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Background and Aim: Adjacent segment disease (ASD), radiological and clinical, is observed in 
many of the patients who undergo cervical inter-body fusion with/without graft, and with/without 
plating. This study aims to evaluate the proportion of ASD among patients who underwent cervical 
spine fusion surgery, to study the severity of degenerative radiographic findings at adjacent levels, 
and to determine sites and patterns of ASD.

Methods and Materials/Patients: A descriptive study was performed on patients who underwent 
a previous cervical arthrodesis procedure in the last 2-5 years and continued follow-up as 
neurosurgery outpatients. A total of 59 patients who qualified for the inclusion criteria were 
included in the study.

Results: Spine fixation was commonly performed at a single level mostly with sample size (54.2%, 
n=32) then at two levels (42.4%, n=25) and three levels (3.4%, n=2). Adjacent segment degeneration 
was present in the spine fixation level subgroup at a single level of 9 cases (28.12%), two levels of 
9 cases (36%), and three-level fixations of 2 cases (100%). Six patients (10.2%) out of 59 patients 
developed radiculopathy. Among twenty-two cases (37.3%) with new changes at adjacent levels, 
reduced disc height was the most common one (18.6%, n=11). Anterior and posterior osteophytes 
with reduced disc height were found in 2 cases. Therefore, actual new changes were present in 20 
cases only. The most common level of C4-C5 was observed for the development of ASD (13.6%, 
n=8). ASD developed at cranial to fusion in 13 cases (22%), caudal to fusion in 5 cases (8.5%), and 
at both levels in 2 patients.

Conclusion: Adjacent segment disease was observed in a significant number of patients who 
underwent cervical spine surgery as evident from the results but only 6 out of 20 cases with radiological 
evidence of ASD were symptomatic. Changes were observed commonly at the C4/C5 level.
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1. Introduction

arious cervical spine surgeries via both 
anterior and posterior approaches, such 
as anterior cervical discectomy or corpec-
tomy and fixation with plates and screws, 

fusion with a graft taken from the iliac crest or other 
osteogenesis-enhancing materials, and posterior fixa-
tion using lateral mass screws have been performed for 
different pathologies of the cervical spine at our insti-
tution and in the centers across the globe. Pathological 
changes can occur at the adjacent motion segments 
cranially or caudally, which can be demonstrated radio-
logically and may manifest clinically with symptoms of 
myelopathy, radiculopathy, or mechanical pain, defined 
as adjacent segment disease (ASD). This occurs in a mi-
nority of patients with X-ray/computerized tomography 
(CT)/MRI evidence of adjacent segment degeneration.

In approximately 25% to 45% of patients, these chang-
es are demonstrated on follow-up radiological evalua-
tion, usually at levels above or below the fused segment 
[1-10] reported as high as 60% to 90% in certain studies 
[11-16]. But all of them may not present with symp-
toms, the incidence reported in the literature ranges 
from 6% to 26% on long-term follow-up [3, 4, 12, 16-18].

Common surgical interventions at our institution are 
anterior cervical discectomy and fusion (ACDF), anterior 

cervical corpectomy and fusion, circumferential fusion, 
and posterior-lateral mass fixation.

2. Methods and Materials/Patients

The primary objective of the study was to evaluate the 
proportion of the patients’ developing changes at ad-
jacent segments following cervical spine fusion surgery 
2-5 years ago in the Department of Neurosurgery. 

The secondary objectives were to study the extent, 
pattern, and severity of these degenerative changes ra-
diologically and to determine the sites and patterns of 
adjacent segment disease (ASD).

A descriptive study was conducted in the Department 
of Neurosurgery, Government Medical College, Trivan-
drum, India on patients in the age group 18-80 years 
who had undergone a previous cervical arthrodesis 
procedure (ACDF/corpectomy/posterior fixation/cir-
cumferential fusion) in the last 2-5 years and continued 
follow-up in neurosurgery.

Inclusion criteria included all cases in the age group 
18-80 years, who underwent cervical spine fusion/fixa-
tion surgery 2-5 years ago in the Department of Neu-
rosurgery, patients who underwent X-ray, CT, or MRI of 
index surgery, and patients who were willing to inves-
tigate the current status of the cervical spine after the 
index surgery. Dead patients and those who were un-

V

Highlights 

• Diseases affecting adjacent segments are more common in cases with degenerative disease.

• Level cranial to fixation is the site of adjacent segment degeneration in the majority of the patients as compared 
with the caudal level.

