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Correlations between Modic change and
degeneration in 3-joint complex of the lower
lumbar spine
A retrospective study
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Abstract
Background: Modic changes (MCs) associated with low back pain (LBP) have been assessed in a few studies. It has been
documented that patients with LBP haveMCs in a specific segment, but the relationship between facet joint or disc degeneration and
MCs is still disputed. Thus, we aimed to evaluate the correlation between MC and facet joint or disc degeneration using imaging.

Methods: Imagingdataofpatientswere retrospectivelyanalyzedat theOrthopedicDepartmentof theFirstAffiliatedHospitalofNanchang
from January 2014 to August 2017. MCs, facet joint degeneration, and disc degeneration in L3-S1were evaluated by lumbarMRI. x2 test
and contingency correlation coefficient were used for the statistical analyses, and a P value< .05 was considered statistically significant.

Results: In the descriptive statistical analysis, MCs were found to have the highest incidence in the L4–5 segment. Type II MCs had
a higher incidence than type I and type III MCs regardless of whether they were in the L3–4, L4–5, or L5-S1 segment. On one hand,
MCs were more frequently distributed in grades 3, 4, and 5 of the degenerative lumbar discs regardless of whether they were in the
L3–4, L4–5, or L5-S1 segment (P< .000,V: contingency coefficient >0); particularly, type II MCs were closely related to lumbar disc
degeneration (P< .05, V>0). On the other hand, MCs were more frequently distributed in grades 1, 2, and 3 of the degenerative
lumbar facet regardless of whether they were in the L3–4, L4–5, or L5-S1 segment (P< .05, V>0). Particularly, type II MCs were
frequently distributed in grades 1, 2, and 3 of the facet joint in the L4–5 and L5-S1 segments (P< .05, V>0).

Conclusion:MCs are correlated with the grade of lumbar spine degeneration, including lumbar disc and facet joint degeneration.
MCs, especially type II, frequently occurred in severe degeneration of the lumbar disc and facet joint. Thus, MC may be one of the
manifestations of lumbar disc and facet joint degeneration.

Abbreviations: CT = computerized tomography, LBP = low back pain, LIVD = lumbar intervertebral discs, MCs = Modic
changes, MRI = magnetic resonance imaging, T1WI = T1-weighted imaging, T2WI = T2-weighted imaging.
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1. Introduction
Modic changes (MCs) were discovered in 1988 by Modic and
Steinberg,[1] who reported thatMC is a signal change in magnetic
resonance imaging (MRI) of the lumbar vertebral endplates and
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marrow. Likewise, other methods such as diffusion MRI, which
was usually used in tumors, may be used for the assessment of the
MCs of the marrow.[2–5] In addition, MCs were closely related to
low back pain (LBP) and the imaging classifications of MC were
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Table 1

The demographic and clinical information of all patients.

Group of Modic changes

Project levels None Type I Type II Type III

No. of MCs
L3/4 219 (74.74%) 16 (5.46%) 42 (14.34%) 16 (5.46%)
L4/5 134 (45.74%) 41 (13.99%) 100 (34.13%) 18 (6.14%)
L5/S1 150 (51.20%) 39 (13.31%) 92 (31.40%) 12 (4.09%)

Age, yr
L3/4 52.5±13.9 57.5±10.8 59.4±13.5 62.1±11.4
L4/5 54.2±14.1 52.1±13.2 53.9±13.8 62.8±10.9
L5/S1 53.6±13.1 55.9±11.4 54.9±14.3 53.0±14.4

Gender (male: female)
L3/4 115: 104 9: 7 22: 20 8: 8
L4/5 66: 68 21: 20 58: 42 9: 9
L5/S1 84: 66 20: 19 41: 51 9: 3

BMI, kg/m2

L3/4 22.1±1.1 22.0±0.8 21.9±0.9 22.1±1.1
L4/5 22.1±1.0 22.0±1.0 22.0±1.0 22.2±1.1
L5/S1 22.1±1.0 22.1±1.1 22.0±1.1 22.5±0.9

