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Lumbar pain affects approximately 80% of the so-
ciety in any stage of life at least once in a lifetime,
and it turns into a chronic complaint in some of the
affected patients. It reduces the life quality of the af-
fected patient group, causes a considerable amount
of burden both socially and economically, and leads
to a long-term labour loss both during and after the
stages of disease treatment.

Degenerative disc disease (DDD) ranks first among
the causes of lumbar pain, which is a condition lead-
ing to aforementioned disturbances, and the etiology
of the disease is still not known thoroughly. General
opinion about the occurrence of this clinical syn-
drome is the alteration of the load-carrying capac-
ity of the degenerated disc and the emergence of a
relative stability due to an impairment of the move-
ment segment. Thus, this instability causes pain.
Degeneration initiating in the disc tissue of the lum-
bar movement segment results in dehydration and
radial ruptures in nucleus polposus, and in the re-
duction of the disc height together with changes in
collagen structure and its protrusion into the canal
and foramina, together with radial and circumferen-
cial ruptures in annulus fibrosus, besides radial and
circumferential ruptures. Following these changes,
facet joint arthrosis starts to develop in time in pos-
terior colons formed by facet joints due to irregu-
lar loading. Finally, rotational and transitional de-
formations depending on the relaxation of annular
and vertebral ligaments lead to segmental instabil-
ity. And this instability impairing the movement
segment causes lumbar pain. *” Origin of the pain
in a symptomatic movement segment can be carti-
lage end plates in vertebra, disc annulus, vertebral

periosteum, and facet joints in particular, and also
soft tissues such as muscle and connective tissue,
which surround the vertebra.

Facet joints and hypertrophies in ligamentum fla-
vum formed in the specified course of time result in
lateral and central canal stenosis. Also the movement
segment fails to keep its original position, and clini-
cal conditions such as scoliosis, flat-back syndrome
and rotational instability reveal.

During degeneration, lateral and anterior syndes-
mophytes, spondylophytes occur, and cause move-
ment limitation of the vertebral segments in later
stages. During the course of degeneration, symp-
toms of the patient change as well depending on
these stages. At early stages of lumbar spondylosis,
lumbago episodes frequently observed as a conse-
quence of vertebral loading reduce as spontaneous
ancylosis develops. However, as the result of canal
stenosis, neurogenic findings of claudication and
radicular symptoms emerge.

Rationale for emerging radicular symptoms is the
pressure applied by neural foramen, lateral recess
and narrowed vertebral canal on the nerve root. Suf-
ficient decompression relieves these complaints.

Reason for lumbar pain is not as clear as the pain
mechanism caused by radicular symptoms. Lumbar
pain, which is considered to manifest itself follow-
ing instability occurring as the result of a decrease
in disc height, does not respond to the fusion sur-
gery as intended. According to Mulholland and Sen-
gupta®”, sites where irregular pressure is applied
on cartilage end plates by the degenerated disc con-
tent could the origin of the pain in degenerative disc
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disease. Non-homogeneous fragments formed
by fragmented and condensed collagen within
the degenerated disc with impaired structure
cause pain by applying excessive load on some
sites at end plates rich in nerve endings (anal-
ogy of stone in the shoe) (Figure 1and 2).

Pathological deformations in the disc tissue
lead to abnormal loads at cartilage end plates
and impairments in the normal distribution
of intradiscal pressure during anterior, pos-
terior and lateral flexions. In studies of intra-
discal pressure profilometry by McNally and
Adams ®?, anisotropic changes within the im-
paired disc have been demonstrated.

When the load-bearing balance at carti-

Figure 1:

lage end plaques gets impaired, destructions
at the cartilage end plaque and subchondral
bone occur. As the result of this destruction

Equal distribution of intradiscal pressure into the car-
tilage end plaque and annulus in a normal vertebra is
demonstrated in a T2-weighted MRI slice acquired on

and the decrease in disc height, tension re-
duction, rupture, cambering, and diffusion
emerge in annulus.

In degenerative disc disease, different treat-
ment options ranging from conservative treat-
ment to the surgery can be used depending
on the medical condition of the patient. Neu-
rologic decompression, stabilization, or both of
these in combination with each other are used
in surgical treatment. Decompression and fu-
sion surgery are performed from past to pres-
ent in lumbar pain due to degenerative disc dis-
ease. The underlying reason of fusion surgery
is the conception that pain is caused by an ab-
normal vertebral movement, and that the ori-

sagittal plane.

Figure 2:

gin of pain will disappear when this movement
is given up. The fact that pain complaint is not
relieved in some patients undergoing to fusion

In a T2-weighted MRI slice acquired on sagittal plane,
non-homogeneous condensed cartilaginous structures
cause pain at their site of localization by applying in-

tensive pressure on the cartilage end plate and annulus

surgeries, that the detection of pseudoarthro-
sis also in some patients with improved clini-

(analogy of stone in a shoe).

