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           Introduction 

 In recent years, the number of systems for dynamic stabilization of the lumbar spine 
has grown signifi cantly. These nonfusion systems are designed to maintain or 
restore the intersegmental motion of the intact spine and have no adverse effects on 
adjacent segments [ 1 – 3 ]. However, today the gold standard system for the stabiliza-
tion of the lumbar spine remains internal fi xation, although the idea of dynamic 
fi xation has aroused increasing interest in surgery of the lumbar spine. 

 The fusion systems make use of different technical solutions, ranging from com-
plete replacement of the disk, to keeping the core intact annulus, to maintenance of 
the disk but keeping under control the whole segment motion. Internal fi xators are 
generally used as an adjunct to fusion, where, in many instances, the disc is replaced 
by either intervertebral cages, allograft, or autologous bone graft [ 4 – 6 ]. 

 Improvements are needed in the predictability of pain relief, the reduction of 
treatment-related morbidities, and overall clinical success rates of pain reduction 
and function [ 7 ]. Recent advances in fusion techniques have elevated arthrodesis 
rates, without an equivalent improvement in relief of pain. Fusion is intended to 
alleviate pain secondary to abnormal motion or instability. Recent reports, however, 
have demonstrated relative success with implants that permit movement rather than 
eliminate it [ 7 ]. 

 Abnormal patterns of load transmission are recognized as a principal cause of 
osteoarthritic changes in other joints. Spinal osteoarthritic changes may be caused 
by similar forces across the lumbar disc. Dynamic stabilization, or “soft stabiliza-
tion,” systems seek to alter the mechanical loading of the motion segment by 
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unloading the disc, without the loss of motion required by fusion surgery [ 7 ,  8 ]. 
Low-back symptoms often implicate abnormal loading rather than motion as the 
primary source of pain. Many patients complain of postural or positional pain as a 
prevailing symptom [ 9 ]. Radiographs of these patients often fail to demonstrate 
motion on dynamic studies. Furthermore, many patients with low-back pain fail to 
improve following a successful lumbar fusion [ 9 ]. These observations suggest that 
low-back pain may have etiologies related to load, and successful treatments may 
exist beyond fusion. 

 Pain at a symptomatic motion segment may originate from the vertebral end-
plates, the disc anulus, vertebral periosteum, facet joints, and/or surrounding sup-
portive soft tissue structures [ 10 ]. As the lumbar spine ages, these structures undergo 
well-described degenerative changes, such as disc space dehydration and collapse, 
and corresponding facet arthropathy. The increased stiffness that accompanies these 
changes may further aggravate global spinal function by diminishing sagittal bal-
ance and disrupting coronal and sagittal contour [ 11 – 13 ].  

    Rationale for Dynamic Stabilization 

 Dynamic stabilization has several theoretical advantages over fusion. By allowing 
limited motion, dynamic stabilization may negate the deleterious effects of fusion 
on adjacent levels and on overall sagittal balance [ 7 ,  14 ]. Fusion has been impli-
cated in accelerated disease of adjacent motion segments and, in the case of surgical 
posterior distracting procedures, major deformities such as fl at back syndrome [ 7 , 
 15 ]. Even well-performed fusions impose considerable postural stress on levels 
above the fusion. Fusions from L4 to S1 place considerable rotatory stress on the 
sacroiliac joints during sitting [ 7 ,  16 ]. Dynamic systems may allow the motion seg-
ment to be altered in an anatomic fashion when subjected to postural changes. 
Furthermore, solid posterolateral fusions do not stop loading of the disc. Although 
the pattern of load transmission may be altered, fusion may also prevent the spine 
from taking up a position where normal loading occurs [ 7 ]. 

 Spinal fusion remains the gold standard for surgical management of instability 
and mechanical low-back pain. However, even in carefully selected patients, suc-
cessful clinical results can be diffi cult to achieve. Reasons for failure include pseud-
arthrosis and adjacent segment disease. Although dynamic stabilization seems 
promising in some clinical reports, a cautious approach should be taken to any new 
spinal-implant system. Whereas an implant for fusion only has to provide tempo-
rary stabilization until fusion has taken place, a dynamic stabilization system has to 
provide stability throughout its life. Implant loosening following fusion surgery is 
common in the presence of pseudarthrosis. With dynamic stabilization, the implant 
has to stay anchored to the bone despite allowing movement. Any mismatch 
between the kinematics of the implant system and the motion segment and, in par-
ticular, any discrepancy between their instantaneous axis of rotation would result in 
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the implant bearing unexpected load at certain ranges of motion. The need for strict 
bench testing in the laboratory, therefore, is critical. The few dynamic stabilization 
systems that have had clinical applications so far have produced some clinical out-
comes comparable to that of fusion [ 17 ]. 

