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Background: Chronic low back pain (CLBP) is prevalent, with lumbar spondylolisthesis a
common cause of the condition. Spondylolisthesis, the displacement of one vertebra over another,
can have various causes. Isthmic and degenerative forms are the most common. Clinicians need
to evaluate whether the condition is fixed or dynamic, since dynamic cases may cause vertebral
instability and nerve compression, necessitating surgery. Traditional flexion-extension x-rays have
been the standard diagnostic tool, but recent studies suggest that alternative imaging methods,
such as magnetic resonance imaging or computed tomography, may offer more accurate
detection.

Objective: Spondylolisthesis, often described as the slipping forward of one of the vertebrae,
is a common etiology for CLBP. Generally, spondylolisthesis can be categorized as either stable or
unstable. Unstable or dynamic spondylolisthesis is usually diagnosed based on the visualization
of sagittal translation of the vertebral body on flexion-extension x-rays. However, it has been
reported that flexion-extension x-rays may not be the most reliable method for determining
the presence of an unstable spondylolisthesis. The present investigation aimed to identify the
extent of the literature that discussed alternative imaging techniques for diagnosing dynamic
spondylolisthesis.

Study Design: A retrospective systematic review of original research done on spondylolisthesis
from 2000 to 2023.

Methods: A review protocol was followed based on PRISMA guidelines and conducted across
3 databases for relevant articles published between the years 2000 and 2023. Two reviewers
screened and characterized the articles independently, and 3 additional reviewers performed full-
text analysis and data extraction.

Results: The search yielded 13 articles with differences in origin, study design, sample size,
and outcomes. Most of the articles were retrospective studies. Of the 13 articles, 11 showed
promising results in utilizing alternative imaging to diagnose dynamic spondylolisthesis.

Limitations: The lack of a formally registered protocol and potential publication bias were the
limitations for this review.

Conclusion: The present investigation analyzed the current literature and determined that
alternative imaging techniques could adequately diagnose the dynamic instability of the spine.
Further research is warranted to establish an in-depth analysis that elucidates the most reliable
and sensitive imaging sequence for diagnosing dynamic spondylolisthesis.
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hronic low back pain (CLBP) is a common

ailment with a lifetime prevalence of roughly

84% (1,2). Unfortunately, the constellation
of symptoms involved in CLBP has many overlapping
etiologies, making diagnosis difficult for even adept
clinicians. One common cause of CLBP is lumbar
spondylolisthesis. This pathology is defined as the
displacement of one vertebral body over the vertebral
body segment below it and is further classified by 6
etiologies.

The most common subtypes of spondylolisthesis
are isthmic and degenerative spondylolisthesis. Isthmic
spondylolisthesis, which occurs secondarily to deformi-
ties in the pars interarticularis and in community-based
populations within the United States, has been dem-
onstrated to have a prevalence of 8% (3). In contrast,
degenerative spondylolisthesis has been estimated to
have a prevalence of 20-31% among community-dwell-
ing adults and is held to be secondary to progressive
degeneration of the facet joints (3,4).

Regardless of its etiology, any case of spondylo-
listhesis must be carefully evaluated by clinicians to
determine whether the condition is fixed or dynamic.
Dynamic spondylolisthesis may demonstrate vertebral
instability, which, under increased mechanical loads
or positional changes, may lead to the compression of
nerve roots, resulting in low back and leg pain. Thus, it
is necessary to assess vertebral stability correctly, since
doing so provides crucial information regarding the
need for surgical intervention.

Flexion and extension x-rays have long been con-
sidered the gold standard for diagnosing spondylolis-
thesis. However, recent studies have demonstrated that
these traditional imaging techniques may miss many
cases of dynamic spondylolisthesis (5). This limitation
prompted our investigation into alternative imaging
modalities. Our intention was to determine if they
could provide more accurate detection of spondylolis-
thesis than could flexion/extension x-rays. The present
investigation, therefore, aims to compare the effective-
ness of supine magnetic resonance imaging (MRI) or
computed tomography (CT) to that of standing imag-
ing modalities in diagnosing dynamic spondylolisthesis,
elucidating potential alternatives to traditional flexion-
extension x-rays.

METHODS

The present investigation utilized current litera-
ture comparing supine and standing imaging to gold-
standard flexion and extension imaging in diagnosing

dynamic spondylolisthesis. The study was conducted
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Re-
views (PRISMA-ScR) protocol (Fig. 1).

