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Abstract

Background: The aim of this study was to investigate subgroups of magnetic resonance imaging (MRI) findings for
the spine and sacroiliac joints (Sls) using latent class analysis (LCA), and to investigate whether these subgroups
differ in their demographic and clinical characteristics.

Methods: The sample included 1037 patients aged 18-40 years with persistent low back pain (LBP). LCA was
applied to MRI findings of the spine and SlJs. The resulting subgroups were tested for differences in self-reported
demographic and clinical characteristics.

Results: A five-class model was identified: Subgroup 1, ‘No or few findings’ (n = 116); Subgroup 2, ‘Mild spinal
degeneration’ (n = 540); Subgroup 3, ‘Moderate to severe spinal degeneration’ (n =229); Subgroup 4, ‘Moderate to
severe spinal degeneration with mild SIJ findings’ (n =68); and Subgroup 5, ‘Mild spinal degeneration with
moderate to severe SIJ findings’ (n = 84). The two SIJ subgroups (Subgroups 4 and 5) had a higher median activity
limitation score (Roland Morris Disability Questionnaire calculated as a proportional score: 65 (IOR 48-78)/65 (48-78))
compared with Subgroups 1-3 (48 (35-74)/57 (39-74)/57 (39-74)), a higher prevalence of women (68 % (95 % CI 56-79)/
68 % (58-78)) compared with Subgroups 2 and 3 (51 % (47-55)/40 % (33-46)), a higher prevalence of being overweight
(67 9% (95 % Cl 55-79)/53 % (41-65)) compared with Subgroup 1 (36 % (26-46)) and a higher prevalence of previous LBP
episodes (yes/no: 81 % (95 % Cl 71-91)/79 % (70-89)) compared with Subgroup 1 (58 % (48-67)). Subgroup 5 was
younger than Subgroup 4 (median age 29 years (IQR 25-33) versus 34 years (30-37)) and had a higher prevalence of
HLA-B27 (40 % (95 % Cl 29-50)) compared with the other subgroups (Subgroups 1-4: 12 % (6-18)/7 % (5-10)/6 % (3-9)/
12 9% (4-20)). Across the subgroups with predominantly spinal findings (Subgroups 1-3), median age, prevalence of men,
being overweight and previous LBP episodes were statistically significantly lower in Subgroup 1, higher in Subgroup 2
and highest in Subgroup 3.

Conclusions: Five distinct subgroups of MRI findings in the spine and Sls were identified. The results indicate that SIJ
MRI findings not only can be seen as a part of the spondyloarthritis disease entity, but also are associated with age,
gender and being overweight. Furthermore, the results indicate that LBP patients with SIJ MRI findings are more disabled
compared with patients without SIJ MRI findings, and that moderate to severe spinal degeneration and/or SIJ MRI
findings may be associated with recurrent pain.
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Background

Low back pain (LBP) is a serious and disabling health
condition that is estimated to be the number-one cause
of years lived with disability [1]. More knowledge about
the various causes of LBP is needed to improve
diagnosis and treatment. The use of magnetic reson-
ance imaging (MRI) has increased dramatically in re-
cent decades in an attempt to optimise the diagnostic
process for persistent LBP and spondyloarthritis (SpA).
Nevertheless, many uncertainties remain about the
association between MRI findings and the clinical
presentation of back pain [2-5].