cal condition, and that the success rate of fusion
surgery being determined lower than expected
gave rise to the concept of “dynamic system” in minds
of researchers "**?. According to the studies conducted
on these systems, dynamic systems applied for the cor-
rection of the instability terminate pain by bearing the
load, which should be carried by the impaired disc. ”
In the last ten years, in the light of developments in
the fields of tissue engineering and metallurgy, and
of biomechanical developments, usage of numer-
ous dynamic systems varying from artificial discs to

dynamic pedicle screws has become widespread. These
systems balance the carried load without implement-
ing the fusing functional vertebral segment while tak-
ing the vertebral movement under control ***> They
improve the clinical condition by bearing the load,
which should be carried by the degenerated disc. In
the light of growing knowledge, dynamic stabiliza-
tion is much more involved in the vertebral surgery.
In our day, fusion surgery is advised in overt instabil-
ities, whereas dynamic system in chronic instabilities.
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1. Overall Evaluation of Disadvantages of
Fusion Systems

According to Panjabi, in addition to decompression,
also the fusion surgery is applied in the surgical
treatment of the clinical instability, called as “path-
ological vertebral mobilization”, which causes neu-
rological loss, pain, and deformity.

But in spite of improvements in the surgical tech-
nique the fusion surgery had never succeeded com-
pletely, and was not far from side effects at all. Due
to the increasing knowledge about advanced tech-
nology and biological materials, rates of patients’ re-
covering from pain remained lower, though a suc-
cess rate of fusion by around 100% was attained. As
the cause of this, disadvantages of the fusion sur-
gery are indicated just like as it is in the degenera-
tion of the adjacent segment "> (Figure 3).

With methods of anterior lumbar interbody fu-
sion (ALIF), posterior lumbar interbody fusion (PLIF),
transforaminal lumbar interbody fusion (TLIF) and

posterior lateral fusion (PLF), a fusion of 360° is at-
tempted to accomplish.

However, in these fusion surgeries, complica-
tion risk is increased, and also a degeneration rate
by 16.5% within the first five years and by 36.1%
within the first ten years was observed in adjacent
segments ®. At the same time, adjecent segment prob-
lems such as facet joint impairments, symptomatic
pseudoarthroses, problems at donor osseous sites,
and infection showed a considerable increase follow-
ing fusion surgeries  (Figure 4and 5). Greater superior-
ity of dynamic segments over fusion surgeries is that
these systems prevent the degeneration in the ad-
jacent segment by allowing a partial movement. In
addition to resulting in a degeneration of the adja-
cent segment, fusion systems also cause important
deformities like flat-back syndrome as the result of
surgical procedures leading to destruction. After fu-
sion surgery, in the presence of normal loadings the
chance to return back to the normal vertebral pos-
ture disappears.

Even fusion surgeries applied without experi-
encing any surgical problems

Figure 3:

In CT and direct lateral X-Ray, the apparent degeneration (adjacent segment
disease) in the second and third lumbar (L2-L3) vertebral discs in the neigh-
borhood of fusion over time is shown as the result of the fusion surgery per-
formed on the lower lumbar region.

cause postural stress in adja-
cent segments. On the other
hand, dynamic systems do not
result in abnormal movements
in the movement segment dur-
ing postural changes.

Fusions between fourth
lumbar and first sacral verte-
bra (L4-5S1) lead to rotational
stress in sacroiliac joints while
sitting.

Posterior dynamic systems
are favorable versus rigid sys-
tems when fusion is attempted.
Formation of fusion is facili-
tated during anterior flexion
by ensuring more load-bear-
ing over the bone graft placed
between vertebral corpuses in
front (Wolfe law).

However, the essential pur-
pose of applying these systems
is that they substitute for a ver-
tebral support in cases where
no arthrodesis is desired, and
that they ensure stabilization
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Figure 4:
In CT scan of a patient at an advanced age and at a later osteoporotic stage, it is observed that bone grafts mixed
with calcium phosphate form pseudoartrosis rather than building up a fusion.

without completely eliminating movement. ® Using
the same mechanism by anterior fusion systems, pos-
terior dynamic stabilization systems eliminate pain
by reducing the load on the tissue of the impaired
disc without causing movement deformation. In
other words, dynamic systems do not restrict the
vertebral movement in normal loading, whereas in
abnormal loading they prevent pain by restricting
the movement 5229,

For obtaining a desired result by the dynamic
stabilization systems, they should function in har-
mony with soft tissues such as muscle and connec-
tive tissue, which surround the vertebra.

To this end, it is required that dynamic systems
should be applied with the least possible damage
to soft tissues.

Their applications through the paravertebral
muscle tissue by Wiltse technique reduce the tissue
damage, and consequently ensure them to become
favorable versus fusion systems, with respect to sur-
gical trauma as well (Figure 6).

Moreover, in dynamic system surgeries, time of
surgery and the rate of complication decrease due to
the fact that no bone graft is needed to be obtained
from the patient for spondylodesis, or that no verte-
bral decortication could be performed “ (Figure 7). Fur-
thermore, since posterior dynamic systems are much
simpler instrumentation surgeries, rates of mortal-
ity and morbidity in fusion surgeries are extremely
lower in those surgeries. Dynamic stabilization sys-
tems, which have been used in vertebral surgery
for a period of time longer than the last ten years,
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Figure 5:
In T1-weighted MRI scan, osteomyelitis developed at the specified distance is seen in a patient undergone fusion
surgery at the level of fourth and fifth lumbar (L4-L5) vertebra.

are generally classified as 1-"anterior disk prostheses”
and 2-systems forming posterior tension band. Sys-
tems forming posterior tension band: while allow-
ing for anterior and posterior flexion, they restrict
the movements in other planes. They maintain the
mechanical balance on vertebra once again by re-
ducing the load over the disc without eliminating
the mobilization ability of the vertebra (Figure 8). Thus,
fusion complications like adjacent segment degen-
eration are decreased as well. This characteristic of
posterior dynamic systems revives the thesis that in
the case of instability, lumbar pain depends on the
position and posture of the vertebra rather than on
its movement.

