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PROTOCOL 1 
The full analytic protocol was posted online prior to the start of analyses: https://osf.io/5arpy/. 2 
  3 
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 1 
 2 
ABSTRACT   3 
 4 
Purpose: To examine associations between lumbar intervertebral disc degeneration (LDD) and type II Modic 5 
changes (MC) when retaining information at each interspace (“interspace-level analysis”), as compared to 6 
aggregating information across interspaces as is typically done in spine research (“person-level analysis”) . The 7 
study compared results from (1) interspace-level analyses assuming a common relationship across interspaces 8 
(the “interspace-level, common-relationship” approach), (2) interspace-level analyses allowing for interspace-9 
specific associations (an “interspace-level, interspace-specific” approach), and (3) a conventional person-level 10 
analytic approach.  11 
 12 
Methods: Adults in primary care (n=147) received lumbar spine magnetic resonance imaging (MRI) and 13 
neuroradiologist-evaluated assessments of prevalent disc height narrowing (DHN), type II MC, and other LDD 14 
parameters. Analyses examined associations between DHN and type II MC in interspace-level, common-15 
relationship analyses, interspace-level, interspace-specific analyses, and conventional person-level analyses.  16 
  17 
Results: Cross-sectional, interspace-level, common-relationship analyses found large-magnitude DHN-type II 18 
MC associations (adjusted OR [aOR]=6.5, 95% confidence intervals (CIs) 3.3-13; p<0.001). The magnitude of 19 
this association was larger and more precise than that yielded by person-level analyses (aOR=2.9 [95% CI 1.2-20 
7]), and substantially more precise than interspace-level, interspace-specific analyses which allowed the 21 
association between DHN and type II MC to vary across levels. Across exploratory analyses of disc signal 22 
intensity and other MC types, interspace-level, common-relationship analyses produced larger-magnitude and 23 
more precise associations than person-level analyses in most situations, and were more precise than 24 
interspace-level, interspace-specific analyses.   25 
 26 
Conclusions: Interspace-level analytic approaches offer some advantages to person-level analyses that may be 27 
useful in understanding relationships between spinal degeneration findings.  28 
 29 
 30 
 31 
KEYWORDS 32 

Epidemiology, endplate, intervertebral disc, lumbar spine, magnetic resonance imaging, low back pain   33 
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 1 
 2 
INTRODUCTION 3 
 4 

An active area of spine research is the study of how lumbar spinal degeneration findings are related to 5 
each other. Analyses of relationships between different imaging-detected lumbar intervertebral disc 6 
degeneration (LDD) findings commonly take a “person-level” approach, with the unit of analysis being the 7 
individual person. Person-level analyses aggregate findings across spinal levels, resulting in coarse summaries 8 
of an imaging finding at any lumbar spinal level or across the lumbar spinal levels.

1-7
 However, spinal levels (or 9 

“interspaces”) are not independent from one another, due to their interrelated biomechanics and proximity to 10 
each another. Many complexities of relationships between interspaces can be avoided by person-level analytic 11 
approaches, which ignore interspace-level interactions and by doing so assume that such interactions are not 12 
important. Yet while person-level analyses of LDD are easy to conduct, they have potential problems. First, 13 
person-level analyses of LDD lose information by summarizing the information contained in the 5 lumbar 14 
interspaces, which may differ from each other with regards to typical LDD prevalence, biomechanics, and 15 
biology. This loss of information can lead to decreased precision and effect sizes. Second, person-level analytic 16 
approaches to spine analyses do not provide a complete framework that allows modelling of complex 17 
interspace-specific interactions that may exist between different LDD findings and combinations of findings. 18 
Therefore, in some situations, a person-level approach may impede the discovery of more complex 19 
interactions between spinal levels, degenerative findings, alignment, and other factors.  20 
 21 

“Interspace-level” analytic approaches are an alternative to or complement to person-level analytic 22 
approaches that may offer advantages in some scenarios when studying relationships between LDD findings. 23 
Interspace-level analyses use each spinal interspace as the unit of analysis, rather than the person. Historically, 24 
two simple yet flawed approaches to multivariable interspace-level analyses have been widely used. One such 25 
approach treats each interspace as the unit of analysis but assumes that different interspaces within a person 26 
are independent.

