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Abstract

Background This study aims to compare radiographic and
clinical outcomes of Dynesys and posterior lumbar inter-
body fusion (PLIF) for the treatment of multisegment
disease.

Methods Thirty-five consecutive patients who received
Dynesys implantation at three levels from L1 to S1 from
November 2006 to July 2007 were studied. A retrospective
analysis of the medical records of 25 patients with the same
indications who received 3-level PLIF (L1-S1) was also
conducted. Radiographic and clinical outcomes between
the groups were compared. All patients included in the
analysis completed 3-year follow-up. Dynesys stabilization
resulted in higher preservation of motion at the operative
levels, as well as total range of motion from L1 to S1. A
decrease of anterior disc height was seen in the Dynesys
group and an increase was seen in the PLIF group. An
increase in posterior disc height was noted in both groups;
however, was greater in the PLIF group at 3 years.

Results  The Dynesys group showed a greater improve-
ment in Oswestry Disability Index and visual analogue
scale back pain scores at 3 years postoperatively. There
were no differences in complications between the two
groups.

Conclusion In conclusion, Dynesys is an acceptable alter-
native to PLIF for the treatment of multisegment lumbar
disease.
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Introduction

Due to the disadvantages of fusion in the treatment of
degenerative conditions of the lumbar spine including pseu-
doarthrosis, nonunion, instrumentation failure, infection,
donor site pain, and adjacent segment disease [1-5], inter-
est has been given to techniques that preserve motion.
The Dynesys Spinal Stabilization System (Zimmer, Inc.,
Minneapolis, MN, USA) uses pedicle screws, polyethyl-
ene-terephthalate cords, and polycarbonate urethane spac-
ers to stabilize a functional spinal unit [6]. Contrary to
fusion and instrumentation, which results in a rigid connection
of the operative level, the system is designed to stabilize the
operated segment while allowing some mobility, thus pre-
serving a greater degree of lumbar mobility than with
fusion [7]. The Dynesys system is indicated for lumbar
spinal stenosis with or without spondylolisthesis and symp-
tomatic disc degeneration and can be used on single or
multisegment disease [6, 8].

Clinical studies have mostly indicated positive out-
comes with improved Oswestry Disability Index (ODI)
scores and visual analogue scale (VAS) pain scores, as
well as shorter recovery times than for fusion, for
patients with degenerative disc disease (DDD) of the
lumbar spine treated with the Dynesys system [9-15].
Despite the positive results reported with Dynesys, there
is concern of the effects of stabilization on adjacent seg-
ments, and a number of cadaveric, in vivo, and modeling
studies have provided conflicting results [7, 16-21]. In
addition, there have been few studies on the use of
Dynesys for multisegment disease [22, 23].
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Thus, the purpose of this prospective study was to com-
pare the radiographic and clinical outcomes of patients who
received Dynesys implantation for 3-level disease with
those who received posterior lumbar interbody fusion
(PLIF) with a minimum follow-up of 3 years.

Methods

This prospective study included 35 consecutive patients,
54-71 years of age, who met the inclusion and exclusion
criteria and received Dynesys implantation at 3 levels from
L1 to S1 from November 2006 to July 2007. In addition, a
retrospective analysis of the medical records of 25 patients
with the same indications who received 3-level PLIF (L1-
S1) from May 2004 to March 2006 was conducted, and
results were compared between the two groups. This study
was approved by the Institutional Review Board of our hos-
pital, all patients in the Dynesys group provided written
informed consent for the study and surgery, and the
requirement of written consent was waived for the retro-
spective review.

