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Abstract: Study Design: A prospective, non-comparative study of 27 patients to evaluate the safety and performance of 

the Memory Metal Spinal System used in a PLIF procedure in the treatment of spondylolisthesis, symptomatic spinal 

stenosis or degenerative disc disease (DDD). 

Objective: To evaluate the clinical performance, radiological outcome and safety of the Memory Metal Spinal System, 

used in a PLIF procedure, in the treatment of spondylolisthesis, symptomatic spinal stenosis or degenerative disc disease 

in human subjects. 

Summary of Background Data: Spinal systems that are currently available for correction of spinal deformities or 

degeneration such as lumbar spondylosis or degenerative disc disease, use components manufactured from stainless steel 

or titanium and typically comprise two spinal rods with associated connection devices. The Memory Metal Spinal System 

consists of a single square spinal rod made from a nickel titanium alloy (Nitinol) used in conjunction with connection 

devices. Nitinol is characterized by its shape memory effect and is a more flexible material than either stainless steel or 

titanium. With current systems there is loss of achieved reposition due to the elastic properties of the spine. By using a 

memory metal in this new system the expectation was that this loss of reposition would be overcome due to the metal’s 

inherent shape memory properties. Furthermore, we expect a higher fusion rate because of the elastic properties of the 

memory metal. 

Methods: Twenty-seven subjects with primary diagnosis of spondylolisthesis, symptomatic spinal stenosis or degenerative 

disc disease (DDD) were treated with the Memory Metal Spinal System in conjunction with the Brantigan IF® Cage in 

two consecutive years. Clinical performance of the device was evaluated over 2 years using the Oswestry Disability Index 

(ODI), Short Form 36 questionnaire (SF-36) and pain visual analogue scale (VAS) scores. Safety was studied by 

collection of adverse events intra-operative and during the followup. Interbody fusion status was assessed using 

radiographs and a CT scan. 

Results: The mean pre-operative ODI score of 40.9 (±14.52) significantly improved to 17.7 (±16.76) at 24 months post-

operative. Significant improvement in the physical component from the SF36 questionnaire was observed with increases 

from the baseline result of 42.4 to 72.7 at 24 months (p<.0001); The emotional component in the SF36 questionnaires 

mean scores highlighted a borderline significant increase from 56.5 to 81.7 at 24 months (p=0.0441). The average level of 

leg pain was reduced by more than 50% postoperation (VAS values reduced from 5.7 (±2.45) to 2.2 (±2.76) at 24 month 

post-operation with similar results observed for back pain. CT indicated interbody fusion rate was not significantly faster 

compared to other devices in literature. No device related adverse events were recorded in this study. 

Conclusions: The Memory Metal Spinal System, different from other devices on the market with regard to material and 

the one rod configuration, is safe and performed very well by improving clinically important outcomes in the treatment of 

spondylolisthesis, symptomatic spinal stenosis or degenerative disc disease. In addition the data compares favorably to 

that previously reported for other devices in the literature. 

Keywords: Memory metal spinal system, PLIF, spondylolisthesis, degenerative disc disease, spinal fusion. 

INTRODUCTION 

 Chronic low back pain can be the result of 
spondylolisthetic or degenerative lumbar segmental 
instability [1, 2]. Surgical treatment of this condition by  
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fusion of the involved segments was introduced in the mid-
1920s [1, 3]. Treatment of this condition is one of the most 
resources demanding in the Western world [4-7]. Indications 
of this operative technique, and outcome of this surgery are 
intensely debated [8-15]. The idea of lumbar or lumbosacral 
arthrodesis is to eliminate motion and thus to relieve pain 
[16]. King in 1944 [17] introduced internal spinal fixation in 
the lumbosacral region. The use of the pedicle for screw 
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placement was introduced in 1969 [18], and efficient screw-
rod connections have also been developed [19, 20]. 

 Our goal was to develop a less rigid fixation device to 
enhance intervertebral fusion [21]. 

