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Objective: Spinal osteoarthritis is difficult to study and diagnose, partly due to the lack of agreed diagnostic
criteria. This systematic review aims to give an overview of the associations between clinical and imaging
findings suggestive of spinal osteoarthritis in patients with low back pain to make a step towards agreed
diagnostic criteria.
Design: We searched MEDLINE, Embase, Web of Science, and CINAHL from inception to April 29, 2021 to
identify observational studies in adults that assessed the association between selected clinical and imaging
findings suggestive of spinal osteoarthritis. Risk of bias was assessed using the Newcastle Ottawa Scale and
the quality of evidence was graded using an adaptation of the GRADE approach.
Results: After screening 7902 studies, 30 met the inclusion criteria. High-quality evidence was found for the
longitudinal association between low back pain (LBP) intensity, and both disc space narrowing and os-
teophytes, as well as for the association between LBP-related physical functioning and lumbar disc de-
generation, the presence of spinal morning stiffness and disc space narrowing and for the lack of association
between physical functioning and Schmorl’s nodes.
Conclusions: There is high- and moderate-quality evidence of associations between clinical and imaging
findings suggestive of spinal osteoarthritis. However, the majority of the studied outcomes had low or very
low-quality of evidence. Furthermore, clinical and methodological heterogeneity was a serious limitation,
adding to the need and importance of agreed criteria for spinal osteoarthritis, which should be the scope of
future research.
© 2023 The Authors. Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Low back pain (LBP) represents the greatest cause of disability
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globally and is a substantial health care and societal burden."? In general
practice in the Netherlands, the large majority of patients with LBP are
labeled as having ‘nonspecific’ LBP, and around 300,000 patients are
given the diagnostic code reflective of spinal osteoarthritis.” Nonspecific
LBP is diagnosed by exclusion of specific underlying causes, usually by
means of history taking and physical examination.* However, within the
group of patients with nonspecific LBP, there may be subgroups of pa-
tients, for example, those with symptomatic spinal osteoarthritis, who
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are now unrecognized or misdiagnosed. In contrast with peripheral
joints, such as the knee and hip, there are no diagnostic criteria for spinal
osteoarthritis. This makes it unclear how and when LBP may be re-
flective of symptomatic spinal osteoarthritis.

To better understand and manage spinal osteoarthritis, the first,
fundamental step is to establish agreed and empirically based cri-
teria for structural and symptomatic spinal osteoarthritis to be used
in research and clinical practice. In 2021, a Delphi study was con-
ducted to reach an international consensus on statements regarding
definitions of spinal osteoarthritis.” A high proportion of agreement
was found for the statement “separate definitions for structural and
symptomatic spinal osteoarthritis are needed” for research and
clinical practice (94% and 88% respectively). In addition, a consensus
was reached on the following clinical features as suggestive of
symptomatic spinal osteoarthritis: spinal pain duration, spinal pain
intensity, limitations in physical functioning, and self-reported
spinal morning stiffness. Statements for which there was a lack of
consensus included a limited or painful range of motion, and the
statement that reached a consensus against inclusion in a definition
of spinal osteoarthritis was palpable warmth. For research purposes,
there was 95% agreement that an internationally recognized defi-
nition of symptomatic spinal osteoarthritis will aid the investigation
of the prognosis and treatment of patients.

Three systematic reviews have investigated the association be-
tween clinical findings and spinal osteoarthritis features on imaging
but only evaluated structural changes on radiographs,® focused on
younger patients’ or only involved Modic changes.® Up to date, no
systematic review has comprehensively investigated the association
of clinical features suggestive of symptomatic spinal osteoarthritis,
with imaging features on lumbar radiographs, Magnetic Resonance
Imaging (MRI), or Computer Tomography (CT)-scan that are poten-
tial indicators of structural spinal osteoarthritis. Hence, this sys-
tematic review aimed to determine the association present between
clinical findings and imaging features that are potential indicators of
lumbar spine osteoarthritis in patients with LBP. The clinical findings
were selected among those for which there was consensus or un-
certainty in the recent aforementioned Delphi study,” while the
presence of imaging features possibly associated with lumbar spine
osteoarthritis was investigated using different imaging modalities
(i.e., radiography, MRI, CT-scan).

