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ORIGINAL STUDY

Multilevel spinal fusion in the aged : not a panacea

Marc RoLLINGHOFF, Kourosh ZAarRGHOONI, Daniel Groos, Jan SIEWE, Peer EyseL, Rolf SOBOTTKE

From the University of Cologne, Cologne, Germany

The authors conducted a retrospective study on the
outcome after multilevel spine fusion in elderly
patients. Seventy-two out of 80 patients were avail-
able after a mean follow-up period of 29.4 months.
There were 47 females and 25 males. Their mean age
at operation was 68.7 years, which means that many
complaints may have been due to an underlying
osteoporosis, unresponsive to surgical treatment, and
exposing to loosening of the implants. The outcome
was indeed rather poor : only 50% of the patients
were satisfied. VAS and ODI improved slightly, but
not significantly. Implant loosening was the main
complication : it occurred in 35 patients, but necessi-
tated re-operation in only 8. Adjacent segment degen-
eration (ASD) occurred in 26 patients, and necessitat-
ed re-operation in 17. This study should be a warning
against an interventionist attitude in older patients
with so-called spondylosis, where osteoporosis should
be excluded and, if present, should be treated as a
first step.

Keywords : multilevel fusion ; spine ; implant loosen-
ing ; adjacent segment degeneration.

INTRODUCTION

Lumbar fusion has become popular in the last
decades as the standard surgical treatment for a
variety of spine conditions, ranging from degenera-
tive disc disease to high-grade spondylolisthesis.
Various methods for achieving successful fusion
have been suggested. No particular technique has
as yet been demonstrated to yield superior
results (9,11,20), and all techniques are associated
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with complications (77,15,25). When considering
operative treatment, multilevel degenerative dis-
eases of the lumbar spine pose a significant prob-
lem regarding length of spondylodesis and con-
siderations above the level of fusion (/2,16,22).
Unfortunately, spinal fusion alters the normal bio-
mechanics of the spine, and loss of motion at the
fused levels is compensated for by increased
motion at the remaining, non-fused segments (17),
leading to adjacent segment degeneration (ASD).
Moreover, failed back surgery syndrome (FBSS),
implant failure, and/or pseudarthrosis (3,4,11,15) are
classical complications. As a result, disc arthroplas-
ty and dynamic stabilization techniques have been
developed, hoping that technology might prevent
degeneration of adjacent segments (6). The preva-
lence of ASD has been reported in more than 30%
of patients (9,15,16) undergoing lumbar fusion.
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Predisposing patient factors are age, obesity,
preexisting degeneration of the adjacent discs,
menopause, and sacral inclination (1,6,10). Pre-
disposing surgical factors include length of
fusion, implant stiffness, radical decompression,
loss of lumbar lordosis, and sagittal and coronal
imbalance (26).

The number of lumbar spinal fusions performed
has increased dramatically in recent years (7), and
most studies report good results (13,28). However,
few studies address the issue of unsatisfactory
results with high complication rates (9,11,19,20). The
aim of the current study was to use well-defined
and validated criteria to examine patients under-
going multilevel fusion for degenerative spine
disease, with special emphasis on serious compli-
cations. It underscores that indications for this
surgical intervention should be limited, certainly in
the elderly.

MATERIALS AND METHODS

Inclusion criteria for this retrospective study were :
1. multiple verifiable degenerative changes of the lumbar
spine (Table I), 2.low back pain (LBP) lasting longer
than one year, 3. previous conservative treatment, and
4. posterior fusion of three or more lumbar (and possibly
thoracic) segments (Fig. 1), with or without interbody
fusion (see further). Between 2002 and 2008, 80 patients
underwent multilevel fusion of at least three segments
for degenerative lumbar spine disease. Eight patients
(10%) were lost to follow-up, leaving 72 patients : their
mean age at the time of surgery was 68.7 + 4.8 years
(range : 46-81 years), with a mean follow-up of
29.4 + 5.4 months (range : 15.6-71.8 months). There
were 47 women, with an average age of 68 years, and
25 males with an average age of 65 years. Five of the
72 patients died from circulatory collapse without
requiring revision surgery. Most often 3 segments
(20 patients) or 4 segments (17 patients) were fused
(Fig. 1).

