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Study Design: Prospective cohort study.
Purpose: In this study, we investigated the frequency of vertebral endplate Modic changes (MCs) and their effects on surgical out-
comes in patients with unstable lumbar spines.
Overview of Literature: Signal changes in endplates have been classified into three types by Modic. The prognostic role of MCs has 
been investigated in various spinal disorders.
Methods: A series of 70 patients with clinical and radiographic unstable lumbar spine were included in the study. Endplate signal 
intensity was determined according to Modic classification. All patients underwent instrumented posterolateral fusion. Functional 
evaluation was made using the visual analog scale (VAS) and Oswestry disability index (ODI).
Results: Eighteen patients (26%) had normal endplate intensity, 31 patients (44%) had MC type I, 20 patients (28%) had MC type II, 
and one patient (1.4%) had MC type III. Pain level VAS and ODI decreased significantly from the preoperative evaluation to the six-
month and one-year postoperative evaluations. The surgical outcome (VAS and ODI) was not significantly different between the vari-
ous types of MC.
Conclusions: Posterolateral fusion is an effective treatment in patients with unstable lumbar spines. MC do not have a significant 
effect on the surgical outcome of these patients.
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Introduction

Signal intensity changes of vertebral endplates and sub-
chondral bone are often observed in the magnetic reso-
nance imaging (MRI) of patients with spinal degenerative 
disorders and have been given increasing attention in 
recent years. In 1988, Modic summarized these changes 
and classified them into three types [1,2]: Modic change 

(MC) type I refers to an edema-like signal intensity (hy-
pointense T1 and hyperintense T2 signal), MC II refers to 
fat-like signal intensity (hyperintense T1 and isointense or 
slightly hyperintense T2), and MC III refers to a sclerosis-
like signal intensity (hypointense T1 and T2). There are 
numerous studies evaluating the prognostic importance 
of MCs in different spinal disorders [3-5].

Segmental instability is a common cause of low back 
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pain that has been regarded as a factor in developing MC 
[6]. It can cause the disruption of endplates and degenera-
tion of the adjacent bone marrow. The standard of care 
for the surgical treatment of degenerative lumbar spine 
instability has long been spinal fusion.

The aim of this study was to investigate prevalence of 
MC in patients with radiographically unstable lumbar 
spines and its correlation with the severity of preoperative 
pain and outcome after posterolateral fusion. Such in-
formation could be used in the decision-making process 
prior to surgery.

Materials and Methods

From July 2010 to August 2013 a consecutive series of pa-
tients affected by chronic low back pain due to single-level 
degenerative lumbar instability and lasting over three 
or more months of continuous conservative care were 
recruited in our study. Sagittal segmental instability was 
measured using lateral radiographs at the extension and 
flexion positions. The amount of sagittal translation was 
obtained as the difference of the displacement between 
flexion and extension. Segmental angulation was also 
measured as the difference of the intervertebral angles 
from extension to flexion. Based on White and Panjabi 
method [7], translation ≥3 mm or angulation ≥10° were 
defined as instability. All patients underwent single-level 
pedicular fixation and posterolateral fusion. 

1. Data collection

Preoperative MRI scans were evaluated by a neurora-
diologist who was blinded to patient information other 
than the patient’s name, sex, and age. MCs were evaluated 
according to the standardized evaluation protocol, “Nor-
dic Modic Consensus Group classification” [8]. For each 
patient, the MRI findings were characterized into four 
groups; no MC, MC type I, MC type II, or MC type III. 

The patients filled in the visual analog scale (VAS, 0–100 
mm) and Oswestry disability index (ODI, 0–100) ques-
tionnaires before surgery, and at six months and one year 
post surgery. 

2. Statistics

Continuous variables are expressed as mean±standard 
deviations. Categorical data are presented as frequencies 

and percentages. Differences of VAS and ODI between 
subgroups were analyzed by means of t-tests. Statistical 
analyses were carried out with the SAS ver. 9.1 (SAS Insti-
tute Inc., Cary, NC, USA).

Results

During the observation period, 70 patients who met the 
inclusion criteria were admitted to our center and un-
derwent pedicular fixation and posterolateral fusion. The 
mean patient age on admission was 58±14 years (range, 
15–74 years); 53 patients (76%) were female and 17 pa-
tients (24%) were male. Segmental instability involved the 
L2–L3 level in 5 patients, L3–L4 level in 7 patients, L4–L5 
level in 44 patients, and L5–S1 level in 14 patients. Eigh-
teen patients (26%) had normal endplate intensity in the 
unstable segment. MCs were found in 52 patients (74%). 
Thirty-one patients (44%) had MC type I, 20 patients 
(28%) had MC type II, and 1 patient (1.4%) had MC type 
III. 

