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ABSTRACT
Objective: To evaluate and compare the radiological changes on adjacent mobile segments and clinical 
findings in patients having undergone single-segment simple anterior cervical discectomy versus 
discectomy plus intervertebral fusion.
Material and Methods: Twenty-five patients were treated with discectomy plus fusion and 20 patients 
with simple discectomy. Clinical pictures of the patients were evaluated with ODOM criteria before and 1 
year after operation, and their improvement rates were calculated.
The disc heights of superior and inferior adjacent segments, superior and inferior foramen heights, 
superior and inferior end plate heights of superior and inferior adjacent segments, new osteophyte 
development, segmental angulation and loss of cervical lordosis were evaluated on cervical radiographies 
before and 1 year after operation.
Results: Although there were new degenerative findings in adjacent mobile segments in all patients 
when preoperative and postoperative measurements were compared, these radiological findings did not 
translate into clinical findings. In the fusion group, radiological degeneration findings were seen more 
frequently statistically; however, clinical results were not different between the two groups. On the other 
hand, loss of lordosis was significantly more frequent in the simple discectomy group.
Conclusion: Although adding fusion to single-segment anterior cervical discectomy caused more 
frequent radiological degenerative changes in adjacent segments after 1 year compared to simple 
discectomy, clinical results were similar. It was thought that longer follow-up was necessary to observe 
clinical adjacent segment disease that was expected to become more frequent because of excessive 
mobility due to fusion.
Keywords: Discectomy, intervertebral disc displacement, spinal fusions - adverse effects

ÖZET
Tek seviye anterior servikal diskektomi ile diskektomi ve füzyon sonrası radyolojik 
ve klinik komşu seviye dejenerasyonu oranlarının karşılaştırılması
Amaç: Tek seviye basit anterior servikal diskektomi uygulanan olgularda komşu seviyelerde gelişen rad-
yolojik değişiklikleri ve klinik bulguları diskektomiyle birlikte füzyon uygulanan olgularda görülenlerle kar-
şılaştırmak.
Gereç ve Yöntemler: Diskektomiyle birlikte füzyon uygulanan 25, basit diskektomi uygulanan 20 olgu 
vardı. Olguların klinik tabloları girişim öncesinde ve girişimden 1 yıl sonra ODOM kriterlerine göre değerlen-
dirildi ve iyileşme oranları hesaplandı. Üst ve alt komşu seviyelerdeki disk yükseklikleri, üst ve alt foramen 
yükseklikleri, üst ve alt komşu seviyelerin üst ve alt son plaklarının yükseklikleri, yeni osteofit gelişimi, seg-
menter açılanma ve servikal lordoz derecesi girişim öncesi ve girişimden 1 yıl sonraki grafilerde ölçüldü.
Bulgular: Girişim öncesi ve 1 yıl sonraki ölçümler karşılaştırıldığında bütün olgularda bütün komşu seviye-
lerde yeni dejeneratif değişiklikler ortaya çıkmasına rağmen radyolojik bulgular klinik bulgulara yansıma-
mıştı. Füzyon grubunda radyolojik dejenerasyon bulguları anlamlı olarak daha sık olsa da klinik sonuçlar iki 
grupta aynıydı. Öte yandan, servikal lordoz kaybı basit diskektomi grubunda anlamlı olarak daha fazlaydı.
Sonuçlar: Tek seviye anterior servikal diskektomiye füzyon eklenmesi 1 yıl sonunda komşu seviyelerde 
daha sık radyolojik dejenerasyon bulgularına neden olsa da klinik bulgular aynıydı. Füzyonun neden oldu-
ğu aşırı harekete bağlı olarak gelişmesi beklenen klinik komşu seviye hastalığının görülebilmesi için daha 
uzun süreli izlem gerektiği düşünüldü.
Anahtar kelimeler: Diskektomi, intervertebral disk kayması, spinal füzyon - yan etkiler
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Introduction
The anterior approach is the most frequently used operation 

technique in cervical disc disease today. To add fusion to 

discectomy has almost become the standard method for the last 

50 years since it was defined for the treatment of degenerative 

spondylotic disease (1-3). To perform fusion plus discectomy 

has some advantages: It provides protection of disc height and 

thereby prevents the development of foraminal stenosis, it 

causes a loss of mobility of the operated segment, thus avoiding 

dynamic neural compression, and lastly, it provides stability 

and prevents the development of kyphotic deformity.