Methods

A research protocol was developed in advance and registered in the
international register of systematic reviews, PROSPERO: https://www.
crd.york.ac.uk/prospero/display_record.php?ID=CRD42021253283. For
reporting this systematic review we followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses updated guidelines
(see Appendix A).

Search strategy

A systematic search was conducted in MEDLINE, Embase, Web of
Science, and CINAHL from inception to April 29, 2021. Key terms
referring to clinical features of symptomatic spinal osteoarthritis on
which consensus has been reached (i.e., duration and intensity of
LBP, LBP-related physical functioning limitations, spinal morning
stiffness, and limited or painful range of motion) were combined
with key terms referring to (possible) structural spinal osteoarthritis
imaging features (i.e. disc degeneration, disc space narrowing, 0s-
teophytes, Modic changes, endplate lesions, Schmorl’s nodes, an-
nular tears, nucleus pulposus signal intensity, and facet joint
abnormalities) on MRI, CT-scan, and radiographs. The search strategy

was developed in collaboration with a research librarian at Erasmus
MC. A combination of MESH terms and free text terms were used in
the search. No language restrictions were applied to the search. The
full search strategy can be found in Appendix B. The studies included
in previous systematic reviews by Raastad et al.,° Brinjikii et al.,” and
Herlin et al.® were screened for eligibility, and forward citation
tracking of eligible studies was performed in Google Scholar.

Selection process

Observational studies (i.e., prospective and retrospective cohort
studies, case-control, and cross-sectional studies) in adults (> 18
years) were included if they evaluated the presence of structural
imaging features possibly associated with spinal osteoarthritis and
their association with one or more clinical features suggestive of
spinal osteoarthritis. Clinical features included one or more of the
following five: LBP duration, LBP intensity measured with patient-
reported measurement instruments (e.g., Numeric Rating scale),
physical functioning limitations measured with patient-reported
measurement instruments (e.g., Oswestry Disability Index (ODI)),
presence and/or duration of spinal morning stiffness and painful or
limited range of motion. The included structural imaging features
possibly associated with spinal osteoarthritis were: facet joint de-
generation (joint space narrowing, subchondral bone sclerosis, 0s-
teophyte formation), vertebral endplate pathology (mineralization of
cartilaginous endplate, edema, subchondral bone sclerosis, Modic
changes), osteophyte formation at the margin of the intervertebral
disc space, loss of intervertebral disc height or degeneration of the
intervertebral disc (nucleus pulposus (black disc) and annulus fi-
brosis); with one or more imaging techniques (i.e., MRI, CT, con-
ventional radiographs). Studies were excluded if they were reviews,
case reports, case series, letters to the editor, or clinical trials. Studies
involving adolescents (<18 years) and/or focusing on LBP due to
other (serious) pathologies, such as malignancy, axial spondyloar-
thritis, (spondylo)discitis, vascular causes of LBP including spinal
cord infarction, recent trauma/fracture, radiotherapy in the lumbar
region, spinal surgery and juvenile/idiopathic scoliosis, as well as
lumbosacral radicular syndrome (sciatica), were also excluded.

Identification of eligible studies

Titles and abstracts from the literature search were screened for
eligibility by two independent reviewers (M.C. and 0.0.).
Subsequently, full-text articles were screened by the same two in-
dependent reviewers, as well as the full-text articles which were
retrieved through forward citation tracking. Studies were included if
they were determined eligible by both reviewers. Any disagreement
in the selection was first solved through consensus between the two
reviewers. If consensus could not be reached, a third reviewer (A.C.)
arbitrated the decision.

