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Abstract

Purpose The purpose of the study was to explore the

impact of Modic-2 changes on the clinical outcomes of

single-level anterior cervical discectomy and fusion.

Methods This study retrospectively reviewed the medical

records of 35 ACDF patients with Modic-2 changes at

adjacent level (Group A) and 213 patients without Modic-2

changes at adjacent level (Group B). Clinical and radio-

graphic evaluations were performed preoperatively and

repeated at 3, 6, 12, and 60 months after surgery.

Result All patients were followed up for an average of

60 months. The clinical improvements in terms of NDI and

JOA scores were achieved in both groups (P\ 0.05), and no

significant differences were found between the two groups

(P[ 0.05). The radiologic review demonstrated ASD was

proven in 9 patients inGroupA and 52 patients inGroupB.A

significant increase in ROM at the adjacent segments after

surgery was observed in both groups (P\ 0.05). No sig-

nificant differences in adjacent segment ROM and DH were

observed between two groups (P[ 0.05). Comparing the

outcomeVASof axial symptomswithGroupAafter surgery,

patients in the Group B reported significantly lower VAS of

axial symptoms at 1-year follow-up (P\ 0.05). There were

no significant differences between the two groups at the final

follow-up (P[ 0.05).

Conclusion Modic-2 changes at adjacent level at baseline

does not affect fusion rate or clinical outcome based on

functional status but could negatively impact axial symp-

toms intensity and ASD, compared to patients without

Modic-2 changes.

Keywords Anterior cervical discetomy and fusion �
Modic-2 changes � Axial symptoms � Adjacent segment

degeneration

Introduction

Anterior cervical discectomy and fusion (ACDF) has been

the gold standard of treatment for degenerative cervical

spine disease, which may require a surgical fusion proce-

dure if not improved by proper conservative treatment [1–

3]. There were many studies that had reported good clinical

and radiologic outcomes for ACDF, although it is associ-

ated with significant drawbacks such as postoperative

dysphagia, hematoma, nonunion, axial symptoms, and

adjacent-segment degeneration (ASD) [4–6].

In particular, ASD might lead to various pathologies

ranging from degenerative changes in the adjacent seg-

ments (radiologic ASD) to recurrent or new onset symp-

toms in the low back and lower extremities (clinical ASD),

which may require additional nonsurgical or surgical

intervention. Axial symptoms were also an important issue

which might be related to disk degeneration in adjacent

segments or malalignment of the cervical spine [6, 7].

In 1988,Modic et al. proposed three types of degenerative

changes affecting the vertebral endplate on magnetic reso-

nance imaging (MRI): Type 1 changes demonstrated

hypointense on T1-weighted imaging and hyperintense on

T2-weighted imaging; Type 2 changes have hyperintense
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signals on both T1- andT2-weightedMR images; andType 3

changes demonstrated hypointense signals on both T1- and

T2-weighted MR images. Type 1 changes demonstrated an

inflammatory phase of the degenerative process; Type 2

changes represent fatty involution of the subchondral bone

and marrow; and Type 3 changes demonstrated cicatrization

phase of disk degeneration [8].

Several studies had reported Modic type 2 changes were

the most common type. Themost common level was the C5–

C6, which was the most flexible level according to theModic

changes. Therefore, hyperactivity may be the main reason

for cervical Modic changes [9–11]. In addition, it has been

reported better clinical results were achieved in patients with

Modic type 1 changes compared to the group of patients with

Modic type 2 changes recently [12]. Based on this infor-

mation, we hypothesized that Modic type 2 changes might

impact on the clinical outcome or ASD after ACDF. The

purpose of the study was to explore the impact of Modic-2

changes on the clinical outcomes of single-level ACDF.

Methods

This study was approved by the Institutional Review Board

of No.3 hospital of Hebei medical university. All of the

patients were informed that they were going to be in this

study; those who did not wish to participate in this study

were not enrolled.

