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Objective : The present study analyzed the risk factors, prevalence and clinical results following revision surgery for adjacent segment
degeneration (ASD) in patients who had undergone lumbar fusion.
Methods : Over an 8-year period, we performed posterior lumbar fusion in 81 patients. Patients were followed a minimum of 2 years (mean 5.5
years). During that time, 9 patients required revision surgery due to ASD development. Four patients underwent autogenous posterolateral
arthrodesis and extended transpedicle screw fixation, 4 patients underwent decompressive laminectomy and interspinous device implantation,
and 1 patient underwent simple decompression. 
Results : Of the 9 of patients with clinical ASD, 33.3% (3 of 9) of patients did not have radiographic ASD on plain radiographs. Following revision
surgery, the clinical results were excellent or good in 8 patients (88.9%). Age > 50 years at primary surgery was a significant risk factor for ASD
development, while number of fusion levels, initial diagnosis and type of fusion were not.
Conclusion : The incidence of ASD development after lumbar surgery was 11.1% (9 of 81) in this study. Age greater than 50 was the
statistically significant risk factor for ASD development. Similar successful clinical outcomes were observed after extended fusion with wide
decompression or after interspinous device implantation. Given the latter procedure is less invasive, the findings suggest it may be considered a
treatment alternative in selected cases but it needs further study.
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INTRODUCTION

Lumbar fusion is a common procedure for managing low
back instability such as degenerative disc disease or high-
grade spondylolisthesis2,18,20). However, spinal arthrodesis
alters the normal spine biomechanics of the spine and a
significant amount of additional force is placed on the facet

joints of the adjacent segments, which can accelerate
degenerative change at the non-fused adjacent segments
above or below the fusion site5,13). This adjacent segment
degeneration (ASD) has been a concern for spine surgeons
for many years12). 

An increasing number of patients who have undergone
lumbar fusion show symptoms of adjacent instability and
stenosis1,14). Radiographic evidence of ASD reported to
occur in 30% of patients followed for 5 years or more after
lumbar fusion surgery8,16,17). The revision surgery rate due
to ASD is reported in the literature to be 0-18%, while the
success rate for such surgery is reported to be 60-80%, lower
than that for the primary surgery6,8,9,11,14,16,19). Patients with
ASD usually suffer from recurrent back pain and sciatica.
Complications of revision surgery include dural tears, root
injury and incomplete neural decompression are common
in revision spine surgery. 
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In this study, the authors analyzed the clinical, radiolo-
gical features and risk factors of patients who underwent
revision surgery for ASD and evaluate the results of the
surgical methods of ASD. 

MATERIALS AND METHODS

A total of 81 adult patients with degenerative lumbar
pathologies underwent posterior fusion with pedicle screw
fixation between January 2000 and December 2007 in a
single institution. The minimum follow-up was 2 years
(mean 5.5 years). Patients undergoing single, 2- and multi-
level fusion using pedicle screws were included in the study.
The pathologies were degenerative spondylolisthesis in 33
patients, spinal stenosis in 44 patients and spondylolysis in
4 patients. All patients reported no complications during
the first year after surgery. Patients were analyzed in terms
of radiographic ASD and clinical ASD. Radiographic ASD
was defined as collapse of the disc space, dynamic instabi-
lity with slippage more than 4 mm and/or angle change
more than 10˚ on flexion and extension on plain radio-
graphs. Clinical ASD was defined as symptomatic spinal
stenosis and mechanical back pain with/without radio-
graphic ASD. Preoperative evaluation included plain radio-
graphs and MRI. Patients underwent postoperative radio-
graph examination before discharge, and were then followed
up 1, 3 and 6 months postoperatively and then annually. In
addition to radiographic analysis, postoperative follow-up
evaluation included a review of medical records and a posto-
perative visit to the out patient department. Radiographs
included standing anteroposterior, lateral lumbosacral and
dynamic flexion/extension views, and were analyzed with
particular attention to degeneration at adjacent levels.

Revision surgery for ASD was undertaken in 9 patients.
All patients had symptoms of radicular pain, neuralgic
claudication, or both but not low back pain alone Revision
surgery involved, extended fusion in 4 patients, inters-
pinous device implantation in 4 patients [DIAM implants
(Medtronic, Memphis, TN, USA) in 2 patients, and
Corflex implants (Spine motion, Germany) in 2 patients]
and simple decompression in 1 patient due to old age.

