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Abstract: Background and Objectives: Benign osseous tumors of the spinal column comprise about 10%
of all spinal tumors and are rare cause for surgery. However, these tumors pose various manage-
ment challenges and conventional surgery may be associated with significant morbidity. Previous
reports on minimally invasive resection of these lesions are rare. We report a series of patients
managed by total resection of benign osseous spine tumors using MIS techniques. Surgical decisions
and technical considerations are discussed. Materials and Methods: A retrospective evaluation of
prospectively collected data of patients who underwent minimally invasive surgery for removal of
benign osseous vertebral tumors. Demographic, clinical and radiographic features, operative details
and final pathological reports were summarized. Primary outcomes were completeness of tumor
resection and pain relief assessed by VAS for back and leg pain. Secondary outcome measures were
recurrence of tumor on repeat post-operative MRI and postoperative unstable deformity on standing
scoliosis X-rays. Results: This series included 32 cases of primary osseous spine tumors resected by
minimally invasive techniques. There were 17 males and 15 females aged 5-68 years (mean 23.3).
The follow-up period was 8-90 months (mean 32 months) and the preoperative symptoms duration
was 9-96 months. Axial spinal pain was the presenting symptom in all the patients. Five patients
also complained about radicular pain and four patients had antalgic scoliosis. The tumor involved
the thoracic spine in 12 cases, the lumbar segment in 11, the cervical in 5 and the sacral area in 4 cases.
Complete tumor removal was performed in all patients. No procedure-related complications were
encountered. Histopathology showed osteoid osteoma in 24 patients, osteoblastoma in 5 patients,
and fibrous dysplasia, fibroadenoma and eosinophilic granuloma in one case each. All patients
experienced significant pain relief after surgery, and had stopped pain medications by 12 months
postoperatively. No patient suffered from tumor recurrence or spinal deformity. Conclusions: Mini-
mally invasive surgery is feasible for total removal of selected benign vertebral tumors and may have
some advantages over conventional surgical techniques.

Keywords: benign vertebral tumors; osteoblastoma; osteoid osteoma; primary spine tumors;
surgical technique

1. Introduction

The vast majority of vertebral tumors are metastatic, usually affecting the older pop-
ulation. Primary benign tumors of the spinal column are rare, accounting for 10% of all
spinal neoplasm, are more common in children and young adults, and are uncommon
cause for surgery. The highest incidence is in the lumbar region, followed by the thoracic
and cervical segments. The lesion may be located in any part of the vertebra, although the
posterior vertebral arch is more involved.

Pain is the most common presenting symptom, followed by spinal deformity, and up to
23% of the pediatric patients with these tumors have scoliosis at the time of presentation [14].
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Management approaches vary from percutaneous ablative modalities to gross complete
removal with or without spinal fixation [5,6]. However, the conventional surgical resection
of these lesions often entails intralesional curettage of the lesion until normal vertebral bone
is reached. Complete removal is often challenging, since intraoperative localization of the
these lesions is usually tricky, especially in the thoracic spine. The tumor is usually hidden
within normal bone and therefore is not identifiable on the bone surface. In addition,
the size of these tumors is often very small, making exposure more difficult. CT navigation
is effective for accurate localization of the lesion, choosing the best trajectory and evaluation
of the borders of resection [7,8], but this modality should be used cautiously in young
children. For all these features, extensive techniques were traditionally required for the
removal of benign vertebral tumors. Although conventional open surgery allows resection
of the tumor, it usually requires extensive soft tissue dissection and removal of normal
vertebral parts, and may be associated with high morbidity. The conventional surgical
approach can lead to intra-operative blood loss, severe pain, a prolonged recovery period
and spinal instability that necessitates instrumented fusion.

Compared to conventional surgery, minimally invasive techniques have the benefits of
smaller skin incision, less bleeding, less soft tissue damage, lower rate of infection, reduced
postoperative pain and shorter recovery period. Minimally invasive spine surgery has some
drawbacks such as higher utilization of fluoroscopy, slightly higher incidence of dural tears
and longer operative time, but these are significant only in the learning phase [9-13]. This is
a case series of patients with benign vertebral tumors who underwent surgical removal
using the minimally invasive technique system through a variety of surgical approaches,
according to the exact tumor location.

