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Effect of Sress on Intervertebral Disc and Facet Joint of Novel Lumbar
Spine Soft Implant: Biomechanical Analysis.
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Abstract

This study was to evaluate the effect of stress on theintervertebral disc and facet joint after
implantation of devicefor intervertebral assisted motion (DIAM). Nine fresh human lumbar
(L1-L5) cadavers were studied. The stress on L3-4, adjacent intervertebral disc and facet
jointswas measured in four groups. The cadaversin Group 1 were measured without special
treatment; the lumbar discectomy and facet joint arthroplasty without implant were per-
formed on L3-4 in Group 2. DIAM and ISOLA screw fixation in L 3-4 inter spinous was car -
ried out in Group 3 and Group 4, respectively. The stress on disc intervertebrales and facet
joint of L3-4 increased after lumbar diskectomy and facet joint arthroplasty. After DIAM
fixation, the stress on L4-5, adjacent disc intervertebrales and facet joint was comparable to
that under the normal condition. After ISOLA fixation, the stress on disc intervertebrales
and facet joint of L 3-4 decreased while that on adjacent disc intervertebrales increased. DI-
AM fixation can efficiently reduce the undesirable increase in stress due to lumbar diskec-
tomy and facet joint arthroplasty and decrease therisk for the degeneration of adjacent disc
intervertebrales caused by spinal fusion.
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Numerous deficiencies have become apparent currentl

following wide application of rigid spinal fixationThe  The instrument used included WE-5 Hydraulic Uniegrs

related problems include the complexity of surgest- Testing Machine (Hongshan tester factory produgtion

rological complications, major surgical trauma,dne  and digital strain gauge YJ-14 (Shanghai Huadoreg-El

plete fusion of bone graft and accelerated degéoaraf  tronics Instrument Factory production).

adjacent spinal segments [1-4]. Spinal elastictifixa

however, is_an alternative_ interyention for pati_;emith Detection of Spinal Stress

low back pain. In order to investigate the effestigss of

inter-spinous process implant Device for Intervendé

Assisted Motion (DIAM), a case-control biomechahica

study was carried out to investigate the effecitodss on

the intervertebral discs and facet joints in hurcadavers.

Sample preparation

Samples were progressively thawed 2 h before experi
ment. Intervertebral discs at both ends @f lere re-
moved along the ligament stumps. Both the cauddl an
cranial ends were fixed with bone cement (poly ryleth
methacrylate ester) to a platform. In order to emghe
accuracy and load-up condition, both ends of theebo

Samples and instrument _ o cement platform of all the specimens were mainthiaie
Spinal segments (T12-S1) including interosseous MeMpa same height.

branes, discs, intervertebral joint capsules ahdig-
ments were obtained from 9 cadavers (middle-agied, d
of acute brain injury). Psoas major muscle, bikdteacral
spine muscle and other paravertebral soft tissuee w
removed. After preliminary manipulation, the speeis
were examined by X ray to exclude any potentialoabn
malities. Finally, none were abnormal. Specimemsew
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Materialsand Methods

Piezoresistor sensor adhesion

The sensor was embedded in the simulated operation
segments, the adjacent segment discs and facét min
both sides. The embedding was done strictly acogridi



Chen/Guo/Yuan/Ding

that the creep and relaxation effect of bone wengoved.
Data was recorded once every 30 sec during theTest
ensure accuracy, each test was done twice. Aftdr est,
the specimens were allowed to be idle for more tB@n
min's before the next test. During the test, ak@mens
were covered with a normal saline containing gataze
avoid dehydration.

Satistical analysis

All data obtained were mechanical quantities otlloghe
initial data was error corrected to attain credipihterval
and content evaluation before calculating the meants
standard error. Statistical analysis was performsitg
SPSS version 10.0, and one way analysis of vagiaas
employed to assess the difference between foury stud

Figure 1A DIAM fixation FigureB. ISOLA fixation g OU.E.S' A value oP <0.05 was considered statistically
significant.

the requirements for experimental analysis of strAfter
arranging piezoresistor, glueing, patching, sealvax Results
and temperature compensation, the piezoresistor was

linked to a resistance strain guage. When the 1/2 lamina of lumbar specimen and fadet jo
were resected, the stress on the intervertbralk dis
facet joint increased to the action of an axial BD6tatic
force. After installation of DIAM, the stress deased to
the normal level. The stress after installationl®fOA
system was lower than normal level at the operateg
ments. However, under the static loading, there m@s
significant difference in the stress on operatiggnsents
among 4 groups. When the loading weight was 15 Nm
and the loading speed was 0.25 Nm/sec, the strefiseo
intervertebral discs and facet joint increased iBgamtly
in the posterior extension. The difference betw&eoup
LA posterior fixation system (Johnson & Johnsor(Fi 1 and 2 was S|gn|f|cant. _That is, the resectiopasterior
1B). structure can obwously_mcrease the stress orccblmee-
sponding segments. This stress could be reduced-by
Test conditions stalling DIAM. Furthermore, the stress on adjacesg-
A standard physiological load of 500 N was applied Ments was not markedly affected. After installatioin
specimens in three ways: graduated model, quaii-stalSOLA system, the stress on the operative segmeass

state, and continuous load. The load was set Airiand ~ lower than the normal level but notably higher thiat
loading velocity was 0.25 Nm/s when the lumbar spin On adjacent segments. The specific data are descab

was in the extension of 15°. follows (Table 1).
The standard load was applied before each testsiore

