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Abstract

Objective

We aimed to compare bone mineral density (BMD) and bone remodeling markers in chronic
low back pain (cLBP) patients with and without active discopathy (Modic 1 changes).

Design

We conducted a single center case-control exploratory study. For 18 months, all patients
referred to a tertiary care physical medicine and rehabilitation department in France were
consecutively screened. Patients fulfilling the inclusion criteria were prospectively enrolled.
Cases were defined as cLBP patients with lumbar active discopathy detected on MRl and
controls as cLBP patients without active discopathy. Bone mineral density (BMD) at the
spine, femoral neck and total femur was assessed by dual-energy X-ray absorptiometry,
and bone remodeling markers were assessed in fasting serum samples. Overall, 37 cLBP
patients (13 cases and 24 controls) fulfilled inclusion criteria and were included.

Results

The median age was 42.0 years (Q1-Q3: 36.0-51.0) and mean (SD) LBP duration 72.3
(57.4) months. We found that BMD and levels of bone remodeling markers in cLBP patients
did not differ with and without active discopathy.
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Conclusion

Our results do not support the association between active discopathy and systemic bone
fragility.

Introduction

Chronic low-back pain (cLBP) is a burden on patients and health and social care systems [1],
[2]. Identifying the source of cLBP is challenging because of the poor correlation with anato-
mopathological findings and powerful interactions with psychosocial factors [3]. In the past 3
decades, the use of MRI has contributed to identifying structural changes of vertebral-endplate
subchondral bone adjacent to intervertebral degenerative disc disease, more specifically associ-
ated with cLBP than other structural changes [4] and classified as Modic changes (MC) [5]-
[7]. Type 0 MC in vertebral-endplate subchondral bone corresponds to normal bone, type 1
MC to edema, type 2 MC to fatty degeneration [8], and type 3 MC to sclerosis [9].

Type 1 MC has been shown to be more closely associated with cLBP than the other types
[10] and with a specific clinical and biological cLBP phenotype: cLBP patients with type 1 MC
usually present acute flare of previously unremarkable cLBP, more often have pain late at night
or in the morning and longer morning stiffness, and show no evidence of spondyloarthropathy
[11]; also, high-sensitivity C-reactive protein level is increased [12]. These features support a
concept of “active discopathy” [13], which shares similarities with osteoarthritic flares in the
knee joint.

The etiopathogenic mechanisms of the condition remain controversial, and hypotheses
include increased biomechanical or biochemical stresses (8) occurring with a predisposing
genetic background (9). Intervertebral disc “activation” could reflect vertebral-endplate
subchondral bone microtrauma related to the loss of the intervertebral disc ability to absorb
repeated shocks (5). However, type 1 MC has also been observed in the absence of advanced
intervertebral disc degenerative disease [14]-[16], so in some patients, vertebral-endplate
subchondral bone may primarily promote “activation” of the intervertebral disc [17]. Consis-
tently, histopathological analysis of type 1 MC vertebral-endplate subchondral bone has dem-
onstrated active bone lesions including disruptions and fissures, trabeculous bone thickening
and increased number of osteoblasts and osteoclasts [5]. Histomorphometric analyses of bone
biopsies support high bone turnover in type 1 MC. The expression of some factors promoting
osteoclast activation, such as osteoclast-associated receptor, is also increased in intervertebral
disc [18], and men with low bone mineral density (BMD) have shown a high prevalence of
intervertebral degenerative disc disease [19].

We hypothesized that changes involving adjacent vertebral-endplate subchondral bone in
patients with cLBP with active discopathy could be due to systemic bone fragility. We designed
a case-control exploratory study to compare BMD and levels of bone remodeling markers in
cLBP patients with and without active discopathy.

