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Abstract

Introduction The purpose of this study was to determine

whether fusion causes adjacent segment degeneration or

whether degeneration is due to disease progression.

Materials and methods Eighty-seven patients that had

undergone single level anterior cervical decompression and

fusions with at least 5 years of follow-up were enrolled in

this retrospective study. Segments adjacent to fusion levels

(above or below) were allocated to group A, and all others

were allocated to group B. Radiographic evaluations of

adjacent level changes included assessments of; disc

degenerative changes, anterior ossification formation, and

segmental instability. The developments of new clinical

symptoms were also evaluated.

Results In group A, adjacent segment degenerative

change developed in 28 segments (16%) and two cases

(2%) developed new clinical symptoms. In group B,

adjacent segment degenerative change developed in 10

segments (3%), and two cases (0.7%) also developed new

clinical symptoms. Additional operations were performed

in one patient in each group.

Conclusion Although, fusion per se can accelerate the

severity of adjacent level degeneration, no significant dif-

ference was observed between adjacent and non-adjacent

segments in terms of the incidence of symptomatic disease.

The authors conclude that adjacent segment disease is more

a result of the natural history of cervical spondylosis than

the presence of fusion.
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Introduction

Cervical spondylosis is a common pathological condition

that affects the adult spine, and is the most frequent cause

of cervical radiculopathy and myelopathy in older patients

[13]. Anterior cervical discectomy and fusion is regarded

as a gold standard treatment for degenerative cervical spine

disease, but it is believed that arthrodesis of spinal seg-

ments can lead to excessive stress at unfused adjacent

levels. Furthermore, motion-preserving techniques involv-

ing the use of artificial disc prostheses are becoming more

popular, because these are believed to decrease the inci-

dence of accelerated degenerative disease at levels adjacent

to fused regions. The short-term results of disc replacement

appear to be satisfactory [2, 7, 16], although this is largely

attributed to the effects of decompression and a short

period of postoperative immobilization, rather than to disc

replacement per se. The rationale for using these disc

prostheses and the widening of their indications from

radiculopathy to myelopathy [17], must be based on long-

term results of the effects of these devices on the incidence

of adjacent segment disease. Previous biomechanical and

clinical studies on the incidence of adjacent segment

degeneration have reported figures ranging from 25 to 89%

[1, 8, 14]. However, these changes do not always correlate

with clinical findings, and others that have studied degen-

erative changes during follow-up have postulated that
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degenerative changes adjacent to fused segments are lar-

gely caused by the natural history of the disease process [6,

12]. Furthermore, it is difficult to make conclusions

regarding adjacent segment problems because comparative

data on segments adjacent to fused and non-fused segment

are not available. Hence, we evaluated whether fusion per

se can affect adjacent segment degeneration by comparing

the radiological and clinical findings of segments adjacent

and not adjacent to fused segments in single level anterior

cervical fusion cases.

Materials and methods

Materials

We evaluated 457 levels in 87 patients (cases) with at least

5 years of follow-up that had undergone single level

anterior discectomy and fusion from February 1999 to

March 2004.

Mean patient age was 54.4 years (from 38 to 67), and

there were 54 men and 33 women. The mean follow-up

period was 84.8 months (from 62 to 121). Fusion was

performed in 18 cases at C3–4, in 20 cases at C4–5, in 27

cases at C5–6, and in 22 cases at C6–7.

Operation method

Surgery was performed under general anesthesia in all

patients. First, cancellous bone for bone grafting was har-

vested percutaneously using a trocar (AO Synthesis,

diameter 7 mm) via a 1-cm mini-incision placed at least

2 mm from the lateral side of the anterior superior iliac

spine. A standard Smith–Robinson method was used to

expose the cervical spine. After complete decompression

by removing osteophytes and remnant disc materials,

endplate cartilage was removed with a high-speed burr and

curette until bleeding occurred. Lateral radiographs of the

cervical spine were checked to determine cage size, plate

lordosis, and screw insertion angles. Finally, a PEEK cage

filled with cancellous bone graft was inserted into the

intervertebral space and anterior plating was performed.

The cages used were Solis cages (Stryker�, EMEA), and

the MaximaTM Anterior Cervical Plate System (U&I

Corporation�, South Korea) or the CSLP (Cervical Spine

Locking Plate�, AO North America) system was used for

anterior stabilization. After operations, a Philadelphia

cervical orthosis was applied for 4 weeks and a soft collar

was recommended for an additional 2 weeks.