 The Memory Metal Spinal System is a posterior system, 
consisting of Titanium pedicle screws and bridges and a 
single square memory metal rod. Spinal systems that are 
currently available use components manufactured from 
stainless steel or titanium. The spinal rod component used in 
this system is manufactured from Nitinol (NiTi), a nickel-
titanium alloy. The characteristics of this alloy were first 
described by Buehler and Wang [22]. At present, the 
characteristics of this NiTi alloy are used clinically in wires 
for orthodontic tooth alignment, osteosynthesis staples, vena 
cava filters and other vascular applications [23-28]. The 
biocompatibility and safety of memory metal are discussed 
in literature [29, 30]. 

 NiTi is a Memory Metal and is mainly characterized by 
its shape memory effect and its superelasticity. By using a 
memory metal in this new system the expectation was that 
there is a better maintenance of the reposition due to the 
metal’s inherent shape memory properties (continues 
reposition force) and enhancement of the fusion due to a less 
rigid system. Although correction in deformity (reposition) 
was not specifically tested in the current study, shape 
memory is an important property of memory metal and its 
potential in spinal correction has yet to be fully explored. 

 In this study the Memory Metal Spinal System was 
implanted in humans for the first time and used in 
conjunction with Brantigan IF® carbon fibre reinforced 
polymer fusion cage. Brantigan IF® cages have been used in 
the clinical setting for ten years with excellent outcomes 
reported at both 2 years [31,32] and 10 years post-surgery 
[33]. 

 The main objectives of this study were to evaluate the 
fusion, the clinical performance, and safety of the Memory 
Metal Spinal System, used in a PLIF procedure, in the 
treatment of spondylolisthesis, symptomatic spinal stenosis 
or degenerative disc disease in humans. 

MATERIALS AND METHODS 

 This was a multi-centre, prospective, non-comparative, 
post marketing surveillance (PMS) study to evaluate the 
Memory Metal Spinal System, used in conjunction with the 
Brantigan IF® Cage, in subjects who underwent a PLIF 
procedure. 

Patients 

 Twenty-seven consecutive patients (9 male and 18 
female) with a diagnosis of a symptomatic single level 
degenerative lumbar disc consented were treated with the 
Memory Metal Spinal System, used in conjunction with the 
Brantigan IF® Cage, following Research Ethics Committee 
approval. Inclusion criteria required all patients aged 18 
years and over, with disabling back and/or refractory 
radicular pain who have had at least six weeks of 
conservative management, with moderate to severe 
degenerative changes in one or two lumbar disc levels based 
on MRI performed not more than three months prior to study 
entry. In addition discography had been provocative for 

patients back pain. Exclusion criteria ruled out patients with 
more than two abnormal lumbar disc levels, evidence of 
infection in the disc or spine, spinal tumor(s), who are 
immunocompromized, pregnant, and/or have a condition 
which would compromised their participation and follow-up 
in this study. Conservative treatment mostly entailed a 
combination of appropriate analgesics, physical therapy, and 
epidural and/or facet injections. 

Implant Features 

 The Memory Metal Spinal System consists of pedicle 
screws, bridge connectors and one single square rode, made 
of a nickel-titanium alloy (Fig. 1). All the spinal rods used in 
the study were manufactured from medical grade nickel 
titanium alloy (also referred to as Nitinol or Shape Memory 
Alloy) according to ASTM F2063-00 standard. The rods 
have a 6.35mm square cross-section, similar to current 
systems and are available straight or pre-bent (pre-lordosed). 
The length of the rods can be cut to the specific length 
required by the surgeon by using a specially designed cutter. 
Standard pedicle screws were used (Monarch TMpedicle 
screw system, DePuy International). The transverse 
connector bridge is a device, which is fixed between two 
pedicle screws to produce a stable, rigid construct. The 
flexibility of the system comes from the rod. The rod is 
connected to the bridge and locked in place by a setscrew 
and sliding cap. The rod can be approximated to the bridge 
using a mini approximator instrument. All connection 
bridges are manufactured from medical grade Titanium 
Alloy that is considered safe to use with Nitinol. 

 

Fig. (1). The single rod Memory Metal Spinal System. 