Data extraction and quality assessment

Data extraction was conducted using a standard form that was a-
priori-designed (Appendix C). Study characteristics and demo-
graphics, investigated features, and reported measures of associa-
tion, including their 95% confidence intervals and P-values, were
extracted. In line with the Cochrane Handbook,'” data on outcomes
were extracted by two independent reviewers (M.C. and K.D.). The
study characteristics were extracted by one reviewer (M.C.) and
checked for accuracy by a second reviewer (K.D.). Disagreements in
the data extraction process were resolved by consensus between the
two reviewers.
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The methodological quality of the studies was assessed by two
reviewers (M.C. and K.D.) using the Newcastle-Ottawa scale, a vali-
dated tool for assessing the quality of non-randomized studies in
systematic reviews and meta-analyses.!! The Newcastle-Ottawa
Scale uses a ‘star system’ to judge studies on 9 items concerning the
selection and comparability of the study groups and ascertainment
of either the exposure or outcome of interest, for case-control or
cohort studies respectively. For the cross-sectional studies we used a
modified version of the NOS consisting of 7 items concerning the
same study aspects, as proposed by Patra et al.'” In case of dis-
agreement between the reviewers, a third reviewer (A.C.) arbitrated
the decision. The quality of evidence was rated using an adaptation
of the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach, which is a systematic approach to
define the quality of a body of evidence in systematic reviews.'>'*
Since our aim was to identify associations and observational studies
are appropriate for this purpose, we decided to start at a ‘high’
quality of evidence for all outcomes. The quality of evidence was
downgraded, if necessary, for the following domains: study limita-
tions, inconsistency, indirectness, and imprecision (see Box 1). Since
we were not able to conduct a meta-analysis, publication bias was
not quantitatively assessed. The presence of a dose-response gra-
dient may increase the confidence in the findings of observational
studies and thereby increase the quality of evidence.'® Therefore, we
included this as an upgrading domain.

Statistical analysis

First, clinical and methodological homogeneity was evaluated by
comparing study characteristics, clinical features and measurement
tools, imaging features, the manner in which they were graded, and
the reported effect measures. We intended to perform a meta-ana-
lysis to produce pooled estimates, as stated in our protocol.
However, since this was not possible due to the presence of sub-
stantial heterogeneity in the studied features and reported outcome
measures, an approach following the Synthesis Without Meta-ana-
lysis guidelines was used.'”” We also investigated if the included
studies assessed a dose-response relationship between the pre-
viously mentioned clinical features and imaging features possibly
associated with spinal osteoarthritis.

Box 1

Upgrading and downgrading criteria for the quality of evidence (GRADE-framework).

Results
Literature search and selection of studies

Our search identified 13,807 studies, of which 7902 remained after
removing duplicates. After the screening of titles and abstracts, 196
remained. Studies included in previous related systematic reviews
were screened for eligibility. This resulted in an additional 26 studies,
making a total of 222 full texts that were assessed for eligibility. From
these, 30 studies were selected for inclusion in this systematic review.
The flowchart (Fig. 1) presents the study selection process.

Study characteristics

Table 1 presents the characteristics of the included studies. Five
studies were longitudinal cohort studies, two studies were case-
control, and 23 studies were cross-sectional studies. Fifteen studies
were population-based, two studies were from primary care, 10
studies were from secondary care, one study was from tertiary care
and two studies were occupational studies. The mean age in the
included studies ranged from 21.2 to 73.6 years. The included studies
reported on the five clinical features of interest and on 10 structural
imaging features possibly associated with spinal osteoarthritis (i.e.,
(intervertebral) disc degeneration, disc space narrowing, inter-
vertebral disc height, osteophytes, Schmorl’s nodes, annular tear,
Modic changes, endplate abnormalities, nucleus pulposus signal
intensity, and facet joint abnormalities). Twelve studies evaluated
imaging features on lumbar radiographs, while the remaining 18
studies assessed the features on MRI.

All the following results, including the results on association
between clinical features and imaging findings, and the GRADE
score, are presented in Table 2. Our considerations for downgrading
or upgrading the GRADE score are presented in Appendix D. Tables 3
and 4.

