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13 Adjacent Intervertebral Disc Lesions Following
Anterior Cervical Decompression and Fusion:
A Minimum 10-Year Follow-up

Shunji Matsunaga
Department of Orthopaedic Surgery, Imakiire General Hospital, Kagoshima, Japan

Yoshimi Nagatomo, Takuya Yamamoto, Kyoji Hayashi,
Kazunori Yone, and Setsuro Komiya

Department of Orthopaedic Surgery, Graduate School of Medical and Dental Sciences,
Kagoshima University, Kagoshima, Japan

INTRODUCTION

Anterior cervical decompression and fusion was introduced by Robinson and Smith (1) and
Cloward (2,3) in the 1950s and became a common procedure because of the excellent clinical
results achieved (4-10). However, the influence of anterior cervical decompression and
fusion on the unfused segments of the spine has become clear through long-term follow-up
studies (11-15). Examination by routine radiography showed the development of degeneration
(11,14). Recently, artificial intervertebral disc replacement has developed as a substitute for
anterior decompression and fusion (16,17). The authors have investigated the occurrence of
herniation of the unfused intervertebral discs on magnetic resonance imaging (MRI) following
anterior cervical decompression and fusion to elucidate the influence of this surgery on the
unfused segments of the spine.

SUBJECTS AND METHOD

Forty-six patients (31 men, 15 women) subjected to anterior cervical decompression and fusion

for herniation of intervertebral discs was examined by MRI pre and postoperatively and post-

surgical occurrence of disc herniation were examined with a minimum of 10-year follow-up.

Their age at the time of operation ranged from 29 to 71 years (average age 41.3 years old).

Anterior decompression and fusion was carried out according to Cloward technique in 28

patients, Robinson technique in four patients, and subtotal vertebrectomy in 14 patients. The

range of fusion comprised one segment in 26 patients, two segments in 16 patients, and

three segments in four patients. The portions of fusion were C3/4 in 10, C4/5 in 20, C5/6 in

26, C6/7 in 13, and C7/T1 in one patients. Postoperative follow-up was 16.5 years (average

ranging from 10-26 years). Disc herniation was defined as the bulging annulus that encroaches

on the thecal sac in T1-weighted MRI according to Maruyama'’s criteria (18). Clinical symptoms

were evaluated by the criteria for cervical myelopathy established by the Japanese Orthopaedic,
Association (JOA score) (19) and the criteria for pain established by White (20). Postoperative
results were assessed according to the neuralgic recovery rate of Hirabayashi (21), and were

classified according to a four-grade scale into: poor (improvement rate below 25%), fair (26%

to 50%), good (51% to 75%), and excellent (more than 76%). Relief of pain was classified

using four-grade scale into: poor, fair, good, and excellent according to White’s criteria.

- STATISTICAL ANALYSIS

Categorical variables were analyzed using x-square analysis or Fisher’s exact test. All values
were expressed as means with 95% confidence intervals.
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150 Matsunaga et al.

TABLE 1 Characteristics of Patients Showing the Occurrence of Herniation of Intervertebral D|scs Postoperatively

IRe " Rge'- _ oo Level _ Onset of herniation
Case' © Sex (yr) =~ v»Fused discs ’ ’Prucedure © of disc herniation - after surgery (mo)
1 M 31 " C4/5. .y . - . Clowad - C3/4,06/72 .*1. 7 a7
2 M 66 C4/5 . Cloward -, G3/4 . - 51
3 F 29 C5/6, - ... . . Cloward C6/7 S 138
4 F 4 C5/6 Cloward C6/7 -, 44
5 M 49 C3/4,C4/5 Cloward Cs/6,06/7 .. ... - 29
6 M 61 C3/4,C4/5,C5/6 Cloward ce/7 : © 56
7 M 54 - C3/4,C4/5 ') C5/6, C6/7 L3
8 F 46 C3/4, C4/5 SV C5/6 23
9 M 71 C4/5,05/6 . * . SV C6/7 O A B 1
10 M 50 C4/5, C5/6 SV .. G340 - om0 210
11 F 58 .. C3/4, C4/5 R ., ~C56 . . . ., 764
12 M 49 C3/4, C4/5 sV . c5/6 - . ., . 68
13 M 52 C5/6, C6/7 SV C7/T ' 69
14 F 39 C5/6, C6/7 SV C4/5 112
15 M 41 C5/6, C6/7 Sv C4/5 281
16 M 40 C3/4, C4/5, C5/6 SV C6/7 . 26

2Shows the disc herniation on nonadjacent segment to fusion.
Abbreviations: M, male; F, female; Cloward, Cloward’s anterior discectomy and fusion; SV, subtotal vertebrectomy.