 Two experienced spine surgeons performed all surgeries 
in two consecutive years. A standard PLIF procedure was 
performed using the Memory Metal Spinal System (DePuy 
International) where after the Brantigan IF® Cage (DePuy 
International) was filled with autologous bone and placed in 
the intervertebral disc space. 
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Clinical and Radiological Outcome 

 Patients were evaluated pre-operatively at 1, 3, 6, 12 and 
24 month after surgery. Evaluation at each interval included 
physical and neurological examination, concomitant 
medication, additional surgical procedures, subject 
completed questionnaires (Oswestry Disability Index, Short 
Form-36 Health) and Visual Analogue Scale for Pain. Any 
adverse events and complications were recorded. 

 Routine lateral and AP radiographs were obtained at each 
interval. Routine radiographs were used to evaluate the total 
intervertebral height and subsidence. The CT scan at two 
years follow-up was used to determine fusion. Interbody 
fusion was defined as complete bridging at any one or more 
points within the central area of the vertebral body as 
determined by CT. One independent radiologist who was not 
otherwise involved in the study determined intervertebral 
fusion assessments. Fusion was recorded as Yes/No/Can’t 
Assess. 

 Complications were divided into intra-operative and 
post-operative adverse events. 

Statistics 

 For statistical analysis, comparisons between pre- and 
postoperative scores were made using paired t-tests. 

RESULTS 

Clinical Data 

 All 27 patients completed the 24 months of follow-up 
without any major adverse event. The average age of the 
patients was 44.3 (range 23.1-73.9). All patients had 
symptomatic single level degenerative lumbar disc (one 
patient L3-4, ten patients L4-5 and sixteen patients L5-S1). 

 The Oswestry Disability Index (ODI) functional outcome 
data compared baseline and post-operative results. The ODI 

mean score pre-operative was 40.9 (±14.52). This 
significantly improved to 17.7 (±16.76) at 24 months post-
operative (p<.0001). 

 Significant improvement in the physical component from 
the SF36 questionnaire was observed with increases from the 
baseline result of 42.4 to 72.7 (±21.74) at 24 months 
(p<.0001); the emotional component in the SF36 
questionnaires mean scores highlighted a borderline 
significant increase from 56.5 to 81.7 (±29.57) at 24 months 
(p=0.0441). 

 The average level of leg pain was reduced by more than 
50% post-operation (VAS values reduced from 5.7 (±2.45) 
to 2.1 (±2.30) at 1 month post-operation). This reduction 
remained constant over the 24 months post-operation (2.2 
(±2.76) at 24 month post-operation). A similar reduction in 
back pain was also revealed. 

 Bivariate analysis indicated that gender; previous non-
surgical treatment, smoking history, and obesity had no 
statistical effect on clinical or fusion success. 

Radiological Assessment 

 X-rays were performed on standing patients with both 
AP and lateral views being taken. The pre-operative and 
post-operative radiographic assessments were carried out on 
the patient population. A CT scan and X-rays were 
performed at 24 months post-operative. The data is 
illustrated in Fig. (2). An example of solid fusion on X-ray 
and CT is illustrated in Fig. (3a, b). 

Safety 

 During the 27 surgical implanting procedures, four intra-
operative complications occurred. There was 1 (3.7%) 
malpositioning of a pedicle screw, 1 (3.7%) breakage of a 
cage and there were 2 (7.4%) dural tears. The implant 
breakage involved the inserted interbody fusion cage. The 
fracture was located around the threaded hole for the 

 

Fig. (2). Fusion Assessment at 24 Months – X-Ray/CT L3-L4, L4-L5, L5-S1. 
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insertion tool and occurred on impaction into the disc space. 
The 2 dural tears were repaired during surgery, there was no 
neurologic injury and the hospital course was not affected. 
None of the adverse events were related to the device under 
investigation (i.e. biocompatibility issues). 

 

Fig. (3a). “Solid fusion” status (X-Ray). 

 

Fig. (3b). “Solid fusion” status (CT). 

