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KEY POINTS 

 

 

▪ Lumbar Modic changes (MC) are strongly associated with low back pain. Both 

mechanical stress and bacterial infection are proposed to play a role in the 

development of MC but their etiology remains still unknown. 

 

▪ Biomechanical factors such as vertebral dimensions may play a role in 

development of degenerative changes of the spine. 

 

▪ According to our results, vertebral height is positively associated with the 

presence of type 2 MC.  

 

▪ Our finding suggests that higher vertebrae may be associated with MC, especially 

with type 2 changes. 

 



ABSTRACT 

Study Design: Population-based birth cohort study. 

Objective: To evaluate the relationship between vertebral dimensions and lumbar MC. 

Summary of Background Data: Low back pain (LBP) has become the leading cause of 

disability worldwide. Modic changes (MC) of the lumbar spine are one potential LBP-

associated etiological factor. Mechanical stress is considered to play a key role in the 

development of MC through damage to endplates. There is speculation that vertebral 

dimensions play a role in some degenerative changes in the spine. Previous studies have 

also shown a positive association between moderate-to-vigorous physical activity 

(MVPA) and both vertebral dimensions and MC. In this study, we aimed to evaluate the 

relationship between vertebral dimensions and MC. 

Methods: The study population consisted of 1221 participants from the Northern Finland 

Birth Cohort 1966 who underwent lumbar magnetic resonance imaging (MRI) and 

physical activity measurements at the age of 46–48. The presence of Type 1 (MC1) and 

Type 2 (MC2) MC and the height, axial cross-sectional area (CSA) and volume of the L4 

vertebra were determined from MRI scans. MVPA (≥ 3.5 METs) was measured by a 

wrist-worn accelerometer. We analyzed the association between lumbar MC and 

vertebral height, CSA and volume using logistic regression models before and after 

adjustment for sex, height, weight, smoking, education level and MVPA. 

Results: Vertebral height was positively associated with the presence of MC2 (odds ratio 

3.51; 95% CI 1.43 to 8.65), whereas vertebral CSA was not associated with the presence 

of lumbar MC. Vertebral volume was positively associated with the presence of any MC 



(odds ratio 1.04; 95% CI 1.00 to 1.07), but the association did not persist when analyzing 

MC1 and MC2 separately. 

Conclusion: Vertebral height was associated with the presence of MC2. Further studies 

are needed to clarify the role of vertebral dimensions as independent risk factors for MC. 

Keywords: Modic changes, vertebral dimensions, lumbar spine, low back pain, disc 

degeneration, skeletal health, physical activity, MRI, cohort study 
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INTRODUCTION 1 

 2 

Low back pain (LBP) has become the number one global cause of disability: in 2015, LBP led to over 3 

60 million disability-adjusted life-years (1). Thus, there is a keen interest to identify the affecting 4 

factors, as LBP results in declined quality of life on a personal level and extensive expenses on the 5 

social level, including direct health care costs and indirect costs due to loss of social productivity (1–6 

4). Generally, the pathophysiology of LBP remains unknown, as specific causes, for example, 7 

malignancy and infection, are infrequent origins of LBP (1). Modic changes (MC) seen in magnetic 8 

resonance imaging (MRI) are lesions of vertebral bone marrow contiguous to vertebral body 9 

endplates (5–7). MC in the lumbar spine are widely believed to be one etiological factor behind non-10 

specific LBP (1, 8–11) as they are more common among individuals with LBP than among the 11 

asymptomatic population, with a median prevalence of 43% and 6%, respectively (12). 12 

 13 

MC are divided into Type 1 (MC1), Type 2 (MC2) and Type 3 (MC3) on the basis of differences in 14 

T1- and T2-weighted images (5–7, 13). Histologically, MC1 appear as acute inflammatory reactions 15 

in the bone marrow and MC2 as more stable fatty infiltration, whereas MC3 appear as sclerotic 16 

changes in the bone marrow (6, 7, 14, 15). Unfortunately, the actual etiology of MC remains unknown 17 

(16) although bacterial infection is one possible factor beyond MC (13, 14, 16). Meanwhile, 18 

increasing interest has arisen in the significance of structural and degenerative changes in the lumbar 19 

spine (17, 18), such as endplate defects and disc degeneration (DD) (16–22). There is evidence that 20 

especially the most acute inflammatory phase of MC1 is associated with prolonged severe LBP (15, 21 

23), resulting in greater disability and unsuccessful return to work among sick-listed LBP patients 22 