Careful physical examinations and radiological examina-

tions, including plain radiography and MRI, were performed

preoperatively in all patients. Radiographic data were evalu-

ated at 6 weeks and at 3, 6, 9, 12, and 18 months

postoperatively and then annually using AP, lateral, and flex-

ion/extension lateral plain radiographs. In cases that developed

additional radiculopathy or myelopathic symptoms during

follow-up, MRI was performed for evaluation purposes.

Methods

Group A (the adjacent segment group) included segments

above and below the fused segments (Fig. 1). In group A, the

case distribution of segments above the fusion levels were;

C2–3 (18 segments), C3–4 (20 segments), C4–5 (27 seg-

ments), and C5–6 (22 segments), and the case distribution of

segments below the fusion levels were C4–5 (18 segments),

C5–6 (20 segments), C6–7 (27 segments), and C7–T1 (22

segments). In group B (the non-adjacent segment group), the

distribution of segments was C2–3 (69 segments), C3–4 (49

segments), C4–5 (22 segments), C5–6 (18 segments), C6–7

(38 segments), and C7–T1 (87 segments).

Radiological degenerative changes was evaluated by

comparing preoperative and last follow-up (mean 64.8

months postop) lateral, flexion/extension lateral plain

radiographs. Radiological evaluations included: (1) disc

degeneration (Criteria I), (2) anterior ossification formation

(Criteria II), and (3) segmental instability (Criteria III).

Criteria I, disc degeneration, was evaluated using a modifi-

cation of Hilibrand’s radiographic grading of degenerative

change, according to which degeneration was assessed as

grade 0 (normal), grade 1 (mild; narrowing of disc space of

\50% and no posterior osteophytes), grade 2 (moderate;

narrowing of disc space from 50 to 75% and posterior

osteophytes) or grade 3 (severe; narrowing of disc space by

[75%) [12]. Criteria II, anterior ossification formation was

evaluated using Park’s classification and was graded as;

grade 0 (none), grade 1 (mild; ossification extended across

\50% of the disc space), grade 2 (moderate; ossification

extended across C50% of the disc space) or grade 3 (severe;

complete bridging of the adjacent disc space) [15]. When the

grade of Criteria I or II increased as comparing with the

preoperative condition, it was regarded to indicate progres-

sion of radiological degeneration. For Criterion III, seg-

mental instability, cases showing[3 mm of antero-posterior

displacement or 20� of sagittal plane rotation on follow-up

dynamic (flexion/extension) lateral radiographs were

regarded as having developed degenerative change [4]. No

instability was observed during preoperative evaluations.

Two spinal surgeons with no knowledge of clinical

outcomes assessed radiological findings twice indepen-

dently. To evaluate the reliability of findings, we used

standardized confidence analysis to determine ICC values

(Cronbach’s a), and these were categorized as; poor

(a\ 0.4), fair to good (0.4–0.7), excellent (a\ 0.7) [10].

Interbody fusion can lead to increases in mechanical stress

at adjacent disc levels, and thereby accelerate degenerative
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changes and produce clinical symptoms with time, that is,

it can induce ‘‘adjacent segment disease’’ [8]. To evaluate

the development of adjacent segment disease, newly gen-

erated radicular or myelopathic symptoms were evaluated

clinically.

Developments of radiological and clinical degenerative

cases were analyzed with respect to an age of less or

greater than 50 years.

The Chi-square test in SPSS 12.0 version (Chicago,

Illinois) was used to compare the incidences of new

radiological and clinical adjacent degenerative change

cases. Statistical significance was accepted for p values of

\0.05.

Results

ICC (Cronbach’s a) showed that intraobserver (0.76) and

interobserver (0.71) correlations were excellent.

Incidence of newly developed degenerative changes

Thirty-eight (8%) of the 457 segments developed a radio-

logical degenerative change. In group A (the adjacent segment

group), 28 (16%) of the 174 segments showed degenerative

change, and in group B, 10 (3%) of the 283 segments showed

degenerative change (p \ 0.01). In group A, 15 cases

degenerative change developed above the fused segments and

in 13 cases below the fused segments (Table 1).