Patients were included if they had three levels of lumbar
spinal degeneration from L1-S1 meeting the following
characteristics: one level of spinal stenosis with/without
grade 1 spondylolisthesis with two levels of DDD (Pfir-
mann Grade 2-4), two levels of spinal stenosis with/with-
out grade 1 spondylolisthesis with one level of DDD
(Pfirmann Grade 2-4), one level of recurrent herniated
intervertebral disc (HIVD) with two levels of DDD (Pfir-
mann Grade 2-4), or two levels of recurrent HIVD with
one level of DDD (Pfirmann Grade 2-4). For inclusion
patients also had to have a preoperative ODI >40 and fail-
ure of 3 months of conservative therapy. Exclusion criteria
were <3 levels of disc degenerative disease, >grade 1
spondylolisthesis, disc collapse >50%, degenerative scolio-
sis >10°, osteoporosis [bone mineral density (BMD)
<—2.5], prior fusion surgery, chronic disease which mark-
edly increased the operative risk, and immunosuppression.

Dynesys implantation was performed according to the
directions of the manufacture [6]. In brief; a midline
approach was used in all cases as all patients required
decompression for at least one level. For levels with no
obvious decreased disc height preoperatively, the length of
spacer implanted was as measured, whereas for levels with
obvious decreased disc heights preoperatively, 1-2 mm
was added to the measured length to offload loading in
posterior elements including disc and facet joints. Decom-
pression was performed using standard laminotomy tech-
niques. Simple decompression was performed for most
cases; however, for cases of severe stenosis or far lateral
stenosis extensive decompression, sometimes including
facetectomy, was performed.
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PLIF was performed in a standard manner. When
required, extensive decompression and facetectomy were
performed for cage insertion. Autologous bone graft using
the decompressed bone chips was used within and around the
cage, followed by pedicle screw instrumentation and fixation.
Postoperatively, patients in the Dynesys group received a
soft support brace (lumbar corset) for 3 months and patients
in the PLIF group received a hard plastic lumbar brace for
3 months. Patients did not participate in a rehabilitation pro-
gram, and were instructed that they should avoid bending but
otherwise could maintain a normal lifestyle.

All patients received preoperative and follow-up physical
and radiographic examinations at 3 months, and at 1, 2 and
3 years postoperatively. Data collected included flexion,
extension, and neutral radiographs, range of motion (ROM)
in sagittal view, anterior and posterior disc heights, ODI
score, VAS pain score, and preoperative BMD. Radiographs
were measured and analyzed by two experienced spine sur-
geons. Flexion and extension views were taken with the
patients in the lateral position. The ROM in the sagittal (flex-
ion—extension) view was obtained by the following formula:
ROM sagittal = angle (extension) — angle (flexion). Motion
preservation (%) was defined as ROM (postoperatively)/
ROM (preoperatively). Disc height was determined on radio-
graphs taken with the patient in the neutral position, and was
assessed by measurement of lines drawn at the most promi-
nent points of the endplates anteriorly and posteriorly. Total
disc height measured from L1 to S1 was the sum of the disc
height of each level. Radiographic instability was defined as
(1) flexion versus extension (angulation) >10° or (2) flexion
versus extension at the spinal ridge (translation) >3-4 mm.
Screw loosening was based on the presence of the double-
halo sign on plain radiographs [24]. Only screw loosening as
evidenced by a double-halo sign was included in this study.
VAS scores were determined on a scale ranging from 0 (no
pain) to 10 (worst pain imaginable).

Primary outcome measures were motion preservation
and anterior and posterior disc height at the operated level
and from L1 to S1. Secondary outcome measures were
changes of ODI and VAS back and leg pain scores. ODI
and VAS scores were determined preoperatively and at
each follow-up visit. Operation time, blood loss, length of
hospital stay, and complications were also compared
between the two groups. In addition, indications for sur-
gery, the number of levels requiring decompression, and
BMD were evaluated with respect to complications.

Statistical analysis
Continuous and categorical variables were compared by

independent two-sample ftest and Chi-square/Fisher’s
exact test, respectively. Paired 7 tests in both groups were
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employed to analyze the results of improvement differences
from baseline (preoperatively) to 3 years postoperatively.
All statistical assessments were two-sided and evaluated at
the 0.05 level of significant difference. Statistical analyses
were performed using SPSS 15.0 statistics software (SPSS
Inc, Chicago, IL, USA).