Several MRI findings, including degenerative findings
such as disc degeneration, disc herniations and vertebral
endplate signal changes (i.e. Modic changes), have been
associated with clinical presence of LBP. Also, and find-
ings at the sacroiliac joints (SIJs) (i.e. sacroiliitis) have
been associated with the clinical diagnosis of SpA. How-
ever, the strength of these associations is often reported
to be relatively weak [2-5]. This might be because
previous studies have focused on individual MRI find-
ings [2-5], even though multiple MRI findings with
varying severity are often present at the same time. In a
recent cross-sectional population study of over 1000
people, some degree of lumbar disc degeneration was
present in the majority of the population [6]. Although
the presence of disc degeneration was only weakly asso-
ciated with LBP, the association with LBP increased with
the severity of disc degeneration across disc levels [6].
Likewise, the severity of MRI finding at the SIJs defining
a ‘SpA positive MRI is reported to influence the diag-
nostic value [7]. Focusing on the presence of individual
MRI findings may therefore oversimplify the complexity
of the degenerative and inflammatory axial processes
and the interactions between various MRI findings, with
the risk of overlooking potentially important clinical
information.

In studies of MRI findings and LBP, there has been a
focus on spinal degenerative MRI findings, while the SIJs
have traditionally been the focus for studies of SpA.
Recent research, however, indicates that MRI findings at
the SIJs, previously thought to be indicative of SpA, are
prevalent in patients with non-specific LBP [7, 8]. Also,
spinal MRI findings associated with SpA can be difficult
to distinguish from common degenerative vertebral end-
plate signal changes, which complicate the assessment of
SpA [9]. Further to this, degenerative and SpA-related
MRI research findings are most often reported in separ-
ate studies and in different study populations, which
potentially reduces their applicability to daily clinical
practice. There is therefore a need to explore the co-
existence of degenerative and SpA-related MRI findings
in both the spine and SIJs and their association with the
clinical presentation of LBP. There may also be more than
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one pattern of co-existent MRI findings (subgroups), each
of which has a different association with LBP.

Latent class analysis (LCA) is a multivariable statistical
technique that attempts to find the subgroup structure
which maximises the between-subgroup variance and
minimises the within-subgroup variance, as a means to
best explain the overall variance in the data. LCA has a
number of advantages over traditional statistical cluster-
ing techniques, including greater classification accuracy,
more precise metrics of subgroup model performance,
the provision of posterior probabilities for subgroups
and for individuals in each subgroup as a measure of
subgroup model certainty, and the ability to manage
variables of all data types (dichotomous, ordinal and
continuous) [10, 11]. This novel statistical method there-
fore offers the possibility to explore patterns of MRI
findings with the potential of identifying clinically im-
portant subgroups.

The objectives of this explorative study were: to inves-
tigate whether meaningful subgroups of patients with
persistent LBP could be identified, based on MRI find-
ings of the spine and SIJs, using LCA; and to investigate
whether these subgroups differ in their demographic and
clinical characteristics.

Methods

Study sample

Data for this study were from the ‘Spines of Southern
Denmark’ cohort, which was established to investigate
the use of MRI findings in the diagnoses of LBP and
SpA. Detailed descriptions of this cohort have been pub-
lished elsewhere [12]. Briefly, the cohort consists of 1037
patients with persistent LBP, with data from whole-spine
and SIJ MRI scans, self-reported LBP questionnaires and
analysis of blood samples. Patients were recruited from
the Spine Centre of Southern Denmark, which is an out-
patient, non-surgical unit specialising in the assessment
of patients with back pain within a secondary care public
hospital setting. During the study period, the criteria
used to refer patients to the Spine Centre were an
episode of back pain 2—-12 months in duration and in-
sufficient clinical response to conservative treatment in
primary care. In a consecutive manner, secretaries
responsible for the booking of appointments randomly
allocated Caucasian patients to the project if they
were aged 18-40 years and were referred with LBP,
regardless of whether or not they had sciatica (see
Fig. 1 for details).

Magnetic resonance imaging

The MRI scanning protocol has been published previously
[13]. In brief, an MRI scan of the whole spine and SIJs was
performed with a 1.5 T MRI System (Philips Achieva,
Best, the Netherlands) using a spine coil. For the spine,
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Initially allocated to the study, n=1619

n=160  Reasons for exclusion before the first consultation:
—> .