Patients and methods
Study design

This single-center case-control exploratory study was performed in a tertiary care center (Reha-
bilitation Department, Rheumatology Institute, Cochin Hospital, Paris, France).
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Patient selection

All patients referred to the department were consecutively screened from December 2014 to
May 2016. Patients fulfilling the following inclusion criteria and who agreed to participate
were prospectively enrolled: male sex, age > 18 and < 65 years, Caucasian, cLBP defined as a
daily LBP persisting for > 3 months, lumbar MRI < 6 months, lumbar type 1 MC at a single
level with preserved intervertebral disc height (intervertebral space narrowing < 50%, maxi-
mal height of the intervertebral disc visually estimated on mid-sagittal T2-weighted MRI and
described as a percentage of the nearest normal above disc height) for cases, and lumbar type 0
MC for controls. Exclusion criteria were female sex, history of back surgery, cLBP related to
spondyloarthropathy, infection, fracture or tumor, Scheuermann disease according to Soren-
sen criteria [20], spinal deformity including scoliosis and kyphosis, spondylolisthesis >

grade 2, types 2 and 3 MC, type 1 MC at L5-S1 level, body mass index > 30 kg/m?, alcoholic
consumption > 3 units/day, current or past history of cigarette smoking > 30 pack-year,
current oral treatment with glucocorticoids > 7.5 mg/day for > 3 months, current anti-osteo-
porotic treatment and current or past history of metabolic, chronic kidney, liver or malabsorp-
tion diseases inducing osteoporosis.

Imaging

Lumbar MRI with T1-, T2- and short tau inversion recovery (STIR)-weighted sequences < 6
months were available for all patients. All lumbar MRI images were assessed by one investiga-
tor (STC) for presence and level of types 0, 1, 2 and 3 MC. Frontal and sagittal views of the
spine in standing patients were recorded with the EOS system (EOS imaging, Paris, France),
and the presence of vertebral fractures was assessed.

BMD assessment

BMD was assessed by dual-energy X-ray absorptiometry by using a Hologic QDR 4500 A
device (Hologic Inc. Waltham) at the lumbar spine (from L2 to L4) and the left hip (total
femur and femoral neck) in antero-posterior projection. The device was calibrated by measur-
ing a spine phantom each day when a patient underwent scanning and at least 3 times a week
throughout the study. All exams were performed in a standardized manner, according to the
manufacturer’s recommendations, by the same operator (SK) who had more than 10 years’
experience performing dual-energy X-ray absorptiometry. BMD of upper (without type 1 MC)
and lower (with and without type 1 MC for cases and controls, respectively) L4 vertebra was
evaluated. The whole vertebral height was divided into fixed-height spacing lines and the total
number of lines was divided by 2. Reproducibility of the L4 hemivertebra BMD measure was
assessed in 10 patients with measurements taken 3 times by the same observer (SK). The mean
coefficient of variation of L4 hemivertebra BMD measure was 0.43% and the intraclass correla-
tion coefficient (ICC) was 0.997 (95% confidence interval 0.991 to 0.999). The results are given
as mean (SD) BMD (g/cmz). Mean (SD) time elapsed between lumbar MRI and BMD assess-
ment was 93.4 (68.6) days with type 0 MC and 121.1 (71.6) days with type 1 MC (Table 1).

Peripheral blood samples

Fasting serum samples were collected at baseline (between 7 and 9 am, before breakfast and at
least 48 hours after non-steroidal anti-inflammatory drug intake) and stored at -40°C. We
determined serum concentrations of bone remodeling markers: serum C-terminal cross-
linked type I telopeptide for bone resorption and procollagen type I N-terminal propeptide,
osteocalcin and bone-specific alkaline phosphatase for bone formation.
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Table 1. Patients’ demographics and cLBP characteristics at inclusion.