 In the course of the degenerative process, during which the segment undergoes 
various anatomic alterations, there are signifi cant changes in both the motion char-
acteristics of, and the load distribution across, the affected (and possibly also 
neighboring) segments [ 18 – 20 ]. The loading pattern and motion are, to a certain 
extent, interdependent, and alterations in either (or both) may contribute to the 
generation of pain [ 18 – 20 ]. The concept of spinal fusion originally arose from the 
notion that a degenerated motion segment is often “unstable” or shows “movement 
abnormalities,” and that, accordingly, the elimination of motion in the affected seg-
ment would prevent it from undertaking the movements associated with the gen-
eration of pain. Recent thinking, however, suggests that the prevention of movement 
may not be the most important factor accounting for the success of fusion 
[ 18 – 20 ].  

    Different Strategies for Dynamic Stabilization 
of the Lumbar Spine 

 Lumbar dynamic stabilization devices provide dynamic or “soft” stabilization by 
providing a posterior tension band. This places the motion segment in extension 
while allowing limited movements in other planes. The dynamic stabilization 
devices that have been described from time to time and used clinically may be 
 classifi ed into four categories:

    1.    Ligaments across pedicle screws

•    Graf ligament  
•   Dynesys device      

   2.    Interspinous distraction devices

•    Minns silicone distraction device  
•   Wallis system  
•   X-STOP      

   3.    Interspinous ligament devices

•    Elastic ligament (Bronsard’s ligament across the spinous processes)  
•   Loop system      

   4.    Semi-rigid metallic devices across the pedicle screws

•    FASS system  
•   DSS system         
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    Graf Ligament 

 The Graf ligament system was one of the fi rst such devices used. It consists of a 
posterior nonelastic band that serves as a ligament between two pedicle-based 
screws [ 7 ,  21 ]. The inventor, Henri Graf, thought that abnormal rotatory motion was 
responsible for pain generation; therefore, the device was primarily designed to 
control rotatory movement by locking the lumbar facets in the extended position. 
Limited fl exion was allowed within the range of normal movement. By providing 
posterior tensioning, the system probably unloads the anterior disc and may redis-
tribute the load transmission of the painful disc. Although widely used, the clinical 
effects of the Graf system have not been rigorously studied. Some analyses, how-
ever, have demonstrated clinical success of the Graf ligamentoplasty similar to 
fusion procedures [ 6 ,  7 ,  22 ]. In two separate studies, clinical rates of excellent to 
good outcomes were in the 75 % range at 2-year follow-up [ 7 ,  22 ,  23 ]. It is recom-
mended by the authors that the device be used in younger patients with adequate 
lumbar musculature, and in whom facet arthropathy is minimal. 

 The Graf ligament stabilizes the lumbar segment through the coaptation of the 
bilateral facet joints, and it is the fi rst posterior dynamic stabilization device to be 
widely clinically evaluated. The Graf procedure reportedly has the potential to treat 
fl exion instability but cannot correct vertebral slippage or deformity. The most com-
mon surgical indication is degenerative lumbar disorder with less than 25 % of 
vertebral slip, minimal disc space narrowing, and facet arthrosis. In the mid- and 
long term, Graf ligamentoplasty may reduce the risk of adjacent segment degenera-
tion. Kanayama et al. [ 17 ,  24 ] reported the adjacent-segment morbidity after Graf 
ligamentoplasty compared to posterolateral lumbar fusion at a minimum of 5-year 
follow-up in 45 patients. 