This study was conducted using patients who met all of

the following inclusion criteria: patients who suffered from

symptoms of radiculopathy and/or myelopathy diagnosed

on radiographs, CT, and MRI and that corresponded to

clinical manifestations and physical examinations findings;

(2) previous single-level ACDF; age between 40 and

65 years and a follow-up period of 5 years or more. We

excluded patients who met any of the following criteria:

fracture, deformity, infection, tumor of the cervical spine;

medical history of fusion procedure at any level; or follow-

up period less than 5 years.

Surgical technique

All operations were performed using the same surgical

technique. The surgical approach for the ACDF was through

the Smith-Robinson approach. After the exposure, the dis-

eased disk was excised, along with the posterior longitudinal

ligament followed by decompression of the spinal cord and

nerve roots. The endplates were prepared with a high-speed

burr, and then the appropriately sized tricortical iliac crest

graft or polyetheretherketone (PEEK) cage (Medtronic

Sofamor Danek, Memphis, TN, USA) filled with bone was

placed in the interspace. Then the anterior plate system was

applied (Medtronic Sofamor Danek, Memphis, TN, USA).

Diagnostic criteria for Modic-2

Modic-2 changes have hyperintense signal on both T1- and

T2-weighted MR images (Fig. 1). One reviewer had

assessed the MR images twice for evaluation of intraob-

server reliability. The other reviewer assessed the MR

images once.

Evaluation criteria

We compared the preoperative value before and after sur-

gery and at 3, 6, 12, and 60 months postoperatively.

Radiographic evaluation included static and dynamic

flexion/extension lateral images which was used to assess

fusion and ASD by two independent doctors who evaluated

the radiographs without knowledge of the clinical out-

comes. ASD was defined as following: calcification of the

anterior longitudinal ligament; a narrowing of the disk

space with or without posterior osteophytes; new anterior

or enlarging osteophyte formation. Disk height (DH) was

defined as an average value of the anterior DH and the

posterior DH. The range of movement (ROM) of the

operated and adjacent levels was defined by shell angle

(Fig. 2).

Clinical outcome was evaluated using a visual analog

scale (VAS) to determine axial symptoms and the Neck

Disability Index (NDI), and values were obtained before

each treatment and again at 1 month, 3 months, 6 months,

1 year, and 5 years after surgery. The modified Japanese

Orthopedic Association (JOA) scoring system was used to

determine functional status before surgery and at the final

follow-up visit. The recovery rate (%) at the final follow-up

visit was calculated by using the Hirabayashi method:

(postoperative JOA score-preoperative score)/(17-preoper-

ative score) 9 100 %.Normal score of JOA present 17.

Statistical analysis

Statistical analysis was performed using SPSS software

(Version 17.0, Chicago, IL, USA) and two-tailed P values

\0.05 were considered statistically significant. The inde-

pendent Student’s t test, paired t test, and the Fisher’s exact

test were used for variables such as demographic data,

VAS, NDI, JOA, and ASD. Results were presented as

mean ± standard deviation.

Result

We retrospectively reviewed the medical records of 35

ACDF patients with Modic-2 changes at adjacent level

(Group A) and 213 patients without Modic-2 changes at

adjacent level (Group B) that met the inclusion criteria for
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this study. The groups were comparable with regard to

demographics, and there were no statistically significant

differences between the two groups (Table 1). No vertebral

artery injury and implant subsidence were found in this

study. Modic-2 changes were most frequently found at C6/

7, where they were observed in 12 cases (34.3 %). The

second-most common level to show MC was C5/6 with 10

cases (28.6 %).The interobserver agreement of Modic-2

changes at adjacent level was substantial with a value of

0.79. The intraobserver agreement of Modic-2 changes at

adjacent level was also substantial with a value of 0.72.

Dysphagia was present in three patients postoperatively.