 On the other hand, anterior cervical fusion is not a wholly 

innocent procedure, and especially its long-term effects may 

lead to new biomechanical and clinical consequences in the 

patient. Problems of segments adjacent to the fused segment 

due to excessive burden were frequently reported, especially in 

the last 2-3 decades. Accordingly, cervical discectomy without 

fusion was increasingly performed to prevent these problems.

 In this study, we planned to evaluate retrospectively 

whether to add fusion to cervical discectomy causes acceleration 

of development of clinical and radiological degenerative 

changes in adjacent segments.

Material and Methods
Patients having undergone single-segment anterior cervical 

discectomy in the 1. Neurosurgery Department of Dr. Mazhar 

Osman Bakirkoy Psychological and Neurological Diseases 

Training and Research Hospital between January 2003 to 

October 2005 were evaluated retrospectively, and those for 

whom adequate hospital clinical records were available and 

whose cervical radiographies were taken preoperatively and 1 

year after operation were included in the study. Patients whose 

hospital records were inadequate or whose cervical 

radiographies were absent in the hospital charts were excluded. 

Patients having undergone single-segment cervical discectomy 

due to cervical trauma or tumor and those that had undergone 

discectomies in more than one segment were excluded. There 

were 45 patients matching the study criteria.

 Surgical indications for cervical discectomy were: 1. 

resistant and severe pain after at least 3 weeks of conservative 

treatment, or 2. presence of radicular motor weakness, or 3. 

long tract signs, and 4. concordance of clinical picture and 

radiological findings (magnetic resonance imaging and/or 

computerized tomography).

 All clinical, radiological, and electrophysiological findings, 

if present, in the preoperative and early postoperative periods 

and 1 year after operation were recorded.

Measurements
The disc height of superior and inferior adjacent segments, 

superior and inferior foramen heights, superior and inferior end 

plate heights of superior and inferior adjacent segments, 

segmental angulation and loss of cervical lordosis were 

measured, and new osteophyte development was evaluated on 

cervical radiographies taken before and 1 year after operation.

 For cervical alignment evaluation, the angle between the 

lines passing the posterior borders of C2 and C7 vertebral 

bodies was measured (Figure 1 a). If the angle was <0 degrees, 

cervical alignment was accepted as kyphotic; if it was 0 degrees, 

the alignment was accepted as neutral, and if it was >0 degrees, 

the alignment was accepted as lordotic (4).

 For evaluation of segmental angulation, the angle between 

lines passing the posterior borders of the superior and inferior 

vertebral bodies to the operated disc level was measured. If the 

angle was <0 degrees, it was accepted as kyphotic, and if it was 

>1 degree it was accepted as lordotic (4) (Figure 1 b).

 Clinical results of the patients for pain and functional 

capacity on follow-up were evaluated with Odom Criteria (5), 

(Table 1).

Figure 1: Measurement methods of cervical alignment 
(a) and segmental angulation (b).

a b
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Surgical Procedures
All operations were performed under general anesthesia. In 20 

patients, single-segment simple anterior cervical discectomy 

(ACD), and in 25, discectomy plus intervertebral fusion (ACDF) 

was performed. PEEK or titanium cages filled with demineralized 

bone matrix, allograft bone chips, or synthetic bone graft were 

used for fusion.

Statistical evaluation
In the statistical evaluation, for numerical variables, Student’s t 

test and for nominal ordinary variables Pearson χ² test was 

used. If p values were <0.05, results were accepted as statistically 

significant.

Results
The mean age of the patients in the ACDF groups was 45.2 

(range: 30-60 years of age) and in the ACD groups it was 39.9 

(range: 29-59 years) (p<0.001). Male/female ratio was 9/16 in 

the ACDF group and 10/10 in the ACD group (p>0.05). 

Duration of symptoms before surgery was on average 10 

months (between 1 and 36 months). It was 11 and 9 months in 

the ACDF and ACD groups, respectively (p>0.05).

 The measurements performed on preoperative and 

postoperative cervical radiographies are shown in Table 2. In 

the ACDF group, the disc heights of superior and inferior 

adjacent segments and superior and inferior foramen heights 1 

year after operation were statistically lower than preoperative 

levels (p<0.05 for superior adjacent segment height and 

p<0.001 for other measurements), and superior and inferior 

end plate heights of superior and inferior adjacent segments 

were statistically higher (p<0.001 for both). In the ACD group, 

the inferior adjacent segment 1 year after operation was 

statistically narrower than preoperative levels (p<0.001), and 

superior and inferior end plate heights were statistically wider 

(p<0.001 for all). The other measurements were not found to be 

statistically significant.