MC = Modic change, BMI = body mass index.
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presented by Modic et al, based on their study on the vertebral
MRI signal changes of 474 patients with LBP. Then, MCs were
initially split into types I and II. Since then, MCs have attracted
attention from researchers. In 2005, Kjaer et al’s[7] cross-sectional
cohort study of 412 patients reported that MCs and anterolis-
thesis were most strongly associated with LBP. In 2008, Rahme
and Moussa[8] discovered that type I MCs are likely to be
inflammatory in origin and seem to be strongly associated with
active low back symptoms and segmental instability, thus
reflecting a state of active degeneration and biomechanical
instability of the lumbar spine according to the literature review.
Moreover, in 2015, Hayashi et al[9] believed that age, disc
degeneration, angular motion, and translational motion were
significantly linked to MCs in the lumbar spine, and the
translational motion of lumbar segments increased with type II
MCs, whereas angular motion decreased as the type of MCs
increased. Therefore, a number of scholars[10–12] believe that
MCs are closely related to LBP, vertebral body motion, and spine
degeneration.
In contrast, Keller et al’s[13] prospective clinical cohort study of

269 patients with chronic LBP in 2012 showed that MCs did not
influence the clinical course of back pain and were not prognostic
factors for recovery. In general, type II and type III MCs are
thought to represent the end stage of the degenerative process and
are not assumed to cause symptoms.[1] Therefore, the controversy
of MC being related to or not related to LBP exists.
In this study, we evaluated the outcomes of a clinical cohort of

patients with lumbar disc herniation. The purpose was 3-fold: to
investigate the prevalence ofMCs, to investigate if MCs influence
the lumbar disc herniation, and to identify correlations between
the MCs and lumbar facet joint degeneration.

2. Methods

2.1. Clinical samples and data

Imaging data were obtained from 293 patients (median age:
54.3106±13.92 years; range: 50–75 years; men: 154; women:
139; Table 1) who were hospitalized at the Orthopedic
Department of the First Affiliated Hospital of Nanchang
University from January 2014 to August 2017. The study
protocol was approved by the Institutional Review Board of the
First Affiliated Hospital of Nanchang University, and written
informed consent was obtained from all study participants.
Inclusion criteria were as follows: having undergone lumbar

computerized tomography (CT) and MRI examination; and no
history of spinal surgery. The exclusion criteria were as follows:
lumbar spondylolisthesis, scoliosis, lumbar spine infection, spinal
tumors, and other spine-related diseases; diabetes, hypertension,
and other relevant medical history; history of smoking or
alcoholism; psychological disorders, mental disorders, or drug
use and other history; and body mass index (BMI)<18.5 or
BMI≥24.

2.2. Magnetic resonance imaging

MRI was performed on a 3.0 Tesla whole-body MR unit (Tim
Trio, Siemens Medical Solutions, Erlangen, Germany) using a
dedicated 8-channel spine coil (3 T Spine Matrix Coil, Siemens).
All imaging was performed in the supine position and patients
were told be calm and breathe normally as much as possible to
keep the waist still. An experienced radiologist (TAS) and a
director of spinal surgery evaluated the MRI results. The
following MRI findings were recorded at the L1–5 of the lumbar
2

spine: disc degeneration and herniation, facet joint degeneration,
MCs, and High Intensity Zone.
2.3. MC classification in MRI

MCs were evaluated according to the Modic classification
system. Type I MCs (Fig. 1) were hypointense on T1-weighted
imaging (T1WI) and hyperintense on T2-weighted imaging
(T2WI), and were shown to represent bone marrow edema and
inflammation. Type II MCs (Fig. 2) were hyperintense on T1WI
and isointense or slightly hyperintense on T2WI, and were
associated with conversion of normal red hematopoietic bone
marrow into yellow fatty marrow as a result of marrow
ischemia.[1,14] Type III MCs (Fig. 3) were subsequently described
as hypointense on both T1WI and T2WI and were thought to
represent subchondral bone sclerosis.[6]