Flexion-extension as well as standing radiographs of
the lumbar spine were carried out in two planes, in all
patients. Spinal canal stenosis (Table I) was determined
by magnetic resonance imaging or computed tomogra-
phy in combination with clinical examination. Instability
of intervertebral segments was defined as sagittal trans-
lation of 4 mm or more (27). Postoperative radiographs
were evaluated for quality of intervertebral osseous
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Table I. — Diagnosis on admission (n = 72)

Diagnosis N %
Spinal stenosis 17 24
Degenerative scoliosis 18 25
Instability/spondylolisthesis 17 24
Osteochondrosis 13 17
Post nucleotomy syndrome 4 6
Collapsing spine 3 4
Total 72 100

fusion and implant position. Seams around pedicle
screws were considered a sign of implant loosening.
Successful fusion was defined as an adequate interverte-
bral, posterior or posterolateral bone mass, without
movement on flexion-extension radiographs. Because of
the increased radiation exposure, routine CT scans were
performed only when pseudarthrosis or implant failure
were suspected. Adjacent disc degeneration was graded
using the Weiner classification (30). Radiographic ASD
was defined by the development of spondylolisthesis
> 4 mm, segmental kyphosis > 10°, complete collapse of
the disc space, or by a deterioration in the Weiner classi-
fication of 2 or more grades (6). Clinical ASD was
defined as symptomatic spinal stenosis, mechanical back
pain, or symptomatic sagittal or coronal imbalance. The
radiographs were analyzed independently by one of the
authors and a consultant radiologist. In addition to the
radiographic analysis, the patients’ medical records were
analyzed to determine the nature and extent of postoper-
ative complaints.

The operation was performed by one of three senior
spine surgeons. All 72 patients were operated upon in the
prone position ; the 24 requiring decompression with the
hips in approximately 100° of flexion (26). Three tech-
niques were used : 1. posterolateral spondylodesis with
pedicle screws plus rods with allogenic femoral head
grafts over decorticated facets and transverse processes
(34 patients or 47%) ; 2. posterior spondylodesis with
pedicle screws combined with ALIF and autologous iliac
bone grafts (26 patients or 34%); and 3. posterior
spondylodesis with pedicle screws combined with ALIF
and titanium cages (12 patients or 17%). The same
transpedicular fixation device was used in all cases : the
ART instrumentation system (Advanced Medical
Technologies AG, Nonnweiler, Germany). Twenty-four
of these 72 patients underwent additional decompression
because of spinal canal or foraminal stenosis ; this
included bilateral laminotomy and foraminotomy. As a
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Fig. 1. — Frequency distribution of multilevel fusions

rule, patients over 70 years and patients with serious
cardiac disease underwent posterolateral spondylodesis
alone, while younger patients without serious concomitant
illness underwent posterior spondylodesis with ALIF.

The authors, members of the international “Spine
Tango” spine register, used the “Spine Tango” question-
naire, based on the Oswestry Disability Index (ODI) (29).
Also a 10 cm Visual Analog Scale (VAS) was used :
unbearable back pain was recorded as 10. Both tests
evaluated the patients’ condition preoperatively, postop-
eratively, and after a mean of 29.4 months, but always
retrospectively.

All results were assessed by two different investiga-
tors and averaged when necessary. The data were
expressed as mean + standard deviation (SD).
Comparison between two groups was made with the
Mann-Whitney-Wilcoxon test. Results were considered
significant when the p-value was less than 0.05. All
statistical analyses were performed using SPSS 15.0
(SPSS 15.0, Inc. Chicago, Illinois, USA).

RESULTS

Clinical outcome

Only 50% of the patients were pleased with the
outcome after surgery. VAS and ODI did not
decrease significantly (p >0.05) (Table II).There
was no significant difference in either clinical or
radiographic outcome and complication rates

between the three operative techniques used. The
fusion rate was 90.2% ; in the literature fusion rates
vary from 77 to 100% for lumbar fusion (8,18,24,31).
There was no significant correlation between a
solid osseous fusion and VAS or ODI scores.
Patients with radiographic ASD had worse ODI
scores than the patients without, at follow-up after
29.4 months (54.7% vs 36.6% ; p < 0.001).

Complications

Altogether, there was a high rate of complica-
tions (Table III). Thirty-five out of 72 patients
(48%) showed signs of pedicle screw loosening,
especially at S1 (74%). However, only 8 of these
35 patients complained of corresponding back pain
and needed re-operation. Pedicle screw breakage
occurred in 3 patients at L5 and S1, without clinical
relevance ; screw displacement lateral to the verte-
bral body in 3 other patients, also without clinical
relevance. Implant loosening and breakage
occurred as well in case of successful fusion as in
case of pseudarthrosis. Adjacent segment degenera-
tion was noted in 26 out of 72 patients (36%), of
whom 17 were symptomatic. Most ASD’s occurred
proximal to the fusion area (24 out of 26). Distally,
there was only one case at L4/L5 and another one at
L5/S1.
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Table II. — Clinical outcome : slight improvement but not significant

preoperatively postoperatively after +/- 29 months
VAS 8714 75+1.7 57+£32
ODI 582 +233 547173 463 +£244
Table III. — Complications
N %
Implant loosening 35 48
(8 symptomatic)
Pedicle screw breakage 3 4
Pedicle screw dislocation 3 4
Adjacent segment degeneration (but only 17 symptomatic) 26 36
(17 symptomatic)
Sensory damage 10 14
Motor damage 7 10
Iliac crest pain 5 7
Wound infection 5 7
Thrombosis 2 3
Pulmonary embolus 1 1
Defecation problems 1 1
Urinary problems 1 1

