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Pelvic parameters and sagittal alignment in people
with chronic low back pain and active discopathy
(Modic 1 changes): A case–control study

Dear Editor,

Non-specific low back pain (LBP) is the first cause of years lived
with disability in the world [1]. Lumbar MRI has allowed for
detecting lesions involving the vertebral endplates adjacent to
degenerative disc disease: Modic 0 corresponds to normal signals
of the vertebral endplates, Modic 1 to oedematous signals, Modic
2 to fatty signals and Modic 3 to fibrous signals [2,3]. Although
degenerative disc disease is frequent and usually asymptomatic,
Modic 1 changes are associated with inflammatory-like chronic
LBP (cLBP) and low-grade inflammation, which raises the concept
of ‘‘active discopathy’’ [4]. What triggers disc activation remains
unknown [5].

Adverse biomechanical factors may contribute to disc activa-
tion [4,5]. Pelvic incidence and sagittal parameters affect load
bearing and shear and compressive stresses applied on the lumbar
spine [6]. Consistently, variations in pelvic and sagittal parameters,
such as straightened lumbosacral sagittal alignment [7] or
abnormal lordosis alignment [6], are associated with lumbar
degenerative disc disease [8,9]. We hypothesized that variations in
pelvic and sagittal parameters could promote disc activation. Using
a convenience sample, we compared pelvic and sagittal param-
eters in people with cLBP with and without active discopathy.

1. Patients and methods

1.1. Study design

We used a convenience sample of people with cLBP prospec-
tively and consecutively recruited from a previous single-centered
case–control study [10]. The present study is reported in
accordance with the STROBE checklist [11] (E-Component 1).

1.2. Patient selection

All patients referred to our department (Cochin Hospital, Paris,
France) were prospectively and consecutively screened from
December 2014 to May 2016. Patients fulfilling the following
inclusion criteria and who agreed to participate were prospectively
enrolled in the primary study: male sex, age 18 to 64 years,
Caucasian, cLBP defined as a daily LBP persisting for � 3 months,
lumbar MRI � 6 months, lumbar type 1 Modic changes at a single
level with preserved intervertebral disc height (intervertebral
space narrowing < 50%, maximal 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
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and lumbar type 0 Modic changes for controls. A complete
description of the exclusion criteria is presented in E-Component 2
and was published [10].

1.3. Lumbar MRI

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 1 investigator
(STC) for the presence and level of types 0, 1, 2 and 3 Modic
changes.

1.4. Pelvic and sagittal parameters

At inclusion, frontal and sagittal views of the full spine in
standing position were recorded with the EOS system (EOS
imaging, Paris, France). Pelvic and sagittal parameters were
assessed by 2 independent trained readers (CB, MB) in a
standardized manner. Briefly, EOS is a biplane X-ray imaging
system. EOS technology uses 2 perpendicular X-ray beams
collimated in 2 very thin, horizontal, fan-shaped beams and
2 specific detectors. The EOS system provides digital images of the
skeleton without geometric distortion and with significantly lower
radiation than conventional X-rays. This imaging modality is
mostly used in orthopedics for studies of the spine because it
allows for simultaneous lateral and posteroanterior images while
the patient is in a standing position, capturing the entire spine in a
single image [12]. To standardize pelvic and sagittal parameter
measures, a first meeting was organized between 2 senior
specialists in physical and rehabilitation medicine (CN, FS), 1 senior
specialist in radiology (LL) and 2 residents in rheumatology (CB,
MB). Measurement of pelvic and sagittal parameters was
standardized by using SterEOS v1.8.2.30, which allows for
positioning specific points on sagittal and frontal views of full
spine X-rays. For sagittal parameters, trained readers manually
marked the middle of the superior endplate of C7, T1, T4, T9 and L1;
the inferior endplate of T12, L2 and L5; and the center of both
femoral heads. Pelvic parameters (i.e., pelvic incidence, pelvic tilt
and sacral slope) and sagittal parameters (i.e., dorsal kyphosis,
lumbar lordosis and Roussouly classification) were automatically
calculated by using the SterEOS software (E-component 3). Briefly,
Roussouly classification describes global sagittal alignment of the
spine and is mostly defined by pelvic incidence and lumbar
lordosis. Types 3 and 4 Roussouly sagittal alignment are associated
with high pelvic incidence [13]. An example of pelvic parameters
obtained using this method is in E-component 4. The 2 readers (CB,
MB) were trained by a senior specialist in radiology (LL).
Reproducibility of quantitative measurements for pelvic param-
eters was assessed with the intra-class correlation coefficient (ICC).
Reproducibility was considered poor with ICC < 0.40, fair with
ICC 0.40 to 0.59, good with ICC 0.60 to 0.74, and excellent with ICC
and sagittal alignment in people with chronic low back pain and
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0.75 to 1.00 [14]. In the first training session (5 examinations), the
inter-observer ICC between the 2 readers and the senior radiologist
was 0.87 for pelvic incidence, 0.86 for pelvic tilt and 0.96 for sacral
slope. In the second training session scheduled 10 days later (same
5 examinations), the inter-observer ICC between the 2 readers was
0.99 for pelvic incidence, 0.99 for pelvic tilt and 0.98 for sacral
slope; the intra-observer ICC for the first reader was 1.00 for pelvic
incidence, 0.99 for pelvic tilt and 0.99 for sacral slope, and the
intra-observer ICC for the second reader was 0.99 for pelvic
incidence, 0.99 for pelvic tilt and 0.98 for sacral slope. After the
2 training sessions, the 2 readers independently assessed all X-rays
and were blinded to the Modic status.

