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Background There have been few reports assessing the
outcome of laminectomy and posterolateral fusion with
pedicle screw fixation for degenerative spondylolisthesis
in the elderly. In a retrospective study, we assessed the
clinical and radiographic outcome of this treatment in
degenerative spondylolisthesis patients aged = 65 years.

Patients and methods 82 patients (61 females) aged
= 65 years underwent laminectomy and posterolateral
fusion with pedicle screw fixation for degenerative spon-
dylolisthesis. The median age at surgery was 69 (65-79)
years. The mean bone mineral density before surgery
was -1.9 (-1.0 to -2.5). After an average of 3 (2-11) years
follow-up, patients were classified as “satisfied” or “dis-
satisfied” according to self-reported outcomes and also
as “solid fusion” or “no solid fusion” according to the
radiographic findings.

Results At final follow-up, the average Oswestry dis-
ability index (ODI) score was lower than the preopera-
tive score (30 vs. 56) (p = 0.03). Four-fifths of the patients
stated that they were satisfied with the outcome. Almost
three-quarters of the patients achieved definite fusion.
Although patients with advanced age or reduced bone
mineral density were not more likely to have dissatis-
factory results (p = 0.8 and p = 0.6, respectively) they
were more likely to have radiographic results show-
ing “absence of solid fusion” (p = 0.005 and p < 0.001,
respectively).

Interpretation We believe that supplementary pedi-
cle screw fixation after laminectomy and posterolateral

fusion will be an effective choice for the ever-increasing
number of patients aged = 65 years who will be prone to
develop degenerative spondylolisthesis.

Degenerative spondylolisthesis is secondary to
degenerative osteoarthritis of the disc and facet
joints of the involved segments (Matsunaga et al.
1990), and is the most common spondylolisthesis
type in the elderly.

Advances in surgical technique and periop-
erative patient management coupled with a rapid
increase in people aged = 65 years (WHO 2003)
have led to a substantial increase in the number of
spinal fusion procedures. Between 1979 and 1988,
the use of lumbar decompression in Americans
aged = 65 years increased by 80%. The incidence
of fusion surgery employed for this age group
increased by 450% (NASS 1994). Deyo et al.
(1992), who analyzed the Washington State Hospi-
tal discharge registry, reported an increase in com-
plications after spinal fusion surgery, particularly
in patients aged > 64 years; the complication rates
increased as patient age increased. Osteoporosis-
related complications, such as pseudarthrosis and
screw loosening, were also cited as a significant
issue. However, Conley et al. (1990) proposed that
patients aged = 60 years had a 50% likelihood of
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achieving an excellent outcome and patients > 60
years had an 80% likelihood of achieving an excel-
lent outcome.

In this retrospective study, we analyzed the out-
come of laminectomy and posterolateral fusion
with pedicle screw fixation in degenerative spon-
dylolisthesis patients aged = 65 years and deter-
mined the factors affecting the outcome.

Patients and methods

Between 1995 and 2002, 99 patients aged = 65
years underwent laminectomy and posterolateral
fusion with pedicle screw fixation for degenera-
tive spondylolisthesis in our department. Before
surgery, repeated clinical and neurologic exami-
nations and image investigations, including plain
radiographs and myelograms, or MRI were per-
formed in all patients. Patients were considered for
surgery only after nonoperative treatment, includ-
ing physiotherapy, oral analgesics and non-ste-
roidal anti-inflammatory drugs, epidural steroids
and facet injection, and home exercise had proved
unsuccessful. Patients with malnutrition (serum
albumin level < 3.0 g/dL) or high cardiac risk were
not considered for surgery. Of the 99 patients, 17
were lost to follow-up. The remaining 82 patients
(61 females) had a median age at surgery of 69
years (65-79) years. Spondylolisthesis occurred
at one level in 44 patients and at two levels in 38
patients. 19 patients had a fusion to the sacrum.

Average operative time was 172 (120-256) min.
Average blood loss during surgery was 555 (200-
1200) mL. Average hospital stay was 8 (7-28) days.
Pedicle screw instrumentation included TriFix G
(Aspine, Oakland, CA) in 25 patients, IQL (A-spine,
Taiwan) in 45 patients, and ISOLA (AcroMed,
Cleveland, OH) in 12 patients. Follow-up exami-
nations were performed at 3 months, 6 months, 1
year, and annually thereafter. All patients attended
follow-up examinations for a minimum of 2 years.
The mean follow-up time was 3 (2—-11) years.