In dynamic radiography examinations of many
patients, who defined mechanical pain in connection

with posture or position, no evident mobilization is
detected on vertebra.

2. Dynamic Systems Frequently Applied in
Vertebral Surgery

2.a. Graft Ligament System

The first system used for the purpose of dynamic
stabilization is “Graft ligament system”. This sys-
tem ensures the shift of vertebral load towards the
posterior column by strengthening the posterior
tension band, which is the common characteristics
of ligament systems. Graft ligament system is sup-
ported by many people in Europe and Far East, and
successful results obtained through its application
are published and introduced to the literature. The
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Figure 6: Wiltse technique
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Figure 7: Iliac graft is one of the most frequently used
sites as grafts. However, the majority of patients, from
whom grafts are acquired at this site, complain from do-
nor site pain rather than pain at surgical site following
the surgery.

system is comprised of a non-elastic band between
pedicle screws in posterior of the vertebra (Figure 9).
According to Henry Graf, inventor of the system
and whom the system is named after, the origin
of vertebral pain was abnormal rotation move-
ment. Therefore, system restricts especially the
rotational movement by locking the facet joints
in posterior flexion . It partially allows for an-
terior flexion within limits of movement. How-
ever, since this angle of anterior flexion is within
physiological limits, it does not cause any pain.
It relieves the load over disc by forming a pos-
terior tension band and thus partially eliminates
the disc, which is the origin of pain.

Studies on Graft ligament system are not ade-
quate yet. Nevertheless, some analyses document
that the clinical success of this system is close to
those of with fusion systems.

Rate of successful results obtained during a
two-year follow-up period are indicated to be
75% ©*_In a 4-year prospective study including
88 patients, Graft ligament system was found to be
more successful in relieving lumbar pain in mild
spondylolisthesis compared to decompression “~".
Researchers argued that this system should be ap-
plied in younger patients with adequate muscle
mass and normal facet anatomy.

2.h. Disadvantages of the System

Disadvantages of the system include that it in-
creases sypmtoms for lateral recess stenosis by
narrowing the orifice of the foramen by locking
facets during posterior flexion and cambering lig-
amentum flavum towards the canal. This effect
is observed particularly as the result of segmen-
tal lordosis, which reveals after the application
of system, and it causes pain at an early postop-
erative period.

Indicated disadvantage is especially recorded
in patients having degenerative changes in facet
joints and ligamentum flavum hypertrophy.

Disc profilometry studies showed that Graft
ligament system shifts the load distribution from
anterior of the disc towards its posterior and this
causes a rapid degeneration in the posterior zone
of the disc. The system loses its preventive char-
acteristic against degeneration because of relax-
ation during hyperextension ©*.
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Figure 8: Dynamic systems are not completely loaded by the axial trunkal load as in rigid systems,
but they carry the overall load together with vertebra through distribution.

I

2.c. Dynesys Dynamic Stabilization System

due to a fusion operation undergone, 4-recurrent disc

Dynesys (Dynamic neutralization system-Zimmer hernia and 5-degenerative disc disease .

Spine, Inc., Indiana, USA) is developed by Gilles Its contraindications are: active systemic or lo-
Dubois in 1994. A plastic tube (Sulene polycarbon- cal infection, severe osteopenia or osteporosis, met-
ate urethane/PCU) is attached around the non-elas-  4polic bone diseases, chronic corticosteroid usage,

tic [Sulene polyethylene terephthalate/PET)
tension band, which is placed between hy-
droxyapetit-coated titanium pedicle screws.
While taking the anterior flexion under con-
trol, posterior flexion is restricted by plastic
tubes. These plastic tubes are also partly re-
sponsible for load-bearing. It is applied in
spinal stenosis, degenerative discopathy, disk
hernia, spondylolisthesis and revision surgery,
and successtul clinical results obtained are pub-
lished (Figure 10). Technically, caution should be
exercised to some points in the application of
Dynesys system. For example, plastic tubes lon-
ger than required could lead to focal kypho-
sis. Generally, five clinical indications are re-
ported for the application of Dynesys system.
These are: 1-spinal stenoses accompanied by
mild instability, 2-Grade I spondylolisthesis,
3-adjacent segment degeneration developing

P

- . . —-\I
-

Figure 9: Graft ligament system.
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Figure 10: Dynesys system

spondylolisthesis further than Grade I, ischemic spon-
dylolisthesis or spondylolysis, pedicle fractures, total
facetectomy, scoliosis more than 10°, allergic condi-
tions against materials it includes.

Superiority of Dynesys system over Graft system
is the fact that plastic tubes reduce the occurrence of
pain by preventing the pressure on posterior annu-
lus. In in-vitro studies carried out in cadavers,

are among the major disadvantages of Dynesys sys-
tem @,

Using PCU plastic tubes too long could result in
a surgical failure by causing focal kyphosis, which
leads to an increased pressure within the disc ante-
rior compartment. It also causes retraction and bend-
ing of pedicle in compressive load-bearings.