Cohort studies

Low back pain duration. There was moderate-quality evidence for
the lack of association between LBP duration and Modic changes, in
a baseline analysis of a longitudinal study.'® This was based on one
study.

Downgrading domains: Criteria for downgrading:

Study limitations - No downgrading if: NOS > 7

Indirectness

Imprecision

No downgrading if total sample size N > 400
By 1 level if total sample size N < 400

Upgrading domain:
Dose-response gradient

Criteria for upgrading:

- By 1 level if: NOS 4-6 for 1-2 studies (depending on the total of studies)
- By 2 levels if: NOS < 3 for 1-2 studies (depending on the total of studies)
Inconsistency - No downgrading if: 275% of the studies show similar results
By 1 level if: 50-75% of the studies show similar results
By 2 levels if: <50% of the studies show similar results
By 1 level if: differences in a population (applicability)
By 2 levels if: differences in population and in outcome measures (surrogate outcomes)

By 2 levels if total sample size N < 400 and if the 95% CI overlaps no effect (i.e., CI includes OR of 1.0) or if: total sample size <50

-By 1 level if there is a dose-response gradient present

__
Osteoarthritisand Cartilage

Upgrading and downgrading criteria for the quality of evidence (GRADE-framework).
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Low back pain intensity. High-quality evidence was found for the
longitudinal association between LBP intensity, and both disc space
narrowing and osteophytes, based on one study by van den Berg
et al."” Inconsistent results were found regarding the longitudinal
relationship between LBP intensity and Modic changes, based on
low-quality evidence. One study, with a high risk of bias, reported a
significant, positive association,'® whilst the other, with a low risk of
bias, reported no clear association.'® Luoma et al. (very low-quality

evidence) reported that an increase of bony endplate lesions,
Schmorl’s nodes and the decrease of disc height are associated to
an increase or persistence of pain and that degenerated discs with
increased nucleus pulposus signals were more common among
people who had persisting or increasing pain.'®

LBP-related physical functioning limitation. High-quality evidence
was found for the association between LBP-related physical

Embase (5727), Medline
(3758), Web of Science
(3134), CINAHL (1188)

13807 titles included

5905 duplicates
removed

A 4

Pre-screening

v

7676 titles

screening

7902 title/abstract

excluded for
not meeting
our inclusion
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26 studies

196 studies selected

added through
Ccross-

A

Title/abstract screening

referencing SRs

v

Full-text screening
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222 full texts

189 full texts excluded:
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Flowchart selection process.
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limitation and lumbar disc degeneration, and for the lack of
association between physical limitation and Schmorl’s nodes in
patients with LBP, based on one study by Miittd et al.'”
Inconsistent results (low-quality evidence) were found when
addressing the longitudinal association between physical limitation
and Modic changes, with two studies reporting no significant
association,’®?° but two other studies reporting a significant
positive association.’®'® Luoma et al. (very low-quality evidence)
found that a decrease in the signal intensity of the nucleus pulposus
was associated with a decrease in the ODI, and that degenerated
discs with increased nucleus pulposus signals were more common
among people who had persisting or increasing pain, but that there
was no association between physical limitation and intervertebral
disc height.'®

Case-control studies

Low back pain intensity. Hicks et al. (moderate-quality evidence due
to imprecision) found no difference in LBP intensity in individuals
with and without disc or facet joint degeneration.”’ This study also
reported no dose-response relationship between LBP intensity and
the presence or absence of severe disc and facet joint degeneration
at any spinal level.

Limited or painful range of motion. One study, with low-quality
evidence, assessed the association between a range of motion and
imaging features in LBP patients, displaying a weak negative
association between lateral bending and endplate changes, disc
and facet joint degeneration but only at the L5-S1 level.”? The
fingertip-to-floor distance was weakly associated with endplate
changes at the L4-L5 level.

