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Abstract
Aim: We aimed to investigate the relationship between the presence of spondylolisthesis and Modic changes (MCs) by using lumbar 
magnetic resonance imaging (MRI).
Methods: The study included 139 adult patients aged 18-65 years with lumbar spondylolisthesis detected on lumbar MRI. 
Demographic characteristics such as age, gender, and levels and grades of spondylolisthesis, and presence of lumbar MCs/types 
were recorded. The findings were compared between two groups including grade 1 and grade 2 spondylolisthesis.
Results: Grade 1 and 2 spondylolisthesis groups were similar for age (p=0.787), sex (p=0.076), listhesis' level (p=0.268) and direction 
(p=0.280). The presences of pars spondylolysis, disc space narrowing, and MCs were significantly higher in patients with grade 2 
spondylolisthesis than those with grade 1 (94.4% vs 64.1%), (97.2% vs 83.5%), and (100% vs 83.5%), respectively (all p<0.05). Grade 
2 spondylolisthesis patients had significantly higher proportion of type 2 MCs than patients with grade 1 (88.9% vs 63.1%) (p<0.05).
Conclusion: MCs are associated lumbar spondylolisthesis. The presence of spondylolisthesis may be a predisposing factor for MCs 
occurred in the lumbar spine. Prospective studies on the topic should be examined in more detail.
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INTRODUCTION
Spondylolisthesis is described as the translocation of a 
superior vertebral body with respect to the one subjacent 
(1). Lumbar spondylolisthesis is a cause of low back pain 
and classified into subtypes such as isthmic (spondylolitic) 
and degenerative. Isthmic spondylolisthesis includes pars 
interarticularis defect and mostly affects L5-S1 level (2). 
Degenerative spondylolisthesis is seen in persons over 50 
and commonly affects the L4-L5 level (3). The standard 
grading of spondylolisthesis is based on the persentage 
of the translocation, and called Meyerding grading system 
(1). Diagnostic tools are history taking, physical exam, 
and radiologic evaluations by using x-ray, computerized 
tomography (CT), and magnetic resonance imaging (MRI) 
(1,2). Therapeutic approaches encompases conservative 

(rest, bracing, physical therapy, and analgesic drugs and 
applications) and surgical management (decompression, 
stabilization, and fusion) in resistant or advanced cases 
(1).

Modic changes (MCs) are bone marrow and vertebral 
endplate lesions visible on spinal MRI. Lumbar MCs 
are associated with low back pain and correlated with 
degenerative processes of the affected spinal segment 
(4,5). The classification of MCs is based on the T1 and 
T2 weighted images (WI) of MRI sequences, and also 
the histopathological meanings (5). Although the exact 
etiopathogenesis underlying MCs is not fully understood, 
segmental instability, increased mechanical loading, and 
degenerative immune reaction following infections in 
the spine are suggested mechanisms (6-9). There is no 

C I T A T I O N
Delen V, Yetisgin A, Satis S, et al. The Relationship between Spondylolisthesis and Modic Changes: An MRI Study. Med Records. 
2023;5(3):583-6. DOI:1037990/medr.1296861

https://orcid.org/0000-0002-8152-4628
https://orcid.org/0000-0003-3405-8596
https://orcid.org/0000-0002-5496-197X
https://orcid.org/0000-0003-4070-9615
https://orcid.org/0000-0002-5025-2367
https://orcid.org/0000-0001-8346-9477
https://creativecommons.org/licenses/by-nc-nd/4.0/


584

Med Records 2023;5(3):583-6DOI: 10.37990/medr.1295316

consensus on the best effective treatment option for MCs, 
but it has been found that nonoperative therapy is useful 
for low back pain patients with MCs (10,11).

There are some similarities between spondylolisthesis 
and MCs occured at the lumbar spine. For example, both 
the conditions are associated with low back pain and 
alleviated with lumbar therapies (2,11). Furthermore, both 
spondylolisthesis and MCs are associated with segmental 
instability and degenerative process in the lumbar spine 
(5,7). Therefore, we hypothesized that MCs may be 
involved to spondylolisthesis, and an increased grade of 
spondylolisthesis may be related to the presence of MCs 
in the lumbar spine. In this study, to address the presence/
absence of MCs in patients with lumbar spondylolisthesis, 
and also to reveal the relationship between the features of 
the two conditions such as grade of spondylolisthesis and 
types of MCs were aimed. Thanks to this, if the mentioned 
associations can be demonstrated, the conditions' 
pathophysiological processes may be better understand, 
and thus, more appropriate protective and curative 
approaches may be applied more easily.