 Although there was no difference in the preoperative adjacent-segment disc con-
dition between the two groups, radiographic evidence of adjacent-segment degen-
eration at fi nal follow-up was more frequent in the posterolateral-lumbar-fusion 
group than the Graf group (25 and 6 % at L1–L2, 38 and 6 % at L2–L3, 38 and 18 % 
at L3–L4, and 43 and 18 % at L5–S1, respectively). One case in the Graf group 
(6 %) and fi ve cases in the posterolateral-lumbar-fusion group (19 %) required addi-
tional surgery for adjacent-segment degeneration. The authors concluded that in 
well-selected patients, Graf ligamentoplasty lowers the rate of adjacent-segment 
degeneration    [ 17 ,  24 ] (Figs.  10.1  and  10.2 ).

        Dynesys System 

 The Dynesys system (Zimmer Spine, Warsaw, IN) includes a design that provides 
both controlled fl exion and extension by combining a tension band with a plastic 
tube, which resides between pedicle screws. In fl exion, motion is controlled by ten-
sion on the band, while during extension the plastic cylindrical tubes act as a 
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partially compressible spacer, thereby allowing limited extension [ 7 ,  25 ,  26 ]. 
Indeed, these plastic cylinders can be partially weight bearing in extension. In order 
to function properly, application of the Dynesys device must follow careful techni-
cal guidelines. Inappropriately long plastic spacers, for example, may cause a focal 
kyphosis, a scenario that has been associated with poor outcomes [ 7 ,  27 ]. The 
Dynesys system may have some advantage over pure band-like devices in that it 
provides some protection against compression of the posterior anulus, a structure 
known to contribute to painful load bearing. 

  Fig. 10.1    Graf ligamentoplasty: the implant is shown disassembled. The components include a 
nonelastic band, which is secured around two pedicle screw heads by a metal band       

  Fig. 10.2    Graf 
ligamentoplasty: the implant 
is shown in situ       
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 The dynamic neutralization system for the spine (Dynesys) is a nonfusion 
pedicle screw stabilization system, which was developed more than 10 years ago 
[ 18 ,  27 ]. In view of the arguments presented above, and the suggestion that pre-
vention of all movement within fused segments may not only be detrimental to 
sagittal balance and overall function, but may also elicit accelerated degenera-
tive changes in neighboring segments, “soft stabilization” was developed. 
Although the system has now been in clinical use for almost a decade, there are 
few studies in the literature that report on patient-oriented outcome after Dynesys 
implantation [ 18 ,  27 ]. 

 Dynesys was developed based upon all the current knowledge of and experience 
with conventional rigid pedicle systems. It establishes a mobile load transfer and 
controls motion of the segment in all planes, while inducing stability. Thus, the 
bilateral implant system controls motion in all planes. Stability with controller seg-
mental motion is established, achieving a more physiological condition as com-
pared with the sole decompression of an unstable segment or as compared with 
fusion of such a segment. In connection with decompressive procedures, the system 
re-establishes stability and avoids iatrogenic instability. Schnake et al. [ 17 ,  28 ] eval-
uated whether elastic stabilization with the Dynesys system provides enough stabil-
ity to prevent instability after decompression for spinal stenosis with degenerative 
spondylolisthesis. Twenty-six patients with lumbar spinal stenosis and degenerative 
spondylolisthesis underwent interlaminar decompression and dynamic stabilization 
with the Dynesys system. Minimum follow-up was 2 years. Mean leg pain decreased 
signifi cantly ( P  < 0.01), and mean walking distance improved signifi cantly to more 
than 1,000 m ( P  < 0.01). There were fi ve patients (21 %) who still had some claudi-
cation. A total of 21 patients (87.5 %) were satisfi ed and indicated that they would 
undergo the same procedure again. Radiographically, no signifi cant progression of 
spondylolisthesis could be detected. The implant failure rate was 17 %, and none of 
the implant failures was clinically symptomatic. In elderly patients with spinal ste-
nosis with degenerative spondylolisthesis, dynamic stabilization with the Dynesys 
system in addition to decompression leads to similar clinical results as seen in estab-
lished protocols using decompression and fusion with pedicle screws. Dynesys also 
maintains enough stability to prevent further progression of spondylolisthesis or 
instability [ 17 ,  28 ]. 

