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Objective : The purpose of this study was to figure out the radiologic findings and risk factors related to adjacent segment degeneration (ASD) after
anterior cervical discectomy and fusion (ACDF) using 3-year follow-up radiography, computed tomography (CT), and magnetic resonance image (MRI).
Methods : A retrospective matched comparative study was performed for 64 patients who underwent single-level ACDF with a cage and plate. Radio-
logic parameters, including upper segment range of motion (USROM), lower segment range of motion (LSROM), upper segment disc height (UDH),
and lower segment disc height (LDH), clinical outcomes assessed with neck and arm visual analogue scale (VAS), and risk factors were analyzed.
Results : Patients were categorized into the ASD (32 patients) and non-ASD (32 patients) group. The decrease of UDH was significantly greater in
the ASD group at each follow-up visit. At 36 months postoperatively, the difference for USROM value from the preoperative one significantly increased
in the ASD group than non-ASD group. Preoperative other segment degeneration was significantly associated with the increased incidence of ASD
at 36 months. However, pain intensity for the neck and arm was not significantly different between groups at any post-operative follow-up visit.
Conclusion : The main factor affecting ASD is preoperative other segment degeneration out of the adjacent segment. In addition, patients over the
age of 50 are at higher risk of developing ASD. Although there was definite radiologic degeneration in the ASD group, no significant difference was
observed between the ASD and non-ASD groups in terms of the incidence of symptomatic disease.
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INTRODUCTION

Anterior cervical discectomy and fusion (ACDF) is common-
ly used for the treatment of degenerative cervical disease, and is
considered by some the gold standard for surgical treatment
following failure of non-operative measures**’"*"**. However,
the development of adjacent segment degeneration (ASD) fol-
lowing ACDF is well established®”'*!'!14!618242630343) When
discussing ASD, it is important to differentiate between radio-
logical ASD and clinical ASD. The former involves radiological

evidence of degeneration at the adjacent motion segment, where-
as the latter involves the development of symptoms related to
radiological changes at the adjacent motion segment'**”. In
several studies, ASD rates varied from 25-92% during a long
follow-up period'®'>**”. Lawrence et al."” estimated the rate of
development of new symptomatic degeneration in the cervical
spine after ACDF to be between 1.6% and 4.2% per year. Al-
though magnetic resonance imaging (MRI) is the most sensi-
tive imaging modality for evaluating disc degeneration, most pre-
vious studies regarding ASD used only using radiography or
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computed tomography (CT). In addition, previous studies have
demonstrated that the development of ASD may be influenced
by several factors, including the number and location of fusion
segments, cervical spine sagittal alignment range of motion,
spinal canal stenosis, age, smoking history, and pre-existing de-
generative changes at adjacent segments. However, it remains
controversial as to whether ASD represents an operative compli-
cation or a progression of the natural history of cervical spon-
dylosis. Therefore, the objective of our study was to examine ra-
diologic findings and risk factors related to ASD after single-
level ACDF with a three-year follow-up using radiography, CT,
and MRI.

MATERIALS AND METHODS

Study design

This retrospective, matched cohort study was conducted after
obtaining institutional review board approval. A total of 245
consecutive patients with degenerative cervical disc disease who
underwent single-level ACDF between January 2010 and July
2012 were considered for this study. Inclusion criteria were as
follows : 1) single-level cervical degenerative disc disease on
plain radiography, CT and MRI; 2) radiculopathy consistent
with radiological findings (myelopathy patients were excluded
due to more severe spondylotic characteristics); 3) unsuccessful
conservative-therapy administration for at least 16 weeks; 4) all
surgical procedures performed by two experienced spine sur-
geons; 5) cage and plate implantation; 6) clinical and radiologi-
cal follow-up for at least 36 months; 7) operative levels C3-4,

‘ Total 245 single-level ACDF patients ‘

Exclude (n=95)

Not meeting inclusion criteria
- 5: with cervical trauma <
- 23 : by other surgeons
- 7 : previous surgery

- 60 : insufficient f/u

A

150 patients ‘
‘ l
ASD:32 | | Non-AsD:118
A
Matching with ASD :

Follow-up, operation level
| Excluded (n=86)

‘ ‘ Non-ASD : 32 analyzed ‘

ASD : 32 analyzed

Fig. 1. Flow chart depicting patient selection.