(24, 25). 23 

 24 
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It is widely believed that regularly performed physical activity (PA) of moderate- to high-magnitude 25 

impact loading activates an osteogenic bone tissue response, resulting in increased bone mineral 26 

content (BMC) and density (BMD), which also affects the shape and size of the bone, thus enhancing 27 

the strength of the tissue (26–31). Typically, PA is classified by light, moderate, vigorous, and very 28 

vigorous intensity (32), and PA reaching at least moderate intensity is considered sufficient for 29 

achieving health benefits (33, 34). As for the lumbar spine, it has been suggested that PA could have 30 

a positive impact on BMC, BMD and the dimensions of the vertebrae, also reducing the speed of age-31 

induced bone loss (29, 30, 35–44). Our previous studies (45–47) have strengthened this hypothesis, 32 

as we have shown that high-impact exercise increases vertebral axial cross-sectional area (CSA) (45, 33 

46), which is a major determinant of vertebral strength (42, 48, 49). Recently we also found a positive 34 

association between moderate-to-vigorous PA (MVPA) (≥ 3.5 METs) and vertebral CSA among both 35 

sexes (47). 36 

 37 

Meanwhile, MC2 is strongly related to hyperloading (16, 50, 51), and in our recent study we showed 38 

that MVPA is positively associated with an increased likelihood of any MC, particularly MC2 among 39 

men (52). It has been also hypothesized that small vertebral dimensions may be associated with a 40 

higher vertebral fracture risk (53), whereas larger vertebrae may be associated with degenerative 41 

changes in the lumbar spine as there is evidence that increases in the height of the lumbar vertebrae 42 

are associated with disc height loss (54). Thus, biomechanics appear to play a key role in degenerative 43 

changes in the lumbar spine, and biomechanical factors such as vertebral dimensions could be 44 

considered a potential risk factor for degenerative changes such as MC.  45 

 46 

Since MC is considered as independent risk factor for LBP (11, 55, 56), identifying the possible 47 

contributing factors could help in its prevention. The aim of this study was to evaluate the relationship 48 
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between vertebral dimensions and lumbar MC, taking into account the amount of MVPA. We 49 

hypothesized that larger vertebral dimensions are associated with lumbar MC. 50 

 51 
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MATERIAL AND METHODS 52 

 53 

Ethics 54 

The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethical 55 

Committee of the Northern Ostrobothnia Hospital District. All participants were voluntary and signed 56 

informed consent at each stage of the study. Full anonymity was provided by using identification 57 

codes instead of personal details. 58 

 59 

Study population 60 

The population-based Northern Finland Birth Cohort 1966 (NFBC1966) data collection started in 61 

1965 in the maternity clinics of two provinces of Northern Finland, Oulu and Lapland. Pregnant 62 

women visiting the maternity clinics were asked to take part in the NFBC1966 if the child’s expected 63 

date of birth was between January 1st and December 31st, 1966. The health data of these individuals 64 

(n = 12 231) have been collected extensively via postal questionnaires and clinical examinations ever 65 

since their birth in 1966 and follow-up is still ongoing (57, 58). 66 

 67 

The participants whose addresses were known (n = 10321) received postal questionnaires on their 68 

health and lifestyle at the age of 46–48 (2012–2014), and 66% of them responded (n = 6825). All 69 

cohort members who lived in Finland were called for clinical examinations, and 57% of them attended 70 

(n = 5861). A trained study nurse measured their height and weight and calculated their body mass 71 

index (BMI, kg/m2). Smoking habits were determined (1. “Have you ever smoked cigarettes 72 

(yes/no)?” and 2. “Do you currently smoke (yes/no)?”) and categorized into three groups (1. non-73 

smokers, 2. former smokers and 3. current smokers). Socioeconomic status was also determined by 74 

asking about attended school years (≤ 9 years, 9–12 years, > 12 years) and basic education level (1. 75 

Less than nine years of elementary school, 2. comprehensive school, or 3. matriculation examination). 76 
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Those who lived no more than 100 km from the city of Oulu (n=1988) were called also for lumbar 77 

MRI, and 1540 participants underwent the imaging. The assessment of total daily PA for two weeks 78 

was also part of the follow-up measurements taken in 2012–2014. Detailed information on PA 79 

measurement is provided below. Finally, those with missing height, weight or PA data or missing 80 

images, and those for whom measurement of vertebral dimensions was inaccurate due to spinal 81 

pathologies such as vertebral fractures, severe DD, spondylodesis, Schmorl’s nodes, segmentation 82 

errors and endplate erosions, or reasons related to measuring equipment such as low image accuracy, 83 

L4 not fully shown in scan or failure to locate L4, were excluded. Hence, 1221 participants were 84 

approved to the final study population of present study. 85 

 86 

Physical activity measurement 87 

The accelerometer was chosen to measure the participants’ PA because it is widely regarded as 88 

reliable and sensitive (59–61). The accelerometer used was the waterproof, wrist-worn Polar Active 89 

