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The relationship between facet joint osteoarthritis and Modic changes of
the lumbar spine: a retrospective magnetic resonance imaging study

Lomber omurganin faset eklem osteoartriti ve Modic degisiklikleri arasindaki iligki:
Retrospektif bir manyetik rezonans goriintiileme caligmasi
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ABSTRACT

Objectives: This study aims to assess the facet joint osteoarthritis in patients with lumbar Modic changes and to investigate the relationship
between the Modic types and severity of the facet joint degeneration.

Patients and methods: A total of 120 patients (55 males, 65 females; mean age 55.18+9.47 years; range 40 to 75 years) were included in the
study. The patients were divided into four equal groups of 30 patients according to Modic type (No Modic changes, type 1, type 2, type 3). All
groups were matched with age, sex, and spinal level. A total of 180 lumbar facet joints of the patients with Modic changes (60 facet joints for
each Modic type) and 60 lumbar facet joints of the patients without Modic changes were analyzed. The severity of the facet joint osteoarthritis
was assessed. The degree of the facet degeneration was evaluated by using the Pathria grading system with magnetic resonance imaging.

Results: Facet joint degeneration increased gradually, as the type of Modic change increased. Compared to the group without Modic changes,
all three groups with Modic changes had more degenerative facet joints (all p<0.002). The severity of the facet joint degeneration was
significantly higher in type 3 versus type 1 Modic changes (p=0.022).

Conclusion: Our study results suggest that Modic changes, particularly type 3, are strongly associated with the facet joint osteoarthritis of the
lumbar spine. Clinically, facet joint degeneration should be considered in the examination of low back pain inpatients with Modic changes.
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Amag: Bu ¢alismada, lomber Modic degisiklikleri olan hastalarda faset eklem osteoartriti degerlendirildi ve Modic tipleri ile faset eklem
dejenerasyonunun siddeti arasinda iliski olup olmadig1 arastirild1.

Hastalar ve yontemler: Calismaya toplam 120 hasta (55 erkek, 65 kadin; ort. yas 55.18+9.47 y1l; dagilim 40-75 y1l) alind1. Hastalar, Modic tipine
(Modic degisikligi yok, tip 1, tip 2, tip 3) gore 30 hastadan olusan dort esit gruba ayrildi. Tiim gruplar yas, cinsiyet ve spinal seviye agisindan
eslestirildi. Modic degisiklikleri olan hastalarin toplam 180 lomber faset eklemi (her Modic tipi i¢in 60 faset eklem) ve Modic degisiklikleri
olmayan hastalarin 60 lomber faset eklemi incelendi. Faset eklem osteoartritinin siddeti degerlendirildi. Faset dejenerasyonunun siddeti,
Pathria derecelendirme sistemi kullanilarak manyetik rezonans goriintiileme ile derecelendirildi.

Bulgular: Modic degisikliginin tipi arttik¢a, faset eklem dejenerasyonu da giderek artt1. Modic degisiklikleri olmayan gruba kiyasla, Modic
degisiklikleri olan i¢ grupta da, faset eklemler anlamli diizeyde daha dejeneratif idi (tiimii p<0.002). Tip 1 Modic degisikliklere kiyasla, tip 3
Modic degisiklikleri olan gruptaki faset eklem dejenerasyonunun siddeti anlamli diizeyde daha yiiksek bulundu (p=0.022).

Sonug: Caligma sonuglarimiz, basta tip 3 olmak tizere, Modic degisikliklerinin lomber omurgadaki faset eklem osteoartriti ile giiglii bir
sekilde iligkili oldugunu gostermektedir. Klinik olarak, Modic degisiklikleri olan hastalarda bel agris1 degerlendirilirken, faset eklem
dejenerasyonu da g6z 6niinde bulundurulmalidir.

Anabtar sozciikler: Faset dejenerasyonu; lomber omurga; Modic degisiklikleri; Pathria.
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Facet joint osteoarthritis and Modic changes

Modic changes (MCs) are defined as vertebral
endplate and bone marrow signal intensity
changes visible on magnetic resonance imaging
(MRI)." These MRI findings are generally classified
into three different types, according to their
signal patterns on T; and T,-weighted sequences
(Table 1, Figures 1, 2, and 3). In addition, the
histopathological features of MCs have been described
(Table 1).2 The underlying pathophysiological
mechanisms for development of MCs are not completely
clarified, but abnormal load and mechanical stress,
local inflammation and focal bacterial infection
secondary to degenerative disc or an autoimmune
reaction are proposed mechanisms.B*! Modic changes
are clinically associated with low back pain.’

