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Abstract Grob et al. (Eur Spine J 5:281-285, 1996)
illustrated a new fixation technique in inveterate cases of
grade 2-3 spondylolisthesis (degenerative or spondylo-
lytic): a fusion without reduction of the spondylolisthesis.
Fixation of the segment was achieved by two cancellous
bone screws inserted bilaterally through the pedicles of the
lower vertebra into the body of the upper slipped vertebra.
Since 1998 we have been using this technique according to
the authors’ indications: symptomatic spondylolisthesis
with at least 25% anterior slippage and advanced disc
degeneration. Afterwards this technique was used also in
spondylolisthesis with low reduction of the disc height and
slippage less than 25%. In every case we performed pos-
tero-lateral fusion and fixation with two AO 6.5 @ thread
16 mm cancellous screws. From 1998 to 2002 we per-
formed 62 fusions for spondylolisthesis with this tech-
nique: 28 males (45.16%) and 34 females (54.84%), mean
age 45 years (14-72 years). The slipped vertebra was L5 in
57 cases (92%), L4 in 2 cases (3.2%), L3 in 1 case (1.6%),
combined L4 and L5 in 2 cases (3.2%). In all cases there
was an ontogenetic spondylolisthesis with lysis. Lumbar
pain was present in 22 patients and lumbar-radicular pain
was present in 40 patients. The mean preoperative VAS
was 6.2 (range 5-8) for lumbar pain, and 5.5 (range 4-7)
for leg pain. The fusion area was L5-S1 in 53 cases
(85.5%), L3-L4 in 1 case (1.6%), L4-S1 in 8 cases
(12.9%). A decompression of the spinal canal by lami-
nectomy was performed in 33 procedures (53%). When
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possible a bone graft was done from the removed neural
arc, and from the posterior iliac crest in the other cases.
The mean blood loss was about 254 ml (100-1,000). The
mean operative time was 75 min (range 60—90). The results
obtained by computerized analysis at follow-up at least
5 years after surgery showed a significant improvement in
preoperative symptoms. The patients were asymptomatic in
52 cases (83.9%); strained-back pain was present in 8 cases
(12.9%), and there was persistent lumbar-radicular pain in
2 cases (3.2%). The mean ODI score was 2.6%, the mean
VAS back pain was 1.3, the mean VAS leg pain 0.7. Some
complications were observed: a nerve root compression by
a screw invasion of intervertebral foramen, resolved by
screw removal; an iliac artery compression by a lateral exit
screw from pediculo, resolved by screw removal; a deep
iliac vein phlebitis with thrombosis caused by external
compression due to a wrong intraoperative position, treated
by medicine. Two cases of synthesis mobilization and
two cases of broken screws was detected. No cases of
pseudoarthrosis and immediate or late superficial or deep
infection were observed. The analysis of the long-term
results of the spondylolisthesis surgical treatment with
direct pediculo-body screw fixation and postero-lateral
fusion gave a very satisfactory response. The technique is
reliable in allowing an optimal primary stability, creating
the best biomechanical conditions to obtain a solid fusion.

Keywords Spondylolisthesis - Spinal fusion - Back pain -
Radicular pain
Introduction

Lumbar spondylolisthesis is a disease with several etio-
pathogenesis. The stage of pathologic anatomy and
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radiological appearance, the age and the clinical aspect of
the patients are different when they are diagnosed. When
the symptoms are persistent and conservative treatment
fails, a surgical solution may be taken. The surgical tech-
nique and the type of fixation must be chosen according to
clinical and radiological findings.

The direct pediculo-body fixation suggested by Grob
et al. [9], in which two AO cancellous bone screws are
inserted bilaterally through the pedicles of the lower ver-
tebra into the body of the upper slipped vertebra with
postero-lateral fusion, is an option. This procedure can be
associated with decompression or another fusion at the
superior level. The indications are fairly limited: a signi-
ficant reduction in the height of the interposed disc and a
vertebral slippage of at least 25%, together with a good
balance of the spine on the sagittal plane, are necessary.
The advantages of this technique are that it is easy and low
cost.

The aim of this study is to bring the long-term results we
have obtained with this technique into surgical treatment of
lumbar spondylolisthesis.

Materials and methods

Our study was made by a non-randomized prospective
study in patients operated for lumbar spondylolisthesis at
Galeazzi Orthopaedic Institute in Milan. Among them 62
operated cases between 1998 and 2002, with a follow-up of
at least 5 years (follow-up on average 7.2 years) were
selected and analysed by computer.

They were symptomatic patients resistant to conserva-
tive treatment. All patients had radiological appearance of
advanced disc degeneration and slippage of the vertebra of
at least 25%.

