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Introduction 

Low back pain (LBP) is the leading cause of disability worldwide. LBP influences all age- and 

socioeconomical groups, and the prevalence of disabling LBP has increased substantially 

during the past few decades. Only a small proportion of LBP patients are diagnosed with a 

specific cause, while in most cases a single nociceptive cause for the pain cannot be identified.1 

One degenerative imaging phenotype, which has been proposed to represent a specific cause of 

LBP are the so-called Modic changes (MC).2,3 MC are vertebral bone marrow lesions visualized 

on magnetic resonance imaging (MRI) as signal intensity changes in vertebral bone marrow.4 

Based on their appearance on T1- and T2-weighed MRI images and their histological 

composition, three basic types of MC are described; type 1 (MC1) appear hypointense in T1-

weighed images and hyperintense in T2-weighed images; type 2 (MC2) appear hyperintense in 

T1-weighed- and hyper- or isotense in T2-weighed images; and type 3 (MC3) appear 

hypointense in both T1- and T2-weighed images.4 Histologically, MC1 appear as vascular 

granulation tissue, which indicates an inflammatory response at the site of the lesion, while 

MC2 are consistent with fatty degeneration of the bone marrow tissue, and MC3 appear to be 

caused by abnormal hardening or stable sclerosis of the bone marrow material.4,5 In addition to 

single-type MC, also mixed types such as MC1/2 and MC2/3, are observed when two different 

types appear in the same lesion.4 

MC on MRI have been found to associate strongly with LBP in several studies. The prevalence 

of MC varies greatly between studies, but MC are significantly more prevalent in LBP patient 
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populations compared to non-clinical populations.3,6,7,8 MC1 seem to have the strongest 

correlation with LBP of all the MC types. 9,10,11 However, a recent systematic review concluded 

that there is inconsistent evidence of the connection between MC and LBP, and that there is no 

difference in the strength of the association between MC1 or MC2 and LBP.12 

Thus, more research is needed about the association of MC with LBP. Therefore, the aim of 

this study was to evaluate the association of the type, size and location of lumbar MC with the 

frequency, perceived intensity and bothersomeness of LBP. 

 

Materials and Methods 

Study population 

The study was conducted by analyzing MRI scans of the lumbar spine, collected from a subset 

of the Northern Finland Birth Cohort 1966. The Northern Finland Birth Cohort 1966 

(NFBC1966) is a prospective, population-based birth cohort study with an initial coverage of 

96% of births in Northern Finland (i.e. in the provinces of Oulu and Lapland) between January 

1, 1966, and December 31, 1966 (n = 12 231 children).13 Data collection was initiated 

antenatally, and the population has been closely followed throughout its life. Major follow-ups, 

including postal questionnaires and/or clinical examinations have been arranged at the ages of 

14, 31, and 46. In the 14-year, 31-year, and 46-year follow-ups (in 1980, 1997 to 1998, and 

2012 to 2014, respectively), a total of 11 010 (93.6% of the cohort population), 6033 (71.3%), 

and 5861 (56.7%) NFBC1966 participants attended the data collections, respectively. At the 

age of 46 years, respondents living in the Oulu area were further invited to attend a lumbar MRI 

scan (n = 1988), and the final number of scanned individuals was 1540 (77.5% of the invited) 

at a mean age of 47 years.14 However, 38 scans had missing images, and therefore a total of 

1512 scans were included in this study. 
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Magnetic resonance imaging 

The present study utilized T1- and T2-weighed sagittal- and T2-weighed axial-plane MR 

images. The scans were obtained using 1.5-T imaging equipment (Signa HDxt; General 

Electric, Milwaukee, WI, USA). T2-weighted fast-recovery fast spin-echo images were 

obtained in sagittal plane (repetition time/effective echo time 3500/112 ms, 4 averages, field-

of-view 280 x 280 mm, acquisition matrix 448 x224, slice thickness 3 mm, interslice gap 1 mm) 

and transverse plane (repetition time/effective echo time 3600/118 ms, 4 averages, field-of-

view 180 x 180 mm, acquisition matrix 256 x 224, slice thickness 4 mm, interslice gap 1 mm). 

