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OBJECTIVE The long-term effects on adjacent-segment pathology after nonfusion dynamic stabilization is unclear,
and, in particular, changes at the adjacent facet joints have not been reported in a clinical study. This study aims to com-
pare changes in the adjacent facet joints after lumbar spinal surgery.

METHODS Patients who underwent monosegmental surgery at L4-5 with nonfusion dynamic stabilization using the
Dynesys system (Dynesys group) or transforaminal lumbar interbody fusion with pedicle screw fixation (fusion group)
were retrospectively compared. Facet joint degeneration was evaluated at each segment using the CT grading system.

RESULTS The Dynesys group included 15 patients, while the fusion group included 22 patients. The preoperative facet
joint degeneration CT grades were not different between the 2 groups. Compared with the preoperative CT grades, 1
side of the facet joints at L3—4 and L4-5 had significantly more degeneration in the Dynesys group. In the fusion group,
significant facet joint degeneration developed on both sides at L2-3, L3-4, and L5-S1. The subjective back and leg pain
scores were not different between the 2 groups during follow-up, but functional outcome based on the Oswestry Disabil-
ity Index improved less in the fusion group than in the Dynesys group.

CONCLUSIONS Nonfusion dynamic stabilization using the Dynesys system had a greater preventative effect on facet
joint degeneration in comparison with that obtained using fusion surgery. The Dynesys system, however, resulted in
facet joint degeneration at the instrumented segments and above. An improved physiological nonfusion dynamic stabili-
zation system for lumbar spinal surgery should be developed.

http://thejns.org/doi/abs/10.3171/2015.10.FOCUS 15456
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major stabilizing structures in the aging spine and

a source of low-back pain.!"?22 As the interverte-
bral discs degenerate with age, stress on the facet joints
increases and this leads to facet joint changes such as hy-
pertrophy, arthritis, and bony spur formation. In rigid fixa-
tion of the lumbar spine using pedicle screws, the fused
segment increases the stress on the adjacent segments by
preventing motion in the fused segment. This affects the
intervertebral discs and facet joints of the adjacent seg-
ments. After rigid fixation, such stress accelerates degen-
erative changes and contributes to the development of
adjacent-segment pathology (ASP). Furthermore, facet
joints, especially the upper facet joint, are affected by
pedicle screw insertion, which has been regarded as a risk
factor for ASP in lumbar instrumented fusion.??!13.172!

THE facet joints of the lumbar spine are recognized as

Recently, nonfusion dynamic stabilization systems have
been applied to the management of degenerative lumbar
spinal disease, and several studies have shown favorable
clinical and radiological outcomes.51%820 Despite the the-
oretical advantages over rigid fixation, the long-term ef-
fect of nonfusion dynamic stabilization on ASP has been
disputed.” Although some authors have documented ASP
development after nonfusion stabilization, there are no
clinical reports on facet joint changes at the stabilized and
adjacent segments after nonfusion stabilization.

Therefore, a comparison of facet joint degeneration af-
ter nonfusion dynamic stabilization and rigid fixation is
needed to determine the effectiveness of nonfusion stabi-
lization. Herein, we report a clinical and radiological com-
parative study on facet joint degeneration following fusion
and nonfusion surgeries.

ABBREVIATIONS ASP = adjacent-segment pathology; COR = center of rotation; FEM = finite elements modeling; ODI = Oswestry Disability Index; PSF = pedicle screw
fixation; ROM = range of motion; TLIF = transforaminal lumbar interbody fusion; VAS = visual analog scale.

SUBMITTED September 1, 2015. ACCEPTED October 21, 2015.
INCLUDE WHEN CITING DOI: 10.3171/2015.10.FOCUS15456.