Results

The Dynesys group included 35 patients (15 males, 20
females) with a mean age of 60.8 & 4.8 years and the PLIF
group included 25 patients (13 males, 12 females) with a
mean age of 63.1 4.4 years. Patient demographic and
baseline characteristics are shown in Table 1. Implanted
levels, ROM at the operated levels, posterior disc height,
and ODI and VAS scores were similar between the groups
(all, P > 0.05). However, ROM at the L1-S1 level was sig-
nificantly greater in the PLIF group than in the Dynesys
group (47.84 £ 6.97° vs. 42.80 £ 8.43°, respectively,
P =0.017). The anterior disc heights at both the operated
level and total height from L1 to S1 in the Dynesys group
were significantly greater than those in PLIF group (both,
P <0.001)

Six patients in the Dynesys group were excluded from the
radiological and clinical outcomes analyses because they did
not complete the 3-year follow-up. All other patients com-
pleted the 3-year follow-up. The percentage changes of
radiographic and clinical outcomes 3 years postoperatively
between the groups are presented in Table 2. Significant
decreases of the ROM at both the operated and L1-S1 levels
at 3 years postoperatively were observed in both groups (all,
P <0.001). Motion preservation at the operated and L1-S1
levels 3 years postoperatively in the Dynesys group was sig-
nificantly greater than in the PLIF group. A statistically sig-
nificant decrease in the percentage change of total anterior
disc height at both the operated and L1-S1 levels at 3 years
postoperatively was observed in the Dynesys group
(P <0.05). In contrast, a significant increase in the percent-
age change of total anterior disc height at both the operated
and L1-S1 levels at 3 years postoperatively were observed in
the PLIF group (P < 0.05). Significant differences in the per-
centage change of total anterior disc height at the operated
level and L1-S1 levels were found between the groups.
Moreover, significant increases in the percentage change of
total posterior disc height at both the operated and L1-S1
levels were observed in both groups (P < 0.05) and a signifi-
cant difference in the percentage changes in disc height at the
operated and L1-S1 levels between the two groups was
found (P < 0.05).

Statistically significant improvements in the ODI and
VAS leg and back pain scores were found in both groups
at 3 years postoperatively (all, P <0.05). The degree of
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Table 1 Patient demographic and baseline data
Dynesys PLIF P
group (n =35) group (n =25)

Demographic data
Age (years)* 60.80 +4.84 63.08 £4.37 0.066
BMI (kg/m?)? 25.78 £2.75 26.39+£2.18 0.360
Bone mineral density® —-1.00+£0.77 —135+0.73 0.079
Gender®

Male 15 (42.9) 13 (52.0) 0.484

Female 20 (57.1) 12 (48.0)
Implanted levels®

L1-L4 5(14.3) 2 (8.0) 0.265

L2-L5 19 (54.3) 10 (40.0)

L3-S1 11 (31.4) 13 (52.0)
Baseline data
ROM (°)*

Operated level 2597 £7.58 29.44 +£6.22 0.065

L1-S1 4280+ 843 47.84+697 0.017*
Anterior disc height (mm)?*

Operated level 25.024+£2.02 2240+2.13 <0.001*

L1-S1 4324 +3.18 40.08 £3.27 <0.001*
Posterior disc height (mm)?*

Operated level 20.85+1.72 20.56 £2.12 0.561

L1-S1 36.64 £3.01 36.90+293 0.736
Oswestry Disability Index® 59.14 +£4.32  60.64 +5.65 0.249
VAS leg pain® 703+£120 692+1.19 0.730
VAS back pain® 726142 696+1.01 0.365

Disc height was determined on radiographs taken with the patient in
the neutral position and was assessed by measurement of lines drawn
at the most prominent points of the endplates anteriorly or posteriorly.
Total disc height measured from L1 to S1 was the sum of the disc
height of each level

PLIF posterior lumbar interbody fusion, BMI body mass index, ROM
range of motion, VAS visual analogue scale

P values are based on *independent two-sample  test and °Chi-square
test

# Data are displayed as mean =+ standard deviation
® Data are displayed as number (percentage)

improvements in ODI and VAS back pain were signifi-
cantly greater in the Dynesys group than in the PLIF group.
Figure 1 shows that operation time, blood loss, and length
of hospital stay were all significantly less in the Dynesys
group (P < 0.05).