Patients and cLBP characteristics Modic 0 Modic 1 All patients
n=24 n=13 n=37
Patients demographics
Age (years), median (Q1-Q3) 42.0 (37.5- 41.0 (33.0- 42.0 (36.0-
47.3) 62.0) 51.0)
BMI (kg/m2), mean (SD) 23.2(24) 26.3(3.2) 24.3 (3.1)
Full or part-time employed, n (%) 18/24 (75.0) 10/13 (76.9) 28/37 (75.7)
cLBP characteristics
Duration of cLBP (months), mean (SD) 63.7 (51.1) 88.2 (66.7) 72.3 (57.3)
Lumbar pain in the past month (VAS, 0-100 mm), mean (SD) | 47.5 (25.2) 47.6 (20.9) 47.5 (23.5)
Radicular pain in the past month (VAS, 0-100 mm), mean 30.6 (33.1) 8.1(18.4) 22.7 (30.1)
(SD)
Handicap in the past month (VAS, 0-100 mm), mean (SD) 47.3 (24.9) 48.1 (20.8) 47.6 (23.252)
Quebec score (0-100), mean (SD) 33.3 (14.9) 37.5(13.3) 34,7 (14.3)
Reproduction of pain during Valsalva maneuvers, n (%) 8/24 (33.3) 8/13 (61.5) 16/37 (43.2)
Morning stiffness > 30 minutes, n (%) 3/24 (12.5) 5/13 (38.5) 8/37 (21.6)
Morning stiffness (minutes), mean (SD) 11.0 (17.2) 28.5(33.9) 17.1 (25.4)
Worst painful moments at night or in the morning, n (%) 7124 (29.2) 6/13 (46.2) 13/37 (35.1)
Improvement with NSAIDs, n (%) 8/22 (36.4) 8/12 (66.7) 16/34 (47.1)

BMI: body mass index, cLBP: chronic low back pain, n: absolute frequency, NSAIDs: non-steroidal anti-

inflammatory drugs, SD: standard deviation and VAS: visual analog scale.

https://doi.org/10.1371/journal.pone.0196536.t001

Ethics approval

The study was carried out in accordance with L.1123-6 article of the French Health Code. The
study protocol was approved by the local ethics committee (Comité consultatif de Protection
des Personnes en Recherche Biomédicale de I'lle-de-France 1). Informed consent was obtained

from all subjects.

Statistical analyses

Data analyses involved the use of MYSTAT v12.02.00. For descriptive analyses, qualitative
variables are reported with absolute and relative frequencies, and quantitative variables with
mean (SD) or median (quartile 1-3 [Q1-Q3]). Normal distribution of quantitative data was
assessed by the Shapiro-Wilk test. Groups were compared by 2-sample ¢ test for normally
distributed data and Mann Whitney test for non-normally distributed data. To compare quali-
tative data, we used chi-square test. The ICC was calculated by using MedCalc v16.8.4. Bonfer-
roni correction was used for multiple comparisons (21 comparisons). Statistical significance

was set at p<<0.0024.

Results

Patient recruitment

From December 2014 to May 2016, 2,292 inpatients were prospectively screened. In total,

1,466 patients were excluded because they were women and 201 because they were in hospital
for reasons other than cLBP. Data for 525 males with cLBP were analyzed; 37 met the inclusion
criteria and were prospectively enrolled: 24 without and 13 with active discopathy (Fig 1).
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Inpatients referred to the PMR Department
from December 2014 to May 2016

n=2,292

l

- Females, n=1,466
- Male patients without cLBP, n=201

Excluded patients, n=1,667

Male patients with cLBP

n=625

- Age > 65 years, n=252
- Previous back surgery, n=94

- Modic

Included patients
n=37

- Non-Caucasian, n=34
- Spinal deformity, n=24

/

Modic 0 group
n=24

\

- BMI > 30 kg/m?, n=17
- Secondary osteoporosis:

Modic 1 group, n=13
. L1-L2,n=0
- L2-L3,n=0
- L3-L4,n=0
- L4-L5,n=13

- Spondylolisthesis, n=10
- Last or no MRI > 6 months, n=24
- Scheuermann disease,n=11

Excluded patients, n=588

- 1,L5-S1, n=30
- 1,L4-L5 +

- Scheuermann disease,n=8

- IV space narrowing > 50%, n=11
- 2,0=12

- Irradiated spine, n=24

- Spondyloarthropathy, n=17

- Known vertebral fracture, n=6
- Toxics (tobacco/alcohol), n=11
- Cirrhosis, n=3

