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Abstract
Background Different treatment options exist for symptomat-
ic single-level degenerative anterolisthesis and stenosis. While
simple micro-decompression has been advocated lately, most
authors recommend posterior decompression with fusion. In
recent years, decompression and dynamic transpedicular
stabilisation has been introduced for this indication. The aim
of this study was to evaluate the safety and efficacy of de-
compression and dynamic transpedicular stabilisation with the
Dynesys® system in single-level degenerative anterolisthesis
and stenosis.
Methods Thirty consecutive patients with symptomatic
single-level degenerative anterolisthesis and stenosis without
scoliosis underwent decompression and single-level Dynesys
stabilisation at the level of degenerative anterolisthesis. Pa-
tients were followed prospectively for 24 months with radio-
graphs, Oswestry Disability Index scores, visual analogue
scale (VAS) for back and leg pain, and estimated pain-free
walking distance.

Results At the 2-year follow-up, back pain was reduced from
6.5 preoperatively to 2.5, leg pain from 5.4 to 0.6. The pain-
free walking distance was estimated at 500 m preoperatively
and at over 2 km after 2 years, while the ODI decreased from
54 % to 18 %. Screw loosening was found in 2/30 cases.
Symptomatic adjacent segment disease was found in 3/30
patients between 12 and 24 months postoperatively.
Conclusions Single-level Dynesys stabilisation combined
with single- or multi-level decompression seems to be a safe
and efficient treatment option in single-level degenerative
anterolisthesis and stenosis over an observation period of
2 years, avoiding iliac crest or local bone grafting required
by fusion procedures. However, it does not seem to avoid
adjacent segment disease.
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Introduction

Symptomatic degenerative lumbar spondylolisthesis with spi-
nal stenosis is one of the most frequent indications for spine
surgery, particularly in the ageing adult population, with pre-
dominance in postmenopausal women and at the level L4/5
[21]. While decompression alone for symptomatic degenera-
tive lumbar anterolisthesis has shown satisfying results in
several series [6, 15, 24, 27, 29], proponents of concomitant
fixation argue that decompression can be more reliably
achieved and maintained at long term by adding
transpedicular stabilisation [1, 4, 16, 18, 23, 28, 33]. Bilateral
decompression has also been shown to aggravate symptoms
related to instability [13], and long-term results were com-
monly better after transpedicular stabilisation procedures [2,
19, 23]. Bilateral decompression via a unilateral approach has
also been advocated in case of degenerative anterolisthesis
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and stenosis, in order to reduce the risk for postoperative
instability [29]. In the past 2 decades, new dynamic
transpedicular fixation techniques have gained some accep-
tance for stabilisation of degenerative lumbar anterolisthesis
[7, 14, 21, 22, 30, 34, 35]. The aim of this study was to
evaluate the safety and efficacy of dynamic transpedicular
stabilisation with the Dynesys® system and decompression
in single-level degenerative anterolisthesis with symptomatic
degenerative stenosis.

Material and methods

Thirty-three consecutive patients presented with symptomatic
single-level degenerative anterolisthesis, all of which were
Meyerding grade I, and single- or multi-level stenosis between
2005 and 2009. During the prospective observation period of
2 years, there were three drop-outs: one from unrelated death
due to a myocardial infarction, one from new onset of psychi-
atric disease and one from new onset of cancer. Thus, com-
plete follow-up was achieved in 30 patients (age 46-88, mean
66; 8 men and 22 women). There was no control group.
Previous lumbar spine surgery, known osteoporosis, scoliosis
beyond a Cobb angle of 20°, multi-level anterolisthesis, spinal
infection or tumour and psychiatric disease were exclusion
criteria. Patients were operated by two surgeons (M.P. or E.T.)
after obtaining informed consent.

