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ABSTRACT

Objective: To determine the Cage Fixation for the management of thoracic and Thoraco-lumbar instabilities and
inner by inter body fusion.

Study Design: Prospective Study.

Material and Method: The study was conducted at the department of neurosurgery Lahore general hospital
Lahore.

Results: Thirty cases were included during period two years. All cases operated for decompression, fusion and
instrumentation, cages of titanium mesh were used. Neurological status of the patients assessed before and after
operation. Twenty eight (93.3%) cases improved neurologically. Two (6.7%) did not improved.

There were three infected cases which were treated and improved in the long run.

Conclusion: By using anterior interbody fusion (AIF) with cage we can mobilize the patient early. Improvement
of the neurological status is excellent. Per operative infection rate is very low. Deformity can be corrected with
more accuracy.

Key Words: Anterior cervical corpectomy, anterior dorsal inter body fusion, anterior, posterior and lateral,

computed tommography, magnetic resonance imaging.

INTRODUCTION

Treatment of spinal disorders has undergone a swift
and enduring revolution in the past two decades. An
expulsion of new technology, coupled with an impro-
ved understanding of the pathologic processes associ-
ated with musculoskeletal degeneration, has resulted in
plethora of new options for both conservative and ope-
rative interventions for patients with spinal disease.
Exciting new pharmacological, physical, alternative
therapeutic and surgical modalities are now available
for the treatment of common back and neck problems.
Spinal fusion is now the most common surgical proce-
dure requiring bone autograft and one of the most
common procedures requiring the use of allogenic or
allograft bone. Although fusion procedures have been
performed with regularity for more than half a century
the development of modern spinal implants has signifi-

cantly increased the success rate of successful spinal
fusion procedures.

Because freshly harvested auto-graft bone contains
both living bone cells and a mineralized extra cellular
matrix, it possesses both biologic activity and a struc-
tural framework for the intended fusion. In addition
the extra cellular matrix of autograft contains bone
morphologic proteins as such, autologous graft re-
mains the gold standard for skeletal fusion procedures.
A synthetic non-biologic interbody implants would
overcome these barriers and can potentially be manu-
factured to specification with high degree of consis-
tency and availability, ideally it would;

1. Provide a solid structural support with biochemical
properties similar to bone.

2. Either promote fusion or allow fusion to occur in
its presence.
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3. Be biologically compatible.

Allow for the radiographic assessment of progress
of bone fusion.

5. Have physical properties similar to bone.

Be in expensive and relatively easy to manufac-
ture.

Alternative to bone autograft or allograft for inter-
body fusion emerged in 1979 from veterinary world.
The Bagby cage, a cylindrical stainless steel device.
From these humble beginnings, a large variety of stru-
cturally unique cages were developed to serve as inter-
body fusion devices. In human the first clinical appli-
cation was in lumbar spine, and similar version was
thus developed for use in cervical spine. Except for
those device composed of human body, these implants
are designed to be filled with osteoinductive and/or
osteoconductive substances to promote fusion.

MATERIAL AND METHODS

This was a prospective study; this study was done in
department of neurosurgery Lahore general hospital
Lahore over a period of two years, from June 2002 to
December 2004. Thirty patients in whom anterior dor-
sal interbody fusion (ADIF) performed using titanium
cage filled with bone graft composite were studied. All
patients requiring anterior dorsal interbody fusion for
unstable or potentially unstable anterior dorsal spine
due to;

1. Trauma.

2. Infection.

3. Degenerative spinal disorders.
4. Neoplasia.

Surgical Technique

In each case anterior dorsal interbody fusion using tita-
nium mesh cage filled with autologous bone graft
composite was done. The surgical exposure was per-
formed as below

1. For upper thoracic (T1-Ts), anterior exposure of
the highest thoracic segment was achieved through
a mid line sternotomy that extends through second
intercostals space.