Incidences of newly developed degenerative disease

Newly developed radiating and myelopathic symptoms

were evaluated by follow-up MRI or post-myelographic

CT. Four patients developed new symptoms (4%); 2 cases

in group A (1%) and 2 cases in group B (0.7%) (p = 0.52).

In two patients (one in each group) symptoms were

relieved by conservative management, and in the other two

symptoms responded to surgery.

Fig. 1 Diagram showing the segments which were included for the evaluation according to each group (O included, X excluded). a Group A,

b group B

Table 1 Number of cases

showing degenerative changes

at last follow-up visits

Group A Group B Total p Value

C2–3 1/18 (5%) 0/69 (0%) 1 0.21

C3–4 2/20 (10%) 3/49 (6%) 5 0.62

C4–5 11/45 (24%) 0/22 (0%) 11 0.01

C5–6 11/42 (26%) 2/18 (11%) 13 0.38

C6–7 3/27 (11%) 5/38 (13%) 8 0.8

C7–T1 0/22 (0%) 0/87 (0%) 0

28/174 (16%) 10/283 (3%) 38/457 (8%) \0.01
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Analysis according to the radiological criteria

of degeneration

Progressions of anterior ossification formation (Criteria II)

occurred in 20 segments and segmental instability (Criteria

III) in 4 cases, and degeneration occurred at fusion levels

above in all 4 (Table 2). There were more cases of anterior

ossification (Criteria II) than disc degeneration (Criteria I)

in group A than in group B, but this was not significant

(Table 2).

In terms of disc degeneration (Criteria I), there are 14

cases of progression. Thirteen of these 14 cases had a

preoperative degenerative condition of grade I or II. On the

other hand, 7 of 20 cases showed progression according to

Criteria II, and these had no preoperative anterior ossifi-

cation (grade 0); 6 of these 7 cases were in group A.

Analysis according to the age

The patients were divided in two groups according to age.

There were 38 patients younger than 50 years (mean age

47.7 years, range from 38 to 49), and 49 patients older than

50 years (mean age 61.1 years, range from 52 to 67). The

number of cases that showed new degenerative develop-

ment are shown in Table 3. No significant difference was

observed between these two groups in terms of the devel-

opment of new radiological degenerative changes

(p = 0.83). The percentage of patients that developed

adjacent segment disease was greater in older group (6%)

than in the younger group (2%), but this was not statisti-

cally significant (p = 0.62).

Discussion

Since anterior cervical discectomy and fusion were intro-

duced by Smith and Robinson, it has been used as the

standard for the care for cervical degenerative disease [18].

However, the widespread use of cervical fusion has raised

concerns about donor site morbidity, pseudoarthrosis, and

adjacent segment degeneration. Furthermore, the usages of

bone graft substitutes, such as, allografts, cages, deminer-

alized bone matrix (DBM), and bone morphogenic protein

(BMP), have reduced donor site morbidities, and additional

plating or the use of osteoinductive materials could solve

pseudoarthrosis problems [3]. However, fusion per se may

increase mechanical stress at adjacent disc levels, accel-

erate degenerative changes, and eventually lead to ‘adja-

cent segment disease’.

Sufficient evidence is available to prove the occurrence

of adjacent segment change. Goffin et al. [6] reported a

92% incidence of radiological adjacent segment change

after cervical fusion with a mean follow-up of 8 years, and

Teramoto et al. [20] reported radiological adjacent segment

disease in 51.1% of their patients at a mean 10 years,

though only 6.7% required further surgery at an adjacent

Table 2 Number of cases

showing degenerative changes

for each of the radiological

criteria

Disc degenerative change Anterior osteophyte formation Instability

Group A Group B Group A Group B Group A Group B

C2–3 0 0 1 0 0 0

C3–4 1 2 1 1 0 0

C4–5 2 0 6 0 3 0

C5–6 5 0 5 2 1 0

C6–7 1 3 2 2 0 0

C7–T1 0 0 0 0 0 0

9 5 15 5 4 0

Table 3 Number of cases of

degeneration analyzed by age
Younger than 50 years Older than 50 years

Group A Group B Group A Group B

Disc degenerative change 3 1 6 4

Anterior osteophyte formation 7 2 8 3

Instability 3 0 1 0

Adjacent segment disease 1 0 1 2
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level. Furthermore, biomechanical studies have produced

