients eligible for inclusion in study based on 
surgical criteria (n = 854)

Patients included in study (n = 716)

Patients excluded based on incomplete data (n = 138):
- Loss to follow up (n = 83)
- No preoperative MRI scans available (n = 

55)
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