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Abstract

Purpose It is well known that arthrodesis is associated

with adjacent segment degeneration (ASD). However,

previous studies were performed with simple radiography

or CT. MRI is most sensitive in assessing the degenerative

change of a disc, and this is the first study about ASD by

radiography, CT and MRI. We sought to factors related to

ASD at cervical spine by an MRI and CT, after anterior

cervical spine surgery.

Materials and methods This is a retrospective cross-

sectional study of cervical disc herniation. Patients of

cervical disc herniation with only radiculopathy were

treated with either arthroplasty (22 patients) or ACDF with

cage alone (21 patients). These patients were required to

undergo MRI, CT and radiography preoperatively, as well

as radiography follow-up for 3 months and 1 year, and we

conducted a cross-sectional study by MRI, CT and radi-

ography including clinical evaluations 5 years after. Clin-

ical outcomes were assessed using VAS and NDI. The

fusion rate and ASD rate, and radiologic parameters (cer-

vical lordosis, operated segmental height, C2-7 ROM,

operated segmental ROM, upper segmental ROM and

lower segmental ROM) were measured.

Results The study groups were demographically similar,

and substantial improvements in VAS (for arm) and NDI

(for neck) scores were noted, and there were no significant

differences between groups. Fusion rates were 95.2 % in

the fusion group and 4.5 % in the arthroplasty group. ASD

rates of the fusion and arthroplasty groups were 42.9 and

50 %, respectively. Among the radiologic parameters,

operated segmental height and operated segmental ROM

significantly decreased, while the upper segmental ROM

significantly increased in the fusion group. In a compara-

tive study between patients with ASD and without ASD,

the clinical results were found to be similar, although

preexisting ASD and other segment degeneration were

significantly higher in the ASD group. C2-7 ROM was

significantly decreased in ASD group, and other radiologic

parameters have no significant differences between groups.

Conclusion The ASD rate of 46.5 % after ACDF or

arthroplasty, and arthroplasty did not significantly lower

the rate of ASD. ASD occurred in patients who had pre-

existing ASD and in patients who also had other segment

degeneration. ASD may be associated with a natural

history of cervical spondylosis rather than arthrodesis.

Keywords Adjacent segment degeneration � ACDF �
Arthroplasty � Spondylosis

Introduction

From long-term experiences of performing lumbosacral

fusions on younger patients especially diagnosed with idi-

opathic scoliosis, increasing adjacent segment degeneration

(ASD) at the segment adjacent to fusion has been noticed.

Biomechanical studies of lumbar spine demonstrate

increased facet load, segmental motion and intradiscal

pressure at the segment adjacent to fusion where the fusion

was performed and these changes are associated with ASD

[1–4]. In the cervical spine, biomechanical characteristics

are different from those of lumbar spine. Most cervical

fusions are performed from C3 to C7, and these segments
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are bordered by a highly mobile upper cervical region,

which was responsible for approximately half of all cervical

motion [5]. These unique characteristics allow ASD in

cervical spine to differ from that of lumbar spine.

Anterior cervical discectomy and fusion (ACDF) has

been reported to provide [90 % relief of radicular com-

plaints and thus has become a represented treatment for

cervical disc herniation. Yet, previous studies have reported

cases of ASD after ACDF [5, 6]. ASD rates varied from 25

to 92 % during a long follow-up period [1, 7–11]. However,

previous studies on ASD were done only using radiography

or CT. MRI is most sensitive in assessing the degenerative

change of a disc, and this is the first study to investigate the

incidence and prevalence of adjacent segment disease by

radiography, CT and MRI at cervical spine.