2. Thoracic (T4-T11) were approached through the
chest. The location of the major body destruction
or spinal cord compression determined on which
side the thoracotomy should be carried out.

3. For thoracolumbar junction (Ti2-L2), side on
which to perform thoracotomy is determined by
the local spinal pathology, when the disease was
symmetrical the left side was chosen, as the spleen
was easier to mobilize than the liver. Moreover
aorta is more prone to bear the stress relatively as
compare to inferior vena cava.

RESULTS
A total 30 patients with collapsed thoracic vertebrae at
the different levels operated between June, 2002 to
June, 2004.

Sex Distribution
There were 12 male (40%) and 18 of them were
female (60%).

Table 1: Sex Incidence.

Sex Pt. Numbers Percentage
Male 12 40.0%
Female 18 60.0%
Total 30 100.0%

Age Distribution

The age ranged from 15 years to 48 years.

Ten patients from 15 — 25 years. Nine of them
were from 25 -30 years. Seven patients were from 30-
40 years, and four patients were from 40-48 years of

age.

Table 2: Age Distribution.

Age Pt. Number Percentage
15-25 Years 10 34.0%
26-30 Years 09 29.7%
31-40 Years 07 23.1%
41-48 Years 04 13.2%
Total 30 100.0%

Area Distribution

Eight patients (26.6%) were from urban areas and 22
patients (73.34%) were from rural area (Fig. 1).

Pak. J. of Neurol. Surg. - Vol. 13, No. 1, Jan. — Jun., 2009

13-



Farrukh Raza et al

Resident of

25

20

15

10

5

Percent

0
Urban

Resident of

Rural

Fig. 1: Area Distribution.

Socio-economic

About 90% of the patients belong to poor socio-
economic status and other 10 % were from middle and
upper class (Fig. 2).
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Fig. 2: Socio-economic status.

SURGERY AND OUTCOME

All cases were operated for decompression, fusion and
instrumentation; cages of titanium mesh were used.
One (3.3%) cage displaced, and two (6.66%) of them
were loosened, infection occurred in three (10%)
cases.

Neurological status improved in 28 (93.3%) cases.
Two (6.66%) patients were not improved neurolo-
gically (they were found to be associated with trauma).
Three infected cases were treated and they improved
later on.

Correction of deformity (kyphosis) was performed
in 15 cases, eight (53.33) of them improved and the
other seven were not improved with only caging but
they were operated with an other combined system 1.

Table 3: Out come.

Neurological Status Pt. Number | Percentage
Improve 28 93.33
Not Improve 02 06.66

COMPLICATIONS
Accordic to the literature, complications of anterior
interbody fusion (AIF) with cage divided in to four
groups.
A: Complication of surgical approach;
1. Inadequate exposure.
Wrong level.
Vascular injury.
Direct neural injury.
Associated structural injury.
6. Infection.

o own

B: Regional specific complications;
a. Thoracic;
1. Intercostal neuralgia.

2. Dural lacerations.
3. CSF leak with pleural effusion.
4. Lungs injury.
5. Spinal cord injury.
6. Secondary ischemic injury.
b. Lumbar;
1. Lumbar plexopathy.
2. llliac vessels injury.

3. Injury to sympathetic fibers leading to re-
trograde ejaculation.

4. Injury to gut.
5. Injury to other structures like kidneys,
genital organs etc

C: Graft complications:
1. Fracture.
2. Extrusion.
3. pseudoarthrosis.

D: Instruments complications:
1. Loosening.
Breakage.
Displacement.
Malpositioning.

~own
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DISCUSSION

In our study of 30 patients Males were 18(60.0%)
Female 12 (40.0%) with a male to female ratio of
1.5:1, a male dominancy was noted. The Mean age
was 31.1years and Minimum 14.00 years and Maxi-
mum 65.00. Chung has described similar results in a
study of 104 patients, 81 men and 21 women. The
mean age of patients was 32.5 years. The most fre-
guent cause of injury was industrial accidents (38.5%).
The three vertebrae most commonly fractured, in des-
cending order, were L1, L2 and T12.

