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Background: The benefit of surgical intervention over conservative treatment for degenerative lumbar
spondylolisthesis (DLS) patients with neurologic symptoms is well-established. However, it is currently
unclear what breadth of available evidence exists on regional and global sagittal alignment in DLS surgery.
As such, the purpose of the current study is to conduct a scoping review to map and synthesize the DLS
literature regarding the current radiographic assessment of sagittal spinal alignment in DLS surgery.
Methods: A comprehensive search of the MEDLINE, EMBASE and Cochrane databases from January
1971 to January 2023 was performed for all DLS studies examining sagittal spinal alignment parameters
with DLS surgery according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Review (PRISMA-ScR) protocol.

Results: From 2,222 studies, a total of 109 studies were included, representing 10,730 patients with an
average age of 63.0 years old and average follow-up of 35.1 months postoperatively. Among included studies,
93 (85%), were largely published in the last decade and predominantly represented retrospective cohorts
70 (64%) or case series 22 (20%). A common theme among the reporting of radiographic parameters in the
included investigations was the assessment of the magnitude and/or maintenance of a radiographic change
postoperatively, with 92 (84%) studies reporting these findings. The majority of studies focused on index
DLS level [33 (30%) studies] or lumbar spine radiographic imaging [33 (30%) studies] only. Thirty-seven
(34%) studies reported spinopelvic parameters, with only 13 (12%) of included studies assessing 36-inch
standing lateral radiographs and overall alignment.

Conclusions: There is increasing prevalence of investigations assessing sagittal spinal alignment
parameters in DLS surgery. Although, there is an increasing prevalence of studies investigating sagittal
spinal alignment parameters in DLS surgery the quality of the currently available literature on this topic
is of overall low evidence and largely retrospective in nature. Additionally, there is limited analysis of
global sagittal spinal alignment in DLS suggesting that future investigational emphasis should prioritize
longitudinally followed large prospective cohorts or multi-centre randomized controlled trials. Attempts
at standardizing the radiographic and functional outcome reporting techniques across multi-centre
investigations and prospective cohorts will allow for more robust, reproducible analyses of significance to be
conducted on DLS patients.
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Introduction

Degenerative lumbar spondylolisthesis (DLS) is a frequently
encountered clinical pathology for adult spine surgeons (1).
While the mechanism of this unique degenerative process is
not fully understood, DLS primarily leads to central stenosis
with an anterolisthesis of the affected vertebral body on the
immediately caudal vertebrae (2). As a result of this process,
patients commonly experience neurogenic claudication and
may also suffer from increased back pain and radiculopathy
(3,4). The benefit of surgical intervention over conservative
treatment for DLS patients with neurologic symptoms
is well-established (1,3,5). Treatment options centre
on the goal of achieving neurologic decompression;
however, the optimal treatment for this patient population
remains unclear. Frequently interventions are coupled
with instrumented fusions, most typically with interbody
device use despite a lack of demonstrated efficacy over
decompression alone (4,6,7).

Patients with DLS tend to prefer a forward flexed
posture to increase intracanal space and minimize
claudication symptoms while ambulating (8). The result of
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® ‘There is limited analysis of global sagittal spinal alignment in
degenerative lumbar spondylolisthesis (DLS). Although, there is an
increasing prevalence of studies investigating sagittal spinal alignment
in DLS surgery the quality of the currently available literature is of

overall low evidence and largely retrospective in nature.

What is known and what is new?

* The benefit of surgical intervention for DLS patients with
neurologic symptoms is well-established; however, the optimal
treatment for this population remains unclear. There has been an
increased interest in the literature on understanding the role of
surgery for DLS on functional outcomes with respect to focal and
global sagittal spinal alignment. However, a number of conflicting
results in the literature muddy the signal of alignment effect and
importance from DLS surgery.

What is the implication, and what should change now?