Osteoarthritis of the facet joints is considered
one of the most common causes of chronic low back
pain.”! The facet joints are synovial joints of the spine,
and osteoarthritis of the facet joints shows similarity
to that of all the diarthrodial joints.® Although the
primary risk factor of the disorder is advanced age,
because of the high level of mobility and load forces in
the lumbar region, facet joint osteoarthritis becomes
more apparent in this spinal region.*

Both an association between facet joint
osteoarthritis and disc degeneration and an
association between disc degeneration and MCs
have been demonstrated in previous studies.?”!?
Accordingly, to assert that MCs may be associated
with facet joint osteoarthritis is reasonable. To the
best of our knowledge, no study has investigated facet
joint osteoarthritis in patients with MCs. Therefore,
in this retrospective MRI study, we aimed to evaluate
facet joint osteoarthritis in patients with MCs.

PATIENTS AND METHODS

The study protocol was approved by the Ethics
Committee of Yiiziincii Y1l University (Decision No: 04;
Date: 27 February 2014). We collected retrospective
data from MRI images of 120 patients (55 males,
65 females; 55.1849.47 years; range 40 to 75 years)
with low back pain at our hospital between January
2013 and January 2014. The patients were divided into
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four equal groups of 30 patients according to Modic
type (No MCs, type 1 MCs, type 2 MCs, type 3 MCs).
The study was conducted in accordance with the
principles of the Declaration of Helsinki. Lumbar MRI
findings including MCs were analyzed in terms of
osteoarthritis severity of the right and left facet joints
at the same level of MCs. Each facet joint was graded
in agreement by two radiologists using the Pathria
grading scale (Table 2, Figure 4).0%

We tried to select groups that were as similar as
possible in terms of age, sex, and spinal levels so
we could fairly compare the severity of facet joint
osteoarthritis. In order to evaluate the severity of
facet joint osteoarthritis, a total of 180 lumbar facet
joints from lumbar MRI images of patients with MCs
(60 facet joints for each Modic type), and 60 lumbar
facet joints from MRI images of patients without
MCs were selected and analyzed. The age range of
the analyzed patients was limited to ages 40 to 75.
All patients whom MRI scans were included in this
study had low back pain. The images of patients with
spine neoplasm, spine infections such as brucellosis,
tuberculosis, abscess, and spine curvature disorders
such as scoliosis were excluded from the study.

All images were obtained from a 1.5-T MRI system
(Siemens Magnetom Symphony, Erlangen, Germany)
with a spinal coil. The imaging protocol contained
Ti-weighted spin-echo sequences (560/10/90/2
[TR/TE]) and axial and sagittal T;-weighted turbo
spin-echo sequences (3480/102).

Statistical analysis

Statistical analyses were carried out using the
SPSS for Windows version 13.0 (SPSS Inc., Chicago,
IL, USA) software program. The descriptive statistics
were presented as mean + standard deviation or by the
number of cases. The normality of the distribution of
continuous variables was determined via a one-sample
Kolmogorov-Smirnov test. The ANOVA test was used
for the group that displayed a normal distribution,
and Kruskal-Wallis test and Mann-Whitney U test
were used for the group that did not display a normal
distribution. The categorical variables were evaluated
by chi-square test. A p value of <0.05 was considered

Table 1. Magnetic resonance imaging characteristics and histopathological findings of Modic changes

Type 1 MCs

Type 2 MCs Type 3 MCs

Ti-weighted imaging
T,-weighted imaging
Histopathological findings

Hypointense signal
Hyperintense signal
Bone marrow edema

and inflammation

Fatty replacement of bone marrow

Hyperintense signal
Hyperintense signal

Hypointense signal
Hypointense signal
Subchondral bone sclerosis

MCs: Modic changes.
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Figure 1. Type 1 Modic changes are hypointense on
Ti-weighted imaging (T1WI) and hyperintense on ToW1.