Previous studies of benign osseous spine tumors managed by minimally invasive
surgery are scarce [14-16]. Some authors have focused on intradural extramedullary
tumors, metastatic extradural tumors, and tumors with mixed intradural and extradural
involvement, and have rarely addressed intramedullary tumors [17-21]. The current study
describes our experience in minimally invasive techniques for complete removal of benign
primary vertebral tumors with long term follow up. Our approach is different from the
percutaneous minimally invasive ablation procedures. This is the largest series in the
literature on minimally invasive surgery for benign vertebral tumors.

2. Methods

This is a retrospective review of prospectively collected data. We included all patients
with benign primary vertebral tumors who underwent surgical resection using minimally
invasive techniques. The study was approved by the hospital ethical committee.

The patients’ electronic files were reviewed for demographic parameters, clinical
manifestations and radiographic features, focusing on the spinal level and exact location in
the vertebra. The operative time, blood loss, hospital length of stay, pathological report
and postoperative complications were also collected.

Follow up of all patients was recorded at 1, 3, and 6 months after surgery, and then at
12-month intervals. Patients underwent complete neurological examination and imaging
studies were evaluated for tumor recurrence and spinal deformity. Complete neurological
examination was performed in all patients preoperatively, at discharge and in follow-up visits.

The primary outcomes were completeness of tumor resection and resolution of axial
back pain as evaluated by the Visual Analog Scale VAS and the Numerical Rating (NRS) in
patients and children older than 7 (Wong Baker Faces Pain Rating Scale was used in children
of 3-7 years’ age). Secondary outcomes were tumor recurrence, evaluated by follow-up
MRI scans, and spinal instability, evaluated by plain X-rays in the standing position.

Surgical Technique

The minimally invasive approach was utilized for tumors with benign clinical and
imaging features. The maximal tumor diameter was up to 30 mm; larger tumors were
operated on using a conventional open technique. This is based on our previous experience,
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but we found no reference to this in the literature. Open surgery was also elected for lesions
with high vascularity, since it allows better control of intraoperative bleeding. For lesions
suspected as malignant, a percutaneous biopsy under CT guidance and systemic evaluation
were completed before decision on the most appropriate management.

Surgery was performed under general endotracheal anesthesia. The patient was
positioned prone and fluoroscopy was used to choose the entry site and trajectory of the
approach. The skin incision was 18-20 mm long, about 10 mm off midline on the same
side, as the lesion is deepened across the fascia. We used the METRx system (Medtronic
Sofamor Danek, Memphis, TN, USA). Dilators of increasing diameter up to 20 mm were
sequentially inserted through the paravertebral muscles. Then, a tubular retractor with
a suitable diameter and length allowing access to the lesion was inserted and secured to
the table. The position of the retractor was verified with fluoroscopy in lateral and antero-
posterior views (Figure 1). The next steps were performed under the surgical microscope.
Electrocautery was used to expose the bony elements.

Figure 1. Direct posterior approach to to osteoid osteoma in the facet joint. Intraoperative fluoroscopy,
(A1,A2), verify correct positioning of the tubular retractor. (B1,B2) show intraoperative O-Arm CT
views before and after tumor removal.

Bone removal was performed using a high-speed drill and completed with kerrison
rongeurs. The tumor was exposed and resected with pituitary forceps and curettes of dif-
ferent sizes. After hemostasis and irrigation, the tubular retractor was removed. The fascia
was closed with vicryl sutures. This is better performed under a microscope, especially in
obese patients. The skin was closed with intradermal sutures or biologic glue.

Modifications of the surgical technique might be required in each case according to
anatomical characteristics and relationships of the lesion.
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3. Results

Thirty-two patients underwent minimally invasive surgery for removal of benign
ossoeous spine tumors. The study cohort included 17 males and 15 females aged 5 to 68
(mean 23.3) years. The mean follow-up was 32 months (8-90). All the patients suffered
from axial spinal pain; five patients also complained about radicular pain.

Antalgic scoliosis was detected before surgery in four patients and resolved by 12 months
postoperatively. All patients were neurologically intact. The duration of symptoms until
surgery was 9 months to 8 years. Axial pain was the presenting symptom in all the patients,
and they received medical treatment with NSAIDs and salicylic acid. Nine patients reported
persistent pain despite treatment, four patients complained about gastrointestinal intolerance,
one patient developed disturbances of renal function, one showed multiple drug allergy,
and the remaining patients preferred surgical management over permanent medications.

