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Predictable Risk Factors for Adjacent Segment
Degeneration After Lumbar Fusion
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Objective : The aim of this study is to investigate predictable risk factors for radiologic degeneration of adjacent segment
after lumbar fusion and preoperative radiologic features of patients who underwent additional surgery with adjacent segment
degeneration.

Methods : Between January 1995 and December 2002, 201 patients who underwent lumbar fusion for degenerative conditions
of lumbar spine were evaluated. We studied radiologic features, the method of operation, the length of fusion, age, sex,
osteoporosis, and body mass index. Special attention was focused on, preoperative radiologic features of patients who required
additional surgery were studied to detect risk factors for clinical deterioration.

Results : Follow-up period ranged from 3 to 11 years. In our study, 61 (30%) patients developed adjacent segment degeneration,
and 15 (7%) patients required additional surgery for neurologic deterioration. Age, the postoperative delay, facet volume,
rotion range, laminar inclination, facet tropism, and preexisting disc degeneration of adjacent segment considered as possible
risk factors. Among these, laminar inclination and preexisting disc degeneration of adjacent segment were significantly
correlated with clinical deterioration.

Conclusion : The radiologic degeneration of adjacent segment after lumbar fusion can be predicted in terms of each
preoperative radiologic factor, age and the postoperative delay. Laminar inclination and preexisting disc degeneration of
adjacent segment have shown as strong risk factors for neurologic deterioration. Thus, careful consideration is warranted

when these risk factors are present.
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Introduction

he prevalence of lumbar arthrodesis has continued to in-

crease owing to emergence of newer techniques of spinal
instrumentation and improved imaging modalities that allow
for accurate recognition of spinal abnormalities. The levels
involved in the arthrodesis typically are degenerative or uns-
table, and the ultimate goals are to provide relief of symptoms
and to restore stability®'?. In the past, the finding of adjacent
segment disease was noted in case reports as a relatively unusual

>3 Since then,

complication of lumbar or lumbosacral fusions
adjacent segment discase has been found to occur more often
than initially thought and is now considered as a potential long-
term complication of spinal arthrodesis'®. With the dramatic

increase in spinal fusions performed in recent years, adjacent

segment discase is and will become much more prevalent?.
However, it has also been emphasized that delayed adjacent
segment degeneration is a normal evolution after lumbar fusion
and must be accepted as a late consequence and not considered
as a complication®”.

Adjacent segment degeneration after lumbar fusion represents
an important and unavoidable problem. But, only few reports
have brought attention specifically with this topic. Even more
startling are the contradictory results from both in vitro and
clinical studies, and the mixture of different pathologies (frac-
tures, neoplasms, spondylolysis, degenerative problems) in-
cluded in the series, though the initial status of the spine in
these different conditions were inhomogeneous™”.

This study focuses on the long-term evolution of the adjacent

segment in patients fused only for degenerative conditions of
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the lumbar spine such as degenerative spondylolisthesis, ste-
nosis, and instability, excluding other pathologies. The pur-
pose of this study is to clarify the predictable risk factors for
radiologic degeneration of adjacent segment after lumbar fu-
sion, and to evaluate the preoperative radiologic features of
patients who underwent additional surgery with adjacent seg-
ment degeneration.

Definition

In this article, the terms “adjacent segment degeneration” and
“adjacent segment disease” will be used to define different types
of postarthrodesis adjacent level pathology. The term “adjacent
segment degeneration” will be used to describe radiographic
changes seen at levels adjacent to a previous spinal fusion pro-
cedure that do not necessarily correlate with any clinical findings.
On the other hand, the term “adjacent segment disease” will
be used to refer to the development of new clinical symptoms
that correspond to radiographic changes adjacent to the level
of a previous spinal fusion.

Adjacent segment degeneration consists of dehydration of
the disc visible only on magnetic resonance imaging (MRI),
narrowing of the disc space greater than 3mm, disc space va-
cuum, osteophyte formation, appearance or increase of de-
generative retrolisthesis, antelisthesis or rotatory dislocation,
spinal stenosis due to hypertrophy of the posterior facets, disc
or ligament bulging, and instability with static or dynamic
malalignment of the spine'”. Radiographic evidence of insta-
bility was defined, as >4mm of translation and/or >10° of
angular motion between adjacent end plates on lateral flexion
and extension films when compared with the adjacent cephalad
and caudad levels™.