2.4. Disc degenerative grading in MRI

Morphological evaluation of the lumbar intervertebral discs
(LIVDs) was performed using sagittal and axial T2WI. All
grading data were independently evaluated by an experienced
radiologist (15 years of experience with MRI) and an
experienced orthopedic spine surgeon (10 years of specializa-
tion in spine surgery), and grading was performed using a
double-blind method. The LIVD degeneration grading is shown
in Table 2.
The observers graded strictly the LIVD degeneration according

to the improved Pfirrmann grading standard. To further exclude
the subjective factor and better reflect the phenomenon, the LIVD
degeneration grading was defined as follows based on the LIVD
signals and disc height changes: grades 1, 2, 3, and 4 as Grade 1; 5
as Grade 2; 6 as Grade 3; 7 as Grade 4; and 8 as Grade 5.
2.5. Lumbar facet joint degenerative grading in MRI

We used the criteria proposed by Weishaupt, which defined the
degree of facet degeneration using CT combined with MRI
(Fig. 4).[15,16] Grade 1, normal facet joint space (2–4mm width);
Grade 2, narrowing of the facet joint space (<2mm), small
osteophytes, and/or mild hypertrophy of the articular process;



Figure 1. Type I Modic changes are hypointense on T1-weighted imaging and hyperintense on T2-weighted imaging and represent bone marrow edema and
inflammation.
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Grade 3, narrowing of the facet joint space, moderate
osteophytes, moderate hypertrophy of the articular process,
and/or mild subarticular bone erosions; and Grade 4, narrowing
of the facet joint space, large osteophytes, severe hypertrophy of
the articular process, severe subarticular bone erosions, and/or
Figure 2. Type II Modic changes are hyperintense on T1-weighted imaging and iso
conversion of normal red hematopoietic bone marrow into yellow fatty marrow a

3

subchondral cysts. All grading data were independently evaluat-
ed by an experienced radiologist (15 years of experience with
MRI) and an experienced orthopedic spine surgeon (10 years of
specialization in spine surgery), and grading was performed using
the double-blind method.
intense or slightly hyperintense on T2-weighted imaging and are associated with
s a result of marrow ischemia.

http://www.md-journal.com


Figure 3. Type III Modic changes are subsequently described as hypointense on both T1- and T1-weighted imaging and are thought to represent subchondral
bone sclerosis.

Table 2

Modified Pfirrmann grading of LIVD degeneration using MRI.

Grade Signal intensity of nucleus pulposus and inner fibrosus
Different signals between rear,

inner, and outer fibrosus IVD height

1 Uniformly high signal and the cerebrospinal fluid (CSF) signal quite Obvious Normal
2 High signal (stronger than the sacral fat signal but weaker than the CSF signal) Obvious Normal
3 High signal and presence of cracks in the nucleus pulposus Obvious Normal
4 High signal (weaker than presacral fat signal) Not obvious Normal
5 Low signal (equal to outer fibrosus signal) Not obvious Normal
6 Low signal Not obvious Reduce <30%
7 Low signal Not obvious Reduce 30%–60%
8 Low signal Not obvious Reduce>60%

LIVD = lumbar intervertebral discs, MRI = magnetic resonance imaging.

Guo et al. Medicine (2018) 97:38 Medicine
3. Statistical analysis

All imaging data were independently evaluated by a radiologist
and an orthopedic spine surgeon, and the Kappa Consistency
Test was performed on the results of the two evaluations. The
final grade used for the statistical analysis was determined by the
consensus decision of the radiologist and orthopedic spine
surgeon. All analyses were performed using SPSS 23.0 statistical
software (SPSS Inc, Chicago, IL). All data were expressed as mean
± standard deviation, with the between-group difference
evaluated using the x2 test. Correlations between the MCs and
facet joint or disc degeneration were evaluated using contingency
correlation coefficient. P values< .05 were considered to be
statistically significant.