4,8,9
 This assumption is clearly not true, given the interrelatedness of spinal levels within a 27 

person that exists due to biomechanics and biology, and can potentially affect estimates of precision.
10

 A 28 
second approach is to conduct multiple person-level analyses of LDD, each restricted to a specific interspace 29 
(e.g., L5-S1)

1,11-14
 or region (e.g., L4-S1).

5
 This approach requires multiple statistical comparisons and 30 

consequently can increase type I error. Neither of these simple approaches allow for explicit statistical tests of 31 
more complicated questions such as whether different imaging findings have significantly different 32 
relationships at different interspaces or regions. Moreover, neither approach mirrors the interrelatedness of 33 
spinal levels within a person that exists due to biomechanics and biology. Contemporary analytic methods 34 
such as generalized estimating equations (GEE)

15
 allow better ways to conduct interspace-level analyses, such 35 

as (1) interspace-level analytic approaches that assume a common relationship across interspaces (in which 36 
the unit of analysis is the spinal interspace rather than the person, which we refer to here as the “interspace-37 
level, common-relationship” approach) and (2) interspace-level analytic approaches that allow for associations 38 
between different imaging findings to vary between different spinal interspaces (which we refer to here as the 39 
“interspace-level, interspace-specific” approach). Fewer spinal imaging studies have used interspace-level, 40 
common-relationship

16
 and interspace-level, interspace-specific approaches

17
 that account for the 41 

interrelatedness of spinal interspaces and their lack of independence. 42 
 43 

In the current work, we compare and contrast the results of interspace-level vs. person-level analyses of 44 
spinal degeneration findings using an illustrative example of the relationship between two LDD findings, disc 45 
height narrowing [DHN] and disc signal intensity loss [DSI], and vertebral endplate or “Modic” changes (MC).

3,5
 46 

LDD and MCs are generally associated in cross-sectional imaging studies, with varying magnitudes of 47 
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 6

association between studies.
3,5,11,16

 Given the low prevalence of type I and type III MCs,
11

 which limit power to 1 
detect associations with MCs, the current study focused on type II MCs.  2 
 3 

The first study aim was to examine associations between LDD and type II MCs in a cross-sectional 4 
interspace-level analysis that assumes a common relationship across interspaces (the interspace-level, 5 
common-relationship approach). We hypothesized that LDD and type II MC would be significantly associated 6 
when using this approach. The second aim was to descriptively compare results from analyses of LDD and type 7 
II MC using different analytical approaches: (1) an interspace-level, common-relationship approach, (2) an 8 
interspace-level, interspace-specific approach that allows for interspace-specific associations, and (3) a 9 
conventional person-level approach. We hypothesized that the interspace-level, interspace-specific approach 10 
would be significantly different from the interspace-level, common-relationship approach.  11 
 12 
 13 
METHODS 14 
 15 
Overview 16 

This was a secondary analysis of the Longitudinal Assessment of Imaging and Disability of the Back 17 
(LAIDBACK) study.

18,19
 LAIDBACK was a longitudinal cohort study of 147 adults without LBP at baseline who 18 

were followed for incident clinical symptoms such as LBP. Participants received baseline lumbar spine 19 
magnetic resonance imaging scans (MRIs) and repeat MRIs at 3-year follow-up. The analysis plan for the 20 
current work was completely pre-specified and publicly posted prior to any analyses.

20
 DHN was prioritized as 21 

the main LDD variable in the primary analyses, as we expected that a more advanced LDD change (such as 22 
DHN) would associate more strongly with MCs. Because relationships between other LDD features and other 23 
MCs may also inform the knowledge base in this area, exploratory analyses were also conducted for the other 24 
possible combinations of LDD and MC variables (Table 1). 25 
 26 
Study sample 27 

Participants in LAIDBACK were randomly sampled from primary care, dental, dermatology, and women’s 28 
health clinics at the Veterans Affairs (VA) Puget Sound Health Care System, in Seattle, Washington, United 29 
States. Sampling was stratified by age so that half of the study sample was <53 years of age.

18
 Participants 30 

were excluded for having LBP more than “mildly bothersome” in the last 4 months or a Roland-Morris 31 
disability score>3; prior lumbar spine surgery or interventional procedures; serious comorbidities limited 32 
expected survival over the 3-year follow-up; impaired cognition or communication; or contraindications to 33 
MRI. Briefly, the baseline study sample (n=147) had a mean age of 53 years (range 36-71), 85% were White, 34 
8% were Black/African-American, and 11% were also or solely from other race groups. Consistent with 35 
demographics of people with prior United States (US) military service who use the VA system, only 12% were 36 
female. Extensive details regarding the study sample characteristics, exclusion criteria and data collected have 37 
been previously reported.