Materials and Methods

wo hundred and one patients who underwent lumbar

fusion for degenerative conditions of the lumbar spine
refractory to conservative treatment from January 1995 to
December 2002 and followed for at least 3 years were included
in this study. Follow-up rate in the current study was 71%.
Patients who underwent lumbar fusion for other pathologies
such as spondylolysis, trauma, and neoplasms were excluded.
The study group included 69 male patients and 132 female
patients. Mean age at surgery was 53 years (range, 17-78 years)
and the average follow-up period was 73 months (range, 37-
130 months). The medical records were carefully reviewed
for recurrence of mechanical pain or neurologic deterioration
after a period of postoperative relief. Posterolateral lumbar in-
tertransverse fusion were performed in 128 patients, posterior
[umbar interbody fusion (PLIF), and transforaminal lumbar
interbody fusion (TLIF) in 69 and 4 cases, respectively. The
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surgical techniques of posterolateral fusion, PLIE and TLIF
were described elsewhere???. Screw-rod fixations were not
performed in any of these patients.

Standard biplanar anteroposterior, lateral, flexion, and exten-
sion radiographs of the lumbosacral spine at preoperative visit
as well as at last postoperative visit were reviewed in all patients.
Lateral radiographs demonstrating neutral, flexion, and exten-
sion views were us-
ed to anteroposter-
ior translation, [u-
mbar lordosis, ran-
ges of motion, and
intervertebral disc
height at each ad-
jacent segment. M-
otion ranges of ad-
jacent segment we-
re measured using
flexion-extension
angle (FEA) (Fig. 1).
The flexion-exten-
sion angle was de-
fined as sum of fle-
xion angle and ex-
tension angle, and

that was measured

Fig. 1. Measurement of flexion—extension
angle on lumbar spine on extension motion.
A ! Superior posterior point of L3 body, B * In—
ferior posterior point of L3 body, C : Superior
posterior point of L4 body, D  Inferior posterior
point of L4 body, E : Angle between line that
is to continue A and B and line that is fo con—
tinue C and D (Edension Angle).

from dynamic vie-
ws of lumbar spine
taken both at preo-

peradve and posto-
d36,49)

perative perio

Fig. 2. A : Laminar inclination angle af L3 was defined os the angle
formed by a siraight line connecting the tip of the superior facet with
the base of the inferior facet and a straight line connecting the mid-
points of the anterior and posterior vertebral cortices on the iateral
radiographs. B : Facet sagiftalization and facet fropism at L3—4 were
taken from the computed tomography cut that was coplanar with the
disc and fransected the facet joints.
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Maximal intervertebral disc heights were measured using of
lateral radiographs.

We also measured laminar inclination angle, facet sagittali-

5,18

zation, facet tropism, facet joint volume™'?, preexisting disc

Table 1. Distribution of subgroups according to postoperative delay,
existence of ASD*, and need for operation

Group Follow—up Additional surgery Ng. of Percen’roge of
(years) patients  total series
1: with ASD 61 30
1.A Reoperated 15 7 (25)
1.A.Q >5 Reoperated 1 5{(18)
1.Ab <5 Reoperated 4 2{7)
1.B Not reoperated 46 23 (75)
18B.a >5 Not reoperated 36 18 (59)
1Bb <5 Not reoperated 10 5(16)
2: without ASD 140 70
2.0 >5 82 41 (59)
2b <5 58 29 (41)

*ASD : adjacent segment degeneration, The numbers in parentheses represent the
perceniages in the subgroups compared with the main groups 1 and 2

Table 2. Baseline characteristics and radiologic data for patients in Group
1,2,and1.A

Group1 Group2 Group 1.A
Number of patients 61 140 15
Women (No. of patients) 42 (69) 90 (64) 10 (67)
Age at surgery (years) 57X12 51%12  58%7
Body mass index (kg/m?) 2513 24%3 24%4
Lumbar lordosis () 37+13x  39+13  37%15
Laminar inclination angle () 134+8+ 125%8 138110«
Facet sagittalization (*) 73117« 75%£12 72121
Facet tropism (°) 104+ 6£2 11£3
Facet joint volume (mm?) 189143 177£18 195£55
Preexisting disc degeneration (grade) 3.6%0.8+ 3.1£05 3.7%0.6+
Preexisting stenosis (No. of patients) 36 (59) 71 (51) 5{33)
Lordosis at the fused segment (°) 15+10 1317 138
Flexion—extension angle () 9t 5% 7+3 914
Length of fusion 1508 13706 1.6*12
Instrumentation (No. of patients) 50(82) 128(91) 12(80)