DISCUSSION 

 Twenty-seven subjects with primary diagnosis of 
spondylolisthesis, symptomatic spinal stenosis or 
degenerative disc disease (DDD) were treated with the 
Memory Metal Spinal System in conjunction with the 

Brantigan IF® Cage. The mean pre-operative ODI score of 
40.9 (±14.52) significantly improved to 17.7 (±16.76) at 24 
months post-operative. Significant improvement in the 
physical component from the SF36 questionnaire was 
observed with increases from the baseline result of 42.4 to 
72.7 at 24 months (p<.0001); The emotional component in 
the SF36 questionnaires mean scores highlighted a 
borderline significant increase from 56.5 to 81.7 at 24 
months (p=0.0441). The average level of leg pain was 
reduced by more than 50% post-operation (VAS values 
reduced from 5.7 (±2.45) to 2.2 (±2.76) at 24 month post-
operation with similar results observed for back pain. 

 The clinical outcome in this study is comparable to the 
literature. A study of 60 patients with posterior lumbar 
interbody fusion combined with instrumented postero-lateral 
fusion reported by Freeman et al. [36] indicated stable 
circumferential fixation as shown by radiographs and 
tomograms confirming the presence of a bridging fusion 
mass. Of the 48 ODI questionnaires completed after 5 years, 
79% had an ODI <30. In the present study 74% (17/23) of 
the patients indicated an ODI < 30. McKenna et al. reported 
a prospective, randomized controlled trial of femoral ring 
allograft (FRA) versus a titanium cage (TC) in 
circumferential lumbar spinal fusion with minimum 2 years 
clinical results [37]. Comparison of change in ODI results 
indicated a significantly greater improvement in the FRA 
group (reduced from 57 to 42) when compared to the TC 
group (54 reduced to 48). The corresponding change in ODI 
results from baseline over 2 years in the current Memory 
Metal Spinal System study was greater than that of either the 
FRA or TC groups (23 versus 15 and 6). Both FRA and TC 
patients showed a significant improvement in VAS for back 
pain (change in VAS 1.9 and 1.1 respectively). However 
with leg pain VAS scores only FRA patients demonstrated a 
significant improvement (change in VAS of 1.3) whereas the 
TC group had more leg pain increasing the VAS scores 
postoperatively by 0.4 points. VAS results from the Memory 
Metal Spinal System study for both back and leg pain show a 
much greater improvement when compared to both groups in 
the FRA / TC study. Part of the explanation is that our 
patient group had significant more grade spondylolisthesis 
and therefore more leg pain. The review of Boos & Webb 
[38] suggests that PLIF in these cases do better than fusion 
alone. A study with two different patient groups of 30 
subjects having spondylolisthesis, which were subjected to 
different surgeries: posterior lumbar fusion with pedicle 
screws (Group I) and posterior lumbar interbody fusion with 
pedicle screws (Group II) has also been reported [39]. The 
ODI mean scores pre-operatively and 2 years post-
operatively were 28.5 and 18.6 respectively for Group I and 
31.3 and 13.3 respectively for Group II. The ODI scores in 
the current study show a comparable result. Glassman et al. 
reviewed the ODI and SF36 outcomes in a multicentre 
lumbar fusion study with follow up after 2 years [40]. The 
minimal clinically important difference (MCID) seeks to 
differentiate a magnitude of change, which is not only 
statistically valid but also of real clinical value. Figures for 
MCID for ODI results have been reported as low as a 4 
points decrease [41] and also a 10 points decrease [42]. The 
Food and Drug Administration (FDA) standards suggest a 15 
point decrease in ODI and either maintenance of or any 
improvement in SF-36 Physical Composite Score (PCS) 
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[43]. Ware et al. [44] reported that an increase of 5.42 points 
in the SF-36 PCS is clinically important. A more recent 
study [45] has reported the following MCID values: 12.8 
points for ODI, 4.9 points for SF-36 PCS, 1.2 points for back 
pain and 1.6 points for leg pain. The improvement in ODI 
values for the various fusion treatments in the multicentre 
review ranged from 9.9 to 22.2 points whereas the 
improvement in SF-36 data ranged from 13.8 to 6.3 points. 
The improvement in the corresponding ODI and SF-36 
values in the current Memory Metal Spinal System study 
were 23 and 31. The improvement in back and leg pain were 
2.5 and 3.5 respectively. The results obtained for the 
Memory Metal Spinal System have therefore satisfied the 
MCID reported in the literature. 