The corresponding parameters for sagittal T1-weighed images were: repetition time/echo time 

1969/20 ms, 1.5 averages, field-of-view 280x280 mm, acquisition matrix 256x224, slice 

thickness 3 mm, interslice gap 4 mm). 

 

Evaluation of MRI 

The MRI scans were analyzed for the presence, type (MC1, MC2, MC3, MC1/2 or MC2/3), 

vertical and horizontal size, and horizontal location of MC. Horizontal size and location were 

recorded with a classification method described previously by Määttä et al.8 which divides the 

vertebral endplate horizontally into 9 zones, and the zones where MC is present are recorded. 

Vertical height of MC was recorded as 1 = along the endplate, 2 = less than 25% of vertebral 

height, 3 = 25-50% of vertebral height or 4 = over 50% of vertebral height (Table 1). MC were 

included in the analyses if visible continuously in three or more slices, and maximum height 

recorded as the maximum height shown in two or more slices. Evaluation of all 1512 images 

was done by JS. JM also evaluated 700 images which were used in the interrater analysis. 100 

random images were re-evaluated by JS for the intrarater-analysis. The assessors were blinded 
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to the pain-related data, as well as other parameters used in the analyzes, at the time of 

assessment of MC. The IDs used for storing the images were combined with IDs used for the 

other data collected from participants only after image assessment. The collected MC data from 

MR images was combined with DD and disc herniation data collected earlier from the same 

images. 

 

Assessment of low back pain  

The prevalence of LBP over a period of 12 months was elicited at the time of MRI by asking: 

“Have you had any aches or pains in your lower back within the last 12 months?” The 

anatomical area was also illustrated by a drawing. The response alternatives were: 1) no and 2) 

yes. If the answer to each question was positive, the next question was “How often have you 

had aches or pains during the last 12 months?” to which the response options were: 1) 1‒7 days, 

2) 8‒30 days, 3) over 30 days, and 4) daily. If the person had experienced at least some LBP 

during the past 12 months, they were asked about the total pain intensity and the total 

bothersomeness during sleep, work and leisure time of all pains together, using a Numerical 

Rating Scale (NRS) from 0 (no pain) to 10 (extremely severe or bothersome pain). Clinically 

significant LBP was defined as “pain for over 30 days during the last 12 months, and perceived 

pain intensity of 6 or higher”; and bothersome and prolonged low back pain as “over 30 days 

of LBP during the last 12 months and perceived bothersomeness of 6 or over”. 

 

Confounders 

According to previous studies, smoking, body mass index (BMI) and education at 46 years were 

used as potential confounders in the association analyses between MC and LBP.1,15,16,17 

Smoking was elicited using two questions at 46 years: 1) “Have you ever smoked cigarettes 
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(yes/no)?” and 2) “Do you currently smoke (yes/no)?”. Three categories were formed according 

to the responses to questions, depending on smoking habits: 1) non-smoker, 2) former smoker, 

and 3) current smoker. Height and weight were measured at 46 years. BMI was calculated 

(kg/m2) and categorized according to the WHO definition (normal weight: BMI < 25, 

overweight: BMI 25-30, and obesity: BMI > 30) (23). The level of education was elicited in the 

questionnaire and classified into three categories: 1) 9 years or less, 2) 9‒12 years and 3) over 

12 years.  

Of the imaging phenotypes disc degeneration (DD) and disc herniation were selected as 

confounders as they both are related both to MC and LBP.2,3,6,17,9,10,19 Disc degeneration was 

evaluated according to the Pfirrmann scale (Grade I to Grade V)20, and disc herniations as 0) 

No disc herniations, 1) Bulge or 2) Protrusion/extrusion. Both DD and disc herniation were 

evaluated previously by an experienced reader in lumbar MRI (JK). Total DD score was 

calculated by adding the Pfirrmann scores from the five lumbar discs. The DD score was then 

converted into a binary variable with 0 = DD score of 0-15, and 1 = DD score of 16 or over 

(representing at least moderate overall DD) (13). Disc herniations were also converted to a 

binary variable with values 0 = null or bulge, and 1 = protrusion/extrusion.  