RESULTS

Herniation of unfused intervertebral discs was detected in 16 patients (19 discs) out of the 46
patlents who underwent MRI examination postoperatively (Fig. 1). The segment affected was
C3/4 in three cases, C4/5 in two, C5/6 in five, C6/7 in eight, and C7/T in one. In all but one
cases, disc herniation was found on the segments adjacent to anterior decompression and
fusion (Table 1). Herniation of unfused intervertebral disc occurred more frequently within
five years after surgery (Fig. 2) (22). In case of double- and triple-level fusion, herniation of

FIGURE 1 Occurence of herniation of unfused intervertebral disc. Massive herniation of C6/7 intervertebral disc was
recognized in a 44 year-old woman who had undergone C5/6 anterior decompression and fusion 44 months previously.
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FIGURE 2 Heniation-free rate calculated by Kaplan—Meier method following anterior decompression and fusion.

unfused intervertebral disc occurred more frequently than in the case of single-level
fusion (Table 2). . _

The final recovery rate for myelopathy and pain is shown in Table 3. The rate of relief of
pain was superior to that of recovery of myelopathy. The average recovery rate of myelopathy
of patients with postoperative disc herniation was 21.9%. This rate was significantly (P < 0.01)
low when compared with the rate (58.4%) of patients who did not develop disc herniation
postoperatively. ‘

DISCUSSION

Anterior cervical decompression and fusion is an established surgical procedure and many
researchers have reported good results with this surgery for the treatment of cervical lesions.
However, long-term follow-up evaluation of anterior cervical decompression and fusion
revealed degenerative changes at levels above and below the fusion. Many claims about the
influence of anterior cervical fusion on the unfused segments of the spine have been made.
Capen et al. (14) reported that degenerative changes above and below the fusion were detected
in 36 of 59 patients treated by anterior surgery after long-term follow-up. Baha et al. (11) noted
that cervical flexion/extension resulted in significantly increased movement about the ver-
tebral interspace at the upper adjacent level following anterior cervical fusion. Whether the
degenerative changes of the nonfused discs are the body’s response to altered mechanical
forces on joints next to a fused spinal segment or whether the changes merely represent the
natural progression of the degenerative disease process is difficult to ascertain. Gore et al.
(23) reviewed the pre- and postoperative lateral cervical roentgenograms of 90 patients who
had undergone anterior cervical fusion and compared their findings with age- and sex-
matched people without neck problems. They concluded that there was no difference in the
incidence of degenerative change between the operated and control group at the levels
above and below the fusion. Cherubimo et al. (24) reported that in spite of the worsening of
.the radiographic findings, from a clinical standpoint there was a significant improvement in

.TABLE 2 Relationship Between Occurrence of Herniation and Number of Fusion Discs

Patients with occurrence

‘Number of fusion discs . Patients of disc herniation (%) P
One segment 26 4 (15.4) —
Two segments 16 10 (62.5) <0.01
‘Three segments 4 2 (50) <0.01
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TABLE 3 Surgical Results of Myelopathy and Pain

Patients with adjacent Patients without adjacent
disc herniation [mean (SD)] disc herniation [mean (SD)]

No. of patients 16 30
Recovery rate of myelopathy (%) 21.9 (52.8) 58.4 (34.8)
Grading of recovery of myelopathy :

Excellent 1 9

Good 3 16

Fair 7 4

Poor 5 1
Relief of pain

Excellent 0 15

Good 4 9

Fair 7 5

Poor 5 !

the symptomatology of 86.5% of the patients. They concluded that degenerative change follow-
ing anterior cervical fusion was not clinically important. However, patients with postoperative
disc herniation of unfused segments showed significantly poor clinical results in the current
study. The influence of anterior cervical decompression and fusion on unfused segments
cannot be ignored. Recently, artificial intervertebral disc replacement has developed as a sub-
stitute for anterior decompression and fusion.

A biomechanical analysis is necessary after anterior cervical decompression and fusion to
elucidate its influence on adjacent segments. We had reported that the change of distribution of
discs strain following anterior cervical decompression and fusion by individual plane X-ray
films of the cervical spine (25). In this study, no statistical increase of shear strain was observed
postoperatively in case of single-level fusion. In case of double- and triple-level fusion,
however, shear strain was increased at one year postoperatively. Thereafter, the shear strain
decreased gradually both in one-level fusion and multi-level fusion. The postoperative hernia-
tion occurred more frequently within five years after surgery, and the rate of herniation
decreased with time. These changes of shear strain on the intervertebral disc may impact the
development of disc herniation following anterior cervical decompression and fusion.

There are many reports about evaluation of disc degeneration by MRI (18,26,27).
However, the correlation between histological changes and MRI findings has not yet been
established. Maruyama (18) examined 210 cervical discs histologically and by MR, and estab-
lished a relationship between types of findings. He emphasized the risk of false-positive pos-
terior protrusion on MRI. We could not determine whether all cases of herniation on MRI in our
study represented herniation in the strict sense. However, Maruyama (18) reported that the
bulging annulus that encroaches on the thecal sac in T1-weighted MRI corresponded to protru-
sion-type herniation of the disc in the histological examination in 79.3% of the cases. In our
study, nine of 16 patients with disc herniation on MRI showed worsening of clinical symptoms.
The development of herniation on postoperative MRI should not be ignored.
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