ROM at the adjacent levels increased from 8.8 ± 2.1 to

for 9.6 ± 2.3 for the Group A and from 9.2 ± 1.8 to

10.8 ± 1.6 for the Group B (P\ 0.05). No significant

differences were found between the two groups(P[ 0.05).

The mean preoperative and final DH were 4.7 ± 1.3 mm

Fig. 2 The range of movement (ROM) of the operated and adjacent

levels by shell angle; Disc height (DH) is defined as an average value

of the anterior disc height (a) and the posterior disc height (b)

Fig. 1 T2-weighted (left) and

T1-weighted (right) images

demonstrate modic-2 changes at

C6/7, which is at the adjacent

fusion level

Table 1 Demographic

Group A Group B P value

Age (years) 47.3 ± 6.8 46.9 ± 7.2 0.332

Gender (male/female) 16/19 98/115 0.512

Body mass index (kg/m2) 25.5 ± 3.6 24.1 ± 4.2 0.876

Surgery duration (min) 60.1 ± 10.7 59.7 ± 11.3 0.858

Follow-up (months) 63.1 ± 2.6 61.1 ± 3.5 0.613
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and 4.6 ± 1.6 mm in Group A. The mean preoperative DH

was 5.3 ± 1.5 mm. The final DH was 5.1 ± 1.3 mm.

There was no difference in ROM and DH changes at the

adjacent levels between the two groups (P[ 0.05). The

radiologic review demonstrated ASD was proven in nine

patients, and three were diagnosed with symptomatic ASD

in Group A. In Group B, ASD was proven in 52 patients,

and three were diagnosed with symptomatic ASD.

For both the groups, the patients had significant func-

tional activity improvement and pain relief after surgery.

Substantial improvement in JOA and NDI occurred in both

groups compared with the preoperative values, and there

were no significant differences between the two groups. At

the last follow-up, the mean recovery rates were 61.1 and

64.7 %, respectively (P[ 0.05).

The preoperative VAS of axial symptoms was 7.5 ± 2.1

and 7.3 ± 1.9, respectively. There were no significant

differences in axial symptoms between the two groups

before surgery. At 1-year follow-up, the VAS of axial

symptoms significantly decreased to 2.8 ± 1.6 and

2.1 ± 1.2 respectively, representing a statistically signifi-

cant difference (P\ 0.05). Comparing the outcome VAS

of axial symptoms with Group A after ACDF, patients in

the Group B reported significantly lower VAS of axial

symptoms (P\ 0.05). There were no significant differ-

ences between the two groups at the final follow-up

(Table 2).

Discussion

Degenerative cervical spine disease is a common disease and

can be managed conservatively in many cases. However,

despite proper conservative management, some patients

eventually require surgical management with ACDF.

Although ACDF has been widely performed with favorable

clinical and radiologic outcomes, some drawbacks of this

approach have also been noted including persistent axial

symptoms and ASD. Furthermore, some patients might have

to undergo additional surgery at the adjacent level.

Previous studies of Modic changes have focused on

lumbar spine, which suggested strong relationship with pain

and disk degeneration. However, in contrast to the lumbar

spine, few studies have reported the Modic changes in the

cervical spine which was highly mobile and prone to

degeneration and pain. Repetitive loading or recurrent disk

injury led to minor injury of the endplate [9–11]. Modic

changes in the cervical spine was a dynamic phenomenon

similar to the lumbar spine, which was known to be related to

axial symptoms and accelerated disk degeneration of the

cervical segments. It has been reported there was a signifi-

cantly higher prevalence of Modic changes in patients with

axial symptoms. Mann et al. demonstrated that patients with

MCaremore likely to have a disk herniation at the same level

[9]. Hayashi et al. also reported Modic changes were

observed in 84 (19.2 %) in 437 patients. Diskdegeneration

grades and spinal cord compression grades of segments were

significantly higher than those without Modic changes [13].

