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Developments in diagnostic imaging and 

systemic therapies for oncologic diseases 
have brought large numbers of spinal tu-

mors to our attention. Following this process, there 
has been a great evolution in minimally invasive sur-
gical techniques for the spinal surgery. By combin-
ing modern medical technology to traditional spinal 
approaches minimally invasive spinal approaches 
have been popular.76

Standard treatment options for spinal tumors in-
clude radiotherapy, radionuclide therapy, radiother-
apy and chemotherapy together, hormonal therapy 
or radiotherapy after surgical approaches including 
decompression and stabilization.32,35 Most of the pa-
tients with spinal metastases are debilitated and under 
high risk of major surgical morbidity and mortality. 
Limited life expectancies, high surgical complica-
tion rates and decrease in quality of life are most 
unacceptable.32,93,95 Because of these reasons, mini-
mally invasive techniques have been explored and 
used for the treatment of spinal tumors.

Spinal Tumors

Spinal tumors are classified as; extradural (50-55%), 
intradural-extramedullary (35-40%) and intramed-
ullary (5-10%).73,77,91 %90 of all spinal tumors are 
metastases.26,86 One-third of all cancer patients de-
velop spinal metastases including postmortem 

diagnosis.16,64 70% of these tumors are located in the 
thoracic spine followed by lumbar spine (20%) and 
cervical spine (10%). Multiple metastases have a ra-
tio of 10-40% of all metastatic spinal tumors. Half 
of these metastases have their primer tumors from 
breast, lung and prostate cancers.16,64,92

Evaluation of the Patient with a Spinal Tumor

Back pain is the primary presentation of patient with 
vertebral column tumors. Intradural tumors mostly 
present with neurological deficits from spinal cord 
or root compromise.73,86

The diagnosing procedure is mostly evaluated 
by magnetic resonance imaging (MRI). CT is help-
ful for vertebral column tumors. It is a better choice 
for detecting vertebral bone destruction or osteope-
nia diagnosis and surgical planning. CT myelogra-
phy should be used for patients who are unable to 
undergo MRI. Radioisotope bone scanning is an 
important and highly sensitive option for vertebral 
column tumors. It is helpful for demonstrating os-
teoblastic or osteolytic activity. This can give us in-
formation about the characteristics of the lesion such 
as metastases with a known malignancy or osteoid 
osteoma. Plain and dynamic radiographs are impor-
tant for diagnosing instability and deformity.73,86 An-
other method is angiography that is used for diagno-
sis and treatment such as determining the vascular 
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supply of a tumor and also embolizing it intraop-
eratively to reduce blood loss.11,41,65,86

Treatment Procedures

The main objective must be defined before plan-
ning the treatment procedures. For some patients, 
diagnosis may be the primary goal. This may be 
accomplished by CT-guided biopsy for most of the 
extradural tumors with a diagnostic accuracy of 
71-96%.9 But intramedullary spinal cord tumors re-
quire open surgery for safe biopsy obtaining and 
correct diagnosis.

Metastatic lesions must be carefully explored. 
Common goal is symptomatic relief and palliation. 
Surgery, radiotherapy or both may be considered de-
pending on the patient’s quality and expectancy of 
life.4,45,56,57,73,86,98 Patient selection is important. Surgical 
intervention may offer the best chance of improved 
life quality with spinal metastases.73,83,94 Klimo and 
coll.58 analyzed the literature for neurologic function 
improvement after treatment for metastatic epidural 
cord compression. The found out that surgery has a 
better ratio of 85% over radiotherapy (64%) for sta-
bilization and improvement of ambulation. Patch-
ell and coll.78 worked on a prospective trial and re-
ported it in 2005. They mentioned that the patients 
had a life expectancy of minimal 3 months and were 
high functioning. After surgical treatment they found 
out that 84% of the cases had improved ambulatory 
rates. But 57% of the patients treated with radiother-
apy alone had an ambulatory improvement. The me-
dian time to loss of ambulation is higher in the sur-
gical group (122 versus 13 days).

Minimally Invasive Techniques and Approaches

A. Advantages
Primary objectives of these procedures are; a shorter 
operative time, reduced blood loss, shorter hospital 
stays, less complications and postoperative pain, re-
duced medication use, decreases medical resource 
use and faster recovery times.24,25,51,55,73,91

B. Diagnosis
The first report of percutaneous biopsy of the 
spine was in 1935 by Robertson and Ball.80 Craig 
improved it in 1956 with the development of a 

core biopsy needle.15 In the following years, im-
age guidance with fluoroscopy or computed to-
mography (CT) has significantly increased the 
precision of percutaneous biopsies.3,6,12,36,66,88,89 The 
rates of tissue diagnosis with these techniques are 
71-100%.10,17,36,49,59 Fine needle biopsies are good for 
cytology but must not be the first choice for de-
termining tissue architecture. It is recommended 
to use a trocar for percutaneous biopsies. Some 
studies pointed out that CT guided biopsies have 
a less ratio of complications compared to fluoros-
copy-guided biopsies .26,72

C. Treatment
First of all, we must plan our goal for the patient 
depending on the survey and clinical findings. The 
realistic objective must be clearly defined. For some 
cases, the primary target may be diagnosis.