Surgical technique

After induction of general anaesthesia, the patient was placed
in the prone position. Through a midline subperiosteal
muscle-stripping approach the transverse processes of the
anterolisthesis level were exposed on both sides. Dynesys
titanium screws (Dynesys; Zimmer, Winterthur, Switzerland)
with a diameter of 6.4 mm and a length of 40-50 mm, accord-
ing to individual anatomy, were inserted into the pedicles
under lateral and AP fluoroscopic guidance. Polymer cords,
which act as tension bands limiting flexion, were inserted to
connect the pedicle screws. Polycarbonate urethane spacers,
which limit extension by resisting compressive loads, were cut
1-2 mm longer than the measured distance between the ped-
icle screw heads and slid over the cords. Finally the cord was
pulled tight to a pre-calibrated tension and locked on the
pedicle screw heads, assuring calibrated and optimal screw-
spacer force and bone-screw stress (Fig. 1). Midline-
preserving micro-decompression up to the medial pedicle
walls was then performed bilaterally on the anterolisthesis
level and, if relevant stenosis was present, on the adjacent
level(s). Patients were mobilised from the first postoperative
day on with an elastic brace for 6 weeks.

The patients were followed prospectively for 24 months
with plain standing antero-posterior and lateral radiographs,

Oswestry Disability Index scores (ODI), visual analogue scale
(VAS) for back and leg pain, and estimated pain-free walking
distance.

Statistical methods

Continuous variables are summarised as medians and inter-
quartile ranges (IQR). Paired before and after visual analogue
scores (VAS) are compared using the sign-rank test. Categor-
ical data is presented as frequencies and percents.

Clinically significant change is considered the minimal
amount of change on the Oswestry Disability Index (ODI)
that is required to suggest that a clinically relevant positive
change has occurred. This is a more relevant method than
using probability tests (p values) to define change, because
clinically significant change is more important to clinical
practice than statistically significant change. Clinically signif-
icant change has been defined elsewhere, and is considered to
be a change of 12.8 points on the ODI [5]. Thus those with a
change greater than 12.8 are considered to be “responders”,
and those with changes less than 12.8 are considered to be
“non-responders”.

Results

The results are summarised in Table 1. The median age was
66 years of age, with an interquartile range (IQR) of 15 years.
Median operative time was 150 min (IQR 40 min). Median
length of stay was 9 days, (IQR 3 days). Baseline Oswestry
Disability Index was 53 (IQR 1) for this patient cohort.
Stabilisation was performed at L3/4 in 3 patients, at L4/5 in
25 patients, and at L5/S1 in 2 patients. Decompression was
performed only at the anterolisthesis level (single-level
decompression) in 16 cases, at the anterolisthesis and one
adjacent level (double-level decompression) in 9 cases, and
at the anterolisthesis and two adjacent levels (three-level
decompression) in 5 cases.

Fig. 1 Postero-lateral view of a two-level Dynesys sawbone model
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Four complications occurred: one dural breach that
could be sutured, one deep venous thrombosis during
the hospital stay, treated by anticoagulation, and two
urinary infections during hospital stay, treated with oral
antibiotics.

Clinical outcomes

Low-back pain on a visual analogue scale (VAS) improved from
a median of 6 preoperatively (IQR 3) to 2 (IQR 2) at 6 months
(sign-rank test; p<0.001), 2 (IQR 2) at 12months, and 3 (IQR 3)
at 24 months. The VAS for low-back pain did not change after
6 months (sign-rank test; p>0.09 at 12 and 24 months).

Radicular pain, down the left leg on a VAS improved from
amedian of 6 preoperatively (IQR 5) to 0 (IQR 1) at 6 months,
0 (IQR 1) at 12 months, and 0 (IQR 1) at 24 months. The VAS
for radicular pain in the left leg did not change after 6 months
(p >0.10).

Radicular pain, down the right leg on a VAS improved
from a median of 6.5 preoperatively (IQR 5) to 0 (IQR 1) at
6 months, 0 (IQR 1) at 12 months, and 0 (IQR 1) at
24 months. The VAS for radicular pain in the left leg did
not change after 6 months (p >0.10). The mean estimated
walking distance improved from <500 m to >2,000 m at 6,
12, 24 months.

The mean Oswestry Disability Index (0-100 % scale) de-
creased from 54 % preoperatively to 17 % at 6 months, 14 %
at 12 months, and 18% at 24 months. As defined by clinically
significant change, 27 (92 %) patients were found to have
responded positively to surgery at the 6 month follow-up
period based on the Oswestry Disability Index. This figure
remained the same at 12 and 24 months.