All patients underwent standard X-rays in antero-pos-
terior, lateral projections and flexion/extension. In all
patients RNM was performed. In some cases, standing AP
and LL X-rays were also performed for the sagittal spine
balance evaluation. We performed EMG only in the pres-
ence of neurological damage.

The surgical approach was performed through a stan-
dard posterior exposure to the involved segment, exposing
its posterior bony elements. Adequate decompression of
the spinal canal was performed in patients with stenotic
symptoms. Fixation of the slipped vertebra was achieved
by two AO 6.5 cancellous bone screws with 16-mm threads
in titanium. As described by Grob et al. [9], the screws
were placed under fluoroscopic control, the entry point
corresponding to the posterior extension of the lower
margin of the pedicle in the lateral projection. The screws
were inserted diagonally, caudal-rostrally, through the
pedicle of the inferior vertebra, and an inward angle 5-10°
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was maintained in sagittal direction. When necessary a
laminectomy was performed as an additional procedure to
decompress nerve roots. Additionally, postero-lateral
fusion with autologous bone graft from iliac crest or from
the removed neural arc was performed. Patients were
mobilized on the first postoperative day; a soft brace was
worn for 4 months. The mean operative time was 75 min
(range 60-90). The mean blood loss was 254 ml (range
100-1,000 ml).

All patients were monitored with clinical evaluation
and X-rays at 4 months, 1 year, 2 years and 5 years after
surgery. Postero-lateral spinal fusion mass was evaluated
according to the Christensen et al. [5] classification.
They were also requested to fill in a questionnaire for
ODI and VAS, directly or by mail, to which 43 patients
responded.

Results

There were 28 males (45.2%) and 34 females (54.8%); the
mean age was 45 years (range 14-72). The slipped vertebra
was the L5 in 57 cases (92%), L4 in 2 cases (3.2%), L3 in 1
case (1.6%) and combined (L4 and L5) in 2 cases (3.2%).
In all cases there was an ontogenetic spondylolisthesis with
lysis. All patients suffered from lumbar back pain (22
cases) or lumbar and radicular pain (40 cases). The mean
preoperative VAS was 6.2 (range 5-8) for lumbar pain, and
5.5 (range 4-7) for leg pain. No neurological root deficit
was noted (Table 1).

The evaluation of pre-operative X-rays was made
according to the Boxall et al. [3] measurement criteria;
the mean slippage was 38%, the mean sacral inclination
42°, the mean lumbar index 67% and the mean lumbar
lordosis 53°.

The fusion area was L5-S1 in 53 cases (85.5%), L3-L4
in 1 case (1.6%) and L4-S1 in 8 cases (12.9%). When
fusion was done at two levels, translaminar screws were
placed at upper level and pediculo-body screw fixation in
the lower segment (four cases); a postero-lateral fusion

Table 1 Patient characteristics

Sex (female/male) 34/28

Age (years) 45 (14-72)
Diagnosis

Spondylolisthesis L5 57
Spondylolisthesis L4 2
Spondylolisthesis L3 1
Spondylolisthesis L4 and L5 2

Lumbar back pain 22 (VAS 6.2)
Lumbar and radicular pain 40 (VAS 5.5)
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without instrumentation was associated in one case, and a
dynamic stabilization in two cases. In one case, the pedi-
culo-body screw fixation was performed on two levels.

Decompression of neurological elements was made by
removing the posterior neural arc en-block in 33 cases
(53.2%). The bone graft was taken from the iliac crest (29
cases) or from the en-block removed posterior neural arc
(33 cases) (Table 2).

The results obtained by computerized analysis at follow-
up at least 5 years after surgery, showed a significant
improvement in preoperative symptoms. The patients were
asymptomatic in 52 cases (83.9%), while strained-back
pain was present in 8 cases (12.9%). There was a persis-
tence of lumbar radicular pain in two patients (3.2%), but
we were unable to find a justification for the symptoms.

The overall result of the questionnaire, which 43
patients answered (out of 62) gave a 2.6% ODI score (0—
20% = minimal disability), a VAS back pain rating of 1.3
and a VAS leg pain average 0.7 (0 = no pain/10 = max-
imum pain) (Table 3).

Unfortunately it was not possible to compare ODI
results with the pre-operative results, as our prospective
study started before the publication and the diffusion of the
same [8].

The standard and dynamic X-ray showed a postero-
lateral spinal fusion mass that was judged a fusion in all
cases according to the Christensen et al. classification.
Pediculo-body fixation technique allows a good evaluation
of the postero-lateral fusion mass since nothing is hidden
by instrumentation.