- Patient non-attendance, n=60

- Attended clinician outside the study, n=100

Patients attending first consultation, n=1459

n=422 Reasons for exclusion after the first consultation:
="

- Less than 18 years or more than 40 years, n=12

- Did not understand Danish, n=10

- Primary complaint not LBP, n=37

- MRI within last year, n=64

- Contraindications for MRI, n=78

- Deemed unlikely to tolerate one-hour MRI, n=40
- Incomplete MRI due to logistic or technical

- Patient non-attendance to MRI, n=19

Declined participation, n=94

difficulties, n=68

Included in the SSD cohort, n=1037

Subgroup 1
n=116

Subgroup 2
n=540

Subgroup 3
n=229

Subgroup 4 Subgroup 5
n=68 n=84

imaging, SSD Spines of Southern Denmark

Fig. 1 Flow of patients from entering the department to allocation into subgroups in the study. LBP low back pain, MR magnetic resonance

the following sequences were used: sagittal short-tau in-
version recovery (STIR) and sagittal T1-weighted turbo
spin-echo (TSE). An additional 3D volume isotropic T2-
weighted acquisition sequence and an axial T2-weighted
TSE sequence were performed for the lumbar spine. For
the SIJ, the following three sequences were used: semi-
coronal T1-weighted TSE, semi-coronal T1-weighted ac-
quisition with spectral pre-saturation inversion recovery
and semi-axial T2-weighted STIR. Three senior consultant
radiologists, specialists in musculoskeletal imaging and
SpA, participated in the research evaluation of the MRI
scans. They were blinded to all clinical information, but
not from the patients’ gender and age. Each MRI was eval-
uated by a single radiologist, except for cases where some
uncertainty existed, which were resolved via consensus
(6 % of the evaluations).

MRI variables

For the evaluation of the spine, each intervertebral disc,
vertebral endplate and subjacent bone marrow area, for
23 disc levels from C2-C3 to L5-S1, was assessed separ-
ately for the following MRI findings that were included
in the current study: vertebral endplate signal changes
of three types (bone marrow oedema, fatty marrow
deposition and mixed type—an area with both bone
marrow oedema and fatty marrow deposition), disc
degeneration, disc protrusions, disc herniations and
vertebral corner lesions.

Each SIJ was subdivided into four osseous locations:
the cartilaginous and ligamentous portion of the iliac
and the sacral bones (eight regions in total) [14]. The
SIJs were assessed for the following periarticular find-
ings: bone marrow oedema, fatty marrow deposition,
erosions and sclerosis.

Details of the MRI evaluation have been published
previously [13].

Because of the high number of MRI variables, to allay
concerns about ‘overfitting’ the available data and to
improve the clinical interpretability of the findings, data
reduction was performed by the creation of sum scores.
Seven spinal and four SIJ sum scores were generated
from the assessed MRI findings. Sum scores for each of
the three types of vertebral endplate signal changes and
‘corner lesions’ were generated by summing the number
of relevant lesions in the 46 (2 x 23) assessed vertebral
endplates (each with a possible range from 0 to 46); sum
scores for ‘disc degeneration’ were generated by sum-
ming the original ordinal scale (from 0 to 3) that re-
ported the severity of the lesion at the 23 assessed discs
(possible range from 0 to 69); sum scores for ‘protru-
sions’ and ‘herniations” were generated by summing the
number of relevant lesions in the assessed discs (each
with a possible range from 0 to 23); and sum scores for
the four SIJ findings were generated by summing the
original ordinal scale (from O to 3) that reported the size
of the lesions at the eight assessed regions (possible
range from 0 to 24 for each of the four SIJ sum scores).
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Reproducibility of the MRI variables

The MRI evaluation protocol has previously been tested
for inter-observer and intra-observer agreement [13].
The MRI findings included in the current study had
kappa values of more than 0.6, with the exception of
vertebral corner lesion and erosions at the SIJ, which
had kappa values for inter-observer agreement of 0.53
and 0.57, respectively [13].