 

Statistical analysis 

Chi squared test and independent samples T-test were used to evaluate the associations between 

variables. To control for confounders (smoking, body mass index, education, as well as DD and 

herniations), multivariable binary logistic regression analysis was used to study the independent 

associations of MC with LBP. To test for collinearity between the chosen variables, variance 

inflation factor (VIF) analysis was used.21 Box-Tidwell transformation test was used to assure 

that the relationships between the continuous predictors and the logit were linear. Total size 
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sum of MC was calculated as 2 x height of MC x horizontal size of MC; added up from all 

vertebral levels. 

Inter- and intrarater reliability were evaluated using Cohen’s Kappa for binary variables (e.g. 

any MC) and weighted Kappa for variables having more than two options (e.g. MC type, MC 

height). The Kappa score was interpreted as 0 - 0.20 = Poor, 0.21 - 0.40 = Fair, 0.41 - 0.60 = 

Moderate, 0.61 - 0.80 = Good, and 0.81 - 1.00 = Very Good.22 

In selected analyzes, MC1 and MC1/2 were combined as MC1-component changes, and MC2 

and MC2/3 as MC2-component changes, to represent the more active ongoing inflammatory 

process of MC1 which is also present in MC1/2, and the fatty degeneration present in both MC2 

and MC2/3. IBM SPSS Statistics 25 (IBM Corp., Armonk, NY, USA) was used to perform the 

statistical analyses, and values of p < 0.05 were considered statistically significant. 

 

Results 

Study sample and prevalence of Modic changes 

Both genders were represented equally. Mean BMI was 26.7, most participants had 9-12 years 

of education (Table 2). 

 

Reliability of evaluation of Modic changes 

The intraobserver reliability was good for the general prevalence of MC (k=0.74) and size of 

MC (k=0.71), for the MC type, kappa score ranged from 0.54 to 0.83 depending on endplate-

level. The interobserver reliability was good for general presence of MC (k=0.80) and type of 

MC (k=0.80), kappa score ranged from 0.33 to 0.70 for MC size depending on the endplate 

level. 
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Types of Modic changes 

We evaluated 15 120 endplates adjacent to the vertebral bodies for the presence of MC. MC 

were observed in 3125 (20.7%) of these endplates. Majority of MC were MC2 and located in 

the two lowest disc levels (L4-L5 and L5-S1) (Table 3). 

 

Horizontal evaluation of Modic changes 

Out of all MC, 752 (24.1%) were only in the anterior regions, 219 (7.0%) were only in the three 

lateral regions (left or right), and 1409 (45.1%) were in one or more zones in anterior, midline 

and posterior regions. Regarding the size of the changes, 1014 (32.4%) covered only 1-2 zones, 

whereas 360 (11.5%) covered the whole horizontal plane. Of MC1-component changes, 90 

(9.6%) were anterior only and 169 (18.1%) covered the whole horizontal endplate. The same 

values for MC2-component changes were 662 (30.4%) anterior only and 191 (8.8%) covering 

the whole horizontal endplate. 43.2% of MC1-component group covered 6 or more zones, 

compared to only 25.1% in MC2-component group (Table 3). 