We may use different ways and algorithms for 
treatment as described below.

Radiofrequency Ablation:
It’s an image-guided technique for tissue ablation 
mostly used for osteoid osteomas. High-frequency 
oscillation of alternating electrical current produces 
thermal injury when applied to the tissue of an elec-
trically grounded patient.28 At temperatures of 60-
100°C immediate protein coagulation, tissue death 
and irreversible cellular damage is performed. A cy-
totoxic dose of heat must be delivered to the entire 
lesion for tumor eradication. Different probes have 
been developed.28,31 Rosenthal et al.82 first reported 
the radiofrequency ablation applied to a spinal tu-
mor in 1992 for osteoid osteomas. This technique 
requires image guidance. General anesthesia or lo-
cal anesthesia with conscious sedation may be used. 
Lesions greater than 4cm in diameter require repo-
sitioning of the probe for full tissue coverage.28 Pain 
control rates are reported as 80-95%.13,30,37,40 The most 
important contraindications include close proximity 
to the spinal cord (<1cm) and predominantly blas-
tic lesions.13,37,40,97

Interstitial Laser Photocoagulation:
It’s similar to radiofrequency ablation but the main 
difference is that the energy is delivered by light 
rather than electricity. It is good for small osteoid 
osteomas with a clinical success of 91-100 %.29,69,96
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Intralesional Alcohol Injection:
It’s used for osteoid osteomas2 and vertebral 
hemangiomas.38,42,43 The alcohol causes lesional 
thrombosis and sclerosis when applied to the tu-
mor. But it may also leave a bony defect that may 
produce spinal instability by vertebral collapse.38,42,43 
This technique should also be used after percuta-
neous drilling and curettage of the spinal osteoid 
osteoma.1,2,20,22,26

Transarterial Embolization:
It has been successfully used in the treatment 
of giant cell tumors, aneurysmal bone cysts and 
hemangiomas.18,60,63

Stereotactic Radiosurgery (SRS):
This method is used for most of the spinal tumors 
especially for the patients who cannot undergo sur-
gical treatment. Different systems are available like 
the Gamma knife or the Cyber knife. These focus 
high doses of radiation on a neoplasm under frame-
less image guidance. The treatment accuracy is ap-
proximately 1 mm.8,34 The success rates for pain re-
lief and neurologic stabilization range from 90% to 
94% and from 63% to 89%.7,34 SRS is also used for the 
treatment of intradural tumors. It’s typically used for 
nerve sheath tumors and mengiomas but has also 
been applied to some kinds of paragangliomas, he-
mangioblastomas and hemangiopericytomas.7,8,34 
In a follow-up radiologic imaging after SRS, 75% 

to 100% of benign intradural-extramedullar tumors 
have stopped growing and some of them reduced 
in size.7,34 Bhatnagar and coll. reported a series of 
59 benign extra cranial tumors in 2005.8 49 of them 
were spinal and treated with Cyber knife. Symptom-
atic improvement was seen in %78 of the cases. The 
choice for SRS must be preserved for those patients 
who cannot undergo surgical treatment for the be-
nign intradural tumors.34 (figure 1)

Vertebroplasty and Kyphoplasty:
These methods are percutaneous procedures for the 
augmentation of the painful fractured or invaded 
vertebral body.16,27,39,48,54,71,74,90 Galibert and coll. pub-
lished the first report for vertebroplasty in 1987.27 The 
pain control results were excellent for vertebral he-
mangiomas. (figure 2) In 1989, Kaemmerlen and coll. 
reported the results for malignant diseases of the ver-
tebral column, which were treated with percutane-
ous vertebroplasty.52,54 Transpedicular approaches are 
used under local anesthesia. Polymethylmetacrylate 
(PMMA) mixed with barium sulfate for radiopacity 
is injected into the vertebral body.44,88 Cement vol-
umes are maximum 2 cm3 for high thoracic spine, 
4 cm3 for low thoracic spine and 6 cm3 for the lum-
bar spine.5,16,88 The main difference between kypho-
plasty and vertebroplasty is the insertion of an in-
flatable bone tamp into the vertebral body. It’s then 
inflated and creates a cavity within the corpus of the 
vertebra. The cavity is filed with PMMA under low 

