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Interbody fusion is the most reliable fusion tech-
nique currently available for the lumbar spine.

These constructs are biomechanically stronger, pro-

vide axial support with less graft subsidence or col-
lapse comparing to those with posterolateral
arthrodesis, and produce a better biologic fusion in
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Background: The posterior lumbar interbody fusion (PLIF) procedure allows restoration of
the weight-bearing capacity to a more physiological ventral position and
maintenance of disc space height. However, the procedure can be technically
difficult and may cause complications. It has always been performed bilater-
ally with paired cages; a single central cage has not been commonly used.

Methods: Twenty-eight patients who met the interbody fusion criteria from March
1999 through November 2001 were included in the study. Surgery was per-
formed from the posterior with a single central cage supplemented with
transpedicle screws. The follow-up period ranged from 8 to 39 months with a
mean of 14.4 months. Clinical outcomes were assessed. Dynamic radiogra-
phy for fusion mass was interpreted by an independent radiologist.

Results: Overall, 92.86% of the patients were satisfied with their conditions after
surgery. Radiography study showed the rate of bony fusion being 82.14%.
Fibrous union was noted in five patients. No migration of the cage was
observed. One patient experienced laceration of the dura without clinical
sequelae. One patient had transient paresthesia and recovered within 2
weeks. One patient had transient bladder atony and recovered within 3 days.
Overall, the complications were negligible and none of the patients sustained
a motor deficit and permanent complication.

Conclusions: The PLIF procedure using a single, central cage combined with bilateral
pedicle screws fixation obtained satisfactory outcome within a short-term or
long-term follow-up period. Since the implant-related complications have
seldom been observed, it may be used as an alternative option for recurrent
lumbar disc herniation or low grade spondylolisthesis with apparent degener-
ative disc disease.
(Chang Gung Med J 2003;26:170-7)
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lordotic alignment.(1,2) A successful interbody con-
struct reduces the postoperative segmental mobility
and permits better graft incorporation.(3) The bilateral
posterior lumbar interbody fusion (PLIF) procedure
was first introduced by Cloward for lumbar inter-
body fusion and neural decompression.(4) Since then,
many variations of the procedure have been imple-
mented, including morsalized autogenous onlay
graft, disc replacement, bone dowels, and unilateral
procedure (but not a single central procedure).(5-8)

The PLIF procedure can be technically difficult, and
complications may include graft migration, implant
subsidence, epidural hemorrhage, inadvertent lacera-
tion of the dura, and bone graft donor-site morbidity,
which was performed bilaterally before.(5,9)

Theoretically, the procedure that was performed
using single central cage implantation appears to
reduce the risk to neural and bony structures in com-
parison with bilateral cage implantation. However,
the clinical outcome and fusion rate of single central
cage with pedicle screws has not been studied.  The
purpose of this retrospective study was to demon-
strate the feasibility and clinical option of single cage
posterior lumbar interbody fusion supplemented with
pedicle screws in patients with recurrent sequestrated
lumbar disc herniation or in patients with low-grade
degenerative spondylolisthesis.

METHODS

The study included 28 patients in whom PLIF
with one single central cage with transpedical screws
were performed at Linkou Chang Gung Memorial
Hospital from March 1999 through November 2001.
Among the 28 patients, eight had recurrent herniated
lumbar discs (3 patients had previous operations for
3 times, 2 patients had previous operation for 2 times
and 3 patients had previous operation for 1 time) and
20 had low-grade spondylolisthesis with degenera-
tive discs (no disc space higher than 9 mm and all
MR imaging showed apparent end-plate changes).
The PLIF indications were strictly limited to those
patients with severe discogenic disease.  The stan-
dard hospital chart, outpatient notes, and preopera-
tive and postoperative imaging studies were
reviewed.

All PLIF procedures were performed by the
same surgeon using the open box cage (Stryker
implants, Cestas. France).  The patients were in the

prone position during surgery. The operating table
was not flexed, helping to increase lumbar lordosis.
For cases with stenotic canals, decompressive
laminectomy and foraminotomy were performed.
The inferior facectectomy was performed unilaterally
on the same side as the single cage implantation.
Then, annulus was cut with a large square plug.
Radical discectomy was achieved to the boundary of
the anterior limiting membrane as to avoid anterior
vascular injury.  Partial decortication of the cartilagi-
nous end-plate was also accomplished using sharp
straight curettage, and with slight finger-touch rota-
tional force.  Posterior elements (lamina and spinal
process) were used as the autogenous bone graft.
Before the cage was impacted, the important part
was to put some autogenous bone chip into the cen-
tral and contralateral area of the disc space.  Then,
the cage device was packed with the autogenous
bone graft and was placed and confirmed as being
properly positioned 0.5 cm below posterior vertebral
surface using fluoroscopic guidance.  All patients
who underwent single and central cage implantation
received bilateral transpedical screws fixation.  The
wound then was closed after meticulous hemostasis.

Each patient returned to a regular hospital ward
postoperatively and became mobilized after being
fitted with a thoracolumbar or lumbar orthosis (rigid
molded plastic orthosis, or Tailor's brace). 