©AANS, 2016

Neurosurg Focus Volume 40 « January 2016 1

Unauthenticated | Downloaded 03/08/22 09:21 PM UTC



S.E. Lee, T. A. Jahng, and H. J. Kim

Methods

Patient Population

Both transforaminal lumbar interbody fusion (TLIF)
with pedicle screw fixation (PSF) and nonfusion dynamic
stabilization using the Dynesys system (Zimmer Spine)
were performed between 2003 and 2010 at our institution.
The operative indications were degenerative disc disease
with radiculopathy, central or foraminal stenosis, degener-
ative spondylolisthesis, and degenerative lumbar scoliosis.
A retrospective study was planned to compare changes in
the facet joints after lumbar spinal surgery. Patients who
underwent surgery for degenerative lumbar spinal disease
at L4-5 were divided into 2 groups: TLIF with PSF (fu-
sion group), and nonfusion dynamic stabilization using
the Dynesys system (Dynesys group). In both groups, the
patients who underwent CT of the lumbar spine at a mini-
mum of 12 months after the operation were included. Pa-
tient exclusion criteria were spinal instability from lumbar
spinal trauma, previous lumbar fusion surgery, and severe
osteoporosis under medical treatment.

Surgical Procedure

All operations were performed with the patient in a
neutral prone position by 1 senior surgeon. In the fusion
group, a conventional or minimally invasive TLIF proce-
dure was used. For minimally invasive TLIF, the surgeon
used bilateral 2.5-cm skin incisions and a self-designed
tubular retractor system. Laminectomy, facetectomy, disc-
ectomy, and interbody fusion were performed through an
18- to 20-mm diameter tubular retractor. Pedicle screw
insertion and rod fixation were performed through a tu-
bular retractor with fluoroscopic guidance. In the Dyne-
sys group, conventional posterior or bilateral mini-open
Wiltse approaches were used. In some patients, a 2.5-cm
midline skin incision was made to allow decompression.
Screw insertions were performed using the bilateral mini-
open technique. To preserve facet joint integrity, care was
taken to place the Dynesys screw lateral to the facet joints.

Radiological Evaluation

Facet joint degeneration was evaluated bilaterally at
each segment (L1-2, L.2-3, L.3-4, L4-5, and L5-SI),
except L4-5 was evaluated postoperatively in the fusion
group due to the performance of the uni- or bilateral fac-
etectomies. Degeneration was classified as Grades 0 to 3
based on previously reported CT criteria: Grade 0, nor-
mal facet joint space (2—4 mm); Grade 1, narrowing of
the joint space (< 2 mm), small osteophytes, and/or mild
articular process hypertrophy; Grade 2, narrowing of the
joint space (< 2 mm), moderate osteophytes, articular pro-
cess hypertrophy, and/or mild subarticular bone erosions;
and Grade 3, narrowing of the joint space (< 2 mm), se-
vere osteophytes, articular process hypertrophy, severe
subarticular bone erosions, and/or subchondral cysts.?
Determination of the changes in the facet joints was based
on differences between the preoperational and final post-
operative CT scan. On the final evaluated CT scan, facet
joint violation was based on the screw or the connecting
rod being in line with, as well as abutting on or into, the
L3-4 and L4-5 facet joint.! The radiological data were
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investigated using a picture archiving and communication
system (PACS; M-view, version 5.483; Infinitt Healthcare).

Clinical Evaluation

Subjective back and leg pain levels were assessed using
the visual analog scale (VAS). Functional outcome was as-
sessed using the Oswestry Disability Index (ODI). Clini-
cal parameters were measured preoperatively, postopera-
tively at 12, 24, and 36 months, and at the final follow-up.
In addition, neural intervention and medication via pain
analgesics were evaluated at the final follow-up.

Statistical Analysis

Independent t-tests or Wilcoxon signed-rank tests were
used to evaluate continuous variables, and the chi-square
test or Fisher exact test was used to evaluate categorical
variables. A linear mixed model was used to test differ-
ences in the clinical parameters. Statistical significance
was defined as a p value < 0.05. Analyses were performed
using SPSS (version 19.0; IBM).

Results

Between 2003 and 2010, 29 patients underwent TLIF
with PSF at L4-5 and 23 patients underwent Dynesys
at L4-5. Among these patients, 22 and 15 patients who
underwent CT scanning 12 months after surgery were
included in the fusion and Dynesys groups, respectively
(Table 1). The fusion group had a mean age of 60.86 =
8.34 years and included 11 male and 11 female patients.
The Dynesys group had a mean age of 58.33 + 7.03 years
and included 6 male and 9 female patients. Preoperatively,
all patients had lumbar degenerative disease and exhibited
lumbar spinal stenosis associated with spondylolisthesis
and herniated intervertebral disc. The final CT evaluation
was conducted at 30.68 = 21.34 months in the fusion group
and at 24.93 = 15.34 months in the Dynesys group (p =
0.57). The mean total clinical follow-up period was 61.56
=+ 23.56 months in the fusion group and 51.15 + 25.56
months in the Dynesys group (p = 0.78).