In this case, it may cause fracture and loosening
of the pedicle screw. In compressive load-bearings,
retractor is compressed, and moves simply like a
rigid implant ©3,

In 84 deformity patients study by Putzier, fewer
progression of disc degeneration is observed in dis-
cectomy patients with Dynesys sysytem applied
compared to those who had no surgery “°. Accord-
ing to 83 case study by Stoll, Oswerty scoring in 83
patients on whom Dynesys system had been ap-
plied decreased from 54 to 23. Life quality in con-
nection with lumbar pain in 31 patients followed by
Grob for two years improved significantly in half of
the patients, but %19 of those were reoperated. ” In
these studies, quite different patients groups were
used and no randomization was performed. Results
of these studies showed no advantages versus fu-
sion surgery 9.

it is suggested that Dynesys system allowed
1-3° more movements in anterior and poste-
rior flexion versus rigid systems at the level of
third and fourth lumbar (L3-L4) vertebra. When
compared to normal vertebra, it is observed that
posterior flexion rate in this system did not dif-
fer, while it prevented anterior flexion by 30%.
During the application of Dynesys system, facet
capsules and other anatomic structures are not
damaged like in fusion surgery, and thanks to
the application flexibility of the system, it can
be used together with other systems. In addi-
tion to these, the rate of adjacent segment de-
generation in the system is lower than that of
in fusion, and since no bone decortication is
required for fusion and no procedure of mus-
cular damage is performed for the placement
of pedicle screws, the system causes less sur-
gical trauma compared to the fusion.

2.d. Disadvantages of the System

Patients with trauma, patients of total facectomy,
isthmus fracture, and high-grade spondylolistheses

Figure 11: Cosmic dynamic screw
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2.e. Cosmic Posterior Dynamic System

Stability of this system, which could be defined as
a stable but not rigid system, is ensured by a tita-
nium rod of 6.25 mm in diameter, whereas its flex-
ibility is maintained by a pedicle screw system with
screw neck joint. Screws with an articulated neck
do not allow horizontal rotation and translation,
but they prevent the excessive load in adjacent seg-
ments by enabling the micro-movement on sagit-
tal plane (Figure 11).

In studies conducted in the laboratory, the system
endured to 10 million cycles at 1 Hz at 0.3-3.0 KN.
This rate normally corresponds to a 30-year post-op-
erating time. Load distribution is divided between the
anterior segment of vertebra and the system (Figure 8).
Screws are coated with bioactive calcium phosphate
in order to increase the osseous integration.

Because the system is semi-stable and ensures
rotational and translational stability, as distinct from
Graf and Dynesys systems it can be used in cases
with discogenic lumbar pain as well as in those un-
dergone laminectomy and total facetectomy. No
transverse connection is required in applications re-
lated to 2-3 segments.

In examples where bisegmental decompression
is performed and in the presence of excessive rota-
tional instability, this system turns range of motion/
ROM, lateral bending, flexion and extension move-
ments back to normal, and reduces the movement
rates to normal limits just as it is the case for nor-
mal segments. *¥

Cosmic system provides higher stability against
rotation and translation, and does not restrict flex-
ion and extension movements on sagittal plane. This
system forms a tension band between vertebral seg-
ments, and restores the impaired lordosis angle. As
the result of this, it ensures the transition of load-
bearing over the impaired movement segment with-
out damaging it, and it is avoided that the vertebra
gets into positions, which will cause pain.

Cosmic stabilization system is indicated in lum-
bar pain due to discogenic lumbar pain and facet
syndrome, recurrent disc hernia surgeries, decom-
pression surgeries of cases with lateral lumbar spi-
nal stenosis and due to central and facet ligamen-
tum flavum hypertrophy, and in fusion surgeries
where adjacent degenerated segment should be sup-

ported by the dy-
namic system (hy-
brid stabilization sys-
tems).

Among the con-
traindication of the
system, the follow-
ing may be claimed:
deformity surger-
ies requiring stabi-
lization more than
three levels, kypho-
sis reductions, an-
terior vertebral de-
fects, and local or
general infection *”.
As the system will
become more rigid
when applied over
two levels, especially
its application over
soft discs is not ad-
viced. In Turkish
spinal surgery mar-
ket, “Safinaz” screw
has been produced,
which is more cost-
efficient and has the identical characteristics with
Cosmic system; however it allows only 1° rotation.
Biomechanical studies have been conducted on this
screw and values approximating rigid stabilization
have been obtained ©%¥ (Figure 12).

Figure 12:
Safinaz dynamic screw

3. Posterior Facet Replacement Systems

3.a. Total Posterior Element Replacement System
(TOPS)

A joint having the characteristics of the movement
segment is placed on the intermediary segment in
order to ensure the normal biomechanical move-
ment of the functional unit with the purpose of re-
storing the impaired segment to normal. Its appli-
cation is difficult, and clinical results could not have
been successful (Figure 13).

3.b. Fulcrum Assisted Soft Stabilization (FASS)

It is aimed to distract posterior annulus by placing
a support between pedicle screws in front of the
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ligament. Disadvantages of Graft liga-
ment are attempted to be eliminated in
order to avoid posterior effusion and fo-
raminal stenosis. Its clinical results are not
included in the literature yet (Figure 14).