 Dynamic stabilization may prevent further degeneration of the lumbar spine. 
Putzier et al. [ 17 ,  29 ] evaluated the addition of dynamic stabilization to lumbar 
discectomy procedures in an attempt to investigate the effect of dynamic stabili-
zation on segmental degeneration after discectomy. Eighty-four patients with 
initial-stage disc degeneration (Modic 1) underwent discectomy for symptomatic 
disc herniation and 35 had the addition of Dynesys stabilization. At mean 
34-months follow-up, a signifi cant increase in Oswestry Disability Scores and 
Visual Analog Scale results was observed only in the nonstabilized group. No 
progression of disc degeneration was noted in the Dynesys group at follow-up, 
whereas radiographic signs of accelerated degeneration were noted only in the 
discectomy group. The authors concluded that dynamic stabilization is useful to 
prevent progression of initial disc degeneration in segments after lumbar discec-
tomy [ 17 ,  29 ] (Figs.  10.3 ,  10.4 , and  10.5 ).
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         X-STOP Device 

 Another alternative system to lumbar fusion is the X-STOP interspinous process 
distraction device. The X-STOP (Fig.  10.6 ) implant is a rigid titanium-alloy device 
that is placed between the spinous processes to reduce the canal and foraminal 
narrowing that occurs in extension. The X-STOP device is designed to distract the 
posterior elements of the stenotic lumbar segment and place it in fl exion to treat 
neurogenic claudication. Anderson et al. [ 30 ] reported the results of X-STOP for 
the treatment of neurogenic claudication in patients with degenerative spondylo-
listhesis. Forty-two patients underwent X-STOP surgery and 33 patients were 
treated nonoperatively. Two-year follow-up data were obtained in 70 of the 75 
patients. There was statistically signifi cant improvement in the SF-36 scores of the 
X-STOP device-treated patients but not in those of the nonoperative controls. 
Overall clinical success occurred in 63 % of the X-STOP-treated patients and only 
13 % of the controls. Spondylolisthesis and segmental kyphosis were unaltered. 
The authors concluded that the X-STOP device was more effective than 

  Fig. 10.3    Dynesys with the pedicle 
screws connected by the synthetic 
fl exible cords, and spacers       
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nonoperative management of neurogenic claudication secondary to degenerative 
lumbar spondylolisthesis [ 30 ].

   Spinal fusion has been accepted as the defi nitive surgical treatment of symptom-
atic lumbar degenerative disk disease and/or instability. The rationale for spinal 
arthrodesis as a treatment modality for low-back pain centers on the assumption that 
abnormal intervertebral motion causes pain and that immobilization of adjacent ver-
tebral bodies will lead to a reduction in mechanical back pain. Unfortunately, the 
potential benefi ts and the results of arthrodesis can often be compromised by symp-
tomatic adjacent segment degeneration and/or pseudarthrosis [ 31 – 37 ] (Fig.  10.7 ).

       AccuFlex 

 The AccuFlex rod (Globus Medical, Inc., Audubon, PA) is designed with helical 
cuts within its substance to minimize rigidity. This more fl exible rod is currently 
FDA approved as an adjunct for single-level fusions. In a 1-year prospective, 

  Fig. 10.4    Radiograph AP 
with Dynesys of the lumbar 
spine       
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  Fig. 10.5    L-L X-ray view of Dynesys       

  Fig. 10.6    X-STOP device       
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randomized study of 170 patients treated with the AccuFlex rod system 
(Fig.  10.8 ), comparable fusion rates and clinical outcomes were reported between 
interbody fusion using the traditional rigid instrumentation versus the fl exible 
rods [ 38 ].

       Isobar TTL 

 One of the fi rst introduced semi-rigid rods is the Isobar TTL system (Scient’x USA, 
Maitland, FL). This implant has been used in Europe for over 10 years and was 
granted FDA clearance for use as an adjunct to spinal fusion in 1999. Perrin and 
Cristini reported a retrospective study with a mean follow-up of 8.27 years using the 
Isobar TTL system (Fig.  10.9 ) in 22 patients with lumbar spondylolisthesis. 

  Fig. 10.7    Radiograph AP 
with X-STOP device of the 
lumbar spine       
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The upper levels were treated with a PEEK cage    followed by a two-level posterior 
fi xation with the Isobar TTL system. All patients went on to fusion at the rigidly 
fi xed level, with no device failure or revision surgery required. Long-term clinical 
outcomes were excellent, with 68.2 % of patients reporting mild leg pain, 72 % 
no or mild back pain, and 91 % of patients very satisfi ed with the procedure. 
The  adjacent level also appeared to be protected using this type of rod [ 15 ,  31 ].