In our study Mode of Injury was Fall from Height
was the leading cause, in 20 (66.7%) patients, follo-
wed by RTA in 5 (16.7%) and Trauma in 5 (16.7%).
Most frequent fractured vertebra was L1 in 12 (40.0%)
patients and Di, in 7 (23.3%) patients, similar to
Chong™.

Leferink, V.J.M*® in a study has given the mean
age of the respondents was 40.5 years (range 24-57,

SD 10.3), ten patients were male and nine were
female. Etiologic factors were traffic accidents (n = 3),
accidental fall from height (n = 10) and accidents of
sports (horse riding, motor sports and parachute jump-
ing) (n = 6). Fracture levels are merely T12, and L
Table.

Level
T10
T11
T12
L1
L2
L3
L4
Total
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In our study the Pre-operative Frankel grade in
majority of the patients was B, in 15 (50.0%) patients,
Grade C in 6 (20.0%) patients, Grade D in 5 (16.7%)
patients and Grade A in 13.3%.

Pre Operative Alignment was 30 to 50% in 6
(20.0%) patients, 50 to 70% in 11 (36.7%) patients and
70 to 90% in 13 (43.3%) patients. Post Operative
Alignment was 100% in 11 (36.7%) patients, More
than 95% in 16 (53.3%), More than 90% in 3 (10.0%)
patients.

Frankel Grade at 3 Months was B in 3 (10.0%)
patients, C in 6 (20.0%), D in 12 (40.0%), and E in 9
(30.0%) patients.

McDonough et al?® describes 16 patients with
neurologic deficit demonstrated at least one Frankel
grade improvement on final observation, with 11
(69%) patients demonstrating complete neurologic re-
covery. Thirty-three patients were treated with ante-
rolateral instrumentation only. Twenty-nine of thirty
patients demonstrated radiographic healing. Five were
lost to follow-up observation. One patient required
subsequent posterior fusion for increasing kyphotic
deformity.

Sasso et al”® describes results of stand alone ante-
rior instrumentation and says that, there were no cases
of neurologic deterioration, and 30 (91%) patients with
incomplete neurologic deficits improved by at least
one modified Frankel grade. Mean preoperative seg-
mental kyphosis of 22.7 degrees was improved to
an early mean of 7.4 degrees (P < 0.0001). At latest
follow-up, angulation had increased by an average 2.1
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degrees but maintained significant improvement from
preoperative measurements. There was one early con-
struct failure due to technical error. Thirty-seven of the
remaining patients (95%) went on to apparently stable
arthrodesis. Sasso et al* concludes that current types of
anterior spinal instrumentation and reconstruction
techniques can allow some types of unstable three-
column thoracolumbar injuries to be treated in an ante-
rior stand-alone fashion. This allows direct anterior de-
compression of neural elements, improvement in seg-
mental angulation, and acceptable rates of arthrodesis
without the need for supplemental posterior instru-
mentation.

In a recent study by Zeman J et al.1®** The authors
assessed options for vertebral body replacements They
state that, Autologic or homologic bone grafts, a tita-
nium “Harm’s” cage or a polymethylmetacrylate fil-
ling reinforced by Kirschner wires, may be used for
vertebral body replacements. The cement filling is in-
dicated in oncological patients, the Harm’s cage re-
quires filling with a quantity of bone grafts and, with
massive bone grafts, the collection place or the graft
availability may be a problem. The telescopic expan-
sion implant is fairly easy to implant, is stable and re-
quires to be filled with a minimum of spongious
grafts.202