#*p<0.05, Values represented as the means £standard deviations, The numbers in
parentheses represent the percenfages compared with each groups

Table 3. Classification of disc degeneration”

degeneration and stenosis at the adjacent level, sagittal align-
ment at the fused segment, and adjacent segment motion range.
Lumbear lordosis at L1 and S1 and lordosis at the fused segment
were measured by Cobb’s method with anteroposterior and
lateral standing radiographs®. The laminar inclination angle
at adjacent segment was defined as the angle formed by a str-
aight line connecting the tip of the superior facet with the base
of the inferior facet and a straight line connecting the midpoints
of the anterior and posterior vertebral cortices on the lateral
radiographs as described® (Fig. 2A). Facet sagittalization and
tropism at adjacent segment were evaluated from the computed
tomography (CT) image that was coplanar with the disc and
transected the facet joints as described® (Fig. 2B). The sum
of the right and left facet angles, and the difference between
the two angles were defined as facet sagittalization and facet
tropism, respectively. Preexisting disc degeneration at adjacent
segment was evaluated on preoperative MRI using Christian's
grading system'” (Table 3). These measurements were done
by one of the authors (S.J.H.).

We also checked the method of operation, the length of fu-
sion, age, sex, osteoporosis, and body mass index. The body
mass index (BMI), calculated as weight / height® (kg/m?), was
used as the index of relative weight. Furthermore, preoperative
radiologic features of patients required additional surgery were
studied to determine the risk factors for clinical deterioration.

Statistical analysis
Data were analyzed using a commercially available statistical
software package (SPSS for Windows, version 10.0. 1999; SPSS,
Inc., Chicago, IL). Categorical variables were compared using
the Fisher exact two-tailed test, the Pearson chi-square test, or
the test for linear trend. Continuous variables were compared
between groups by applying the Mann-Whitney U-test or t-tests.
Univariate association of continuous variables was tested using
Spearman rank correlation coefficients (rs). Univariate and mul-
tivariate odd ratios and 95% confidence intervals of risk factors
for adjacent segment degeneration were analyzed with the aid
of unconditional logistic regression.

Distinction of

Heigh! of infervertebral P value less than 0.05 was conside-

Grade Structure i i i ..
nucleus and anulus Signal infensity disc red significant.
| Homogeneous, bright Hyperintense, isointense to
. | o

white Clear cerebrospinal fluid Normal Results
I Inhomogeneous with or Hyperintense, isointense to

without horizontal bands Clear cerebrospinal fluid Normal he patients were distributed
i inhomogeneous, gray Unclear intermediate gzrcn:;cllstzghghﬂy into groups according to the

_ existence of adjacent segment de-

IV Inhomogeneous, gray to Lost Intermediate to Normal to moderately . Sub

black hypointense decreased iex;eranon or Cril.ot. u Eroups were
vV Inhomogeneous, black Lost Hypointense Collapsed disc space cfined accor ing to the length of

This grading system for the assessment of lumbar disc degeneration used contemporary magnetic resonance (MR} imaging
technique. In this grading system, signal intensity of intervertebral disc was evaluated on T2—weighted sagiftal MR image

follow-up (minimum 3 years and
minimum 5 years) and the need for



reoperation or not. Sixty-six percent
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Table 4. Detail data for patients in group 1.A

of our study group had minimal

 Time to 2nd

Radiologic results ; Segment of .
5-year follow-up. The results are CNO(f,e ’/As?ei U b Sympz)g]er%i?r:e e o(rr;eéﬁlho)n deggen:rotion 2nd operation
listed in Table 1. There were 140 ————0— Radiculopathy 62 Cranial _ Fusion extension
patients (70%) in Group 2 whosh- .. 0, Cauda equina 79 Caudal  Fusion extension
owed neither radiologic degener- 3 4o 143 4 Mofioninduced backpain 14 Cranial PLIF
ation of adjacent segment nor neu- 4 40F 138 3 Radiculopathy 24 Cranial Lominectomy
rologic deterioration. On the other 5  66fF 140 3 Motion induced back pain 60 Cranial  Fusion extension
hand, there were 61 patients (30%) 6 67F 137 4 Radiculopathy 62 Cranial  Laminectomy
in Group 1 who showed radiologic 7 59 137 4 Radiculopathy 73 Cranial Laminectomy
degeneration of adjacent segment 8 70 138 4 Motion induced back pain 65 Cranial Fusion extension
with or without neurologic deter- 9  55M 136 3 Radiculopathy 62 Cranial Laminectomy
ioration. Group 1.A included 15 10 59/M 133 4 Radiculopathy 71 Caudal Laminectomy
patients (7%) who required reoper- 11 64fF 137 4 Radiculopathy 18 Cranial Laminectomy
ation for neurologic deterioration 12 56/F 138 4 Cauda equina 64 Crcnicl Laminectomy
among the main Group 1. As ex- 13 58fF 139 4 Rodi.culopofhy 36 Cronllol lALIF
pecte d, the degeneration of cranial 14  55M 135 4 RodlculopoThy 64 Crcnfcl Lomfnectomy