(Polar Electro, Kempele, Finland), which has a 21-day memory (62, 63) and provides metabolic 90 

equivalent (MET) values with an epoch length of 30 seconds using sex, age, weight and height as 91 

predefined inputs (63). While assessing energy expenditure (EE) during exercise training, the 92 

correlation (R2 = 0.74) between the Polar Active and the doubly labeled water technique has been 93 

evaluated (62, 64). The participants wore the accelerometer for at least 14 days and 24 hours per day 94 

on their non-dominant wrist, and those with at least four valid days of data were included in the 95 

analysis. A valid analysis day included at least 600 min/day monitoring time during waking hours, 96 

excluding the day on which the participants received the accelerometer (65). Daily duration averages 97 

(min/day) were calculated at five activity levels using the threshold values of the manufacturer (very 98 

light: 1–2 MET, light: 2–3.5 MET, moderate: 3.5–5 MET, vigorous: 5–8 MET and very vigorous: ≥ 99 

8 MET) MVPA being specified as all activity reaching at least 3.5 METs (min/day) intensity (63).  100 

 101 



Vertebral dimensions and lumbar Modic 

 6 

Assessment of vertebral dimensions and MC from lumbar MRI 102 

Lumbar MRI were obtained at the age of 46–48 (2012–2014) using 1.5-T MRI (Signa HDxt, General 103 

Electric, Milwaukee, WI) by the staff of the department of radiology, Oulu University Hospital, and 104 

the scans were accessed using NeaView Radiology software (Neagen Oy, Oulu, Finland), version 105 

2.31. The imaging was carried out using T2-weighted fast-recovery fast spin-echo (frFSE) images in 106 

sagittal (repetition time/effective echo time (TR/effTE) 3500/112 ms, 4 averages, field-of-view 107 

(FOV) 280 × 280 mm, acquisition matrix 448 × 224, slice thickness 3 mm with 1 mm interslice gap) 108 

and axial planes (TR/effTE 3600/118 ms, 4 averages, FOV 180 × 180 mm, acquisition matrix 256 × 109 

224, slice thickness 4 mm with 1 mm interslice gap) and T1-weighed fluid-attenuated inversion 110 

recovery sequence images in the sagittal plane (TR/effTE 860/20 ms, inversion time (TI) of 1969 ms, 111 

1.5 averages, FOV 280x280 mm, acquisition matrix 256x224, slice thickness 3 mm, interslice gap 4 112 

mm). 113 

 114 

One researcher carried out all the vertebral dimension measurements. Measurements of one vertebra 115 

are commonly used to describe the demeanor of all thoracolumbar vertebrae (66).  Due to caudal 116 

position, the fourth lumbar (L4) and fifth lumbar (L5) vertebrae are the main weight-bearing vertebrae 117 

of the vertebral column. We chose L4 as it is believed to be more stable than L5 (67). Eight 118 

dimensions were measured from the corpus, including three height dimensions (minimum, anterior, 119 

posterior), two width dimensions (minimum, maximum) and three depth dimensions (cranial, midway, 120 

caudal). The mean value for each dimension in question was calculated (Figure 1). These 121 

measurements have been described more precisely previously (45), also showing that the level of 122 

intra-rater reliability was high (intraclass correlation = 0.963) and relative measurement errors (%) 123 

were minor (the values distributed around the mean of 0.0, standard deviation (SD) being 4.9) (45). 124 

CSA of vertebra was calculated using the ellipse approximation CSA = π * a * b, where a = mean 125 

width/2 and b = mean depth/2. Vertebral volume was calculated as CSA * mean height. All the 126 
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dimensions assessed are presented in Table 1. In the present study, we were interested in three 127 

dimensions; height, CSA and volume of the vertebra representing the overall size of the vertebra. 128 

 129 

Another researcher carried out the evaluation of MC (MC1, MC1/2, MC2, MC2/3, MC3), from all 130 

the lumbar segments, i.e. L1/L2–L5/S1, using the previously described classification method (21). 131 

The inclusion criteria for MC was continuous visibility in at least three slices, thus MC at only one 132 

or two sagittal slices and other small MC were excluded. MC1/2 was included in MC1, and MC2/3 133 

in MC2 (Figure 2). MC3 were excluded from the data analysis due to the low number of cases. The 134 

interobserver reliability was good for the general presence of MC (k = 0.80) and type of MC (k = 135 

0.80) (11). 136 

 137 

Statistical analyses 138 

The data were analyzed using SPSS version 26 (IBM, Armonk, New York, USA). The threshold for 139 

statistical significance was P = 0.05. Descriptive statistics were calculated as means and standard 140 

deviations (SD) for continuous variables, and as percentages and frequencies for categorical variables. 141 