They describe their results that the most frequently
affected and operated vertebrae included the L1 (4
patients), Th12 (4 patients), Th6 (3 patients). The
minimal interval between the procedure and a follow-
up was 12 months. No fatal outcome has been recor-
ded. In one patient with a vertebral body metastasis,
the disorder has generalized and in a second one, no
further metastatic spread has been reported. In one
subject, the left-sided L4 root injury was recorded
postoperatively, a cauda equina syndrome, diagnosed
after the injury, persists in one subject. No signs of
deep infection have been recorded. There are no re-
cords of the Synex release or displacement. Correction
loss (kyphotisation) of up to 2 degrees was recorded in
patients with transpedicular stabilization, in Ventrofix
patients the loss was up to 5 degrees, except one case,
where the loss reached 10 degrees.*

One of the commonest indications for the anterior
approach surgical stabilization of the spine, is the ver-
tebral body destruction in burst fractures or post-trau-
matic kyphotizations of the spinal column. Un-healed
or poorly healed type A and B (AO classification) pin-
cer vertebral body fractures are other common indi-
cations for partial corpectomy and vertebral body re-
placements. Such fractures can be managed using pos-

terior transpedicular stabilization. However, provided
the procedure results in insufficient fracture repositio-
ning, the anterior procedure and the anterior column
reconstruction must be performed. A vertebral body
can be replaced by a bone graft, a cement filling with
Kirschner wiring, a traditional Harm's cage or an ex-
pansion implant. The bone graft may be autologic,
which involves a disadvantage of the “donor site
pain”, or homologic, although a potential for recon-
struction is not fully evidenced here.’>!8 Implant mig-
ration into the vertebral body has been recorded in the
classical titanium Harm's cage with a sharp edge with-
out an additional endplate. Furthermore, it is a rather
complicated implantation, requiring an exact implant
size, which is considered another disadvantage. The
expansion implant may be expanded telescopically in
the very place, which is considered its biggest advan-
tage. Furthermore, it need not be filled with bone gra-
fts, but is applied only ventrally or laterally to the
Cage.19,20,30,36

O’Shaughnessy et al* in a retrospective clinical
study to evaluate the safety and efficacy of using an
integrated titanium mesh cage and pedicled rib flap for
thoracic spine reconstruction in patients at high risk of
pseudarthrosis, describe that a variety of materials are
available for interbody thoracic reconstruction; how-
ever, the optimal treatment of patients at high risk
of pseudarthrosis remains a challenging problem.383°
Free or pedicled bone flaps have been shown to be
highly effective in terms of promoting fusion and tita-
nium mesh cages provide excellent structural support.
Their study consisted of Eleven patients who under-
went anterior thoracic corpectomy and spinal recon-
struction using an integrated titanium mesh cage and
pedicled rib flap were analyzed with a mean follow-up
of 37 months (range, 25-55 months). The etiology of
spinal disease was infection in 7 (64%) patients and
tumor in the remaining 4 (36%) patients. Seven (64%)
patients were treated with only an anterior approach
while the remaining 4 (36%) patients underwent circu-
mferential spinal reconstruction. Describing the results
of their study they state that, all patients demonstrated
clinical and radiographic evidence of spinal fusion at
the time of follow-up.3*! All patients had stable or
improved Frankel grades after surgery. There was a
mean Kkyphosis correction of 7 degrees for both the
focal and regional thoracic kyphosis. There were three
significant postoperative complications: bilateral pleu-
ral effusion, gram-negative bacteremia, and transient
right lower extremity weakness requiring reoperation
and pedicle screw revision. Two patients died after
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surgery: one from aneurysmal sub-arachnoid hemor-
rhage and the other from complications of breast
cancer. They concluded that, the use of an integrated
rib flap and titanium mesh cage construct appears to be
a safe and effective means of providing immediate and
substantial anterior column support as well as achiev-
ing arthrodesis in challenging fusion candidates.*.-2824

Dvorak et al*® in a retrospective cohort study with
cross-sectional outcome analysis of patients who
underwent anterior column reconstruction with a tita-
nium mesh cage after single-level or multilevel thora-
cic or lumbar vertebrectomy. Their Objective was to
radiographically evaluate the ability of titanium mesh
cages to maintain alignment and facilitate osseous
fusion after thoracolumbar vertebrectomy. Secondary
objectives assessed complications and patient out-
come.