¢ Future investigational emphasis on longitudinally followed large
prospective cohort or multi-centre randomized controlled trials
should be prioritized.
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this postural accommodation leads to an energy-inefficient
posture, which can lead to worsened health related quality
of life (HRQOL) (9). To compensate for sagittal spinal
imbalance, individuals with DLS tend to have increased
pelvic tile (PT), sacral slope (SS) and lumbar lordosis (LL)
compared to healthy individuals in addition to patients
with lumbar spinal stenosis without anterolisthesis (10-12).
The inherent increased retroversion of the pelvis is the
protective mechanism for maintaining sagittal balance in
DLS (13). Unfortunately, PT has a finite accommodation
that can occur before segmental and global sagittal spinal
imbalance occurs. When sagittal imbalance occurs in DLS
patients, there is a corresponding increase in the sagittal
vertical axis (SVA) and a reduction in LL (14).

Appropriately addressing and correcting spinal sagittal
imbalance at the time of surgery has been shown to improve
HRQOLSs and degree of disability in the adult spinal
deformity literature (15). Patients with DLS who have a
worse sagittal spinal alignment postoperatively also report
greater disability and poorer HRQOL (3). Unsurprisingly,
there has been an increased interest in the literature on
understanding the role of surgery for DLS on functional
outcomes with respect to focal and global sagittal spinal
alignment (16).

It is currently unclear what breadth of available
evidence exists on regional and global sagittal alignment
in DLS surgery. Thus, our objective was to conduct a
scoping review to map and synthesize the DLS surgical
literature regarding the current radiographic assessment
of alignment both pre and postoperatively. We sought to
identify critical gaps in current knowledge and to provide
insight about directions for future research. We present
this article in accordance with the PRISMA-ScR reporting
checklist (17) (available at https://jss.amegroups.com/
article/view/10.21037/jss-23-26/rc).

Methods
Eligibility criteria

To be eligible for inclusion in this scoping review,
investigations had to be peer-reviewed, primary studies,
with English-language full text available from January 1971
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to January 2023. Studies needed to examine radiographic
parameters related to patients undergoing surgery of any
type or indication for DLS and involve human subjects only,
with greater than five patients included. Included studies
did not have to primarily assess radiographic parameters
nor sagittal spinal balance. However, in such instances,
secondary outcomes had to include at least one time-point
analysis of a radiographic parameter either preoperatively
or postoperatively related to DLS surgery. Studies
reporting outcomes of lumbar spinal stenosis without
spondylolisthesis, low-grade spondylolisthesis without a
breakdown of isthmic or DLS patient data were excluded.
Any study examining functional outcomes only or fusion
rates of a specific surgical technique without any measured
radiographic alignment parameter were excluded.

Information sources and search

To identify relevant studies to our review, we performed a
comprehensive search in the MEDLINE, EMBASE and
Cochrane databases from January 1971 to January 2023.
MeSH and EMTREE headings and subheadings were
used to query the databases for appropriate studies for
inclusion after agreement upon the highest yield search
strategy by the review team. The search terms used were:
“spondylolisthesis or degenerative spondylolisthesis or
lumbar degenerative spondylolisthesis or spondylolistheses
AND surgery or surgical procedure or surgical procedures
or decompression or fusion or posterolateral fusion or
interbody fusion or interbody device or interbody cage
AND radiograph or radiographic parameter or spinopelvic
balance or spinopelvic alignment or sagittal balance
or sagittal alignment or foraminal height or disc angle
or lordosis or segmental lordosis or global lordosis or
segmental lumbar lordosis or global lumbar lordosis.”

Selection of sources of evidence

Title and abstract screening was performed in duplicate
for the first 50 studies with review by three screeners (PT,
MM, CO) to standardize and amend the screening process.
Discrepancies and disagreements in the screening process
were resolved via discussion and consensus upon inclusion
and exclusion. Inter-observer agreement for assessment by
the reviewers was calculated via Cohen’s kappa coefficient of
agreement (17). Full text screening was performed through
an agreed upon data extraction method that was determined
ad hoc by the review team to assess the salient features of
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our included studies.