The crude differences between the general characteristics of individuals with and without MC were 142 

analyzed using Student’s independent samples T test for the continuous variables and the Chi squared 143 

test for the categorical variables. 144 

 145 

The association between the vertebral dimensions (height, CSA, volume) and lumbar MC was 146 

analyzed using binary logistic regression models. Any MC, MC1, and MC2 were used as separate 147 

outcomes (yes/no). In order to assess the robustness of our results, we constructed both unadjusted 148 

(i.e. univariate) and adjusted (i.e. multivariable) models. The multivariable models were adjusted for 149 

sex (men/women), height (cm), weight (kg), MVPA (min/day), smoking (non-smoker/former 150 

smoker/current smoker), and education years (< 9/9–12/> 12). Odds ratios (OR), their 95% 151 
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confidence intervals (CI), and the respective P values were collected from the data output. In addition, 152 

Nagelkerke’s pseudo R-squared (R2) was obtained as a measure of model fit. 153 

154 
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RESULTS 155 

 156 

Characteristics of the study population 157 

The study sample consisted of 1221 individuals, 798 of whom (402 men and 396 women) had MC. 158 

The mean imaging age of all the participants was 46.8 (SD 0.4) years, the mean height 171.0 (SD 159 

9.2) cm, weight 77.7 (SD 15.1) kg, BMI 26.5 (SD 4.5) kg/m2, and mean MVPA was 69.0 (SD 35.2) 160 

min/day. The mean vertebral dimensions were as follows: height 2.72 (SD 0.16) cm, CSA 11.8 (SD 161 

2.0) cm2 and volume 32.2 (SD 6.6) cm3. Among all the study participants, the prevalence of any MC 162 

at L1/L2 was 8.4%, at L2/L3 17.0%, at L3/L4 22.8%, at L4/L5 33.9% and at L5/S1 42.6% (Table 2). 163 

 164 

Of all the study participants (N = 1221) 65% (N = 798) had any MC. The participants with any MC 165 

were higher, weighed more and had a higher BMI value than the participants with no MC. Their 166 

MVPA (min/day) was also slightly higher than that of those in the No MC group. Those belonging 167 

to the lowest educational group (attended school years ≤ 9 years) were more common in the Any MC 168 

group. Furthermore, the participants with any MC had larger vertebrae than those without MC (Table 169 

2). 170 

 171 

Association between vertebral dimensions and Modic changes 172 

Vertebral height was positively associated with the presence of MC2 both before (OR 6.97; 95% CI 173 

3.40 to 14.27) and after (OR 3.51; 95% CI 1.43 to 8.65) adjustment (Table 3), whereas vertebral CSA 174 

was not associated with the presence of lumbar MC in the adjusted model (Table 4). Vertebral volume 175 

was positively associated with the presence of any MC both before (OR 1.05; 95% CI 1.03 to 1.07) 176 

and after (OR 1.04; 95% CI 1.00 to 1.07) adjustment, but the association was not perceived when 177 

MC1 and MC2 were inspected separately (Table 5). 178 

 179 
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DISCUSSION 180 

 181 

To our knowledge, this is the first population-based birth cohort study to evaluate the association 182 

between lumbar MC and vertebral dimensions. According to our results, vertebral height was 183 

positively associated with MC2 but not with MC1. Our results suggest that higher vertebrae could be 184 

associated with MC, supporting the earlier hypothesis that larger vertebrae may be associated with 185 

degenerative changes in the lumbar spine. 186 

 187 

 Currently, the significance of structural and degenerative changes in the development of MC is 188 

acknowledged (17, 18). There is strong evidence that defects of the endplates and intervertebral discs 189 

interrelate with MC (16–22). The endplate is part of the motion section of the spine, which is defined 190 

as two vertebrae, the disc between and all the attached ligaments, including the endplate (17, 68–70). 191 

The endplate contains a bony and cartilaginous layer and is located between the vertebral body and 192 

the disc having a biomechanical and nutritional function; it helps equalize loading between the 193 

vertebrae and the disc, and transports nutrients by diffusion from blood vessels surrounding the 194 

cartilage endplate to the disc (17, 68–70). 195 

 196 

Insufficiencies of the stated crucial functions of the endplates after occurred defects are considered 197 

to play a key role in the development of DD and MC (13, 40). Endplate defects change the mechanical 198 

balance of the motion segment. Compressive pressures affecting the disc can be increased (68, 70–199 

72), and weakening of the metabolic transport, including nutrition and hydration of the disc due to 200 

damages, can lead to limited disc recovery from injuries, contributing to the development of DD (68, 201 