The degree of kyphosis and the subsidence of the
cage in relation to the vertebral endplates were mea-
sured in 43 of 57 (75%) patients available at a mini-
mum of 2 years following titanium mesh cage recon-
struction. Health-related quality of life and disability
were assessed with various cross-sectional outcome
measures®. The average kyphosis of 25.4 degrees be-
fore surgery was reduced to 7.5 degrees immediately
after surgery, and at final follow-up was measured to
be 10.4 degrees. Cage subsidence averaged 0.28 and
0.20 cage fenestrations at the cephalad and caudal
endplates, respectively. Osseous union (Grade 1 or 2)
was identified in 93% of radiographs at the final
follow-up.*>* Thoracic reconstructions were signifi-
cantly more likely to require surgical revision because
of mechanical failure than thoracolumbar or lumbar
reconstructions. They concluded that, the cylindrical
mesh titanium cage is a successful adjunct in restoring
and maintaining sagittal plane alignment after thoraco-
lumbar vertebrectomy and, in this context, provides an
effective method for anterior column reconstruc-
tion.4%4°

Karaeminogullari et al® analyzed radiological out-
come of titanium mesh cages used for anterior column
support following corpectomy in the thoracic and
lumbar spine in 34 patients with a minimum three-year
follow-up. The aim of the study was to assess the com-
plications and radiological outcomes of patients with
structural cages implanted into the anterior column.
Titanium mesh cages for the anterior column became
popular for anterior column reconstruction following
discectomy and corpectomy. Measurements of pre-
operative and early postoperative local kyphotic angle
revealed that a mean correction of 27 degrees (range: 8

to 60) was obtained. While no dislodgement or frac-
ture of titanium mesh cages was observed, there was a
mean correction loss of 4 degrees and settling (> 2
mm) was noted in 6 patients. Short posterior and only
anterior instrumentation systems were associated with
settling. The anatomical location and diagnosis did not
affect the development of cage settling. They conclu-
ded that Following corpectomy and mesh cage implan-
tation, isolated anterior fixation or short posterior fixa-
tion do not provide enough stability, and correction
loss and settling can occur.*’48

Robertson et al*® evaluated the radiologic stability
of titanium mesh cages (TMCs) when used for single-
level corpectomy reconstruction of thoracic and thora-
columbar spine. Thirty-one patients underwent recon-
struction for acute fractures (n = 15), posttraumatic
deformity reconstruction (n = 10), neoplastic disorders
(n = 4), and infection (n = 2). The cages were placed
after corpectomy and excision of the adjacent inter-
vertebral discs. Additional stabilization devices inclu-
ded anterior plates alone (n = 18), anterior double sc-
rew and rod constructs alone (n = 9), a single anterior
rod system (n = 1), posterior stabilization alone (n =
6), and additional posterior stabilization (n = 2). Mean
kyphosis correction was from 16 degrees to 5 degrees
with 3 degrees of recurrence at 1-year follow-up In
patients with greater initial kyphosis (> 20 degrees),
mean correction was from 33 degrees to 10 degrees
without recurrence (P = 0.004). Distance between
adjacent vertebral bodies improved by 13 mm after
cage placement, with a mean of 2mm of settling at
final follow-up. There was one asymptomatic cage
fracture without evidence of other problems.>°! Two
patients had construct failure after complex three-
dimensional deformities were inadequately corrected
and the cages had been placed in an angulated posi-
tion. The authors suggested that TMCs are a sound re-
construction alternative after thoracic and thoraco-
lumbar corpectomy at a single level and may prevent
complications associated with the harvest and use of
large structural autografts for these reconstructions.
Failure to correctly align the spine so the cage can be
vertically placed is a contraindication to the use of
TMCs.53%

CONCLUSION

1. By using anterior interbody fusion (AIF) with cage
we can mobilize the patient early.

2. Improvement of the neurological status is excel-
lent.
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3.
4.

Per operative infection rate is very low.
Deformity can be corrected with more accuracy.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Hamer A, Stockley I, Elson R. Changes in allograft
bone irradiated at different temperatures. J Bone Joint
Surg Br. 1999; 81: 342-344.