All patients underwent preoperative anteropos-
terior, lateral flexion-extension radiographs and MR
imaging.  Postoperative radiographic evaluations
(antero-posterior and lateral radiographs) were con-
ducted after the patients became mobile and all
patients underwent dynamic radiographic evaluation
at 1, 3, 9, and 12 months after the operation.  From a
radiology perspective, a successful fusion was
defined as the absence of lucency around the graft,
evidence of bridging bone between the endplate and
the graft, and the absence of movement on dynamic
imaging studies.  Postoperative CT scans were
obtained for five patients to evaluate the cross-sec-
tional bone area at the fusion level after 6 months.

The results were assessed according to the eco-
nomic and function rating scale system developed by
Prolo et al.(10) The economic grade of the patient
indicated his or her capacity for gainful employment
or alternative comparable pursuits (housework,
retirement activities).  For the functional grade, the
patients ranked his or her pain responses and the
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effects of the pain on the activities of living.  Each
grading scale consisted of five reproducible criteria
that were assessed before and after treatment (Table
1).  The sum of the responses from these two scales
ranged between a perfect result of 10 to an incapaci-
tated state of 2.  According to this scale, the results
of treatment were divided into categories including:
excellent (10,9), good (8,7), fair (6,5), and poor
(4-2).(10)

RESULTS

This small series consisted of 28 patients who
were followed for more than 8 months after PLIF
(Table 2).  The ages of the patients ranged from 30 to
80 years with an average of 56.6 years.  There were
10 men and 18 women.  A total of 30 levels were
surgically treated.  Twenty-six patients underwent
one-level fusions (Level L3-L4: 3 patients, Level L4-
L5: 16 patients, Level L5-S1: 7 patients), and two
patients underwent 2-level fusions (both were L3-
L4-L5).  The levels fused were mostly at L4-5.

Dynamic radiography for fusion mass was inter-
preted by an independent radiologist.  Radiography
study showed that the bony fusion rate was 82.14%
(Fig. 1).  Fibrous union was noted in five patients
during follow-up.  Postoperative CT scans confirmed
an average of 46.3% (18.3 to 63.5) cross section area
of bony fusion per level (Fig. 2).  The preoperative
and postoperative economic and functional status of
the 28 patients is shown in Table 3.  Most patients
(27) had no gainful occupation and experienced
mechanical axial low-back pain and/or sciatica.  It
was also noted that none of the patients achieved an

Table 2. Description of Patient Population with Respect to
Gender, Age, Levels Fused

No.

Gender
Male 10
Female 18

Age (years)
30-39 1
40-49 6
50-59 11
60-69 7

>70 3
Levels fused

L3-4 3
L4-5 16
L5-S1 7
L3-4-5 2

Table 1. Anatomic-Economic-Functional (AEF) Rating System by Prolo et al(10)

Economic status Functional status

E1  Complete invalid
E2  No gainful occupation (including ability to do housework or 

continue retirement activity)
E3  Able to work but not at previous occupation
E4  Working at previous occupation on part-time or limited status
E5  Able to work at previous occupation with no restrictions of any 

kind.

F1  Total incapacity (or worse than before  operation
F2  Mild to moderate level of low-back pain and/or sciatica (or

pain same as before operation but able to perform all daily
tasks of living)

F3  Low level of pain and able to perform all activities except
sports

F4  No pain, but patient has had one or more recurrences of low
back pain or sciatica

F5  Complete recovery, no recurrent episodes of low-back pain,
able to perform all previous sport activity.

Table 3. Preoperative and Postoperative Economic and
Functional Scores for 28 patients

Preoperative Postoperative

Status Score NO. Status Score NO.

E1F1 2 13 E5F5 10 10
E2F1 3 3 E5F4 9 4
E2F2 4 11 E4F4 8 8
E3F2 5 1 E5F3 8 1

E3F5 8 1
E4F3 7 1
E3F4 7 1
E3F3 6 2

*Categories are described in Table 1.
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Fig. 1  Pre-operative plain film of L-S spine, (A) flexion view; (B) extension view. Post-operative plain
film of L-S spine; (C) antero-posterior view; (D) lateral view.

Fig. 2  (A) Postoperative computed tomography confirmed 57.3% cross section area of bony fusion per level. (B) Postoperative
computed tomography, sagittal view.
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economic/functional score greater than 5.  The
results demonstrated that 92.86% of the patients had
an excellent (9,10) or good (7,8) outcomes (Table 4).
Among the eight patients of recurrent herniated lum-
bar disc, six patients had excellent or good outcomes
and two patients had fair outcomes.  Among the 20
patients of low-grade spondylolisthesis, nearly all of
the patients had excellent or good outcomes.

No patient sustained permanent motor deficit.
One patient (recurrent herniated disc, had previous
operation for 3 times) experienced a dural tear with
no associated clinical sequelae.  Transient and non-
disabling neurological deficits related to the cages
occurred in two patients: one patient had transient
paresthesias and recovered within 2 weeks; one
patient had transient bladder atony and recovered
within 3 days.  Overall, there were no permanent
neurological complications in our study.  There was
not any cage migration either.