Clinical and biochemical data

Demographic and clinical characteristics were collected
using patient self-reported questionnaires as part of the
Spine Centre’s standard procedure. Details of this pro-
cedure have been reported previously [15]. The ques-
tionnaires were completed prior to the MRI scan.
Blood samples were analysed for human leukocyte anti-
gen (HLA)-B27 and high-sensitivity C-reactive protein
(hsCRP).

The following clinical and demographic variables were
included in the current study: age, sex, regular employ-
ment (being employed without public benefits and not a
student or retired person), sick leave (persons in regular
employment who reported sick leave due to LBP within
the previous 3 months), being overweight (body mass
index (BMI) >25), smoking (one or more cigarettes
daily), general health (EuroQol visual analogue scale
[16]), back pain-related activity limitation (Roland
Morris Disability Questionnaire [17] calculated as a
proportional score, 0 % =no activity limitation/100 % =
maximum activity limitation [18]), previous LBP episode
(yes/no), LBP intensity (average of three 0—10 numerical
rating scales of current LBP, worst LBP in the last 14 days
and typical LBP in the last 14 days [19]), buttock pain
(did you ever have buttock pain, yes /no), leg pain (de-
fined as a person having indicated on a pain drawing
his/her pain to include the anterior or posterior thigh,
the calf and/or foot; and whose average leg pain intensity
was 21 when measured the same way as for LBP inten-
sity [19]), severe leg pain (leg pain intensity score >3
[20]), pain in other areas (pain in areas other than that
of the primary complaint over the last 2 weeks, yes/no),
pregnancy-related LBP (onset of LBP related to recent
pregnancy, yes /no), hsCRP level and HLA-B27 tissue
typing (see Additional file 1 for reasoning behind the
selection of these variables).

Statistical analysis
The self-reported questionnaires and the coding from
the MRI evaluations were entered directly into an elec-
tronic clinical registry (SpineData) via a browser-based
evaluation form [15].

To identify subgroups of patients who had similar
profiles of MRI findings, the data were analysed using
LCA Latent Gold version 4.5 (Statistical Innovations,
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Belmont, MA, USA). The default settings of this software
were used and the MRI sum scores were treated as ordinal
data. LCA models with an increasing number of clusters
were estimated until the best-fitting model was observed,
identified as the model with the lowest Bayesian Informa-
tion Criterion score. This model explains the most vari-
ance in the data while requiring the simplest specification
of the model. However, to ensure an adequate size of the
subgroups, no model was chosen with less than 5 %
of the total sample size in a single subgroup. After
identifying the best-fitting model, each individual’s
posterior probability for each subgroup was calculated
and the person was assigned to the subgroup with
the highest posterior probability [21].

Differences in clinical characteristics between sub-
groups were tested using Kruskal-Weallis one-way ana-
lysis of variance. When subgroup differences were
significant, pairwise comparisons were performed using
chi-square tests for proportions and the Wilcoxon rank
sum test for ordinal and continuous variables to identify
the specific subgroups that differed. Significance level
was set at 5 %. Subgroup differences were analysed using
STATA 14.0 (StataCorp, College Station, TX, USA).

Results

LCA of MRI findings

The LCA revealed a five-class model with: 116 patients
(11 %) in Subgroup 1, 540 patients (54 %) in Subgroup
2, 229 patients (23 %) in Subgroup 3, 68 patients (7 %)
in Subgroup 4 and 84 (8 %) patients in Subgroup 5. The
prevalence of the MRI findings in each of the subgroups
is presented in Fig. 2.

