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Abstract

Study Design: Systematic Review.

Objective: To collect and group definitions of segmental instability, reported in surgical studies of patients with lumbar spinal
stenosis (LSS) and/or lumbar degenerative spondylolisthesis (LDS). To report the frequencies of these definitions. To report on
imaging measurement thresholds for instability in patients and compare these to those reported in biomechanical studies and
studies of spine healthy individuals.To report on studies that include a reliability study.

Methods: This review was conducted according to Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines. Studies eligible for inclusion were clinical and biomechanical studies on adult patients with LDS and/or LSS
who underwent surgical treatment and had data on diagnostic imaging. A systematic literature search was conducted in relevant
literature databases. Full text screening inclusion criteria was definition of segmental instability or any synonym. Two reviewers
independently screened articles in a two-step process. Data synthesis presented by tabulate form and narrative synthesis.

Results:We included 118 studies for data extraction, 69% were surgical studies with decompression or fusion as interventions,
31% non-interventional studies. Grouping the definitions of segmental instability according similarities showed that 24% defined
instability by dynamic sagittal translation, 26% dynamic translation and dynamic angulation, 8% used a narrative definition.
Comparison showed that non-interventional studies with a healthy population more often had a narrative definition.

Conclusion:Despite a reputation of non-consensus, segmental instability in the degenerative lumbar spine can radiologically be
defined as > 3 mm dynamic sagittal translation.

Keywords
systematic review, lumbar segmental instability, lumbar degenerative spondylolisthesis, spinal stenosis, diagnostic imaging,
clinical spine surgery

Introduction

Lumbar degenerative spondylolisthesis (LDS) is the forward
slippage of the proximal vertebra over a more distal vertebra
caused by degeneration resulting in weakening of the surrounding
structures. This leads to development of lumbar spinal stenosis
(LSS), causing radicular leg pain (neurogenic claudication) with or
without back pain. Surgical treatment with decompression of the
neural structures have been shown to effectively relieve symptoms
and improve health-related quality of life.1 However, there are
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patients who have a dynamic component such as segmental in-
stability associated with LSS with or without LDS. With radio-
logical signs of LDS and/or instability, the surgeon may elect to
perform a fusion.2,3 Fusion surgery is a more complex procedure,
with higher cost and higher risk of complications than decom-
pression alone.4,5

The term segmental instability is frequently used in the spine
literature, however the concept and operational definition of
segmental lumbar spine instability is controversial. The first study
addressing the term dates back to 1944.6 This and other studies
investigated segmental motion using lateral flexion and extension
radiographs, which is still considered the current gold standard.6-8

Still, studies frequently lack a definition of instability or
define instability with reference to studies on healthy indi-
viduals without spinal disease or back pain.2,9,10 Even when
stated, the criteria for instability varies amongst studies. Guha
et al,9 in a literature review in 2015 presenting 24 studies on
LSS to establish the incidence of iatrogenic instability, found
that 10 out of 24 studies reported incidences of postoperative
instability without specifying its definition, and the remaining
studies defined instability as an increase in sagittal translation
by varying length or percentage.

As lumbar segmental instability is used as an indication to
perform fusion as a supplement to decompression alone, there
needs to be an evidence-based definition of instability. In order
to facilitate the process, it is necessary to describe the different
definitions of instability in the sagittal plane for degenerative
spondylolisthesis and the evidence supporting these definitions.
Clinical associations with regards to determining treatment or
outcomes of treatment is beyond the scope of this study.

Objectives

Our Objectives Were:

(1) To describe the definitions of segmental instability in
the degenerative lumbar spine, in studies of patients
with LSS and/or LDS, involving diagnostic imaging,
and group the definitions according to measurements
of segmental motion.

(2) To report the relative frequencies by which the defi-
nitions were used in the literature

(3) To report which imaging measurement thresholds for
segmental motion are used, and

(4) To compare these to thresholds to the thresholds re-
ported in radiologic, biomechanical studies and
studies of healthy individuals.

(5) To report which studies, include a reliability study of
their own measurements used to define instability.

Methods

Protocol and registration: Methods of the analysis, search
strategy and eligibility criteria were specified in advance,
documented in a protocol and submitted to the International

Prospective Register of Systematic Reviews (PROSPERO) on
29. April 2020, submission ID: CRD42020182827.