Spinal level of the tumor: the tumor location was cervical in 5 cases, thoracic in
12 cases, in the lumbar vertebra in 11 cases and in the sacral in 4 cases.

As for the exact tumor location within the involved vertebra, the most common
location was at the lamina—facet junction in 11 cases. The lesion was confined to the
vertebral body in six cases, confined to the lamina in five cases, inside the pedicle in
three cases, and confined to the facet joint in two cases. The lesion involved the facet-
intervertebral foramen in two cases, the facet—transverse process in one case, the vertebral
body—intervertebral foramen in one case, and the transverse process-rib head in one case.

Surgical results: The surgical approach was modified according to the anatomical
location of the tumor. Tumors in the posterior vertebral elements were removed by a direct
posterior approach (Figure 1). The transpedicular path was used for tumors located in the
pedicle. For tumors situated in the postero-lateral aspect of the vertebral body, we used a
transforaminal approach (Figure 2). In one case, with a tumor sited at the central dorsal part
of the S1 vertebral body, we performed hemilaminotomy and the dural sac was retracted to
reach the tumor through the spinal canal. On the other hand, a tumor sited in the anterior
part of the lumbar vertebral body was removed through a lateral trans-psoas approach to
the lumbar spine (Figure 3).

Figure 2. Transforaminal approach to to a tumor in the posterior aspect of L1 vertebral body. Lateral
and antero-posterior fluoroscopy (A1,A2) show the tubular retractor with a probe pointing to the
lesion site. Intraoperative O-arm CT axial cuts (B1,B2) before and after tumor resection.
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Figure 3. Extreme lateral approach to an L3 vertebral body tumor. (A1,A2) Antero-posterior and
lateral fluroscopy show the correct positioning of tubular retractor; the probe points to the tumor.
(B1,B2) intraoperative CT show the tumor. A pituitary forceps is shown inside the lesion.

Surgery was performed with O-Arm navigation in 11 cases. One of these patients
suffered from a cervical tumor kissing the wall of the transverse process, and the navigation
allowed safe removal of the tumor, avoiding injury of the vertebral artery.

Total resection of the tumor was performed in all cases. Blood loss was less than 50 mL
and the operative time ranged from 40 to 130 min (mean 70). There was no significant
violation of spinal stability in any of the cases, thus fixation was not required. All patients
were discharged at 1-3 days after surgery (mean 1.6 days).

The histological diagnosis revealed osteoid osteoma in 24 cases, osteobalstoma in 5,
and fibrous dysplasia, fibroadenoma and eosinophilic granuloma in one case each.

Pain outcome: All patients experienced significant pain resolution and the average
pain score dropped from 8 (7-9) to 0.8 (0-3) following surgery. All patients were weaned
from pain medications within 12 months after surgery. Until the present day, none of the pa-
tients suffered tumor recurrence or postoperative deformity. The clinical and radiographic
outcomes were not influenced by the tumor histology.

4. Discussion

This is a case series of 32 patients with primary benign vertebral tumors treated by
complete resection using tubular minimally invasive techniques. Benign vertebral tumors,
are rare comprising only 4% to 13% of all spinal tumors.

The preferred management for these tumors is complete surgical resection with inten-
tion for cure [1,5]. This is in contrast to the approach for tumors with malignant appearance,
in which a percutaneous biopsy under CT or fluoroscopy is undertaken, followed by sys-
temic evaluation, in order to plan the best management, and where multidisciplinary team
work is required [22,23].
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Surgical removal of vertebral tumors may be technically challenging, especially for
small lesions located within the vertebral body. The lesion is usually surrounded by normal
bone and not identified on the surface of the vertebral bone; thus, intraoperative localization
of the tumor is often tricky. Conventional open surgery often entails significant dissection
of normal soft tissue and removal of normal bony structures, which may necessitate
instrumented fusion. Extensive lateral or anterior approaches may be needed, especially
in the thoracic or retroperitoneal compartments. Extensive procedures are statistically
associated with higher risk of neural and vascular complications.