In general terms, the profile of each subgroup can be
described in the following way. Patients in Subgroup 1
had no or few MRI findings and therefore were labelled
‘No or few findings’. Patients in Subgroup 2 had low sum
scores on the variables related to spinal degeneration, with
no or very few findings at the SIJs, and therefore were la-
belled ‘Mild spinal degeneration’. Patients in Subgroup 3
had higher sum scores on the variables related to
spinal degeneration than Subgroup 2, with no or very
few findings at the SIJs, and therefore were labelled
‘Moderate/severe spinal degeneration’. Patients in
Subgroup 4 had similar sum scores on the variables
related to spinal degeneration as Subgroup 3, but also
MRI findings at the SIJ, and therefore were labelled
‘Moderate/severe spinal degeneration and mild SIJ
findings’. Patients in Subgroup 5 had lower sum
scores of the variables related to spinal degeneration
than Subgroup 4, but higher sum scores of findings
at the SIJs, and therefore were labelled ‘Mild spinal
degeneration and moderate/severe SIJ findings’ (see
Fig. 2 for details).
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4: Moderate/severe spinal degeneration and
mild Sl findings, n=68
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Fig. 2 Prevalence of MRI findings in the five subgroups. Bar height represents the prevalence of patients with a given MRI finding. Bar colour reflects the
sum scores for a given MRI finding as indicated. The sum scores reflect the cumulative ‘burden’ of a given MRI finding: sum scores for 'VESC BMO', VESC
FMD', 'VESC mixed’ and ‘corner lesions’ are the total number of lesions in all vertebral endplates; sum scores for ‘disc degeneration’ are the sum of an
ordinal scale (0-3) reflecting the severity of lesions in all discs; and sum scores for ‘protrusions’ and ‘herniations’ are the total number of respective
lesions in all discs. The four SH findings' sum scores are the sum of ordinal scales (0-3) that reflect size of lesions at all SIJ regions. See Methods for
details. BMO bone marrow oedema, VESC vertebral endplate signal changes, FMD fatty marrow deposition, SU sacroiliac joint (Colour figure online)
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Between-group differences in demographic and clinical
characteristics

Significant differences between subgroups were found
for four of the tested demographic variables (age, gender,
being overweight and regular employment) and four of
the clinical variables (previous LBP episodes, activity
limitation, hsCRP and HLA-B27). The prevalence rates
for these eight variables among the five MRI subgroups

are presented in Table 1 (see Additional file 2 for the
prevalence rates of all the tested variables).

The two subgroups with MRI findings at the SIJs (Sub-
groups 4 and 5) had a higher activity limitation score
and a higher level of hsCRP, compared with the three
other subgroups. Previous LBP episodes and being over-
weight were also more common among patients with
MRI findings at the SIJs compared with patients with no
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Table 1 Prevalence rates of demographic and clinical characteristics in subgroups of MRI findings

All Subgroup 1: Subgroup 2:  Subgroup 3: Subgroup 4: Moderate/ Subgroup 5: Mild P value, significant
No or few  Mild spinal Moderate/severe severe spinal degeneration spinal degeneration  pair-wise
findings degeneration spinal degeneration and mild SIJ findings and moderate/severe comparisons
Sl findings
(n=1037) (n=116) (n=540) (n=229) (n=68) (n=84)
Age (years), median (IQR) 33 (27-37) 28 (23-33) 32 (26-36) 36 (32-39) 34 (30-37) 29 (25-33) <0.05 for all
comparisons
except 1vs 5
and 3 vs 4
Women,% (95 % Cl) 54 (51-57) 76 (68-84) 51 (47-55) 40 (33-46) 68 (56-79) 68 (58-78) <001 for 2 vs
all and 3 vs all
Regular employment, 70 (68-73) 67 (58-76) 71 (67-75) 76 (71-82) 56 (43-68) 67 (56-78) < 0.05 for 2 vs
% (95 % Cl) 4and 3 vs 4
Being overweight 53 (50-57) 36 (26-46) 51 (47-56) 63 (56-69) 67 (55-79) 53 (41-65) < 0.05 for 1 vs all,
(BMI > 25), % (95 % Cl) 2vs3and2vs4
Previous LBP episode(s), 74 (72-77) 58 (48-67) 73 (69-76) 83 (79-88) 81 (71-91) 79 (70-89) <001 for 1 vs
% (95 % Cl) alland 2 vs 3
Activity limitation 57 (39-74) 48 (35-74) 57 (39-74) 57 (39-74) 65 (48-78) 65 (48-78) <005 for 1vs 4,1
(RMDQ), median (IQR) Vs 5,2Vvs4,2vs5,
3vs4and 3vs5
hsCRP, median (IQR) 1(0-3) 1(0-3) 1(0-3) 1(0-3) 2 (1-5) 3 (0-6) <005 for1vs4,1
vs5,2vs4,2vs5,
3vs4and 3vs5
HLA-B27-positive, % 10 (9-12) 12 (6-18) 7 (5-10) 6 (3-9) 12 (4-20) 40 (29-50) < 0.05 for 5 vs all,