Some complications were observed. We had a symp-
tomatic deep vein thrombosis, probably caused by bad
patient-positioning on the operative table, resolved with
medical treatment. In one case there was a neurological

Table 2 Operated level(s)

One level 54
Two levels 8
L5-S1 53
L3-L4 1
L4-S1 8
Supplementary neural decompression 33

Table 3 Clinical results

Asymptomatic 52 (83.9%)
Back pain 8 (12.9%)
Radicular pain 2 (3.2%)
ODI score 2.6%

VAS back pain 1.3

VAS leg pain 0.7
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Table 4 Complications
Complications No. Treatment Results
Deep vein thrombosis 1 Medical Recovery
Neurological deficit 1 Screw removal Recovery
Compression of the iliac artery 1 Screw removal Recovery
Mobilisation of synthesis 2 Screw removals  Recovery
Broken screw 2 1 Screw removal Recovery

deficit resolved by removing the screw that had created a
conflict with the corresponding nerve root. In one case
there was a compression of the iliac artery by the screw;
there was complete regression of symptoms after removing
the screw. In two cases there was a mobilisation of syn-
thesis with back pain, in both cases removed and two cases
of broken screws, of which one case with back pain
required removal.

No cases of pseudoarthrosis and no cases of immediate
or late superficial or deep infections were observed (Table 4).

Discussion

Lumbar spondylolisthesis is a disease with several etio-
pathogenetic origins, as shown by Marchetti and Bartolozzi
[12]. The aspect of pathologic anatomy and radiological
findings, the age and clinical appearance of the patients are
different when they are diagnosed. If conservative treat-
ment fails this may be an indication for surgery. The dif-
ferent surgical techniques used must be selected on the
basis of the etiology, symptoms and radiological findings.

The gold standard of the spondylolisthesis surgical
treatment is fusion. The different techniques for fusion
discussed in literature have advantages and disadvantages
[2], with mixed and variable results and with the possibility
of having several complications [7], which must be taken
into account in the choice of treatment.

The postero-lateral fusion without instrumentation pre-
sents a fairly high risk of pseudoarthrosis and loss of cor-
rection, particularly if there is significant slippage of the
vertebra and a local kyphosis. The use of an internal
fixation gives a lower rate of non-fusion, thanks to the
improvement of primary stability [4], but increases the risk
of infection and possible iatrogenic damage. The reduction
of spondylolisthesis presents considerable advantages, such
as the restoration of normal anatomy with the correction of
local kyphosis and sagittal balance, improved decompres-
sion of the neurological elements and a favourable condi-
tion for fusion. However, a postero-lateral fusion, after
reduction, has a high risk of instrumentation failure with
the possibility of breakage or loss of correction. That is
why we need circumferential fusion (PLIF) or associated
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anterior approach, but this increases the surgical time and
intra-and post-operative risks.

One option is a postero-lateral “in situ” fusion proposed
by Grob et al. This technique combines the simplicity and
speed of fixation with the advantage of a three-column
stabilization [11]. The technique can also associate other
surgical procedures, which may be necessary such as
decompression or another fusion at the superior level [1].
Further advantages of this technique are the limited space
occupied by the implant with a greater surface for fusion
area, reduction of infection risk and low cost (Fig. 1).

The limit of this technique is a sagittal spine imbalance [6—
10], which would require a reduction of the spondylolisthesis.

Fig. 1 a A 55-year-old female
with L5/S1 ontogenetic
spondylolisthesis with isthmic
lysis, 40% of slippage and
severe back pain. b The same
patient 5 years after pediculo-
body screw fixation and
postero-lateral fusion L5/S1,
good fusion—the patient is
pain free

@ Springer

The purpose of this study was to report the long-term
results obtained with this surgical technique in the treat-
ment of lumbar spondylolisthesis.

From an analysis of the literature we did not find any
studies on the use of this technique, except those described
by the authors, who had proposed it [1-9].

The analysis of our results with a follow-up of at
least 5 years (average 7.2), showed that the clinical results
are excellent or good in 96.8% of the cases, with a 2.6
ODI score, a 1.3 average VAS back pain and 0.7 average
VAS leg pain. The complications were numerically small,
and without consequences to the clinical and radiological
outcomes.
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Conclusion

The analysis of the long-term results of the spondylolis-
thesis surgical treatment with direct pediculo-body screw
fixation and postero-lateral fusion gave a very satisfactory
response. The technique is reliable in allowing an optimal
primary stability and creating the best biomechanical
conditions to obtain a solid fusion. The advantages of this
technique are: few complications, the simplicity and speed
of execution, the versatility and the low cost of synthesis.
The success of the surgery is due to the correct indication.
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