4. Result

The Kappa Consistency Test showed that the Kappa values are
greater than 0.8 in the 2 observers. Therefore, we hold that the
grading data were reliable. The descriptive statistical analysis
4

showed that MCs had the highest incidence rate in the L4–5
segment and type IIMCs had the highest incidence rate compared
with type I and type III MCs regardless of whether they are in the
L3–4, L4–5, or L5-S1 segment (Table 1). Next, we wanted to find
out whether MCs are related or not to lumbar disc degeneration.
To do this, the degenerative grading results of the lumbar disc
between with MC and without MC groups were compared using
the x2 test and contingency correlation analysis. The result
indicated that there was a statistically significant difference
between the 2 groups (P< .000), and MCs were more frequently
distributed in Grades III, IV, and V of the degenerative lumbar
discs regardless of whether they were in the L3–4, L4–5, or L5-S1
segment (Table 3: P< .000, V>0). In addition, the correlation of
MC types and lumbar disc degeneration was analyzed using the
x2 test and contingency correlation. We discovered that type I, II,
and III MCs were frequently distributed in Grades III, IV, and V
of the degenerative lumbar discs regardless of whether they are in
the L3–4, L4–5, or L5-S1 segment (Table 4: P< .05, V>0), and
especially, type II MCs were closely related to lumbar disc



Figure 4. The Weishaupt grading of facet joint degeneration: Grade 0, normal
facet joint space (2–4mm width); Grade 1, narrowing of the facet joint space
(<2mm), mild osteophytes, and/or mild hypertrophy of the articular process;
Grade 2, narrowing of the facet joint space, moderate osteophytes, moderate
hypertrophy of the articular process, and/or mild subarticular bone erosions;
and Grade 3, narrowing of the facet joint space, large osteophytes, severe
hypertrophy of the articular process, severe subarticular bone erosions, and/or
subchondral cysts.
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degeneration. Finally, we evaluated whether MCs are related to
facet joint degeneration. The result showed that there was a
statistically significant difference between the 2 groups (P< .05),
andMCs are more frequently distributed in Grades 1, 2, and 3 of
the degenerative lumbar facet regardless of whether they are in
the L3–4, L4–5, or L5-S1 segment (Table 5: P< .05, V>0).
Table 3

Correlation between MCs and lumbar disc degeneration at lower lum

LIVD degeneration gra

Segment MCs I II III

Yes 2 22 18
L3–4 No 60 68 54

Yes 6 16 42
L4–5 No 14 36 42

Yes 6 6 32
L5-S1 No 18 46 42

V = contingency coefficient, MC = Modic change, MRI = magnetic resonance imaging, LIVD = lumba

5

Furthermore, we discovered that type II MCs were frequently
distributed in Grades 1, 2, and 3 of the facet joint in the L4–5 and
L5-S1 segments.
5. Discussion

MC, linked with LBP, represents an inflammatory signal in the
MRI of the lumbar vertebral endplates and tissues, which was
classified into 3 types by Modic et al [6] Type I MCs were
hypointense on T1WI and hyperintense on T2WI, and were
shown to represent bone marrow edema and inflammation. Type
II MCs were hyperintense on T1WI and isointense or slightly
hyperintense on T2WI, and were associated with conversion of
normal red hematopoietic bone marrow into yellow fatty
marrow as a result of marrow ischemia.[1,14] Type III MCs were
subsequently described as hypointense on both T1WI and T2WI,
and were thought to represent subchondral bone sclerosis.[6]

These imaging changes caused widespread concern to scholars.
However, Abdel Razek and Castillo[17] demonstrated that other
diseases, such as spinal tumors, can stimulate degeneration
disorder, with imaging findings similar to those of MCs. Hence,
we need to assess these images carefully.[17]

