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Abstract Vertebral endplate signal changes (VESC), also

known as Modic changes, have been reported to be asso-

ciated with low back pain (LBP). However, little is known

about predisposing factors for the development of new

VESC. The aim of this study was to investigate the pre-

dictive value of lifestyle factors and disc-related magnetic

resonance imaging (MRI) findings in relation to the

development of new VESC. This prospective observational

study included 344 people from the Danish general popu-

lation who had an MRI and completed LBP questionnaires

at the age of 40 and again at 44 years. Potential predictors

of new VESC were female gender, disc-related MRI find-

ings (disc degeneration, disc bulges, disc herniation, and

other endplate changes) and lifestyle factors [high physical

work or leisure activity, high body mass index (BMI), and

heavy smoking]. Bivariate and multivariate logistic

regressions were used to identify predictors of new VESC.

New VESC at the age of 44 appeared in 67 of the 344. The

majority (84%) of these new signal changes were type 1

VESC and almost half (45%) were only in the endplate and

did not extend into the vertebral body. In the multivariate

analysis, lumbar disc levels with disc degeneration, bulges

or herniations at 40 were the only predictors of new VESC

at age 44. Therefore, the development of new VESC at the

age of 44 appears to be based on the status and dynamics of

the disc, rather than being the result of gender or lifestyle

factors such as smoking and physical load.
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Introduction

Vertebral endplate signal changes (VESC), also known as

Modic changes [28], have been reported to be associated

with low back pain (LBP) in people from the general [18],

working [21, 35], and clinical populations [2, 5, 6, 13, 43].

Seven out of ten studies included in a recent systematic

review displayed significant positive associations between

VESC and LBP, with odds ratios (OR) ranging from 2.0 to

20 [16].

Although the literature shows that the prevalence of

VESC increases after a (symptomatic) disc herniation, little

is known about the aetiology of this condition [2, 3, 20].

Therefore, there is a need to study possible predisposing

factors for the development of VESC.

In a descriptive study of VESC, Modic et al. [28]

investigated 474 patients referred for lumbar magnetic

resonance imaging (MRI). They described two types of

signal changes: type 1 seen as hypointensity on T1-

weighted images and hyperintensity on T2, and type 2 seen

as hyperintensity on both T1 and T2-weighted images.

Later, type 3 was described as hypointensity on T1- and

T2-weighted images representing sclerosis as seen on

radiographs [27]. On the basis of further investigation it

was established that type 1 changes could be the initial
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‘‘destructive’’ stage with histological samples showing

fissured endplates and vascular granulation tissue adjacent

to the endplates whereas type 2 changes indicated the

‘‘regenerative’’ stage as fatty degeneration of the adjacent

bone marrow were identified in the histological samples

[28]. The two stages can co-exist in the same vertebra and

the boundaries between the two are not always distinct

[5, 15, 20].

How and why the initial type 1 stage occurs is not clear.

One explanation is that disruption of the internal archi-

tecture of the disc causes increased loading and leads to

micro fractures of the endplates. However, not all people

with a degenerated disc develop VESC. It may be that there

are other influential factors, such as gender, physical work

load, level of leisure activity, and body weight, which can

affect the loading of the lumbar spine [11, 24, 25]. More-

over, vertebral bone strength in adults is influenced by

gender and smoking [12, 37, 38].

Therefore, the purpose of this study was to investigate

whether: (1) increased loading of the spine [high physi-

cal work activity, high physical leisure activity, high

body mass index (BMI)], (2) decreased vertebral bone

strength (female gender, heavy smoking), and (3) MRI

findings (disc degeneration, bulges and herniations) are

predictors for the development of new lumbar spine

VESC.

Materials and methods

Study sample

In this prospective longitudinal study, people sampled from

the Danish general population had a MRI-scan and com-

pleted LBP questionnaires at the age of 40 (in 2000/2001)

and again at age 44. Details of the original study cohort

have been previously described [18].

Permission for the study was granted by the local

ethics committee (ref. no. 20000042) and for the database

by the Danish Data Protection Agency (ref. no. 2000-53-

0037).

MRI

Magnetic resonance imaging was performed with a 0.2 T

MRI-system (Magnetom Open Viva; Siemens AG, Erlan-

gen, Germany). A body spine surface coil was used with

the participants in the supine position. The following

sequences were used:

• A localizer sequence of five images, 40�/10�/40� (TR/

TE/flip angle) consisting of two coronal and three

sagittal images in orthogonal planes

• Sagittal T1-weighted spin echo, 621/26 (TR/TE),

144 9 256 matrix, 300 mm field of view, 11 slices of

4 mm thickness, 2 acquisitions, 6 min 1 s scan time

• Sagittal T2-weighted turbo spin echo 4609/134 (TR/

effective TE), 210 9 256 matrix, 300 mm field of

view, 11 slices of 4 mm thickness, 2 acquisitions,

8 min 42 s scan time

• Axial T2-weighted turbo spin echo 6415/134 (TR/

effective TE), 180 9 256 matrix, 250 mm field of

view, 15 slices of 5 mm thickness, 2 acquisitions,

7 min 49 s scan time. Slices were placed in the planes

of the five lower discs.