(95 % ClI)

Tvs3and2vs4

Only variables with a statistically significant group difference (P < 0.05) were included in the above pair-wise comparison, n varies due to missing values
MRI magnetic resonance imaging, /QR interquartile range, C/ confidence interval, BMI body mass index, LBP low back pain, RMDQ Roland Morris Disability
Questionnaire (calculated as a proportional score (0 % = no activity limitation; 100 % = maximum activity limitation), hsCRP high-sensitivity C-reactive protein, HLA

human leukocyte antigen

or few MRI findings (Subgroup 1). Furthermore, the two
SIJ subgroups had a higher prevalence of women com-
pared with the two subgroups with spinal degeneration
(Subgroups 2 and 3). The two SIJ subgroups differed
according to age and prevalence of HLA-B27-positive
status: Subgroup 5 was younger and had a higher preva-
lence of HLA-B27-positive status compared with pa-
tients in Subgroup 4.

Across Subgroups 1-3, median age, prevalence rates
of women, being overweight and reports of previous
LBP episodes were lowest in Subgroup 1, higher in
Subgroup 2 and highest in Subgroup 3 (see Table 1
for details).

Post-hoc analysis
A post-hoc analysis was performed to analyse a potential
association between gender and HLA-B27 in each of the
subgroups. In Subgroup 5, men were more likely to be
HLA-B27-positive than women: prevalence rate in men
59 % (95 % CI: 39-79) versus 30 % (17-42) in women
(P<0.05). No statistically significant differences in the
prevalence of HLA-B27 were found between genders
either in any of the other subgroups or in the total
sample.

Furthermore, to investigate possible confounding by age
and gender of the association between the MRI subgroups
and being overweight and previous LBP episodes,

respectively, we performed post-hoc analyses using logistic
regression analyses. The statistically significant associa-
tions identified in the univariate analyses between the
MRI subgroups and previous LBP episodes and being
overweight remained statistically significant in the post-
hoc analyses when adjusted for age and gender, with the
exception of the difference in the prevalence of being
overweight in Subgroup 2 and Subgroup 3 (P=0.07).
Possible confounding by gender and being overweight
regarding the associations between the MRI sub-
groups and hsCRP levels were similarly analysed using
logistic regression. After adjustment for gender and BMI,
there was no statistically significant difference in hsCRP
levels between Subgroup 4 and Subgroups 1-3 (P>
0.3). When adjusted, the difference remained statisti-
cally significant for Subgroup 5 compared with Sub-
groups 2 and 3 (P<0.01), but not when comparing
Subgroups 5 and 1 (P =0.08) (data not shown).