Changes in the Facet Joints on CT

The preoperative and final follow-up CT-based grades
of the facet joint degeneration on both the right and left
sides are presented in Fig. 1. Preoperative facet joint de-
generation between the 2 groups did not differ at all levels
(p>0.05). Preoperative facet joint degeneration was great-
est at L4-5 in both groups. At the final CT evaluation,
facet joint degeneration had significantly progressed at all
segments except L1-2 in the fusion group (Fig. 1 left). In
the Dynesys group, increased degeneration was detected
at the instrumented segment facet joint (L4-5) and the
above facet joint (L3—4), but the difference was significant
only on 1 side of each segment (Fig. 1 right).

Facet joint violation was detected in 4 screws in 2 pa-
tients (13.6%) in the Dynesys group: 2 screws (1 on each
side) at L.3—4 and 2 left-side screws at L4-5. However,
in the fusion group, 36 screws violated the facet joints in
20 patients (90.9%): 10 right-side screws and 15 left-side
screws at L3—4, 4 right-side screws and 7 left-side screws
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TABLE 1. Patient demographics*

Variable Fusion Group (n = 22) Dynesys Group (n = 15) p Value

Sex (male/female) 11:11 6:9 0.74
Mean age (yrs) 60.86 + 8.34 58.33+7.03 0.47
Preoperative diagnosis 0.94

Lumbar stenosis 7 6

Lumbar stenosis w/ spondylolisthesis 14 7

Lumbar stenosis w/ HIVD 1 2
Mean time to last CT evaluation (mos) 30.68 +21.34 2493 +£15.34 0.57
Mean clinical follow-up period (mos) 61.56 + 23.56 51.15 £ 25.56 0.78

HIVD = herniated intervertebral disc.
* Mean values are presented as the mean + SD.

at L4-5. The changes in facet joint degeneration in both
groups are illustrated in Figs. 2 and 3.

Clinical Outcomes

The clinical parameters in terms of VAS and ODI were
not preoperatively different between the 2 groups (all p >
0.05). The VAS values for back and leg pain significantly
decreased during the follow-up period (p < 0.05), and there
was no difference in the back and leg pain scores between
the 2 groups (p = 0.620 and p = 0.190, respectively; Fig.
4A and B). The mean ODI score significantly decreased
during the follow-up period in the Dynesys group. In the
fusion group, the mean ODI score decreased after TLIF,
but gradually increased after the the 24-month follow-up
period (Fig. 4C). A statistically significant difference in
the ODI score was observed between the 2 groups during
the follow-up period (p = 0.006). At the final follow-up,
12 patients in the fusion group had taken nonopioid and/
or opioid medications, and 4 of those patients additionally
underwent neural intervention, including nerve root block
and medical facet block. At the final follow-up, 7 patients
in the Dynesys group had taken pain analgesics, mainly
nonopioids.

Six years after TLIF surgery, 1 patient underwent ver-
tebroplasty at L-2 and L-3. Additional surgery for ASP at
L3-4 or L5-S1 was recommended to 4 patients in the fu-
sion group and 1 patient in the Dynesys group; however,
these patients did not undergo the additional surgery, and
their ASP was controlled through conservative manage-
ment.

Discussion

The objective of nonfusion dynamic stabilization is to
maintain the normal physiological range of motion (ROM)
and reduce disc and facet joint stress. Biomechanically,
the Dynesys system preserves ROM and the center of rota-
tion (COR) closer to that of the intact spine than obtained
using rigid fixation.*!51°2* The theoretically advantageous
biomechanical properties of the nonfusion approach sug-
gest that it should produce better clinical outcomes, espe-
cially regarding ASP prevention. Successful clinical out-
comes in patients with nonfusion dynamic stabilization
have been reported, but definitive clinical or radiological
benefits compared with conventional instrumented fusion

have not been clearly demonstrated. Nonfusion dynamic
stabilization using the Dynesys system is reported to have
a positive effect on the prevention of ASP development,
but other authors have not reported such advantages over
fusion surgery. Thus, the long-term effect on ASP after
Dynesys implantation is not clear, and its effect on adja-
cent facet degeneration has been reported only in biome-
chanical studies.!-12:14.16.18.20