15 61/F 139 3 Cauda equina 68 Cranial Laminectomy

adjacent segments was more frequ-

ently detected than that of caudal
adjacent segments. Fifty-six patients
(92%) showed radiologic degeneration of cranial adjacent seg-
ment, but only five patients (8%) showed that of caudal adja-
cent segment. Statistically significant differences were found
in age at surgery (p=0.002), the postoperative delay (p=0.017),
facet volume (p <0.001), motion range (p<0.001), laminar
inclination (p <0.001), facet tropism (p <0.001), and preexis-
ting disc degeneration (p<<0.001) of adjacent segment bet-
ween each group (Table 2). Among these, laminar inclination
(p=0.028) and preexisting disc degeneration (p=0.017) of adj-
acent segment were significantly correlated with reoperation.

We observed that the incidence of adjacent segment degen-
eration was much higher in olderly patients, especially older
than GO years of age. The postoperative delay (the length of
postoperative follow-up) clearly influenced the existence of
secondary degeneration of the adjacent motion segments. The
mean delay for appearance of junctional degeneration was 63
months. This explains why, in the subgroup of 72 patients with
less than 5 years follow-up, there are only 14 patients (19%)
who developed problems, whereas, in the group of patients
with greater than 5 years follow-up, 47 of 129 showed dege-
neration of adjacent segment (36%). Interestingly, the ratio
between reoperated and nonreoperated patients presenting
degeneration of adjacent motion segment was higher in the
group with less than 5 years’ follow-up (28% reoperation rate)
than in the group with greater than 5 years’ follow-up (23%
reoperation rate). This could signify that the most severe altera-
tions, leading to instability or neurologic problems, occur eatlier
period. Laminar inclination angle and preexisting disc dege-
neration at adjacent segment in reoperated group (Group 1.A)
were observed more significandy than those in non-reoperated

U+ laminar inclination angle, DD : disc degeneration according fo Table 3., PLIF : posterior lumbar interbody fusion,
ALIF : anterior lumbar interbody fusion

group. Laminar inclination angle of adjacent segment was 130°
+8°in Group 1.B, 125°1£8° in Group 2, and 138°10° in
Group 1.A. Preexisting disc degeneration at adjacent segment
was 3.410.7 in Group 1.B, 3.1£0.5 in Group 2, and 3.7+
0.6 in Group 1.A according to Christian's grading system.

Reoperations

Among 61 patients who developed the degeneration of ad-
jacent segments, 15 required second operations because of ra-
dicular pain as well as severe back pain or the development of
instability with back pain and neurologic deficits. Nine patients
showed radiculopathy, other three developed cauda equina
syndromes and the remaining three experienced motion indu-
ced back pain. An average period between the initial surgery
and second operation was 54 months (range, 14-79 months).
The detailed data are described in Table 4.

Thirteen patients (87%) showed radiologic degeneration of
cranial adjacent segment, but only two patients (13%) showed
that of caudal adjacent segment. Four patients required a one-
level extension of the fusion, three laminectomies at the junc-
tional level, and one anterior fusion. Two patients required
a multilevel extension of the posterior instrumentation and
fusion. The surgical approach was selected according to the
presence or absence of instability. If there was segmental ins-
tability, a extension of the fusion was selected. If there was no
instability, decompression alone (laminectomy) was selected.
After the second operation, most of the patients improved
of neurologic symptoms. However, the reoperations were in
certain cases, considered as heavy burden especially in elderly
patients.
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Discussion

B

spinal fusion is nothing more than the normal degenerative

process rather than a consequence of biomechanical stresses”.