C4-5, C5-6, and C6-7; and 7) no previous history of cervical
spine surgery. Patients were excluded if they met any of the fol-
lowing criteria : 1) operative levels including C2-3 and C7-T1;
2) follow-up of less than three years; 3) cervical trauma and/or
infection; 4) history of cervical spine surgery; and 5) inability to
provide accurate responses on pre- and post-operative question-
naires due to medical or other problems. Ultimately, 95 patients
were excluded. Enrolled patients were divided into two groups,
ASD and non-ASD, according to radiologic findings. The non-
ASD group was matched 1 : 1 by follow-up time and operation
level. Finally, 32 patients in the ASD group and 32 patients in the
non-ASD group were analyzed (Fig. 1). All patients were Kore-
an military serviceman at the time of operation. Before surgery,
all patients were informed of the details of the surgery, includ-
ing the method of anesthesia, potential complications, and ben-
efits of the procedure.

Surgical technique

All patients underwent surgery performed by two surgeons
using the Smith-Robinson anterior approach. After applying a
Caspar screw at the index level and cutting the anterior longitu-
dinal ligament (ALL), complete discectomy, osteophyte remov-
al, and gentle endplate preparation were performed. Subsequent-
ly, cage size was determined after inserting a trial cage (height 5,
6, or 7 mm). We used a polyetheretherketone (PEEK) cage filled
with a mixture of hydroxyapatite/p-tricalcium phosphate (HA/
TCP) (Cervios chronOS, Synthes Spine, West Chester, PA, USA).
Next, the Skyline (Johnson and Johnson Professional, Inc., Rayn-
ham, MA, USA) anterior cervical plate system was utilized. The
cage width was matched to the site of discectomy. Patients were
typically discharged 5 to 7 days after surgery and advised to wear
neck collars for 10 weeks after surgery.

Radiologic and clinical evaluation

Pre-operative work-up included plain X-rays (standing anteri-
or-posterior, lateral neutral, lateral flexion, and lateral extension
view), CT, and MRI. After the operation, plain X-rays were tak-
en at each follow-up visit. CT scans were performed at 12, 24,
and 36 months to assess bony fusion, and MRI was performed
at 36 months to discern the presence of ASD.

The parameters in Table 1 were measured at each time point.
Cervical alignment (CA) and segmental angle (SA) were mea-
sured in order to compare to pre-operative baseline values. Seg-
mental height (SH) was measured to assess the rate of subsidence.
The upper segment range of motion (USROM), lower segment
range of motion (LSROM), upper segment disc height (UDH),
and lower segment disc height (LDH) were measured to discern
the presence of ASD. Pre-operative USROM, LSROM, UDH,
and LDH values were used as reference values, and post-opera-
tive changes at 6, 12, 24, and 36 months were compared between
the two groups (Fig. 2).

We used two simultaneous methods to identify the presence
of ASD. One was with the modified Hilibrand criteria on radi-
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Table 1. Measurement of radiologic parameters
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Parameters Explanation Study time point Figure

CA(°) The angle between C2 lower endplate and C7 lower endplate in the plain ~ Preoperatively 2A
X-ray with Cobb method. A positive vale denotes lordosis.

SA (°) The segmental angle at the index level in the plain X-ray with Cobb Preoperatively 2A
method. A positive vale denotes lordosis.