Clinical assessment

At each follow-up visit, the clinical result and
complications were evaluated and a radiographic
assessment was performed. The Oswestry disability
index (ODI) questionnaire was used preoperatively

and at the final follow-up. The mean number of co-
morbidities was 0.6 (0-3). Preoperative co-mor-
bidities included hypertension, diabetes mellitus,
old cerebrovascular accident, cancer, asthma, and
rheumatoid arthritis.

Radiographic assessment

Bone mineral density (BMD) was measured by
dual-energy X-ray absorptiometry (DEXA) scans
and presented as T-scores. The mean bone mineral
density before surgery was —1.9 (-1.0 to -2.5).
Fusion status was assessed using plain radiographs,
including flexion-extension films. Solid fusion was
defined as visible, continuous trabeculae of bridg-
ing fusion masses over the bilateral transverse pro-
cesses and no motion in flexion and extension on
stress radiographs. Probable fusion was defined as
unclear bony trabecular continuity with no radio-
lucent interruption or motion in stress radiographs.
Radiolucent interruption of the fusion mass was
labeled pseudarthrosis.

Atfinal follow-up, patients were classified as “sat-
isfied” or “dissatisfied” according to self-reported
outcomes, and also as “solid fusion” or “no solid
fusion” according to the radiographic findings.
Factors such as age, sex, BMD, grade of spondy-
lolisthesis, fused segments, fused to the sacrum,
preoperative ODI scores, presence of co-morbid-
ity, and absence of solid fusion were examined.

Statistics

Data were analyzed using the SPSS statistical soft-
ware package. The ODI scores were compared
preoperatively and at final follow-up using paired
t-tests. Age, preoperative ODI scores, and BMD
were compared between groups by independent t-
tests. Patient sex, grade of spondylolisthesis, fused
segments, fusion to the sacrum, presence of co-
morbidity, and absence of solid fusion were com-
pared by Fisher’s exact test. A two-tailed value of
p < 0.05 was considered statistically significant.

Results
Clinical outcome

Oswestry disability index scores. At final follow-
up, the average ODI score was lower than the pre-
operative score (30 vs. 56) (p = 0.03). Of the 82
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Figure 1. A 67-year-old man. Preoperatively, anteroposterior (A) and lateral (B) views showing degenerative spondylo-
listhesis at L4/L5. Two years postoperatively, anteroposterior (C), lateral (D), flexion (E) and extension (F) views showed
stable implants, solid fusion, and no motion in flexion and extension on stress radiographs.

patients, 71 achieved greater than 25% improve-
ment in ODI scores.

Fatient satisfaction. 41/82 patients had satisfac-
tory results, 24 reported that they were somewhat
satisfied, 8 were somewhat dissatisfied, and 9 were

dissatisfied. 61 patients stated that they would
undergo the same treatment and 21 patients stated
that they would not. 65 patients were assigned to
the “satisfied” group and 17 were assigned to the
“dissatisfied” group.
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Radiographic outcome

At final follow-up, 62/82 patients
had fusion, 19 patients had a prob-
able fusion, and 1 had a pseudar-
throsis.

Complications

No deaths occurred. No major medi-
cal complications (acute myocardial
infarction, cerebrovascular accident,
pneumonia, etc.) were noted periop-
eratively. There were 2 deep infec-
tions and 1 superficial infection.
All infections were eradicated. 1
patient had persistent pain over the
bone graft donor site for 2 years. 3
patients underwent implant removal
because of pain. 2 patients had dis-
lodged rods and 2 patients had loos-
ened screws that did not back out.
Only 2 patients had degeneration of
an adjacent segment.

We also attempted to determine
what factors were predictive of a
“dissatisfied” or “no solid fusion”
result. Factors such as age, sex,
BMD, grade of spondylolisthesis,
fused segments, fusion to the sacrum,
preoperative ODI scores, presence
of co-morbidity, and absence of
solid fusion were analyzed. When
factors were compared between sat-
isfied and dissatisfied groups (Table
1), patients with higher preoperative
ODI scores were more likely to be
dissatisfied (p = 0.08). Although
patients with advanced age or less
BMD were not more likely to have
expressed dissatisfaction (p = 0.8
and p = 0.6, respectively) they were
more likely to have absence of solid
fusion as their radiographic result
(p = 0.005 and p < 0.001, respec-
tively) when factors were compared
between the groups with solid fusion
and no solid fusion (Table 2).