  Fig. 10.8    AccuFlex rod 
device on a spine model       

  Fig. 10.9    Isobar TLL device       
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       Truedyne PDS 

 The Truedyne PDS (Disc Motion Technologies, Boca Raton, FL) is a pedicle 
screw- based adjustable posterior dynamic stabilizer, in which 5 mm of fl exion 
and 3 mm of extension and rotation can be set separately (Fig.  10.10 ). It is 
designed to move in an arc that elongates in fl exion, ensuring normal angular 
segmental motion, and because of its closed design, it is also stable to shear 
forces. This system is designed to allow synchronous motion resulting in less 
strain on the disc above. The dynamic pedicle screw still allows motion between 
the head and shaft of the screw after being locked down. This minimizes screw 
loosening and also allows the screw to be used for multilevel nonfusion con-
structs in degenerative scoliosis. This system is currently in preclinical testing 
[ 31 ,  39 ].

  Fig. 10.10    The Truedyne PDS device is a 
pedicle screw-based adjustable posterior 
dynamic stabilizer, in which 5 mm of 
fl exion and 3 mm of extension and rotation 
can be set separately       
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       Stabilimax NZ 

 The range at which there is minimal resistance to motion by the disc during normal 
spine motion is referred to as the neutral zone (NZ). The NZ is believed to increase 
with disc degeneration or injury, resulting in more “instability” and pain. The 
Stabilimax NZ (Applied Spine Technologies (AST) Inc., New Haven, CT) device 
(Fig.  10.11 ) was created to reduce the impact of the NZ on mechanical back pain. 
The Stabilimax NZ system uses a rod with dual concentric springs to maintain the 
spinal segment in a neutral position during spinal motion, serving as a sort of inter-
nal splint. The Stabilimax NZ is currently undergoing randomized clinical trials for 
dynamic fusion applications in the United States [ 31 ,  40 ].

       Cosmic Posterior Dynamic System 

 The Cosmic posterior dynamic system (Ulrich GmbH & Co. KG, Ulm, Germany) 
uses hinged pedicle heads to allow for segmental motion. We have analyzed a study in 
the literature, carried out by Van Strempel et al., which examined patients with chronic 
lumbar degenerative disease    treated with this system. The results were quite compa-
rable with those obtained in patients treated with spinal fusion. Thus, this system 
could be an alternative to traditional therapy with arthrodesis. However, long-term 
follow-up studies are needed to assess its impact on adjacent level degeneration [ 41 ].  

  Fig. 10.11    NZ device 
implanted on a spine model       
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    BioFlex Spring Rod Pedicle Screw System 

 The BioFlex System is a fl exible rod system that has been used to preserve motion 
at the area of implantation. It is a pedicle screw-based system that uses a Nitinol rod 
shaped with one or two loops intended to confer stability in fl exion, extension, and 
lateral bending (Fig.  10.12 ). Nitinol is an alloy of nickel and titanium that belongs 
to a class of materials called shape memory alloys. Ni and Ti are the chemical sym-
bols for nickel and titanium, and the “nol” of Nitinol stands for the Naval Ordnance 
Laboratory, where the material was discovered   . Nitinol implants have the following 
characteristics: high elasticity, high tensile force, fl exibility (below 10 °C) but rigid-
ity (above 30 °C), and biological compatibility [ 42 ].

       CD Horizon Agile 

 The CD Horizon® Agile™ (Medtronic Sofamor Danek, Inc. Memphis, TN) 
dynamic stabilization device was intended to provide posterior dynamic stabiliza-
tion through a fl oating cable design that allows for an axial compressive load 
while retaining constant stiffness. This system was designed to provide more 
movement    than other dynamic stabilization systems. However, because of succes-
sive failures it has been withdrawn from the market. The implants were found to 

  Fig. 10.12    The BioFlex 
System, a pedicle screw- 
based system using a Nitinol 
rod shaped with loops, 
intended to confer stability       
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break due to shear-related failure of the cable component, which was more likely 
to occur with advanced instability.     