18,19
 This research involved deidentified data only that resides at the University of 38 

Washington, and did not meet the definition of human subjects research of the University of Washington 39 
Human Subjects Division. 40 
 41 
Evaluation of lumbar disc degeneration (LDD) and Modic changes (MCs)  42 
 43 

All participants received a standardized lumbar spine MRI protocol through each of the five lumbar 44 
interspaces using a Philips 1.5 Tesla MRI system (see below). One of 2 senior neuroradiologists with clinical 45 
and research expertise in lumbar spine imaging interpreted the images. The neuroradiologists were aware 46 
that participants had no or minimal LBP-related symptoms at baseline but otherwise were blinded to all other 47 
participant information. The neuroradiologist recorded the presence or absence of lumbar spine findings at 48 
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 7

each interspace for the baseline MRIs. Where possible, published definitions or validated grading scales were 1 
used for grading lumbar spine MRI findings. A subset of MRIs were interpreted independently by both readers 2 
for some MRI findings that were expected to be more prevalent, and reliability was assessed using the 3 
unweighted kappa statistic for dichotomous variables and weighted kappa for ordinal variables. MRIs at 3-year 4 
follow-up were interpreted using the same methods for reading the baseline MRIs, except that the baseline 5 
images and interpretations were available to the neuroradiologists when reading the follow-up images, to 6 
minimize variability other than true anatomic changes. As another feature to minimize variability, the same 7 
neuroradiologist interpreted the baseline and 3-year follow-up MRIs. 8 
 9 

The imaging protocol included the following four imaging sequences :  10 
 11 

1. Sagittal T1-weighted, 2-D spin echo, TR/TE 5 600/20, 2 repetitions, 205 3 256 matrix, 26-cm FOV, 4-mm 12 
slice thickness, 1-mm skip (scan time, 3 minutes, 30 seconds) 13 

 14 
2. Sagittal T2-weighted 2-D fast spin echo, TR/TE 5 3000/85, 2 repetitions, echo train length (ETL) 8, 256 3 15 

256 matrix, 24 3 18 cm FOV, 5-mm slice thickness, 1.5-mm skip (scan time, 3 minutes, 50seconds) 16 
 17 

3. Axial T1-weighted, 2-D spin echo, TR/TE 5 700/20, 2 repetitions, 1793 256 matrix, 21-cm FOV, 4-mm 18 
slice thickness, 1-mm skip (scan time, 3 minutes, 30 seconds) 19 

 20 
4. Axial 2-D fast spin echo, TR/TE 5 4000/72, 2 repetitions, ETL 8, 179 3256 matrix, 16/16 cm fov, 4-mm 21 

slice thickness, 1-mm skip (scan time,64 seconds) 22 
 23 

Of note, conventional T2-weighted sequences without fat saturation were obtained and not short tau 24 
inversion recovery (STIR).  25 
 26 

DHN was defined as a decrease in disc height compared with the expected height of a hydrated disc at the 27 
same level (a binary variable).

18
 For grading interspaces at L4-L5 and superior, the disc height of the interspace 28 

immediately above was used in deciding whether an interspace exhibited DHN. If the disc space above the 29 
interspace of interest appeared to be narrowed, and at the L5-S1 level where normal disc height can be more 30 
variable, the neuroradiologist’s clinical judgement was exercised. DSI was graded as “mild” if there was a mild 31 
diffuse decrease in signal, or a focal moderate or severe decrease involving < 1/3 of the disc area on sagittal 32 
images; “moderate’ if there was a moderate diffuse decrease in signal or a focal moderate or severe decrease 33 
involving 1/3-2/3 of the disc area ; and “severe” if there was a severe diffuse decrease (no residual high T2 34 
signal) involving >2/3 of the disc area.

18
 Interrater reliability was moderate for DHN (k=0.56) and almost 35 

perfect for DSI (weighted k=0.84).  36 
 37 

Type I MC was defined as an MC with low T1 and high T2 signal intensity. Type II MC was defined as an MC 38 
with high T1 and low to intermediate T2 signal intensity. A type III MC was defined as an MC with low T1 and 39 
low T2 signal intensity.