Search Method

Study Design. This systematic review was conducted ac-
cording to PRISMA guidelines. Checklist provided
(Supplemental material file A).11,12

Aided by Research Librarian. The search strategy was developed
with the assistance of a research librarian affiliated with the
University Library of Southern Denmark, University of
Southern Denmark.

Information Sources. MEDLINE (Ovid SP interface, 1948 and
onwards), EMBASE (Ovid SP interface, 1947 and onwards),
Cochrane Library (Wiley interface). The International Clinical
Trials Registry Platform Search Portal (ICTRP, World Health
Organization) and ClinicalTrials.gov (U.S. National Library of
Medicine) were searched for ongoing or recently completed
trials. PROSPERO (International Prospective Register of
Systematic Reviews, National Institute of Health Research) was
searched for ongoing or recently completed systematic reviews.

See Supplemental file B for proposed strategy for MEDLINE.
After adaptation, similar structured search strategies were used
with syntax and subject headings appropriate for each database.

Searching other Resources. Reference lists of all primary studies
identified were reviewed and added as appropriate. A search
through the program/abstract books of relevant national and
international societies of spine surgery was also performed.

Date of Search. The initial search was conducted in June 2020
and updated in March 2021.

Language. English, Danish, Norwegian, Swedish language
articles were included.

Search terms. Literature search strategies were developed by
block building, using medical subject headings (MeSH) and
exploded when necessary. Floating subheadings were used
appropriately. Free text and keyword search with relevant
synonyms and antonyms was used: spondylolisthesis; ante-
rolisthesis; slipped vertebra; vertebral sliding; spinal stenosis;
lumbar spine segmental instability; lumbar segmental insta-
bility; lumbar spine instability; lumbar segmental translation;
sagittal slip; segment motion; stability; Magnetic resonance
imaging; MRI; radiography; roentgenogram; roentgenograph;
arthrography; myelography; tomography, x-ray; CT-scan;
computed tomography; radiologic.

No methodological filters were applied to the electronic
searches.

Screening Process

After the search was run, the references were exported to
EndNote X913 and to COVIDENCE software.14 Duplicates
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were removed. Title and abstract screening of all records
identified by the search were conducted independently by 2
researchers. To ensure consistency across reviewers, we
conducted calibration exercises before starting the screening
process. Full text of all potentially relevant articles was re-
trieved and screened for final inclusion independently by 2
researchers. Any disagreement was resolved by discussion
with a tertiary reviewer functioning as referee.

Eligibility Criteria. Inclusion criteria were published studies (full
text, abstracts and E-publications ahead of print) including any
imaging of the human lumbar spine evaluating spinal instability
of a surgical segment in adults with LSS or LDS. Studies that
reported on “normal” values in a spine healthy non-clinical
population (in the following referred to as “healthy”) were also
included. Studies evaluating intra-operative instability without
the use of any imaging were excluded.

Accepted synonyms of instability were dynamic spondy-
lolisthesis, slippage, slip, translation, subluxation; segmental
or segment motion and abnormal movement. Studies inves-
tigating the antonym “stability” as a general term were also
included.

Since studies might not state instability as part of the study
purpose, abstract or title, MRI and radiographic characteristics
of segmental instability were added as inclusion criteria. These
include facet joint angle; facet effusion/gap/fluid/vacuum;
intradiscal vacuum; disc height (in combination with any of
the other terms); spondylolisthesis; slippage; slip; stability;
vertebral motion, translation, movement or slip; slip degree or
difference; segmental angulation; segmental lordosis or ky-
phosis; disc angle; range of motion; facet or ganglion cysts if
instability was mentioned.

If a study was published as a both conference abstract and
full text article, only the full text article was included. If
multiple reports from same study using the same definition
and the same cohort met criteria only 1 article was included

During the screening process it became clear that our el-
igibility criteria had to be adjusted as we encountered mixed
populations and had to specify that a minimum of 50% had to
be degenerative LSS or LDS. We also specified that adjacent
segment instability was not the aim of our study.

We contacted the corresponding authors if there was
missing information regarding the study population with a
maximum of 3 attempts. If the author did not reply, the study
was excluded.

Data Extraction And Management

One reviewer extracted data, and the process was repeated for
verification. We performed calibration exercises before
commencement. Any disagreement resolved by discussion
with a second reviewer as referee. A pre-formatted Microsoft
Excel (Microsoft Office, Redmond, WA) spreadsheet created
to record extracted data. However, as studies were being
reviewed, the spreadsheet was revised in an iterative process.