‘‘Adjacent segment degeneration (ASD)’’ and ‘‘adjacent

segment disease’’ are used to define different types of

radiographic disc degeneration adjacent to the level of

spine arthrodesis. The term ‘‘adjacent segment degenera-

tion (ASD)’’ is defined as changes at levels adjacent to

fusion on radiographic studies; by contrast, ‘‘adjacent

segment disease’’ is defined as new clinical findings that

correspond to radiographic signs of adjacent segment

degeneration (ASD) [5]. ASD is a prerequisite of ‘‘adjacent

segment disease’’. Here, we focused on ASD without

clinical symptoms.

Cervical disc arthroplasty had been invented to maintain

anatomical disc space height, normal segmental lordosis

and physiological motion pattern after surgeries, and these

characteristics may reduce or delay the onset of ASD in

comparison with ACDF [12–14]. According to recent

studies, some investigators have questioned whether

arthroplasty would have a long-term success compared to

the ACDF, and they recommended for arthroplasty because

arthroplasty yields a lower incidence of ASD than ACDF

[11, 12, 15]. However, these studies also were performed

using only radiography. The objective of this study is to

figure out the factors related to adjacent segment degen-

eration (ASD) after treated with ACDF or arthroplasty with

a five-year follow-up of MRI, CT and radiography.

Materials and methods

Subjects and study design

This retrospective and cross-sectional study was under-

taken to target patients who were diagnosed with radicu-

lopathy due to single-level cervical disc herniation by

surgical methods. Only radiculopathy patients were

included to exclude cases of more severe spondylotic

characteristics of myelopathy. To conduct a cross-sectional

Fig. 1 Radiographic measurements. Cervical lordosis was measured

in neutral position between C2 lower endplate and C7 lower endplate

using Cobb technique (a). Operated segmental height was measured

along the line passing through the centre of the vertebral bodies above

and below the segments to be operated (b). Length of segment f = h

and i = j. C2-7 ROM (between C2 lower endplate and C7 lower

endplate) (cf-ce), operated segmental ROM (between upper endplate

of cranial vertebral body and lower endplate of caudal vertebral body

at operated segment) (df-de), upper segmental ROM (between lower

endplate and upper endplate of upper adjacent segment disc) (ef-ee)

and lower segmental ROM (between lower endplate and upper

endplate of lower adjacent segment) (gf-ge) were measured on

dynamic lateral radiographs using the Cobb technique
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study using results from MRI, CT and radiography post-

operatively 5 years from June 2011 to November 2011, we

retrospectively gathered patients who were treated by one

surgeon (K. S. Kim) with either arthroplasty; Arthroplasty

Group (ProDisc-C, Synthes Spine, West Chester, PA), or

ACDF with polyetheretherketone (PEEK) cage with iliac

crest autograft bone; Fusion Group (Solis cage, Stryker

Spine, Allendale, NJ and ostaPek cage, coLinge AG,

Zurich, Switzerland) from June 2005 to May 2006. To

exclude the plate effect on ASD, we only chose the ACDF

with PEEK cage alone [16, 17], and patients who under-

took operation from C4 to C7 were chosen. There were 28

patients of arthroplasty group and 26 patients of fusion

group. Among 28 patient of arthroplasty group, only 22

patients were included in this study and six patients were

excluded due to various reasons (three; cannot contact,

three; reject due to distance from residence). Furthermore,

among 26 patients of fusion group, 21 patients were

included in this study and five patients were also excluded

due to various reasons (three; cannot contact, two; reject

due to distance from residence). This study was approved

by the institutional review board of Gangnam Sever-

ance Hospital, Yonsei University College of Medicine

(No 3-2010-0254).

Outcomes assessment

Arm pain and neck pain were assessed using Visual Ana-

logue Scale (VAS) and Neck Disability Index (NDI),

respectively. Patients were required to undergo cervical

MRI, CT and radiography preoperatively, as well as serial

radiography follow-up for 3 months, 1 year postopera-

tively. Specially, from June 2011 to November 2011, we

performed a cross-sectional study using results from MRI,

CT and radiography conducted postoperatively for 5 years.