4. Total Disk Replacement Systems

The most applied total disc replacement
(TDR) systems in the field of spinal sur-
gery are: Charite, ProDisc-L, MobiDisc,
Maverick, Kineflex (Figure 15). These sys-
tems are applied in monosegmental symp-
tomatic degenerative disc disease and in
post-discectomy syndrome. Surgical cri-
teria in selecting the patient are: Condi-
tions where at least 1-2 months of lasting
lumbar pain is recorded, no response to
conservative treatment lasting for at least
6 months is received, no spondylolisthe-
sis nor spondylosis, no slippage towards
anterior and posterior are detected in dy-
namic X-rays, and no facet joint arthropa-
thy is determined in CT. It should not be
performed on patients, who are benefit-
ing from facet joint injection “*. Operat-
ing principle of aforementioned systems
is almost the same with that of hip and
knee joint prosthesis systems. Removing
out the tissue of degenerated disc that is
the origin of pain resolves syndromes
of the patient. Similarly in hip and knee
prostheses, curratage of the cartilage tis-
sue completely which causes pain is re-
quired before placing prosthesis.

Then, segmental movement estab-
lished by the inserted disc prosthesis
reduces the degeneration rate of the ad-
jacent segment and contributes to the
normal vertebral function by constitut-
ing the sagittal balance. Total disc pros-
thesis surgery should not be performed
on the patient group developed facet ar-
throsis, because movement is preserved
and only anterior column pathology is
targeted.

Total disk replacement (TDR) systems:
following issues are of importance since

Figure 13: TOPS (Total posterior element replacement system).

Figure 14: FASS (Fulcrum assisted soft stabilization) system.
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Figure 15: Maverick disc prosthesis.

Figure 16: Charite I disc prosthesis.

they are applied in place of the evacuated disc tis-

in presence of physiological loading, that
the system does not cause any facet ar-
throsis at the level where its kinematics
is applied and does not lead to adjacent
segment disease, and that the system sus-
tains its function without any observed
loosening and collapse.

The first TDR system (Charite) is ap-
plied since 1980’s and no case of osteoly-
sis has been reported until today. Wear-
ing ratio in these systems is less than it
is for hip and knee prosthesis, because
the range of movement in vertebral seg-
ments where there are applied to is more
limited compared to these joints.

4.a. Charité Disc Prosthesis

It is developed by Karin Buttner-Janz and
Kurt Schellnack in Charite hospital, Ber-
lin. Firstly, it is performed on 13 patients
in 1984. It consists of polyethylene-framed
hydroxyapetit-coated titanium parts.

Movement is ensured on the joint be-
tween concave and convex surfaces of the
disc, whereas a slight anterior and pos-
terior slip is observed in flexion and ex-
tension (Figure 16). As collapse is observed
in initial applications, structure of pros-
thesis is changed and its load-bearing
surface adjacent to corpus is enlarged.
The primary indication for Charite disc
replacement system is the painful disc
degeneration. It is required that symp-
toms are endured for at least 6 months
and that the patient should not have ben-
efited from the physical therapy. It is es-
sential that examinations such as clini-
cal consultation, MRI and discography
should support the diagnosis.

No vertebral fracture should be pres-
ent at the level of prosthesis application,
and no Charite disc should be performed
in the presence of osteoporosis. Again at
this level, the system fails if there are any
moderate or advanced facet joint arthro-
sis. Abdominal surgery undergone at the

sue regarded as the origin of pain: level of application of the system is also included

Ensuring that the prosthesis operates at least for
50 years prior to the onset of the mechanical wearing

among contraindications. Charite should not be per-
formed together with vertebral surgeries undergone,
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which impair the biomechanics, disc structure, and
stability of vertebra. In a clinically study controlled
by Food and Drug Administration (FDA), which in-
vestigates the long-term clinical results and reliabil-
ity of Charite prosthesis, a comparison of Charite
prosthesis with anterior lumbar interbody fusion (ALIF)
method was made in lumbar disc degeneration. In
patients who were assessed by visual analogue scale
(VAS), Oswestry disability index (ODI) and SF-36 scor-
ing, VAS and ODI scorings of Charite group were
observed to be better in postoperative 24™ month,
when compared to fusion group “.

In a study where 26 patients were followed-up
for 10 years, it was observed that the mobility of
prosthesis in patients was preserved by 87.4% 42.
A complication of Charite disc prosthesis is the an-
terior and posterior placement of prosthesis. Due to
angulation, slippage towards anterior is observed
mostly at fifth and first sacral (L5-51) vertebral lev-
els. Slippage of prosthesis is a serious complication,
which causes vascular or neural injury.

To reduce this complication, the disc surface in
contact with corpus is coated by a material which
allows a fusion with the bone tissue, and equipped
as to be fixed with end plaques. During the appli-
cation of disc prosthesis, vascular, urethral, and
sympathetic chain injuries were reported. * Ret-
rograde ejaculation and erectile dysfunction could
also be seen. As in all types of vertebral

also differ depending on the shape of prosthesis
and surgical technique. Preservation of cartilage end
plates, the fact of them not being used in osteoporo-
tic patients and that the diameter of prosthesis is not
smaller than corpus diameter at the level of prosthe-
sis application reduce the rate of collapse “*.