Figure 2. A 72-year-old woman with degenerative spondylolisthesis at L3/
L4 and L4/L5. Two years postoperatively, anteroposterior (A) and lateral
(B) views showed stable implants and solid fusion.

Table 1. Factors that may be predictive of a “dissatisfied” result

Satisfied  Dissatisfied  P-value

(n=65) (n=17)
Mean age 69 70 0.82
Sex (female) 46 15 02b
Mean BMD (T-score) -1.87 -1.82 OI6R2
Grade of spondylolisthesis (grade 2) 20 4 08"
Fused segment (two segments) 31 7 08"
Mean preoperative ODI scores 55) 60 0.082
Co-morbidity 32 10 06"
Fusion to the sacrum 13 6 0.2b
Not solid fusion 17 3 ol51

2 Independent t-test.
b Fisher's exact test.

Table 2. Factors that may be predictive of a “not solid fusion” result

Solid Not solid P-value
(n=62) (n=20)

Mean age 69 71 0.005 @
Sex (female) 48 13 0.4%
Mean BMD (T-score) -1.78 -2.11 <0.0012
Grade of spondylolisthesis (grade 2) 17 7 06"
Fused segment (two segments) 30 8 0.6"
Mean preoperative ODI scores 56 55) 0.62
Co-morbidity 36 8 0.2b
Fusion to the sacrum 15 4 1.0P

2 Independent t-test.
b Fisher's exact test.
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Discussion

Failure of nonoperative treatment, neurological
deficit, and severe neurogenic claudication are
indications for surgical treatment in patients with
degenerative spondylolisthesis: laminectomy only
(Caputy and Luessenhop 1992), laminectomy with
spinal fusion (Herkowitz and Kurz 1991), or lami-
nectomy with spinal fusion and instrumentation
(Hirabayashi et al. 1991).

Some authors have recommended laminectomy
alone for the elderly. In elderly patients, decom-
pression is the most important factor when relieving
symptoms, and the addition of a spinal fusion will
increase the postoperative morbidity. Herron and
Trippi (1989) also proposed that fusion is unneces-
sary; it can be reserved as a second-stage proce-
dure. Kirkaldy-Willis et al. (1974) recommended
a combination of fusion and decompression for
patients less than 55 years of age. In proposing the
same principle, Wiltse et al. (1976) raised the age
limit for spinal fusion from 55 years to 65 years.

Mardjetko et al. (1994) performed a meta-
analysis of the literature from 1970 to 1993, and
reviewed 25 studies comprising 889 spondylolis-
thesis patients with stenosis. They found that lami-
nectomy alone increased the risk of translational
instability, frequently resulting in severe pain due
to instability. Kaneda et al. (1986) suggested per-
forming spinal fusion following decompression
for all cases. Bridwell et al. (1993) reported that
when properly performed, pedicle screw fixation
prevents progression of spondylolisthesis, main-
tains preoperative sagittal alignment, and gives a
high fusion rate. An animal study by McAfee et
al. (1989) demonstrated that spinal instrumenta-
tion can increase the fusion rate in the destabilized
canine lumbar spine. Numerous questions have
been raised about the use of pedicle screw fixa-
tion. One such question is whether pedicle screw
fixation offers a substantial advantage over spinal
fusion without pedicle screw fixation. In compara-
tive studies, Zdeblick (1993) demonstrated the
clinical and radiographic superiority of arthrodesis
with supplementary pedicle screw fixation. France
et al. (1999) found no major benefit, and Fischgr-
und et al. (1997) found no major clinical benefit,
but rather a higher rate of radiographic arthrodesis
with pedicle screw fixation. However, few authors

have assessed the outcome of laminectomy and
posterolateral fusion with pedicle screw fixation
in degenerative spondylolisthesis in patients aged
= 65 years.

There are two principal concerns when perform-
ing spinal fusion surgery with pedicle screw fixa-
tion in the elderly: (1) an increase in the number and
severity of co-morbidities resulting in a high rate
of morbidity and mortality postoperatively, and (2)
osteoporosis-related complications such as pseud-
arthrosis and screw loosening/pull-out because of
osteopenia, which was diagnosed in 50% of the
women aged = 65 years by dual-energy X-ray
absorptiometry scans in Taiwan (Tsai et al. 1991).
Stoll et al. (1993) demonstrated that for patients
aged 60-85 years, advancing age had no effect
on the mortality rates associated with decompres-
sion. In men aged > 71 years, however, advancing
age increased the mortality rate for spinal fusion
because of an increase in the number of medi-
cal co-morbidities in these patients. Deyo et al.
(1992) reported an increase in complications after
spinal fusion surgery, particularly among patients
over 64 years of age. Ramirez and Thisted (1989)
found that lumbar spinal fusion for patients aged
= 60 years is associated with greater postoperative
morbidity, mortality, and inpatient use of resources
than spinal surgery without lumbar fusion. Addi-
tional pedicle fixation in the lumbar spinal fusion
procedure seems to increase the complication rate.