 While superior disc height was not statistically different 

between the two groups before operation (p>0.05), it was 

statistically wider in the ACD group than in the ACDF group 1 

year after operation (p<0.001). There was no statistically 

significant difference for other measurements.

 Kyphosis was found in 6 patients (24%), a neutral position 

in 17 (68%), lordosis in 2 (8%), and abnormal segmental 

angulation in 5 patients (20%) in the ACDF group before 

operation. After 1 year, there was neutral cervical alignment in 

only 2 patients (8%). In the others, alignment was lordotic and 

there was not segmental angulation in any patient. In the ACD 

group, a neutral position was measured in 5 patients (20%), and 

there was no abnormal segmental angulation. However, after 1 

year, there was a loss of lordosis in 10 patients (50%), kyphosis 

in 1 (5%), and abnormal segmental angulation in one patient 

(5%). In preoperative measurements, kyphosis was statistically 

Table 1: Odom criteria.

I: Excellent result: Neurologically full improvement
II: Good result Partial improvement in pain and weaknesses; however, lifestyle is not affected
III: Moderate result: The patient is independent, but unable to turn back to previous lifestyle due to neurological deficits
IV: Worse result: There is no improvement of preoperative clinical picture or deterioration

Table 2: Preoperative and 1-year follow-up radiological measurements.

ACDF ACD

Preoperative 1 year p Preoperative 1 year p

Sup. disc height 7.08±1.47 6.16±1.65 0.005 7.90±0.91 5.70±1.22 0
Inf. disc height 7.28±1.74 6.20±1.12 0.001 7.75±0.97 8.90±1.25 0.002
Sup. Foramen 10.12±1.99 9.36±2.2 0 11.30±1.72 10.95±1.82 0.167
Inf. Foramen 11.08±2.4 9.80±2.58 0 11.35±1.69 9.35±1.6 0
Sup. SEP 21.96±3.14 23.08±3.23 0.001 23.30±2.41 25.20±3 0
Inf. SEP 23.04±3.19 24.64±3.21 0 22.65±2.54 24.95±2.7 0
Sup IEP 21.92±3.5 23.12±3.81 0 23.15±3.17 25.65±3.18 0.001
Inf. IEP 22.40±2.96 24.16±2.97 0 22.6±2.52 24.55±2.19 0

SEP: Superior end plate; IEP: Inferior end plate.
Significant p values have been marked with bold character.
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significantly more frequent in the ACDF group. Segmental 

angulation was also more frequent; however, the difference 

between the two groups was not significant. The difference in 

the presence of kyphosis and segmental angulation between 

the two groups were statistically significant after 1 year follow-

up (p<0.05); however, it was interesting to note that both 

kyphosis and segmental angulation were more frequent in the 

ACD group than the ACDF group contrary to the preoperative 

condition (Table 2).

 There was a statistically significant improvement in clinical 

findings according to ODOM criteria after 1 year follow-up 

compared to the values before operation in both groups 

(p<0.05). The rate of excellent and good results after 1 year 

follow-up was 85% in the ACD group and 92% in the ACDF 

group, and the difference was not statistically significant 

(p>0.05) (Table 2).

Discussion
Spinal degeneration is a natural process due to aging. Spinal 

fusion is most frequently performed in the cervical spine, 

especially among segments C3-7, and it is well known that 

fusion in a mobile spinal segment causes acceleration of the 

degeneration process in the adjacent mobile segments. It is 

thought, according to biomechanical studies performed on this 

subject, that this acceleration is due to certain biomechanical 

changes causing an abnormal excessive burden in the adjacent 

segments (6,7).

 The term “adjacent segment degeneration” is introduced 

to describe radiological degenerative changes in the adjacent 

segments above and below to the fused spinal segment. These 

changes include new osteophyte development, intervertebral 

disc degeneration, facet joint hypertrophy, and spinal canal 

stenosis. However, clinical complaints and signs are not 

always associated with the radiological changes. If there are 

clinical signs and symptoms, the process is called adjacent 

segment disease. In this condition, new onset radiculopathy 

and/or myelopathy signs and symptoms are found in the 

patient (8,9).