No protocol was formally registered for this re-
view. The search was conducted using MeSH terms.
The search query used was “(spondylolisthesis) AND
(dynamic or instability) AND (supine or MRI or CT) AND
(standing or x-ray).” PubMed, Scopus, and Web of Sci-
ence were the databases used in gathering the relevant
articles. All articles, regardless of evidence type, were
included as long as the following criteria were met: a
publication date between January 2000 and December
2023, availability in English, evaluation of a diagnosis of
lumbar instability, and an investigation of the reliability
of an imaging modality in identifying instability. Two
reviewers (MJ and ED) screened articles independently
based on their titles and abstracts. Disagreement on
whether to include an article was handled through a
third, unbiased reviewer (NM). After the initial screen-
ing, 3 reviewers (NM, KA, KZ) were tasked with full-text
read-through and data extraction.

REsuLts

The initial search query among the 3 databases
resulted in 131 articles. After title analysis and the re-
moval of duplications, 56 articles remained. A second-
ary screening was conducted by reading each abstract,
during which process an additional 38 articles were
screened out. Eighteen articles were included for full-
text analysis and data extraction. Of the 18 articles, an
additional 5 were screened out. Two of the 4 articles
were removed, either because they did not compare an
alternative imaging modality to flexion-extension im-
aging or because they lacked an independent analysis
of each pair of imaging techniques. The remaining 3
articles were excluded as follows: 2 for being case re-
ports and one for containing redundant data.

Among the 13 articles, 5 assessed the difference
in sagittal translation among flexion-extension x-rays
and supine-standing films, as depicted in Table 1 (6-10).
Of those 5 articles, 3 reported a significantly greater
difference in translation with supine-standing films
in comparison to flexion-extension x-rays (6-8). Two
of the 6 articles that assessed sagittal translation be-
tween flexion-extension and standing-supine imaging
showed conflicting results (9,10). Fujimoto et al (9)
showed a statistically significant difference in transla-
tion with flexion-extension x-rays. Although Fujimoto
et al (9) showed results that were inconsistent with the
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other 3 articles (6-8), it is notable that only 31 patients
were assessed in that retrospective study. In the study
conducted by Thompson et al (10), various pairings
of radiographic imaging were assessed, including the
flexion-extension, standing-supine, and flexion-supine
varieties. Among the 3 pairs, no significant difference
between the magnitude of sagittal translation in
flexion-extension and that of standing-supine films was
detected. However, like the project undertaken by Fuji-
moto et al, Thompson et al’s study was also limited to a
small sample size, this one comprising 25 patients (10).

The remaining 8 articles did not directly assess sag-
ittal translation between standing flexion-extension
x-rays and standing-supine films (Table 2) (5,11-17).
However, those articles did investigate alternative im-
aging techniques for diagnosing spondylolisthesis.

Fong et al (11) showed evidence that flexion-
extension films underreported unstable lumbar degen-
erative spondylolisthesis. A group of 225 patients were
initially deemed stable according to flexion-extension
radiographs. Additional pairs of dynamic images that
included standing lateral radiographs and supine CT
imaging found that 37% of those patients’ spines
showed sagittal translation of greater than 3.5 mm or
angulation of more than 11 degrees, meaning that said
patients had unstable lumbar spondylolisthesis.

Lee et al (5) compared the slip percentage seen in
flexion-supine and neutral supine-standing imaging
with that of flexion-extension x-rays and found that both
of the former groups detected a statistically significant
greater amount of ventral instability than did flexion-
extension. Similarly, Zhou et al (12) examined differences
in translation range of motion and frequency of detec-
tion of instability in flexion-extension imaging in differ-
ent positions. Both teams of researchers found that the
combinations of imaging techniques—flexion and su-
pine as well as flexion and decubitus imaging—allowed
larger translational ranges of motion and were better
at detecting segmental instability than flexion-extension

radiographs. Those conclusions were further supported
by Tarpada et al (13). In the 59 patients they assessed,
supine lateral radiographs demonstrated significantly
higher means of translation than did flexion-extension
radiographs (7.83% +/- 4.67% vs. 5.53% +/- 4.11%; P <
0.00133) (13). The authors were able to conclude that

136 articles
identified from
keyword search

80 articles excluded
”| due to duplication or
based on title

56 potential articles

38 articles excluded
based on abstract

18 articles
considered after title
and abstract screen

5 articles excluded
after full-text screen

v

13 articles included
for data extraction
and analysis

Fig. 1. PRISMA flowchart for publication screening.

Table 1. Five articles investigating the difference in vertebral body sagittal translation in supine-standing imaging versus flexion-

extension imaging.