2. Ethical considerations

The study protocol was approved by the local ethics committee
(CPP Île-de-France 1).

2.1. Statistical analyses

Data analyses involved use of MYSTAT v12.02.00. Qualitative
variables are reported with absolute and relative frequencies and
quantitative variables with median (interquartile range [IQR]) or
mean (95% confidence interval [CI]). Normal distribution of
quantitative variables was assessed by the Shapiro–Wilk test.
Because all quantitative variables were normally distributed, they
were compared between cLBP patients with and without active
discopathy by a 2-sample t-test. Qualitative variables were
compared with the Pearson Chi2 test. Intra- and inter-observer
ICCs were calculated by using MedCalc v16.8.4.

3. Results

3.1. Patient recruitment

From December 2014 to May 2016, 2292 inpatients were
prospectively screened. In total, 37 patients met inclusion criteria
and were prospectively enrolled in the primary study. The full flow
diagram was published [10]. Two patients could not be included in
Table 1
Demographic and clinical characteristics of patients with chronic low back pain with and

M

n

Patient demographics

Age (years), median (IQR) 4

Body mass index (kg/m2), median (IQR) 2

Male, n/N (%) 2

Full or part-time employed, n/N (%) 1

Clinical characteristics

Duration of symptoms (months), median (IQR) 4

Lumbar pain in the past month (VAS, 0-100 mm), median (IQR) 4

Quebec score (0-100), median (IQR) 3

Morning stiffness � 30 min, n/N (%) 2

Morning stiffness (min), median (IQR) 4

Worst painful moments at night or in the morning, n/N (%) 6

Improvement with non-steroidal anti-inflammatory drugs, n/N (%) 9

Current treatments, n/N (%)

Analgesics 1

Non-steroidal anti-inflammatory drugs 4

Lumbar bracing 4

Physical examination findings

Modified Schöber test (15 + cm), median (IQR) 4

Fingertip-to-floor test (cm), median (IQR) 2

Increased lumbar pain in hyperextension, n/N (%) 1

Lasègue sign, n/N (%) 4

IQR: interquartile range; VAS: visual analog scale.
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the present study because EOS imaging was not available. Finally,
35/37 patients were included in the present analyses: 13 cLBP
patients with active discopathy and 22 without active discopathy.

3.2. Patient characteristics

Median age was 42.0 (IQR 35.0–51.5) years, LBP duration
50.0 (33.5–104.0) months, LBP intensity in the past month 50.0
(30.0–70.0) mm on a visual analog scale (0 mm, no pain, to
100 mm, maximal pain) and Quebec score 32.0 (24.0–45.0) (0,
no spine-specific activity limitation, to 100, maximal spine-specific
activity imitation) (Table 1). In patients with active discopathy,
Modic 1 changes were located at L4-L5 in 12/13 (92.3%) patients
and L2–L3 in 1/13 (7.7%).