Data Items. Information extracted from each study were au-
thor, year of publication, study design, sample size, inclusion
criteria, and intervention.

The outcome of interest was the definition of segmental
instability of the lumbar spine, presented as a numeric mea-
surement or as a narrative. Functional imaging measurements
(translation, slip degree, segmental angulation, segmental
range of motion) and threshold values were also collected if
available. In addition, if the studies included an evaluation of
the inter-rater or intra-rater reliability of the imaging mea-
surements these were also collected.

Table 1 lists the imaging measurement parameters and a
description of interpretation.

( References for Table 1: slip degree10,15,16; angulation15,17;
difference in slip percentage17; dynamic angulation15,17,18;
rotatory hypermobility19; segmental kyphosis20).

The method of measurement was noted if presented. The
projection plane of the digital image was noted if other than
sagittal.

Dynamic or functional radiographs were interpreted to be
flexion-extension radiographs. Dynamic measurements were
interpreted as the difference from flexion to extension unless
otherwise stated. If 2 different modalities where used to asses
instability such as standing radiographs and supine MRI, it
was categorized as dynamic imaging.

Assessment of Methodological Quality. Since data extracted for
the objectives of this reviewwas not related to the study design
no study quality assessment was conducted.

Synthesis Methods. Data synthesis presented by tabulate form,
presenting definitions group according to radiographic or
narrative similarities. Furthermore, a systematic narrative
synthesis of data.

Results

Study Selection

We screened 5124 abstracts and 619 full text articles (Figure 1,
adapted from Page et al21) with 118 studies included for data
extraction. We conducted 4 pilot screenings. We contacted 7
authors regarding study populations, 5 responded.

Study Characteristics

A summary of the study characteristics is outlined in Table 2,
for more specific information and references see Supplemental
file C. Mean number of patients in each study was 85 ranging
from 1 – 295.The mean age in the intervention studies was
64 years (combined age range 20 - 89 years) and in the non-
interventional studies 60 years (combined age range 19 -
100 years).

Study populations consisted of LSS, LDS, lumbar de-
generative instability patients and/or healthy individuals with
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no history of back pain. Mixed samples, patients with disc
herniation, spondylolytic or isthmic spondylolisthesis, de-
generative scoliosis, low back pain or other degenerative spine
disease patients, constituted <50% of the total population.

The studies investigating a surgical intervention reported
segmental instability as an outcome in 82%. The majority of
studies (84%) reported using a dynamic assessment of in-
stability (Table 3).

Table 1. Listing Imaging Measurement Parameters and a Description of How These will be Interpreted and Grouped.

Measurement
parameter Alternative wording Description

Translation Slip Motion in the sagittal plane if not explicitly stated
Slip degree - Degree of slippage

- Percentage of slip
The ratio of the length of the amount of slip to the width of superior endplate of the
distal vertebral body

Angulation Segmental intervertebral
angulation

The angle formed by the intersection of the lines drawn as a continuation of the
vertebral endplates above and below the disc in the sagittal plane

Dynamic translation Dynamic slip Difference in translation between flexion and extension.
Difference in slip

percentage
Difference in slip degree Dynamic measurement of the slip degree or percentage difference between flexion and

extension
Dynamic angulation Sagittal rotation angle The difference of intervertebral angles between flexion and extension
Range of motion

(ROM)
Rotatory hypermobility Angle formed by lines drawn through the inferior endplate of the upper vertebra in

flexion and extension.
ROM was interpreted as dynamic angulation and grouped accordingly

Segmental kyphosis Kyphotic angle in flexion Posterior disc height higher than anterior disc height.
On flexion radiographs determined by measuring the intervertebral angle on flexion
radiograph, positive angle equals kyphosis.

Figure 1. Preferred reporting items for systematic reviews and meta-analysis Flow Chart illustrating the screening process and rationale for
exclusion. 1,*Study retrieved and assed for full-text eligibility.
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Synthesis of Results

Objective i+ii. We grouped the definitions based on radio-
graphic measurement or narrative similarities (Table 4).

The group of studies defining instability narratively used
words or phrases such as “increased mobility and abnormal
spinal motion”, “excessive movement”, “movement or motion
beyond normal constraints”, “abnormal response to applied
loads”, “loss of active stiffness”. Studies stating the presence
of spondylolisthesis as definition of instability were grouped
under “spondylolisthesis”.