Figure 1: Stereotactic radiosurgery. Marking and planning with CT
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pressure. The advantages are vertebral 
body height restoration and lower rate 
of cement extravasation.16,21,62 (figure 3) The 
most common complication for both of 
the vertebral augmentation techniques 
is the cement extravasation. A large se-
ries of vertebroplasty and kyphoplasty 
cases show us that cement leakage oc-
curred in 41% of 2283 patients in verte-
broplasty and9 % of 1486 patients who 
were treated with kyphoplasty.47 But 
in another report, the cement leakage 
is 28% for vertebroplasty and 23% for 
kyphoplasty.39 Most of the leakages 
are asymptomatic.47 Approximately 
90% of patients recovered from pain. 
Another systematic review by Hulme 
and colleagues shows us that verte-
broplasty and kyphoplasty are statis-
tically equivalent in vertebral height 
and kyphotic angle restoration.47 Ver-
tebral augmentation techniques may 
also be paired with other minimally 
invasive treatment modalities. Gersz-
ten and colleagues reported that radio-
surgery could be used effectively after 
kyphoplasty.33

Figure 2: 36 year old female patient. C6 haemangioma and patho-
logic compression (above). Anterior percutaneus vertebroplasty. Pre-
operative and postoperative images (below). Postoperative 5th year.

Figure 3: 70 year old female patient. Multiple myeloma, L1 pathologic fracture, images are 
preoperative and postoperative. Preoperative VAS is 2, postoperative 3rd month VAS is 0. 

Corpus height restoration is %52.4.
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Surgical Techniques:
There are different methods for surgical approaches. 
First one is the endoscopic surgery.

Endoscopic approaches: The endoscope can be 
used for all segments of the spinal column. Thora-
coscopic surgery represents a major advance in min-
imizing approach related morbidity in the treatment 
of spinal tumors.19,79,81,85 Three to four incisions are 
made in the chest wall for the endoscope. The visu-
alization of the ventral thoracic spine from Th3 to 
Th12 is acquired for performing corpectomy and re-
construction.51 There are many advantages for this 
procedure like less incisional pain, earlier ambula-
tion, shorter hospital stays, decreased intercostal 
neuralgia, pulmonary complications and post tho-
racotomy syndrome.9,23,73,79,81,85

Endoscopy assisted approaches: Endoscopy as-
sisted posterolateral thoracal corpectomy is another 
option for the use of the endoscope. This technique 
allows the transpedincular or the costotransversec-
tomy approaches, which are less morbid than the 
lateral extracavitary (LEC) or thoracotomic surger-
ies. The angled endoscope is capable of exploring 
the corpectomy defect with light, magnification 
and direct view. These options are not available 
when using the classical transpedincular or costo-
transversectomy approaches for the ventral dural 
decompression.56,67,68,73

Minimal approaches: The modifications for the 
open surgery give an oppurtunity to minimize the 
surgical trauma. Mini – thoracotomies and mini 
– retroperitoneal approaches al-
low us to decrease the surgical in-
jury of thoracal corpectomy. Le-
Huec and colleagues described a 
“mini-open” retrosternal approach 
to the upper thoracic spine (C7-
Th3) through a 6 to 8 cm anterior 
incision that does not require a 
bone resection.61 Retroperitoneal 
access to the lumbar spine with 
a minimal access is described by 
Huang et al.46 and Muhlbauer et 
al.70 in different studies. Corpec-
tomy, bone grafting and instru-
mentation procedures can all be 
achived with this technique.26,46,61 
The patient is positioned in lat-
eral decubitis and the incision is 

made on the anterolateral flank. Tubular retractor 
systems can reduce approach related trauma and 
allow good visualization. This method is applied 
to the posterolateral transpedicular approach.73 A 
4-5 cm incision is made 6 cm lateral to the mid-
line. Under fluoroscopic guidance, the tubular re-
tractor is docked laterally of the transvers process. 
Rib head is removed. Thoracic nerves are followed 
back to the neural foramina. These roots are then 
cut. The transverse process, facets and pedicle are 
removed. Disc spaces can be dissected and corpec-
tomy is performed.73

We use minimal approaches with the operation 
microscope. The advantages are; coaxial light, three 
dimensional viewing, a very wide range of zoom-
ing capabilities, no need for additional equipment 
except the microsurgical tools and a safe approach 
because of the comfortable haemostasing possibili-
ties. (figure 4) We may use this approach to any level 
between the craniovertebral junction and sacrum. 
(Figure 5-13)

Minimal approaches can also be used for one to 
two levels of hemilaminectomy for the removal of 
intradural tumors. Unilateral open approaches are 
also used to reduce surgical trauma in intradural tu-
mors. Jho described an anterior cervical approach. 
A unilateral partial corpectomy was performed in 
2 patients.50 Similarly, many authors reported cases 
with open posterior hemilaminectomy approaches 
for intradural tumors.14,75,84,87

Figure 4: “Minimal Access” microsurgical approach
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Figure 5: 56 year old female patient. C2 chor-
doma.