The MRI evaluation was performed by a musculoskel-

etal radiologist and two chiropractors with extensive MRI

experience using standardized evaluation protocols [17,

39]. VESC was evaluated according to the Nordic Modic

Consensus Group classification [17]. Definitions of the

other MRI variables are included in Table 1. The evalua-

tion protocols used in this study have been shown to result

in substantial to almost perfect reproducibility for the

evaluation of MRI findings, with Kappa values for intra-

and inter-observer reproducibility ranging from 0.78 to 1.0

and 0.66 to 0.91, respectively [17, 19, 39].

Variables of interest and the rationale for their choice

The following MRI findings and lifestyle factors (Table 1)

were investigated for the reasons described below:

Gender and lifestyle

1. Female gender: women are often subjected to lower

physical loads at work and are more active in their

leisure time than men [11]. Women have lower bone

strength than men [37].

2. High physical work activity: heavy physical loading is

a risk factor for injury to vertebral bone and/or disc

[25].

3. High physical leisure activity: see rationale for item 2.

4. High BMI: excessive body weight may accelerate the

development of disc degeneration and/or delay its

recovery [24]. Also, see rationale for item 2.

5. Heavy smoking: heavy smoking may reduce the

strength of the vertebral bone, thus accelerating the

development of VESC or delaying healing [10, 14, 30].

MRI findings

1. Disc level: the lower part of the lumbar spine (L4/5–

L5/S1) is subjected to greater load than the upper

part, and thus is more prone to repetitive stress/injury

[4].
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2. Disc degeneration: disc degeneration leads to abnor-

mal load forces [1] that can be transmitted to the

endplate and make it more prone to injury.

3. Disc contour: disc bulges and herniations represent

advanced degeneration and/or acute injury to the

discovertebral junction [36], and are likely to be

accompanied by abnormal load forces of the endplate,

increasing the risk of injury.

4. Endplate changes: injury to the vertebral endplate can

lead to abnormal load forces in the disc [1].

Data analysis

The current study included only people who were scanned

and completed the questionnaires at both points in time. A

drop-out analysis was performed between people who

participated in the study at both the age of 40 and 44

(responders) and those who only participated in the original

study at age 40 (non-responders). The proportions of the

following baseline variables were analysed at age 40:

gender, presence of VESC, disc contour, disc degeneration,

spondylolisthesis, LBP, heavy smoking, heavy physical

workload, BMI, highest educational level, employment

status, and the back beliefs questionnaire score.

All predictor data were transformed into variables for

each lumbar level (L1/2–L5/S1) and descriptively reported.

Differences in prevalence rates were examined using

McNemar’s test of symmetry. People or disc levels with

new VESC at the age of 44 were defined as such if VESC

of any type or size had not been visualized on the MRI

taken at age 40. Logistic regression analysis was used to

determine which variables were predictors for the occur-

rence of new VESC at age 44. A single regression model

included the five disc levels from all participants. Potential

predictors were dichotomized at predetermined relevant

cut-points (Table 1). Because of the limited number of

events (new VESC at age 44), the number of predictor

variables in the multivariable analysis was limited to those

with a p value below 0.05 in the bivariate analyses. Data

were analysed with STATA 10.1 (StataCorp, College

Station, TX, USA) and to account for the dependency of

disc levels within people, the cluster-option in STATA was

used in the regression analyses. Associations were

expressed as OR. OR for which the 95% confidence

interval (CI) did not include 1 were considered significant.

Results

Study sample

Eighty-three percent (n = 344, 161 men and 183 women)

of the original cohort of 412 people (199 men and 213

women) had an MRI and completed the questionnaires at

the age of 44 and were included in the present study. In the

drop-out analysis, the only significant difference between

non-responders (n = 68) and those who participated in the

follow-up study was their employment status. Nineteen

percent of the non-responders were unemployed as

Table 1 Definitions and prevalence of potential predictors of new VESC at the age of 44 in 1720 disc levels in 344 people from the Danish

general population

Predictor variables at age 40 Definition Prevalence

Number of people (%)

Female gender Female 183 (53%)

High physical work activity (yes/no) Heavy physical work, heavy lifting either now or previously [22] 101 (29%)

High physical leisure activity (yes/no) Active in sports/hard physical load in leisure time activity at least

3 h/week or participating in competitive sports [22]

129 (38%)

High BMI ([25) Body mass index above 25, based on self-reported height

and weight [weight (kg)/height (m)2]