 

Height of Modic changes 

Regarding the height of MC, 41.3% of all MC were vertically large (maximum height of more 

than 25% of the relative height of the vertebra). 56.4% of MC1-component changes, and 35.0% 

of MC2-component changes, were vertically large. Only 8.7% of MC1-component changes had 

a height along the endplate, compared to 25.7% in MC2-component changes (Table 3). 
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Association of sex, lifestyle and pain with the presence of MC 

Male sex (OR 2.02 (95% CI 1.62-2.52), p<0.001) and higher BMI (OR 1.08 (95% CI 1.05-

1.10), p<0.001) were significantly associated with the presence of any MC on MRI, whereas 

smoking history (non-smoker vs. former/current smoker) was not. Of other MRI findings, 

having at least moderate degree of DD in one or more intervertebral disc(s), as well as having 

a protrusion or extrusion at one or more level(s), had a significant association with the presence 

of any MC (OR 11.46 (95% CI 6.83-19.21) and OR 2.55 (95% CI 2.03-3.22) respectively, 

p<0.001 for both). Regarding LBP, presence of any MC was significantly associated with 

prolonged LBP (30 days or more during the past 12 months; OR 1.57 (95% CI 1.22-2.01), 

p=0.001), intensity of LBP (0-10 scale; OR 1.08 (95% CI 1.02-1.15), p=0.010), and 

bothersomeness of LBP (0-10 scale; OR 1.06 (95% CI 1.01-1.12), p=0.030) (Table 4). 

 

Association of Modic changes with severe and prolonged low back pain  

MC1-component changes were associated with clinically relevant LBP in the fully adjusted 

model (OR 1.43, 95% CI 1.04-1.96), while any MC or MC2-component changes were not 

associated with severe and prolonged LBP (OR 1.38, 95% CI 0.96-1.98 and OR 0.97, 95% CI 

0.7-1.34, respectively). Total size sum of MC was also associated with clinically significant 

LBP (OR 1.05, 95% CI 1.02-1.07). Having at least one MC covering the AP direction of the 

endplate or the whole endplate, was associated with severe and prolonged LBP (OR 1.59, 95% 

CI 1.14-2.20 and OR 1.67, 95% CI 1.13-2.46, respectively). The height of the vertically largest 

MC was also associated with clinically relevant LBP (OR 1.26, 95% CI 1.13-1.42), but the 

location of MC was not (Table 5). 

  

Association of bothersome and prolonged low back pain with Modic changes 
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Presence of any MC and MC1-component changes were associated with bothersome and 

prolonged LBP in the fully adjusted model (OR 1.50, 95% CI 1.05-2.15 and OR 1.50, 95% CI 

1.10-2.05, respectively). Whole AP-length MC and MC covering the whole endplate were also 

associated with disabling LBP (OR 1.59, 95% CI 1.14-2.20 and OR 1.67, 95% CI 1.13-2.46, 

respectively). The height of the vertically largest MC was associated with bothersome and 

prolonged LBP (OR 1.26, 95% CI 1.13-1.42), as was the total size sum of MC (OR 1.06, 95% 

CI 1.03-1.09). MC2-component changes (OR 1.04, 95% CI 0.76-1.44) and the location of MC 

did not associate with disabling LBP (Table 5). 

 

Association of disc degeneration and disc herniations with low back pain variables 

There was no significant association (adjusted for gender, BMI, smoking, education, any MC 

and disc herniations) between having at least moderate disc degeneration and severe prolonged- 

or bothersome prolonged LBP (OR 1.28 (95% CI 0.89-1.85) and OR 1.22 (95% CI 0.85-1.76) 

respectively) in this study population. We also found no significant association (adjusted for 

gender, BMI, smoking, education, any MC and at least moderate DD) between having any disc 

herniations and severe prolonged- or bothersome prolonged LBP (OR 1.29 (95% CI 0.88-1.89) 

and OR 1.33 (95% CI 0.91-1.94) respectively). 

 

Collinearity 

Based on the results of the VIF analysis (VIF=1.01-1.04, depending on chosen variable), there 

was no evidence of collinearity between the variables included in the analyses. 

 

Linearity of relationship between continuous predictors and the logit 
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The Box-Tidwell test confirmed that the relationships between continuous predictors and the 

logit were linear (interactions not significant, p > 0.05). 

 

Discussion 

Our study showed that there was a significant and independent association between MC and 

clinically relevant LBP. MC1-component changes in particular were associated with prolonged 

severe LBP and disabling LBP, while there was no association for MC2-component changes. 