Figure 6: Total tumor resection with anterior 
transoral microsurgical approach. Reconstruction 
with Kirshner wire and PMMA. No complaints 4 

years after the operation.

Figure 7: Postoperative neutral and dynamic 
MRI (late). No instability and recurrence.

Figure 8: 28 year old male patient with back pain. 
Th12 benign bone tumor. CT and MRI images.

Figure 9: CT guided biopsy (above, left). Total cu-
rettage by lateral extracaviter microsurgical ap-
proach. Reconstruction with rib and bone graft. No 
recurrence or complaints 4 years after the operation.
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Figure 10: 25 year old male patient. A schwan-
noma arising from the L3 nerve root, located in 

the foramina. MRI images.

Figure 11: Tumor excision with the transmuscu-
lar transforaminal microsurgical approach using 
the Landolt retractor. The incision is 7cm later-
ally located from the midline and 2,5cm in length. 
Preoperative, peroperative and postoperative im-
ages. No neurological deficit 5 years after surgery.

Figure 12: 54 year old female patient. A giant 
nerve sheath tumor located in the presacral re-

gion. MRI and DSA images.

Figure 13: Total tumor resection with trans-coc-
cygeal presacral mini opening microsurgical pos-
terior approach. Skin insicion is 4cm. Tumor is 
reached after the removal of S5 and coccyx. Tu-
mor is excised following internal decompression.

Outcomes

Minimally invasive surgical techniques have many 
advantages compared with the standart open ap-
proaches. But in conclusion, it is left to the surgeon 
to compare every advantage and disadvantage of 
the procedures and to perform the best approach 
that is suitable for the patient.

The characteristics of minimal invasive surgical 
approaches in spinal tumors:73

Advantages:
Less perioperative pain•	
Less blood loss•	
Less hospitalization time•	
Fast recovery•	
Less morbidity in medically debil patients•	
Decrease in CSF leakage in intradural cases and •	
good wound recovery
Protection of the spine biomechanics•	
Postoperative instability and deformity is less•	

Restrictions:
Long segment resections are not possible•	
Technological restrictions for percutaneus fix-•	
ation tools
Full marginal spondylectomy is not possible•	



M
in

im
al

ly
 In

va
si

ve
 S

pi
ne

 S
ur

ge
ry

: C
ur

re
nt

 A
sp

ec
ts

294
Sedat Dalbayrak MD, Murat Başarır MD

References

1. �Adam G, Keulers P, Vorwerk D, et al. The percuta-
neous CTguided treatment of osteoid osteomas: a 
combined procedure with a biopsy drill and subse-
quent ethanol injection. Rofo 1995; 162:232-235.

2. �Adam G, Neuerburg J, Vorwerk D, et al. Percutane-
ous treatment of osteoid osteomas: combonation of 
drill biopsy and subsequent ethanol injection. Semin 
Musculoskelet Radiol 1997; 1:281-284.

3. �Adapon BD, Legada BD Jr, Lim EV, et al. CT-guided 
closed biopsy of the spine. J Comput Assist Tomogr 
1981; 5:73-78.

4. �Aebi M. Spinal metastasis in the elderly. Eur Spine 
J 2003; 12(Suppl 2):S202-13.

5. �Belkoff SM, Mathis JM, Jasper LE, et al. The biome-
chanics of vertebroplasty. The effect of cement vol-
ume on mechanical behavior. Spine 2001; 26:1537-
1541.

6. �Bender CE, Berquist TH, Wold LE. Imaging-as-
sisted percutaneous biopsy of the thoracic spine. 
Mayo Clin Proc 1986; 61:942-950.

7. �Benzil DL, Saboori M, Mogilner AY, et al. Safety and 
efficacy of stereotactic radiosurgery for tumors of the 
spine. J Neurosurg 2004; 101(Suppl 3):413–8.

8. �Bhatnagar AK, Gerszten PC, Ozhasaglu C, et al. Cy-
ber Knife frameless radiosurgery for the treatment 
of extra cranial benign tumors. Technol Cancer Res 
Treat 2005; 4(5):571–6.

9. �Binning MJ, Gottfried ON, Klimo P Jr, et al. Mini-
mally invasive treatments for metastatic tumors of the 
spine. Neurosurg Clin N Am 2004; 15(4):459-65.

10. �Brenac F, Huet H. Diagnostic accuracy of the per-
cutaneous spinal biopsy. Optimization of the tech-
nique. J Neuroradiol 2001; 28:7-16.

11. �Broaddus WC, Grady MS, Delashaw JB Jr, et al. Pre-
operative superselective anteriolar embolization: a 
new approach to enhance resectability of spinal tu-
mors. Neurosurgery 1990; 27(5):755-9.