140 (41%)

Heavy smoking (yes/no) More than 20 cigarettes a day [32] 57 (17%)

Predictor variables at age 40 Definition Prevalence

Number of people (%)

Disc level (upper/lower) Upper lumbar (L1/2–L3/4) 1,032 (60%)

Lower lumbar (L4/5–L5/S1) 688 (40%)

Disc degeneration (yes/no) Defined as a hypointense disc (grade 3) [8, 42] or reduced

disc height (grades 2 or 3) [31, 33, 42]

375 (22%)

Bulging disc (yes/no) Bulging disc [9] 192 (11%)

Disc herniations (yes/no) Protrusions, extrusions, and sequestrations [9] 108 (6%)

Endplate changes (yes/no) Irregular endplates, Schmorl’s nodes, and/or local defects [41] 140 (8%)
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compared with only 7% among those who participated in

the follow-up study.

Descriptive data

The prevalence of VESC increased from the age of 40–44.

The number of people with VESC increased by 37 from 133

(39%) to 170 (49%) (p \ 0.001) (see Fig. 1). New VESC

had developed in 67 (19%) people at the time of the follow-

up, whereas 42% did not have VESC at both points in time.

New VESC appeared in 141 (8%) of all 1720 disc lev-

els. The majority (84%) of these signal changes were

VESC of type 1 and almost half (45%) were observed only

in the endplate and did not extend into vertebral body. The

prevalence rates of the potential risk factors are shown in

Table 1.

Predictors of new VESC at age 44

The results of the bivariate analyses indicate that disc

degeneration, bulges, and herniations were associated with

the development of new VESC over time and were there-

fore included in the multivariate analysis (Table 2). Disc

level, endplate changes, physical work load, leisure acti-

vity, BMI, and smoking failed to reach significance in the

bivariate analyses.

In the multivariate analysis, disc levels with disc

degeneration, bulges or herniations at 40 had twice the odds

of new VESC occurring at age 44 compared with disc levels

with normal disc contours or no degeneration (Table 3).

Discussion

This is the first study to investigate whether increased

loading of the spine, risk factors of decreased vertebral

bone strength and disc-related MRI findings are predictors

in the development of new VESC in people from the

general population. The main finding was that disc-related

MRI findings (i.e. degeneration, bulges and herniations) at

age 40 were predictive of new VESC 4 years later. Gender,

disc level, endplate changes and all of the lifestyle factors

(high physical work activity, high physical leisure activity,

high BMI or heavy smoking) did not predict the develop-

ment of new VESC. In other words, the development of

new VESC at the age of 44 seems to be pre-programmed,

based on the status and dynamics of the disc, rather than

being the result of any of the lifestyle factors measured at

the age of 40.

That disc-related MRI findings predict new VESC and

lifestyle factors and gender do not, is in line with the results

from two previous studies of patients with sciatica treated

non-surgically. In a Finnish study of 60 patients with sci-

atica, who had MRI-scans at baseline and 3 years later, the

development of new VESC at follow-up was not predicted

by physical work load or age. Rather, they were located at

the L5/S1 level and co-localized with symptomatic disc

herniations [20]. In a Danish study of 166 patients with

sciatica, who had MRI-scans at baseline and after

14 months, all new VESC at follow-up were located at the

same level as the symptomatic disc herniations at baseline

[2].

The association between disc degeneration/bulges/her-

niations and the development of new VESC may involve

multiple pathoanatomic pathways that could be either

slow- or fast-acting.

The first possibility is that the disc is degenerated

(degeneration and/or bulges) and the internal architecture

of the disc has changed. In such cases, the damaged disc

cells produce mediators that can stimulate inflammation

and tissue degradation in the disc and adjacent bone mar-

row [34]. In addition, changes in the internal architecture of

Fig. 1 The proportion of

persons with VESC at the age

40 (grey area) and age 44

(shaded area) in 344 persons

from the Danish general

population
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the disc have been reported to produce peak forces within

the disc instead of a more evenly distributed force [1]. It is

possible that such peak forces in the disc can be transmitted

to the endplate and produce fractures. The fracture in itself

might result in the oedema seen as VESC on the MRI. It is

also possible that these mediators from the disc seep

through endplate fissures and stimulate an inflammatory

response [34]. All of these mechanisms could be relatively

slow-acting.

The second possibility is linked to disc herniations (not

bulges) and might represent a more fast-acting type of

VESC. Here, the herniation and the circumstances associ-

ated with this event initiate changes in the disc and/or

vertebral bone that produce the oedema seen as VESC on

the MRI. In a study of 51 patients with herniations treated

surgically, there was an association between the presence

of endplate cartilage in the extracted disc material and the

presence of VESC [36], indicating direct damage to the

discovertebral complex in certain types of herniations.