4.b. ProDisc-L Total Disk Replacement System

It is firstly used in 1990. ProDisc-L total disk replace-
ment system consists of two metal end plates and
the polyethylene joint surface attached to the infe-
rior metal plate (Figure 17).

Indications

® It can be applied in Grade I or II degenerative
disc disease between the lumbar third and first
sacral (L3-51) vertebral levels,

® In patients who do not respond to conservative
treatment longer than 6 months,

® In patients with Oswestry score above 20/50 (40%),

® In the presence of disc height loss more than 2
mm, in slips over 3 mm or angulations above 5°,
which do not exceed Grade I,

® In case of the detection of annular thickening, or
degeneration in disc tissue in MRI,

® In patients who develop vacuum degeneration.

surgeries, there is a neural injury risk in
this surgery as well. There are complica-
tions reported such as adjacent segment
degeneration, facet joint arthrosis, pain-
ful facet syndrome, hematoma, spontane-
ous fusion in the prosthesis, hyperlordosis
at the level of surgery site, subsidence of
prosthesis into corpus, and the restriction
of range of movement in case the pros-
thesis is placed more anterior instead of
at instantaneous axis of rotation (IAR) “*.
When clinically unsuccessful TDR sur-
geries are examined, a collapse by 67%
was observed in these patients. In pa-
tients with lower bone density, this com-
plication is much frequently recorded.

In fusion systems, bone mass
placed in-between corpuses does not
allow this complication (subsidence).

Rate of this complication of collapse
caused by total disc replacement could

Figure 17: ProDisc-L disc prosthesis.
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Contraindications

In the presence of disc degeneration over Grade II
In case of lumbar fusion surgery undergone,
In degenerative facet disease,

In spinal stenosis and spondylolysis,

In degenerative spondylolysthesis over Grade I,
In unidentified leg pain,

In metabolic bone disease and osteoporosis,

In autoimmune diseases such as rheumatoid
arthritis,

If there is a pregnancy to be expected within
three years,

If body mass index is above 40,

If steroids are used,

In active infections,

In systemic diseases and malignancies.

It ensures physiological lordosis by keeping the
axial rotation axis at a site close to the posterior seg-
ment of the disc, that is at its original location, while
maintaining physiological range of movement. Ad-
vantages of ProDisc-L include: preservation of facet
joint function by allowing for the movement within
physiological limits, application in more than one disc
levels, and tight adherence to corpus surfaces.

Its disadvantages include: difficulty in removing
prosthesis if revision surgery is required,

dosis of 0.5° and 10° are consistent with lordosis (Fi-
qure 18).

It is firstly used in 2003, and by biomechanical
tests the prosthesis has been demonstrated to resist
to 15 million cycles.

Superiority of MobiDisc prosthesis over other
disc prostheses: simple operation technique, com-
patibility with the patient using various angles for
lordosis, and allowance for translation. Its disadvan-
tage is that it could not be applied in facet arthrop-
athy and instability “°.

5. Nudeus Replacement Systems

5.a. PDN-Solo and HydraFlex Nudeus Replacement System

Nucleus replacement systems are designed to per-
form the load transfer in disc tissue in presence of
physiological conditions by imitating the structure
of a normal nucleus polposus.

Prosthetic disc nucleus (PDN) system started to
take place in the clinical application of spinal disc
arthropathy in 1996. This device, which has been
developed by Charles D. Ray, is made up of a hy-
drogel substance absorbing fluid and has shown a
diffusive characteristic when implanted 47). PDN de-
vice consists of a hydrogel substance surrounded by

few number of patients with a follow-up
period above 10 years, the possibility of
producing polyethylene debris, and es-
pecially chance of vertebral fracture in
slightly built patients “*.

4.c. MobiDisc Disc Prosthesis

It is prosthesis which includes two verte-
bral end plates and one polyethylene joint
surface. End plates consisted of a cobalt-
chrome alloy wrapped by a hydroxya-
petit-coated cellular titanium. It is a sec-
ond-generation prosthesis developed after
ProDisc-L. Instantaneous rotation axis of
prosthesis fits to the physiological axis of
vertebra. It allows translation during ro-
tation. Varied height options of polyeth-
ylene joint core are compatible with disc
spaces in different widths, and various
forms of prosthesis with an adjusted lor-

Figure 18: MobiDisc disc prosthesis.
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a polyethylene sheath. Thus, it undertakes the tam-
pon function of the normal disc, and also maintains
disc height and flexibility (Figure 19).

Itis applied in degenerative disc disease between
second lumbar and first sacral (L2-S1) vertebral lev-
els for a single level in adult patients aged between
25-75. Generally, these patients apply to the physi-
cian with complaints of lumbar and/or leg pain.

It is required that the symptoms of patients en-
dured for at least 6 months and that they should not

nucleus is typically evacuated almost entirely. Dur-
ing this procedure, end plates and posterior annu-
lus should not be damaged. Edema formation and
fracture of damaged cartilage end plates may lead
to the fact that prosthesis is being embedded into
end plates and corpus, and causes pain. Posterior
annulus damage, on the other hand, results in the
slip of prosthesis into canal. For application, fol-
lowing the evacuation of nucleus, height of the disc
space is measured, and the prosthesis is placed by

a slight distraction in lordosis position.