The growing experience in minimally invasive surgery, supported by the technological
development of equipment, enabled significant improvement in the care of patients suffer-
ing from spinal tumors, whether benign or malignant. Using these techniques, the tumor
can be resected with limited violation of the surrounding musculoskeletal structures. As a
result, the risk of iatrogenic spinal instability and the need for spinal fixation are avoided.
Iatrogenic instability is common when the tumor involves the facet joint, as in the majority
of our cases; however, due to limited violation of the facet joints in the MIS, none of the
patients developed instability or fracture. Patients experienced less postoperative pain and
consumed smaller doses of drugs, particularly narcotics. Other advantages include lower
complication rate and shorter hospitalization time and recovery period [9-12].

Minimally invasive and mini-open techniques have been used in surgery on benign
intradural spinal tumors [18,22], while earlier publications on resection of vertebral tumors
are limited [14-16].

In the current series, the most common tumors were osteoid osteoma and osteoblas-
toma. About 40% of osteoblastoma and 25% of osteoid osteoma cases appear in the spinal
column, and together they comprise almost 3% of all primary bone tumors.

Although classified as benign, osteoblastoma has aggressive behavior with risk of
malignant transformation to osteosarcoma [24,25]. Osteoid osteoma is a benign tumor
with latent course that may even regress and involute overtime; therefore, follow up with
symptomatic management can be reasonable in selected patients. However, there have
been reports on osteoid osteoma transforming into osteoblastoma and even into high-grade
malignant osteosarcoma [26,27]. Surgical resection is indicated in cases of osteoblastoma or
osteoid osteoma manifested by persistent symptoms, and is curative.

However, other modalities are available for the management of benign vertebral tu-
mors, including percutaneous radiofrequency (RF) ablation cryoablation, laser thermal
ablation and microwave ablation [28]. Radiofrequency is probably the most commonly
used modality, but has some limitations, especially when the tumor is very close to neural
or vascular structures. The risk of thermal cytotoxicity to the spinal cord and nerve roots
must be weighed carefully before any spinal RF ablation treatment [29,30]. Yu et al. rec-
ommended that RF be applied only if the spinal cord and nerve roots are separated from
the tumor by CSF, in order to avoid neurological complications [31]. Noel et al. reported
high technical and clinical success in CT-guided RF ablation of osteoid osteoma in children
by using neurophysiological monitoring with progressive time and temperature proto-
col [32]. In addition, there is the possibility for relapse of the spinal tumors after RF ablation
treatment; thus, surgery or additional ablation procedures might be required. In laser
photocoagulation, infrared light is transmitted via optic fibers to induce fast heating, which
causes protein denaturation and coagulation necrosis of tumor cells. An advantage of laser
ablation is the predictability of the ablation area size in relation to the delivered energy,
but the ablation zone is not demonstrated in CT [33]. Contrary to this mechanism, cryoab-
lation is based on rapid cooling, which causes osmosis, leading to tumor cell dehydration
and death. Cryoablation is suitable for benign tumors with large soft tissue components
and for osteoblastic tumors of the posterior vertebral elements [34]. Microwave ablation,
in which heat is delivered to induce tissue coagulation necrosis, was found to be effec-
tive for metastatic spine tumors, but has not been used for benign tumors. In addition,
the margins of the ablation zone are ill-defined and overheating may damage adjacent
neural tissues [35].
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In the current series, complete marginal tumor removal was achieved in all patients,
who remained disease free in their last follow-up visits.

It should be noted that four of our patients presented with scoliosis that resolved dur-
ing the postoperative follow up, but no patient developed iatrogenic deformity. This differs
from the large study by Saifuddin et al. [4] on 465 cases of osteoid osteoma and osteoblas-
toma, 44 museum cases and 421 from the literature, which found scoliosis in 63% of cases,
with the lesion usually on the concave side of the curve.

The minimally invasive approach described here differs from conventional open
surgery in a few technical aspects. Exact placement of the tubular retractor before beginning
the tumor removal allows the shortest, most accurate trajectory, and is the key for successful
surgery. Therefore, meticulous preoperative planning cannot be overemphasized. The exact
tumor location, size and relationships with adjacent neural and vascular structures, as well
as the patient’s body habitus, should be carefully evaluated. In the minimally invasive
approach, the surgeon’s visual field is rather limited, which may inhibit complete tumor
resection. In order to avoid this pitfall, the tumor size relative to tubular retractor diameter
and the anatomical spinal components have to be assessed before starting the tumor
excision. In addition, the tubular retractor often has to be adjusted through the procedure
to enable appropriate access to the entire perimeter of the tumor.