evidence of increased stress and hypermobility at adjacent

segments [5]. However, controversy exists as to whether

adjacent segment degenerative change is a result of fusion

or of the natural history of cervical spondylosis. Despite a

number of reports about adjacent degeneration, it is widely

accepted that radiological degenerative adjacent change

does not lead to symptomatic change, and that it is not

related to adjacent segment disease. Hilibrand et al. [12]

concluded that adjacent segment disease is more likely to

be a product of the natural history of the disease based on

the finding that adjacent segment disease occurred at a

relatively constant rate, was more likely at C5/6 and C6/7,

occurred in older patients, and was significantly less likely

after multilevel fusion. Our previous study showed that

multi-level fusion using a cage and plate augmentation

procedure accelerated the severity of adjacent level

degeneration as compared with single level fusion, but we

found no correlation between the incidence of symptomatic

adjacent level disease and numbers of fusion levels after

anterior cervical arthrodesis in degenerative cervical dis-

eases [19].

Scare reports have been issued on the natural history of

adjacent segment disease without fusion in cases of

degenerative cervical disease. Herkowitz et al. [11]

reported that 39% of patients developed radiological

adjacent segment degeneration, although this was not

necessarily associated with clinical symptoms, and in the

same study, 50% of patients that underwent posterior

foraminotomy also developed radiological disc degenera-

tion at operated and adjacent levels. Gore [9] studied the

natural history of cervical spondylotic disease in 159

asymptomatic patients, and found that 12% developed

symptomatic spondylotic disease over a 10-year period,

suggesting a high incidence of naturally occurring degen-

erative disease. According to the results of the present

study, fusion per se can accelerate the severity of adjacent

level degeneration. However, no significant difference was

found between segments adjacent to and not adjacent to

fused segments with respect to the incidence of symp-

tomatic adjacent segment disease.

Another issue that should be considered is whether

anterior ossification formation adjacent to fused segments

should be viewed as an adjacent degenerative change

induced by fusion. Nowadays, the majority of patients are

treated by plate augmentation, and plating is known to be

associated with the development of adjacent-level ossifi-

cation [15]. In the present study, we found much more

anterior ossification formation at segments adjacent to

fused segments than in non-adjacent segments. It was

notable that 7 of the 20 cases with no ossification before

operation subsequently developed anterior ossification, and

that in 6 of these 7 cases ossification occurred at adjacent

segments. On the other hand, 13 of 14 cases that showed

disc degenerative changes according to the modified Hili-

brand’s criteria (Criteria I) had a previous degenerative

condition before surgery. Of the four cases that developed

adjacent segment disease in our study, three had disc

degeneration and one had instability. Thus, the radiological

degenerative condition related to symptom development

was disc degenerative change (Criteria I) and not anterior

ossification (Criteria II). Furthermore, fusion was only

found to be marginally related to disc degeneration. Thus,

we postulate that in previous studies, including some recent

studies, anterior ossification was viewed as an adjacent

degenerative change, which could have lead to an overes-

timation of the rate of radiological adjacent segment

degenerative change.

The limitations of this study are its relatively short-

term follow-up and the unevenness of the case distri-

bution. In particular, the number of fusion cases with

C5–6 and C6–7 involvement outnumbered those with

C3–4 or C4–5 involvements, and case distributions in

groups I and II were uneven. Furthermore, it has been

established that involvements of C2–3 and C5–6 differ-

entially affect the development of new degenerative

changes. In fact, it is our opinion that disc degeneration

occurs at greater frequency in central levels in the cer-

vical spine than at its ends. In the present study, the

number of cases showing radiological degenerative

change was significant only in C4–5. Furthermore, our

results do not support a relation between adjacent seg-

ment radiological findings and symptomatic adjacent

disease. No previous study has compared segments

adjacent and not adjacent to fused levels in same cases,

and thus, we believe our results contribute to our

understanding of adjacent segmental disease. Another

limitation is that we could not perform follow-up MRI

scan on all patients due to the economic burden. We

believe that MRI may be more helpful than plain radi-

ography for detecting ‘degenerative changes’, and thus,

this limitation may have biased results.

Conclusion

Radiological adjacent segment change was found to be

greater than at non-adjacent segments in single level

anterior fusion cases. However, no significant difference

was observed between adjacent and non-adjacent segments

in terms of the incidence of symptomatic disease.

Accordingly, we conclude that fusion per se has only a

small effect on the development of adjacent segment

disease.
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