• The reduction of disc height (degenerative changes in disc grade) at follow-up was significantly associated with the 
development of adjacent segment disease (ASD).

Plain Language Summary 

Patients undergo cervical spine surgery for various diseases, such as trauma, and degenerative conditions. In most 
of them, the symptoms improve in a short period and become asymptomatic for many years. In a percentage of 
cases, neurological signs develop during follow-up. Radiological evaluation of such patients with X-ray, and magnetic 
resonance imaging (MRI) often show changes in adjacent, superior, and inferior disc levels. We studied the incidence 
of such changes radiologically and clinically during the follow-up period. Not all patients with changes in X-ray will be-
come symptomatic. Patients operated on for degenerative conditions are more prone to develop the adjacent-level 
disease compared with those operated on for trauma. Follow-up with radiological evaluation can identify individuals 
who are prone to become symptomatic early.
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willing to participate in the study or had a malignancy 
were excluded from the study. 

The sample size was estimated using the following for-
mula: 

Sample Size = {Z2*(p)*(q)}/Δ2 

 Substituting the values-where Z value for the confi-
dence level chosen = 1.96 (for 95% confidence level 
from the standard normal distribution); P= 4.8% = 0 [3]; 

P= prevalence

q= 1-P = 1-0.048 = 0.952

Δ= acceptable margin of error = 0.05,

All patients who had the inclusion criteria were in-
cluded in the study. Those who underwent surgery for 
at least 2-5 years are being followed up at the Depart-
ment of Neurosurgery. Clinical assessment included ex-
amining neck pain at rest position or during movements 
and/or radicular pain in the upper limbs with sensory 
or motor deficits. The radiological examination included 
an X-ray cervical spine anteroposterior (AP) and lateral 
views of the patient with the neck in neutral, flexion, 
and extension position. A comparison of these X-rays 
with those taken before surgery, mainly sagittal X-rays 
was done to assess the displacement of the vertebral 
body. The postero-inferior and postero-superior angles 
of the vertebral body and the distance between the two 
points were noted, related to the sagittal diameter of 
the sub-adjacent vertebra, using the formula: x=sagittal 
displacement (mm) x 100/sagittal diameter (mm). This 
is graded into four based on the percentage of displace-
ment and independent of any magnification grade I (0-
25%), II (25-50%), III (50-75%), and IV (75-100%). The 
height of an adjacent disc was normal if it was equal to 
the height of the disc located at a higher or lower lev-
el, on the condition that no evidence of degeneration 
was found. The next level was chosen to compare disc 
height in case of degeneration. Disc height decrease 
was graded as mild, moderate, and severe degeneration 
depending on the percentage of loss of disc height; mild 
(75%–100%), moderate (50%-75%), and severe (< 50%) 
of the normal disc height. The term “symptomatic ASD” 
was given when evidence of new radicular or myelo-
pathic symptoms referable to an adjacent degenerated 
level on two consecutive visits was found. The manage-
ment of symptomatic adjacent level is the same as any 
other cervical spine disease; conservative management 
with cervical orthosis, and analgesics done initially. Eval-

uation with MRI, CT, and dynamic X-rays was performed 
in the event of non-resolution of radiculopathy or new 
onset myelopathy, to rule out any compressive lesion. 
Based on the radiological findings, degenerative chang-
es at the adjacent levels are grouped into four grades 
(Table 1). 

3. Results

Fifty-nine patients who qualified for the inclusion cri-
teria for the study were analyzed. The mean age group 
of the sample was 45.7±11.9 years. Forty-five cases 
(76.3%) were men and 14 cases (23.7%) were women. 
Sixteen patients (27.1%) were smokers and 43 (72.9%) 
were non-smokers. Diabetes was seen in 33% of the 
population.Forty-two cases (71.2%) had degenerative 
disease suggestive of the most common pathology be-
hind cervical spine cases presenting at our Institution. 
Sixteen (27.1%) cases were trauma-related and 1 case 
was infectious (1.7%). The adjacent level disease was 
observed in 33.9% of cases and absent in 66.1% of cases 
(Figure 1).