Voggenreiter G, Ascheri R, Blumel G. Effects of pre-
servation and sterilization on cortical bone grafts: a
scanning electron microscopic study. Arch Orthop
Trauma Surg. 1994; 113: 294-296.

Deijkers R, Bloem R, Petit P, et al. Contamination of
bone allografts: analysis of incidence and predisposing
factors. J Bone Joint Surg Br. 1997; 79: 161-166.
Marthy S, Richter M. Human immunodeficiency virus
activity in rib allografts. J Oral Maxillofac Surg. 1998;
56: 474-476.

Centers for Disease Control. Transmission of HIV thro-
ugh bone transplantation: case report and public health
recommendations. MMWR Morb Mortal Wkly Rep.
1988; 37: 597-599.

Simonds R, Holmberg S, Hurwitz R, et al. Transmis-
sion of human immunodeficiency virus type | from a
seronegative organ and tissue donor. N Engl J Med.
1992; 326: 726.

Marx R, Carlson E. Tissue banking safety: Caveats and
precautions for the oral and maxillofacial surgeon. J
Oral Maxillofac Surg. 1993; 51: 1372-1379.
Friedlander G. Immune responses to osteochondral
grafts: current knowledge and future directions. Clin
Orthop. 1983; 174: 58-66.

Lewandrowski K, Rebmann V, Passler M, et al. Im-
mune response to perforated and partially deminera-
lized bone allografts. J Orthop Sci. 2001; 6: 545-555.
Stevenson S. The immune response to osteochondral
allografts in dogs. J Bone Joint Surg Am. 1987; 69:
573-582.

Bauer T, Muschler G. Bone graft materials: an over-
view of the basic science. Clin Orthop. 2000; 371: 10-
217.

Lee M, Finn H, Lazda V, et al. Bone allografts are im-
munogenic and may preclude subsequent organ trans-
plants. Clin Orthop. 1997; 340: 215-219.

Opportunities in U.S. Spinal Product Markets. Health
Research International; March 2001. 101-1-US-1200.
Suetsuna F, Yokoyama T, Kenuka E, et al. Anterior
cervical fusion using porous hydroxyapatite ceramics
for cervical disc herniation: a two-year follow-up. Spine
J. 2001; 5: 348-357.

McConnell J, Freeman B, Dabnath U, et al. A pros-
pective randomized comparison of coralline hydroxyl-
apatite with autograft in cervical interbody fusion.
Spine. 2003; 28: 317-323.

Parsons J, Bhayani S, Alexander H, et al. Carbon fiber
debris within the synovial joint: a time dependent

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

mechanical and histological study. Clin Orthop. 1985;
196: 69-76.

Tullberg T. Failure of a carbon fiber implant: a case
report. Spine. 1998; 23: 1804-1806.

Brantigan J, McAfee P, Cunningham B, et al. Interbody
fusion using a carbon fiber implant versus allograft
bone: a investigational study in the Spanish goat. Spine.
1994; 19: 1436-1444.

Brantigan J, Steffee A. A carbon fiber implant to aid
interbody lumbar fusion. Spine. 1993; 18: 2106-2117.
Bessho K, lizuka T, Murakami K. A bioabsorbable
polt-L-lactide miniplate and screw system for osteosyn-
thesis in oral and maxillofacial surgery. J Oral Maxil-
lofac Surg. 1997; 55: 941-945.