Fig 1. Flow chart of patients with chronic low back pain (cLBP) screened from December 2014 to May 2016 and reasons for non-inclusion. BMI: body mass

index.

https://doi.org/10.1371/journal.pone.0196536.9001

Patient characteristics

At the time of inclusion, the median age was 42.0 years (Q1-Q3: 36.0-51.0) Tables 1, 2, 3,4
and 5. Overall, 28/37 (75.7%) patients were employed. The mean (SD) LBP duration was 72.3
(57.3) months, and mean (SD) LBP intensity (VAS, 0-100 mm) in the past month was 47.5
(23.5) mm. The mean (SD) Quebec score was 34.7 (14.3). Reproduction of pain during Val-
salva maneuvers was more frequent with type 1 than 0 MC (8/13 [61.5%] vs 8/24 [33.3%],
respectively), morning stiffness duration was longer (28.5 [33.9] vs 11.0 [17.2] min, respec-
tively), and the worse painful moment at night or in the morning was more frequent (6/13
[46.2%] vs 7/24 [29.2%]).

MRI and EOS findings

Type 1 MC involved the L4-L5 level for all cases (Fig 1). No group showed prevalent vertebral
fracture on EOS imaging Table 6.

BMD

The groups did not differ in BMD assessed at the lumbar spine, total femur and femoral neck.
The mean (SD) BMD for L4 total vertebra and its lower part was higher with type 1 than 0 MC
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Table 2. Patients’ treatments at inclusion.

Treatments Modic 0 Modic 1 All patients
n=24 n=13 n=237
Current treatments, n (%)
Analgesics 16/24 (66.7) | 5/13 (38.5) | 21/37(56.8)
Non-opioids 16/24 (66.7) | 5/13 (38.5) | 21/37(56.8)
Weak opioids 9/24 (37.5) 4/13 (30.8) | 13/37 (35.1)
Strong opioids 3/24 (12.5) 0/13 (0) 3/37 (8.1)
NSAIDs 424 (16.7) | 3/13(23.1) | 7/37 (18.9)
Vitamin D 1/24 (4.2) 0/13 (0) 1/37 (2.7)
Lumbar bracing 5/24 (20.8) 4/13 (30.8) | 9/37 (24.3)
Previous treatment with intradiscal glucocorticoid injection, n (%) | 0/24 (0) 2/13 (15.4) | 2/37 (5.4)

n: absolute frequency.

‘Weak opioids’ include codeine, dihydrocodeine and tramadol.

‘Strong opioids’ include morphine, diamorphine, fentanyl, buprenorphine, oxymorphone, oxycodone and

hydromorphone.

https://doi.org/10.1371/journal.pone.0196536.t002

Table 3. Patients’ physical examination findings at inclusion.

Physical examination findings Modic 0 Modic 1 All patients
n=24 n=13 n=37
Modified Schéber test (cm), mean (SD) 15+5.5 (4.1) 15+5.2 (1.8) 15+5.4 (3.4)
Fingertip-to-floor test (cm), mean (SD) 24.1 (15.3) 19.0 (15.2) 22.3(15.3)
Pain at disc pressure, n (%) 2/24 (8.3) 1/13 (7.7) 3/37 (8.1)
Increased lumbar pain in hyperextension, n (%) 10/24 (41.7) 8/13 (61.5) 18/37 (48.6)
Laseégue’s sign, n (%) 4/24 (16.7) 1/13(7.7) 5/37 (13.5)

n: absolute frequency and SD: standard deviation.

https://doi.org/10.1371/journal.pone.0196536.t003

but not significantly: 1.108 (0.096) versus 1.012 (0.135) g/cmz, p=0.029, and 1.187 (0.111)
versus 1.085 (0.134) g/cm?, p = 0.042, respectively. Prevalent risk factors for osteoporosis (cur-
rent smoking, alcohol excess and parental history of hip fracture) did not differ between the 2

groups Table 6.