These investigators emphasized that most spinal fusions are

ased on radiographic analysis, several investigators have
argued that the degeneration of adjacent segment after

performed for severe degenerative disease that is likely not iso-
lated to the treated segments. Studying 16 patients who had
undergone anterior interbody fusions with age and gender
matched controls, Van Horn and Bohnen did not find any
significant increase in degeneration or instability between fu-
sion and control groups™. Seitsalo et al. evaluated 227 patients
treated either conservatively or with segmental fusion for spon-
dylolisthesis and also noted no marked difference in adjacent
segment degeneration between the two groups™. Similar results
wete obtained by Hambly et al. after radiographically evaluating
42 patients who had undergone posterolateral fusions™. In
contrast, a recent study by Guigui et al. comparing postero-
lateral fusion patients with age and gender matched controls
found significantly higher rates of degenerative changes next
to fused segments'”. Although the development of adjacent
segment degeneration can be considered as a part of the normal
aging and degenerative process, this phenomenon appears to
be at least partly influenced by the altered stresses thac arise
as a consequence of lumbar fusion®*”.

Individual patient characteristics may also affect the occur-
rence of adjacent segment degeneration®. In particular, age
at surgery was a potential risk factor for the radiologic degener-
ation of adjacent segment in this study, especially older than
60 years of age. Authors suspected that age was likely related
to the decreased ability of the aged spine to accommodate the
biomechanical alterations imposed by a fusion. Aota et al. ob-
served that the incidence of adjacent segment degeneration
was much higher in patients older than 55 years of age”. Several
other clinical studies have further corroborated a trend of in-
creasing adjacent segment degeneration with older age'***%.
Osteoporosis also has been reported as a potential risk factor
for adjacent segment degeneration by several investigators,
but the significance of the such risk remains uncertain in this
study™'?.

Although the exact mechanism remains uncertain, altered
biomechanical stresses appear to play a key role in the develop-
ment of adjacent segment degeneration™*”". Lee and Langrana
studied the effect of 2 L5-S1 posterior midline, anterior inter-
body, and posterior intertransverse fusion in a multsegment
(L3-S1) cadaveric spine model™. Compression-bending loads
were used to flex spinal specimens to 20° of flexion followed
by extension to the neutral position before and after fusion.
Each fusion technique specifically shifted the center of rotation
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leading to increased stress on the facets and/or disc of the ad-
jacent mobile segment. Preexisting facet hypertrophy of ad-
jacent segment may deteriorate more easily after fusion because
of the increased stress on the facet”***. In this study, the
more facet volume, the more adjacent segment degenerations.
Besides the facet hypertrophy of adjacent segment, increased
FEA was associated with the degeneration of adjacent segment™.
For the compensation of the fixed motion range on fused seg-
ment, both the range of motion and the dynamic stress on
adjacent motion segment increased. This may lead to the con-
sequent degeneration of adjacent segment**”.

The preoperative condition of the adjacent disc has been
another factor implicated in adjacent segment degeneration
based on the assumption that an already degenerated disc is

29 In a similar manner, investigators

more likely to deteriorate
have argued that certain spinal conditions predispose patients
to adjacent segment degeneration. Guigui et al. retrospectively
studied 102 patients who underwent posterolateral fusion for
a variety of indications and found a significantly higher inci-
dence of adjacent segment degeneration in patients of lumbar
stenosis'”. The presence of lumbar stenosis was considered
as indicative of a degenerated spine that would be less likely
to tolerate the increased stress caused by the fusion process”.
However, preexisting stenosis does not seem to be related with
the development of adjacent segment degeneration in this
study. In addition to facet loading and increased mobility, in
vitro investigations involving finite element models with the
same imposed load and human cadaveric spine studies with
the same imposed motion before and after fusion have shown
that increased intradiscal pressure would develop in the disc

immediately neighboring a fused segment”>*

). Using human
cadaveric lumbar spines examined under the same imposed
motion, Cunningham et al. found that the adjacent intradiscal
pressures were up to 45% higher after instrumented posterior
fusion'”. Therefore, patients with a preexisting degenerated disc
have much more chances of adjacent segment disease because
of increased intradiscal pressure on adjacent motion segment*.
In the current study, both laminar inclination and facet tropi-
sm were related to adjacent segment degeneration after fusion.
Horizontalization of the lamina has been thought to be related
to the development of degenerative spondylolisthesis”*". Na-
gaosa et al. performed a retrospective case-control study and
concluded that horizontalization of the lamina was a pathoa-
natomic risk factor that could predispose to the development
of degenerative spondylolisthesis™. Facet tropism is defined
as an asymmetry in the facet joint™. It has been postulated that
this could result in disc pathology because abnormal rotation
of the spinal motion segment would occur when tropism ex-
ists, resulting in increasing torsional stress to the intervertebral
disc'#**%, We hypothesize that laminar inclination may affect