Fusion rate and ASD rate with final CT and MRI, and

radiologic parameters (cervical lordosis, operated seg-

mental height, C2-7 ROM, operated segmental ROM,

upper segmental ROM and lower segmental ROM) were

collected during each follow-up examination. All

Table 1 Demographic data and ASD rate

No. of cases Mean age (years) Male/Female Mean F/U (months) ASD by X-ray ASD by MRI and CT

Total 43 42.1 ± 10.1 30/13 62.2 ± 8.6 5 (11.5 %) 20 (46.5 %)

Fusion with cage 21 44.3 ± 12.1 11/10 64.2 ± 10.2 3 (14.3 %) 9 (42.9 %)

Arthroplasty 22 39.9 ± 7.3 19/3 60.3 ± 6.4 2 (9.1 %) 11 (50.0 %)

ASD adjacent segment disease

Fig. 2 Radiography and MRI of ACDF patient at preoperative and

5-year follow-up. Grey arrow indicates operation site, and white
arrow indicates upper adjacent segment. At X-ray, there was no

significant disc space narrowing and posterior osteophytes (a), but

there was disc herniation at upper adjacent segment at MRI (b)
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radiologic outcomes were reviewed by an independent

spine surgeon and a radiologist, who was unaware of the

treatment details.

Fusion rates were assessed using the Bridwell grading

system with final CT, and only grade I was defined as

fusion [18]. To assess ASD, we used two kinds of criteria.

One was modified hilibrand criteria with radiography [1],

and the other was with MRI and CT. We defined ASD as

all kinds of degenerative changes (e.g. posterior osteo-

phyte, decrease disc height C25 %, disc signal change, disc

herniation, ALL and PLL calcification) at final MRI and

CT than preoperative MRI and CT [11]. Various mea-

surements were performed on lateral view of cervical spine

radiographs in the neutral and dynamic flexion–extension

lateral radiographs obtained at each study point. Cervical

lordosis was measured in neutral position between C2

lower endplate and C7 lower endplate using Cobb tech-

nique (a) (Fig. 1). Operated segmental height was mea-

sured along the line passing through the centre of the

vertebral bodies above and below the segments to be

operated (b) (Fig. 1). C2-7 ROM (between C2 lower

Fig. 3 Radiography and MRI of arthroplasty patient at preoperative

and 5-year follow-up. Grey arrow indicates operation site, and white
arrow indicates upper adjacent segment. At X-ray, there was no

significant disc space narrowing and posterior osteophytes (a), but

there was a disc herniation and signal change at upper adjacent

segment at MRI (b)

Table 2 Comparative clinical results between fusion and

arthroplasty

No. of cases Pre-VAS Post-VAS Pre-NDI Post-NDI

Total (43) 7.3 ± 1.9 2.4 ± 2.3 52.0 ± 18.1 13.7 ± 12.2

Fusion with cage (21) 8.0 ± 1.7 2.6 ± 2.5 40.2 ± 22.1 12.2 ± 13.1

Arthroplasty (22) 6.8 ± 2.1 2.3 ± 2.1 45.5 ± 20.9 12.9 ± 12.5

Table 3 Comparative demographic and radiologic data between groups without ASD and with ASD

No. of cases Mean age (years) Male/Female Mean F/U (months) Preop ASD (%) Other segment degeneration (%)

Without ASD 23 41.2 ± 11.8 16/7 63.4 ± 8.6 12 (52.2 %)a 0 (0 %)b

With ASD 20 43.0 ± 7.9 14/6 60.8 ± 8.5 17 (85 %)a 8 (40 %)b

a Spearman correlation coefficients for correlations between groups without ASD and with ASD (Spearman’s rs = 0.349, P = 0.022)
b Spearman’s rs = 0.513, P = 0.000