Table 4. Patients’ biological findings at inclusion.

Biological findings, mean (SD) Modic 0 Modic 1 All patients
n=24 n=13 n=37
HsCRP (mg/L) 2.3(4.3) 1.2(1.7) 1.9 (3.6)
Creatinine (pmol/L) 81.0 (11.5) 82.5(11.0) 81.6 (11.2)
ALP (U/L) 62.9 (16.8)* 54.8 (11.6) 59.9 (15.5)
TSH (mUI/L) 1.8 (1.2)% 1.6 (0.8) 1.7 (1.0)
Free testosterone (pmol/L) 28.9 (9.5)* 26.7 (10.6) 28.1(9.8)
Total testosterone (nmol/L) 19.1 (5.0)° 18.1 (5.8) 18.8 (5.2)

ALP: alkaline phosphatase, HsCRP: high sensitivity C-reactive protein and SD: standard deviation.

n=23
bh=22

https://doi.org/10.1371/journal.pone.0196536.t004
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Table 5. Time elapsed between MRI and BMD assessment, at inclusion.

Modic 0 Modic 1 All patients
n=24 n=13 n=37

Time elapsed between MRI and BMD assessment, (days) mean (SD) | 93.4 (68.6)° | 121.1(71.6) | 103.7 (70.0)
SD: standard deviation.

https://doi.org/10.1371/journal.pone.0196536.t1005

Biological parameters

Mean concentrations of serum parameters that affect bone metabolism and bone remodeling
markers did not differ between the 2 groups Table 7. With type 0 and 1 MC, serum levels of
25-hydroxy-vitamin D3 were low: 16.1 (9.3) versus 17.0 (6.5) ng/mL, p = 0.763.

Discussion

In our case-control exploratory study of 37 cLBP patients, BMD and levels of bone remodeling
markers did not differ between patients with and without active discopathy. Our results sug-
gest no specific systemic osseous phenotype associated with active discopathy.

Our inclusion criteria were a major strength of our study; previous studies addressing the
same topic did not exclude patients with coincidental bone fragility. Because BMD and bone
remodeling markers are highly variable in middle-age women [21]-[23], we included only
men. Similarly, we exclude patients over 65 years old because of the increased risk of osteopo-
rosis with aging [24]. Moreover, intervertebral degenerative disc disease features such as osteo-
phytes [25], [26] and vertebral endplate subchondral bone sclerosis [27] are common in this

Table 6. Comparisons of demographical risk factors for osteoporosis, prevalent vertebral fractures and bone mineral density between Modic 0 and Modic 1 cLBP
patients between Modic 0 and Modic 1 cLBP patients.

Demographical risk factors

Previous fracture, n (%)

Previous low trauma fracture, n (%)
Family history of hip fracture, n (%)
Current smoking (pack-year), mean (SD)
Vertebral fracture, n (%)

Bone mineral density (g/cmz), mean (SD)
Lumbar spine (from L2 to L4)

L2

L3

L4

Upper part of L4

Lower part of L4

Total femur

Femoral neck

T-scores (SD), mean (SD)

Lumbar spine (from L2 to L4)

Total femur

Femoral neck

Modic 0 Modic 1 All patients p-value
n=24 n=13 n=37

4/24 (29.2) 2/13 (15.4) 9/37 (24.3) 1.000
0/24 (0) 0/13 (0) 0/37 (0) 1.000
1/24 (4.2) 0/13 (0) 1/37 (2.7) 1.000
7.5(9.7) 6.6 (8.7) 7.2(9.2) 0,785
0/24 (0) 0/13 (0) 0/37 (0) 1.000
1.029 (0.135) 1.061 (0.100) 1.041 (0.123) 0.463
1.045 (0.131) 1.033 (0.108) 1.041 (0.122) 0.776
1.035 (0.151) 1.034 (0.126) 1.034 (0.141) 0.981
1.012 (0.135) 1.108 (0.096) 1.046 (0.130) 0.029
0.946 (0.158) 1.019 (0.138) 0.971 (0.153) 0.170
1.085 (0.134) 1.187 (0.111) 1.121 (0.134) 0.042
0.989 (0.130) 1.021 (0.158) 1.000 (0.139) 0.506
0.833 (0.122) 0.839 (0.119) 0.835 (0.119) 0.88
-0.8 (1.3) -0.4 (0.9) -0.6 (1.2) -