70). There is also evidence that large or multiple endplate defects lead to larger volume changes in 202 

the disc, causing endplate-driven degeneration (73). 203 

 204 



Vertebral dimensions and lumbar Modic 

 11 

In this study, we hypothesized that larger vertebral dimensions could be associated with lumbar MC, 205 

and we found an association between MC and vertebral height. This finding is in line with earlier 206 

evidence that an increase in lumbar vertebra height is associated with disc height loss (54). We could 207 

thus hypothesize that higher vertebra is associated with degenerative changes in the lumbar spine. 208 

 209 

One recent study (74) investigated the relationship between endplate porosity and DD. Porosity is 210 

related to a bony endplate; it is defined as the percentage of void space within the bone volume. High 211 

porosity increases metabolic transport (74) and, as stated earlier, nutrition and hydration of the disc 212 

occurs by diffusion from the blood vessels surrounding the endplate (17, 68–70). Thus, weakening of 213 

the metabolic transport can lead to limited disc recovery from injuries, contributing in turn to the 214 

development of DD and possibly MC (68, 70). Zehra et al. (74) concluded that mechanical loading is 215 

the crucial factor affecting porosity, but that on the other hand, DD is more dependent on the 216 

mechanical integrity of the endplate than on porosity and the related metabolic transportation. 217 

Vertebral CSA is associated with endplate porosity, which means we can speculate on whether our 218 

present results contribute to these suggestions, as we found that vertebral CSA was not independently 219 

associated with MC, whereas vertebral height was associated with an increased likelihood of MC2.  220 

 221 

As we pointed out earlier, there is still speculation as to whether the inflammatory response leading 222 

to MC has a mechanical or bacterial cause (13, 17, 70, 75). Meanwhile, it is widely accepted that 223 

MC1 is the acute phase, which can convert to more stable MC2 (6, 7, 15). MC1 has been more 224 

strongly associated with anaerobic bacterial infection (13, 16, 76), whereas MC2 is connected to 225 

hyperloading (16, 50, 51). If the primary initiating factor for MC1 is anaerobic bacteria entering the 226 

intervertebral disc, our present results strengthen this hypothesis, as we found no significant 227 

association between vertebral dimensions and MC1, but that vertebral height was positively 228 

associated with MC2. 229 
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 230 

This study has several strengths. To our knowledge, it is the first large-scale general population study 231 

to investigate the association between vertebral dimensions and lumbar MC. Furthermore, we were 232 

able to adjust the analyses for objectively measured accumulated MVPA. The study population was 233 

large and representative of the Northern Finnish population, including over 1200 birth cohort 234 

participants of both sexes. Thus, the results should be applicable at the population level (77). 235 

Nevertheless, this study also has some limitations. We determined lumbar MC and measured vertebral 236 

dimensions at one time point, at the age of 46–48. Thus, the cross-sectional study design can be seen 237 

as a limitation, because cross-sectional data cannot be used to deduce causality when temporality is 238 

unknown (26). In addition, using only L4 as the predictor of the dimensions of all vertebrae can be 239 

considered a limitation. However, it is believed that applying the measurements of one vertebra to all 240 

the thoracolumbar vertebrae is accurate and can be done (66): we confirmed this in our previous study 241 

by demonstrating that the dimensions of the different lumbar segments were firmly linked and thus 242 

the study results obtained from different vertebral levels are comparable (45). 243 

 244 

In conclusion, vertebral height was associated with the presence of MC2, whereas vertebral volume 245 

and CSA were not associated with the presence of lumbar MC. These findings suggest that higher 246 

vertebrae could be associated with MC, especially MC2, which supports earlier suggestions that 247 

higher vertebrae can be associated with degenerative changes of the lumbar spine. Although the 248 

clinical implication of these results remains debatable, identification of the factors that can affect the 249 

manifestation of MC is required in order to achieve a more comprehensive understanding of the 250 

pathophysiology of MC. Thus, further studies are justifiable for determining the possible relationship 251 

between vertebral dimensions and MC, as well as for determination of the role of the vertebral and 252 

intervertebral disc dimensions as independent risk factors for MC. 253 
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Table 1. Dimensions of L4 measured from applicable MRI scans. 
Dimension Measurements 

  

Width maximum  

minimum 
 

Depth cranial 

midway 

caudal 
 

Height anterior 

minimum 

posterior 

 

CSA CSA = π * a * b 
 

Volume  CSA * mean height 
 

CSA = axial cross-sectional area 

a = mean width of vertebra/2 

b = mean depth of vertebra/2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Characteristics of the study sample (N = 1221). 