Number Difference in Difference in
Country of .. Lo
Authors Study Type of L Translation in Translation in P-Value
A Origin . . . .
Patients Flexion-Extension | Supine-Standing
Cabraja et al (6) Single-center retrospective 100 Germany 2.3mm +/- 1.5mm 4mm +/- 2mm 0.001
Chan et al (7) Single-center retrospective 56 Canada 0.58mm +/- 2.2mm 3.77 +/- 2.95mm 0.001
Viswanthan et al (8) Single-center prospective 51 USA 1.2mm +/- 0.9mm 5.2mm +/-1.8mm 0.01
Fujimoto et al (9) Single-center retrospective 92 Japan 2.2mm +/- 1.3mm 1.6 +/- 1.7mm 0.01
Thompson et al (10) | Single-center cross-sectional 25 USA 1.8 +/- 1.7mm 2.0+/-2.2mm 0.53
www.painphysicianjournal.com 929
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Table 2. Eight articles comparing aliernative imaging to standard flexion-exiension radiographs.

Number of | Count Alternative Imaging More
umber o ountr . . . . .
Authors Study Type . 'Y | Sensitive Than Flexion- Imaging Modality Investigated
Patients | of Origin .
Extension (Y/N)
Fong etal (1) Smgle-ce.nter 225 USA Yes Standing late%ral radlogr.aphs arhld supine
cross-sectional CT vs. flexion-extension radiograph
Lee et al (5) Smgle—cen.ter 39 USA Yes Flexion + suPlne/neutrgl + supme( neutral
retrospective + standing vs. flexion -extension
Zhou, Sun, Chen Single-center . Flexion + supine/flexion + decubitus vs.
. 62 China Yes . 5
etal (14) retrospective flexion-extension
Zhou, Sun, Qui, et Smgle—cen.ter 154 China Yes Natural sitting ra.dlograph + supine MRI
al (12) retrospective vs flexion-extension
Tarpada et al (13) Smgle—cen.ter 59 USA Yes Supine lateral + uprlgh.t flexion vs. flexion
retrospective extension
Single_center Supine CT / supine MRI + standing
Krenzlin et al (16) 5 . 113 Germany Yes inclination or reclination vs. radiograph
retrospective . P o
in standing inclination + reclination
Prospective Flexion-extension X-ray imaging in
Inoe et al (17) LTosp 23 Japan Yes different postures (standing vs. sitting vs.
single-center . -
lateral decubitus positions)
Kashigar et al (15) Multlcent.er 191 USA Yes Standing upright + supine MRI vs. flexion
retrospective extension

both supine lateral radiographs with upright flexion
images and supine lateral radiographs with upright
neutral images could be more useful than flexion-ex-
tension radiographs in detecting segmental instability.
The final paper by Zhou et al (14) suggested that spinal
instability should be evaluated by the combination of
natural sitting radiographs with supine MRI, given that
this method detected translational instability in 61% of
patients, whereas 19% of patients were diagnosed by
flexion-extension imaging.

The study conducted by Kashigar et al (15)
evaluated the additional value of obtaining flexion-
extension radiographs in patients with grade 1 de-
generative spondylolisthesis who had already received
standing-upright radiographs and supine MRIs. The
results showed that of the 191 patients in the study,
only 16% had additional motion on flexion-extension
radiographs that was not seen in the upright, supine
imaging, and only 10% had slips of less than 7 mm on
upright x-rays. Kashigar et al (15) ultimately concluded
that flexion-extension radiographs had limited utility
in the management of dynamic spondylolisthesis.

Although Krenzlin et al (16) did not examine
flexion-extension radiographs directly, they found that
comparing a single plain radiograph (in the inclination,
reclination, or prone position) to a supine CT or MRI film
was “sufficient and even more sensitive in detecting
lumbar instability” than were functional radiographs.

One article did not utilize supine imaging in its

analysis. Inoue et al (17) demonstrated differences in
the degree of spondylolisthesis in various types of flex-
ion-extension films, including standing, sitting, and lat-
eral decubitus. The greatest change in slip percentage
and intervertebral angle was seen in flexion-extension
films of patients in the lateral decubitus position.

Discussion

In the present investigation, we aimed to iden-
tify the quality and characteristics of publications that
compared the utility of alternative forms of imaging
to that of flexion-extension x-rays in diagnosing dy-
namic lumbar spondylolisthesis. Our search was able
to identify 5 articles that directly compared supine-to-
standing imaging to flexion-extension imaging and
measured the difference in sagittal translation (6-10).
An additional 8 articles were identified that discussed
alternative imaging but did not compare the differ-
ence in sagittal translation observed between the 2
sets of diagnostic imaging (5,11-17). Of the 13 articles,
6 (5,8,10,11,13,15) were completed within the United
States while the remaining 7 (6,7,9,12,14,16,17) were
split among the countries of Japan, China, Germany,
and Canada. Nine of the studies (5-7,9,12-16) (compris-
ing the majority) were of the retrospective type, and
all but one of those 9 was single-center (15). Of the
remaining 4 (8,10,11,17), 2 (8,17) were single-center
prospective studies, and 2 (10,11) were single-center
cross-sectional studies.
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In our analysis, 12 of the collected articles sup-
ported the idea that alternative imaging techniques
were able to identify dynamic spondylolisthesis suc-
cessfully and obtain a greater degree of movement of
the vertebrae than could flexion-extension imaging
(5-9,11-17). Of those 12 articles, 11 incorporated some
form of supine-to-standing comparison in their analysis
(5-9,11-17). Only one article of the 13 screened found
that the gold-standard measurement, consisting of
flexion and extension imaging, was able to identify
a dynamic spondylolisthesis more accurately than an
alternative form (10).