Interestingly, horizontally large (covering the whole AP direction or the whole endplate) MC, 

as well as vertically largest MC were associated with severe prolonged LBP and disabling LBP. 

This study also examined the association of gender, selected lifestyle factors (smoking, BMI), 

and MRI findings (DD, disc protrusions/herniations) with the presence of MC. 

Our findings are in line with previous studies, which have found MC1-component changes to 

have the strongest association with LBP of all MC types.9,10,11,23 Regarding the horizontal 

location and size of MC, there is some evidence that MC affecting 2/3 of the posterior length 

of the respective vertebra have a strong association with back-related disability.9 In this study, 

there was no significant association between the horizontal location of MC and LBP, but 

similarly to Määttä et al.13 we found that horizontally and vertically large MC were associated 

with clinically significant LBP. Järvinen et al.24 studied the longitudinal association between 

lumbar MC and LBP symptoms over a two-year period and concluded that changes in the 

vertical size of MC1 associated positively with changes in LBP intensity. Our findings on the 

association of vertical size of MC with clinically significant LBP are in line with these data. 

More studies are needed to reveal the specific pathophysiologic mechanisms for MC to cause 

LBP. There seems to be a cascade of events leading to presence of MC on MRI, and eventually 

to LBP, starting with an endplate defect, leading to impaired nutritional state of the adjacent 
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intervertebral disc.25,26 This further leads to nucleus pulposus cell contact with immune cells 

triggering an autoimmune reaction, and development of MC1.25,27 There is also some evidence 

of changing innervation patterns in degenerated discs, as the type and distribution of nerve 

fibers in the disc differs from healthy discs. The nerve fibers seem to grow deeper into 

degenerated discs, growing into the innermost third of annulus fibrosus or even crossing over 

to the nucleus pulposus, whereas in normal situation innervation is restricted to the two 

outermost thirds of the annulus fibrosus.28 Fields et al.29 found that MC-affected vertebra had 

an abnormally dense innervation of nociceptive fibers, and that these innervated marrow 

pathologies collocated with several different types of endplate defects. If MC2 is the “next 

stage” from MC1 in the pathological process, as hypothesized4, then the somewhat increased 

association with LBP could be explained by the altered nerve distribution pattern still present 

in the degenerated disc and/or vertebra. Fields et al.29 also found that MRI reveals only a portion 

of endplates with histologically visible fibrovascular granulation tissue, so this pathological 

process may have an even stronger association with LBP than imaging studies have shown so 

far.  

Previously, there have been only a few large-scale MRI studies on MC and many have been 

done in clinical populations, possibly leading to selection bias. The advantage of using a subset 

of a birth cohort as the study population is that data is obtained from a non-clinical population. 

In this study, we also assessed MC more precisely compared to most of the previous studies, 

which made it possible to record the location of the MC more specifically and use this 

information in the analyses. This study accounted for several confounders previously associated 

with MC and LBP. We were able to study not just the duration and intensity of LBP but also 

the perceived effect of pain on a person’s day-to-day function.  

The use of cross-sectional data means that we couldn’t study the development of MRI findings 

or subjects’ symptoms, and as such, causality couldn’t be determined. The small number of 
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MC3 observed made it impossible to make conclusions about their true association with LBP. 

The chosen MRI-subsample of NFBC1966 has been shown to be representative of the cohort 

population as a whole,30 but the findings may not be fully representative of the Finnish 

population as a whole. Other variables not included in this study, such as type of occupation 

(workload etc.), amount and type of housework, and comorbidities (e.g. rheumatoid arthritis), 

may have a significant association with LBP and provide interesting topics for further studies. 

Based on previous literature, we did not evaluate the connection of physically demanding job 

with MC and LBP to be clear enough to include it as a confounder in this study31, although 

some studies suggest that workload has an effect on the prevalence of MC32,33. Some 

unmeasured confounders may not have been included. The onset of symptoms with regard to 

the onset of the MC is unknown, which may affect the association. It should also be noted that 

all of the associations between MC and severe- or bothersome prolonged LBP in this study 

were relatively modest. We found no significant association between DD or herniations and 

clinically significant LBP. Both DD and disc herniations are related to LBP symptoms1,34,35. 