The choice of extended fusion or interspinous device
implantation was made on the basis of radiographic
findings and patients’ condition. The surgical indications
for extended fusion were collapse of the disc space, dynamic
instability on plain radiographs and severe spinal stenosis
on MRI scan. The indications for device implantation were
no radiographic ASD and no dynamic instability on plain
radiographs. Patients’ condition was evaluated based on
age, osteoporosis, pain, activity, analgesic use and overall

satisfaction. Clinical outcomes were measured before sur-
gery and at the final follow-up in the out-patient department
using modified Brodsky’s criteria (Table 1)3). Factors asso-
ciated with revision surgery were investigated, including
sex, age, diagnosis, initial spinal fusion and decompression
methods. Data were analyzed in a 2 × 2 cross contingency
table using Fisher’s exact probability test. A probability of
less than 0.05 was defined as statistically significant.

RESULTS

Of 81 patients who had undergone lumbar fusion surgery,
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Table 1. Modified Brodsky’s criteria for clinical results

Designation Criterion

Excellent No pain

Good Occasional back or leg pain

No change of work

No change of leisure activity

Fair Frequent back or leg pain 

Some change of work

Some change of leisure activity

Disabling pain

Poor Long-term medication unable to work

Table 2. Patient population who treated with posterior fusion and
pedicle screw fixation

Variables Number of patient
Sex 81

Male 37
Female 44

Second operation
Male 4
Female 5

Age 54 yrs (30 - 73)
< 50 30
> 50 51

No. of fusion segment
Single level 42
Multi-level 39
Two 35
Three 3
Four 1

Preoperative diagnosis
DS 33
SS 44
SL 4

Type of fusion
Floating 57
Extend to sacrum 24

Type of surgery
PLIF + screw fixation 36
PLF + screw fixation 45

DS : degenerative spondylolisthesis, PLF : posterolateral fusion, PLIF :
posterior lumbar interbody fusion, SL : spondylolysis, SS : spinal stenosis
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37 were male and 44 were female. 
The mean patient age at the time of surgery was 54 years

(range, 30-73 years). The mean follow-up period was 5.5
years. Forty-two patients underwent a single-level fusion,
35 patients underwent 2-level fusion, and 4 patients
underwent three-or four-level fusion. Of the 81 lumbar
fusion patients, 9 (11.1%) required a second operation due
to ASD symptoms (Table 2). The mean period between
the first and second operations was 4 years 6 months (range,
2 years-7 years 2 months). Degeneration occurred in the
upper adjacent segments in 8 patients (88.9%) and in the
lower adjacent segments in one patient (11.1%). 

Factors associated with adjacent segment 
disease

ASD development was assessed in relation to sex, age,
initial diagnosis, type of fusion and decompression method
(Table 3). Patients > 50 years old were at a higher risk of
developing clinical ASD than those < 50 years (p = 0.012).
Specifically, 17.6% (9 of 51) of patients over the age 50
developed clinical ASD compared with 0% (0 of 30) of
patients 50 years old or younger. Clinical ASD developed
in 7.1% (3 of 42) of single-level fusion, 11.4% (4 of 35) of
2-level fusion patients and 66.6% (2 of 3) of 3 level fusion
patients. Incidence of the ASD had no correlation between
single-level and multi-level fusion on analysis (p = 0.205). 

ASD developed in 11.3% (5 of 44) of spinal stenosis
patients and 12.1% (4 of 33) of with degenerative spondy-
lolisthesis patients. It has no relation to the initial diagnosis
(p = 0.581). In the type of fusion, 12.2% (7 of 57) of patients
with floating fusion developed ASD compared with 8.3%
(2 of 24) of patients who underwent the extended fusion to
the sacrum (p = 0.501). There was no significant risk factor
for the development ASD between floating fusion and
extended fusion to the sacrum. The type of primary surgery
(i.e., circumferential fusion vs. posterior only fusion) did
not contribute to the occurrence of clinical ASD : 11.1%
(4 of 36) of circumferential fusion patients and 11.1% (5 of
45) of posterior only fusion patients (p = 0.481).