Figure 19: Prosthetic disc nucleus (PDN) system.

In this procedure performed under flu-
oroscopy, caution should be exercised
to place the prosthesis into 1/3 posterior
segment of the disc space. Then, rehy-
dration of prosthesis is ensured by saline
infusion. Greatest disadvantage of PDN-
Solo and HydraFlex systems is that they
could glide and change position easily.
To reduce the rate of this complication,
it is required to comply with the patient
selection criteria, pay attention to the sur-
gical technique and to wear a supportive
corset in postoperative period during the
adaption period of prosthesis (approxi-
mately 6 weeks).

Another disadvantage is the reconfig-
uration of end plates depending on the

have benefited from conservative and physical ther-
apy. Contraindications for PDN are severe central
spinal, foraminal and lateral recess stenoses. More-
over, it is also contraindicated for dynamic degen-
erative spondylolistheses over Grade I, lytic spon-
dylolisthesis, degenerated or broken facet joints,
Schmorl nodules at affected level, disc heights be-
low 6 mm, osteoporosis or osteomalacia, spinal tu-
mors, vertebral tumors, surgeries undergone at the
application or adjacent site, active infection, severe
obesity, and at disc level in the presence of congen-
ital anomalies.

The greatest advantage of PDN system is that it
can be performed through a small posterolateral an-
nulotomy. Other application techniques include an-
terior retroperitoneal and anterolateral transpsoatic
modalities. If anterior retroperitoneal modality is to
be applied, flap lifted up in anterolateral annulus
should be sutured in place later on. In this method,

pressure by prosthesis. This reconfigura-
tion, if excessive, and occurrence of disc
height loss cause pain. Also in some patients, fracture
of cartilage end plates could be seen “*?. Unsuccess-
ful results have been obtained in its clinical studies,
thus its usage remains limited in our day.

5.b. NeuDisc Nucleus Replacement System

Amount of tissue removed out during discectomy
determines the severity of postoperative degener-
ation. Although no definite consensus is available
about this issue, degeneration rate is lower if nu-
cleus and annulus are preserved as much as possi-
ble ®. Nucleus replacement systems are developed
for preserving the height of disc space, reestablish-
ing the annulus tension, and to keep the load-bear-
ing, shock absorbing and vibration enduring capa-
bilities of vertebra. Objective of these systems is to
provide a painless life for the patient during the
postoperative period.
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Discogenic pain is eliminated by restoring the disc
function following nucleotomy. NeuDisc produced
for this purpose carries out the physiological func-
tion of nucleus pulposus (Figure 20). Hydrogel struc-
ture of NeuDisc system distributes the axial load-
ing on the disc by imitating the osmotic structure of
nucleus pulposus. Dacron sheath surrounding the
hydrogel nucleus provides an adequate toughness
for prosthesis, but at the same time it is soft enough
not to break the cartilage end plates. Following its
application through a small anulotomy,

to the loading on facets ®”. There are no long-term
clinical outcomes.

5.¢. Nubac Disc Arthroplasty

As is the case for other total arthroplasty systems,
Nubac disc arthroplasty system is especially indicated
in the surgery for degenerative disc disease where
total discectomy is performed. Similar to other sys-
tems, a minimum 5 mm of disc height is required
for the application this system.

it is expanded by hydration and fills in
the disc space. In biomechanical tests, it
resisted to compression, axial torsion,
flexion, extension, lateral flexion for 30
million cycles.

This rate corresponds to approxi-
mately 30 years of device life. It can be
applied following total nucleotomy and
at L2-S1 level, and it is required that no
more loss of disc height than 50% of nor-
mally accepted should have occurred at
the level of application site. Technically,
itis placed through an annulus fenestra-
tion under the endoscopic guidance after
total nucleotomy. There are some advan-
tages of nucleus replacement system ver-
sus total disc replacement system. First of

-
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Figure 20: NeuDisc disc prosthesis.

all, preservation of the annular tissue also
ensures the preservation of disc function.
It can only be performed through a small incision in
annulus by using minimal invasive surgery. No in-
strumentation is required because implant is not at-
tached to vertebra. Surgery time is quite shorter com-
pared to that of the total disc replacement surgery.
Slip of the implant and its pressure on the neural
tissue is possible; however, it does not cause perma-
nent damage on neural tissue due to soft character-
istics and small size of the implant. If implant com-
plication or incompatibility develops, it is possible
to remove it by anterior modality and switch to the
procedure of total disc prosthesis, or to resort to fu-
sion surgery. Main disadvantage of these systems
is that they should be applied at an early period or
at a stage of disc degeneration, which is not quite
progressed, because annulus should have been pre-
served. It is inconvenient to apply them in degen-
erated annulus or in presence of loss of disc height.
Extending a collapsed disc height causes pain due

Forcing the discs with more than 5 mm reduced
height in order to extend them both forces the facet
joints developed arthrosis and causes the device to
be embedded into corpus by leading to an excessive
contact stress between the device and cartilage end
plates as the result of axial loading. Therefore, Nubac
disc arthroplasty system is indicated in the early or
intermediary degenerative disc disease.