See Supplemental file D for the full overview of the groups.
We were not able to group 17 out of 118 definitions in a
meaningful way. These definitions included various param-
eters in the definition of instability with up to 6 different
parameters, both static and dynamic (Supplemental file D).

Objective iii:. We broke down the definitions of the 118 studies
into radiographic parameters. Table 5 depicts the most frequent

(>6 studies include the parameter in the definition) and show the
range and mode of reported thresholds, also shown are the
number of studies to report a definition that includes the pa-
rameter. Boden andWiesel investigated normal range ofmotion
of the lumbar vertebral and concluded that normal lumbar
vertebral levels should have less than 3.0 mm of dynamic
sagittal translation or slip percentage difference <8%.8 Table 5
shows the number of studies to report a threshold value above
the threshold reported by Boden and Wiesel.

Objective iv. The mode of thresholds was similar for each
parameter when comparing interventional and non-
interventional and healthy population vs patient population
(Table 6).

However, the non-interventional and studies with a healthy
population reported a narrative definition more often than the
interventional studies and studies with a patient population.

Objective v:. Fourteen studies included a reliability study of
their measurements of parameters used to define instability.
The studies presented good to excellent reliability for their
measurements. Two studies only presented intra-rater reli-
ability data. Eleven studies where non-interventional radio-
logic studies.

Discussion

What defines segmental instability of the spine has been a
clinical and scientific question for almost a century. Defining
segmental instability has an impact on surgical decision-
making, as the presence of instability may require the addi-
tion of a fusion procedure along with the decompression.2,22,23

The results of this study show the definition of segmental
instability vary in patients with LSS and/or LDS.2,9

Table 2. Summarized Characteristics with Frequency and
Percentage of Studies Included.

N Percentagea

Study design
Cohort 76 64
Cross-sectional 22 19
Case series/Case reports 4 3
Case-control 4 3
Randomized clinical trials 3 3
Reviews 6 5
Protocol 3 3

Intervention
Surgical 82 69
Fusionb 40 34
Decompression 34 29
Dynamic stabilization 7 6
NR 1 1
Non interventional 36 31
Radiologic study 30 25
Review 6 5

Population
LDS 42 36
LSS 22 19
Mixedc 38 32
Spinal instability +/� LDS/LSS 7 6
Healthy individualsd 4 3
Healthy + mixed 5 4

Abbreviations: N, number; NR, not reported; LSS, Lumbar spinal stenosis;
LDS, lumbar degenerative spondylolisthesis.
aPercentage: N/118 studies *100.
bFusion = +/�decompression.
cMixed: LDS/LSS +/� other degenerative spinal disease, disc herniation,
isthmic spondylolisthesis or low back pain.
dHealthy = no history of spinal disease.

Table 3. Diagnostic Imaging Modalities Described to Asses
Instability. Diagnostic Imaging Divided Into Dynamic Assessment and
Static Assessment. Dynamic Is Interpreted as Comparing to different
Positions

N Percentagea

Dynamic assessment
Upright flex-ex x-ray 79 67
Upright neutral + supine x-ray/CT/MRI 12 10
Recumbent lateral flex-ex 6 5
CT/MRI/NR 5 4

Static assessment
Upright neutral x-ray 6 5
Supine MRI/CT 4 3
Recumbent lateral x-ray 2 2

NA/NR 4 3
Total 118 100

aPercentage: N/118*100.
N: number; Upright: standing upright position; Flex-ex: flexion and extension;
x-ray: radiograph; NA: not applicable; NR: not reported; /: or; +: and.
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Table 4. Definitions of segmental Instability. The Frequency and Percentage Definitions of Segmental Instability When Grouping Them
According to Radiographic and Narrative Similarities.

Definition of Instability N Percentagea

Dynamic sagittal translation 28 24
Dynamic translation and dynamic angulation 31 26
Dynamic translation, dynamic angulation and slip percentage difference 7 6
Dynamic translation and slip percentage difference 3 3
Static translation 5 4
Dynamic angulation and slip percentage difference 3 3
Slip percentage difference 7 6
Facet effusion 3 3
Narrative 9 8
Spondylolisthesis 5 4
Could not be grouped 17 14
Total 118 100

N: number.
aPercentage: N/118 studies *100.