However, both of these imaging findings are prevalent among asymptomatic subjects36. We 

will more closely explore the relations between DD and disc displacement in our population in 

the future. It may be that specific phenotypes of DD and/or disc herniations are more strongly 

associated with clinically relevant LBP. 

More studies are needed to see how the phenotype (e.g. type, size, location) of MC affects the 

association with LBP, and why, as well as which lifestyle factors are associated with MC. This 

could help to develop therapeutic interventions to alleviate the enormous burden which LBP 

causes to individuals and societies. 

 

Conclusions 
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Our study showed that there was a significant and independent association between MC and 

disabling LBP. MC1-component changes were independently associated with prolonged 

severe, as well as disabling low back pain. Horizontally large (covering the whole AP direction 

or the whole endplate) MC, as well as the height of MC were significantly associated with 

severe prolonged LBP and disabling LBP. This large-scale non-clinical population study 

supports the previously found connection between the MC and LBP. 



Variables Definition 

Maximum MC height 

Grade 1 Along the end plate 

Grade 2 <25% 

Grade 3 From 25% to 50% 

Grade 4 >50% of the relative height of the vertebra 

Lateral direction  

Anterior Zones 1, 2, and/or 3 

Midline Zones 4, 5, and/or 6 

Posterior Zones 7, 8, and/or 9 

AP direction  

Left Zones 1, 4, and 7 

Right Zones 3, 6, and 9 

Mid Zones 2, 5, and 8 

Horizontal width Zones from 1 to 9 

Table 1. Definition of height, horizontal location and horizontal width in the assessment of Modic 

changes (MC). AP = anteroposterior. 

  



Variables n %/mean (SD) 

Sex   

 Female 801 53.0 

 Male 709 47.0 

Body mass index 1503 26.7 (4.6) 

Smoking   

 Non-smoker 781 54.0 

 Former smoker 427 29.5 

 Current smoker 239 16.5 

Education   

 < 9 years 48 3.3 

 9-12 years 1046 72.0 

 >12 years 360 24.7 

LBP during last 12 months   

 No 413 27.3 

 1-7 days 331 21.9 

 8-30 days 326 21.6 

 Over 30 days but not daily 288 19.1 

 Daily 152 10.1 

LBP intensity (0-10) 1039 4.7 (2.3) 

LBP bothersomeness (0-10) 1052 4.6 (2.5) 

Table 2: Characteristics of the study population. LBP = low back pain, SD = standard deviation. 

  



 Type of Modic changes 

Variables MC1, n (%) MC1/2, n (%) MC2, n (%) MC2/3, n (%) MC3, n (%) Total 

Disc level       

L1-L2 21 (7.1) 10 (1.6) 144 (6.8) 0 (0.0) 0 (0.0) 175 (5.6) 

L2-L3 33 (11.2) 59 (9.2) 275 (12.9) 1 (1.9) 0 (0.0) 368 (11.8) 

L3-L4 52 (17.7) 59 (9.2) 387 (18.2) 5 (9.6) 0 (0.0) 503 (16.1) 

L4-L5 84 (28.6) 189 (29.5) 602 (28.3) 14 (26.9) 1 (7.7) 890 (28.5) 

L5-S1 104 (35.4) 323 (50.5) 718 (33.8) 32 (61.6) 12 (92.3) 1189 (38.0) 

Horizontal location of MC       

Anterior 46 (15.6) 44 (6.9) 660 (31.0) 2 (3.9) 0 752 (24.1) 

Midpoint 20 (6.8) 7 (1.1) 78 (3.7) 0 (0.0) 0 105 (3.3) 

Posterior 48 (16.3) 11 (1.7) 183 (8.6) 1 (1.9) 7 (53.8) 250 (8.0) 