Compared to other total disk arthroplasy sys-
tems, it is said that Nubac system, which can also
be applied using a less invasive approach, can be
used to prevent discogenic lumbar pain following
discectomy thanks to this feature.

Specified patient group also includes the patients,
who applied to the physician only with leg com-
plaint and developed no lumbar pain. Since other to-
tal arthroplasty techniques require invasive surgery,
these are not recommended for this patient group.
Nubac composed of polyetheretherketone (PEEK)
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is designed as a “ball and socket” mechanism like
other arthroplasty systems. Due to its structure, it
does not restrict physiological, rotational move-
ments, and applies no excessive loading on carti-
lage end plates.

Since Nubac disc prosthesis will be supported
by annulus and other ligaments, it is essential that
these tissues should be preserved during discec-
tomy (Figure 21). It is advantageous for this prosthe-
sis that it is applicable by posterior, lateral or ret-
roperitoneal approaches. If posterior approach will
be applied, the facet joint should be preserved as
much as possible. It can be applied through lat-
eral retroperitoneal, transpsoatic approach at lum-
bar fourth and fifth (L4-L5) vertebral levels. This
approach is regarded as less exposed to complica-
tions versus conventional anterior intraabdominal
approach. Nubac system is applied through an an-
nular opening of 6x6 mm. End plates should not
be damaged during discectomy. Caution should
be exercised to the lordotic angle when prosthe-
sis is placed under fluoroscopy. Since Nubac could
not adhere to end plates, annular opening should
be not so large to prevent postoperative prosthe-
sis dislocation. Also, the fact that nucleus pulpolus
is not evacuated completely increases the occur-
rence of this complication by pushing the prosthe-
sis. Preservation of annulus as much as possible
holds the prosthesis in place. In osteoporosis or
Schmorl nodule, the rate of prosthesis being em-
bedded into corpus increases.

Advantages of Nubac compared to total disk pros-
thesis or fusion surgery are: attachment by a less in-
vasive and risky surgical application, being radiolu-
cent, less surgery time, possibility to be performed

through anterior, posterior, lateral approaches, not
causing facet degeneration and imbalance between
anterior column and facet joints by establishing a
physiological loading balance.

Disadvantages versus total disc prosthesis or
fusion surgery: more disposal risk, inability to ap-
ply in advanced degenerative disc disease and the
higher rate of being embedded into corpus. Disad-
vantages versus other nucleus replacement systems:
having no shock absorbing feature and not settling
completely at the space due to expansion.

Advantages versus these systems are less risk of
dislocation, more endurance and biocompatibility,
easier application, and providing more physiological
load distribution during flexion and extension.

5.d. BioDisc Nucleus Replacement System

It is a replacement system, which is used to gener-
ate in-situ polymerized hydrogel protein, to fill in
the space emerged following the removal of nucleus
after discectomy, and to repair annulus. It is sug-
gested that is reduces lumbar pain and instability,
which might reveal following discectomy.

Itis applied following discectomy procedure, and
injected into disc in place of the removed nucleus. It
is also considered that it preserves the disc height of
the system, the instability of the lumbar movement
system, and reduces the rate of recurrent hernia. It
is contraindicated for use in recurrent disc hernia
surgery, hernia due to spondilolysthesis, infection,
loss of height above 60%, and in large annular rup-
tures. BioDisc composed of protein-based hydro-
gel biopolymer is injected into a disc space, which
is evacuated by a special application apparatus. Po-
lymerization starting within 20-30 sec-

Figure 21: Nubac disc prosthesis.

onds ensures that the substance injected
in place of nucleus integrates with the re-
maining disc tissue.

Patient group eligible for BioDisc nu-
cleus replacement system include those of:
diagnosed by neurological examination
and CT or MR], having predominant leg
pain compared to lumbar pain, not bene-
fited from medical treatment and physi-
cal therapy for at least 6 weeks. BioDisc
is injected into the space, which emerges
following the routine discectomy surgery
performed without causing any damage
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in cartilage end plates and annulus, by preserving
surrounding tissues and especially the neural tissue.
After hardening, it is ensured that no pressure on
root and dura is present, BioDisc fragments effus-
ing from the annular rupture are cleaned, and the
procedure is concluded. Its applicability makes Bio-
Disc advantageous versus other systems “?

6. Conclusion

A general criticism for dynamic systems is that the
material endurance will diminish and composite ma-
terial fatigue will reveal, because no fusion will occur
in the long-term follow-ups of these systems. There
are also concerns about that daily physical activities
may cause complications such as screw loosening,
implant breakage on these systems by generating
cyclic loadings. In biomechanical studies, however,

it is demonstrated that these systems can resist to a
10-year stress at least in normal daily activity ®*.

Itis also suggested as an other disadvantage that
costs of dynamic systems are much more compared
to fusion systems53. However, especially shorter sur-
gery times of dynamic system implantation surger-
ies, which form posterior tension band, compared to
fusion surgeries, no acquisition of fusion autograft
and no usage of allograft in these surgeries, less fre-
quently recorded complications such as pain at graft
site in these surgeries, and shorter length of stay
prove this criticism to be wrong.

To sum up, developments in fields of medicine
and engineering change the balance between rig-
id-mobile systems in vertebral surgery in favor of
mobile systems.
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