Neurologic complications : 10 out of 72 patients
(14%) exhibited sensory damage with paraesthesiae
in the lower limb ; 7 out of 72 patients, or 10%, had
motor damage as to foot extension (3), foot flex-
ion (2), and hip flexion (2). Six of these 17 neuro-
logic complications occurred after iliac crest graft-
ing, 4 after spinal canal decompression, 4 after cor-
rection of extreme lumbar scoliosis, and 3 one year
after surgery because of adjacent segment spinal
canal stenosis. Autologous bone graft harvesting
from the iliac crest is often associated with persist-
ent pain, meralgia paresthetica, or deep wound
infection (2). The type of fusion (i.e. posterior alone
or 360° fusion) did not influence the occurrence
of sensory/motor damage or adjacent segment dis-
ease. Wound infection, thrombosis, pulmonary
embolism, defecation problems and urinary prob-
lems were noted in 10 cases or 14%, which corre-
sponds to the numbers reported in the literature
after fusion surgery (11,25).

Reyvision surgery

Revision surgery was necessary in 26 out of
72 patients (36%) : 17 with symptomatic ASD,
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necessitating extension spondylodesis, 8 with per-
sistent back pain due to implant loosening, necessi-
tating replacement, and one with deep infection
necessitating implant removal (4%).

DISCUSSION
Clinical outcome

The clinical outcome after multilevel spinal
fusion in these elderly patients was deceiving : VAS
and ODI barely improved, while only 50% of the
patients were satisfied. Osteoporosis, unresponsive
to surgical treatment, might have been the deeper
cause of pain in many of them. In addition, osteo-
porosis certainly played a role in loosening of the
implants. Of course, a number of studies have
reported good clinical outcomes after lumbar
fusion (18,23,24,33), but others report even higher
complication rates than ours, ranging from 27 to
51% per technique, with re-operation rates from 10
to 40% (9,14,19,20). The classical posterolateral
fusion and the 360° fusion groups did not lead to
significantly different clinical or radiographic
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outcomes and complication rates. These findings
correlate with those of Fritzell et al (11), who found
no significant difference between the clinical out-
come of three different fusion techniques, in
younger patients.

Complications

The high complication rate was impressive.
Loosening was the most frequent complication,
followed by Adjacent Segment Degeneration. In the
literature these proportions are reversed : classical-
ly, the most common complication is ASD, follow-
ed by implant failure, or pseudarthrosis (3,4,11,15).

The authors identified radiographic signs of
implant loosening in 48% of the patients (35 out of
72), but only 8 of these 35 patients showed clinical
signs of implant loosening, deeming re-operation
necessary. Screw fatigue occurred only at the
cranial or caudal margins of the fusion, with 26 of
35 cases (74%) occurring in the S1 screws. Implant
loosening is caused by leverage, particularly when
the instrumentation ends at the sacrum. In the pres-
ent study there was radiographic evidence of adja-
cent segment degeneration in 36% of the patients
(26 of 72) ; these findings correlate with those of
Cheh et al (6) and Penta et al (22) : respectively 42%
and 32%. However, only 17 of these 26 patients
needed re-operation. Posterior fusion has been
blamed for ASD : degenerative changes at the level
adjacent to the fused segment have been report-
ed (10,26). Stiffness of the fusion area would lead
to overload of the adjacent motion segment.
Theoretically, additional instrumentation should
increase stiffness and ASD, but this was contra-
dicted by Wiltse et al (31). Also Cheh et al (6) found
that circumferential fusion (360°), which would
increase the stiffness even more, did not increase
the incidence of ASD compared to posterolateral
spondylodesis.

Revision surgery

In the current study there were two major prob-
lems requiring revision surgery. For 17 out of
72 patients, or 24%, it was ASD, and for 8 out of
72, or 11%, it was loosening. New implants might

obviate ASD, by combining rigid spondylodesis
with dynamic instrumentation to the adjacent seg-
ment (“topping off”), but to date no publications
confirm their efficiency.
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