In this study, we retrospectively analyzed the medical

records of 213 patients with single-level ACDF who were

followed for at least 5 years postoperatively according to the

presence or absence of Modic-2 changes. There were no

differences in preoperative JOA, NDI, and VAS scores on

axial symptoms between the two groups, which were sig-

nificantly improved compared to the preoperative scores in

both groups. However, the Group B showed significant dif-

ferences in VAS for axial symptoms compared to that of the

group A at the 1-year follow-up. No differences were found

between thetwo groups at the last follow-up. The Modic

changes in the spine are dynamic, which suggested that they

were inreversible. It has concerning the usefulness of these

MRI changes as an indicator of clinical symptoms or surgical

outcomes. Thus the natural history of MC might explain the

change of the axial symptoms after 1-year follow-up.

Increasing cervical segment motion is known to be

related to axial symptoms and accelerated disk degenera-

tion of the cervical segments. In addition, several authors

have reported that excessive motion of the cervical spine

negatively impacts outcomes for surgical treatment of

cervical spine pathologies such as ACDF. Biomechanical

Table 2 Comparison of

functional activity improvement

and pain relief between two

groups

Pre-op Postop 3 months Postop 6 months Postop 12 months Final follow-up

Group A

JOA 9.8 ± 3.5 11.5 ± 3.3 13.0 ± 3.1 14.1 ± 3.7 14.2 ± 2.8

NDI 49.3 ± 16.2 29.6 ± 17.9 23.3 ± 13.6 20.1 ± 15.9 18.7 ± 11.2

VAS 7.5 ± 2.1 4.1 ± 0.9 3.4 ± 1.2 2.8 ± 1.6* 2.3 ± 1.7

Group B

JOA 10.2 ± 2.8 12.7 ± 2.9 13.9 ± 3.7 14.5 ± 2.3 14.6 ± 2.2

NDI 50.9 ± 15.5 28.9 ± 16.8 21.8 ± 12.9 19.5 ± 11.6 17.2 ± 10.8

VAS 7.3 ± 1.9 3.8 ± 1.1 3.1 ± 0.9 2.1 ± 1.2* 2.0 ± 1.3

*Significantly different between the two groups (P\ 0.05)
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studies also suggested that the arthrodesis influenced

mechanical properties of intervertebral disks in the adja-

cent segments [14, 15]. In a recently study, it had reported

patients with Modic-2 changes were more likely to have

spinal canal stenosis and disk degeneration at the level

compared to patients without Modic changes [13].

This study retrospectively analyzed the medical records

of 256 patients with single-level ACDF who were followed

for at least 5 years postoperatively according to the pres-

ence or the absence of Modic-2. No patient needed addi-

tional surgery for recurrent symptoms.

In group A, ASD was radiographically proven in 28

(24.1 %) patients, and three were diagnosed with symp-

tomatic ASD. No statistically significant differences were

found between the two groups.

According to the radiologic measurements, postopera-

tively, no significant increase in adjacent segment motion in

the Group A occurred compared with the minimal ROM

changes in adjacent-level motion observed in the group B. No

significant decrease in adjacent segment motion in the Group

A occurred compared with the minimal DH changes in adja-

cent level observed in the group B. These findings indicated

that adjacent segmentswithModic-2 changes did not increase

the incidence of disk degeneration at these levels.

Limitation

The changes of ASD were only shown by plain radio-

graphic images, which was cost-effectiveness and sim-

plicity as a follow-up method. It still provided limited

information compared with CT or MRI. Whether the

ACDF would accelerate the Modic changes at the adjacent

level was unknown. The prospective and large-scale stud-

ies should be performed to define the relationship between

Modic-2 changes and ACDF outcome. In the future study,

we can explore the correlation between different types of

Modic changes and curvature on cervical spine.

Conclusion

Based on our data, it is found that Modic-2 changes at

adjacent level at baseline do not affect fusion rate or

clinical outcome based on functional status but could

negatively impact the axial symptoms intensity and ASD

compared to patients without Modic-2 changes.
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