18
 Mixed MC types were not evaluated. Reliability was not evaluated for MCs due to 40 

their expected low prevalence. 41 
 42 
Statistical Analysis 43 

In the primary analysis for the first study aim, we conducted a cross-sectional interspace-level, common-44 
relationship analysis of the association between DHN and T2MC at baseline, and at 3-year follow-up, using 45 
generalized estimating equations (GEE). We adjusted for age, assigned sex at birth, interspace, and MRI time 46 
point (baseline vs. 3-year follow-up), and calculated multivariable-adjusted odds ratios (aORs) and 95% 47 
confidence intervals (CIs) for the association of DHN with T2MC, using a p-value threshold <0.05 to determine 48 
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 8

statistical significance. A simplified form of this GEE model is:  T2MC ~ interspace + MRI time point + DHN + sex 1 
+ age. The DHN variable was the presence vs. absence of DHN at a specific interspace. Similarly, the T2MC 2 
variable was the presence vs. absence of T2MC at a specific interspace. A working independence correlation 3 
structure was used, for reasons we have described in detail elsewhere.

21
 The L1-L2 interspace (which we refer 4 

to simply as the “L1 interspace” for brevity) was chosen as the reference interspace. Importantly, while this 5 
was a cross-sectional analysis in which imaging findings at one time point were compared to imaging findings 6 
at the same time point, it used data from both the baseline and follow-up time point, accounting for time 7 
point using GEE. Longitudinal analyses of incident changes were not included in this manuscript due to the 8 
previously-reported low incidence of new MRI findings over 3 years in this cohort,

19
 which was expected to 9 

provide limited statistical power for analyses of incident changes. We decided a priori not to adjust for other 10 
variables that were not fixed (e.g., body mass index), as these variables could be consequences of spinal 11 
degeneration— including but not limited to the pathway of low back pain and its consequences— and could 12 
induce false associations due to collider bias. Collider bias is a type of bias that occurs when an exposure and 13 
outcome (or factors affecting these) each cause a common third variable which is conditioned on.

22
 The full 14 

model and results for all variables included in the model are provided in Supplemental Table S1. 15 
 16 
To address the second study aim, we also calculated aORs and 95% CIs for the association of DHN with 17 

T2MC in interspace-level, interspace-specific analyses, using a model that was identical to the GEE model from 18 
the interspace-level, common-relationship analysis, but also including interaction terms for each interspace 19 
with DHN. A simplified form of this GEE model is:  T2MC ~ interspace + MRI time point+ DHN + 20 
DHN*interspace + sex + age. In other words, this model adjusted for age, sex, interspace, and MRI time point, 21 
as well as interaction terms for DHN x L2 interspace, DHN x L3 interspace, DHN x L4 interspace, and DHN x L5 22 
interspace. The interspace-level, interspace-specific analysis approach is a more specific instance of the 23 
interspace-level, common relationship approach that includes these interaction terms, which may allow more 24 
detailed investigations of interactions between different spine findings and interspaces, at the potential cost 25 
of greater complexity and less statistical precision. We then calculated aORs and 95% CIs for the association of 26 
DHN with T2MC in person-level analyses adjusting for age, sex, and time point using GEE. A simplified form of 27 
this GEE model is:  T2MC ~ interspace + MRI time point+ DHN + DHN*interspace + sex + age. Analogous to the 28 
individual-level analyses, the DHN variable was the presence vs. absence of DHN at any lumbar interspace. 29 
Similarly, the T2MC variable was the presence vs. absence of T2MC at any lumbar interspace. We then 30 
descriptively compared aORs and 95% CIs from interspace-level, common-relationship vs. interspace-level, 31 
interspace-specific vs. person-level analyses, expecting to see wider confidence intervals and smaller-32 
magnitude associations in the person-level analysis because this type of summarization essentially introduces 33 
a form of measurement error. We used a 4 degree-of-freedom omnibus test to determine if there was a 34 
significant difference between the interspace-level, interspace-specific model (a more complex model) 35 
interspace-level, common-relationship analyses (a simpler and more general model). This test examines 36 
whether interaction terms for DHN x L2 interspace, DHN x L3 interspace, DHN x L4 interspace, and DHN x L5 37 
interspace are significantly different than zero. Our expectation was that if there was no significant difference 38 
between the models, the simpler model (the interspace-level, common-relationship model) would be 39 
preferred, and differences between interspace-specific associations vs. the overall association produced by 40 
the common-relationship model were more likely due to natural variability rather than reflecting real 41 
differences between interspaces. We did not conduct power calculations as the sample size was fixed, given 42 
well-known concerns regarding post hoc power analysis.