 Radiological assessment indicated that interbody fusion 
rate was good after two years compared to other more 
traditional devices in literature. At 24 months post-operative 
there was a big difference in fusion status between X-Ray 
(91.0%) and CT (66.7%). These results are comparable to 
literature [34]. Most studies only use plain X-ray for fusion 
assessment that gives high false positive results. Shah et al. 
[35] showed that CT provides a more sensitive assessment of 
interbody fusion than plain radiographs, with a more robust 
inter-observer agreement comparable to our study results. 
The memory metal system in this study prove to be safe in 
comparison to the reports of West et al. [46] and Pihajamski 
[47] for pedicle srew studies, Hall et al. [48] for degenerative 
disc disease treated with the Isola pedicle screw system and 
Brantigan et al. [32] for PLIF procedure. 

CONCLUSION 

 The Memory Metal Spinal System, different from other 
devices on the market with regard to material and the one-
rod configuration, is safe and performed well (in regard to 
fusion) in the treatment of spondylolisthesis, symptomatic 
spinal stenosis or degenerative disc disease. The clinical 
outcome is comparable to traditional devices in the literature. 
The results of this study were used to support the further 
development of the 3-dimensional treatment system of 
scoliotic deformities. 

ACKNOWLEDGEMENT 

 The study was sponsored by DePuy International. 

CONFLICT OF INTEREST 

 Declared none. 

REFERENCES 

[1] Hibbs RA, Swift W. Developmental abnormalities at the 
lumbosacral juncture causing pain and disability. Surg Gynecol 

Obstet 1929; 48: 604-12. 
[2] White AA, Panjabi M. Clinical biomechanics of the spine. 

Philadelphia: JB Lippincott 1978. 
[3] Schulitz KP. Lumbar spine fusion-indication under special 

consideration of spinal instrumentation. Wittenberg RH, Steffen R, 
Eds. Instumented spinal fusion. Stuttgart, New York: Georg 

Thieme Verlag 1994; pp. 86-106. 
[4] Aaron H, Schwatrtz WB. Rationing health care: the choice before 

us. Science 1990; 247: 418-22. 
[5] Chercin DC, Dayo RA, Loeser JD, et al. An International 

comparison of back surgery rates. Spine 1994; 19: 1201-6. 
[6] Davis H. Increasing rates of cervical and lumbar spinal surgery in 

the United States, 1979-1990. Spine 1994; 19: 1117-24. 

[7] Herkowitz HN, Sidhu KS. Lumbar Spine fusion in the treatment of 

degenerative conditions: Current indications and recommendations. 
J Am Acad Orthop Surg 1996; 3: 123-35. 

[8] Zdeblick TA, Hanley EN Jr., Sonntag VK, et al. Indications for 
lumbar spinal fusion. Introduction. 1995 Focus Issue Meeting on 

Fusion. Spine 1995; 20 (24 Suppl): 124S-5. 
[9] Esses SI, Huler RJ. Indications for lumbar spine fusion in the adult. 

Clin Orthop 1992; 279: 87-100. 
[10] Frymoyer JW. Low back pain. The role of spine fusion. Neurosurg 

Clin North Am 1991; 2: 933-54. 
[11] Greenough C. Results of treatment of lumbar spine disorders. 

Effects of assessment techniques and confounding factors. Acta 
Orthop Scand Suppl 1993; 251: 129-9. 

[12] Nachemson A. Instrumented fusion of the degenerative lumbar 
spine, state of the art, questions, and controversies. Philadelphia: 

Lippincott-Raven Publishers 1996; pp. 281-9. 
[13] Nachemson A. Instrumented fusion of the lumbar spine for 

degenerative disorders: a critical look. In: Szpalski M, Gunzburg R, 
Spengler D, Nachemson A, Eds. Instrumented fusion of the 

degenerative lumbar spine, state of the art, questions, and 
controversies. Philadephia: Lippincott-Raven Publishers 1996; pp. 