12. �Brugieres P, Gaston A, Voisin MC, et al. CT-guided 
percutaneous biopsy of the cervical spine: A series 
of 12 cases. Neuroradiology 1992; 34:358-360.

13. �Callstrom MR, Charboneau JW, Goetz MP, et al. 
Painful metastases involving bone: feasibility of 
percutaneous CT- and US-guided radiofrequency 
ablation. Radiology 2002; 224:87-97.

14. �Chiou SM, Eggert HR, Laborde G, et al. Microsurgi-
cal unilateral approaches for spinal tumour surgery: 

eight years’ experience in 256 primary operated pa-
tients. Acta Neurochir (Wien) 1989; 100:127-133.

15. �Craig FS: Vertebral-body biopsy. J Bone Joint Surg 
Am 1956; 38-A:93-102.

16. �Dalbayrak S, Onen MR, Yilmaz M, Naderi S. Clinical 
and radiographic results of balloon kyphoplasty for 
treatment of vertebral body metastases and multiple 
myelomas. J Clin Neurosci 17 (2): 219-24, 2010

17. �Dave BR, Nanda A, Anandjiwala JV. Transpedicular 
percutaneous biopsy of vertebral body lesions: a se-
ries of 71 cases. Spinal Cord 47(5): 384-9, 2009

18. �De Cristofaro R, Biagini R, Boriani S, et al. Selective 
arterial embolization in the treatment of aneurys-
mal bone cyst and angioma of bone. Skeletal Ra-
diol 1992; 21:523-527.

19. �Dickman CA, Rosenthal D, Karahalios DG, et al. 
Thoracic vertebrectomy and reconstruction using 
a microsurgical thoracoscopic approach. Neuro-
surgery 1996; 38(2):279–93.

20. �Duda SH, Schnatterbeck P, Harer T, et al. Treat-
ment of osteoid osteoma with CT guided drilling 
and ethanol instillation. Dtsch Med Wochenschr 
1997; 122:507-510.

21. �Dudeney S, Lieberman IH, Reinhardt MK, et al. 
Kyphoplasty in te treatment of osteolytic vertebral 
compression fractures as a result of multiple my-
eloma. J Clin Oncol 2002; 20(9):2382-7.

22. �el-Mowafi H, Refaat H, Kotb S. Percutaneous destruc-
tion and alcoholisation for the management of os-
teoid osteoma. Acta Orthop Belg 2003; 69:447-451.

23. �Ferson PF, Landreneau RJ, Dowling RD, et al. Com-
parison of open versus thoracoscopic lung biopsy 
for diffuse infiltrative pulmonary disease. J Thorac 
Cardiovasc Surg 1993; 106(2):194–9.

24. �Fessler RG, Eichholz KM, Kim DH, et al. Mini-
mally invasive lateral thoracic vertebrectomy. Pre-
sented at the Annual Meeting of the American As-
sociation of Neurological Surgeons. San Francisco, 
April 22–27, 2006.

25. �Foley KT, Gupta SK. Percutaneous pedicle screw 
fixation of the lumbar spine: preliminary clinical 
results. J Neurosurg 2002; 97(1 Suppl):7–12.

26. �Frangou EM, Fourney DR. Minimally invasive treat-
ment of spinal tumors. Seminars in Spine Surgery 
21:112-120, 2009

27. �Galibert P, Deramond H, Rosat P, et al. Preliminary 
note on the treatment of vertebral angioma by per-



M
inim

ally Invasive Spine Surgery: C
urrent A

spects

295
Minimal Invasive Approaches in Spinal Tumors

cutaneous acrylic vertebroplasty. Neurochirurgie 
1987; 33:166-168.

28. �Gangi A, Basile A, Buy X, et al. Radiofrequency and 
laser ablation of spinal lesions. Semin Ultrasound 
CT MR 2005; 26:89-97.

29. �Gangi A, Dietemann JL, Guth S, et al. Percutane-
ous laser photocoagulation of spinal osteoid osteo-
mas under CT guidance. AJNR Am J Neuroradiol 
1998; 19:1955-1958.

30. �Gangi A, Guth S, Imbert JP, et al. Percutaneous 
bone tumor management. Semin Interv Radiol 
2002; 19:279-286.

31. �Gazelle GS, Goldberg SN, Solbiati L, et al. Tumor 
ablation with radiofrequency energy. Radiology 
2000; 217:633-646.

32. �Gerszten PC. The role of minimally invasive tech-
niques in the management of spine tumors: percu-
taneous bone cement augmentation, radiosurgery, 
and microendoscopic approaches. Orthop Clin North 
Am. 38(3): 441-50, 2007

33. �Gerszten PC, Germanwala A, Burton SA, et al. Com-
bination kyphoplasty and spinal radiosurgery: a 
new treatment paradigm for pathological fractures. 
J Neurosurg Spine 2005; 3:296-301.