The most common level operated at index surgery was 
C5-C6 with 23 patients (39%), the second most common 
level was C6-C7 with 10 patients (16.9%), and C4-C5 with 
10 patients (16.9%). Among all cervical spine surgeries 
done, ACDF was the most common one, performed on 
39 cases (66%), anterior cervical corpectomy and cage 
fixation was performed in 14 patients (23.7%), circum-
ferential fusion was performed in 5 patients (8.5%), and 
laminectomy and lateral mass fixation performed in 1 
case (1.7%). Single-level spine fixation was commonly 
performed with sample size (54.2%, n=32) then two lev-
els (42.4%, n=25) and three levels (3.4%, n=2). Adjacent 
segment degeneration was present in the spine fixation 
level subgroup at a single level of 9 cases (28.12%), two 
levels of 9 cases (36%), and three-level fixation of 2 cas-
es (100%) (Table 2).

Six (10.2%) out of 59 patients developed radiculopa-
thy due to adjacent segment changes and were consid-
ered as clinical adjacent segment pathology/ASD, which 
would be 10.2%. Most patients developed C5 radicu-
lopathy (Table 3).

Twenty-two cases (37.3%) with new changes at adja-
cent levels were the most common pattern identified as 
reduced disc height in 11 cases (18.6%) (Figures 2 and 3). 

Anterior and posterior osteophytes were found along 
with reduced disc height in 2 cases (Figure 4), therefore 
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actual new changes were observed in only 20 cases 
(Table 4).

Development of spondylolisthesis was observed in 3 
cases (5.1%) (Figure 5).

In our study, the most common level of C4-C5 for the 
development of ASD was observed in 8 cases (13.6%) 
and at a C3-C4 level in 5 cases (8.5%).

In our study, ASD developed at cranial to fusion in 13 
cases (22%), caudal to fusion in 5 cases (8.5%), and at 
both levels in 2 cases (Table 5).

4. Discussion

Anterior cervical discectomy and fusion for cervical 
radiculopathy and/or myelopathy were first described 

Table 1. Grading of degenerative changes at adjacent levels in X-ray findings

Grade Disease
Finding

Plain Radiography Magnetic Resonance Imaging Computed Tomography, 
Myelography, or Both

I None Normal Normal Normal

II Mild Narrowing of disc space, no 
posterior osteophytes

Signal change in intervertebral 
disc Normal

III Moderate < 50% of normal disc height Herniated nucleus pulposus 
without neural compression

Herniated nucleus pulposus; no 
nerve-root cut-off or spinal cord 

compression

IV Severe Same as for grade III Spinal cord compression with or 
without nerve-root compression

Nerve-root cut-off with or with-
out spinal cord compression

Table 2. Percentage distribution of the cases at pre-operative level

Level No.(%)

C4 3(5.1)

C5 2(3.4)

C6 1(1.7)

C7 1(1.7)

C3 - C4 9(15.3)

C4 - C5 10(16.9)

C5 - C6 23(39.0)

C6 - C7 10(16.9)

Table 3. Percentage distribution of the sample according to radiculopathy at current follow-up

Radiculopathy at Current Follow-up No. (%)

Absent 53(89.8)

C4 2(3.4)

C5 3(5.1)

C6 1(1.7)
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Table 4. Distribution of the cases according to new change at adjacent level

New Change at Adjacent Level No. (%)

Absent 37(62.7)

Osteophyte anterior 2(3.4)

Osteophyte posterior 2(3.4)

Anterolisthesis 2(3.4)

Retrolisthesis 1(1.7)

Reduced disc height 11(18.6)

Disc prolapse 1(1.7)

Facet joint hypertrophy 1(1.7)

Radiculopathy 2(3.4)

Table 5. Distribution of the cases according to ASD level

ASD Level No. (%)

Absent 39(66.1)

C3 - C4 5(8.5)

C4 - C5 8(13.6)

C5 - C6 2(3.4)

C6 - C7 4(6.8)

C7 - T1 1(1.7)

Abbreviations: ASD: adjacent segment disease 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Post-op and Follow-up X-rays Showing Reduced Disc Height 

66.1

33.9

Absent Present

Figure 1. Distribution of cases according to adjacent segment disease (ASD)
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by Robinson and Smith [19] and by Cloward [20, 21]. 
Changes occurring at the disc levels above and below 
the level of fusion are described in the literature [1, 2, 
11, 18, 22-33]. Various types of degenerative changes 
are observed, including X-ray and CT evidence, such as 
mechanical instability, disc degeneration, facet arthrop-
athy, hypertrophy of ligaments, or bony osteophyte of 
the segments cranial or caudal to a fusion [3].