307-17. 
[14] Schulitz KP. Lumbar spine fusion-indication under special 

consideration of spinal instrumentation. In: Wittenberg RH, Steffen 
R, Eds. Instrumented spinal fusion. Stuttgart, New York: Georg 

Thieme Verlag 1994; pp. 86-106. 
[15] Willner S, Lumbar spine fusion-conclusions. Acta Orthop Scand 

Suppl 1993; 251: 123-4. 
[16] Hanley EN Jr. The indications for lumbar spinal fusion with and 

without instrumentation. Spine 1995; 20: 143S-53. 
[17] King D. Internal fixation for lumbosacral fusion. J Bone Joint Surg 

Am 1948; 30: 560-5. 
[18] Harrington PR, Tullos HS. Spondylolisthesis in children. Clin 

Orthop 1971; 79: 75-84. 
[19] Roy-Camille R, Roy-Camille M, Demeulenaere C. Osteosynthesis 

of dorsal, lumbar, and lumbosacral spine with metallic plates 
screwed into vertebral pedicles and articular apophyses. Presse 

Med 1970; 78:1447-8. 
[20] Steffen AD, Biscup RS, Sitkowski DJ. Segmental spine plates with 

pedicle screw fixation. A new internal fixation device for disorders 
of the lumbar and thoracolumbar spine. Clin Orthop 1986; 203: 45-

53. 
[21] Veldhuizen AG, Sanders MM, Cool JC. A scoliosis correction 

device based on memory metal. Med Eng Phys 1997; 9(2):171-9. 
[22] Buehler WJ, Wang FE. A summary of recent research on Nitinol 

alloys and their potential application. Ocean Eng 1968; 1: 105-20. 
[23] Andreasen G. A clinical trial of alignment of teeth using 0.019 inch 

thermal Nitinol wire with transitional temperature range between 
31 °C. and 45 °C. Am J Orthop 1980; 78: 528-37. 

[24] Bensman G, Baumgart F, Haaster J. Osteosyntheseklammern aus 
nickel titan: Herstelung, versuche und klinischer einsatz. Tech Mitt 

Forsch Ber 1982; 40:123-34. 
[25] Cragg AH, De Jong SC, Barnhart WH, Landas SK, Smith TP. 

Nitinol intra-vascular stent: results of preclinical evaluation. 
Radiology 1993; 189: 775-8. 

[26] Kambic H, Sutton C, Oku T, et al. Biological performance of TiNi 
shape memory alloy vascularring protheses: a two year study. Int J 

Artif Organs 1988; 11: 487-92. 

[27] Prince MR, Salzman EW, Schoen FJ, Palestrant AM, Simon M. 

Local intravascular effect of the Nitinol blood clot filter. Invest 
Radiol 1988; 23: 249-300. 

[28] Simon M, Athanasoulis CA, Kim D, et al. Simon Nitinol inferior 
vena cava filter: Initial clinical experience: Work in progress. 

Radiology 1989;172: 99-103. 
[29] Gil FJ, Planell JA. Shape memory alloys for medical applications. 

Proc Inst Mech Eng 1998; 212(8): 473-88. 
[30] Wever DJ, Veldhuizen AG, Sanders MM, et al. Cytotoxic, allergic 

and genotoxic activity of a nickel-titanium alloy. Biomaterials 
1997; 18: 1-6. 

[31] Brantigan JW, Steffee AD. A carbon fiber implant to aid interbody 
lumbar fusion. Two-year clinical results in the first 26 patients. 