3.3. Pelvic and sagittal parameters

Patients with and without active discopathy did not differ in
pelvic parameters: absolute mean (95% CI) difference was 7.28
(�1.0; 15.5) for pelvic incidence, 3.78 (�1.3; 8.7) for pelvic tilt
and 3.38 (�2.3; 8.9) for sacral slope. The proportion of patients
with type 4 Roussouly sagittal alignment was higher with than
without active discopathy (7/13 [53.8%] vs 3/22 [13.6%], P = 0.011)
(Table 2).

4. Discussion

In the present study, pelvic parameters did not statistically
differ between cLBP individuals with and without active discopa-
thy, but type 4 Roussouly sagittal alignment was more frequent
with than without active discopathy.

Patients with active discopathy had numerically higher pelvic
incidence. This result was quite unexpected because low pelvic
incidence is usually reported in patients with than without lumbar
degenerative disc disease or herniation and is considered a
predisposing factor of lumbar disc degenerative disease [15]. How-
ever, the mechanisms of disc activation may differ from disc
degeneration considered in isolation. Our findings suggest that disc
activation is associated with the global pattern of sagittal
 without active discopathy (Modic 1 and Modic 0 changes, respectively) at inclusion.

odic 0 Modic 1 All patients

 = 22 n = 13 n = 35

1.5 (36.5–46.8) 50.0 (33.0–62.0) 42.0 (35–51.5)

3.4 (21.9–24.4) 27.4 (24.2–28.7) 24.1 (22.6–27.1)

2/22 (100.0) 13/13 (100.0) 35/35 (100.0)

7/22 (77.3) 10/13 (76.9) 27/35 (77.1)

7.0 (28.5–99.5) 73.0 (46.0–129.0) 50.0 (33.5–104.0)

2.5 (26.3–70.0) 55.0 (30.0–60.0) 50.0 (30.0–70.0)

1.0 (23.3–45.0) 34.0 (31.0–48.0) 32.0 (24.0–45.0)

/22 (9.1) 6/13 (46.2) 8/35 (22.9)

.0 (0.0–15.0) 15.0 (5.0–30.0) 5.0 (0–17.5)

/22 (27.3) 6/13 (46.2) 12/35 (34.3)

/20 (45.0) 8/12 (66.7) 17/32 (53.1)

4/22 (63.6) 5/13 (38.5) 19/35 (54.3)

/22 (18.2) 3/13 (23.1) 7/35 (20.0)

/22 (18.2) 4/13 (30.8) 8/35 (22.9)

.8 (3.6–6.0) 6.0 (4–6.5) 5.0 (3.8–6.3)

2.5 (17.5–29.8) 18.0 (5.0–33.0) 20.0 (11.0–31.0)

0/22 (45.5) 8/13 (61.5) 18/35 (51.4)

/22 (18.2) 1/13 (7.7) 5/35 (14.3)
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Table 2
Pelvic and sagittal parameters for chronic low back pain patients with and without active discopathy.

Modic 0 Modic 1 All patients Difference in means

(Modic 1–Modic 0)

P-value

n = 22 n = 13 n = 35

Pelvic incidence 52.6 (48.4; 56.8) 59.8 (51.0; 68.7) 55.3 (51.2; 59.4) 7.2 (�1.0; 15.5) 0.084

Pelvic tilt 13.6 (11.1; 16.0) 17.3 (11.8; 22.8) 15.0 (12.5; 17.4) 3.7 (�1.3; 8.7) 0.141

Sacral slope 39.0 (35.4; 42.6) 42.3 (37.9; 46.7) 40.2 (37.5; 42.9) 3.3 (�2.3; 8.9) 0.245

Dorsal kyphosis 40.0 (35.7; 44.2) 39.5 (33.3; 45.6) 39.8 (36.5; 43.1) �0.5 (�7.5; 6.5) 0.887

Lumbar lordosis 41.9 (36.8; 46.9) 44.8 (38.1; 51.4) 42.9 (39.1; 46.8) 2.9 (�5.1; 10.9) 0.464

Roussouly 1, n (%) 0 (0.0) 1 (7.7) 1 (2.9) 0.187

Roussouly 2, n (%) 2 (9.1) 0 (0.0) 2 (5.7) 0.263

Roussouly 3, n (%) 17 (77.3) 5 (38.5) 22 (62.9) 0.022

Roussouly 4, n (%) 3 (13.6) 7 (53.8) 10 (28.6) 0.011

No missing data. Data are expressed in mean (95% confidence interval) degrees, unless otherwise indicated. Quantitative variables were compared between Modic 0 and

