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ABSTRACT

PURPOSE OF THE STUDY 
Decompression surgery with or without fusion is the gold standard treatment of lumbar spinal stenosis, but adjacent

segment degeneration has been reported as a long-term complication after fusion. This led to the development of dyna-
mic implants like the interspinous devices. They are supposed to limit extension and expand the spinal canal at the symp-
tomatic level, but with reduced effect on the range of motion of the adjacent segments. The aim of the present study is the
evaluation of the biomechanical effects on the range of motion (ROM) of adjacent lumbar segments after decompression
and instrumentation with an interspinous device compared to a rigid posterior stabilization device.

MATERIALS AND METHODS 
Eight fresh frozen human cadaver lumbar spines (L2-L5) were tested in a spinal testing device with a moment of 7.5 Nm

in flexion/extension, lateral bending and rotation with and without a preload. The preload was applied as a follower load of
400N along the curvature of the spine. The range of motion (ROM) of the adjacent segments L2/L3 and L4/L5 was mea-
sured with the intact segment L3/L4, after decompression, consisting of resection of the interspinous ligament, flavectomy
and bilateral medial facetecomy, and insertion of the Coflex® (Paradigm Spine, Wurmlingen) and after instrumentation with
Click X® (Synthes, Umkirch) as well.

RESULTS 
The interspinous and the rigid device caused a significant increase of ROM at both adjacent segments during all direc-

tions of motion and under follower load, without significant difference between these devices. The ROM of L2/L3 tends to
increase more than the ROM of L4/L5 after instrumentation without statistical significance.

DISCUSSION 
The “dynamic” Coflex device caused a significant increase of ROM at both adjacent lumbar segments comparable to

the increase of ROM after instrumentation with the rigid Click X device. Other in vitro studies observed comparable bio-
mechanical effects on the adjacent segments after fusion, but biomechanical spacer studies concentrated on the “non-
compressible” X-Stop® and could not demonstrate a significant adjacent segment effect of this device. 

CONCLUSIONS 
The hypothesis, that an interspinous device would reduce the stress on adjacent segments compared to a rigid poste-

rior stabilization device, could not be demonstrated with this biomechanical in vitro study. Therefore, the protection of adja-
cent segments after instrumentation with dynamic devices is still not completely achieved.
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INTRODUCTION

The gold standard operative treatment of lumbar
spinal stenosis (LSS) is decompression with additional
posterolateral or posterior interbody fusion in case of
unstable spinal segments, although several studies report
of long-term complications like adjacent segment degen-
eration (ASD) (11, 21, 39). The attributed mechanism
of the development of ASD is an increased biomechan-
ical stress, since several studies showed that lumbar
fusion caused a significant increase of intradiscal pres-
sure, facet loading and mobility of the adjacent segments
(3, 5, 7, 12, 14). This biomechanical stress contributes
to an increased degeneration of the adjacent segments,
which has been demonstrated by in vivo animal studies
(23, 29). The authors found increased disc degeneration
adjacent to fused segments. Despite several biomechan-
ical and animal studies it is still discussed controver-
sially whether ASD is a consequence of fusion or a nat-
ural process of the individual patient, since various
retrospective studies based on different methodologies
resulted in contradictory conclusions with some authors
observing ASD (4, 17, 24, 27, 39) and some not (2, 28,
32, 34). It remains uncertain, if there is a direct correla-
tion between radiologically demonstrated ASD and clin-
ically symptomatic ASD (31) and if the development of
an ASD is due to a physiological progression, a biome-
chanical stress or due to both.