Table 4 Comparative clinical results between groups without ASD

and with ASD

No. of cases Pre-VAS Post-VAS Pre-NDI Post-NDI

Without ASD (23) 7.5 ± 1.9 2.6 ± 2.6 47.7 ± 21.9 13.8 ± 14.9

With ASD (20) 7.2 ± 2.0 2.3 ± 2.1 43.4 ± 20.3 12.0 ± 9.7
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endplate and C7 lower endplate) (cf-ce), operated seg-

mental ROM (between upper endplate of cranial vertebral

body and lower endplate of caudal vertebral body) (df-de),

upper segmental ROM (between lower endplate and upper

endplate of upper adjacent segment disc) (ef-ee) and lower

segmental ROM (between lower endplate and upper end-

plate of lower adjacent segment) (gf-ge) were measured on

dynamic lateral radiographs using the Cobb technique

(Fig. 1). All radiologic parameters were evaluated with the

PACS software and a PACS workstation (Centricity 2.0,

General Electrics Medical Systems, Milwaukee, WI).

Statistical methods

Statistical comparisons were primarily based on the

observed and recorded follow-up data. SPSS for Windows

(version 15.0 K; SPSS, Chicago, IL) was used for the

analysis. For statistical comparisons between the groups,

chi-square test and Mann–Whitney U test and for inter-

group comparisons between preoperative state and post-

operative 5 years, Wilcoxon signed-ranks test were used.

To know correlations of ASD, spearman and Kendall’s tau

bivariate correlation test was used. P values of\0.05 were

considered significant.

Source of funding

The funding source for the present study was from Synthes

Korea.

Results

Patients demographic characteristics

Between fusion group (21 patients) and arthroplasty group

(22 patients), there were no significant differences in the

mean age (44.3 vs. 39.9 years) and in the mean follow-up

period (64.2 vs. 60.3 months) (Table 1). Operation seg-

ments were, respectively, C4/5 = 3:5, C5/6 = 14:13 and

C6/7 = 4:4, and no significant difference was present

between fusion and arthroplasty groups.

Adjacent segment degeneration (ASD) rates

With modified hilibrand criteria with X-ray [1], ASD rates

were 11.5 % (5/43), and there was no difference between

fusion and arthroplasty group (14.3 % vs. 9.1 %) (Table 1).

ASD rates evaluated with MRI and CT were higher than

X-ray evaluation, and ASD rate by MRI and CT was

46.5 % on total, and also there was no significant difference

between fusion and arthroplasty group (42.9 % vs. 50 %)

(Figs. 2, 3; Table 1). T
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Comparative clinical and radiologic results

between fusion and arthroplasty group

Substantial reduction in VAS and NDI occurred in both

groups compared with the preoperative values, and there

were no significant differences between fusion and

arthroplasty group (Table 2). Fusion rates were 95.2 %

(20/21) in fusion group and 4.5 % (2/22) in arthroplasty

group. All radiographic results were showed in Table 5.

Among radiologic parameters, cervical lordosis, C2-7

ROM and lower segmental ROM did not show any dif-

ferences between groups (Figs. 4a, 6a and 9a). Operated

segmental height (33.5 vs. 37.1 mm, p \ 0.01) (Fig. 5a)

and operated segmental ROM (0.5 vs. 10.2o, p \ 0.01)

significantly decreased in fusion group (Fig. 7a), and upper

segmental ROM (10.8 vs. 8.0o, p \ 0.05) significantly

increased in fusion group (Fig. 8a).

About intergroup comparisons between postoperative

5 years with preoperative state in total patients, cervical

lordosis (Fig. 4a), operated segmental height (Fig. 5a) and

lower segmental ROM (Fig. 9a) were significantly

increased. In arthroplasty group, cervical lordosis (Fig. 4b)

and operated segmental height (Fig. 5a) were significantly

increased between postoperative 5 years with preoperative

state (Fig. 7a); on the other hand, operated segmental ROM

(Fig. 7a) was decreased significantly, but upper (Fig. 8a) and

lower segmental ROM (Fig. 9a) were increased significantly

in fusion group (Fig. 7a). (�Wilcoxon signed-ranks test and

p \ 0.01, �p \ 0.05).