34. �Gerszten PC, Ozhasoglu C, Burton SA, et al. Cy-
berKnife frameless stereotactic radiosurgery for spi-
nal lesions: clinical experience in 125 cases. Neuro-
surgery 2004; 55(1):89–98.

35. �Gerszten PC, Welch WC. Current surgical man-
agement of metastatic spinal disease. Oncology 
14:1013–36, 2000

36. �Ghelman B, Lospinuso MF, Levine DB, et al. Percu-
taneous computed tomography-guided biopsy of the 
thoracic and lumbar spine. Spine 1991; 16:736-739.

37. �Goetz MP, Callstrom MR, Charboneau JW, et al. 
Percutaneous imageguided radiofrequency ablation 
of painful metastases involving bone: a multicenter 
study. J Clin Oncol 2004; 22:300-306.

38. �Goyal M, Mishra NK, Sharma A, et al. Alcohol abla-
tion of symptomatic vertebral hemangiomas. AJNR 
1999; 20:1091-1096.

39. �Grohs JG, Matzner M, Trieb K, et al. Minimal inva-
sive stabilization of osteoporotic vertebral fractures: 
a prospective nonrandomized comparison of ver-
tebroplasty and balloon kyphoplasty. J Spinal Dis-
ord Tech 2005; 18:238-242.

40. �Gronemeyer DH, Schirp S, Gevargez A. Image-
guided radiofrequency ablation of spinal tumors: 

preliminary experience with an expandable array 
electrode. Cancer J 2002; 8:33-39.

41. �Harrison MJ, Eisenberg MB, Ullman JS, et al. Symptom-
atic cavernous malformations affecting the spine and 
spinal cord. Neurosurgery 1995; 37(2):195-204.

42. �Heiss JD, Doppman JL, Oldfield EH: Brief report: 
relief of spinal cord compression from vertebral he-
mangioma by intralesional injection of absolute eth-
anol. N Engl J Med 1994; 331:508-511.

43. �Heiss JD, Doppman JL, Oldfield EH. Treatment of 
vertebral hemangioma by intralesional injection of 
absolute ethanol. N Engl J Med 1996; 334:1340.

44. �Hide IG, Gangi A. Percutaneous vertebroplasty: his-
tory, technique and current perspectives. Clin Ra-
diol 2004; 59:461-467.

45. �Hirabayashi H, Ebara S, Kinoshita T, et al. Clinical 
outcome and survival after palliative surgery in spi-
nal metastases. Cancer 2003; 97(2):476-84.

46. �Huang TJ, Hsu RW, Chen SH, et al. Minimal access 
surgery in managing anterior lumbar disorders. Clin 
Orthop Relat Res 2001; 140-147.

47. �Hulme PA, Krebs J, Ferguson SJ, et al. Vertebro-
plasty and kyphoplasty: a systematic review of 69 
clinical studies. Spine 2006; 31:1983-2001.

48. �Jakobs TF, Trumm C, Reiser M, et al. Percutane-
ous vertebroplasty in tumoral osteolysis. Eur Ra-
diol 2007; 17(8):2166-75.

49. �Jelinek JS, Kransdorf MJ, Gray R, et al: Percutane-
ous transpedicular biopsy of vertebral body lesions. 
Spine 1996; 21:2035-2040.

50. �Jho HD, Ha HG. Anterolateral approach for cervi-
cal spinal cord tumors via an anterior microforami-
notomy: technical note. Minim Invasive Neurosurg 
1999; 42:1-5.

51. �Johnson JP. Thoracoscopic management of spi-
nal tumors. In: Kim DH, Fessler RG, Regan JJ, ed-
itors. Endoscopic spine surgery and instrumenta-
tion: percutaneous procedures. New York: Thieme; 
2005. p. 143–8.

52. �Kaemmerlen P, Thiesse P, Bouvard H, et al. Percuta-
neous vertebroplasty in the treatment of metastases. 
Technic and results. J Radiol 1989; 70:557-562.

53. �Kaemmerlen P, Thiesse P, Jonas P, et al. Percuta-
neous injection of cement into metastatic vertebrae. 
Presse Med 1989; 18:983-984.

54. �Kaemmerlen P, Thiesse P, Jonas P, et al. Percutane-
ous injection of orthopedic cement in metastatic ver-
tebral lesions. N Engl J Med 1989; 321: 121.



M
in

im
al

ly
 In

va
si

ve
 S

pi
ne

 S
ur

ge
ry

: C
ur

re
nt

 A
sp

ec
ts

296
Sedat Dalbayrak MD, Murat Başarır MD

55. �Kim DH, Jaikumar S, Kam AC. Minimally inva-
sive spine instrumentation. Neurosurgery 2002; 
51(5 Suppl): S15–25.