Cordewener F, Bos R, Rozema F, et al. Poly(L-lactide)
implants for repair of human orbital floor defects. J
Oral Maxillofac Surg. 1996; 54: 9-13.

Gogolewski S, Jovanovich M, SM, Dillon J, et al.
Tissue response and in vivo degradation of selected
polyhydroxyacids: polylactides (PLA), poly (3-hydro-
xybutyrate) (PHB), and poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) (PHB/VA). J Biomed Mater Res.
1993; 27: 1135-1148.

Alexander J, Branch C, Subach B, et al. Applications of
a resorbable interbody spacer in posterior lumbar inter-
body fusion. J Neurosurg (Spine). 2002; 97: 468-472.
Matge G. Cervical cage fusion with 5 different impla-
nts: 250 cases. Acta Neurochir. 2002; 144: 539-550.
Williams A, McNamara R. Potential of polyetherether-
ketone and carbon fiber-reinforced PEEK in medical
applications. J Mater Sci Lett. 1987; 6: 188-190.
McLain RF, Burkus JK, Benson DR: Segmental instru-
mentation for thoracic and thoracolumbar fractures:
Prospective analysis of construct survival and five-year
follow-up. Spine J 1: 310-323.

Theodore N, Vishteh AG, Baskin JJ, et al: Titanium
mesh cage interbody fusion in the thoracolumbar spine.
Tech Neurosurg 2001; 7: 119126.

Vaccaro AR, Cirello J: The use of allograft bone and
cages in fractures of the cervical, thoracic, and lumbar
spine. Clin Orthop 2002; 394: 19-26.

Seol HJ, Chung CK, Kim HJ: Surgical approach to
anterior compression in the upper thoracic spine. J
Neurosurg 2002; 97: 337-342.

Resnick DK: Anterior cervicothoracic junction corpec-
tomy and plate fixation without sternotomy. Neurosurg
Focus 2002; 12 (1): Article 7.

Stoltze D, Harms J: Correction of posttraumatic defor-
mities. Principles and methods [German]. Orthopade
1999; 28: 731-745.

Matthiass HH, Heine J: The surgical reduction of spon-
dylolisthesis. Clin Orthop 1986; 203: 34-44.
Nachemson A: The load on lumbar disks in different
positions of the body. Clin Orthop 1966; 45: 107-122.
Lowery GL, Harms J: Titanium surgical mesh for ver-
tebral defect replacement and intervertebral spacers, in

-18-

Pak. J. of Neurol. Surg. - Vol. 13, No. 1, Jan. — Jun., 2009



Titanium Cage Fixation in Thoracic and Thoraco-lumbar Anterior Inter-body Fusion

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

Thalgott JS, Aebi M (eds): Manual of Internal Fixation
of the Spine. Philadelphia, Lippincott-Raven, 1996, pp
127-146.

Harms J, Beele BA, Bo” hm H, et al: Lumbosacral fus-
ion with Harms instrumentation, in Margulies JY (ed):
Lumbosacral and Spinopelvic Fixation. Philadelphia,
Lippincott-Raven, 1996, pp 529-538.

Lange U, Knop C, Bastian L, et al: Prospective multi-
center study with a new implant for thoracolumbar ver-
tebral body replacement. Arch Orthop Trauma Surg
2003; 123: 203-208.

Balzer JR, Rose RD, Welch WC, et al: Simultaneous
somatosensory evoked potential and electromyographic
recordings during lumbosacral decompression and in-
strumentation. Neurosurgery 1998; 42: 1318-1324.
Beatty RM, McGuire P, Moroney JM, et al: Continuous
intraoperative electromyographic recording during spi-
nal surgery. J Neurosurg 1995; 82: 401-405.

Grundy BL: Monitoring of sensory evoked potentials
during neurosurgical operations: Methods and applica-
tions. Neurosurgery 1982; 11: 556-575.