 

Characteristic All  

(N = 1221) 

 Individuals with and without MCc  Individuals with MCd 

  No MC  

(N = 423) 

Any MC  

(N = 798) 

P value  Type 1 MC  

(N = 383) 

Type 2 MC 

(N = 644) 

Ageb, years 46.8 (0.4)  46.7 (0.4) 46.8 (0.4) 0.277  46.8 (0.5) 46.8 (0.4) 

Sex         

Mena 45.1 (551)  35.2 (149) 50.4 (402)   45.2 (173) 54.8 (353) 

Womena 54.9 (670)  64.8 (274) 49.6 (396) < 0.001  54.8 (210) 45.2 (291) 

Anthropometry         

Heightb, cm 171.0 (9.2)  169.6 (9.0) 171.8 (9.2) < 0.001  171.3 (9.0) 172.3 (9.3) 

Weightb, kg 77.7 (15.1)  73.8 (13.8) 79.8 (15.4) < 0.001  77.7 (14.9) 81.1 (15.4) 

BMIb, kg/m2 26.5 (4.5)  25.6 (4.1) 27.0 (4.6) < 0.001  26.4 (4.4) 27.3 (4.6) 

Objectively measured physical activity         

MVPAb, min/day 69.0 (35.2)  65.4 (34.0) 70.9 (35.6) 0.010  71.5 (35.1) 71.8 (36.6) 

Accelerometer weartimeb, min/day 975.7 (62.1)  971.8 (63.1) 977.8 (61.5) 0.106  979.9 (61.4) 978.3 (61.2) 

Smoking         

Non-smokera 55.7 (680)  58.2 (246) 54.4 (434)   54.6 (209) 54.0 (348) 

Former smokera 28.7 (351)  28.6 (121) 28.8 (230)   28.5 (109) 28.9 (186) 

Current smokera 15.6 (190)  13.2 (56) 16.8 (134) 0.228  17.0 (65) 17.1 (110) 

Education years         

> 12a 25.2 (308)  30.7 (130) 22.3 (178)   20.6 (79) 22.5 (145) 

9—12a  72.1 (880)  68.1 (288) 74.2 (592)   76.2 (292) 74.1 (477) 

< 9a 2.7 (33)  1.2 (5) 3.5 (28) 0.001  3.1 (12) 3.4 (22) 

Vertebral          

L4 heightb, cm 2.72 (0.16)  2.70 (0.15) 2.74 (0.17) < 0.001  2.73 (0.16) 2.75 (0.17) 

L4 CSAb, cm2 11.8 (2.0)  11.4 (1.8) 12.0 (2.1) < 0.001  11.9 (2.0) 12.1 (2.1) 

L4 volumeb, cm3 32.2 (6.6)  30.8 (6.0) 32.9 (6.8) < 0.001  32.6 (6.6) 33.3 (6.9) 

Prevalence of MC by level         

L1/L2a 8.4 (102)  - 12.8 (102) -  12.8 (49) 15.2 (98) 

L2/L3a 17.0 (207)  - 25.9 (207) -  26.9 (103) 29.3 (189) 

L3/L4a 22.8 (278)  - 34.8 (278) -  32.6 (125) 41.8 (269) 

L4/L5a 33.9 (413)  - 51.8 (413) -  58.7 (225) 57.3 (369) 

L5/S1a 42.6 (520)  - 65.2 (520) -  72.3 (277) 64.6 (416) 

BMI = Body mass index, CSA = Cross-sectional area, MC = Modic change, MVPA = Moderate-to-vigorous physical activity, N = Number of 

individuals, SD = Standard deviation. aPresented as Percentage (N); percentages given relative to the source population shown on the top of each 

column. bPresented as Mean (SD). cP value for difference between “no MC” and “any MC”. dNo statistical comparisons were performed between MC 

subtypes as these groups included same individuals and were thus not independent. 



Table 3. Association between vertebral height and Modic changes according to univariate (i.e. unadjusted) 

and multivariable (i.e. sex-, height-, weight-, MVPA-, smoking-, and education-adjusted) logistic regression 

models. N = 1221. 

 

 Univariate model  Multivariable model 

 OR1 (95% CI) P R2  OR1 (95% CI) P R2 

Outcome: Any MC   0.020    0.082 

Vertebral height (cm) 4.86 (2.31; 10.21) < 0.001   3.03 (1.19; 7.69) 0.020  

Sex: Male (ref) -    1   

Sex: Female -    0.68 (0.47; .0.99) 0.049  

Height (cm) -    0.97 (0.95; 0.99) 0.027  

Weight (kg) -    1.03 (1.02; 1.04) < 0.001  

MVPA (10 min/day) -    1.05 (1.01; 1.09) 0.027  

Smoking: Non-smoker (ref) -    1   

Smoking: Former smoker -    0.94 (0.71; 1.24) 0.659  

Smoking: Current smoker -    1.20 (0.83; 1.73) 0.341  

Education: > 12 years (ref) -    1   

Education: 9—12 years -    1.38 (1.04; 1.82) 0.024  

Education: < 9 years -    3.88 (1.42; 10.63) 0.008  

        