USROM (°)  The angle between lower endplate and upper endplate of upper adjacent ~ Preoperatively, 6, 12, 24, And 36 months 2B,2C
segment disc in the dynamic X-rays postoperatively

LSROM (°)  The angle between lower endplate and upper endplate of lower adjacent ~ Preoperatively, 6, 12, 24, and 36 months 2B,2C
segment disc in the dynamic X-rays postoperatively

SH (mm)  The line passing through the center of the vertebral bodies above and Preoperatively, immediate postoperatively, 2D
below the segments to be operated 6, 12, 24, and 36 months postoperatively

UDH (mm) The distance between the center of the inferior endplate of the upper Preoperatively, 6, 12, 24, and 36 months 2D
vertebral body and the superior endplate of the lower vertebral body postoperatively

LDH (mm) The distance between the center of the inferior endplate of the upper Preoperatively, 6, 12, 24, and 36 months 2D
vertebral body and the superior endplate of the lower vertebral body postoperatively

Fig. 2. Radiologic measurements. Cervical alignment (CA) and segmental angle (SA) was measured in neutral position using Cobb method (A). Upper
segmental range of motion (USROM, U2—1) and lower segmental range of motion (LSROM, L2—1) was measured in both flexion and extension posi-
tion (B and C). Segmental height (SA), upper segmental disc height (UDH), and lower segmental disc height (LDH) was measured along the line pass-
ing through the center of the vertebral bodies (D). For formulas and study time point, see Table 1.

ography, while the other utilized CT and MRI. For our purpos-
es, ASD encompassed the following degenerative changes : disc
signal change, anterior/posterior disc herniation, calcification
of the anterior/posterior longitudinal ligament, anterior/poste-
rior osteophytes, and a decrease in disc height of >25%'”. Fu-
sion was evaluated using the Bridwell fusion grading system.
We defined fusion as grades 1 to 2 and motion <2 mm on flex-
ion/extension lateral radiographs. Subsidence was defined as a
>3 mm reduction in post-operative segmental height due to graft
migration into adjacent endplates between the immediate post-
operative period and the final follow-up visit. Measurements
and evaluations based on radiography were performed by two
independent radiologists using a picture archiving communica-
tion system (Marosis 5.0 PACS viewer, Marotech, Seoul, Korea).
We compared pre-operative fixed factors such as age, body
mass index (BMI), operation level, smoking history, diabetes
mellitus (DM), and follow-up duration between groups. Risk
factors for ASD were examined, and included the following :
age (>50 vs. <50), fusion rate, DM, BMI, smoking history, sub-
sidence, pre-operative CA, pre-operative SA, pre-operative US-
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ROM, pre-operative LSROM, pre-operative SH, pre-operative
UDH, pre-operative LDH, pre-operative other-segment degen-
eration, and preoperative ASD. Pain intensity was assessed using
a visual analogue scale (VAS) score. Subjects completed a ques-
tionnaire consisting of a ten-point VAS for pre-operative neck
and arm pain and at each follow-up visit. Follow-up visits oc-
curred 6, 12, 24, and 36 months after surgery. VAS scores were
collected and analyzed by one neurosurgeon who was not in-
volved in the study. Patients were not allowed to review their
previous questionnaire responses.

Statistical analysis

Statistical analyses were performed using SPSS version 20.0
(SPSS Inc., Chicago, IL, USA). Mean values+standard deviation
or median values with interquartile ranges are shown. Student’s
t-tests were conducted to confirm intergroup differences in cas-
es with normal distributions. Mann-Whitney U tests were used
to compare variables with non-normal distributions between
the two groups. Chi-square tests and Fischer’s exact tests were
performed for categorical variables. The degree of change in ra-
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diologic and clinical outcomes was assessed using repeated mea-
sures analysis of variance (RM-ANOVA), and post hoc compar-
isons between the two groups were performed. Risk factors for
ASD were explored using binary logistic regression analysis. All
p-values less than 0.05 were considered statistically significant.

RESULTS

Demographics

There were significant differences in age and pre-operative oth-
er-segment ASD between the ASD and non-ASD groups (p<0.05)
(Table 2). ASD radiologic findings are summarized in Table 3.