Animal studies on baboons, rats, and sheep support this

theory as injury to the disc has been seen to induce changes

in the adjacent vertebrae with subsequent bone marrow

depletion and a process of degeneration and regeneration of

the bone [26, 29, 40].

Regarding the association between VESC and LBP, this

will be addressed in a separate manuscript.

This study has some weaknesses. First, the relatively

small number of people in this study (n = 344) makes it

difficult to analyse interactions between the lifestyle factors

in the multivariable analysis. This was relevant, as a pre-

vious study of the baseline cohort of the current study [23]

reported a stronger association between high physical work

activity plus either heavy smoking or overweight than for

each of these lifestyle factors analysed separately. Second,

although the study was conducted in a research setting, and

time was spent in optimizing the MRI sequences to suit the

purpose of this study, the use of a low field MRI system

could have been potentially problematic. The low resolu-

tion (256 9 256 matrix) of the images may have reduced

the sensitivity of the evaluation of the MRI findings,

especially for endplate changes. This might explain why

endplate changes were the only MRI finding that was not

significant in the analyses.

On the other hand, there are several elements that

strengthen the results from this study. First, the proportion

of people with new VESC in our study (19% over a 4-year

period) is equivalent to that which has been reported in

previous studies, where the proportions ranged from 15–

24% over periods of 14–62 months [2, 7, 20]. Second,

three lifestyle factors (high physical work activity, high

physical leisure activity, and high BMI) were used as a

form of triangulation to investigate whether physical load

was associated with new VESC, thereby increasing confi-

dence in the finding that physical load was not a risk factor.

Third, the study sample of ethnically homogenous people

Table 2 The number of disc levels with new VESC at age 44, and the association of potential predictors for VESC at 44 expressed as odds

ratios from bivariate analysis of 1720 disc levels in 344 people from the Danish general population

Outcome variable Prevalence

No. of discs

New VESC (any type) at age 44

No (n = 1579) Yes (n = 141) Odds ratios (95% CI)

Gender (women)a 915 (53%) 851 (54%) 64 (45%) 0.7 (0.5–1.0)

High physical work activity (yes)a 505 (29%) 456 (29%) 49 (35%) 1.3 (0.9–2.0)

High physical leisure activity (yes)a 645 (38%) 588 (37%) 57 (40%) 1.1 (0.8–1.7)

High BMI ([25)a 700 (41%) 631 (40%) 69 (49%) 1.4 (0.9–2.1)

Heavy smoking (yes)a 285 (17%) 265 (17%) 20 (14%) 0.8 (0.5–1.4)

Disc level (lower) 688 (40%) 621 (39%) 67 (48%) 1.4 (0.9–2.0)

Disc degeneration (yes) 375 (22%) 310 (20%) 65 (46%) 3.5 (2.4–5.1)

Bulging disc (yes) 192 (11%) 160 (10%) 32 (23%) 2.6 (1.7–3.9)

Disc herniations (yes 108 (6%) 87 (6%) 21 (15%) 3.0 (1.8–4.9)

Endplate changes (yes) 140 (8%) 121 (8%) 19 (14%) 1.9 (1.1–3.3)

Odds ratios in bold are significant at the 0.05 level, see data analysis
a For the variables gender, high physical work activity, high physical leisure activity, BMI [ 25, and heavy smoking, the number of people were

multiplied by five to get the number of disc levels that were potentially influenced by each of these factors

Table 3 Odds ratios (95% CI) of possible predictors of new VESC

at age 44 in 1720 disc levels in 344 people from the general Danish

population

Predictor variables at the age of 40 Odds ratio (95% CI)

Disc degeneration (yes/no) 2.5 (1.6–4.0)

Bulging disc (yes/no) 1.7 (1.04–2.9)

Disc herniations (yes/no) 2.1 (1.1–3.7)

Results from multivariable logistic regression analysis
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of the same age from the general population precluded the

need to adjust for the factors of ethnicity and age. Finally,

the results from the drop-out analysis showed that non-

responders only differed from the responders in relation to

one parameter, i.e. employment status. This confirms that

bias due to drop-out was unlikely to have an affect on the

final results of the study.

Consequences

As disc degeneration and abnormal disc contour are risk

factors for the development of VESC, they can be used by

clinicians to identify patients who are at increased risk. For

the research community, it is worth noting that the asso-

ciation between lifestyle factors and VESC, previously

reported [23], was not found in this study. Further studies

could aim at identifying the association between lifestyle

factors and VESC in different age groups.

Conclusion

Disc degeneration, disc bulges, and disc herniations were

all predictive of the development of VESC over a 4-year

period, from the age of 40–44, in people from the general

population. Female gender and the lifestyle factors of

physical load and smoking were not found to be risk factors

of new VESC in this age group.
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