Comparative clinical and radiologic results

between patients without ASD and with ASD

Between patients without ASD (23 patients) and with

ASD (20 patients), there were no significant differences in

the mean age (41.2 vs. 43.0 years) and in the mean fol-

low-up period (63.4 vs. 60.8 months) (Table 3). Sub-

stantial reduction in VAS and NDI occurred in both

groups compared with the preoperative values, and there

were no significant differences between these two groups

(Table 4). Preexisting ASD (17/20 vs. 12/23) (Mann–

Whitney test and Spearman rs = 0.349, p \ 0.05) and

other segment degeneration (8/20 vs. 0/23) (*Mann–

Whitney test and Spearman rs = 0.513, p \ 0.01) were

significantly higher in ASD group (Table 3). Among the

radiologic parameters, only C2-7 ROM at 5 years (38.45

Fig. 4 Cervical lordosis in

fusion versus arthroplasty group

(a), and group without ASD

versus group with ASD (b).

There were no significant

differences between groups.

About intergroup comparisons

between postoperative 5 years

with preoperative state, cervical

lordosis was significantly

increased at all group except the

fusion group (a, b) (�Wilcoxon

signed-ranks test and p \ 0.01,
�p \ 0.05)
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vs. 47.0o, p \ 0.01) was significantly decreased in the

ASD group (Figs. 4b, 5b, 6b, 7b, 8b, and 9b). There was

no patient who needed a secondary operation or an

additional treatment due to ASD.

About intergroup comparisons between postoperative

5 years with preoperative state in group with ASD, cervical

lordosis (Fig. 4b) and operated segmental height (Fig. 5b)

were increased significantly; on the other hand, cervical

lordosis (Fig. 4b) and lower segmental ROM (Fig. 9b) were

significantly increased, but operated segmental ROM

(Fig. 7b) was decreased significantly between postoperative

5 years with preoperative state in group without ASD.

When operated segmental ROM was measured on arthro-

plasty group, there were no significant differences between

groups with ASD and without ASD (Fig. 7c). (�Wilcoxon

signed-ranks test and p \ 0.01, �p \ 0.05).

Discussion

ASD rates after cervical anterior fusion varied from 25

to 92 % during a long follow-up period [1, 7–11, 19].

Previously, Hilibrand et al. [1] reported that the preva-

lence of symptomatic adjacent segment disease after

ACDF is 2.9 % per year in the 1 year and 25.6 % after

10 years. Surprisingly, Goffin et al. [7] also reported

92 % of prevalence after 5 year. Many previous studies

tried to figure out the reason of ASD after cervical

arthrodesis, and biomechanical studies have shown evi-

dence of hypermobility and increased stress at levels

adjacent to the site of fused segment [20, 21]. However,

Matsunaga et al. [22] calculated that there was no

increase in the strain adjacent to a single-level ACDF,

and Hilibrand et al. [1] reported a reduced rate of

adjacent segment disease in patients who underwent

multilevel fusion compared with those treated by single-

level fusion and a more likelihood of ASD in older

patients. They also insisted that symptomatic adjacent

segment disease is the result of progressive cervical

spondylosis and is not caused by the arthrodesis itself [1,

23]. In a study by Goffin et al, 1 % loss of disc space

height was considered to be evidence of disc degenera-

tion and only 6.1 % of patients required a surgery due to

symptomatic adjacent segment disease over 8 years [7].