Discussion

Using LCA, we identified five subgroups with differing
severity of spinal and SIJ MRI findings, and several inter-
esting associations between these MRI subgroups and
demographic and clinical characteristics were found.
The following discussion considers why these clinical
aspects of MRI findings in the spine and SIJs might be
meaningful clinically.
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Firstly, noteworthy differences were observed between
the two SIJ subgroups: one subgroup had moderate SIJ
findings in combination with moderate to severe spinal
degeneration (Subgroup 4), and the other had severe
findings at the SIJs but only mild spinal degeneration
(Subgroup 5). There might be two different causes of
these SIJ MRI findings: one cause being age-related and
load-related degeneration, which is likely to be most
prevalent in Subgroup 4; and the other cause being SpA,
which is likely to be most prevalent in Subgroup 5. This
hypothesis was supported by a younger mean age in
combination with a higher prevalence of HLA-B27-
positive status in Subgroup 5 compared with Subgroup
4. These results thus suggest that, in addition to SpA,
SIJ findings, including bone marrow oedema, can be part
of degenerative age-related processes. This is further
supported by the observation that the association be-
tween bone marrow oedema and age-related and load-
related degeneration is well established in other body re-
gions; that is, the spine, hip and knee joints [22-24].

Moreover, the results from the current study suggest
other possible causes of MRI findings at the SIJs, beyond
SpA. Firstly, we found noteworthy differences in the
gender distribution across the identified MRI subgroups.
While the patients in the two SIJ subgroups were more
often women, the male gender was quite strongly associ-
ated with spinal degenerative findings. This could be
explained by a different load distribution on the axial
skeleton in men and women. Also, pregnancy and birth
have been suggested to cause pathoanatomical changes
at the SIJs that can be observed using MRI [25]. We
have previously found associations between pregnancy-
related back pain and the presence of SIJ bone marrow
oedema, sclerosis and erosions in the current study sam-
ple [26]. Hence, it is possible that the overrepresentation
of women in the SIJ subgroups could be explained by an
association between some of the SIJ MRI findings and
pregnancy, although in the current study the subgroups
with SIJ findings were not found to be associated with
reports of pregnancy-related back pain. Furthermore,
men with moderate to severe SIJ MRI findings were
more likely to be HLA-B27-positive compared with
women with moderate to severe SIJ] MRI findings (59 %
versus 30 %). Thus, it seems possible that men with
moderate to severe SIJ] MRI findings have a higher risk
of having SpA compared with women with these MRI
findings. The association between men and spinal de-
generative findings has been reported previously [27, 28]
and could be explained by heavy work being more fre-
quent among Danish men compared with women [29].
However, it is also possible that men simply have a
higher risk of spinal degeneration.

Secondly, being overweight seems to influence the
MRI findings at the SIJs as well as the spinal MRI
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findings, because the prevalence of being overweight
was significantly lower in patients with no or few MRI
findings compared with the subgroups with spinal de-
generation and/or SIJ findings, regardless of age and
gender. This result may be due to the extra load on the
axial skeleton caused by being overweight, resulting in
an acceleration of degenerative changes in both the
spine and the SIJ. The association between being over-
weight and vertebral endplate signal changes and disc
degeneration has been reported previously [28, 30, 31],
while the association between being overweight and
SIJ findings, we believe, has not been investigated
previously. The association between being overweight
and osteoarthritis in general is well established [32].
However, further studies are needed to investigate
the link between being overweight and the presence
of pain-generating pathoanatomical changes in the
spine and SIJ, because this might constitute an in-
creasing public health problem due to increasing
obesity rates [33].

Traditionally, the presence of subchondral or peri-
articular bone marrow oedema at the SIJs has been
considered specific for SpA [34] and is one of the
cornerstones in the Assessment in SpondyloArthritis
International Society (ASAS) criteria for SpA [35]. How-
ever, recent studies have shown that subchondral or
periarticular SIJ bone marrow oedema lesions are also
prevalent in non-SpA patients, which has led to debate
about the diagnostic value of this MRI finding [36]. The
results from the current cohort study adds to this debate
by suggesting that SIJ findings, including bone marrow
oedema, can be part of degenerative age-related pro-
cesses and are also associated with female gender and
being overweight; they are not only seen as a part of the
SpA disease entity.