Data charting process, data items and syntbesis of results

A data charting form was developed prior to beginning
data extraction, with agreed upon variables to extract from
included studies. We abstracted data on study characteristics
such as date of publication, origin of investigation, type of
study and the level of evidence. Level of evidence hierarchy
determination of study bias was performed according
to Burns et 4l. to stratify included studies from level
one to level four (higher risk of bias) (18). Additionally,
we assessed the primary objective of the investigation,
surgical procedure type(s), the number of patients, average
age and follow-up length. We also extracted the type of
radiographic parameter(s) measured and if these were
compared preoperatively to postoperative values and/
or to a comparative group. Furthermore, we assessed any
functional and/or health related quality of life outcomes
examined among the studies. We grouped the studies
by their primary investigational objective (radiographic
alignment; functional outcome/radiographic alignment
secondary; adjacent segment disease; new device/technique;
adequacy of surgery; classification development).

Results
Literature search results and selection

From our initial search, 2,222 studies were returned for
review (Figure I). After removal of 618 duplicate studies,
1,604 titles and abstracts were available for screening.
Substantial agreement was found between the two
screeners who conducted duplicate screening of the first
50 studies (Cohen’s Kappa coefficient, 0.7). Ultimately,
full text screening of 152 studies identified 105 studies
for inclusion with an additional four studies identified
via included full text study reference lists, for a total of
109 included studies.

Study characteristics

The included studies contained 10,730 patients with an
average age of 63.0 years old at the time of surgery. Average
follow-up was performed 35.1 months postoperatively.
Analysis of the included studies by year of publication
demonstrated a strong increasing prevalence of recent
investigations examining radiographic alignment with
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Figure 1 PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Figure 2 Included studies stratified by publication year.
1 Publication each from 1999 (19), 2001 (20), 2002 (21), and
2023 (22) are excluded from above graph for display purposes.

surgery in DLS (Figure 2) (19-22). The last decade

[2013-2023] represented 93 (85%) of all included studies.
Included studies were largely retrospective cohorts

70 (64%) or case series 22 (20%) (Figure 3). Overall, the
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Breakdown of publication type

Prospective Retrospectlve
cohort cohort

Publication number

Case series
Publication type

Figure 3 Overview of included study type. RCT, randomized
controlled trial.

level of evidence among the included studies was low, with
74 (68%) of studies graded level three evidence and an
additional 25 (23%) of included studies comprising level
four evidence. Only two investigations (1.8%) provided
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Figure 4 Included studies stratified by continent of investigation.
Aus, Australia; NZ, New Zealand.
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Figure 5 Included studies stratified by primary study objective.

level one evidence (23,24). There was a predominance of
publications from Asia 65 (60%), North America 21 (19%)
and Europe 20 (18%) (Figure 4).

Primary objective of included investigations

There was wide variability among included studies with
respect to primary objectives of investigation (Figure 5).
Forty (37%) studies primarily assessed sagittal spinal
alignment in patients undergoing DLS surgery. A similar
proportion, 41 (38%) studies, primarily sought to assess
the functional outcomes of DLS surgery with a secondary
objective of sagittal spinal alignment outcomes and/
or correlation to functional outcomes. There were also
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15 (14%) studies that examined either new surgical
techniques or new devices in DLS surgery and their role in
sagittal alignment changes.

Primary procedure types and comparative analysis among

included studies

The most frequently investigated primary procedure
types were posterior lumbar interbody fusion (PLIF) and
transforaminal lumbar interbody fusion (TLIF), with
71 (65%) of studies reporting results of PLIF/TLIFE.
Fourteen studies (13 %) assessed lateral lumbar interbody
fusion (LLIF), extreme LIF (XLIF) or oblique LIF
(OLIF), with 12 (11%) of studies assessing posterolateral
fusion (PLF). Only 5 (4.6%) studies primarily assessed
decompression alone with 3 (2.8%) reporting on tension
band device use, 2 (1.8%) studies examining anterior
lumbar interbody fusion (ALIF). Finally, 1 (0.9%)
investigation assessed lumbar disc replacement, with an
additional investigation combining reports of ALIF/PLIF/
PLF without stratification by procedure type. Of all studies
included, 29 (27%) reported on the use of minimally
invasive techniques to include endoscopic/microendoscopic
techniques, percutaneous pedicle screw fixation, and
minimally invasive interbody fusions from a variety of
approaches.