In our study, all patients were at least 65 years
old. Laminectomy, posterolateral fusion, and pedi-
cle screw fixation were performed during the same
operation for elderly patients. Internal fixation
enhances stability and facilitates an accelerated
rehabilitation program that benefits older patients.
The reduction in mean ODI scores at final follow-
up relative to the preoperative scores was 44%.
Four-fifths of patients stated that they were satis-
fied with their surgical outcome and three-quarters
said that they would undergo the same treatment
again. Almost three-quarters of patients achieved
definite fusion. However, there was no correla-
tion between presence of solid fusion and patient
satisfaction. The final result of instrumented pos-
terolateral fusion for degenerative spondylolis-
thesis is undoubtedly multifactorial. Many stud-
ies have reported that successful fusion does not
influence patient outcome (Fischgrund et al. 1997,
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France et al. 1999). Many patients with low back
pain fail to improve following successful lumbar
fusion (Gibson et al. 1999). Instrumented poste-
rior lumbar interbody fusion (PLIF) has recently
become the popular procedure for patients with
degenerative lumbar spine disease, to resolve this
condition (Steffee and Brantigan 1993). The advan-
tages of instrumented circumferential (360°) fusion
are not only higher fusion rates (> 95%) than with
posterolateral fusion (Gertzbein et al. 1996), but
also removal of the disc as a source of pain (Hee
et al. 2001). Instrumented PLIF, an alternative
circumferential fusion that uses a single posterior
approach, is performed to achieve anterior support
and restore disc height, lumbar lordosis, and spinal
mechanics (Wang et al. 2005). Instrumented PLIF
seems to be the panacea for degenerative lumbar
spine diseases. However, further studies should be
designed to address this issue. Sagittal alignment
also plays an important role in the result of instru-
mented posterolateral fusion. Generally speaking,
lordosis in the elderly should not be compared to
that in young adults; instead, proper balance and
C7 plumb line are more important. To the best of
our knowledge, there have been very few pub-
lished reports on changes in sagittal balance fol-
lowing elderly lumbar spinal instrumentation and
fusion. Kim et al. (2006) reported that a sagittal
Cobb angle difference between lumbar lordosis
and thoracic kyphosis of > 20° is advisable in most
circumstances in order to achieve optimal sagittal
balance. We believe that further study is required to
address this issue.

Although no statistically significant difference
in preoperative ODI scores between satisfied
and dissatisfied groups existed, there was a trend
toward higher preoperative ODI scores in the dis-
satisfied group. Although there was no difference
in age and BMD between patients in the satisfied
group and those in the dissatisfied group, there was
a trend toward advanced age and lower BMD in
the group without solid fusion. The complication
rate was not as high as generally thought. The inci-
dence of degeneration of an adjacent segment in
these elderly patients was also lower than in our
previous study on the general population (Lai et al.
2004). No perioperative deaths occurred. No major
complications such as pneumonia, cardiovascular
accident, myocardial infarction, pulmonary embo-

lism, or deep vein thrombosis were observed. The
bias related to patient selection should be noted,
however, because patients with malnutrition (i.e. a
serum albumin level of < 3.0 g/dL) or high cardiac
risk were not considered for surgery.

As life expectancy increases and surgical tech-
nique and perioperative patient management
advance, spinal fusion in patients aged = 65 years
has increased. We propose that supplementary
pedicle screw fixation after laminectomy and pos-
terolateral fusion for degenerative spondylolisthe-
sis will be an effective choice in patients in this
age group. Although no equivalent group exists to
which this series can be compared, this study has
demonstrated significant clinical improvement in
ODI scores and a relatively high rate of satisfaction
and fusion together with a relatively low complica-
tion rate.

Age alone is not a contraindication for laminec-
tomy and posterlateral fusion with pedicle screw
fixation in degenerative spondylolisthesis patients.
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