56. �Klimo P Jr, Dailey AT, Fessler RG. Posterior surgical 
approaches and outcomes in metastatic spinedisease. 
Neurosurg Clin N Am 2004; 15(4):425-35.

57. �Klimo P Jr, Schmidt MH. Surgical management of 
spinal metastases. Oncologist 2004; 9(2):188-96.

58. �Klimo P Jr, Thompson CJ, Kestle JR, et al. A metaanal-
ysis of surgery versus conventional radiotherapy fort 
the treatment of metastatic spinal epidural disease. 
Neuro-oncol 2005; 7(1):64-76.

59. �Kornblum MB, Wesolowski DP, Fischgrund JS, et al. 
Computed tomography-guided biopsy of the spine. 
A review of 103 patients. Spine 1998; 23:81-85.

60. �Lackman RD, Khoury LD, Esmail A, et al. The treat-
ment of sacral giant-cell tumours by serial arterial em-
bolisation. J Bone Joint Surg Br 2002; 84:873-877.

61. �Le Huec JC, Lesprit E, Guibaud JP, et al. Minimally 
invasive endoscopic approach to the cervicothoracic 
junction for vertebral metastases: report of two cases. 
Eur Spine J 2001; 10(5):421–6.

62. �Lieberman IH, Dudeney S, Reinhardt MK, et al. Ini-
tial outcome and efficacy of “kyphoplasty” in the 
treatment of painful osteoporotic vertebral compres-
sion fractures. Spine 2001; 26:1631-1638.

63. �Lin PP, Guzel VB, Moura MF, et al. Long-term fol-
low-up of patients with giant cell tumor of the sa-
crum treated with selective arterial embolization. 
Cancer 2002; 95:1317-1325.

64. �Malawer MM, Delandy TF. Treatment of metastatic 
cancer to bone. In: DeVita S, Hellman S, Rosenberg 
SA, editors. Cancer: principles and practice of on-
cology. 8th ed. Philadelphia: JB Lippincott Co; 1989. 
p. 2298-317.

65. �Manke C, Bretschneider T, Lenhart M, et al. Spi-
nal metastases from renal cell carcinoma: effect 
of preoperative particle embolization on intraop-
erative blood loss. AJNR Am J Neuroradiol 2001; 
22(5):997-1003.

66. �Metzger CS, Johnson DW, Donaldson WF III. Percu-
taneous biopsy in the anterior thoracic spine. Spine 
1993; 18:374-378.

67. �McLain RF. Spinal cord decompression: an endo-
scopically assisted approach for metastatic tumors. 
Spinal Cord 2001; 39(9): 482–7.

68. �Mobbs RJ, Nakaji P, Szkandera BJ, et al. Endoscopic 
assisted posterior decompression for spinal neo-
plasms. J Clin Neurosci 2002; 9(4): 437–9.

69. �Moser T, Giacomelli MC, Clavert JM, et al. Image-
guided laser ablation of osteoid osteoma in pediatric 
patients. J Pediatr Orthop 2008; 28:265-270.

70. �Muhlbauer M, Pfisterer W, Eyb R, et al. Minimally 
invasive retroperitoneal approach for lumbar cor-
pectomy and reconstruction. Technical note. Neu-
rosurg Focus 1999; 7:E4.

71. �Nakatsuka A, Yamakado K, Maeda M, et al. Ra-
diofrequency ablation combined with bone cement 
injection for the treatment of bone malignancies. J 
Vasc Interv Radiol 2004; 15:707-712.

72. �Nourbakhsh A, Grady JJ, Garges KJ. Percutaneous 
spine biopsy: a meta-analysis. J Bone Joint Surg Am 
2008; 90:1722-1725.

73. �O’Toole JE, Eichholz KM, Fessler RG. Minimally 
invasive approaches to vertebral column and spi-
nal cord tumors. Neurosurg Clin North Am 2006; 
17:491-506.

74. �Ofluoglu O. Minimally invasive management of 
spinal metastases. Orthop Clin North Am 2009; 
40(1): 155-68

75. �Oktem IS, Akdemir H, Kurtsoy A, et al. Hemilamine-
ctomy for the removal of the spinal lesions. Spinal 
Cord 2000; 38:92-96.

76. �Oppenheimer JH, DeCastro I, McDonnell DE. Min-
imally invasive spine technology and minimally in-
vasive spine surgery: a historical review. Neurosurg 
Focus 2009; 27(3): E9

77. �Parsa AT, Lee J, Parney IF, et al. Spinal cord and 
intradural-extraparenchymal spinal tumors: cur-
rent best care practices and strategies. J Neuroon-
col 2004; 69(1-3):291-318.