Anterior and midpoint 24 (8.2) 63 (9.8) 221 (10.4) 0 (0.0) 0 (0.0) 308 (9.8) 

Midpoint and posterior 41 (14.0) 28 (4.4) 150 (7.1) 5 (9.6) 3 (23.1) 227 (7.2) 

Anterior and posterior 2 (0.7) 9 (1.4) 63 (3.0) 0 (0.0) 0 (0.0) 74 (2.4) 

Anterior, midpoint and posterior 113 (38.4) 478 (74.7) 771 (36.3) 44 (84.6) 3 (23.1) 1409 (45.1) 

Lateral zones 28 (9.5) 64 (10.0) 126 (5.9) 0 (0.0) 1 (7.7) 219 (7.0) 

Horizontal zones affected by MC       

1-2 zones 129 (43.9) 59 (9.2) 820 (38.5) 2 (3.8) 4 (30.7) 1014 (32.4) 

3 zones 57 (19.4) 110 (17.2) 476 (22.4) 3 (5.8) 6 (46.2) 652 (20.9) 

4-5 zones 46 (15.6) 130 (20.3) 325 (15.3) 6 (11.5) 2 (15.4) 509 (16.3) 

6-8 zones 39 (13.3) 195 (30.5) 335 (15.8) 20 (38.5) 1 (7.7) 590 (18.9) 

Affecting whole horizontal endplate 23 (7.8) 146 (22.8) 170 (8.0) 21 (40.4) 0 (0.0) 360 (11.5) 

Height of MC       

Along endplate 54 (18.4) 27 (4.2) 558 (26.2) 2 (3.8) 4 (308) 645 (20.6) 

<25% of the vertebral height 117 (39.8) 209 (32.7) 843 (39.7) 13 (25.0) 5 (38.5) 1187 (38.0) 

25% to 50% of the vertebral height 92 (31.3) 321 (50.2) 594 (27.9) 28 (53.8) 3 (23.1) 1038 (33.2) 

>50% of the vertebral height 31 (10.5) 83 (13.0) 131 (6.2) 9 (17.3) 1 (7.8) 255 (8.2) 

Total 294 (100) 640 (100) 2126 (100) 52 (100) 13 (100) 3125 (100) 

Table 3: Disc level, horizontal location & - size, and height of Modic changes (MC) by type. MC1 

= type 1 Modic changes, MC1/2 = mixed type Modic changes with type 1 and type 2 component, 

MC2 = type 2 Modic changes, MC2/3 = mixed type Modic changes with type 2 and type 3 

component, MC3 = type 3 Modic changes. 



 

 n No MC (n (%) / 

mean (SD)) 

Any MC (n (%) / 

mean (SD)) 

OR (95% CI) P 

Male sex 702 174 (35.4) 528 (52.5) 2.02 (1.62-2.52) <0.001 

BMI 1439 25.7 (4.0) 26,9 (4.4) 1.08 (1.05-1.10) <0.001 

Smoking 659 202 (42.4) 457 (47.7) 1.24 (0.99-1.54) 0.062 

Moderate DD* 1492 16 (3.3) 278 (27.8) 11.46 (6.83-19.21) <0.001 

Protrusion/extrusion* 1494 41 (8.3) 199 (19.9) 2.55 (2.03-3.22) <0.001 

≥30 days LBP 426 111 (22.6) 315 (31.3) 1.57 (1.22-2.01) 0.001 

LBP intensity** 1032 4.4 (2.4) 4.8 (2.3) 1.08 (1.02-1.15) 0.010 

LBP bothersomeness** 1045 4.3 (2.6) 4,7 (2.4) 1.06 (1.01-1.12) 0.030 

Table 4: Associations of Modic changes (MC) with sex, body mass index (BMI, given per 1 kg/ m2), 

smoking, presence of disc degeneration (DD) and protrusion or extrusion, and characteristics of low 

back pain (LBP): frequency, intensity and bothersomeness at 47 years. *In at least one level. **Given 

per 1 scale unit (0-10); SD = standard deviation; OR = odds ratio; CI = confidence interval.  