Table 5. The Range of Reported Thresholds FromMost Frequent Reported Parameters. The Range and Mode of Threshold Values From the
Most Frequent Parameters Used to Define Instability, and the Number of Studies to Report the Parameter in the Definition of Instability.

Dynamic
translation (mm)

Dynamic
angulation (⁰)

Slip percentage
difference (%)

Kyphotic
anglea (⁰)

Static
translationb (mm)

Slip
percentage (%)

Range 2-5 2-25 3-15 5-9 2-4.5 8-25
Mode 3 10 8 5 2;3;4.5 8
N 77 47 24 10 8 9
Boden normal valuesc <3 — <8 — — —

N> Bodend 64 — 19 — — —

N: number of studies.
aKyphotic angle: Degree of posterior opening on lateral projection flexion radiograph.
bStatic translation: The studies reported by equal frequency the thresholds 2, 3 and 4.5 mm.
cBoden normal values: the threshold for motion at normal lumbar vertebral levels reported by Boden and Wiesel 1990.8
dN> Boden: number of studies to report a threshold for instability above the normal values.

Table 6. Comparison of thresholds. Comparison of Radiographic Parameter Thresholds Between Interventional and Non-Interventional
Studies and Studies with a Patient vs Healthy Population. Based Upon the Most Frequent used Radiographic Parameters. Also Shown a
Comparison of How Narrative Definitions was Distributed.

Dynamic translation Dynamic angulation
Slip percentage
difference Narrative

Threshold
mode (mm) N %

Threshold
mode (⁰) N %

Threshold
mode (%) N % N %

Interventional (n = 82) 3 58 71 10 34 41 8 and 15 14 17 4 5
Non-interventional

(n = 30)
3 14 47 10 9 30 8 9 30 9 30

Healthya (n = 9) 3 2 22 — — — 8 1 11 6 67
Patientsb (n = 109) 3 75 69 10 47 43 8 23 21 8 7

N and n: number of studies %: percentage = N/n
aHealthy: studies with a population of healthy participants or healthy and patients.
bPatients: studies with a population of LSS, LDS or mixed with other patient groups

528 Global Spine Journal 13(2)



With this review, we systematically searched the literature
for studies that present a definition of segmental instability in
the degenerative lumbar spine. We focused on a population of
LSS and LDS patients and included studies on surgical in-
tervention or non-interventional radiologic studies of this
population. To our knowledge this is the largest review of
literature concerning the concept of segmental instability.

There is a general agreement that instability is a dynamic
concept and should be based on dynamic radiographic pa-
rameters. The most frequently used radiographic modalities
were lateral flexion and extension radiographs and an upright
lateral radiograph compared to a supine image, either an MRI
or a CT Scan. In 1944, Knutsson6 was the first to describe the
functional assessment of instability using the upright flexion
and extension radiograph. However, this standard protocol has
been challenged, as patients may have limited motion during
upright flexion-extension due to increased paraspinal muscle
tension, presence of low back pain, patient compliance and
concomitant degenerative changes in other spinal segments
which might influence motion.24,25 In addition, it is debated if
the flexion-extension radiographs should be taken with the
patient upright or laying on their side.16,26,27

Studies have shown that other radiographic protocols might
be more sensitive or accurate than standing flexion and ex-
tension radiographs.25,26,28-30 Recently, Liu et al25 compared
flexion-extension radiographs to an upright lateral radiograph
and supine MRI (upright-supine method) and showed that the
slip percentage difference was significantly higher in the
upright-supine method than that observed by the flexion-
extension method. Other studies support these findings re-
garding dynamic changes in alignment from upright to supine
images.24,26,29 The debate about the most appropriate radio-
logical protocol for assessing segmental instability therefore
continues. Furthermore, whether the difference found between
upright-supine and flexion-extension imaging is clinically
relevant has been questioned by Viswanathan et al30 They
found no difference in clinical outcomes between patients
selected for transforaminal lumbar interbody fusion based on
flexion-extension or upright-supine imaging criteria.30

Despite there being some lack of consensus, we have found
that the definitions of instability in the literature have simi-
larities. We were able to identify similarities and group the
definitions according to certain parameters, as shown in
Table 4. Our results show that the majority of studies define
instability as abnormal alignment (sagittal translation or slip
degree) and/or excessive mobility (slip degree difference,
angulation or ROM).8,17,18,31 Furthermore, studies defining
segmental instability using radiographic parameters, most
frequently include dynamic translation and dynamic angula-
tion and/or slip degree difference.