Radiologic and clinical outcomes

USROM and LSROM increased in both groups post-opera-
tively. Although the difference was not statistically significant,
the increase was more substantial in the ASD group (Table 4, 5).
At 36 months post-operatively, the difference for value from the
pre-operative one significantly increased in the ASD group than
non-ASD group. Additionally, UDH and LDH gradually de-
creased in both groups over time (Table 4, 5). The decrease in
UDH was significantly greater in the ASD group at each follow-up
visit. The decrease in LDH was significantly greater in the ASD
group at 6 and 12 months post-operatively (Table 5). However,
pain intensity for the neck and arm was not significantly differ-
ent between groups at any post-operative follow-up visit (Table 6).

Table 2. Comparison of the ASD and non-ASD group

At the final follow-up visit, fusion rates were 84.4% (27/32) in
the ASD group and 87.5% (28/32) in the non-ASD group. Cage
subsidence was observed in seven cases in the ASD group (21.9%)
and in 9 cases (28.1%) in the non-ASD group. However, these dif-
ferences were not statistically significant.

Risk factors of ASD

Univariate logistic regression analysis demonstrated that age

Table 3. The radiologic findings of ASD

Preoperative  Postoperative

ASD (%) ASD (%)

Number 8 (100) 32 (100)
Decrease in disc height >25% 2(6.3)
Osteophyte

Anterior 3(94)

Posterior 2(25) 4(12.5)
Calicifation of longitudinal ligament

Anterior -

Posterior -
Disc herniation

Anterior 4(12.5)

Posterior 2(25) 7(21.8)
Disc signal change 4 (50) 12 (37.5)

If there were more than one lesion, we counted only one finding, which was pre-
sented dominantly. ASD : adjacent segment degeneration

ASD Non-ASD P
Number 32 32
Age (yr), mean+SD 50.91+3.79 48.72+3.90 0.026*
Sex (male/female) 32/0 32/0
Mean F/U (months) 37.78+1.41 38.50+1.83 0.083%
Operation level 0.774'
C3-4 2 3
C4-5 12 9
C5-6 11 10
C6-7 7 10
DM 7 9 0.774!
Smoking 11 10 1.000*
BMI, mean+SD 25.16+4.49 24.38+2.73 0.398°
Preoperative radiologic measurements
Segmental height (mm), mean+SD 33.13+3.13 33.10+3.30 0.969*
Upper segmental height (mm), mean+SD 5.86+0.79 5.78+0.82 0.680*
Lower segmental height (mm), mean+SD 5.99+0.59 5.90+0.56 0.526*
Sagittal alignment (°), mean+SD 5.89+3.74 5.66+3.67 0.953*
Segmental angle (°), mean+SD 2.05+2.61 2.01+2.46 0.804*
Upper segmental ROM (°), mean+SD 7.70+£3.22 7.76+3.10 0.937%
Lower segmental ROM (°), mean+SD 4.99+3.35 3.84+1.62 0.086°
Preoperative ASD (%) 8 (25) 3(9.4) 0.184"
Preoperative other segment degeneration (%) 14 (43.8) 5(15.6) 0.027*

*Student t-test, 'Fischer’ exact test, iChi»square test, §l\/Iann—Whitney U test. ASD : adjacent segment degeneration, BMI : body mass index, DM : diabetes mellitus, ROM :

range of motion
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>50 (p=0.048) and pre-operative other-segment degeneration
(p=0.017) were significantly associated with an increased inci-
dence of ASD at 36 months (Table 7). In multivariate logistic re-
gression analysis, preoperative other-segment degeneration
(p=0.023; OR, 0.246; 95% confidence interval, 0.073-0.827) was
significantly associated with an increased incidence of ASD at
36 months (Table 8).

Table 4. The radiologic parameters at pre- and postoperative period

Risk Factors of ASD after ACDF | SS Ahn, et al.