MATERIAL AND METHOD
In this study, lumbar MRI records taken on machines with 
1.5T or 3T magnet power at Şanlıurfa Harran University 
Hospital between October 2021 and October 2022 were 
examined retrospectively. The MRI findings of patients 
with lumbar spondylolisthesis were evaluated by the 
same radiologist for the presence/absence of MCs, pars 
interarticularis defects, and intervertebral disc height at 
the spondylolisthesis segment. Before start the study, 
which was conducted in accordance with the Helsinki 
Declaration, approval was received from the Ethics 
Committee of Harran University (dated 31.11.2022 and 
HRU/22-21-11 number).

The Meyerding system was used for the grading of 
spondylolisthesis. Accordingly, grade I is 0% to 25%, grade 
II is 25% to 50%, grade III is 50% to 75%, grade IV is 75% to 
100%, and grade V is >100% of slip (1,12).

The classification of MCs was made based on the changes 
in the endplate signal intensity (SI) on the T1 and T2 WI. 
Accordingly, type 0: no changes in the endplate SI; type I: 
SI is hypo on T1WI and hyper on T2WI; type II: SI is hyper 
on T1WI and iso or hyper on T2WI; type III: SI is hypo on 
both T1WI and T2WI in the endplate (5,13).

Of the 200 patients with lumbar spondylolisthesis, those 
between the ages of 18 and 65 years were included in this 
study. Those with a history of spinal surgery, fractures, 
tumors, infections or inflammatory rheumatological 
diseases, and one case with grade 4 spondylolisthesis, and 
also one with MCs type 3 were excluded from the study to 
provide homogeneity. After applying the exclusion criteria, 

demographic characteristics such as age and gender, the 
findings of MRI related to spondylolisthesis and MCs were 
examined and recorded in 139 patients (Figure 1).

 

Figure 1. Flow of study progress

Statistical Analysis

Statistical analysis were performed using SPSS 20.0 
for Windows (Armonk, NY: IBM Corp.). Since continuous 
variables had normal distribution according to the results 
of Kolmogorov-Smirnov test, the Student's t test was used 
in the statistical comparisons of age scores between the 
groups. Continuous data were given as mean±SD (min.-
max.). Categorical variables were assessed by the Chi-
Square test or Fisher’s Exact test. In addition, compare 
column proportions with Bonferroni method by z test was 
used when needed. Categorical variables were given as 
number (percentage). Statistically significance level was 
considered as p<0.05.

RESULTS
Figure 1 schematizes the flow of progress of the study. A 
total of 200 patients with lumbar spondylolisthesis were 
assessed for eligibility. Out of the 141 patients who have 
eligibility criteria, 139 included in this study (n=139; 103 
females, 36 males; mean age 49.83±10.14 years; range 
22 to 65 years). Group 1 consisted of 103 patients with 
grade 1 spondylolisthesis (n=103; 72 females, 31 males; 
mean age 49.69±10.12 years; range 22 to 65 years). Group 
2 consisted of 36 patients with grade 2 spondylolisthesis 
(n=36; 31 females, 5 males; mean age 50.22±10.35 years; 
range 24 to 65 years).

Table 1 shows the characteristics and MRI findings 
considering all patients.
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Table 1. Characteristics and MRI findings of patients with lumbar 
spondylolisthesis (n=139)

Data

Age (years) 49.83±10.14

Gender

Female 103 (74.1)

Male 36 (25.9) 

Spondylolisthesis grade

Grade 1 103 (74.1)

Grade 2 36 (25.9)

Spondylolisthesis level

L3-L4 13 (9.4)

L4-L5 49 (35.3)

L5-S1 77 (55.4)

Spondylolisthesis direction

Anterior 118 (84.9)

Posterior 21 (15.1)

Pars interarticularis defect

Yes 100 (71.9)

No 39 (28.1)

Disc space narrowing

Yes 121 (87.1)

No 18 (12.9)

Modic change type

Type 0 25 (18.0)

Type 1 17 (12.2)

Type 2 97 (69.8)

Data are given as mean±standard deviation or total number (%)

Table 2 shows comparisons of patients' characteristics 
and MRI findings considering lumbar spondylolisthesis 
grades. The two groups were similar for age (p=0.787), 
sex (p=0.076), spondylolisthesis level (p=0.268), and 
spondylolisthesis direction (p=0.280). The two groups 
were significantly different each other for the presence/
absence of pars interarticularis defect (p<0.001), disc 
space narrowing (p=0.042), MCs (p<0.001), and for the 
type of MCs (p=0.003) (Table 2). 