The present analysis highlights the ongoing debate
surrounding the diagnostic utility of traditional stand-
ing flexion/extension x-rays. Patients who experience
persistent or worsening symptoms despite negative or
inconclusive x-ray findings may benefit from advanced
imaging modalities. In this analysis, we were able to
identify alternatives to flexion-extension imaging that
could impact how diagnostic testing in patients with
suspected spondylolisthesis is approached, as well as
the way patients are identified as potential surgical
candidates. Imaging techniques such as MRI and CT
can help elucidate the underlying pathology and guide
further management decisions. Facet effusions on MRI
scans are valuable markers of instability. Specifically,
bilateral facet effusions with differences between right
and left fluid volume are strong predictors for the pres-
ence of dynamic spondylolisthesis (18). Additionally,
patients with complex spinal anatomy, such as those
with scoliosis or prior spinal surgery, may require MRI
or CT scans to accurately assess for dynamic instability
while accounting for potential confounding factors.
However, it is essential to balance the diagnostic yield
of advanced imaging with considerations such as cost-
effectiveness, patient comfort, and, in the case of CT,
radiation exposure. Therefore, judicious patient selec-
tion based on clinical presentation, risk factors, and
diagnostic goals is paramount for optimizing the utility
and efficacy of MRl and CT imaging in the evaluation of
dynamic spondylolisthesis.

Based on the evidence presented, the authors
of the present analysis conclude that supine images
should be paired with standing flexion/extension ra-
diographs to determine dynamic lumbar instability
most accurately. This recommendation has significant
importance for pain practitioners who perform spinal
canal modification procedures such as percutaneous
image-guided lumbar decompression and interspinous
spacer implants. Dynamic instability may limit the du-

rability and effectiveness of these procedures (19,20).
Furthermore, all physicians providing spine care should
know of these findings because the vertebral fusion
of unstable vertebral segments is often considered the
definitive treatment for spondylolisthesis. We suggest
that future guidelines and research include supine and
standing/flexion images to rule out a dynamic spondy-
lolisthesis, since doing so may improve time to surgery
and patient outcomes.

Though the studies reviewed are compelling
enough for us to recommend that both supine and
stand/flexion imaging be performed instead of flexion/
extension alone, we also advise caution in interpreting
any comparative flexion or standing radiographs in
the setting of a lumbar scoliotic deformity. In patients
with rotational and/or sagittal scoliosis, the vertebral
bodies may artificially appear translational on lateral
projection. This possibility is related to the relatively
larger width-to-depth ratio of lumbar vertebral bodies,
which, upon rotation around their central axis during
flexion, will appear as if they were translated anteriorly
(21).

The authors surmise that supine positioning re-
laxes the paraspinal musculature, creating an image
that is not influenced by muscular contraction and
depends only on gravity. Nonetheless, standing and
flexion radiographs both create paraspinal contracture.
Therefore, the net contractile change of paravertebral
forces between the supine and the standing position
is greater than the one between the flexion and the
extension position (22).

Limitations

Despite the limitations of the review process, in-
cluding the lack of a formally registered protocol and
potential publication bias, the findings suggest that
alternative imaging modalities may offer advantages
in detecting segmental instability. However, the het-
erogeneity of study designs and the small sample sizes
across the literature underscore the need for further
research to elucidate the most effective diagnostic
approach.

CONCLUSION

The results of this analysis suggest that supine and
flexion imaging may offer better demonstrations of
dynamic lumbar instability than can flexion and exten-
sion imaging. Although the literature comparing the
techniques is limited, what we identified was compel-
ling enough for the authors of the present analysis to

www.painphysicianjournal.com
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subscribe to the aforementioned conclusion. We do
suggest more in-depth analysis to validate our claim.
Further research may be needed to elucidate the most
effective diagnostic approach for accurately identify-
ing patients who have dynamic spondylolisthesis. Spine
and pain physicians should include supine and standing
comparative imaging in their algorithms for patient
procedure selection instead of flexion versus extension
radiographs.
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