0.5 (1.1) -0.4(1.2) 0.5 (1.1) -
-1.2(L.1) -1.3(1.1) -1.3(1.1) -

cLBP: chronic low back pain, n: absolute frequency and SD: standard deviation.

https://doi.org/10.1371/journal.pone.0196536.t006
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Table 7. Comparisons of bone remodeling markers between Modic 0 and Modic 1 cLBP patients.

Biological parameters Modic 0 Modic 1 All patients p-value
n=24 n=13 n=237

Biological parameters that influence bone metabolism, mean (SD)

Abumine-corrected calcium (mmol/L) 2.4(0.1) 2.4(0.1) 2.4(0.1) 0.115

Phosphorus (mmoL/L) 1.0 (0.2) 1.0 (0.2) 1.0 (0.2) 0.542

25-hydroxy-vitamin D3 (ng/mL) 16.1 (9.3)* 17.0 (6.5) 16.4 (8.3) 0.763

Parathyroid hormone (pmol/L) 2.9 (1.1)* 2.4(1.0) 2.7 (1.1) 0.065

Bone formation markers, mean (SD)

Procollagen type I N-terminal propeptide (ng/mL) 30.1 (4.1) 33.2(3.6) 33.6 (4) 0.115

Osteocalcin (ng/mL) 22.2 (4.8) 19.7 (4.2) 21.3(4.7) 0.119

Bone-specific alkaline phosphatase (U/L) 24.3 (7.5)% 21.1 (4.9) 23.1(6.8) 0.178

Bone resorption markers, mean (SD)

Serum C-terminal cross-linked telopeptide of type I collagen (pg/mL) 511.2 (165.8) 441.0 (199.6) 486.6 (178.8) 0.260

SD: standard deviation.
n=23

https://doi.org/10.1371/journal.pone.0196536.t007

population and can artefactually increase BMD at the lumbar spine. We excluded non-Cauca-
sian and obese patients because BMD reference curves are inaccurate and poorly determined
in these populations [28]. We also excluded patients with a history of back surgery, Scheuer-
mann disease and spinal deformity for whom measures of BMD are difficult to interpret.
Finally, we excluded patients with type 1 MC at the L5-S1 level because of the technical diffi-
culty in minimizing the low-back lordosis (19,20).

We found no significant difference between type 1 and 0 MC groups in total lumbar spine,
total femur and femoral neck BMD. Only one case-control study has addressed the question
of BMD in cLBP patients with MC [29] and found no significant difference between cases
(n=11) and controls (n = 10) in total lumbar spine BMD. In 7 cases of MC identified at the
L3-L4 level, mean BMD was higher at the affected level than the adjacent, unaffected cephalad
level [29]. Unlike our study, in the previous study, all types of MC were included and no femo-
ral BMD was assessed, which limits the interpretation of systemic bone status. Surprisingly, we
observed a decrease in BMD from L2 to L4 in controls, which may be related to the sampling.

The relationship between cLBP and BMD has not been well documented in the literature.
Only one study reported the mean BMD of each lumbar vertebra in cLBP women and did not
highlight an inverted lumbar BMD gradient [30]. Clinical trials have suggested the efficiency
of zoledronic acid [31] and pamidronate [32], [33], long-acting bisphosphonates, in reducing
the intensity of cLBP in the short term among patients with MC. From our results, the effi-
ciency of bisphosphonates may relate more to their anti-inflammatory effects [34] than to
their inhibitory effect on bone resorption [35].