In this study, we conducted the first clinical investi-
gation into facet joint changes after the application of a
nonfusion dynamic stabilization system with a clinical
follow-up period of over 4 years and a radiological follow-
up period of over 2 years. The results of our study show
that, compared with TLIF surgery, Dynesys application
can significantly reduce the incidence of lumbar spine fac-
et joint degeneration and provide functional improvement.
Facet joint degeneration was observed at 2 levels above,
1 level above, and 1 level below the adjacent segments in
the fusion group, but in the Dynesys group facet joint de-
generation was confined to the stabilized segment and the
adjacent above segment. In addition, functional outcomes
during follow-up improved less in the fusion group than
in the Dynesys group. The Dynesys group showed less
frequent facet joint degeneration at the adjacent segments,
but significant facet joint degeneration was detected at the
instrumented segment. Interestingly, although facet joint
degeneration at the instrumented segment was accelerated
in the Dynesys group, facet joint violation rarely devel-
oped intraoperatively. This implies that Dynesys can have
an undesirable effect on the instrumented segment facet
joint. This supports the results of a finite elements mod-
eling (FEM) study that revealed increased facet contact
force after Dynesys implantation.’

Several researchers have investigated facet joint contact
force in nonfusion dynamic stabilization, and the Dyne-
sys system is reported to produce a greater facet contact
force than that in the normal spine under all loading con-
ditions.!41¢° A biomechanical FEM-based study of the
Dynesys system at L4-5 showed that the facet contact
force during extension increased with an increase in mo-
ment.” This undesirable effect on facet contact force would
contribute to facet joint degeneration at the instrumented
segment. In addition, it might contribute to the develop-
ment of unusual postoperative back pain; that is, pain that
differs from the usual postoperative back pain due to op-
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FIG. 1. Facet joint changes on CT. Left: In the fusion group, facet joint degeneration at the final CT evaluation was present in the
2 levels above (L2-3), 1 level above (L3-4), and 1 level below (L5-S1). There were statistically significant increases in degenera-
tion on both the right and left sides. Right: In the Dynesys group, facet joint changes on CT were not observed in the second and
third levels above (L1-2), 2 levels above (L2-3), and 1 level below (L5-S1). However, facet joint degeneration developed at the
level above instrumentation (L3-4) as well as the instrumented level itself (L4-5). There were statistically significant changes only
in the right L3-4 and left L4-5 segments. Grades refer to the CT grades of facet joint degeneration on the right and left sides.

erative trauma or soft-tissue injury. This is similar to post-
operative back pain after lumbar artificial disc replace-
ment, which increases facet joint stress. In addition to its
effects on facet contact force, several biomechanical stud-
ies on the Dynesys system have revealed nonphysiological
biomechanical effects, such as insufficient ROM and ab-
normal instantaneous COR in comparison with the intact
spine.’>*2* Other authors have reported that the stiffness
that results from Dynesys stabilization is the same as that
from rigid fixation.® All of these studies suggest that the
Dynesys system is limited when attempting to simulate
the normal spinal motion of an intact spine. In our study,
Dynesys application led to facet joint degeneration at the
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adjacent segment, but the degree of degeneration and its
distribution among the other adjacent segments were not
as great as that in the fusion group. Thus, our results sug-
gest that nonfusion stabilization using the Dynesys system
can reduce or prevent ASP to some extent. The biome-
chanical discrepancies and design characteristics of the
Dynesys system may impact ASP development, but it is
not as great as that from TLIF.

In addition, we found a higher incidence of facet joint
degeneration and more unsatisfactory clinical outcomes in
the fusion group than those in the Dynesys group. Facet
joint violation developed in the fusion group and facet joint
degeneration was demonstrated, not only in the violated

Unauthenticated | Downloaded 03/08/22 09:21 PM UTC



Facet joint degeneration after nonfusion dynamic stabilization

FIG. 2. Example of facet joint degeneration in the fusion group. A 65-year-old woman underwent TLIF with PSF surgery at L4-5
due to spinal stenosis. Upper: Preoperative CT grades for facet joint degeneration. Lower: CT grades at 24 months postop-
eratively. Preoperatively, the facet joint at L4-5 was severely degenerated, but other segments showed mild to moderate grade
changes. At the final CT, facet joint violation was observed at both L3-4 and left L4-5. Right L4-5 facetectomy was identified, and
facet degeneration had progressed from the preoperative level, including 1 level above the segment (L2-3).