Return to work concerned only a minority of patients, as
the majority was in retirement age. Nine out of 30 patients had
full-time professional employment before surgery ; full-time
and half-time activity was regained by four and five patients

respectively at 6 months, by six and three patients at
12 months, and by six and two patients at 24 months, by
which time one patient had retired.

Radiological results

No obvious screw misplacement on plain X-rays was ob-
served over the observation period according to the authors’
analysis and the radiology reports (Fig. 2). Screw loosening
was found on plain radiographs in 2/30 patients. One was a
57-year-old woman with obesity and non-insulin-dependent
diabetes; VAS for back pain was 5 at the 2-year follow-up
without pain medication, but the patient refused a computed
tomography (CT) scan as re-operation was not wanted. The
other one was a 78-year-old woman, who presented with
asymptomatic screw loosening on X-ray control at 1- and 2-
year follow-up; surgical revision was not needed.

Symptomatic adjacent segment degeneration was ob-
served in 3/30 patients (10 %). One patient presented
with suprajacent stenosis at L3/4 at 18 months after
decompression and Dynesys stabilisation at L4/5; after
initial response to facet blocks, decompression and
Dynesys extension to the L3/4 level was performed
3 years (hence after the study period) after the index
surgery. Another patient started to suffer from symptom-
atic subjacent foraminal stenosis at L5/S1 1 year after
L2/5 decompression and L4/5 Dynesys stabilisation and
had to be re-operated by extraforaminal micro-
decompression 14 months after the index surgery. The
third patient developed symptomatic disc protrusion and
mild stenosis two levels above the initial L5/S1 decom-
pression and Dynesys stabilisation; conservative therapy
with steroid injection at the new level resolved the
symptoms. Altogether, there was one re-operation within
the 2-year follow-up period.

Table 1 Clinical and radiological results

Baseline 6 months 12 months 24 months

Low-back VAS 6 (3) 2 (2)* 2 (2)** 3 (3)**

Left-leg VAS 6 (5) 0 (1)* 0 (1)** 0 (1)**

Right-leg VAS 6.5 (5) 0 (1)* 0 (1)** 0 (1)**

Oswestry Disability Index change, n (%) - 27 (92 %) 27 (92 %) 27 (92 %)

Screw misplacement (X-rays) - 0 (0 %) 0 (0 %) 0 (0 %)

Screw loosening (X-rays) - 1 (3 %) 2 (7 %) 2 (7 %)

Symptomatic ASD - 0 (0 %) 0 (0 %) 3 (10 %)

Medians (IQR) or frequency (%)

Each time-point is compared with the previous time-point using the sign-rank test. For example, the 6-month VAS is compared with the baseline VAS
and the 12-month VAS is compared with the 6-month VAS

ASD adjacent segment disease, VAS visual analogue scale

*p value<0.001, **p value>0.1
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Discussion

Approximately 92 % of our patients were found to have
responded positively to surgery, or, in other words, achieved
a positive clinically meaningful change at the 6-month follow-
up (no p value required, as this was a clinically meaningful
change). It appears that the benefits achieved from surgery
reach their maximum at the 6-month time-point. Thus, it is
reasonable to counsel patients that any further benefit from
surgery is unlikely to occur once they are 6 months post-
surgery.

There are several hypothetical advantages of dynamic ped-
icle stabilisation over instrumented fusion for degenerative
lumbar instability. First, there is no need for bone grafting
and patients are not exposed to potential donor site complica-
tions, such as long-term donor site pain, haematoma from
bone bleeding or even pelvic fracture through the donor site.
Second, no bone substitutes with potential infectious disease
transmission and reduced fusion properties have to be applied
[30, 34, 35]. Finally, there is no need for cage insertion and its
potential complications such as excessive root retraction, cage
migration or subsidence [35]. Avoiding fusion altogether sim-
plifies the surgical procedure and shortens its duration [30, 34,
35]. However, such theoretical superiority of the Dynesys
device is counterbalanced by its potential downsides, such as
ongoing pain from incomplete immobilisation, lack of anterior
column support and a higher rate of screw loosening [11, 17,
23]. Its actual usefulness has therefore only gained controver-
sial acceptance in the spine community.