to be statistically significant. The sample size was
calculated via G*Power V.3.1.7 (Heinrich Heine
University, Dusseldorf, Germany) statistical software
package. The severity of facet joint degeneration
was evaluated by comparing the change in primary
outcome measures between the two groups. The mean
difference in the severity of facet joint degeneration

% |
Figure 2. Type 2 Modic changes are hyperintense on

T1i-weighted imaging (T1WI) and hyperintense on ToWI.
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was 0.72. For the given effect size 0.455368 (group
means of 2.3%+2 and 1.6+1) and, alpha (0.05), the power
was 0.80 at the sample size of 61.

RESULTS

The demographic characteristics of the study
groups are shown in Table 3. There were no significant
differences among the four groups in terms of age,
sex or spinal levels of MCs (all p>0.05). The mean
value of the facet degeneration grade in the group
without MCs was 1.6£0.6, in each group with MCs
was 2.0+0.8 for type 1, 2.12£0.6 for type 2, 2.3+0.8 for
type 3. The comparisons of all four groups in terms
of the severity of facet joint degeneration, according
to the Pathria grading scale, is presented in Table 4.
Considering the severity of facet joints degeneration,
significant differences were found between the groups
without and with MCs (all p<0.05). In the three groups
with MCs, the severity of facet joint degeneration was
significantly greater than in the group without MCs
(all p<0.002). Also, compared with the facet joints of
type 1 MCs, those of type 3 MCs were significantly
more degenerative (p<0.022).

DISCUSSION

In this study, we retrospectively evaluated using
MRI the severity of facet joint osteoarthritis in patients

il i LY
Figure 3. Type 3 Modic changes are hypointense on

Ti-weighted imaging (T1WI) and hypointense on ToWI.



Facet joint osteoarthritis and Modic changes

Table 2. Pathria’s criteria for the grading of facet joint
degeneration

Gradel  Normal No degeneration findings
Grade2  Mild Joint space narrowing or mild osteophyte
Grade3  Moderate  Sclerosis or moderate osteophyte

Grade4  Severe Marked osteophyte or subchondral cyst

with lumbar MCs using the Pathria grading system.
The study results demonstrated that the groups with
MGCs, especially type 3, had more degenerative facet
joints compared to the control group without those
lesions. That is, the coexistence of these two disorders
may not be coincidental and patients with MCs are
more likely to have a facet joint osteoarthritis at the
same spinal level.

Histopathological studies have demonstrated that
type 1 MCs are detected in areas with inflammation,
type 2 MCs are detected in areas with fatty
degeneration, and type 3 MCs are detected in areas
with sclerosis.>!!! These histopathological features
of MCs suggest that type 1 MCs are early period,
while type 3 MCs are late period of degenerative
processes. Similarly, our results show that the severity
of facet joint degeneration increases steadily as the
type of MC increased (Table 4 and Figure 5). These
findings support that there is a strong relationship
and correlation between facet joint osteoarthritis
and MCs.

In previous studies, Li et al.”! and Fujiwara et
al.l% have found that intervertebral disc degeneration
precedes and promotes facet joint osteoarthritis.
Yu et al.® also have found MCs correlate closely
with intervertebral disc degeneration. Therefore, a
relationship between MCs and facet joint osteoarthritis
is an expected and logical finding. In addition, given
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that degenerative diseases are related to disrupted
biomechanics and increased loading condition, it can
be said that all of the anatomical structures in the same
spinal motion segment may have been damaged by
degenerative processes. Because both are degenerative
processes,*>!? facet joint osteoarthritis and MCs may
be concomitant at the same spinal level. Moreover,
since spontaneous resorption of lumbar disc herniation
is less likely when MCs are present,!'¥ similarly, the
presence of MCs may also have prognostic value in
facet joint osteoarthritis. The results of the present
study corroborate these assertions.