In terms of the presence of pars interarticularis defect 
(spondylolysis), disc space narrowing, and MCs, patients 
with grade 2 spondylolisthesis had significantly higher 
proportions than patients with grade 1 spondylolisthesis 
(94.4% vs 64.1%), (97.2% vs 83.5%), and (100% vs 83.5%), 
respectively. In terms of the type of MCs, patients with 
grade 2 spondylolisthesis had significantly higher 
proportion of type 2 of MCs than patients with grade 1 
spondylolisthesis (88.9% vs 63.1%) (Table 2).

Table 2. Comparisons of patients' characteristics and MRI findings considering 
lumbar spondylolisthesis grades

Spondylolisthesis 
grade 1 (n=103)

Spondylolisthesis 
grade 2 (n=36) p

Age (years) 49.7±10.1 50.2±10.3 0.787*

Gender 0.076§

Female 72 (69.9) 31 (86.1)

Male 31 (30.1) 5 (13.9)

Spondylolisthesis level 0.268†

L3-L4 11 (10.7) 2 (5.6) 

L4-L5 39 (37.9) 10 (27.8)

L5-S1 53 (51.5) 24 (66.7) 

Spondylolisthesis direction 0.280§

Anterior 85 (82.5) 33 (91.7)

Posterior 18 (17.5) 3 (8.3)

Pars interarticularis defect <0.001§

Presence 66 (64.1)a 34 (94.4)b

Absence 37 (35.9)a 2 (10.1)b

Disc space narrowing 0.042§

Presence 86 (83.5)a 35 (97.2)b

Absence 17 (16.5)a 1 (2.8)b

Modic change <0.001§

Presence 78 (75.7)a 36 (100)b

Absence 25 (24.3)a 0 (2.8)b

Modic change type 0.003†

Type 0 25 (24.3)a 0 (0)b

Type 1 13 (12.6)a 4 (11.1)a

Type 2 65 (63.1)a 32 (88.9)b

Data are given as mean±standard deviation or total number (%); *: Student's t 
test; §: Fisher's Exact test; †: Chi-Square test; a, b: Compare column proportions 
with Bonferroni method by z test

DISCUSSION
In the present study, the findings of MCs were assessed 
considering lumbar spondylolisthesis grades. As result, 
the frequency of MCs was higher in patients with grade 2 
spondylolisthesis than those with grade 1, but only type 
2 MCs had higher frequency. Thus, these results suggest 
that increased lumbar spondylolisthesis may be involved 
in occured MCs, and spondylolisthesis may occurs a 
predisposition for development of MCs, especially for type 
2 MCs.

In the previous studies, it has been shown that both 
spondylolisthesis and MCs occured at the lumbar spine 
are associated with segmental instability and sagittal 
imbalance (7,13). In addition, these two conditions are also 
associated with degenerative process in the lumbar spine 



586

Med Records 2023;5(3):583-6DOI: 10.37990/medr.1295316

(5,7,13). Therefore, considering these common features of 
spondylolisthesis and MCs, it can be said that the present 
study is based on a sensible and scientific basis.

This study demonstrated higher proportions of 
spondylolysis, disc space narrowing, and MCs in 
patients with grade 2 spondylolisthesis compared to 
those with grade 1. These are not surprising results. 
Because spondylolysis, disc space narrowing, and MCs 
are degeneration-related conditions can resulted from 
impaired biomechanics, increased loading, and damaged 
anatomical structures (14-16), which are expected in the 
presence of spondylolisthesis. Therefore, it is logical that 
these conditions may be increased in patients with higher 
degree of spondylolisthesis than those with lesser.

According to the results of this study, patients with grade 
2 spondylolisthesis had higher proportion of type 2 MCs 
than those with grade 1. However, grade 1 and grade 2 
spondylolisthesis groups were similar to each other 
for the proportion of type 1 MCs. It is known that type 
1 and type 2 MCs have interconvertible properties, and 
type 2 MCs has more stable structure (9,17). Therefore, 
the increased type 2 MCs seen in patients with grade 2 
spondylolisthesis may be due to a conversion of type 1 
and the stability of type 2 MCs. Also, type 2 MCs are more 
associated with overloading (18) which is possible in the 
presence of spondylolisthesis.

The main limitation of this study was the relatively small 
sample size. Since it was a retrospective study, we could 
not access information including the reasons for MRI, 
trauma histories, etiology of spondylolisthesis, duration 
of complaints, and body mass index. Because of certain 
age group in the study, the results cannot generalised to 
other age group. Due to no a previous study addressed 
MCs in patients with spondylolisthesis, a comparison with 
literature and an indepth discussion could not be done.

CONCLUSION
In conclusion, there is a relationship between 
spondylolisthesis and MCs. The presence of 
spondylolisthesis may be a predisposing factor for MCs 
occurred in the lumbar spine. In the future, with prospective 
studies involving multicenter and high number of MRI 
examinations, this issue should be examined in more 
detail.
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