Fig. 5 Operated segmental

height in fusion versus

arthroplasty group (a), and

group without ASD versus

group with ASD (b). There was

a significant difference between

fusion and arthroplasty group at

postoperatively 1 year and

5 years (a) (*Mann–Whitney

test and p \ 0.01). About

intergroup comparisons between

postoperative 5 years with

preoperative state, operated

segmental height was

significantly increased at total,

arthroplasty (a) and groups with

ASD (b) (�Wilcoxon signed-

ranks test and p \ 0.01)
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Gore et al. [24] studied 159 initially asymptomatic

patients, and in that study, 34 % of the subjects who had

no initial radiographic evidence of degenerative disease

developed symptomatic adjacent segment disease over

10 years. Recent MRI follow-up study for asymptomatic

volunteers showed degeneration of cervical disc in the

range of 60 to 70 % in ten year and natural disc

degeneration rates higher than ASD after ACDF [25]. In

comparative studies between ACDF and arthroplasty,

they reported a lower rate of ASD because of preser-

vation of neck motion [11, 15, 26]. However, these

studies followed only X-ray or CT and lacked long-term

results [1, 7–11], and other studies insisted no difference

in ASD rate between ACDF and arthroplasty [12, 27].

Even till now, we do not know the related factors,

incidence and prevalence of ASD after ACDF and

arthroplasty.

Here, we observed that ASD rates by simple radiog-

raphy (11.5 %) are less than those of MRI and CT

(46.5 %) (Table 1; Figs. 2, 3). Recently, there have been

several trials to assess ASD with MRI, and usability of

MRI to assess ASD has been reported. Matumoto et al.

[27–30] reported 40–60 % degenerative change in adja-

cent disc after ACDF using MRI, and other study by CT

also reported that asymptomatic ASD was detected as

50 %, and this result is very similar with our results.

There has been no comparative study between ACDF and

arthroplasty with MRI. The ASD is associated with nat-

ural degenerative progression or biomechanical effect of

fusion and can be prevented by arthroplasty or motion

preservation? This is the first comparative study to

understand the incidence, prevalence and causes of adja-

cent segment disease through a 5-year follow-up of radi-

ography, CT and MRI between ACDF and arthroplasty.

From this 5-year follow-up of MRI and CT study, we

demonstrate that ASD rates were 46.5 % (20/43) after

ACDF or arthroplasty and that arthroplasty did not reduce

the incidence of ASD than that of ACDF. In spite of

increase in the upper segmental ROM and subsidence in

the operated segment in the fusion group, there was no

significant difference between fusion and arthroplasty

group in ASD rates. For fusion group, we only chose

Fig. 6 C2-7 ROM in fusion

versus arthroplasty group (a),

and group without ASD versus

group with ASD (b). There was

a significant difference between

groups without ASD and with

ASD at postoperatively 5 years

(*Mann–Whitney test,

Spearman rs = -0.334,

p \ 0.01). About intergroup

comparison between

postoperative 5 years with

preoperative state, there were no

significant differences
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ACDF with only PEEK box cage without a plate. The use

of cage and plate for ACDF has several merits in respect

to lordotic alignment, cage subsidence and fusion rate

[17, 31–33], but because plate fixation increases fixation

force, a stress generated in the adjacent disc, these effect

can increase the possibility to get ASD rather than ACDF

with cage alone [17, 31]. Currently, cage made of PEEK

is primarily used for ACDF due to its biomechanical

similarities to those of bone [17]. Furthermore, cylindrical

cage fails to prevent kyphosis and to preserve natural

intervertebral alignment, making PEEK box cage more

suitable for ACDF [34].

In a comparative result between groups ASD and

without ASD, among many radiographic parameters,

only preexisting ASD and other segment postoperative

degeneration out of the adjacent segment were associated

with postoperative ASD, and this means that ASD is

related to the natural degenerative process instead of

arthrodesis itself. In spite of the fact that upper seg-

mental ROM increased in fusion than arthroplasty group,

there was no significant difference between fusion and

arthroplasty group in ASD rate, and group with ASD and

group without ASD showed no difference in adjacent

segment ROM. C2-7 ROM at 5 years later decreased in

group with ASD than in group without ASD, and at

1-year postoperative, ROM had no difference between

groups with ASD and without ASD. Time difference of

C2-7 ROM between group with ASD and group without

ASD may show that C2-7 ROM decrease is the result of

both natural degenerative change and ASD in cervical

spine. In the aspect of operated segmental ROM, to

exclude the reductive effect of operated segmental ROM

by ACDF, when we compared only arthroplasty group

between with ASD and without ASD, there were no

significant differences (9.1 vs. 11.3 mm) (Fig. 7c). It

means that operated segmental ROM decrease did not

associate with ASD.