We had concerns that measurement of whole vertebral body BMD by dual-energy X-ray
absorptiometry may mask local changes in vertebral BMD [36]. To improve the sensitivity
of measures for local changes in BMD, we measured BMD in the upper part (without type 1
MC) and lower part (with type 1 MC) of L4. BMD of L4 whole vertebra and its lower part was
higher with type 1 than 0 MC. Although not significant, this observation is somewhat unex-
pected. In other inflammatory conditions affecting the spine, such as spondyloarthropathies,
bone-marrow oedema is associated with low BMD [37]. Our finding of high lumbar BMD
at the level of active discopathy may reflect the co-existence of inflammatory and sclerotic
changes [27]. Using EOS imaging, we identified osteosclerotic changes of the lower part of
L4 in 7/13 patients with type 1 MC, which reflects mixed type 1 to 3 MC. We believe these
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vertebral-endplate subchondral bone changes result more from intervertebral disc degenera-
tion than systemic bone disease.

This hypothesis is further supported by the concept of “internal disc disruption” [38].
Repeated trauma to the intervertebral disc leads to the production of proinflammatory media-
tors in the nucleus pulposus. The breach of the endplate by the nucleus pulposus as a foreign
body may induce an autoimmune reaction and cause MC [39]. Furthermore, intervertebral
disc disease, by promoting unusual biomechanical conditions on vertebral-endplate subchon-
dral bone, could lead to local bone changes. However, the cross-sectional design of our study
did not allow for determining the successive stages of disc disease “activation,” and whether
vertebral-endplate subchondral bone edema could promote further disc degeneration [40].

Mean concentrations of serum parameters that affect bone metabolism and bone remodel-
ing markers did not differ between type 1 and 0 MC groups. Blood samples were obtained
under strict conditions to limit misinterpretation of levels of bone turnover markers, which
show intra-individual variation throughout the day and under different physiological circum-
stances [41]. Both bone formation and resorption markers were assessed under the hypothesis
of high bone turnover similar to that observed in inflammatory diseases [42]. Only a few stud-
ies searched for a specific osseous biological phenotype associated with active discopathy. Low
levels of vitamin D cause increased parathyroid hormone level leading to increased bone turn-
over, which increases the risk of micro-fractures in the endplate. A Danish study investigated
vitamin D levels in 40 patients with MC. Unexpectedly, MC were more frequent in patients
with normal vitamin D levels than in those with vitamin D levels less than 25 nmol/L [43]. In
the present study, vitamin D levels were low with both type 1 and 0 MC, unlike in the Danish
study, showing a mean (SD) vitamin D level of 23.6 (10.4) ng/mL in 152 cLBP patients, what-
ever the MC type. A national French study reported a mean (SD) vitamin D level of 23.6 (10.0)
ng/mL in a healthy population in Paris [44]. Low vitamin D level could play a role in reported
symptoms in cLBP contributing to diffuse pain and bone muscle and weakness [45].

Our study has several limitations. Our findings pertain to only a specific subset of cLBP
patients: we took several steps to limit biases that could arise, which resulted in a high number
of exclusion criteria and therefore a proportional restriction of the study population. Another
limitation was multiple testing, which implied a risk of coincidental findings. We limited
this risk by using Bonferroni correction. In addition, our sample size was small and was not
defined by power calculation but rather by the pragmatic and exploratory design of our study.
The lack of power could explain in part the lack of association between active discopathy-asso-
ciated cLBP and an osseous phenotype. Finally, the cross-sectional design of our study did
not allow for assessing a potential causative association between BMD and bone remodeling
marker levels and changes affecting vertebral-endplate subchondral bone. Using dual-energy
X-ray absorptiometry, we were not able to assess qualitative micro-architectural vertebral-end-
plate subchondral bone changes but rather only quantitative changes.

In conclusion, BMD and bone remodeling marker levels in cLBP patients do not differ
between those with and without active discopathy. The results from our exploratory study
do not support an association of active discopathy and systemic bone fragility. However, the
small sample size was a limitation to the interpretation of the data. Further studies should
investigate qualitative changes affecting vertebral-endplate subchondral bone adjacent to
active discopathy.
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