Jou IM, Lai KA: Neuromonitoring of an experimental
model of clip compression on the spinal nerve root to
characterize acute nerve root injury. Spine 1998; 23:
932-939.

Dickman CA, Rosenthal D, Karahalios DG, et al: Tho-
racic vertebrectomy and reconstruction using a micro-
surgical thoracoscopic approach. Neurosurgery 1996;
38:279-293.

Coltharp WH, Arnold JH, AlfordWClJr, et al: Video-
thoracoscopy: Improved technique and expanded indi-
cations. Ann Thorac Surg 1992; 53: 776-778.

Kaiser LR: Video-assisted thoracic surgery. Current
state of the art. Ann Surg 1994; 220: 720-734.
Landreneau RJ, Mack MJ, Hazelrigg SR, et al: Video-
assisted thoracic surgery: Basic technical concepts and
intercostal approach strategies. Ann Thorac Surg 1992;
54: 800-807.

Mack MJ, Aronoff RJ, Acuff TE, et al: Present role of
thoracoscopy in the diagnosis and treatment of diseases
of the chest. Ann Thorac Surg 1992; 54: 403-408.

46.

47,

48.

49,

50.

51.

52.

53.

54,

55.

Dickman CA, Rosenthal D: Thoracoscopic corpectomy,
in Dickman CA, Rosenthal D, Perrin N (eds): Thoraco-
scopic Spine Surgery. New York, Thieme, 1998, pp
271-292.

Chung OM. Epidemiology of acute thoracolumbar frac-
tures of young adults in Hong Kong. Hong Kong Jour-
nal of Orthopaedic Surgery. Volume 5 Number 1, April
2001.

Leferink, V.J.M. Thoracolumbar spinal fractures: as-
pects of epidemiology, classification,radiological re-
sults and functional outcome. Thesis Groningen-with
references-with summary in Dutch. ISBN 90-367-1662-
4,

McDonough PW, Davis R, Tribus C, Zdeblick TA .The
management of acute thoracolumbar burst fractures
with anterior corpectomyand Z-plate fixation. Spine.
2004 Sep 1; 29 (17): 1901-8; discussion 1909.

Sasso RC, Best NM, Reilly TM, McGuire RA Jr.
Anterior-only stabilization of three-column thoracolum-
bar injuries. J Spinal Disord Tech. 2005 Feb; 18 Suppl:
S7-14.

Zeman J, MatAsjka J, Belatka J, Vodicka J. [Vertebral
body replacement with a Synex implant] Rozhl Chir.
2007 May; 86 (5): 263-7.

O'Shaughnessy BA, Ondra SL, Ganju A, Said HK, Few
JW, Liu JC. Anterior thoracic spine reconstruction
using a titanium mesh cage and pedicled rib flap. Spine.
2006 Jul 15; 31 (16): 1820-7.

Dvorak MF, Kwon BK, Fisher CG, Eiserloh HL 3rd,
Boyd M, Wing PC. Effectiveness of titanium mesh cy-
lindrical cages in anterior column reconstruction after
thoracic and lumbar vertebral body resection. Spine.
2003 May 1; 28 (9): 902-8.

Karaeminogullari O, Tezer M, Ozturk C, Bilen FE,
Talu U, Hamzaoglu A. Radiological analysis of tita-
nium mesh cages used after corpectomy in the thoracic
and lumbar spine: minimum 3 years’ follow-up Acta
Orthop Belg. 2005 Dec; 71 (6): 726-31.

Robertson PA, Rawlinson HJ, Hadlow AT. Radiologic
stability of titanium mesh cages for anterior spinal re-
construction following thoracolumbar corpectomy. J
Spinal Disord Tech. 2004 Feb; 17 (1): 44-52.

Pak. J. of Neurol. Surg. - Vol. 13, No. 1, Jan. — Jun., 2009

-19-