Modic 1 groups by 2-sample t-test. Qualitative variables were compared between Modic 0 and Modic 1 groups by Pearson Chi2 test.
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alignment of the lumbar spine and pelvis in the standing position,
namely type 4 Roussouly sagittal alignment, rather than pelvic
parameters taken in isolation, even though these are closely
related to global sagittal alignment. Type 4 Roussouly sagittal
alignment is characterized by increased pelvic incidence and a long
and curved lumbar spine [16]. This type of sagittal alignment is
associated with spondylolysis and spondylolisthesis [17] and
poorer results of lumbar disc arthroplasty than others [18]. In our
study, the proportion of patients with type 4 Roussouly sagittal
alignment was higher in people with cLBP with than without active
discopathy. Type 4 Roussouly sagittal alignment is defined by
the sacral slope [16,19,20]. Consistently, we found mean sacral
slope values numerically higher in people with cLBP with than
without active discopathy. However, this latest difference did not
reach statistical significance, probably because our study was
underpowered and because methods used for comparing cases and
controls differed: a quantitative analysis was used for sacral slope
and a qualitative analysis for Roussouly sagittal alignment. Sacral
slope is more tightly related to lumbar lordosis than is pelvic
incidence. High lumbar lordosis increases the shear stress on the
disc. Altogether, these factors could help increase the shear stress
on lumbar intervertebral discs [13] and subsequent disc activation.

Also, the proportion of participants with type 3 Roussouly
sagittal alignment was higher in people with cLBP without than
with active discopathy. This finding was quite surprising because
people with type 3 Roussouly sagittal alignment have been
reported to be at higher risk of listhesis than those with type 1 or
2 sagittal alignment. Therefore, we would have expected a higher
prevalence of type 3 Roussouly sagittal alignment in people with
cLBP with than without active discopathy. This type may protect
against disc activation. An alternative hypothesis is that type
3 sagittal alignment may delay disc activation as compared with
type 4 alignment. A longitudinal study is needed to adress these
hypotheses.

Active discopathy is a temporary concept, but pelvic incidence
is a constitutive parameter. Therefore, pelvic incidence alone can
probably not predict the time of occurrence of active discopathy,
contrary to sagittal alignment of the lumbar spine, which can vary
with degenerative changes. Besides pelvic and sagittal parameters,
other adverse biomechanical factors, such as spinal deformities or
instability could also have contributed to inadequate response to
mechanical stress and subsequent disc activation [4]. However, we
did exclude cLBP patients with scoliosis, hyperkyphosis and
spondylolisthesis � grade 2.

Our study has limitations. Because we used a convenience
sample recruited from a previous study [10], we did not specifically
calculate a sample size for the present study. Patients with active
discopathy at L5–S1 were excluded from the primary study.
Therefore, we cannot conclude on the prevalence of active
Please cite this article in press as: Blandin C, et al. Pelvic parameters 
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discopathy at the lumbar level, and selection bias is implied.
The L4–L5 level was probably not the best level to measure because
its orientation is more horizontal. This may explain why the
differences we observed are difficult to understand. The selection
criteria for the above-mentioned study also excluded high body
mass index and advanced degenerative disc disease, which may
have led to an underestimation of mechanical stress. Further, more
than 90% of both groups could be classified as having Roussouly
3 and 4 sagittal alignment, and there were not enough types 1 and
2 alignment to compare. Because usual descriptions never exceed
70%, results from our sample may not be extrapolated to the
general population. The age of people with cLBP seemed older
for those with than without active discopathy. The difference in
mean (95% CI) age between the 2 groups was �5.9 (�13.9; 2.2)
years and was not statistically significant, but this remains a
potential bias due to misclassification. Finally, we did not compare
disc degeneration between patients with and without active
discopathy.

In summary, we found that type 4 Roussouly sagittal alignment
was more frequent in people with cLBP with than without active
discopathy, which suggests that the global pattern of sagittal
alignment of the lumbar spine and pelvis in standing position may
contribute to lumbar disc activation. Furthermore, pelvic inci-
dence, pelvic tilt, sacral slope and lumbar lordosis were
numerically higher in people with cLBP with than without active
discopathy and should also be considered in the assessment of
sagittal parameters associated with active discopathy. However,
our results are open to discussion considering the sample
provenance, and many biases may play a non-negligeable role
in the interpretation of our data.
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