By assessing these parameters individually, we found, that
the most frequent were dynamic translation of 3 mm, dynamic
angulation 10° and slip degree difference 8% (Table 5).
Studies stating a threshold of 3 mm dynamic translation often
refer to a study by Boden and Wiesel from 1990.8 Boden and

Wiesel conducted a study to define normal lumbosacral
segmental motion in 40 healthy male volunteers on upright
lateral flexion-extension radiographs. They reported that
normal individuals can show dynamic translation up to 3 mm
in sagittal plane with a significant variation between normal
individuals. They concluded that normal lumbar vertebral
levels should have less than 3 mm dynamic sagittal translation
or <8% of vertebral body width. This exact definition was not
uniformly used in the included studies included in the present
review. Most often, only the 3 mm threshold was used. It
seems reasonable to suggest ≥ 3 mm as the threshold for
dynamic translation, since the majority of studies (65%) in-
clude dynamic translation in their definition and >80% of
these stated a threshold above the “normal” value as suggested
by Boden and Wiesel (Table 5).

The most frequent threshold for dynamic angulation or
ROM reported was 10° (Table 5). However, the origin of this
threshold is unclear. Following references for the threshold
10° angulation lead to a radiographic study by Penning and
Blickman from 198032 on patients with isthmic spondylo-
listhesis. They reported a wide range of intervertebral angular
mobility and that >10° intervertebral mobility compared to the
adjacent level could be a sign of instability. However, the
studies included in the present review stated the parameter
merely as dynamic angulation of >10°. Another frequently
used reference was a checklist by White and Panjabi from
1990.18 However, White and Panjabi stated angular motion
thresholds according to lumbar vertebral level ranging from
15°- 25°. In addition, the checklist applies to instability in
general and not exclusively to degenerative instability. White
and Panjabi18 based their checklist upon evidence obtained by
experimental biomechanical experiments such as a study by
Posner et al from 1982.17 The study by Posner et al17 was a
biomechanical cadaver study investigating lumbar functional
spinal units under conditions that simulate maximum physi-
ologic load to determine the upper limits of normal motion and
the tolerance when vertebral components were destroyed.
Posner et al also presented a checklist to evaluate lumbar
instability. The checklist was designed for traumatic injuries
and may not necessarily be applicable for degenerative
changes. Posner et al.17investigated angulation and showed a
variation in angulation in intact cadaver spine specimens.
In vivo studies have confirmed these findings and some
studies have questioned the relevance of angulation when
assessing degenerative instability.8,24,29,33 Different methods
of measuring angulation also make it difficult to compare
results across studies. Chen et al suggested poor clinical
significance of this parameter since degenerative changes of
the intervertebral space and facet joints might hinder angular
mobility.24 Chen et al showed that a kyphotic segment (ky-
photic slip angle) in LDS should be regarded instable,
however, they did not include it in their definition.24 Bio-
mechanically, a kyphotic segment in the lumbar spine could be
a sign of loss of anterior column support. In non-degenerated
discs the anterior support is applied by tensile strain resulting
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from turgor pressure of the disc on the inner fibrous ring and
anterior longitudinal ligament. However, degenerative
changes to the fibers decreases the capability to withstand
tensile stress forces. A kyphotic disc angle in a lumbar
segment could indicate reduced tensile strain and inability to
withstand anterior shear forces leading to segmental trans-
lation.24 Posner et al 17was 1 of the first to state a threshold
for kyphotic angle in flexion. As mentioned, 8% of the
studies in the present review included a kyphotic angle or
posterior opening in flexion in their definition of
instability.22,28,34-41

Posner et al17 also investigated slip percentage difference
and reported a threshold of >8% in their checklist. This was
later confirmed by Boden and Wiesel.8 In this study, around
80% of the studies that include this parameter had a threshold
equal to or above the 8%. Applying slip percentage to
evaluate translation reduces risk of errors due to magnifi-
cation and may be more suitable for comparison between
studies.

Compared to interventional studies, non-interventional
studies more often gave a narrative definition of segmental
instability rather than a radiographic threshold. This might be
due to the fact that most interventional studies use instability
as an outcome and therefore need a practical operational
definition. Whereas the purpose of the majority of the non-
interventional studies investigate the concept of instability and
therefore define it in general biomechanical terms. The most
frequent parameters and thresholds reported within the dif-
ferent categories were similar.