DISCUSSION

ACDF is an effective method for the treatment of degenera-
tive cervical disease"™*"*'****7 %33 However, it leads to exces-
sive loading and additional motion at adjacent levels””**'****0%*%,
Reported rates of ASD following ACDF using radiographic cri-

teria range from 25 to 92%'*'>*”. Using a biomechanical model,

Preop Immediate postop 6 mo 12 mo 24 mo 36 mo

SH (mm)

ASD 33.13+3.13 34.08+3.01 33.41+2.88 32.69+3.21 32.17+3.27 32.12+3.25

Non-ASD 33.10+3.30 34.99+2.51 34.12+2.48 33.35+2.59 32.65+2.70 32.60+2.70

p value* 0.969 0.193 0.298 0.370 0.523 0.522
USROM (°)

ASD 7.70+£3.22 - 8.15+3.45 9.67+3.57 10.33+3.73 10.63+3.66

Non-ASD 7.76+3.10 - 8.39+2.72 9.24+3.29 9.66+3.40 9.7243.32

p value* 0.937 0.761 0.617 0.454 0.301
LSROM (°)

ASD 4.99+3.35 - 5.12+3.18 5.80£3.05 6.39+3.20 6.45+3.16

Non-ASD 3.84+1.62 - 5.31£3.57 5.65+3.11 6.26+3.37 6.30£3.34

p value* 0.085 0.819 0.853 0.871 0.854
UDH (mm)

ASD 5.86+0.79 - 5.85+0.79 5.83+0.78 5.81+0.78 5.76+0.77

Non-ASD 5.78+0.82 - 5.77+0.82 5.76+0.82 5.75+0.82 5.73+0.83

p value* 0.68 0.707 0.736 0.768 0.851
LDH (mm)

ASD 5.99+0.59 - 5.98+0.59 5.97+0.59 5.96+0.58 5.95+0.58

Non-ASD 5.90+0.56 - 5.89+0.56 5.89+0.55 5.88+0.55 5.87+0.55

p value* 0.526 0.55 0.549 0.554 0.575

*Repeated measures analysis of variance. ASD : adjacent segment degeneration, LDH : lower segment disc height, LSROM : lower segment range of motion, Mo :
month, Postop : postoperative, Preop : preoperative, SH : segmental height, UDH : upper segment disc height, USROM : upper segment range of motion

Table 5. Radiologic parameters of adjacent segments at each time point

Preop 6 mo 12 mo 24 mo 36 mo

USROM (°)

ASD - 0.46+1.30 1.97+1.78 2.64+2.05 2.9342.04

Non-ASD - 0.63+2.42 1.48+1.37 1.90+1.56 1.96+1.54

p value* 0.720* 0.219" 0.112' 0.035'
LSROM (°)

ASD - 0.13+0.69 0.80+1.26 1.40+1.43 1.45%1.42

Non-ASD - 1.2743.63 1.81+3.28 2.42+3.60 2.46+3.58

p value* 0.084* 0.112* 0.144* 0.148*
UDH (mm)

ASD - -0.018+0.012 -0.035+0.026 -0.058+0.047 -0.10120.055

Non-ASD - -0.0110.006 -0.020£0.014 -0.034+0.028 -0.05520.034

p value* 0.004* 0.005* 0.016 0.001*
LDH (mm)

ASD - -0.014+0.008 -0.020£0.012 -0.032+0.024 -0.047+0.041

Non-ASD - -0.0080.006 -0.014+0.009 -0.024+0.018 -0.035%0.022

p value* 0.036' 0.036' 0.162' 0.158'

The differences for each value (obtained at 6, 12, 24, and 36 months) from the preoperative ones are calculated. *Mann-Whitney U test, "Student t-test. ASD : adjacent seg-
ment degeneration, LDH : lower segment disc height, LSROM : lower segment range of motion, UDH : upper segment disc height, USROM : upper segment range of motion
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Table 6. Pre- and postoperative clinical outcomes

Table 7. Logistic regression analysis of risk factors for ASD

ASD Non-ASD p value QOdds ratio (95% CI) p value

Neck VAS Age

Preop 6.81+0.69 7.00+0.72 0.292 <50 yrs 1

6 mo 2.69+0.74 2.28+0.77 0.035 >50 yrs 0.360 (0.131-0.991) 0.048

12 mo 2.44+0.50 2.09+0.64 0.020 DM

24 mo 2.44+0.62 2.16+0.63 0.076 Without DM 1

36 mo 2.28+0.46 2.44+0.56 0.228 With DM 1.398 (0.448-4.363) 0.565
Arm VAS Smoking