Cross-sectional studies

Low back pain duration. Moderate-quality evidence was found of a
positive association between LBP duration and Modic changes?*~2°
and for the lack of association between LBP duration and both disc
space narrowing and osteophytes in patients with LBP (based on a
single study).?’

Low back pain intensity. There was moderate-quality evidence of an
association between LBP intensity and lumbar disc degeneration®®~*"
and annular tears,’*? and for the lack of association between LBP
intensity and high-intensity zones>"**** and disc space narrowing.”’****
Eight studies assessed the association between the intensity of LBP and
the presence of Modic changes. There was low-quality evidence for this
association, because of inconsistency of the results and moderate to high
risk of bias. Four studies reported a positive association, while four other
studies reported no association.”®>~?5?133353¢ [BP intensity was
associated with Schmorl’s nodes, but this association was no longer
significant after adjusting for sex, sum score of disc degeneration, and
socio-economic status (low-quality evidence).*™*’

Low-quality evidence was found for the association between LBP
intensity, and endplate lesions,>” and for the lack of association
between LBP intensity and nucleus pulposus signal intensity, inter-
vertebral disc height, and MRI total degeneration score (an additive
score of all abnormal osteoarthritis-related imaging).**

There was very low-quality evidence for the lack of association
between pain intensity and osteophytes in patients with LBP.?”>%*’

LBP-related physical functioning limitation. Overall, the included
studies assessing the association between LBP-related physical
limitation and imaging features provided low or very low quality of
evidence, with the only exception being the association between
physical limitation and high-intensity zones,**** with moderate-
quality evidence (Table 2). Low-quality evidence was found for the
association between LBP-related physical limitation and both endplate

lesions and annular tears®* and for the lack of association between LBP-
related physical limitation and disc space narrowing,® facet joint
degeneration,*® signal intensity of the nucleus pulposus, and MRI total
degeneration score.”®> Among four studies investigating the association
between physical limitation and disc degeneration (low-quality
evidence), three studies reported no significant
association,”**%*° while one study found a significant, positive
association, but only at the lower lumbar levels.* Inconsistent results
were also seen when assessing the associations between physical
limitation and osteophytes,**! where there was one study reporting a
significant association and one a negative association. Due to this
inconsistency, as well as study limitations, this evidence is of low
quality. There was very low-quality evidence for the lack of association
between LBP-related physical functioning limitation and Modic
changes,”*?>*3%%39 intervertebral disc height,*>*° Schmorl’s nodes,*
and lumbar spine osteoarthritis (assessed using the Kellgren &
Lawrence scale).*?

Spinal morning stiffness. High-quality evidence was found of an
association between spinal morning stiffness and disc space
narrowing.”>** The same two studies also assessed the
relationship between spinal morning stiffness and osteophytes but
found inconsistent results leading to moderate-quality evidence.
There is very low-quality evidence of a positive association between
the presence and duration of spinal morning stiffness and Modic
changes.”®

Limited or painful range of motion. Weiner et al.*> reported a
significant association between lumbar flexion, as well as lateral
flexion, and both facet joint and disc degeneration. No association
was found between lumbar extension and facet joint and disc
degeneration (very low-quality evidence). There was also very low-
quality evidence for the lack of an association between a limited
range of motion and Modic changes.””

Dose-response relationship

Seven studies assessed the dose-response relationship between
LBP intensity and imaging features (Appendix D). Peterson et al.*’
reported a weak dose-response relationship between LBP intensity
and the amount and severity of degeneration as well as the number
of levels of degeneration at the discs and at the facets. Kuisma et al.”*
found a dose-response relationship between the intensity of LBP and
extensive Modic changes (25% of vertebral height), where extensive
Modic changes were associated with higher LBP scores during the
past week and the past 3 months. A dose-response relationship
between MRI total degeneration score and pain intensity in patients
with LBP was assessed by Berg et al., but they found no significant
relationship.®® Takatalo et al. reported that the most painful patient
clusters had a higher sum score of disc degeneration than the two
least painful clusters (P < 0.001), where moderately degenerated
discs were more likely associated with the most severe low back
symptoms than mildly degenerated discs.”® One study, by Van den
Berg et al., reported that the association between spinal morning
stiffness and both disc space narrowing and osteophytes was
stronger when the severity of spinal morning stiffness increased.*’
Maitta et al. found that subjects with larger Modic changes in the
lumbar spine reported disabling LBP slightly more frequently than
subjects with smaller Modic changes, but the difference was not
significant (P =0.057)."