Most of the studies associated with MCs
have focused on the relationship between MCs
and low-back pain. Modic changes and facet joint
osteoarthritis are both thought to be potential
sources of chronic low back pain but it is not
known if patients with MCs also have a specific
clinical manifestation." On the other hand,
clinical profile of facet joint mediated pain is more
detailed.®® Nevertheless, no physical examination
tests are pathognomonic for symptomatic facet
degeneration.” For this reason, pain related to
MCs may be difficult to differentiate from pain
originating from facet joint osteoarthritis, and the
coexistence of these two disorders in the same
patient may be the cause of persistent low back pain.

Clinically, our study suggests that the facet joints at
the spinal levels with MCs should be evaluated carefully
because MCs may be a sign of facet joint degeneration.
Perhaps the source of low back pain is facet joint
degeneration in patients with MCs. Consistent with
this, Bianchi et al.'” reported that the presence of MCs
may be related to improvement in patients undergoing
imaging-guided lumbar facet injection therapy, and
there is a tendency for patients without MCs to have
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Table 3. Groups’ characteristics for age, gender, and spinal levels of Modic changes

No MCs (n=30)

Type 1 MCs (n=30)

Type 2 MCs (n=30) Type 3 MCs (n=30)

n Mean+SD n Mean+SD n Mean+SD n Mean+SD p
Age (years) 55.4%9.8 55.7+10.0 54.4+10.1 55.3%£8.3 0.957
Gender 0.947
Female 15 17 17 16
Male 15 13 13 14
Spinal levels 0.999
L2-L3 5 5 4 5
L3-L4 6 5 5 7
L4-L5 9 11 10 9
L5-S1 10 9 11 9
MCs: Modic changes; SD: Standard deviation.
Table 4. Groups’ comparisons for the severity of facet joint degeneration
The facets without The facets with type 1 The facets with type 2 The facets with type 3
MCs (n=60) MCs (n=60) MCs (n=60) MCs (n=60)
Mean+SD Median Min.- Max. Mean+SD Median Min.- Max. Mean+SD Median Min.- Max. = Mean*SD Median Min.- Max. p
SFJID 1.6+0.6 1.00 1-3 2.0+0.8 2.00 1-4 2.1+0.6 2.00 1-4 2.3+0.8 2.00 1-4 0.002*
<0.001**
<0.001%
0.287+
0.022§
0.116¢

MCs: Modic changes; SD: Standard deviation; Min.: Minimum; Max.: Maximum; SFJD: Severity of facet joints degeneration; * Comparison between the facets without MCs and the facets with
type 1 MCs; ** Comparison between the facets without MCs and the facets with type 2 MCs; + Comparison between the facets without MCs and the facets with type 3 MCs; + Comparison between
the facets with type 1 MCs and the facets with type 2 MCs; § Comparison between the facets with type 1 MCs and the facets with type 3 MCs; § Comparison between the facets with type 2 MCs

and the facets with type 3 MCs.

better outcomes. Moreover, a recent study revealed
that MCs are significantly related to decreased angular
motion and increased translational motion in the
lumbar spine." In accordance with these findings
and our study results, it can be suggested that the
reason for the decreased angular motion and increased
translational motion may be related to facet joint
degeneration as well as disc degeneration.

Many risk factors have been proposed to contribute
to the development of facet joint osteoarthritis,
including, for example, advanced age, female gender,
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“p=0.022

Figure 5. The average Pathria grades of the facet joints in the
different groups. MCs: Modic changes.

and lumbar spinal level.®”) Therefore, in the design of
the present study we selected similar groups in terms
of these factors. The results of the study suggest that
the presence of MCs also may be an independent risk
factor for the occurrence of facet joint osteoarthritis.
However, it is a retrospective study, and the lack of
sufficient information about patient characteristics
such as obesity, physical trauma, occupational factors,
and smoking, which are known risk factors for facet
joint osteoarthritis,®” is an important limitation
of the study. Another limitation in this study is
that MRI findings were used for the assessment
of facet joint osteoarthritis. Even though the best
method for the evaluation of facet joints is computed
tomography,® Weishaupt et al.'¥ found that there
is moderate to good agreement between MRI and
computed tomography in the assessment of lumbar
facet joint osteoarthritis.

In conclusion, besides their significance in causing
low back pain, MCs may be a valuable radiological
sign of facet joint degeneration. Clinically, facet joint
osteoarthritis should be taken into consideration when
evaluating low back pain in patients with MCs.
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