23
 The full models and results for all variables included 43 

in the model are provided in the Supplemental Tables S2-S4. 44 
 45 
We then repeated the analytic steps above in exploratory analyses for the other 7 possible combinations 46 

of LDD independent variables (DHN and DSI) and MC dependent variables (T1MC, T2MC, and T3MC), as 47 
summarized in Table 1. Although DSI is an ordinal variable, it was analyzed as a continuous variable, as is 48 
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 9

common practice in analyses of spinal degeneration. Interspace-level analyses used DSI at a specific interspace 1 
as a continuous variable. Person-level analyses used the average DSI across all interspaces as a continuous 2 
variable. The full models and results for all variables included in the model are provided in the Supplemental 3 
Tables S1-S4. 4 
 5 
RESULTS 6 
 7 

Of 147 participants, 57% had DHN at ≥1 lumbar interspaces and 95% had at least mild DSI at ≥1 interspaces 8 
(Table 2). The prevalence of DHN and severe DSI was generally higher at the L4-S1 interspaces than the L1-L4 9 
interspaces. Type II MCs were present at ≥1 interspaces in 27% of participants, with the lowest prevalence at 10 
the L1-L3 interspaces (4-7%) and the highest at L4-S1 (12-14%).  11 
 12 

In the primary interspace-level, common-relationship analysis, DHN was strongly associated with type II 13 
MC (aOR=6.5 [95% CI 3.3-13], p= 4.0 x 10

-8
; Supplemental Table S1). Associations between DHN and type II MC 14 

in interspace-level, interspace-specific analyses were largest at the L1-2 and L5-S1 interspaces (aOR=13 [95% CI 15 
2.5-73] and aOR=15 [95% CI 4.1-56], respectively), and relatively smaller at the L2-L5 interspaces (aOR at L2-16 
3=2.6 [95% CI 0.44-16], L3-4=4.0 [95% CI 1.1-15], and L4-5=3.8 [95% CI 1.2-16], respectively) (Supplemental 17 
Tables S2-3). Associations between DHN and type II MC in person-level analyses were smaller (aOR=2.9 [95% 18 
CI 1.2-7.2]; Supplemental Table S4).   19 
 20 

Figure 1 summarizes the contrasts between DHN-type II MC associations with the 3 types of analyses, 21 
using a logarithmic scale appropriate for odds ratios.

24
 It shows that the DHN-type II MC association point 22 

estimate is larger and 95% CI narrower in the interspace-level, common-relationship analysis (shown at the 23 
top of the Forest plot) as compared to the person-level analysis (shown at the bottom of the plot). The 24 
magnitude of DHN-type II MC association point estimates from interspace-level, interspace-specific analyses 25 
are similar to those from the person-level analysis (L2-L5 levels) or larger (L1-2 and L5-S1 levels), but all 95% 26 
CIs are substantially wider. When comparing interspace-level, common-relationship vs. interspace-level, 27 
interspace-specific analyses as part of the second aim, there was no significant difference between the two 28 
(interaction p=0.53, Supplemental Table S2). This indicates that, in this context, the interspace-level, 29 
interspace-specific DHN-type II MC associations are not significantly different than the interspace-level, 30 
common-relationship DHN-type II MC association (aOR=6.5), with no advantage to the more complex 31 
interspace-level, interspace-specific analysis. In both the interspace-level, common-relationship and 32 
interspace-level, interspace-specific analyses, no individual interspace (e.g., L5-S1) was significantly associated 33 
with type II MC once other factors such as DHN, age, and sex had been accounted for (Supplemental Tables 34 
S1, S2, and S4).  35 
 36 

The results of exploratory cross-sectional analyses of other predictor-outcome associations including LDD 37 
and MC variables are provided in Supplemental Tables S1, S2, and S4 . Of the 7 models for different predictor-38 
outcome relationships, 4 ran without errors in interspace-level, common-relationship analyses, all of which 39 
showed significant LDD-MC associations, with the largest being the association of DHN with type I MC 40 
(aOR=10, 95% CI 2.5-44]) and the smallest being the association of DSI with type II MC (aOR=2.4, 95% CI [1.7-41 
3.6]). Three models ran without errors in person-level analyses, of which there were two significant LDD-MC 42 
associations: the association of DHN with any MC: (aOR=4.2, 95% CI 1.6-11]) and the association of DSI with 43 
any MC: (aOR=1.8, 95% CI 1.0-3.4]). Three models ran without errors in interspace-level, interspace-specific 44 
analyses. There was a consistent pattern across analyses of larger-magnitude LDD-MC associations with 45 
narrower confidence intervals in interspace-level, common-relationship analyses as compared to person-level 46 
analyses and interspace-level, interspace-specific analyses (Supplemental Tables S1-S4), when taking into 47 
account that for ORs a logarithmic scale is appropriate (rather than a linear scale).