Discussion
This is the first systematic review that has comprehensively in-

vestigated the association of clinical features suggestive of sympto-
matic spinal osteoarthritis, with imaging features on lumbar
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radiographs, MRI, or CT-scan that are potential indicators of struc-
tural spinal osteoarthritis. Thirty studies were included, mainly
cross-sectional designs, with the majority being population-based
studies. In total, 12 evaluated structural spinal osteoarthritis features
on lumbar radiographs and 18 assessed these on MRI, none on CT-
scan. High-quality evidence was found for the longitudinal associa-
tion between LBP intensity, and both disc space narrowing and os-
teophytes, as well as for the association between LBP-related
physical limitation and lumbar disc degeneration, the presence of
spinal morning stiffness and disc space narrowing and for the lack of
association between physical limitation and Schmorl’s nodes.

In line with our review, Herlin et al.* showed inconsistent results
regarding the association of Modic changes with back-related ac-
tivity limitation and the presence of LBP, due to the high risk of bias
and the heterogeneity of study samples, clinical outcomes, and
* x prevalence estimates of LBP and Modic changes. Other reviews
mainly looked at the association between the presence of LBP and
imaging features possibly associated with spinal osteoarthritis. An
association between the presence of LBP and disc space narrowing
was reported by Raastad et al.,° but they only looked at the presence
of LBP, not in combination with the clinical features we investigated
in this review. The systematic review by Brinjikji et al.” reported an
association between the presence of LBP and Modic changes,
whereas we found low-quality evidence of no association. Again, this
review only investigated the association of Modic changes with so-
lely the presence of LBP.

There was substantial clinical and methodological heterogeneity
x and heterogeneity in terminology among studies included in this
review, making it unfeasible to perform a meta-analysis and add
more certainty to our conclusions. This underlines the need for
agreed criteria for symptomatic and structural spinal osteoarthritis,
as highlighted by a recent international consensus study.” Ad-
ditionally, guidelines on how to universally define and assess various
clinical and imaging features related to spinal osteoarthritis would
be useful to ease the research in this field and to possibly identify
potential subgroups regarding etiology, prognosis, and treatment.

6%
3%
Tx
8x
8x
8x
4%

Non-response

rate (%)

Osteoarthritisand Cartilage

ascertainment cases &

Same method
controls (x)

Ascertainment of

exposure (x)

Comparability

*k
*
*k
*k
*k
(%)
**

Definition of controls ()

X X X K X
Strengths and limitations

The strengths of this systematic review include that the protocol
was prospectively registered in PROSPERO, the search strategy was
developed with an experienced medical librarian, and that the title/
abstract screening, full-text screening, data extraction, and risk of
bias assessment were performed by two independent reviewers.
More importantly, this review is a continuation of the aforemen-
tioned Delphi study,” contributing to the development of established
international diagnostic criteria for symptomatic and structural
spinal osteoarthritis. The results from this review form a good base
for future observational and diagnostic accuracy research, to further
explore and confirm which of the investigated clinical features are
more strongly related to spinal osteoarthritis structural features.