Another interesting finding from our study was that
both of the two SIJ subgroups (Subgroups 4 and 5) had
more back pain-related activity limitation compared with
the other subgroups. These results indicate that patients
with SIJ MRI findings are more disabled, with the
between-group difference approximating the threshold
that patients rate in this secondary care setting as im-
portant (minimal clinical importance difference of 9 on
a 0-100 scale) [37]. SIJ involvement may cause greater
disability compared with spinal involvement due to the
biomechanical involvement of the SIJs in gait and
weight-bearing functions. Because the prevalence of be-
ing overweight also varied across the MRI subgroups
and was highest in people with the most severe MRI
findings, both spinal and SIJ, being overweight could
be causally related to the presence of severe axial
MRI findings and subsequent back pain-related activ-
ity limitation. However, because cross-sectional data
are inappropriate for exploring causal and temporal
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relationships, further investigation of this relationship
would require longitudinal data.

Also interesting was that the prevalence of self-
reported previous LBP episodes was notably lower
among patients with no or few MRI findings compared
with all other subgroups, irrespective of age and gender.
This result suggests that patients with spinal degener-
ation and/or SIJ findings may have a more recurrent
pain course compared with patients without MRI find-
ings. This theory is supported by an earlier study report-
ing a positive association between the presence of disc
degeneration and previous LBP episodes [38]. However,
further longitudinal investigations are needed to elabor-
ate the importance of the severity of MRI findings to the
disease course.

The methodological strengths of this study are, firstly,
the inclusion of MRI analysis of both the SIJs and the
whole spine, making data-driven exploration of sub-
groups of MRI findings in the most important regions of
the axial skeleton possible in one study. Furthermore,
the standardised MRI protocol used in this study
increases the integrity and uniformity of the data. In
addition, all of the clinical and demographic variables
tested in the analysis were chosen a priori and the ra-
tionale for including each of them was described. Finally,
the large number of participants strengthens the preva-
lence estimates obtained.

There are also important limitations to the current
study that should be taken into consideration when inter-
preting the results. Firstly, because the high number of
variables tested increases the risk of chance findings due
to mass significance, between-subgroup comparisons
should be interpreted as hypothesis-generating only.
Because of the explorative nature of the study and, to min-
imise the risk of overlooking potential important associa-
tions (type 2 errors) no conservative statistical corrections
were made. Thus, the results should be confirmed in
subsequent studies before definitive conclusions can be
drawn. Furthermore, the MRI evaluations were not
blinded for age and gender. Moreover, the age cut-off
value was set at 40 years and consequently the age interval
was quite narrow, which might obscure possible associa-
tions with age. Also, it is possible that other subgroups
would be identified in different cohorts. Furthermore, the
subgroups resulting from LCA are determined by the
variables chosen for the analysis. Therefore, while we
attempted to choose the MRI variables used in the LCA
based on our own conceptual model as well as previous
studies, the inclusion of other MRI variables, such as
nerve root involvement, should be considered in future
studies and might modify the subgroups found. Lastly,
further investigations are needed to assess any prognostic
and treatment response implications of the identified
MRI subgroups.
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Conclusions

In summary, five clinically interpretable subgroups were
identified based on the LCA of MRI findings of the spine
and SIJs. The demographic and clinical differences be-
tween the identified subgroups contribute in the follow-
ing ways to an aetiological understanding of these MRI
findings and their role in the clinical presentation of
back pain. Firstly, the results indicate that findings at the
SIJs not only can be seen as part of the SpA disease en-
tity, but are also associated with gender, being over-
weight and age-related degeneration. Moreover, the
results indicate that patients with SIJ findings, regard-
less of cause, are more disabled compared with patients
without MRI findings at the SIJs. Finally, the results in-
dicate that patients with spinal degeneration and/or SIJ
findings may have a more recurrent pain course com-
pared with LBP patients without MRI findings.
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