There was no significant difference in postoperative
complications such as screw loosening, malpositioning of
screw, adjacent level instability, dislodgement of the inter-
body device, wound infection, dura tears, pseudarthrosis,
and unresolved back pain between the groups (Table 3; all,
P >0.05). However, two patients in the Dynesys had mal-
positioning of screws during surgery.
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Table 2 Percentage changes of radiographic and clinical outcomes
3 years postoperatively

PLIF P
group (n = 25)

Dynesys
group (n =29)

Radiographic outcome

Motion preservation (%)

Operated level —48.01 £4.697  —75.62+1.497 <0.001*
L1-S1 —21.06 £3.04"  —39.87 + 1.887 <0.001*
Anterior disc height (%)
Operated level —4.36 4+ 1.05" 17.95 + 190"  <0.001*
L1-S1 —4.54 4 0.83" 6.70 £ 1.69" <0.001%*
Posterior disc height (%)
Operated level 14.54 + 1.787 29.67 + 1747  <0.001*
L1-S1 6.25 + 1.37 14.45 + 1.187  <0.001%*
Clinical outcome
Oswestry Disability —50.70 £2.167  —41.11 £ 2.60" 0.006*
Index (%)
VAS leg pain (%)  —56.39 +4.26"  —46.44 +3.757 0.090
VAS back pain (%) —51.05 ++ 4.14" —36.92 + 5417 0.040*

Data are displayed as mean =+ standard error
PLIF posterior lumbar interbody fusion, VAS visual analogue scale

* Significant difference between Dynesys and PLIG groups using inde-
pendent two-sample ¢ test, P < 0.05

T Significant difference between before and after surgery in each
group, P < 0.05

Eleven complications occurred in nine patients of the
Dynesys group; five screw loosening (14.3%) and six of
adjacent level instability (17.1%). There were 12 patients
with spondylolisthesis in the Dynesys group, and the
chances of screw loosening and adjacent level instability in
patients with spondylolisthesis were significantly higher
than in patients without spondylolisthesis (80.0 vs. 20.0%,
P=0.038 and 83.3 vs. 16.7%, P =0.012, respectively).
Moreover, complications occurred more often in patients
who underwent 2- or 3-level decompression (4/20, 20.0%
and 5/7, 71.4%, respectively). In addition, 7 of 25 patients
(28%) with a BMD >—1.5 and 2 of 10 patients (20%) with
a BMD <—1.5 had complications in the Dynesys group.
However, the statistically significant association between
BMD and complications was not found in the Dynesys
group (28 vs. 20%; P = 0.625).

Discussion

With 3-year follow-up, the results of this study indicated
that compared to PLIF, Dynesys stabilization resulted in
higher preservation of motion at the operative levels as well
as total ROM from L1 to S1. Dynesys implantation resulted
in a decrease of anterior disc height, PLIF resulted in an
increase in anterior disc height, and both systems resulted
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in an increase in posterior disc height; however, PLIF
resulted in a greater height than that of Dynesys at 3 years.
Dynesys implantation resulted in greater improvement in
ODI and VAS back pain scores at 3 years postoperatively
than PLIF.

Few studies have examined the use of Dynesys for the
treatment of multisegment disease. Klockner et al. [23]
reported good results in 20 patients who received multi-
ple segment decompression and Dynesys implantation.
Kim et al. [22] compared single and multilevel Dynesys
implantation (single, 7; multiple level, 14) in patients
with degenerative spinal disease and found similar clini-
cal improvements in both groups, though they noted retr-
olisthesis in cranial adjacent segments in 6 of the 14
patients who received multiple level Dynesys implanta-
tion. Our results are comparable with those above,
though we did not note significant adjacent segment
pathology.