In L2–L3 level patients, 1 had no MC, 2 had type I, and 
2 had type II. In L3–L4 level patients, 2 had no MC, 4 had 
type I and 1 had type II. In L4–L5 level patients, 9 had no 
MC, 21 had type I, 13 had type II and 1 had type III. In 
L5–S1 level patients, 6 had no MC, 4 had type I and 4 had 
type II.

The mean intensity of pain according to the VAS ob-
tained prior to surgical intervention was 6.1±3.4. Pain 
level decreased progressively by the sixth month (4.2±3.9) 
and first year (3.8±3.3) after surgery. Clinical outcomes 
evaluated using ODI decreased significantly from the pre-
operative evaluation (mean, 43; range, 10–66) to the sixth 
month (mean, 20.3; range, 0–26) and first year (mean, 
16.2; range, 0–58) postoperative evaluations (p<0.001). 
There was no association between the type of MC and 
VAS before surgery. Also, clinical outcomes (VAS and 
ODI) six months and one year postoperatively were not 
significantly different between the various types of MC.

Discussion

Instability is one of the main causes of low back pain and 
a common reason for surgical treatment. Decreased struc-
tural integrity of intervertebral discs [9,10], ligaments, 
and facets [11,12] is responsible for the genesis of spinal 
instability. Degenerative changes can cause instability by 
loss of disc height, posterior facet joint subluxation, and 
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abnormal patterns of motion [1,13]. So, it is a common 
problem in old age, and most of our patients were older. 
The number of female patients were three times greater 
than the number of male patients in the present study, 
which may be related to their susceptibility to degenera-
tive changes, hormonal status, or lifestyle [14-17].

Abnormal MRI signals in endplates have been classified 
to Modic types. Biomechanical [18] and biochemical [19-
22] causes, are possible mechanisms in the pathogenesis 
of MC [23]. Instability as a biomechanical abnormal-
ity can predispose the affected segments to MC. There 
are numerous studies [3-5] investigating the prevalence 
of MC in patients with low back pain and its effect on 
surgical outcomes after fusion. We specifically studied a 
subgroup of patients with lumbar instability and evalu-
ated the prognostic role of MC. MCs were found in 74% 
of our patients, which is higher than most studies inves-
tigating patients with nonspecific low back pain [24,25]. 
This underlines the probable role of instability in the 
pathogenesis of MCs. On the other hand, 25% of patients 
did not show MC in their respective unstable segments. 
So, instability can happen without MC and an abnormal 
signal in the endplates is not a prerequisite for segmental 
instability. It seems informative to design another study to 
evaluate any correlation between the severity of instability 
and prevalence of MC.

Low back pain, which is aggravated by movement, is 
the typical presentation of unstable lumbar spine. Differ-
ent mechanisms can be responsible for pain generation 
in lumbar instability, such as neural compression, trac-
tion and tear of spinal ligaments, spasm in paravertebral 
muscles, inflammation of facet joints, and pathologic 
changes in the disc and endplates [26-28]. MCs, which 
reflect endplate abnormalities, have been considered to 
be risk factors for back pain in some studies [18,29,30]. In 
our study, the severity of preoperative pain was not higher 
in patients with MCs or in type I than in type II. We think 
that abnormal changes of endplates in unstable segments 
does not play a prominent role among other more power-
ful mechanisms of pain generation.

Arthrodesis is the preferred method of treatment in 
most patients with unstable lumbar spines. It can improve 
symptoms by alleviating abnormal motion and reducing 
distress on endplates, ligaments, and neural elements. In 
our study, posterolateral fusion significantly improved 
symptoms according to the VAS and ODI. There was no 
significant difference in outcome among patients with 

MC type I and type II. It can be concluded that spinal 
fusion improves symptoms effectively by restricting the 
abnormal segmental movement and probably by reducing 
the repeated injury to ligaments, paravertebral muscles, 
and neural structures in different types of MC. Endplate 
changes do not play a notable role in predicting surgical 
outcome.

Conclusions

Posterolateral fusion is an effective treatment in patients 
with radiographically unstable lumbar spine regardless of 
Modic type. MCs do not have a significant effect on the 
severity of preoperative pain or the surgical outcome of 
these patients.
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