24
 When comparing 48 
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interspace-level, common-relationship vs. interspace-level, interspace-specific analyses for each LDD-MC 1 
relationship, there was no significant difference in any analysis (Supplemental Table S2; interaction p>0.05). As 2 
in the primary analysis, no individual interspace was significantly associated with any MC once other factors 3 
such as LDD, age, and sex had been accounted for (Supplemental Tables S1, S2, S4).  4 
 5 
 6 
 7 
DISCUSSION 8 
 9 

This study found that DHN and type II MC were strongly associated in an interspace-level, common-10 
relationship analysis, with a larger-magnitude and more precise association than found in a person-level 11 
analysis (Figure 1). The same pattern was seen across all exploratory analyses (Supplemental Figures S1-3). 12 
These findings illustrate how, in some contexts, interspace-level, common-relationship analyses may yield 13 
larger and more precise associations than person-level analyses. While the magnitude of DHN-type II MC 14 
associations from interspace-level, interspace-specific analyses differed by interspace in the current study, the 15 
absence of statistically significant differences across interspaces suggest that these differences may reflect 16 
random variability and did not indicate an advantage to interspace-level, interspace-specific analyses in this 17 
context.  18 
 19 

To our knowledge this is the first study to comprehensively compare the results of interspace-level and 20 
person-level analyses of spinal degeneration findings. Our finding of larger-magnitude associations with 21 
interspace-level, common-relationship analyses than person-level analyses within the same study comport 22 
with isolated findings scattered across prior reports. A previous cross-sectional, interspace-level, common 23 
relationship analysis found a large-magnitude association of any MC with LDD (aOR=6.2 , p<0.001).

16
 This 24 

contrasts with much smaller-magnitude any MC-LDD associations in a person-level analysis from another 25 
study (OR for DHN=1.3 and OR for DSI=1.2, both p-values <0.001).

3
 The current findings indicate that such 26 

between-study differences in effect size are more likely due to the different analytic methods involved, and 27 
less likely explained by differences in study populations or designs. 28 
 29 

Interspace-level analyses may also have other advantages. In contrast to person-level analyses, interspace-30 
level analyses allow evaluation of the relationship between an interspace and a specific lumbar degeneration 31 
finding that is independent of lumbar degeneration findings at the same interspace. An example of this is the 32 
current study’s finding that spinal interspace was not significantly associated with MCs once the LDD variable 33 
at the same interspace was adjusted for. This is notable, as most prior studies find differences in MC 34 
prevalence by interspace, with lower prevalences at L1-L4, and higher prevalences at L4-S1.

5,16,25
 These 35 

findings taken together with points from preceding paragraphs suggest the possibility that spinal interspace is 36 
not associated with MCs once LDD at the same level has been accounted for because LDD at an interspace 37 
may largely explain the subsequent development of an MC at the same interspace. This type of inference is 38 
permitted by interspace-level analytic approaches but would be obscured by person-level analyses.  39 

 40 
On the other hand, the use of interspace-level analyses shifts interpretation to the spinal level rather than 41 

the person. Interspace-level analyses may be more appropriate for certain research contexts, such as when 42 
examining a biological relationship that credibly has its predominant effect at the same interspace (and not an 43 
equal effect at all lumbar interspaces). For example, when conducting a study of experimental disc injury, a 44 
researcher may believe that disc injury would be more likely to cause early disc degeneration at the involved 45 
interspace, rather than simultaneously causing degeneration at multiple lumbar interspaces. In this situation, 46 
an interspace-level analysis is probably more appropriate than a person-level analysis. If, however, a research 47 
study was examining the possible effect of cigarette smoking on disc desiccation, and a researcher expects a 48 
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priori that smoking causes disc desiccation uniformly at multiple lumbar interspaces, a person-level analytic 1 
approach may be more suitable than an interspace-level analysis. Researchers should consider interspace-2 
level analyses as potential alternatives or complements to person-level analyses, depending on the specific 3 
research question in a given study. 4 
 5 