In recent years, the relationship between MCs and lumbar
spine degeneration has been extensively studied by foreign
scholars. Toyone et al[18] showed that the incidence rate of MCs
in the patients with lumbar disc degeneration is about 19% to
59%, of which types I and II are the most common, whereas type
III and the mixed types are rare. This is consistent with the
incident rate of this study, in which the incidence rate of MCs is
44.82%. In addition, Teichtahl et al[19] discovered that severe
disc degeneration (Grades 4 and 5) was associated or tended to be
associated with type II MC in the L2–5 segment; their cross-
sectional study included 72 community-based individuals who
may or may not have LBP. Then, the 4-year prospective study by
Jensen et al[20] on (without LBP) 344 Danish cases found that the
incidence rate of MCs was 19.5%, wherein 84% were of type I.
Moreover, they discovered that the greater the range of MCs, the
more severe the degeneration of the adjacent segments. Kerttula
et al[21] selected participants from 3811 patients with consecutive
chronic low-back pain referred for 6 consecutive years to a
standard lumbar spine MRI study at a university hospital. They
reported that endplate deformation, decreased disc height, and
disc signal intensity changes appear to be essential features of
accelerated degenerative process associated with type I MCs. In
our study, we aimed to find some correlations between MCs and
degeneration of 3-joint complex of the lower lumbar spine. We
took the modified Pfirrmann grading of lumbar disc degeneration
and the Weishaupt degree of facet degeneration into consider-
ation and indeed found some correlations between them.
bar in MRI by x2.

ding Value

IV V x2 P V

16 16
33 4 49.146 .000 0.379
54 41
34 8 35.790 .000 0.330
53 46
32 12 63.109 .000 0.421

r intervertebral discs.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Teichtahl%20AJ%5BAuthor%5D&x0026;cauthor=true&x0026;cauthor_uid=27765024
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Table 4

Correlation between type of MCs and lumbar disc degeneration at 3 lower lumbar in MRI.

LIVD degeneration grading Value

Segment MCs I II III IV V x2 P V

Type 1 0 4 4 6 2
No 60 68 54 33 4 15.736 .003 0.251

L3–4 Type 2 2 16 8 8 8
No 60 68 54 33 4 31.699 .000 0.329
Type 3 0 2 6 2 6
No 60 68 54 33 4 51.727 .000 0.425
Type 1 4 6 6 16 9
No 14 36 42 34 8 15.469 .004 0.285

L4–5 Type 2 2 10 32 28 28
No 14 36 42 34 8 29.498 .000 0.333
Type 3 0 0 4 10 4
No 14 36 42 34 8 17.455 .002 0.321
Type 1 0 0 6 11 22
No 18 46 42 32 12 59.545 .000 0.489

L5-S1 Type 2 6 6 20 40 20
No 18 46 42 32 12 35.609 .000 0.358
Type 3 0 0 6 2 4
No 18 46 42 32 12 14.270 .006 0.285

V = contingency coefficient, MC = Modic change, MRI = magnetic resonance imaging, LIVD = lumbar intervertebral discs.

Table 5

Correlation between MCs and lumbar facet joint degeneration at lower lumbar in MRI.

Facet joint degeneration grading Value

Segment MCs 0 1 2 3 x2 P V

Yes 18 16 34 6
L3–4 No 40 86 65 28 11.348 .010 0.193

Yes 18 52 65 24
L4–5 No 30 42 40 22 8.029 .045 0.163

Yes 16 48 45 34
L5-S1 No 12 54 64 18 9.076 .028 0.174

V = contingency coefficient, MC = Modic change, MRI = magnetic resonance imaging.