This systematic review has some limitations as well. Firstly, for
this review, we chose to focus on the clinical features on which
consensus reached by experts in the fields of back pain and os-
teoarthritis in the aforementioned Delphi study, in patients with LBP.
We did not include other clinical features, such as solely the pre-
sence or recurrence of LBP, leg pain, cauda equina symptoms, and
intermittent claudication. Associations between these features and
imaging features possibly associated with spinal osteoarthritis are
surely of interest, especially for patients in the general population,
but since they can also have other etiologies, such as non-degen-
erative lumbar disc herniation or spinal stenosis, and are not evident
potential indicators of symptomatic spinal osteoarthritis, these
clinical features were not included in this review. Furthermore, we
argue these are different research questions, and adding these

Selection of
controls (*)

X X X X X

Representativeness

Cases (x)

X X X K K

Case definition
adequate (x)

*
X
*
*
*
*
*

et al. (2022)

Case-control
studies

Keller et al.>°
Luoma et al.'®
Maiitti et al'®
Udby et al.'®
Van den Berg
Hicks et al.”!
Quack et al.??
Table 3

Risk of bias assessment cohort and case-control studies (Newcastle Ottawa Scale).
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Cross-sectional

studies
Selection Comparability Outcome Total
Representativeness of Non- Ascertainment of Comparability (xx) Assessment of Statistical
exposed cohort (x) respondents (*) exposure (x) outcome (*) test (%)
Ashraf et al.*? * X * X X * 3%
Berg et al.>* * X * ok * * 6%
De Schepper * X * *% * * 6%
et al. (2013)
Frymoyer et al.*’ X X * X * * 3%
Hanimoglu et al.*®  x X * X X * 2%
Kuisma et al.>* X X * * * X 3%
Lee et al.*! * X * * X * 4%
Maiitti et al.”* * X * ok * * 6%
Mera et al.*” * X * * * * 5%
Middendorp et al.®®  x X * X * X 3%
Mok et al.*® * * * ok * * 7%
Perera et al.”’ * X * * * * 5%
Peterson et al.*" * X * * * * 5%
Rannou et al.?” * * * X * * 5%
Saukkonen et al”®  * X * *k * * 6%
Scheele et al.** * X X ok * * 6%
Takatalo * * * * * * 6%
et al. (2012)
Takatalo * * * * * * 6%
et al. (2011)
Teraguchi et al.** * * * *k * * 7%
Van den Berg * X * *k * * 6%
et al. (2020)
Van den Berg * X * *x * * 6x
et al. (2017)
Videman et al.* * X X * * * 5%
Weiner et al.*® * X * * * * 5%

»|
Table 4 Osteoarthritisand Cartilage

Risk of bias assessment cross-sectional studies (Modified Newcastle Ottawa Scale).

clinical features would have resulted in more heterogeneity.
Secondly, some of the clinical features included in this review, such
as spinal morning stiffness and range of motion, are less in-
vestigated, making it difficult to reach solid conclusions regarding
the role of these clinical features in the etiology of spinal osteoar-
thritis. Thirdly, to assess the quality of evidence we used an adap-
tation of the GRADE framework and started at a ‘high-quality’ level
for all outcomes, since our aim was to identify associations and
observational studies are appropriate for this purpose. This approach
did lead, on some occasions, to a high-quality evidence grading of an
outcome that was researched by just one study. However, we argue
that if this one study has a substantial sample size and a low risk of
bias, the certainty that the reported effect lies close to the true ef-
fect is significant and therefore should be graded as high-quality
evidence. Lastly, given the low amount of studies per association, we
combined the results of different imaging modalities (i.e., radio-
graphs and MRI), which might lead to some bias in the results, since
for some imaging features there is a preferred first choice imaging
modality (e.g., MRIs for evaluating Modic changes).

In conclusion, we found high-quality evidence for the longitudinal
association between LBP intensity, and both disc space narrowing and
osteophytes, as well as for the association between LBP-related physical
limitation and lumbar disc degeneration, the presence of spinal morning
stiffness and disc space narrowing and for the lack of association be-
tween physical limitation and Schmorl’s nodes. Clinical and methodo-
logical heterogeneity, as well as heterogeneity in terminology in
included studies, is a limitation, of which agreed diagnostic criteria
would greatly benefit the field of spinal osteoarthritis. Future

observational and diagnostic accuracy research should further explore
and confirm which of the studied clinical features are more strongly
related to spinal osteoarthritis structural features.
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