sagittal instability and chat facet tropism may affect rotational
instability. In 1967, Farfan and Sullivan first suggested the cor-
relation between the facet tropism and the development of
lumbar disc degeneration'”. Noren et al. also emphasized the
association facet tropism with the development of disc hernia-
tion and degeneration at all lumbar levels®. Further, Park et
al. described that differences in the degree of facet tropism and
disc degeneration might be considered a key factor in disting-
uishing the development of far lateral lumbar disc herniation
from that of posterolateral lumbar disc herniation®”.

In the current study, there were obvious differences in laminar
inclination and preexisting disc degeneration, respectively, bet-
ween reoperated group and the other groups. Most patients
who required reoperations because of neurologic deterioration
showed both horizontalization of the adjacent lamina and the
degeneration of adjacent disc. Our data suggest that, when
both of the factors that may lead to segmental instability are
present, spondylolisthesis or thickening of the ligamentum
flavum would be accelerated and may led to radiculopathy or
cauda equina syndrome™. These results suggest that existence
of horizontalization of the lamina and disc degeneration at
adjacent segment may be the major risk factors for neurologic
deterioration after lumbar fusion.

Conclusion

he radiologic degeneration of adjacent segment after fum-

bar fusion can be predicted in terms of each preoperative
radiologic factor, age and the postoperative delay. Laminar in-
clination and preexisting disc degeneration of adjacent segment
may be important risk factors for neurologic deterioration
resulting from accelerated degenerative change of adjacent
segtment after lumbar fusion. Thus, decision on the level of
fusion area needs more careful attention, when risk factors are
present. Further, we suggest that if lamina horizontalization
and disc degeneration above the fused segment exist, patients
should be informed about possible extension of the fusion arca
that may be necessary in the future.
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Commentary

lthough previous reports have described adjacent segments
degeneration (ASD) after lumbar fusion, it has not been

94

possible to determine clearly whether this results from normal
aging and degenerative process or is secondary to the altered
stress, but it appears to be at least partly influenced by the in-
creased stress that arise as a consequence of the fusion. Nume-
rous biomechanical studies have confirmed that the fusion
process imposes significant amounts of stress at the adjacent
segments.

In general, the radiographic finding of ASD appears to be
very common, with some studies even reporting a 100% in-
cidence. Symptomatic ASD, in contrast, seems to occur less
frequently with incidence ranging from 5.2 to 18.5%. There
are a few reports of risk factors for ASD after lumbar fusion
in terms of preoperative radiologic findings and other various
factors. This is probablely due to the difficulties because of
varieties in degenerative lumbar diseases, fused levels, numbers
of fused segments, and fusion techniques. The higher incide-
nce rate of ASD was reported among patients who underwent
multisegments transpedicular fixation likely reflect the earlier
interval to the development of ASD that has been associated
with rigid instrumentation or the potential injury to the facet
joint of the adjacent segment that can occur during placement
of the superior pedicle screws.

In this study, three different fusion methods were used with
the intertransverse fusion performed in about 64% of cases,
which is less solid than PLIF (used in 34%) and TLIP (2%). The
different fixation methods together with the short follow-up
duration have resulted in relatively long mean delay (63months)
before the appearance of ASD and low incidence rate (30%)
of ASD compared to other studies. The authors suggested that
horizontalization of the lamina and disc degeneration at the
adjacent segment may bo the major risk factors for neurologic
deterioration after lumbar fusion. But various risk factors for
ASD after lumbar fusion have been well described including
age, sex, pedicle screw fixation, fusion length, preexisting de-
generative changes, facet sagjttalization, facet tropism, lumbar
lordosis, scoliosis, laminar inclination, and others.

Larger number of solid fixation cases other than intertran-
sverse fusion and longer follow-up, at least more than 10 years
instead of 3 years, are necessary for more detailed determina-
tion of preoperative risk factors for ASD after lumbar fusion.
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