Biomechanically, the Dynesys system has been shown to
be only little dynamic [8, 12, 25, 31, 32]. A preclinical
investigation on ten cadaveric lumbar spine segments (L2-
L5) showed that implantation of Dynesys with standard length
spacers significantly reduced range of motion (ROM)

compared with the intact spine, with the least significant
changes seen in axial rotation [25]. Equally, a subsequent
study on 21 fresh-frozen human lumbar spine motion seg-
ments revealed a ROM reduction of 68 % in flexion-
extension, 68 % in lateral bending, and only 13 % in axial
rotation after decompression and Dynesys implantation com-
pared with the intact spine. The study confirms that implanta-
tion of the Dynesys device after decompression leads to a
restriction of ROM in all motion planes, whereby axial rota-
tion is only mildly affected [32].

We identified three clinical English language publications
about Dynesys instrumentation focusing on the specific indi-
cation of lumbar degenerative spondylolisthesis [11, 30, 34].
Hoppe et al. [11] recently reported 39 consecutive patients
with symptomatic degenerative lumbar spondylolisthesis at
L4/5, treated with bilateral decompression and Dynesys in-
strumentation. At a mean follow-up of 7.2 years back pain
improved in 89 % and leg pain improved in 86 % of patients.
Symptomatic adjacent segment disease was found in 6/39
cases, asymptomatic screw loosening in 4/39 cases, late onset
infection in one case and screw breakage in one case. The
authors concluded that Dynesys stabilisation is a valid alter-
native to other stabilisation devices in symptomatic L4/5
degenerative spondylolisthesis.

Schaeren et al. [30] investigated 19 consecutive pa-
tients, who underwent decompression and Dynesys
stabilisation for symptomatic lumbar stenosis and degen-
erative spondylolisthesis. Patients were evaluated clini-
cally and radiologically after a minimum follow-up of
4 years with a mean follow-up of 52 months. Pain on
VAS and walking distance improved significantly at
2 years and remained unchanged at 4-year follow-up;
3/19 patients showed slight screw-loosening at 2- and 4-
year follow-ups and 1/19 patients had screw breakage.

Fig. 2 A49-year-old womanwith symptomatic stenosis and degenerative anterolisthesis at L4/5. a Preoperative standing lateral radiograph and axial T2
MRI at L4/5. b Standing lateral and AP radiographs at 24 months after decompression and dynamic pedicle fixation

224 Acta Neurochir (2014) 156:221–227



At 4-year follow-up, 47 % of the patients showed some
degeneration at adjacent levels, with a patient satisfac-
tion of 95 %.

The authors conclude that in elderly patients with spinal
stenosis and degenerative spondylolisthesis, decompression
and dynamic stabilisation leads to excellent clinical and

radiological results, maintaining enough stability to prevent
progression of spondylolisthesis.

Welch et al. [34], in a multicentre randomised prospective
trial, investigated 101 patients from six sites, who underwent
Dynesys stabilisation of the lumbar spine in the presence of
one- or two-level degenerative spondylolisthesis or

Fig. 3 A 64-year-old woman with symptomatic stenosis and degenera-
tive anterolisthesis at L4/5, who developed symptomatic subjacent fo-
raminal stenosis at L5/S1 within 14 months after decompression and
dynamic stabilisation at L4/5. a Preoperative lateral radiographs in

flexion-extension. b Standing lateral and AP radiographs at 14 months
after decompression and dynamic pedicle fixation. c Axial CT cuts and
sagittal and coronary reconstruction, revealing facet joint ankylosis at
14 months postoperatively
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retrolisthesis and stenosis. The mean pain and function scores
improved significantly from the baseline to the 12-month
follow-up evaluation. The authors conclude that Dynesys
may be preferable to fusion for surgical treatment of degener-
ative spondylolisthesis and stenosis because it decreases back
and leg pain, while it avoids the morbidity of donor site
problems encountered in fusion.