A study strength is that we publicly posted our analysis plan a priori, to prevent data mining.
20

 While the 6 
study’s abundant statistical power for evaluating the DHN-type II MC relationship in an interspace-level, 7 
common-relationship analysis is shown by the highly significant association found (p=4.0 x 10

-8
), a potential 8 

limitation is that the study may have been underpowered when comparing interspace-level, interspace-9 
specific vs. interspace-level, common-relationship models. Given the conceptual advantages of interspace-10 
level, interspace-specific models in emulating the complexity of the lumbar spine, in which biomechanics, disc 11 
nutrition, and other factors are thought to affect different interspaces differently, we suggest that future 12 
studies use such models in the larger cohorts now available.

1,6,26
   13 

 14 
In summary, this study illustrates how interspace-level analytic approaches may offer certain advantages 15 

to person-level analyses that can be useful in understanding relationships between spinal degeneration 16 
findings.  17 
  18 
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 12

Figure 1. Odds ratios for the DHN-type II MC association  1 
 2 
 3 
 4 
 5 
 DHN=disc height narrowing, MC=Modic change  6 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted December 27, 2024. ; https://doi.org/10.1101/2024.12.25.24319627doi: medRxiv preprint 

https://doi.org/10.1101/2024.12.25.24319627
http://creativecommons.org/licenses/by-nc-nd/4.0/