A minority of investigations [47 (43%) studies] did not
report a comparative arm of either differing patient types
compared to each other with the same surgical techniques,
nor a comparison of two different surgical techniques and
their corresponding radiographic and/or functional results.
Of the studies that did report a comparative arm [62 (57%)
studies], the greatest number of investigations [29/62 (47 %)
studies] compared PLIF/TLIF to PLIF/TLIF (Figure 6).
There was an additionally higher emphasis in the included
investigations on comparing PLIF/TLIF to PLEF, [13/62
(21%) studies] and PLIF/TLIF to LLIF [9/62 (15%)
studies].

Radiographic measures reported

There was a marked degree of variation among the studies
with regards to which radiographic parameters were
reported (Figure 7). One hundred (92%) studies compared
the same preoperative to postoperative measurements
of their patient cohorts. Of the 52 studies which did
not report a comparative arm, 48/52 (92%) assessed the
radiographic parameters preoperatively and postoperatively
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Investigations comparing procedures

Publication number
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Figure 6 Included studies stratified by comparing procedure type
or procedure group. PLIF, posterior lumbar interbody fusion;
TLIF, transforaminal lumbar interbody fusion; LLIF, lateral
lumbar interbody fusion; OLIF, oblique lumbar interbody fusion;
XLIF, extreme lateral interbody fusion; PLEF, posterior lumbar

fusion; Dec, lumbar decompression; TB, tension band.

Type of radiographic parameters measured

Index level LL only Index Ievel Spinopelvic Spinopelvic Spinopelvic
only parameters parameters parameters/
+ SVA SVA+

Alignment parameters measured

Number of studies

Figure 7 Included studies stratified by radiographic parameters
analyzed. Spinopelvic parameters include pelvic incidence, pelvic

tilt, and sacral slope. LL, lumbar level; SVA, sagittal vertical axis.

between groups. A common theme among the reporting
of radiographic parameters in the included investigations
was the assessment of the magnitude and/or maintenance
of a radiographic change postoperatively, with 92 (84.4%)
studies reporting these findings.
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Figure 8 Included studies stratified functional outcomes reported.
JOA, Japanese Orthopedic Association score; NRS, Numerical
Rating Scale; ODI, Osewstry Disability Index; SF-36, 36 Item
Short Form Survery; VAS, Visual Analog Scale; COMI, Core

Outcome Measures Index.

The majority of studies focused on index DLS level
[33 (30%) studies] or lumbar spine radiographic imaging
[33 (30%) studies] only. Thirty-seven (34%) studies
reported spinopelvic parameters inclusive of PI, PT and
SS, with only 13 (12%) of all included studies assessing
36-inch standing lateral radiographs and associated overall
alignment.

Patient rated functional outcomes reported

A total of 87 (80%) studies reported at least one functional
outcome in addition to radiographic measurements (Figure §).
The most frequent patient-reported outcome measure
(PROM) was the Oswestry Disability Index (ODI), with
62 (71%) of all investigations reporting PROMs utilizing
the ODI. Similarly, the Visual Analog Scale [VAS, 48 (55%)
studies] and the Japanese Orthopaedic Association (JOA)
back pain score [17 (20%) studies] were heavily emphasized
in the PROMs reported. Notably, of the 87 studies
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reporting patient reported functional outcomes, only
18 analyzed these in the context of overall sagittal spinal
alignment.

Discussion

In this scoping review, we identified 109 primary studies
addressing sagittal radiographic parameters in DLS
surgery. All studies were published between 1990 and
January 2023 and the number of publications increased
with time demonstrating an increasing trend of interest in
the importance of sagittal spinal balance among patients
undergoing DLS surgery. The majority of investigations are
of level three or four evidence, primarily being published
from Asia. Predominantly, retrospective cohort studies and
case series dominate the literature included in this scoping
review. Among our included studies, we were able to map
the primary objective of each investigation in addition to
the types of radiographic parameters most frequently being
reported. From this synthesis, we have identified significant
heterogeneity among the sagittal spinal alignment
parameters being reported in these investigations. Largely
our included studies focused on segmental and regional
sagittal alignment parameters, with fewer studies pursuing
whole spine sagittal alignment measurements. The current
variability of reporting among our included studies limit the
ability to meaningfully synthesize and amplify the potential
effect of these smaller investigations.