Greater preservation of motion with Dynesys than with
PLIF is predicted by the design of the device, and we found
that Dynesys is able to provide a controlled ROM at 3 years
postoperatively when implanted at three levels. Schaeren
et al. [25] reported the results of 19 patients with degenera-
tive spondylolisthesis treated with decompression and
Dynesys stabilization with a minimum of 4-year follow-up
and found excellent clinical outcomes and that the device
provided enough stability to prevent progression of spond-
ylolisthesis, but that degeneration at adjacent motion seg-
ments occurred. Lee et al. [14] reported the results of 20
consecutive patients treated with Dynesys, and found that
the system allowed preservation of motion of the stabilized
segments and clinical improvements of ODI and VAS pain
scores.

While we found that PLIF was able to maintain both
anterior and posterior disc height to a much greater degree
that Dynesys, the loss of disc height at both the operative
level and L1-S1 with Dynesys was small, and posterior
disc height was maintained at both the operated level and
L1-S1, though to a lesser degree, than with PLIF. How-
ever, there are conflicting reports on maintenance of disc
height with Dynesys. Kim et al. [22] compared the results
of single and multiple-level stabilization with Dynesys in
patients with degenerative spinal disease and found no
decrease of disc height in either group with a mean follow-
up of 31 & 14 months. Kumar et al. [26] studied 32 patients
who received Dynesys implantation, and with all patients
completing 2-year follow-up found that the anterior inter-
vertebral disc height was reduced by 2 mm from 9.25 to
7.17 (P <0.001), whereas there was no significant change
in posterior disc height. Beastall et al. [7] reported a reduc-
tion of anterior disc height without a significant increase
in posterior disc height at 9 months after surgery in 24
patients treated with Dynesys.
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Table 3 Postoperative complications

Dynesys PLIF P

group group

(n=35) (n=125)
Screw loosening 5(14.3) 5(20.0) 0.728
Screw malposition 2(5.7 1(4.0) 1.000
Adjacent level instability® 6 (17.1) 5(20.0) 1.000
Dislodgement of interbody device 0 (0.0) 2 (8.0) 0.169
Superficial wound infection 1(2.9) 2 (8.0) 0.565
Dura tear 0(0.0) 2(8.0) 0.169
Pseudoarthrosis 0(0.0) 3(12.0) 0.067
Unresolved back pain 7 (20.0) 8 (32.0) 0.369

Data are displayed as number (percentage)
PLIF posterior lumbar interbody fusion
P values are based on Fisher’s exact test

? None required reoperation because of excessive instability in Dynesy
group; two patients of PLIF group needed reoperation because of more
than 5 mm displacement with neurological deficit

In our study, five patients who received Dynesys exhibited
adjacent level instability during follow-up, but none required
reoperation because of excessive instability. Studies of the

effect of Dynesys on the mobility and degeneration of adja-
cent segments are conflicting. Some authors have suggested
that preservation of motion at the operative level prevents
degeneration at the adjacent segments [12]. Beastall et al. [7]
studied 24 patients treated with Dynesys and at 9 months
postoperatively found limited movement at the operative
level and no significant increase of mobility at the adjacent
levels. Schmoelz et al. [16] reported that Dynesys stabiliza-
tion did not result in an increase in mobility of adjacent seg-
ments based on a study of cadavers. Schaeren et al. [25]
studied 19 patients with a minimum 4-year follow-up and
found no measurable motion at the operative level, while
new signs of degeneration were present in adjacent motion
segments in 47% of the patient, a rate similar to that reported
after lumbar fusion [27]. Kumar etal. [26] studied 32
patients with Dynesys and also noted continued degeneration
at the index and adjacent segments, but believed that the
changes were possibly a result of the natural progression of
the disease. Liu etal. [17] used a displacement-controlled
finite element analysis to evaluate the mechanical behavior of
the lumbar spine after Dynesys placement and found greater
ROM, annulus stress, and facet loading in the adjacent levels.
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The improvement in ODI and back pain VAS scores was
greater at 3 years postoperatively in the Dynesys group.
Significant improvements in ODI and pain scores with
Dynesys stabilization are consistent with many reports in
the literature [9-15]. We believe that the reason for the
greater improvement with Dynesys in treating multiseg-
ment disease is because Dynesys is a load-sharing device
that results in less stiffness than PLIF.