  



Table 5: Multivariate binary logistic regression model results for type, location and size of Modic changes 

(MC) with 1) severe and prolonged LBP and with 2) bothersome and prolonged LBP. Model 1: unadjusted; 

Model 2: adjusted for gender, smoking, BMI and education; Model 3: adjusted for gender, smoking, BMI, 

education, disc degeneration and herniations; MC1-component group= Modic changes that include a 

Severe and prolonged low back pain   

MC Model 1: OR (95% CI)  

n = 1510  

Model 2: OR (95% CI) 

n = 1442   

Model 3: OR (95% CI)  

n = 1442  

Any  1.54 (1.11-2.13)  1.50 (1.06-2.12)  1.38 (0.96-1.98)  

MC1-component group 1.52 (1.13-2.04)  1.49 (1.10-2.03)  1.43 (1.04-1.96)  

MC2-component group 1.10 (0.83-1.47)  1.08 (0.79-1.47)  0.97 (0.70-1.34)  

Total size sum* 1.05 (1.03-1.07)  1.05 (1.03-1.07)  1.05 (1.02-1.07)  

Height  1.26 (1.14-1.40)  1.26 (1.13-1.40)  1.23 (1.10-1.38)  

Location        

Anterior 0.80 (0.58 - 1.11)  0.77 (0.55-1.09)  0.78 (0.55-1.10)  

Midline 0.58 (0.27-1.21)  0.52 (0.23-1.14)  0.49 (0.22-1.08)  

Posterior 1.02 (0.64-1.63)  1.02 (0.62-1.66)  1.36 (0.66-2.78)  

Anterior-Midline 0.99 (0.66-1.48)  0.97 (0.64-1.48)  0.93 (0.61-1.43)  

Midline-Posterior 1.38 (0.90-2.12)  1.37 (0.87-2.16)  1.27 (0.80-2.00)  

Whole AP-length 1.87 (1.38-2.54)  1.83 (1.34-2.52)  1.74 (1.26-2.42)  

Whole endplate 1.75 (1.21-2.53)  1.69 (1.15-2.48)  1.57 (1.06-2.33)  

Bothersome and prolonged low back pain   

MC Model 1: OR (95% CI) 

n = 1510 

Model 2: OR (95% CI) 

n = 1442 

Model 3: OR (95% CI)  

n = 1442 

Any  1.57 (1.14-2.17)  1.63 (1.16-2.30)  1.50 (1.05-2.15)  

MC1-component group 1.58 (1.18-2.11)  1.58 (1.16-2.13)  1.50 (1.10-2.05)  

MC2-component group 1.10 (0.83-1.47)  1.15 (0.85-1.57)  1.04 (0.76-1.44)  

Total Size Sum*  1.05 (1.03-1.08)  1.06 (1.03-1.08)  1.06 (1.03-1.09)  

Height  1.26 (1.14-1.40)  1.29 (1.16-1.43)  1.26 (1.13-1.42)  

Location        

Anterior 0.90 (0.65-1.23)  0.88 (0.63-1.23)  0.89 (0.63-1.24)  

Midline 0.65 (0.32-1.32)  0.61 (0.29-1.29)  0.57 (0.27-1.20)  

Posterior 1.09 (0.69-1.72)  1.14 (0.71-1.83)  1.02 (0.63-1.65)  

Anterior-Midline 0.96 (0.64-1.43)  0.96 (0.63-1.47)  0.92 (0.60-1.40)  

Midline-Posterior 1.25 (0.81-1.92)  1.27 (0.81-2.00)  1.19 (0.75-1.88)  

Whole AP-length 1.69 (1.24-2.29)  1.70 (1.24-2.33)  1.59 (1.14-2.20)  

Whole endplate 1.78 (1.24-2.56)  1.79 (1.23-2.61)  1.67 (1.13-2.46)  



component of type 1; MC2-component group= Modic changes that include a component of type 2; *given 

per 10 units. 