The exact cause of these degenerative changes is still 
a matter of debate, increased biomechanical stress 
leading to increased mobility of segments above and 
below the level of fusion is a possible explanation [11, 
34-39]. Biomechanical causes include increased load 
at the level of facets, elevated tension in the disc, and 
entire fused segments acting as a single long unit and 
hence redistributing the movements to the levels cra-

Figure 2. Post-op and follow-up X-rays showing reduced disc height

Figure 3. Follow-up X-ray showing cranial and caudal osteophytes
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nial and caudal to the fused segment. In addition to this, 
these patients may have a background of degenerative 
disease of the spine and a tendency for stenosis of the 
spinal canal. This natural progression along with the 
biomechanical stress described above can lead to exag-
gerated degeneration at adjacent levels [2, 3, 5, 13, 40]. 

The radiological changes following fusion surgeries of 
the cervical spine may vary from 25% to 90% [1, 11, 12, 
32, 35, 41-47]. However, the number of patients who 
are symptomatic due to these adjacent levels are much 
less, ranging from 6% to 26% in long-term follow-up 
[3, 4, 12, 16-18]. The incidence of symptomatic cases 
is 2.9% per year in 10 years following anterior cervical 

Figure 5. Development of spondylolisthesis

Figure 4. Immediate post-op X-ray showing no osteophyte and follow-up X-ray showing C3-C4 anterior osteophyte and disc height reduc-
tion of C6-C7
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fusion according to Hilibrand et al. [3]. They also con-
cluded that degenerative changes, such as canal steno-
sis or disk protrusion adjacent to the level of fusion if 
present, are associated with accelerated degeneration 
at other levels nearby. In a study conducted by Baba et 
al. [1], consisting of 106 patients who underwent cer-
vical fixation, 25% developed new spinal canal stenosis 
cranial to fusion in 8.5 years of follow-up. Nunley et al. 
[42] conducted a prospective study of a 7-year follow-
up of patients treated with either ACDF or cervical disc 
arthroplasty (CDA) and analyzed clinical and radiological 
adjacent level changes in them by grouping them into 
two. They concluded that patients treated with CDA 
have a lower incidence of clinically significant adjacent 
level changes than patients treated with ACDF. The risk 
is more in patients treated with ACDF and young age. In 
a similar study, Tuanjing et al. [43] conducted a meta-
analysis of 29 randomized control trials to study the effi-
cacy of cervical disc arthroplasty (CDA) compared with 
ACDF and investigated the adjacent segment motion, 
degeneration, disease, and reoperation of CDA com-
pared with ACDF. They failed to find a significant statisti-
cal difference in degenerative changes of adjacent levels 
between CDA and ACDF within 24 months of follow-up.

A prospective cohort study by Maldonado et al. [44] 
including both fusion and motion-preserving surgeries 
showed no statistical difference between the two in 
terms of adjacent level changes. This emphasizes the 
importance of studying other risk factors, such as in-
creased propensity in some patients for disc degenera-
tion, and sagittal profile of the cervical spine in patients 
as etiological factors which lead to such changes.

Tasiou et al. [45] reported adjacent intervertebral disc 
degeneration in 2.7% of cases. Lunsford et al. [46] re-
ported no significant difference in incidence between 
patients undergoing ACDF and patients having discec-
tomy only.

Many studies have not documented that the cranial 
or caudal level is more prone to degeneration than the 
surgical level. Our study has demonstrated that the level 
cranial to fixation has more chance of developing adja-
cent level degeneration. Also, no clear evidence exists 
in the literature as to what percentage of patients with 
radiologically demonstrated adjacent degeneration 
become clinically symptomatic. In our series, 6 out of 
20 radiologically significant patients developed clinical 
symptoms. The type of surgery and the number of lev-
els fused did not show much statistical significance.

5. Conclusion

The proportion of ASD in postoperative cases of cervical 
spine arthrodesis surgery is 33.9% of 20 cases. However, 
symptomatic ASD was diagnosed in 6 cases (10.2%). The 
disease affecting the adjacent segment is more com-
mon in degenerative disease cases. Reduced disc height 
(degenerative changes in disc grade) at follow-up is sig-
nificantly associated with the development of ASD. Level 
cranial to fixation was the site of adjacent segment degen-
eration in the majority of patients as compared with the 
caudal level. As the number of fixation levels increased, 
the proportion of adjacent segment degeneration in-
creased; however, the difference was not significant.
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