The use of intraoperative navigation provides higher precision, which allows complete
tumor excision and minimizes injury to the neighboring tissues [7,8]. Yet, it should be
used cautiously to reduce exposure of the patient and staff to radiation, particularly in
younger children.

In this series, we used different surgical approaches as dictated by the location of
the tumor and the involved vertebral parts: tumors of the posterior vertebral elements
were resected by a direct posterior approach; tumors in the pedicle by the trans-pedicular
approach with preservation of the pedicle cortex; tumors at the posterolateral part of
the vertebral body through a transforaminal approach; tumors in the anterior part of the
vertebral body by an extreme lateral trans-psoas retroperitoneal approach; and for tumors
in the midline posterior aspect of the vertebral body, tumors inside the spinal canal or for
decompression of the thecal sac, the approach was trans-spinal canal.

The minimally invasive technique may not be suitable in some situations. Firstly,
for suspected malignant tumors, a CT-guided biopsy should be performed to determine the
best treatment and prevent tumor spread, thus keeping the option of radical intra-lesional
or en-bloc resection if indicated. Secondly, for large tumors, whether benign or malignant,
open or mini-open approaches should be chosen. For tumors with rich vascularity, preop-
erative angiography and closure of supplying vessels should be considered, and an open
approach might be preferred since the ability to control profuse bleeding is hindered with
minimally invasive exposure.

5. Limitations

The limitations of our study include its retrospective design and lack of a control group
of patients operated on by other techniques or managed by different modalities. For some
of the patients, the follow-up period is still short. The number of patients is small, although
to the best of our knowledge this is the largest series in the English-language literature.
A larger series with longer follow up and comparative analysis with other modalities are
needed to establish the advantages of this technique.

6. Conclusions

To the best of our knowledge, this is the largest series on minimally invasive resection
of benign osseous spine tumors. Complete removal was achieved in all cases without
surgical complications. Our experience suggests that the minimally invasive technique
might be a valuable option for the surgical management of select benign extradural tumors.



Medicina 2022, 58, 1840 80f9

Author Contributions: All authors contributed to the study conception and design. Material prepa-
ration, data collection and analysis were performed by, K.S., Z.L., M.K., D.O. and G.J.R. The first
draft of the manuscript was written by K.S. and Z.L. Additionally, all authors commented on pre-
vious versions of the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: The authors declare that no funds, grants, or other support were received during the
preparation of this manuscript.

Institutional Review Board Statement: This study was performed in line with the principles of the
Declaration of Helsinki. The IRB approval number of this study is: 0794-17-TLV. No patients’ consent
to participate or publish data was required as all identifiable information was omitted.

Informed Consent Statement: Patient consent was waived for this study as all identifiable informa-
tion was omitted.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Dea, N.; Gokaslan, Z.; Choi, D.; Fisher, C. Spine Oncology-Primary Spine Tumors. Neurosurgery 2017, 80, S124-5130. [CrossRef]
[PubMed]

2. Kelly, S.P,; Ashford, R.U.; Rao, A.S.; Dickson, R.A. Primary bone tumors of the spine: A 42-year survey from the Leeds Regional
Bone Tumour Registry. Eur. Spine J. 2007, 16, 405-409. [CrossRef] [PubMed]

3. Ropper, AE,; Cahill, K.S; Hanna, J.W.; McCarthy, E.F; Gokaslan, Z.L.; Chi, ].H. Primary vertebral tumors: A review of
epidemiologic, histological and imaging findings, Part I: Benign tumors. Neurosurgery 2011, 69, 1171-1180. [CrossRef] [PubMed]

4. Saifuddin, A.; White, J.; Sherazi, Z.; Shaikh, M.I.; Natali, C.; Ransford, A.O. Osteoid osteoma and osteoblastoma of the spine:
Factors associated with the presence of scoliosis. Spine 1998, 23, 47-53. [CrossRef] [PubMed]