Outcome: Type 1 MC   0.002    0.014 

Vertebral height (cm) 1.64 (0.78; 3.45) 0.195   1.78 (0.70; 4.49) 0.224  

Sex: Male (ref) -    1   

Sex: Female -    1.19 (0.82; 1.73) 0.369  

Height (cm) -    1.00 (0.98; 1.03) 0.747  

Weight (kg) -    1.00 (0.99; 1.01) 0.710  

MVPA (10 min/day) -    1.03 (0.99; 1.07) 0.164  

Smoking: Non-smoker (ref) -    1   

Smoking: Former smoker -    1.02 (0.77; 1.35) 0.901  

Smoking: Current smoker -    1.14 (0.81; 1.63) 0.454  

Education: > 12 years (ref) -    1   

Education: 9—12 years -    1.41 (1.05; 1.90) 0.024  

Education: < 9 years -    1.71 (0.79; 3.70) 0.171  

        

Outcome: Type 2 MC   0.032    0.108 

Vertebral height (cm) 6.97 (3.40; 14.27) < 0.001   3.51 (1.43; 8.65) 0.006  

Sex: Male (ref) -    1   

Sex: Female -    0.51 (0.36; 0.74) < 0.001  

Height (cm) -    0.97 (0.94; 0.99) 0.004  

Weight (kg) -    1.03 (1.02; 1.04) < 0.001  

MVPA (10 min/day) -    1.05 (1.01; 1.09) 0.023  

Smoking: Non-smoker (ref) -    1   

Smoking: Former smoker -    0.92 (0.70; 1.21) 0.558  

Smoking: Current smoker -    1.18 (0.84; 1.67) 0.340  

Education: > 12 years (ref) -    1   

Education: 9—12 years -    1.20 (0.91; 1.58) 0.189  

Education: < 9 years -    2.04 (0.91; 4.55) 0.082  

 

CI = Confidence interval, CSA = Cross-sectional area, MC = Modic change, MVPA = Moderate-to-

vigorous physical activity, OR = Odds ratio1, P = P value of the predictor variable, R2 = Nagelkerke’s R2, 

Ref = Reference category. 1Odds ratios correspond to one cm/cm2/cm3 in vertebral height/CSA/volume, 

respectively.  
 



Table 4. Association between vertebral CSA and Modic changes according to univariate (i.e. unadjusted) 

and multivariable (i.e. sex-, height-, weight-, MVPA-, smoking-, and education-adjusted) logistic regression 

models. N = 1221. 

 

 Univariate model  Multivariable model 

 OR1 (95% CI) P R2  OR1 (95% CI) P R2 

Outcome: Any MC   0.028    0.078 

Vertebral CSA (cm2) 1.17 (1.10; 1.24) < 0.001   1.06 (0.96; 1.18) 0.233  

Sex: Male (ref) -    1   

Sex: Female -    0.72 (0.49; 1.05) 0.089  

Height (cm) -    0.98 (0.95; 1.00) 0.072  

Weight (kg) -    1.03 (1.02; 1.04) < 0.001  

MVPA (10 min/day) -    1.04 (1.00; 1.08) 0.047  

Smoking: Non-smoker (ref) -    1   

Smoking: Former smoker -    0.92 (0.69; 1.22) 0.547  

Smoking: Current smoker -    1.19 (0.83; 1.72) 0.352  

Education: > 12 years (ref) -    1   

Education: 9—12 years -    1.39 (1.06; 1.84) 0.019  

Education: < 9 years -    3.56 (1.30; 9.72) 0.013  

        

Outcome: Type 1 MC   0.002    0.014 

Vertebral CSA (cm2) 1.04 (0.98; 1.10) 0.207   1.07 (0.97; 1.18) 0.196  

Sex: Male (ref) -    1   

Sex: Female -    1.25 (0.85; 1.83) 0.262  

Height (cm) -    1.00 (0.98; 1.03) 0.838  

Weight (kg) -    1.00 (0.99; 1.01) 0.572  

MVPA (10 min/day) -    1.02 (0.99; 1.06) 0.219  

Smoking: Non-smoker (ref) -    1   

Smoking: Former smoker -    1.00 (0.75, 1.33) 0.997  

Smoking: Current smoker -    1.14 (0.80; 1.61) 0.479  

Education: > 12 years (ref) -    1   

Education: 9—12 years -    1.41 (1.05; 1.90) 0.023  

Education: < 9 years -    1.63 (0.75; 3.51) 0.216  

        