Preop 7.66+0.83 7.66+0.97 1.000 Nonsmoker 1

6mo 1.88+0.55 1.810.64 0.679 Smoker 0.868 (0.305-2.466) 0.790

12mo 2.00+0.62 2.22+0.79 0.224 BMI 0.942(0821-1.080) 0392

24 mo 2.00+0.67 2.16+0.72 0.374 Preoperative CA 0.983 (0.859-1.124) 0.800

36 mo 2.1340.49 1.81+0.54 0.018 Preoperative SA 0.994 (0.817-1.210) 0.952
All p values were calculated using repeated measures analysis of variance with L reoperative USROM 1.006 (0.860-1.178) 0.936
post hoc using Student t-tests. All p<0.01 means significant difference. ASD : Preoperative LSROM 0.829 (0.663-1.038) 0.101
adjacent segment degeneration Preoperative SH 0.997 (0.854-1.164) 0.968

Preoperative UDH 0.876 (0.472-1.627) 0.675

Seo and Choi™ reported increased pressure within the interver- Preoperative LDH 0.751 (0.314-1.795) 0519
tebral discs of adjacent segments. However, Matsunaga et al.”” Preoperative ASD 0.310 (0.074-1.301) 0.109
showed that there was no increase in the strain adjacent to a sin- Preoperative other segment 0238 (0.073-0.777) 0017
gle-level ACDF?. Again using biomechanical models, Rao et degeneration
al’” demonstrated that the pressure on intervertebral discs of  pygion
adjacent segments and the movement between vertebrae did Non-union 0.771 (0.187-3.182) 0.720
not change after fusion. The group maintained that symptom- Union 1
atic adjacent segment disease is the result of progressive cervical ¢ psidence
spondylosis, and is not caused by the arthrodesis itself. It remains With subsidence 1.398 (0.448-4.363) 0.565
unclear whether or not ASD following ACDF represents a true Without subsidence 1

iatrogenic post-operative complication or a progression of the
natural history of cervical spondylosis. Most previous studies
examining ASD following ACDF were conducted with only ra-
diographs and CT. Prior studies therefore did not provide suffi-
cient information regarding the significance of ASD and its out-
comes. Thus, we investigated risk factors associated with ASD
after ACDF during a three-year follow-up period using MRL

From our study, we can conclude that : 1) there were signifi-
cant differences in age, and pre-operative other-segment ASD
between the ASD and non-ASD groups; 2) adjacent disc height
decreased in most of the upper and lower adjacent levels in both
groups; 3) disc height change in the adjacent segment was more
severe in the ASD group than the non-ASD group; 4) USROM and
LSROM increased in both groups post-operatively; 5) pain in-
tensity for the neck and arm was not significantly different between
groups at any post-operative follow-up visit; and 6) pre-operative
other-segment ASD was significantly associated with increased
incidence of ASD at 36 months.

Matsumoto et al.** reported that asymptomatic volunteers
exhibited cervical disc degeneration in the range of 60% to 70%
over a 10-year period, and natural disc degeneration rates were
higher than those of ASD after ACDE The group reported a
40-60% degenerative change in adjacent discs after ACDF us-
ing MRI. Another CT-based study reported that asymptomatic
ASD was identified in up to 50% of patients™>”. However, there

ASD : adjacent segment degeneration, BMI : body mass index, CA : cervical
alignment, DM : diabetes mellitus, LDH : lower segment disc height, LSROM :
lower segment range of motion, SA : segmental angle, UDH : upper segment disc
height, USROM : upper segment range of motion

Table 8. Multivariate logistic regression analysis of risk factors for ASD

QOdds ratio (95% CI) p value
Age
<50 yrs 1
>50 yrs 0.373(0.129-1.077) 0.068
Preoperative other segment 0.246 (0.073-0.827) 0.023

degeneration

ASD : adjacent segment degeneration

is currently no universally accepted radiologic measurement tool
for the assessment of cervical spondylosis. From our 36-month
follow-up using CT and MRI, we were able to discover a broad
range of adjacent segment degenerative changes, including disc
signal change, anterior/posterior disc herniation, calcification of
the anterior/posterior longitudinal ligament, anterior/posterior
osteophytes, and decreased disc height.