Spine 1993; 18(14): 2106-7. 
[32] Brantigan JW, Steffee AD, Lewis ML, et al. Lumbar interbody 

fusion using the Brantigan I/F cage for posterior lumbar interbody 
fusion and the variable pedicle screw placement system: Two-year 



The Memory Metal Spinal System in a PLIF Procedure The Open Orthopaedics Journal, 2012, Volume 6    225 

results from a Food and Drug Administration investigational device 

exemption clinical trial. Spine 2000; 25(11): 1437-46. 
[33] Brantigan JW, Neidre A, Toohey JS. The lumbar I/F cage for post-

erior lumbar interbody fusion with the variable screw placement 
system: 10-year results of a Food and Drug Administration invest-

igational device exemption clinical trial. Spine J 2004; 4: 681-8. 
[34] Leah YC, Steven DG, Mladen D. Reliability and agreement 

between fine-cut CT scans and plain radiography in the evaluation 
of posterolateral fusions. Spine J 2007; 7: 39-43. 

[35] Shah RR, Mohammed S, Saifuddin A, et al. Comparison of plain 
radiographs with CT scan to evaluate interbody fusion following 

the use of titanium interbody cages and transpedicular 
instrumentation. Eur Spine J 2003; 12: 378-85. 

[36] Freeman BJC, Licina P, Mehdian SH. Posterior lumbar interbody 
fusion combined with instrumented postero-lateral fusion: 5-year 

results in 60 patients. Eur Spine J 2000; 9: 42-6. 
[37] McKenna PJ, Freeman BJC, Mulholland, et al. A prospective, 

randomized controlled trial of femoral ring allograft versus a 
titanium cage in circumferential lumbar spinal fusion with 

minimum 2-year results. Eur Spine J 2005; 14: 727-37. 
[38] Boos N, Webb JK. Pedicle screw fixation in spinal disorders: a 

European view. Eur Spine J 1997; 6: 2-18. 
[39] Dantas FLR, Prandini MN, Ferreira MAT. Comparision between 

posterior lumbar fusion with pedicle screws and posterior lumbar 
interbody fusion with pedicle screws in adult spondylolisthesis. 

Arq Neuropsiquitar 2007; 65(3B): 764-70. 
[40] Glassman S, Gornet MF, Branch C, et al. MOS Short Form 36 and 

Oswestry Disability Index outcomes in lumber fusion: a 
multicentre experience. Spine J 2006; 6: 21-6. 

[41] Meade TW, Dyer S, Browne W, et al. Low back pain of 

mechanical origin: randomized comparison of chiropractic and 
hospital outpatient treatment. BMJ 1990; 300: 1431-7. 

[42] Hagg O, Fritzell P, Nordwall A. The clinical importance of changes 
in outcome scores after treatment for chronic low back pain. Eur 

Spine J 2003; 12: 20. 
[43] FDA Protocol G000137. A prospective, randomized clinical 

investigation of recombinant human bone morphogenic protein-2 
and compression resistant matrix with the CD Horizon spinal 

system for posterolateral lumber fusion in patients with 
symptomatic degenerative disc disease. Medtronic Sofamor Danek, 

2002 Memphis, Tennessee, 2002. 
[44] Ware JE, Kosinski M, Keller SK. SF-36 physical and mental health 

summary scales: a user’s manual. Boston, MA: The Health Institute 
1994. 

[45] Copay AG, Glassman SD, Subach BR, et al. The minimum 
clinically important difference in lumbar spine surgery patients: a 

choice of methods using the Oswestry Disability Index, medical 
outcomes study questionnaire Short Form 36, and pain scales. 

Spine J 2008; 8(6): 968-74. 
[46] West JL, Ogilvie JW, Bradford DS. Complications of the variable 

screw plate pedicle screw fixation. Spine 1991; 16: 576-9. 
[47] Pihajamski H. Complications of transpedicular lumbosacral 

fixation for nontraumatic disorders. J Bone Joint Surg Br 1997; 
79:183-9. 

[48] Hall BB, Asher MA, Zang RH, Quinn LM. The safety and efficacy 
of the Isola Spinal Implant System for the surgical treatment of 

degenerative disc disease: A prospective study. Spine 1996; 21: 
982-94. 

 

 

Received: January 9, 2012 Revised: April 3, 2012 Accepted: April 3, 2012 

 

© Kok et al.; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) 

which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 
 

 