Beside this ongoing discussion the biomechanical
studies encouraged the hypothesis that the preservation
of a certain motion of the treated segment would reduce
the stress on the adjacent segments, which would dece -
lerate the adjacent segment degeneration. This led to the
development of various dynamic stabilization devices
and interspinous devices (6, 18) comparable to the deve -
lopment of minimal-invasive procedures for the treat-
ment of vertebral fractures. Actual interspinous devices
are not developed for the stabilization of the spinal seg-
ment, but they are supposed to limit the motion in the
instrumented segment and reduce the biomechanical
effect on the adjacent segments to offer an alternative
treatment for LSS (18). In a previous biomechanical
study the comparison of a dynamic posterior stabiliza-
tion device with a rigid posterior stabilization device
showed similar biomechanical effects on the range of
motion of adjacent segments (8). The hypothesis of the
present study was that an interspinous device would
reduce biomechanical stress on adjacent lumbar seg-
ments compared to a rigid posterior stabilization device.
Therefore the aim of the present biomechanical in vitro
study was the evaluation of the range of motion of adja-
cent lumbar segments after instrumentation with an
interspinous device compared to a rigid posterior stabi-
lization device.

MATERIALS AND METHODS

The study was performed with eight fresh human lum-
bar cadaver spines extending from L2 to L5, which were
extracted at the time of the post mortem autopsy. Dur-

ing the explantation the surrounding soft tissue was
removed without damaging the ligamentous structures.
After the macroscopic visual inspection the specimen
were screened via fluoroscopy. The exclusion criteria for
the cadaver were deformities, fractures, tumors, loss of
disc height, dorsoventral displacement, osteophyte for-
mation, hypertrophic facet arthritis and scoliosis. At the
day of testing the cryoconserved specimens were gradu -
ally thawed to room temperature. Five female and three
male lumbar spines with a mean age of 64 years were
kept moist with saline solution during the testing pro-
cedure.

Biomechanical testing was performed in a spinal test-
ing device (Fig. 1) by fixating the specimen with the
lower end to the base frame and the upper end to a car-
dan joint (15, 16). The cardan joint consists of three
swivel joints, which include an angle sensor, a force-
torque sensor and a drive to load the specimen for all
directions of motion. The positioning of the integrated
sensors allows a continuous assessment of forces and
moments applied to the spine, so that possible off-axis
loads can be recorded. The drive of the cardan joint is
made up of a step motor, a harmonic drive gearing and
an e-coupling. The guide element for the cardan joint
allows free lateral and axial movement and can be uncou-
pled from the drive unit to allow the fixation of the spec-
imen in its neutral position. A PID controlled balance
weight prevents the cardan joint from loading the speci -
men with its own weight. 

The control programme LabVIEW® (National Instru-
ments Germany GmbH, München, Germany) monitored
the simulator and the data acquisition. The three-dimen-
sional motion analysis CMS 70 System® (Zebris Med-
ical GmbH, Isny, Germany) was fixed with Kirschner
wires to each vertebral body to measure the range of
motion (ROM) of each spinal segment (Fig. 1). The data
acquisition of the angle sensors, force-torque sensors
and the CMS 70 System® was synchronized with 10 Hz. 

The testing routine based on the flexibility test proto-
col of Panjabi (26) by measuring the quantity of dis-
placement (range of motion = ROM) after applying a pure
moment of ±7.5 Nm in extension-flexion, lateral bend-
ing and rotation (13, 36). The loading of the specimen
was performed by the step motor, which rotated the cor-
relating cardan joint with constant angular velocity until
the predetermined set point (7.5 Nm in this study) was
reached and the programme reversed the direction of
motion. Each series of measurement consisted of 3
motion cycles with one cycle before and after testing,
which were rejected to minimize viscoelastic effects of
the specimen. After testing all three dimensions another
series in extension-flexion was performed with the sim-
ulation of a physiologic preload of 400N. This was real-
ized by inducing an optimized follower load along the
curvature of the spine using cable and weights (Fig. 1)
(10, 26). Lateral bending and rotation is not performed
with follower load in our testing device, because pre-
ceding studies and other study groups showed increased
friction and restoring forces, which reduced the ROM
with increasing follower load (8, 16, 30).
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bending, rotation and extension-flexion with follower
load. The procedure concluded with the testing of the
spine without any device in all three directions of
motion. 