78. �Patchell RA, Tibbs PA, Regine WF, et al. Direct de-
compressive surgical resection in the treatment of 
spinal cord compression caused by metastatic cancer: 
a randomised trial. Lancet 2005; 366(9486):643–8.

79. �Regan JJ, Mack MJ, Picetti GD III. A technical re-
port on video-assisted thoracoscopy in thoracicspi-
nal surgery. Preliminary description. Spine 1995; 
20(7):831–7.

80. �Robertson RC, Ball RP: Destructive spine lesions: 
diagnosis by needle biopsy. J Bone Joint Surg Am 
1935; 17:749-758.

81. �Rosenthal D, Marquardt G, Lorenz R, et al. Anterior 
decompression and stabilization using a microsur-



M
inim

ally Invasive Spine Surgery: C
urrent A

spects

297
Minimal Invasive Approaches in Spinal Tumors

gical endoscopic technique for metastatic tumors of 
the thoracic spine. J Neurosurg 1996; 84(4):565–72.

82. �Rosenthal DI, Alexander A, Rosenberg AE, et al. 
Ablation of osteoid osteomas with a percutane-
ously placed electrode: a new procedure. Radiol-
ogy 1992; 183:29-33.

83. �Ryken TC, Eichholz KM, Gerszten PC, et al. Evi-
dence-based review of te surgical management of 
vertebral column metastatic disease. Neurosurg Fo-
cus 2003; 15(5):E11.

84. �Sarioglu AC, Hanci M, Bozkus H, et al. Unilateral 
hemilaminectomy for the removal of the spinal 
space-occupying lesions. Minim Invasive Neuro-
surg 1997; 40:74-77.

85. �Sasani M, Ozer AF, Oktenoglu T, et al. Thoraco-
scopic surgical approaches for treating various tho-
racic spinal region diseases. Turk Neurosurg 20(3): 
373-81, 2010

86. �Simmons ED, Zheng Y. Vertebral tumors: surgical 
versus nonsurgical treatment. Clin Orthop Relat 
Res 2006; 443:233-47.

87. �Sridhar K, Ramamurthi R, Vasudevan MC, et al. Lim-
ited unilateral approach for extramedullary spinal 
tumours. Br J Neurosurg 1998; 12:430-433.

88. �Stoker DJ, Kissin CM. Percutaneous vertebral bi-
opsy: a review of 135 cases. Clin Radiol 1985; 
36:569-577.

89. �Sucu HK, Cicek C, Rezanko T, et al. Percutaneous 
computed-tomography-guided biopsy of the spine: 
229 procedures. Joint Bone Spine 2006; 73:532-537.

90. �Syed MI, Shaikh A. Vertebroplasty: a systematic ap-
proach. Pain Physician 2007; 10:367-380.

91. �Tredway TL, Santiago P, Hrubes MR, et al. Min-
imally invasive resection of intradural-extramed-
ullary spinal neoplasms. Neurosurgery 2006; 58(1 
Suppl):ONS-52-8.

92. �Tubiana-Hulin M. Incidence, prevalence and distri-
bution of bone metastases. Bone 1991; 12:9-10.

93. �Vitaz T, Oishi M, Welch W, et al. Rotational and 
transpositional flaps fort the treatment of spinal 
wound dehiscence and infections in patient popu-
lations with degenerative and oncological disease. 
J Neurosurg Spine 2004; 100:46-51.

94. �Wai EK, Finkelstein JA, Tangente RP, et al. Quality 
of life in surgical treatment of metastatic spine dis-
ease. Spine 2003; 28(5): 508-12.

95. �Wang J, Boland P, Mitra N, et al. Single-stage pos-
terolateral transpedicular approach for resection of 
epidural metastatic spine tumors involving the verte-
bral body with circumferential reconstruction: results 
in 140 patients. Invited submission from the Joint 
Section Meeting on Disorders of the Spine and Pe-
ripheral Nerves. J Neurosurg Spine 2004; 1:287-98.

96. �Witt JD, Hall-Craggs MA, Ripley P, et al. Interstitial 
laser photocoagulation for the treatment of osteoid 
osteoma. J Bone Joint Surg Br 2000; 82:1125-1128.

97. �Woertler K, Vestring T, Boettner F, et al. Osteoid 
osteoma: CT-guided percutaneous radiofrequency 
ablation and follow-up in 47 patients. J Vasc Interv 
Radiol 2001; 12:717-722.

98. �Wolcott WP, Malik JM, Shaffrey CI, et al. Differen-
tial diagnosis of surgical disorders of the spine. In: 
Benzel EC, editor. Spine surgery: techniques, com-
plication avoidance and management, vol. 1. 2nd 
Edition. Philadelphia: Elsevier; 2005. P.33-60.