    NFlex 

 The NFlex controlled stabilization system (Synthes Spine Inc., West Chester, PA) 
consists of polyaxial titanium alloy pedicle screws that are fi xed to a semi-rigid 
polycarbonate urethane sleeved rod (Figs.  10.13  and  10.14 ). The integrated 

  Fig. 10.13    An illustration 
depicting the motion of the 
NFlex device       

  Fig. 10.14    The NFlex 
controlled stabilization 
system on a mock-up spine       
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polycarbonate urethane (PCU) spacer is surrounded by a central titanium ring, to 
which a pedicle screw is locked. The controlled pistoning of this spacer along the 
axis of the central titanium core provides a shock absorber effect, reducing the 
overall rigidity of the construct [ 31 ]. The rods are low profi le, may be used in sin-
gle- or multi-level applications, and require a relatively short distance between 
screws of only 9 mm. The rod may be attached to pedicle screws in the standard 
fashion, with one pedicle screw attached to the titanium ring of the sleeve and one 
or more pedicle screws attached to the solid portion of the titanium rod [ 31 ,  43 ,  44 ]. 
Biomechanical study of this device demonstrated that, in all loading modes, the 
NFlex device provided a decompressed lumbar segment with suffi cient stability but 
signifi cantly less rigidity than a similar segment stabilized with a solid rod, suggest-
ing the applicability of this implant as a dynamic fi xation device in clinical practice 
[ 43 ]. The system is a viable method of retaining stable motion at the implanted 
levels and appears comparable to other presently available methods used to pre-
serve segmental motion.

        Discussion 

 The hypothesis behind dynamic stabilization is that control of abnormal motions 
and more physiological load transmission will relieve pain and prevent adjacent 
segment degeneration. A remote expectation is that, once normal motion and 
load transmission is achieved, the damaged disc may repair itself, unless of 
course the degeneration is too advanced. The pertinent questions in dynamic sta-
bilization, therefore, are (a) how much control of motion is desirable, and (b) 
how much load should be shared by the system, to unload the damaged disc. The 
question in the long term is how to prevent implant failure, in view of constant 
movement of the stabilized segment. A pseudarthrosis often leads to fatigue fail-
ure of implants used for rigid fi xation, because the rigidity of the implant does 
not permit them to accommodate any motion originated at the pseudarthrosis. 
Flexible stabilization may accommodate this movement and may avoid a fatigue 
failure. However, a closer look at the kinematics of the dynamic stabilization 
leads to further consideration before its fatigue life may be determined. Normally, 
the disc is loaded both during fl exion and extension. The average disc pressure 
rises during fl exion and also during extension, and is lowest during the early 
phase of extension. Let us consider a dynamic stabilization system that shares 
30 % of the load during fl exion, allowing only 70 % of the load to pass through 
the damaged disc. During extension, if the system forces the instantaneous axis 
of rotation (IAR)    to be shifted posterior to the disc, the disc will be increasingly 
distracted toward the end of extension. This will be evident by a progressive low-
ering of the disc pressure toward the end of extension, which indicates that the 
dynamic stabilization system becomes an increasingly load-bearing structure in 
extension.  
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    Conclusion 

 While soft stabilization appears to be promising, a cautious approach should be 
taken to any new implant system. This implant for fusion only has to serve a tempo-
rary stabilization until fusion has taken place; on the other hand, a soft stabilization 
system has to provide stability throughout its life. After soft stabilization, the 
implant must stay anchored to the bone and still allow movement. The fl exibility of 
the implant system should be able to protect it from loosening at the anchor point 
into the bone; the soft stabilization system is intended to load share with the disc and 
the facet joint only partially and unloads the motion segment. Dynamic stabilization 
systems have theoretical advantages over rigid spinal implants. They may allow 
similar or improved patient outcomes compared with fusions in patients in whom 
disc load characteristics represent a modifi able solution over the sagittal plane of the 
vertebral endplates. Some design features must be addressed, as well as placement 
of the devices with preservation of the surrounding spinal structures. Ultimately, a 
well-designed system would need to prove its clinical effectiveness in a well-
designed prospective randomized clinical trial. The few posterior dynamic stabiliza-
tion systems that have had clinical applications so far have produced outcomes 
somewhat comparable with fusion. No severe adverse events caused by these 
implants have been reported. Long-term follow-up data and well-controlled, pro-
spective randomized studies do not exist, but are essential to prove the safety, effi -
cacy, appropriateness, and economic viability of these methods.     
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