 There are many studies evaluating this condition found in 

the literature. Bohlman et al. (7) reported that adjacent segment 

disease was seen in 9% out of 122 patients undergoing ACDF 

after 6 years’ follow-up. This rate was 14% in the series reported 

by Gore (15) after 5 years’ follow-up. In the series reported by 

Henderson et al. (11) that included 846 patients undergoing 

ACD, 76 patients required new surgery due to adjacent segment 

disease, and the authors reported a prevalence of 9% and an 

incidence of 3%. Ishihara et al. (12) saw adjacent segment 

disease in 19 out of 112 patients (16.9%) undergoing ACDF and 

reported that 5-year disease free survival was 89%, 10-year 

survival was 84% and 17-year survival was 67%. Robertson et al. 

(13) reported in a series consisting 158 patients treated with 

ACDF that there were new degeneration signs such as new 

osteophyte development or growing of older ones, narrowing of 

the intervertebral discs, and calcification of the anterior 

longitudinal ligament in segments adjacent to the fused ones in 

74 patients after 2 years’ follow-up. Baba et al. (14) followed 

100 patients undergoing ACDF for 8.5 years and reported 25% 

new onset degeneration in the upper segment of the fused 

segment. Gore (15) reported worsening of older degeneration 

signs in 25% of 146 patients after 5 years’ follow-up. In another 

study, yearly frequency of development of adjacent segment 

disease was calculated as 1.5 to 4% after anterior cervical 

discectomies (15).

 Some studies compare cervical discectomies with and 

Table 3: New osteophyte development, cervical alignment and segmental angulation after year.

ACD (n/%) ACDF (n/%) p

New osteophyte 0.066
presence 15/60 17/85
absence 10/40 3/15

Alignment 0.018
Neural 19/76 7/35
Lordotic 6/24 12/60/
Kyphotic 0/0 1/5

Segmental angulation 0.444
presence 25/100 19/95
absence 0/0 1/5

Significant p values have been marked with bold characters.
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without fusion to evaluate whether own of fusion is the primary 

cause of adjacent segment disease. Lunsford et al. (16) found 

that adjacent segment disease developed in only 22 out of 253 

patients undergoing ACD or ACDF, and interestingly, there was 

no difference between the two groups. In a comparative 

radiological study performed by Herkowitz et al. (17), 44 

patients were followed for 4.5 years and adjacent segment 

degeneration developed in 41% of the patients in the ACDF 

group. However, the authors did not find a correlation between 

radiological and clinical findings of adjacent segment 

degeneration.

 In our study, we saw that radiological adjacent segment 

disease findings were statistically more frequent in the single-

segment ACDF group than in the ACD group even at 1-year 

follow-up, being a very short period for spinal degeneration. 

However, we did not find a relationship between radiological 

and clinical findings, as was the case in the study by Herkowitz 

et al. (17).

 One of the important aims of fusion after cervical 

discectomy is to prevent narrowing of the disc space and loss 

of cervical alignment. Really, development of segmental 

kyphosis was significantly more frequent in the ACD group 

after 1-year follow-up in our study. In addition, most of the 

preoperative segmental abnormalities improved after operation 

in the ACDF group. These findings showed that application of 

fusion after cervical discectomy helps improving preoperative 

alignment problems; however, ACD without fusion may cause 

new-onset alignment problems probably because of narrowing 

of the disc space. It was reported that abnormal movements 

due to these alignment issues may also cause adjacent segment 

problems (7,13,16,18-23): Either immobilization of the 

previously mobile segment with fusion or excessive 

mobilization of the segment undergoing ACD without fusion 

may cause acceleration of degeneration in the segments 

adjacent to the operated level.

 In a study with 409 patients evaluating factors affecting 

development of adjacent segment disease, risk factors including 

the presence of neural tissue pressure and operations performed 

in C5-6 and C6-7 levels were determined. Surprisingly, the 

authors found that application of multiple-level fusions lessened 

the frequency of adjacent segment disease (18% to 12% for 

single-segment and multiple-segment fusions, respectively; 

Figure 2: Clinical results with ODOM criteria of the groups after 1-year follow-up.
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p<0.001). Those study results suggested that the primary cause 

of adjacent segment disease may be natural progression of 

cervical spondylosis (24).

 In conclusion, we found that adjacent segment degeneration 

started in early period after both cervical discectomies with and 

without fusions. Radiological findings were more frequent in 

the fusion group; however, there was no difference between the 

two groups for clinical disease. Nevertheless, it must be kept in 

mind that spinal degeneration is a very long process, and 

different results may be found in longer follow-up.
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