The ROM of the segments L2/L3 and L4/L5 during
extension-flexion, lateral bending and rotation (as well
as during extension-flexion with follower load) was cal-
culated with the signal of the main direction of motion
of the CMS 70 System®, whereas the data of the angle
sensors of the cardan joint were analyzed for the ROM
of the whole specimen. The calculated data were impor -
ted into a common software program (MS Office Excel
Version 2003®) which diagrammed the values. The
results for all axes of the motion segments L2/L3 and
L4/L5 were displayed into diagrams and the ROM of
each implant was compared against the intact spine and
against each other. Due to the well known interindivi -
dual variability of the specimens the comparison has
been performed intraindividual against the ROM of the
intact condition defined as 100%.

Since the study was performed with only eight spe -
cimens a normal distribution of data could not be
assumed. Therefore median values with ranges were
reported and for statistical analysis the Wilcoxon signed
rank test was used to compare the intact condition
against the implanted condition. The statistical analysis
was performed with SPSS for Windows® Version 15.0
and a “p”-value of less than 0.05 was considered sig-
nificant.

RESULTS

The preparation and implantation of Coflex in the seg-
ment L3/L4 causes a significant increase of ROM du -
ring extension-flexion in the adjacent segment L2/L3 to
a median ROM of 166% (Fig. 4) and in the adjacent seg-

After fixation of the specimen in the spinal testing
device the test routine started with the intact spine in
extension-flexion and proceeded with lateral bending,
rotation and extension-flexion with follower load. Then
the interspinous Coflex® (Paradigm Spine, Wurmlingen,
Germany) device was implanted into the segment L3/L4
(Fig. 2). The insertion of this device at the intraspinous
ligament was carried out strictly according to the instruc-
tions of the manufacturers with resection of the inter-
spinous ligament, detachment of the supraspinous liga-
ment and additional decompression consisting of
flavectomy and bilateral medial facetectomy.

The interspinous device was tested in extension-flex-
ion, lateral bending, rotation and extension-flexion with
follower load. After that the spine was tested without
device in extension-fle -
xion. Finally the posterior
pedicle screw rod system
Click X® (Synthes, Um-
kirch, Germany) was
implanted (Fig. 3). The
6.2 mm titanium pedicle
screws were inserted into
L3 and L4 and connected
by longitudinal titanium
rods. After the posterior
instrumentation of L3/L4
the testing proceeded with
extension-flexion, lateral

Fig. 1. Specimen in spinal testing device during lateral ben-
ding.

Fig. 2. Coflex device.

Fig. 3. Click X device.
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ment L4/L5 to a median ROM of 140% (Fig. 5) com-
pared to the intact spine (100%). The implantation of the
Click X device causes a significant increase of ROM
during extension-flexion in the adjacent segment L2/L3
to a median ROM of 178% (Fig. 4) and in the adjacent
segment L4/L5 to a median ROM of 139% (Fig. 5).

During lateral bending Coflex significantly increases
the median ROM of the segment L2/L3 to 144% and the
median ROM of the segment L4/L5 to 147%. The
Click X device also leads to a significant increase of the
median ROM of L2/L3 to 145% and of L4/L5 to 147%
during lateral bending. 

These findings are similar to the significant increas-
es of ROM during rotation. Here, the Coflex device caus-
es a median ROM of 139% in the segment L2/L3 and
a median ROM of 140% in the segment L4/L5. Click X
causes a median ROM of 138% in the segment L2/L3
and a median ROM of 135% in the segment L4/L5.

The application of a follower load of 400N during
extension-flexion allowed the devices to further signif-
icantly increase the ROM of the adjacent segments. The
median ROM of segment L2/L3 was increased to 172%
by Coflex and to 205% by Click X. In segment L4/L5
the follower load caused a minor but still significant
increase of ROM with a median ROM of 123% caused
by Coflex and a median ROM of 110% caused by
Click X. 

The comparison of the ROM of both implants against
each other showed no significant differences during all
directions of motion in both adjacent segments.