Changes in adjacent disc height were observed in most of the
upper and lower adjacent levels in both groups. Moreover, the
mean intervertebral disc height change in the adjacent segment
was substantially more severe in the ASD group than the non-
ASD group. In addition, USROM and LSROM increased in both
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groups as time passed after surgery. The mean USROM and
LSROM changes tended to be greater in the ASD group than the
non-ASD group. Although many previous studies reported sim-
ilar results, it remains unclear whether this change represents a
true iatrogenic post-operative complication or a progression of
the natural history of cervical spondylosis. We hypothesize that
ASD, especially proximal to the fused segment, occurs because
of excessive mobility above the fused segments, which in turn
causes premature degeneration of the facet joints. Facet hyper-
trophy and thickening of the ligamentum flavum may precede
disc collapse, signal change, and disc herniation.

Park et al."” reported that pre-existing ASD and other-segment
post-operative degeneration out of the adjacent segment were
associated with post-operative ASD, and they concluded that ASD
is therefore related to the natural degenerative process instead
of arthrodesis itself. Lundine et al.” also suggested that adjacent
segment disc degeneration is not primarily a complication of fu-
sion surgery, and is at least in part due to the natural history of
cervical spondylosis. Our study also found a significant, direct
relationship between pre-operative other-segment degeneration
and post-operative ASD as described earlier. Matsumoto et al.””
studied age-related changes in cervical intervertebral discs in
asymptomatic subjects. In the present study, we identified an
association between age (>50) and post-operative ASD. This
finding may lend evidence to the hypothesis that ASD is at least
in part due to the natural history of cervical spondylosis.

The correlation between ASD and clinical outcomes remains
controversial. Previous studies reported no significant differ-
ence in clinical outcomes between patients with and without
ASD™*) In our study, the clinical outcome, based on the neck
and arm VAS scores, suggests that improvements occurred after
surgery (compared with pre-operative findings in both groups).
In addition, there were no significant differences between groups
at any post-operative follow-up visit. We can therefore hypothe-
size that radiographic ASD after ACDF is not associated with
clinical outcome.

The current study has several limitations. First, it was a retro-
spective matched cohort study with a small sample size (32 pa-
tients vs. 32 patients) and short follow-up duration (3 years). Sec-
ond, 2 different spine surgeons performed those operations. Even
though we used same technique and same materials, there might
have been subtle differences in the ACDF techniques based on
a surgeons experiences. Third, the study participants were lim-
ited to males who were recruited from an armed forces hospital,
making our conclusions potentially invalid for other populations.
To know the exact cause of ASD, a larger group of patients treat-
ed with ACDF and a multi-segment operative technique are re-
quired. A prospective multi-center study with long term follow-
up would certainly provide more useful information. However,
this study has a meaningful strength, 1) because it included a
homogenous population of male patients who were military
servicemen and therefore, performed similar degrees of train-
ing and physical activity. The enrollment of this population may

Risk Factors of ASD after ACDF | SS Ahn, et al.

reduce selection biases, resulting in positively influencing our
study outcomes; and 2) CT and MRI was used for a more accu-
rate diagnosis of ASD. MRI is most sensitive in assessing degen-
erative disc changes and CT displays more accurate bony changes.

CONCLUSION

According to the results, we can suggest that ASD is not pri-
marily a complication of fusion surgery and is at least in part
due to the natural course of cervical spondylosis. Clinical symp-
toms, especially increasing neck pain may be a clue of finding
ASD. Additional studies should be performed in a larger sample
population with an extended follow-up period using a prospec-
tive randomized design to assess the factor of ASD after ACDE.
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