DISCUSSION

In theory, interbody fusion provides several
advantages when compared with other fusion tech-
niques.(4-15) It immobilizes the painful degenerated
spinal segments, decompresses the nerve roots, and
restores disc height and root canal dimensions, as
well as load bearing ability of the anterior structures.
Overall, acceptable results were achieved.
According to previous reports, PLIF with bilateral
cage and autologous bone can be used as a stand-
alone procedure, and even with posterolateral fusion
in some situations, may achieve very similar results.
The fusion rates ranged from 88 to 94 %, and clinical
success rates ranged from 82 to 92%.(5-11) However,
problems such as graft collapse, slippage, cage
migration, dura and nerve root manipulations have
also been observed in 4 to10 % of the cases in which
PLIF was performed.(5,7,16) With techniques improv-

ing, however, the risks decrease.  Because of the suf-
ficient disc space exposure required for inserting the
cages, difficulties are often experienced in preserving
the facet joints. Kettler et al reported that although
the shear force resulted in translation motion across
the disc space that may be resisted by threaded
cages, reduced stability during cyclic loading was
observed in various cage designs.(17) It makes the
case for supplemental instrumentation of the motion
segment to reconstruct the posterior tension bend and
preserve the best possible stability in extension and
rotation.(18-20) The patients in our study who under-
went surgery using the single central cage with
placement of pedical screw had acceptable clinical
outcomes, with satisfactory rate up to 92.86%.
Among the eight patients with recurrent herniated
lumbar disc, six patients had excellent or good out-
comes and two patients had fair outcomes.  Among
the 20 patients with low grade spondylolisthesis,
nearly all patients had excellent or good outcomes.
This suggested that the procedure had more favor-
able outcome in the patients with low-grade spondy-
lolisthesis than those with recurrent herniated discs.
The results also suggested that there was an equiva-
lent or even better outcome than for the patients who
received bilateral cages supplemented with
transpedicle screws.

The use of posterior fusion and posterolateral
fusion have been the predominant surgical modalities
in the treatment of degenerative spinal conditions.
According to the report by Zdeblick, the fusion rate
in patients with posterolateral fusion was about
80%.(22) In comparison with the posterolateral fusion
, interbody fusion techniques have apparent mechan-
ical and surgical advantages, such as restricted
motion by placing the graft bone in the center of seg-
mental movement, giving the method the greatest
theoretically possible restriction of motion.  In addi-
tion, it requires a small volume of bone to obtain the
fusion.  However, further studies with a larger popu-
lation are necessary to clarify the indications for the
use of interbody cages in lumbar surgery.  In our
study, the PLIF indications were strictly limited to
those patients with severe discogenic diseases such
as recurrent herniated disc disease and low-grade
spondylolisthesis with apparent degenerative disc
disease. 

To obtain a solid interbody spinal fusion, over
30% cross-sectional bone area was required.(22-24) In

Table 4. Summary of Postoperative Economic and Functional
Scores for 28 patients

Results Score NO. Percentage

Excellent (9,10) 14 50%
Good (7,8) 12 42.86%
Fair (5,6) 2 7.14%
Poor (2,3,4) 0 0%
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our patients, postoperative CT scans confirmed that
over 45% cross-sectional bone area may be achieved
using the unilateral approach.  Ray reported that of
the 236 patients who underwent PLIF, solid fusion
occurred in 47% of cases within 6 months and in
65% of cases within 2 years after operation.(11) In the
series by Kuslich et al, 85% of the 356 patients with
PLIF reported experiencing less pain at 2 years post-
operatively, and 91% had improved functionally.(16)

In our clinical review, interbody fusion using one
central cage and peri-cage bony chip without pos-
tero-lateral arthrodesis achieved similar excellent
results. Radiography studies showed the bony fusion
rate as 82.14%.

Complications associated with PLIF can be seri-
ous.  They are often related to excessive retraction of
the nerve roots or the dura sac.  Theoretically, the
procedure that was performed using single central
cage implantation appears to reduce the risk to neural
and bony structure in comparison with bilateral cage
implantation with only unilateral dura and nerve root
manipulations.  According to various reports, these
serious complications occurred in 4 to 10% of the
patients who underwent the procedures with or with-
out supplemental pedicle screw placement.(16,25,26) In
our study, only one patient had the complication of
laceration of the dura with no associated permanent
clinical sequelae.  There were few negligible compli-
cations directly associated with the procedure using
single central cage supplemented with pedicle screw
fixation, and no patient experienced any permanent
complications. 

In conclusion, the outcomes of PLIF with single
central cage supplemented with pedicle screws were
encouraging.  The fusion rate of 82.14% and the
overall satisfaction rate of 92.86% demonstrated that
this is an acceptable procedure.  There were very few
negligible transient complications directly related to
the procedure.  The procedure was relatively safe.  It
may be used as an alternative option for recurrent
herniated discs and low-grade spondylolisthesis with
kyphotic spine or apparent degenerative disc disease.
Larger studies may be needed to further clarify the
indications for the use of single central interbody
cages in more advanced lumbar surgery.
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