FIG. 3. Example of facet joint changes in the Dynesys group. A 69-year-old woman underwent nonfusion dynamic stabilization
surgery using the Dynesys system. Upper: Preoperative CT grades for facet degeneration. Lower: CT grades at 36 months
postoperatively. Preoperatively, the facet joint at L4—-5 was severely degenerated, but the other segments had normal to mild CT
grades. Postoperatively, facet joint violation at L3—4 and L4-5 was not demonstrated, but adjacent facet joint degeneration at
L3-4 progressed. Postoperative and preoperative CT grades were the same at the other segments (L1-2, L2-3, and L5-S1).
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FIG. 4. Clinical outcomes. A: VAS for back pain significantly decreased between preoperation and the final follow-up. There was
no statistically significant difference in the back pain VAS levels between the fusion and Dynesys groups during the postopera-
tive course (p = 0.620). B: VAS for leg pain also decreased postoperatively. There was no significant difference in leg pain VAS
levels between the 2 groups during the postoperative course (p = 0.190). C: Functional outcome, as represented by ODI. The
linear mixed model showed a statistically significant difference between groups. In the fusion group, ODI improved less than in the
Dynesys group (p = 0.006). F/U = follow-up; POD = postoperative duration.

segment (LL.3—4) but also in the 2 segments above (L2-3)
and 1 segment below (L5-S1). In addition, while VAS for
back and leg pain decreased postoperatively, functional
outcomes gradually deteriorated and half of the TLIF pa-
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tients needed analgesics or neural intervention at the final
evaluation. Therefore, we suggest that fusion surgery has
long-term clinical and radiological drawbacks related to
accelerated facet joint degeneration.
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There are several limitations in the present study. This
study represents a single surgeon’s experience at 1 insti-
tution; hence, it involved a small number of patients—15
Dynesys and 22 fusion patients—resulting in low statistical
power. Lumbar stenosis with spondylolisthesis comprised
a large portion of the preoperative diagnoses, but the small
number of patients did not allow a subgroup analysis. The
mean follow-up time of 24 to 30 months might be insuf-
ficient to identify radiological ASP. Although the levels of
facet joint degeneration in our 2 groups were not preop-
eratively different, facet joint degeneration at the segments
above and below the instrumented segment were greater
in the fusion group than in the Dynesys group; however,
the difference was without statistical significance. The
mean final CT evaluation period was longer by 6 months
in the fusion group, and this might have provided more
time for the development of ASP. Facet joint violation was
also more common in the fusion group and a contribut-
ing factor for ASP. If ASP is the result of a natural aging
process or the result of fusion surgery, the type of underly-
ing degeneration might lead to more rapid degeneration.
Therefore, our results may not be solely due to the type of
surgery. Patients were advised to visit the outpatient clinic
at regular postoperative periods (1, 3,6, and 12 months and
every subsequent year). Regardless, CT evaluation was not
prospectively planned at those regular follow-up periods;
therefore, our comparative study could not include regular
CT images. As a similar limitation of retrospective stud-
ies, preoperative MRI of the lumbar spine was evaluated
in all patients but postoperative MRI was not regularly
planned. If facet joint degeneration was evaluated on both
CT and MRI, a more exact evaluation could be conducted.
Although theoretical background studies on nonfusion dy-
namic stabilization have indicated its utility in maintain-
ing normal physiological ROM and COR and reducing
disc and facet joint stress, the Dynesys system did not pro-
vide comprehensive advantages over fusion stabilization.
Improvements in nonfusion dynamic stabilization systems
may result in better clinical and radiological outcomes for
the treatment of degenerative lumbar spinal disease.

Conclusions

Compared with fusion surgery, nonfusion dynamic
stabilization was advantageous as it reduced or prevented
facet joint degeneration and improved clinical outcomes.
The Dynesys system, however, did not prevent facet joint
degeneration at the instrumented and adjacent segments.
Improvements in nonfusion dynamic stabilization systems
are needed.
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