At intergroup comparisons between postoperative

5 years with preoperative state, we can observe differences

between ACDF and arthroplasty. Operated segmental

Fig. 7 Operated segmental

ROM in fusion versus

arthroplasty group (a), and

group without ASD versus

group with ASD (b). There were

significant differences between

fusion and arthroplasty group

(*Mann–Whitney test and

p \ 0.01). About intergroup

comparison between

postoperative 5 years with

preoperative state, operated

segmental ROM was

significantly decreased at fusion

(a) and groups without ASD

(b) (�Wilcoxon signed-ranks

test and p \ 0.01, �p \ 0.05).

When operated segmental ROM

was measured on arthroplasty

group, there were no significant

differences between groups with

ASD and without ASD (c)
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ROM, upper and lower segmental ROM were preserved at

arthroplasty group, but these trait did not relate with

decrease rate of ASD. In spite of decrease in operated

segmental ROM at fusion group, there was no difference of

ASD rate between arthroplasty and fusion groups, and

there was no difference of group with ASD and group

without ASD in operated segmental ROM. It means that

decrease in operated segmental ROM is not related with

ASD. In addition about upper and lower segmental ROM,

between group with ASD and group without ASD, there

were no differences, and this results reflect that upper and

lower segmental ROM change did not relate with ASD.

The cervical lordosis was increased in total patients,

arthroplasty, both groups without and with ASD, and we

can guess that the increase in cervical lordosis did not

relate with ASD. Operated segmental height was increased

significantly in ASD group 5 years later, and preopera-

tively operated segmental height was less than group

without ASD. From this result, we can know that ASD is

associated with preoperative severe degenerative change at

operated segment, and it will be another clue that the cause

of ASD may be associated with a natural history of cervical

spondylosis rather than arthrodesis.

We have investigated adjacent segment degeneration

without clinical symptom, and there was no patient who

required operation or other treatment due to ASD. As

already described in the introduction, ‘‘adjacent segment

degeneration (ASD)’’ and ‘‘adjacent segment disease’’ are

used interchangeably [5]. Since ASD is a before step of

‘‘adjacent segment disease’’, we focused on ASD without

clinical symptoms. In this study, there was no difference in

the clinical result between patients with ASD and without

ASD. We postulate that ASD without symptom did not

make any difference in clinical result because ASD is

associated with the natural history of cervical spondylosis.

Of course, this study has many limitations. Foremost,

very few patients were used and only one segment ACDF

and arthroplasty were included in this study. To know the

exact cause of ASD, we need larger group of patients

treated with ACDF and arthroplasty and should include a

multi-segment operation. Secondly, only asymptomatic

adjacent segment degeneration was included. The charac-

teristic of adjacent segment disease and ASD may also be

different, and we need a further study focusing on the

difference between adjacent segment disease and asymp-

tomatic ASD. In spite of these limitations, from this study,

Fig. 8 Upper segmental ROM

in fusion versus arthroplasty

group (a), and group without

ASD versus group with

ASD (b). There were significant

differences between fusion and

arthroplasty group (**Mann–

Whitney test and p \ 0.05).

About intergroup comparison

between postoperative 5 years

with preoperative state, there

were no significant differences

Eur Spine J (2013) 22:1078–1089 1087

123



we can get a clue of the factors of ASD and an under-

standing that ASD may be associated with a natural history

of cervical spondylosis rather than arthrodesis.
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