Our clinical results with significant improvement of back and
leg pain over 24 months observation time, symptomatic adjacent
segment disease in 3/30 cases, and obvious screw loosening in
2/30 cases are consistent with the findings of Hobbe et al.,
Schaeren et al. and Welch et al. Symptomatic adjacent segment
disease after mono-segmental Dynesys stabilisation seems to lie
within the range of fusions and not below [26].

Several other studies have reported single- or multi-level
use of Dynesys for various indications, including previously
operated patients, spondylolisthesis, osteochondrosis,
spondylarthrosis, recurrent disc herniation, or simply
stabilising lumbar decompression even in the absence of
instability [3, 9, 10, 16]. However, evaluation of such hetero-
geneous cohorts with larger patient numbers makes interpre-
tation meaningless and does not lead to conclusions for
Dynesys indications.

So far, no clinical study has shown its long-term motion
preservation. Fayyazi et al. [7] placed three to five tantalumbeads
in each vertebral body of six patients, who underwent posterior
decompression followed by posterior stabilisation usingDynesys
instrumentation (4 one-level, 2 two-levels). Postoperative radio-
graphs in flexion, extension, right, and left lateral bending, and
three-dimensional reconstruction through radiostereometric anal-
ysis at 3, 6, 12, and 24 months postoperatively revealed that the
segmental motion of the implanted level was only minor and
considerably less than normal spinal motion. Facet joint ankylo-
sis may occur over time: all three patients in our current study, in
whom a CTwas performed during the follow-up period, showed
facet joint ankylosis within 2 years postoperatively (Fig. 3). This
does not mean that all Dynesys stabilisations must result in
ankylosis eventually, as segmental motion depends on the
amount of applied distraction, disc height, patient’s age and facet
joint arthrosis. However, even if ankylosis occurs gradually,
neighbour segments may have less initial mechanical stress from
a dynamic than a traditional rigid pedicle fixation. Furthermore,
disc degeneration at the bridged and adjacent segment has been
shown to continuewithin 2 years after Dynesys stabilisation [20].

Screw loosening in dynamic pedicle fixation has been a
concern as in rigid fixation techniques. Focusing on Dynesys
use in single-level degenerative anterolisthesis, a loosening
rate in 10.3 % of patients or 4/39 [11] and 15.8 % or 3/19 [30]
has been reported. Even though this loosening rate for single-
level dynamic stabilisation seems rather high, the overall
patient numbers are small and screw loosening was described
as asymptomatic in both series. Ko et al. [17], in their study on
Dynesys screw loosening in 71 patients with Dynesys

stabilisation for one- or two-level lumbar spondylosis, found
radiographic evidence of screw loosening in 19.7 % or 14/71
of patients within a mean follow-up of 17 months. Nonethe-
less, loosening of screws had no adverse clinical effect in that
series. Only larger series with systematic CT follow-up would
yield a more accurate rate of screw loosening and its potential
clinical impact.

Altogether, decompression and dynamic transpedicular
stabilisation with the Dynesys system seems to lead to good
results in symptomatic degenerative anterolisthesis with ste-
nosis over a 2-year observation period. As this study exclu-
sively focused on single-level degenerative anterolisthesis, no
conclusion can be drawn for the use of the Dynesys system in
any other indications.

The current study has several limitations: lack of a control
group, limited case number and lack of systematic CT analy-
sis. However, the latter would have exposed many patients to
unnecessary radiation and caused additional costs. On the
other hand, this study analysed the Dynesys system in a
clearly defined single-level indication, through a uniform
surgical technique, and documented prospectively over
2 years.

Conclusions

On the basis of the current study, single-level Dynesys
stabilisation and decompression in patients with symptomatic
degenerative anterolisthesis with stenosis seems safe and ef-
ficient over a 2-year observation period, with 92 % of patients
achieving a positive clinically significant change (good re-
sult). The results are within the range of traditional
transpedicular fusion and decompression reports for the same
indication. No need for bone grafting or bone substitutes, no
need for cage insertion and preservation of motion at least
temporarily are hypothetical advantages of the Dynesys
stabilisation. However, single-level Dynesys stabilisation
does not seem to avoid adjacent segment disease.
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