While the demonstrated functional benefits of surgery
for DLS have been definitively established, it has not been
established what radiographic alignment parameters both
preoperatively and postoperatively are most important for
DLS patients. The important sagittal spinal alignment
parameters demonstrated in the adult spinal deformity
literature have widely permeated to degenerative lumbar
spine and DLS investigations. It is unclear which surgical
intervention in DLS can most affect regional and global
sagittal alignment. Furthermore, different investigations
outline differing effects of decompression, posterolateral
fusion and interbody fusion based techniques (23,25).

Varied reports exist in the literature surrounding the
regional and global sagittal alignment changes that can
occur with single-level DLS surgery and importantly how
this relates to functional outcomes. It has been shown that
patients with greater SVA postoperatively suffer worsened
functional outcome improvements than individuals with an
SVA under five centimetres (3). Similarly, a PI-LL mismatch
after TLIF for DLS is associated with worsened functional
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outcomes (26). While not borne out in the postoperative
literature, there does appear to be unique patients within
the DLS population who suffer from sagittal imbalance
versus those who have DLS but no radiographic imbalance
and these patients likely need to be treated differently (27).
Kobayashi et 4l. have attempted to demonstrate that distinct
presenting sagittal spinal alignment patterns exist among
DLS patients, normal SVA <40 mm, high SVA >95 mm and
associated differences in PI (28).

Unfortunately, as demonstrated, small cohort studies,
largely dominate the available literature on this topic.
Small scale cohort studies have been shown to exaggerate
or mislead with results (28). There are a corresponding
number of conflicting results which muddy the signal
of alignment effect and importance from DLS surgery.
Attempts at systematic reviews and meta-analyses in the
DLS population with respect to radiographic alignment
outcomes have struggled to achieve meaningful effect
given heterogeneity within the available literature and
have focused on only a limited number of DLS surgical
techniques (16,29). As such, it is currently unclear what
degree of sagittal balance restoration if any, correlates to
improved functional outcomes in patients undergoing
DLS surgery. Furthermore, Rhee et #/. have demonstrated
that both those patients deemed to be conventionally
sagitally balanced and those determined to be imbalanced
postoperatively have not been shown to have meaningful
clinical functional differences in outcome (16). With
existing clinical equipoise surrounding the most efficacious
surgical treatment option for the DLS population it is
important to identify which patients will most benefit
from more invasive, expensive and higher risk surgical
interventions.

Limitations

Our scoping review has several limitations. Firstly, it is
subject to limitations associated with this specific study
methodology in which the goal is to map the current body
of literature. Secondly, we were unable to retrieve 12 non-
English studies to assess in full text. This potentially limits
some of the mapping of the available evidence on our
topic and may have produced an underestimation of the
contributions of investigations from Europe and Asia (30).
However, large scale investigations such as multi-centre
randomized controlled trials and high-impact prospective
cohorts most commonly achieve publication in high-impact
English language journals, which should help to minimize
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this limitation (30). Additionally, we intentionally excluded
some studies which reported including patients with DLS
when their results sections did not stratify the DLS patient
outcomes from the isthmic or “low grade spondylolisthesis”
or lumbar stenosis populations.

Conclusions

There is an increasing prevalence of studies investigating
sagittal spinal alignment parameters in DLS surgery. The
quality of the currently available literature on this topic is
of overall low evidence and largely retrospective in nature.
There is limited analysis of global sagittal spinal alignment
in DLS. Future investigational emphasis on longitudinally
followed large prospective cohort or multi-centre
randomized controlled trials should be prioritized. Attempts
at standardizing the radiographic and functional outcome
reporting techniques across multi-centre investigations and
prospective cohorts will allow for more robust, reproducible
analyses of significance to be conducted on DLS patients.
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