We found that operation time, blood loss, and length of
hospital stay were all significantly less in the Dynesys
group. The shorter surgical time is likely because with the
Dynesys system there is no need for endplate preparation
and insertion of an interbody device or bone grafting. Less
blood loss in the Dynesys group is presumably because
insertion of the Dynesys device requires less bone and soft
tissue dissection as compared to PLIF. Likewise, the
shorter hospital stay of patients in the Dynesys group is
most likely because insertion of the device is less invasive
as compared to PLIF [9, 13, 25].

Complications in the two groups were comparable in this
study. However, with Dynesys screw loosening and adja-
cent level instability were significantly greater in patients
with spondylolisthesis than those without, and complica-
tions were more common in patients who required 2- or
3-level decompression. Ko et al. [28] studied screw loosen-
ing after implantation of the Dynesys system in 71 patients
who underwent decompression for 1- or 2-level lumbar
spondylosis. They found radiographic evidence of screw
loosing in 19.7% of patients (4.6% of screws); however,
screw loosening had no adverse impact on clinical improve-
ment. In our study, five cases of screw loosening occurred in
each group; however, no revision surgeries were required. It
should be noted that, although the difference was not statisti-
cally significant, two dural tears occurred in the PLIF group
during the procedure of cage insertion, whereas none
occurred in the Dynesys group; dural tear with cage inser-
tion is a known complication of PLIF whereas is not likely
to occur with implantation of Dynesys.

Though most studies have shown good outcomes with
Dynesys, some have reported results no better than those
obtained with PLIF. In a study of 37 patients with acquired
lumbar stenosis, segmental instability, and DDD who
underwent lumbar decompression and Dynesys implanta-
tion, Wiirgler-Hauri et al. [29] reported that patients experi-
enced a reduction of radicular pain, but a worsening of
lumbar pain, and that 27% of patients described a poor out-
come. In addition, 19% of patients required revision sur-
gery by 1l-year. Grob et al. [30] retrospectively studied 31
patients who received Dynesys with at least 2 years of
follow-up and during the 2 years following the original
surgery, 19% of patients either had or were scheduled for
revision surgery, only half of the patients indicated that the
operation had improved their overall quality of life, and
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less than half reported improvements in their functional
capacity.

There are some limitations of this study. Though the
follow-up period in this study was 3 years, much longer
follow-up is required to fully determine segmental instabil-
ity in adjacent levels and long-term outcomes. Potential
errors exist in measuring radiographic images, though this
was by having two experienced spine surgeons read the
radiographs. Though statistical significance was found in
the results, the patient numbers are relatively small, and the
data are from a single medical center. Lastly, of note is that
many guidelines indicate that surgery should not be consid-
ered until after 1 year of nonsurgical treatment; however, in
our country 3 months of nonsurgical treatment is standard
after which surgery is considered if there is no improve-
ment.

Conclusions

In summary, results of this study indicate that Dynesys is
an acceptable alternative to PLIF for the treatment of multi-
segment lumbar disease. Dynesys results in good motion
preservation, and compared to PLIF Dynesys is associated
with less blood loss and shorter surgical time and hospital
stay. Though the results of this study are based on a follow-
up of 3 years, lengthier follow-up is needed to adequately
determine long-term outcomes.
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