Outcome: Type 2 MC   0.036    0.101 

Vertebral CSA (cm2) 1.19 (1.12; 1.26) < 0.001   1.02 (0.92; 1.12) 0.762  

Sex: Male (ref) -    1   

Sex: Female -    0.52 (0.36; 0.75) < 0.001  

Height (cm) -    0.98 (0.95; 1.00) 0.055  

Weight (kg) -    1.03 (1.02; 1.04) < 0.001  

MVPA (10 min/day) -    1.04 (1.00; 1.08) 0.042  

Smoking: Non-smoker (ref) -    1   

Smoking: Former smoker -    0.90 (0.69; 1.18) 0.459  

Smoking: Current smoker -    1.18 (0.84; 1.67) 0.340  

Education: > 12 years (ref) -    1   

Education: 9—12 years -    1.22 (0.93; 1.60) 0.156  

Education: < 9 years -    1.90 (0.86; 4.21) 0.115  

 

CI = Confidence interval, CSA = Cross-sectional area, MC = Modic change, MVPA = Moderate-to-

vigorous physical activity, OR = Odds ratio1, P = P value of the predictor variable, R2 = Nagelkerke’s R2, 

Ref = Reference category. 1Odds ratios correspond to one cm/cm2/cm3 in vertebral height/CSA/volume, 

respectively.  



Table 5. Association between vertebral volume and Modic changes according to univariate (i.e. 

unadjusted) and multivariable (i.e. sex-, height-, weight-, MVPA-, smoking-, and education-adjusted) 

logistic regression models. N = 1221. 

 

 Univariate model  Multivariable model 

 OR1 (95% CI) P R2  OR1 (95% CI) P R2 

Outcome: Any MC   0.033    0.081 

Vertebral volume (cm3) 1.05 (1.03; 1.07) < 0.001   1.04 (1.00; 1.07) 0.037  

Sex: Male (ref) -    1   

Sex: Female -    0.74 (0.50; 1.08) 0.121  

Height (cm) -    0.97 (0.94; 0.99) 0.021  

Weight (kg) -    1.03 (1.01; 1.04) < 0.001  

MVPA (10 min/day) -    1.04 (1.00; 1.09) 0.043  

Smoking: Non-smoker (ref) -    1   

Smoking: Former smoker -    0.92 (0.70; 1.22) 0.563  

Smoking: Current smoker -    1.19 (0.82; 1.71) 0.365  

Education: > 12 years (ref) -    1   

Education: 9—12 years -    1.39 (1.05; 1.83) 0.021  

Education: < 9 years -    3.59 (1.31; 9.81) 0.013  

        

Outcome: Type 1 MC   0.002    0.015 

Vertebral volume (cm3) 1.01 (0.99; 1.03) 0.155   1.03 (0.99; 1.06) 0.101  

Sex: Male (ref) -    1   

Sex: Female -    1.26 (0.86; 1.85) 0.240  

Height (cm) -    1.00 (0.97; 1.03) 0.905  

Weight (kg) -    1.00 (0.99; 1.01) 0.542  

MVPA (10 min/day) -    1.03 (0.99; 1.06) 0.205  

Smoking: Non-smoker (ref) -    1   

Smoking: Former smoker -    1.00 (0.76; 1.33) 0.981  

Smoking: Current smoker -    1.14 (0.80; 1.61) 0.480  

Education: > 12 years (ref) -    1   

Education: 9—12 years -    1.41 (1.05; 1.90) 0.024  

Education: < 9 years -    1.65 (0.76; 3.55) 0.204  

        

Outcome: Type 2 MC   0.045    0.103 

Vertebral volume (cm3) 1.06 (1.04; 1.08) < 0.001   1.02 (0.99; 1.06) 0.137  

Sex: Male (ref) -    1   

Sex: Female -    0.54 (0.37; 0.78) 0.001  

Height (cm) -    0.97 (0.94; 0.99) 0.013  

Weight (kg) -    1.03 (1.02; 1.04) < 0.001  

MVPA (10 min/day) -    1.04 (1.00; 1.08) 0.042  

Smoking: Non-smoker (ref) -    1   

Smoking: Former smoker -    0.90 (0.69; 1.18) 0.455  

Smoking: Current smoker -    1.18 (0.83; 1.66) 0.356  

Education: > 12 years (ref) -    1   

Education: 9—12 years -    1.21 (0.92; 1.60) 0.168  

Education: < 9 years -    1.88 (0.85; 4.18) 0.120  

 

CI = Confidence interval, CSA = Cross-sectional area, MC = Modic change, MVPA = Moderate-to-

vigorous physical activity, OR = Odds ratio1, P = P value of the predictor variable, R2 = Nagelkerke’s R2, 

Ref = Reference category. 1Odds ratios correspond to one cm/cm2/cm3 in vertebral height/CSA/volume, 

respectively.  

 

 