Treatment and clinical outcomes
Of the 9 ASD patients who underwent revision surgery, 4

patients with dynamic instability on plain radiographs un-
derwent extended fusion, while 4 patients had interspinous
devices implanted (3 patients had no radiographic ASD
and 1 patient had a collapse of the disc but no dynamic
instability on plain radiographs). A simple laminectomy
was performed in 1 patient due to old age. The type of
instrumentation used depended on imaging finding and
availability. Bone grafting was routinely performed in

extended fusion cases. Assessment at the final follow-up, 1
patient had excellent result, 7 patients had good results and
1 patient had a fair result (Fig. 1). Thus, clinical outcomes
were good or better in 88.9% (8 of 9) of patients. Residual
low back pain was more common than sciatica or neurologic
claudication. There were no compli-cations related to the
revision surgery, such as dural tear, root injury or wound
complication.

Radiological assessment
Nine of 81 (11.1%) initial lumbar fu-sion patients showed

Table 3. Rate of reoperation related to variables

Variables
Rate of 2nd operation

Number % p-value

Sex 0.611

Female 4/37 10.8

Male 5/44 11.3

Age* 0.012

< 50 0/30 0

> 50 9/51 17.6

Number of fusion segment 0.205

Single level 3/42 7.1

Multi-level 6/39 15.3

Two 4/35

Three 2/3

Four 0/1

Preoperative Diagnosis 0.581

DS 4/33 11.3

SS 5/44 12.1

SL 0/4 0

Type of fusion 0.501

Floating 7/57 12.2

Extend to sacrum 2/24 8.3

Type of surgery 0.481

PLIF + screw fixation 4/36 11.1

PLF + screw fixation 5/45 11.1
DS : degenerative spondylolisthesis, PLF : posterolateral fusion, PLIF :
posterior lumbar interbody fusion, SL : spondylolysis, SS : spinal stenosis

Fig. 1. Results of revision surgery based on modified Brodsky’s criteria.



clinical evidence of ASD. Of those,
33.3% (3 of 9) showed no radiogra-
phic evidence of ASD in plain radio-
graphs (Fig. 2). Three patients had
normal intervertebral discs appearance
on plain radiographs, underlying
stenosis at the adjacent segments can
lead to clinically significant symptoms.

DISCUSSION

Decompression and instrumented
spinal fusion to treat degenerative lum-
bar disease has become a standardized
operation in recent years, with predic-
table results and outcomes. Despite the high fusion rate
and satisfactory clinical outcome, fusion of a motion segment
increases  stress in neighboring segments that can result in
pathologic changes such as instability of the motion seg-
ment, disc space narrowing, and stenosis caused by facet
degeneration and ligament flavum hypertrophy. In the
present study, 9 of 81 patients (11.1%) who underwent
lumbar fusion surgery required revision surgery for ASD.
All of the 9 patients showed neurological symptoms and
spinal stenosis. Compare to patients with no second opera-
tion, it revealed that patients who were older than fifty
showed a high incidence of ASD. Other factors, sex, initial
diagnosis, multisegment fusion, floating fusion and type of
surgery were not risk factors in our study.

Factors that contributting to adjacent segment 
disease

Controversy exists regarding whether adjacent segment
disease increases as more levels are included in lumbar
fusion. Wiltse et al.19), reported an increased incidence of
ASD with the use of a pedicle screw, but no relationship
between fusion length and ASD development. In another
study, Ghiselli et al.7) reported that patients who had a
single-level fusion were more likely to have clinical ASD
than those who had a multilevel fusion.

In our study, we found that there was no difference in
ASD development between single-level and multilevel
fusion patients (p = 0.205). Gillet8) reported that, when 5
or more levels were included, there was no increased risk of
ASD. He believed this was due to the bracing effect of the
rib cage in the thoracic spine, and hence he recommended
fusion extension up to the thoracic area when treating ASD
proximal to a prior fusion. 

We also found that there was no difference in ASD
incidence in patients undergoing the circumferential fusion

(i.e., posterior fusion with a lumbar interbody fusion) com-
pared to those undergoing a posterior only fusion. These
findings are similar to those of Penta et al.15) who reported
that circumferential fusion did not increase the incidence of
ASD in a study of 26 patients followed for a minimum of 5
years following surgery. 