Measurements

The stress distribution of surgical segment, adiadescs
and facet joint were measured in 4 groups: 1) obntr
group: no processing; 2) simulated surgery grdnilpi-
eral fenestration of /s + hemisection of facet joint + re-
section of 2/3 intervertebral disc; 3) DIAM groupstal-
lation of DIAM at Lss (NLSI is "H"-shaped made of
medical silicone coated with nylon cover, and piabe-
tween spinous processes which were fixed betweparup
and lower spinous process by fixing strap)(Fig 14);
ISOLA group: simulated spinal fusion by installif§O-

Table 1. Stress (Kpa) on disc intervertebrales and faciit jat instrumented and adjacent
levelsunder various conditions

L, level
Neutral position Extension position
A B C D A B C D
Intervertebral  467+23 480+32 490+31 485+26 1660+28 1727424  1740+31770+37
disc
facet joint 358+43 382+20 402+15 336+21 2465+36 872E8  2490+47  3105+38
L3_4|eve|
Neutral position Extension position
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Effect of Stress on Intervertebral Disc and Faaentl....

A B C D A B C D
Intervertebral  482+19 786+33 470+19 450122 1680+37 2116+42  1620+41620+37
disc
facet joint 386125 502+15 355+25 315+19 2545+39 81348  2460+47 225548
L. level

Neutral position Extension position

A B C D A B C D
Intervertebral  470+13 495+32 480+33 480+35 1760+28 1727434 1740142570142
disc
facet joint 375424 405431 413+25 364+28 2572426 37388  2525+47 321029

*loading weight was 500 N, extension torque wad\b% loading speed was 0.25 Nm/sec. Data are eqitess mean

value *standard deviatian
Discussion

Relationship between facet joint and low back pain

ligament is resected. When compared with conveation
surgical treatment, this surgery is an effective watreat
neurogenic claudication and lumbar spinal stenosis

Currently, no consensus has been reached on the exgaused by hypertrophy of ligamentum flavum. Thesstr

cause of low back pain. However, studies on thagat
genesis of low back pain have frequently takenféoet
joint into account. In 15-40% of patients sufferifrgm
chronic low back pain, there is a close relatiopdie-
tween facet joint disorders and low back pain [&l:
though it's difficult to diagnose the low back paalely
caused by facet joint disorders, this kind of peém be
aggravated by over-extension and alleviated byirfgex
the back. Researches have shown the capsule sdimgun
the facet joint is innervated by nociceptor neriaerfs.
The receptors are stimulated due to the changeesspre.
The load on the facet joints increases at exteraighthe
capsule is deformed, which then stimulates theceqtor
receptors in the capsule. [6,7].

The present study showed that resection of lumbar i
tervertebral discs and posterior structure caresee the
stress on the adjacent discs and facet jointsr Aittall-
ing the soft implant betweensl, spinous processes, the
stress on operative segments was similar to thdgruhe
physiological condition. Installation of ISOLA sgsh did

not change the stress on thg,lintervertebral discs and 2

the facet joint but significantly increased theess on
adjacent segments. These results suggest thatimigid
nal fixation of the spine can strengthen the operateg-

ments but may increase the stress on adjacent segme

with higher risk for degeneration in the future.[BJAM

can protect the posterior structure of the lumhanes
from high stress. The biomechanical characteristidhe
operative segments and adjacent structures aréasiioi
those under the physiological condition. Therefdle
stability of lumbar spines is preserved [9-12]. Tde
crease in the harmful stress on the facet joints staw
down the degeneration process. That is, the viciyuke
of destructive interaction of disc and facet jatdpped.

Application prospect of DIAM
In the surgical installation of DIAM, only the im&pinal
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distribution of the lumbar vertebrae fixed with DNAis
similar to that under the physiological conditiomdathe
degeneration of adjacent segments is avoided [9711$
device can also be used with artificial nucleuslaeg
ment as it can decrease the disc stress and réueicer-
related damage. However, there are some limitatains
DIAM. As a conservative treatment, DIAM only streing
ens the sagittal stability of the spinal columnin&pfu-
sion is still recommended for spondylolisthesis aadere
spinal stenosis. As this study was conducted oawad,
further studies are still warranted. The threeatigion
finite element analysis would be a good optionnteesti-
gate the impact of DIAM on the spinal movement.
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