DISCUSSION

Numerous in vitro studies evaluated the biomechani-
cal changes at the adjacent segments after single seg-
ment and multisegmental fusion and described increased
ROM, increased facet loading and increased intradiscal
pressure after fusion (3, 5, 7, 14, 35). These findings
after fusion are in correspondence to the present study,
where the posterior instrumentation with Click X® at
segment L3/L4 caused a significant increase of ROM at
the adjacent segments L2/L3 and L4/L5 during exten-
sion-flexion, lateral bending, rotation and extension-
flexion with a follower load of 400 N.

A few biomechanical in vitro studies in the literature
evaluated adjacent segment effects of interspinous
devices, but they are restricted to the X-Stop® (Tikom,
Fürth, Germany). Wiseman et al. evaluated the facet
loading of human cadaver lumbar spine after instru-
mentation with X-Stop® (38). They inserted pressure
films into the facet joints of the instrumented (L3/4) and
adjacent (L2/3, L4/5) segments and applied moments of
15 Nm with a preload of 700 N during flexion and exten-
sion. However, a significant change of the mean pres-
sure in the facet joints of the adjacent segments could
not be demonstrated Swanson et al. applied a moment
of 7.5 Nm and a preload of 700 N during flexion and
extension and measured the disc pressure in the adjacent
segments L2/3 and L4/5 after implantation of the 
X-Stop® into segment L3/4 (33). They could not observe
significant changes in the disc pressure at the adjacent
segments, so that they proposed a redirection of the load
away from the disc to the spinous processes due to its
design as a non-compressible spacer. 

The Coflex® device differs from the X-Stop® in
design, because it is a compressible U-shaped device
with clips, which are tightened around the spinous
processes during insertion. First clinical studies of the
Coflex device supposed a stabilization of minor or
potential instability after decompression and protection
of the adjacent segment. This could not be demonstrat-
ed in case of advanced instability or spondylolisthesis
(19). A subsequent biomechanical in vitro study by
Wilke et al. evaluated the ROM of the instrumented seg-
ment after decompression and implantation of different
interspinous devices, including Coflex®, by applying
a moment of 7.5Nm without preload in all directions of
motion (37). They showed that the implantation of
Coflex® into a segment with a decompression defect
caused stabilization during extension motion, but this
effect could not be proven during flexion, lateral bend-
ing and rotation. In a preceding study we confirmed these
findings for Coflex® at the instrumented segment L3/4,
but we observed a significant increase of ROM of the
whole specimen (L2-L5) during extension-flexion, rota-
tion and lateral bending (15). 

Fig. 4. Mean ROM in cranial adjacent segment L2/L3
(intact=100%).

Fig. 5. Mean ROM in caudal adjacent segment L4/L5 
(intact = 100%).
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In conclusion, the hypothesis, that an interspinous
device would reduce the stress on adjacent segments
compared to a rigid posterior stabilization device, could
not be demonstrated in this biomechanical in vitro study.
This may imply that interspinous devices may cause the
same adjacent segment degeneration as rigid devices,
with the limitation that biomechanical or radiographic
evidence of degenerative changes do not necessarily cor-
relate with symptoms. Future studies and the actual
prospective multicenter study (1), which compares the
clinical outcome after microsurgical decompression
with and without Coflex®, will have to evaluate the clin-
ical long-term effects and the clear definition of indica-
tions for interspinous devices as an alternative to stan-
dard fusion surgery.

CONCLUSIONS

In this biomechanical in vitro study both the dynam-
ic Coflex® device and the rigid Click X® device caused
a significant increase of ROM at both adjacent lumbar
segments, but without significant difference between
them. Therefore the Coflex® could not protect the adja-
cent segments from biomechanical stress after instru-
mentation. The study has its limitation in the number of
evaluated cadaver specimens and the unpredictability of
biological long-term effects. An actual multicenter ran-
domized controlled trial will hopefully be able to define
the indications and to evaluate the clinical long-term
effects of interspinous devices.
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