Radiological assessment
Many reports show that the rate of adjacent segment

disease increases over time following fusion surgery, but
that only a small number of patients require revision surgery
for ASD (0-18%)4,8,14,17). 

In contrast, not all patients with symptoms of spinal
stenosis had evidence of radiographic ASD. 

In our study, 3 of 9 ASD patients (33.3%) had no radio-
graphic evidence such as end plate erosion, disc space
narrowing or instability on plain radiographs. These patients
had only clinical symptoms such as back pain and radiating
pain (leg pain) with stenosis at the adjacent levels on MRI
scans. Lee12) explained that ASD causes premature dege-
neration of the facet joints. Facets degeneration can induce
facet hypertrophy and thickening of the ligamentum flavum.
Degeneration and damage of the posterior elements (e.g.,
ligament, facet) contribute to disc collapse and may be the
main cause of compression of the thecal sac.  

These factors may induce clinical symptoms without disc
degeneration. Based on these observations, we recommend
that any patient who presents with recurrent leg pain
several years after fusion be evaluated for the presence of
spinal stenosis at the adjacent segments regardless of the
appearance of the intervertebral disc on plain radiographs.

Surgical treatment of adjacent segment disease
Revision surgery is always stressful for patients and chal-

lenging for surgeons. Dural tear and root injury are potential
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Fig. 2. Adjacent segment degeneration (ASD) occurred at 5 years after primary surgery. On plain
radiographs, there are no evidences of ASD such as disc space narrow and segmental instability at L3-L4
(A) but clinically significant spinal stenosis confirmed by magnetic resonance image (B). The patient
implanted interspinous device on L3-4 (C).
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complications. We follow certain practices when perform-
ing revision surgery. First, when we approach the lesion, we
always approach the lesion from the lateral side to the
medial side. The major hindrance to revision surgery is scar
tissue and adhesion, and we have observed that scar tissue is
less adherent in the lateral area than the midline area. We
always commence the laminectomy from the lateral side
(the non stenotic area, where the scar is less developed) to
the medial side.

Second is the wide decompression by laminectomy and
facetectomy. Adjacent instability has been recognized as an
important type of failed back surgery syndrome. We had
thought that the main cause of the failed back surgery
syndrome is inappropriate decompression. Decompression
was carried through the bilateral lateral recess by an exten-
sive medial facetectomy. Medial facetectomy can reduce the
risk of root injury and manipulation of the nerve root.

Implantation of an interspinous device for 
adjacent segment disease

Of the 9 patients requiring revision surgery due to ASD,
4 patients were implanted with interspinous devices and all
4 patients showed good results after revision surgerys at the
final follow-up. Interspinous device implantation is less
invasive and clinical results appeared very satisfactory in
patients whose symptoms deteriorated by spinal stenosis21).
Kim et al.10) reported that range of motion (ROM) at the
instrumented level was significantly decreased in both poster-
olateral fusion group and interspinous device group. This
means that the interspinous device has some restabilizing
effect on an unstable segment. Although the interspinous
device group may improve less the instability at the instru-
mented level compared to the extended fusion group,
patients showed a similar clinical result. If longer-term
studies show comparable outcomes, interspinous implanta-
tion may be indicated in the surgical treatment of mild
ASD. This minimally invasive surgery would be particularly
beneficial for elderly patients or those with osteoporosis or
in otherwise poor general condition.

CONCLUSION

We found that 11.1% of lumbar spinal fusion patients
required the revision surgery due to ASD, consistent with
incidence of the ASD reported in other literature. The
average period between the first and second operation was
4 years 6 months. Patients over the age of 50 have a higher
risk of developing clinical ASD than those who were 50
years old or younger. Circumferential fusion and fusion
length were not a risk factors for ASD. Patients implanted

with interspinous device remained in a satisfactory condition
for at least 2 years postoperatively. It appears that inters-
pinous device implantation and simple laminectomy can
preserve the posterior complex integrity, making it an alter-
native treatment for ASD in selected cases. However, further
studies and longer follow-up are required to better determine
whether, and under what conditions, extended fusion or
interspinous device implantation is the best option.
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