 13

 1 
REFERENCES 2 
1. Teraguchi M, Hashizume H, Asai Y, et al. Association between modic changes, disc degeneration, and pelvic 3 
incidence-lumbar lordosis mismatch in a large population based cohort: the Wakayama spine study. Eur Spine J 2023. 4 
2. Mallow GM, Zepeda D, Kuzel TG, et al. ISSLS PRIZE in Clinical Science 2022: Epidemiology, risk factors and clinical 5 
impact of juvenile Modic changes in paediatric patients with low back pain. Eur Spine J 2022;31:1069-79. 6 
3. Maatta JH, Wadge S, MacGregor A, Karppinen J, Williams FM. ISSLS Prize Winner: Vertebral Endplate (Modic) 7 
Change is an Independent Risk Factor for Episodes of Severe and Disabling Low Back Pain. Spine (Phila Pa 1976) 8 
2015;40:1187-93. 9 
4. Maatta JH, Karppinen JI, Luk KD, Cheung KM, Samartzis D. Phenotype profiling of Modic changes of the lumbar 10 
spine and its association with other MRI phenotypes: a large-scale population-based study. Spine J 2015;15:1933-42. 11 
5. Mok FP, Samartzis D, Karppinen J, Fong DY, Luk KD, Cheung KM. Modic changes of the lumbar spine: prevalence, 12 
risk factors, and association with disc degeneration and low back pain in a large-scale population-based cohort. Spine J 13 
2016;16:32-41. 14 
6. Mok FP, Samartzis D, Karppinen J, Luk KD, Fong DY, Cheung KM. ISSLS prize winner: prevalence, determinants, 15 
and association of Schmorl nodes of the lumbar spine with disc degeneration: a population-based study of 2449 16 
individuals. Spine (Phila Pa 1976) 2010;35:1944-52. 17 
7. Cooley JR, Jensen TS, Kjaer P, Jacques A, Theroux J, Hebert JJ. Spinal degeneration is associated with lumbar 18 
multifidus morphology in secondary care patients with low back or leg pain. Sci Rep 2022;12:14676. 19 
8. Feng Z, Liu Y, Yang G, Battie MC, Wang Y. Lumbar Vertebral Endplate Defects on Magnetic Resonance Images: 20 
Classification, Distribution Patterns, and Associations with Modic Changes and Disc Degeneration. Spine (Phila Pa 1976) 21 
2018;43:919-27. 22 
9. Teraguchi M, Samartzis D, Hashizume H, et al. Classification of High Intensity Zones of the Lumbar Spine and 23 
Their Association with Other Spinal MRI Phenotypes: The Wakayama Spine Study. PLoS One 2016;11:e0160111. 24 
10. Fitzmaurice GM, Laird NM, Ware JH. Applied Longitudinal Analysis. 2 ed: Wiley; 2011:1-44. 25 
11. Teichtahl AJ, Urquhart DM, Wang Y, et al. Lumbar disc degeneration is associated with modic change and high 26 
paraspinal fat content - a 3.0T magnetic resonance imaging study. BMC Musculoskelet Disord 2016;17:439. 27 
12. Munir S, Freidin MB, Rade M, Maatta J, Livshits G, Williams FMK. Endplate Defect Is Heritable, Associated With 28 
Low Back Pain and Triggers Intervertebral Disc Degeneration: A Longitudinal Study From TwinsUK. Spine (Phila Pa 1976) 29 
2018;43:1496-501. 30 
13. Teichtahl AJ, Finnin MA, Wang Y, et al. The natural history of Modic changes in a community-based cohort. Joint 31 
Bone Spine 2017;84:197-202. 32 
14. Minetama M, Kawakami M, Nakatani T, et al. Lumbar paraspinal muscle morphology is associated with spinal 33 
degeneration in patients with lumbar spinal stenosis. Spine J 2023;23:1630-40. 34 
15. Liang KY, Zeger SL. Regression analysis for correlated data. Annu Rev Public Health 1993;14:43-68. 35 
16. Chen L, Hu X, Zhang J, Battie MC, Lin X, Wang Y. Modic Changes in the Lumbar Spine are Common Aging-related 36 
Degenerative Findings that Parallel With Disk Degeneration. Clin Spine Surg 2018;31:312-7. 37 
17. Moser M, Adl Amini D, Albertini Sanchez L, et al. The association between vertebral endplate defects, 38 
subchondral bone marrow changes, and lumbar intervertebral disc degeneration: a retrospective, 3-year longitudinal 39 
study. Eur Spine J 2023;32:2350-7. 40 
18. Jarvik JJ, Hollingworth W, Heagerty P, Haynor DR, Deyo RA. The Longitudinal Assessment of Imaging and 41 
Disability of the Back (LAIDBack) Study: baseline data. Spine 2001;26:1158-66. 42 
19. Jarvik JG, Hollingworth W, Heagerty PJ, Haynor DR, Boyko EJ, Deyo RA. Three-year incidence of low back pain in 43 
an initially asymptomatic cohort: clinical and imaging risk factors. Spine 2005;30:1541-8; discussion 9. 44 
20. Interspace-level analyses of disc degeneration and Modic changes in the lumbar spine using the Longitudinal 45 
Assessment of Imaging and Disability of the Back (LAIDBACK) study. Open Science Framework, 2023. (Accessed 46 
3/3/2024, 2024, at https://osf.io/5arpy/.) 47 
21. Diggle P, Heagerty P, Liang K, Zeger S. Analysis of Longitudinal Data. 2 ed: Oxford University Press; 2013. 48 
22. Hernan MA, Robins J.  Causal inference: What If. Boca Raton: Chapman&Hall/CRC; 2020. 49 
23. Dziak JJ, Dierker LC, Abar B. The Interpretation of Statistical Power after the Data have been Gathered. Curr 50 
Psychol 2020;39:870-7. 51 
24. Kim J, Kaufman JS, Bang H. Graphing Ratio Measures on Forest Plot. J Am Coll Cardiol 2018;71:585-6. 52 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted December 27, 2024. ; https://doi.org/10.1101/2024.12.25.24319627doi: medRxiv preprint 

https://doi.org/10.1101/2024.12.25.24319627
http://creativecommons.org/licenses/by-nc-nd/4.0/


 14

25. Teraguchi M, Hashizume H, Oka H, et al. Detailed Subphenotyping of Lumbar Modic Changes and Their 1 
Association with Low Back Pain in a Large Population-Based Study: The Wakayama Spine Study. Pain Ther 2022;11:57-2 
71. 3 
26. Kasch R, Truthmann J, Hancock MJ, et al. Association of Lumbar MRI Findings with Current and Future Back Pain 4 
in a Population-based Cohort Study. Spine (Phila Pa 1976) 2022;47:201-11. 5 

 6 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted December 27, 2024. ; https://doi.org/10.1101/2024.12.25.24319627doi: medRxiv preprint 

https://doi.org/10.1101/2024.12.25.24319627
http://creativecommons.org/licenses/by-nc-nd/4.0/


0.25 0.5 1 2 4 8 16 32 64 128

Odds Ratios

Interspace-level, common-relationship analysis

Interspace-level, interspace-specific analysis

Person-level analysis

L1-L2
L2-L3

L3-L4
L4-L5
L5-S1