Reliability of the various radiographic measures were not
widely reported and used different parameters to evaluate
interrater reliability. This made it difficult to compare reli-
ability data across studies. However, in general the few
studies to report on reliability showed good inter-rater
agreement.

Even though most studies describe instability as a dynamic
concept, some studies defined instability as the presence of
spondylolisthesis, Table 4. Studies such as Aggarwal and
Even et al42 show that it is necessary to distinguish between
static and dynamic LDS. Biomechanically it makes sense to
divide LDS into static and dynamic. However, some studies
present dynamic instability which indicates that instability can
be static.38,43-47

A few studies in this review presents a definition including
facet effusion and facet angle as parameters.22,36,48,49 The
studies are published within the last decade. Signs of insta-
bility on MRI are subject of investigation and results indicate
that facet effusion sign, sagittal facet angles, disc height and
facet tropism might be linked to instability.35 However,
predictors of instability are beyond the scope of this review.

Limitations: This systematic review has limitations. A
broad perspective was necessary when constructing a search
string sensitive enough to capture studies that potentially
defined instability, and also to capture studies that has in-
stability as a part of the objective and keywords, and

simultaneously avoid introducing bias to the search. We are
aware that this strategy will yield a low search specificity.
However, to increase the specificity of the search, we included
the population and diagnostic imaging in the search string. We
also increased the specificity by the two-step screening pro-
cess by independent researchers. Another potential limitation
by the broad perspective is the different study designs in-
cluded. This makes statistical comparisons across studies
difficult. However, we accounted for this perspective in our
data synthesis plan. We included studies with mixed pop-
ulations which is expressed in the wide age range of the in-
cluded studies. Not all studies have a population of
exclusively degenerative LSS or LDS, and we included
studies on healthy individuals. We still believe the studies are
representative of the degenerative population as we did not
include studies with <50% degenerative patients.

We did not have 2 blinded reviewers to conduct data
extraction. The verifier could potentially already be influ-
enced by the result the first reviewer found. However, data
extraction was conducted by a reviewer on 2 occasions with a
minimum of 2 weeks apart. An assessment of the risk of bias
is an important part of any systematic review.50 However, our
objectives are not influenced by study design, and a critical
appraisal of the methodology quality are not relevant. We
argue, that assessing risk of bias and excluding studies on
that basis might induce selection bias to our results. It could
seem relevant to address reporting bias, since we anticipate
that not all studies will give a definition of instability.
However, we have chosen to focus on describing the existing
definitions. An investigation of the frequency of reporting a
definition of instability could be an objective for a future
review. Future research should focus on determining a
validated definition of segmental instability in the degen-
erative spine.

Conclusion

We conducted a systematic review of the radiological
definition of segmental sagittal plane instability. We in-
cluded studies on the degenerative lumbar spine, including
studies of patients with LSS and/or LDS, with diagnostic
imaging. By grouping the definitions according to mea-
surements of segmental motion and summarizing the most
frequent parameters and their measurement thresholds we
have found, that despite having a reputation of non-
consensus, the concept of segmental degenerative insta-
bility in the sagittal plane can be radiologically summed up
to ≥ 3 mm dynamic sagittal translation and >10° dynamic
angulation. Angulation have various definitions and pro-
tocols for measurements. Furthermore, thresholds based
upon degenerative angulation is sparse and with large
variation, making it less suitable for a recommendation.
Based upon our findings, we recommend a radiological
definition of segmental instability of ≥ 3 mm dynamic
sagittal translation. Future studies should focus on
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determining the validity of MRI signs of segmental in-
stability to decrease unnecessary x-ray exposure.

Appendix

List of abbreviations

PRISMA-P Preferred Reporting Items for Systematic
Reviews and Meta-Analysis protocols

PRISMA Preferred Reporting Items for Systematic
Reviews and Meta-Analysis

PROSPERO the International Prospective Register of
Systematic Reviews

LDS lumbar degenerative spondylolisthesis
LSS lumbar spinal stenosis

MeSH medical subject headings
ICTRP International Clinical Trials Registry Platform

Search Portal
ROM Range Of Motion
MRI Magnetic Resonance Imaging

CT scan: Computed Tomography Scan
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