Guo et al. Medicine (2018) 97:38 Medicine
In our study, we discovered that a statistically significant
correlation existed between MCs and lumbar disc degeneration
(Tables 1 and 3: P< .05, V>0), which showed that MCs had the
highest incidence in the L4–5 segment. This is similar to the
findings of previous studies.[22,23] Moreover, based on the
modified Pfirrmann grading of LIVD degeneration, we found that
the 3 types of MCs, especially Type II, are more frequently
distributed in Grades III, IV, and V of the degenerative lumbar
discs regardless of whether they are in the L3–4, L4–5, or L5-S1
segment, and we also prove that MCs were accompanied with a
degenerative disc disease at the same vertebral level (Table 4:
P< .05, V>0). This is consistent with the results of a previous
study,[24] wherein the authors recruited 108 patients with lumbar
degenerative disc disease graded using the Pfirrmann system; they
demonstrated that MCs were correlated with the grade of disc
degeneration. A research by de Roos et al[14] reported that severe
disc degeneration (Grades 4 and 5) was associated or tended to be
associated with type II MC, and this further proves our results. In
addition, we found that all MCs frequently appeared in 1, 2, and
3 grading of the degenerative facet joint in the L3-S1 segment. In
other words, MCs frequently appeared in the real degenerative
lumbar facet joint (Table 5: P< .05, V>0). Among the 3 types of
MCs, type II was the most common with the exception of the L3–
4 segment (Table 6: P< .05, V>0). We found that few scholars
have reported the direct correlations between MCs and lumbar
6

facet joint degeneration. However, we also found their indirect
relationship. Crock[25] posits the theory of “intervertebral disc
rupture” and considered that the long-term damage of the disc
caused the local inflammatory reaction of the endplate, resulting
inMC. A study byMuehleman et al,[26] who selected a total of 57
(18 female and 39 male) cadaveric human spines from the Gift of
Hope Organ and Tissue Donor Network, demonstrated that
facet joint degeneration is common, occurs early, and progresses
with lumbar disc degeneration. Thus, we believe that MCs are
indirectly associated with lumbar facet joint degeneration,
consistent with the abovementioned studies. In the current study,
the result showed that type II MCs had the highest incidence rate
regardless of whether they are in the L3–4, L4–5, or L5-S1
segment (Table 1). Some researchers[27,28] believe that type IMCs
are not stable, easy to change into type II MCs; whereas type II
will not change into type III, and type III MCs are rare and have
an unknown etiology. Therefore, type II is considered to be the
most stable type of MC,[8] which could be the main reason that
type II is the most common.
6. Limitations of this study

The current study has a few limitations. First, it is a retrospective
study; a prospective study of MRI findings would yield more
convincing results. Second, the specific mechanisms underlying



[2] RazekAAKA, Ashmalla GA. Assessment of paraspinal neurogenic tumors

Table 6

Correlation between type of MCs and lumbar facet joint degeneration at 3 lower lumbar in MRI.

Facet joint degeneration grading Value

Segment MCs 0 1 2 3 x2 P V

Type 1 2 4 8 2
No 40 86 65 28 3.053 .384 0.113

L3–4 Type 2 8 12 18 4
No 40 86 65 28 3.316 .345 0.112
Type 3 8 0 8 0
No 40 86 65 28 17.663 .001 0.264
Type 1 8 10 13 10
No 30 42 40 22 1.757 .624 0.100

L4–5 Type 2 6 34 46 14
No 30 42 40 22 14.202 .002 0.241
Type 3 4 8 6 0
No 30 42 40 22 3.847 .278 0.157
Type 1 4 12 17 6
No 12 54 64 18 0.703 .873 0.061

L5-S1 Type 2 10 30 24 28
No 12 54 64 18 15.153 .002 0.244
Type 3 2 6 4 0
No 12 54 64 18 3.186 .364 0.140

V = contingency coefficient, MC = Modic change, MRI = magnetic resonance imaging.
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the relationship betweenMCs and lumbar spine degeneration are
still unclear.

7. Conclusions

Based on the literature review and statistical analyses of the
imaging data of 293 patients, we conclude thatMCs are correlated
with the grading of lumbar disc degeneration. Moreover, type II
MCs frequently occur in severe disc degeneration (Grades 3, 4, and
5) at the same vertebral level regardless of whether they are in the
L3–4, L4–5, or L5-S1 segment. In addition, MCs are correlated
with lumbar facet joint degeneration, and type II MCs are most
common in the L4-S1 segment.
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