5. Gasbarrini, A.; Cappuccio, M.; Donthineni, R.; Bandiera, S.; Boriani, S. Management of benign tumors of the mobile spine. Orthop.
Clin. N. Am. 2009, 40, 9-19. [CrossRef]

6. Ravindra, V.M.; Eli, LM.; Schmidt, M.H.; Brockmeyer, D.L. Primary osseous tumors of the pediatric spinal column: Review of
pathology and surgical decision making. Neurosurg. Focus 2016, 41, E3. [CrossRef]

7. Kochanski, R.B.; Lombardi, ].M.; Laratta, ].L.; Lehman, R.A.; O’Toole, ].E. Image-guided navigation and robotics in spine surery.
Neurosurgery 2019, 84, 1179-1189. [CrossRef]

8. Nasser, R.; Drazin, D.; Nakhla, J.; Al-Khouja, L.; Brien, E.; Baron, EIM.; Kim, T.T.; Johnson, J.P.; Yassari, R. Resection of spinal
column tumors utilizing image-guided navigation: A multicenter analysis. Neurosurg. Focus 2016, 41, E15. [CrossRef]

9. Khashan, M,; Lidar, Z.; Salame, K.; Mangel, L.; Lador, R.; Drexler, M.; Sapirstein, E.; Regev, G.J. Minimally Invasive Spinal
Decompression in Patients Older Than 75 Years of Age: Perioperative Risks, Complications, and Clinical Outcomes Compared
with Patients Younger Than 45 Years of Age. World Neurosurg. 2016, 89, 337-342. [CrossRef]

10. Kim, C.W. Scientific basis of minimally invasive spine surgery: Prevention of multifidus muscle injury during posterior lumbar
surgery. Spine 2010, 35, S281-5286. [CrossRef]

11. Mobbs, RJ.; Li, J.; Sivabalan, P; Raley, D.; Rao, P.J. Outcomes after decompressive laminectomy for lumbar spinal stenosis:
Comparison between minimally invasive unilateral laminectomy for bilateral decompression and open laminectomy: Clinical
article. J. Neurosurg. Spine 2014, 21, 179-186. [CrossRef] [PubMed]

12.  Rahman, M.; Summers, L.E.; Richter, B.; Mimran, R.I; Jacob, R.P. Comparison of Techniques for Decompressive Lumbar
Laminectomy: The Minimally Invasive versus the “Classic” Open Approach. Minim. Invasive Neurosurg. 2008, 51, 100-105.
[CrossRef] [PubMed]

13.  Yoon, ] W.; Wang, M.Y. The evolution of minimally invasive spine surgery: JNSPG 75th Anniversary Invited Review Article.
J. Neurosurg. Spine 2019, 30, 149-158. [CrossRef]

14. Brunette-Clément, T.; Lavergne, P.; Shedid, D.; Weil, A.G. Minimally Invasive Resection of a Pediatric Lumbar Osteoblastoma:
Case Report. Oper. Neurosurg. 2020, 19, E236-E243. [CrossRef] [PubMed]

15. Honstad, A.; Polly, D.W.; Hunt, M.A. A Novel, Minimally Invasive Resection of a Pediatric Cervical Spine Osteoblastoma: A Case
Report. JBJS Case Connect. 2015, 5, e108. [CrossRef] [PubMed]

16. Regev, G.J.; Salame, K.; Keynan, O.; Lidar, Z. Resection of benign vertebral tumors by minimally invasive techniques. Spine J.
2015, 15, 2396-2403. [CrossRef]

17. Balasubramanian, S.C.; Nair, A.R.; Saphiya, N.N.; Madan, A.; Mathews, S.S. Minimally Invasive Resection of Spinal Tumors with
Tubular Retractor: Case Series, Surgical Technique, and Outcome. World Neurosurg. 2021, 149, e612-e621. [CrossRef]

18. Haji, EA; Cenic, A,; Crevier, L.; Murty, N.; Reddy, K. Minimally Invasive Approach for the Resection of Spinal Neoplasm. Spine

2011, 36, E1018-E1026. [CrossRef]


http://doi.org/10.1093/neuros/nyw064
http://www.ncbi.nlm.nih.gov/pubmed/28350941
http://doi.org/10.1007/s00586-006-0188-7
http://www.ncbi.nlm.nih.gov/pubmed/16865376
http://doi.org/10.1227/NEU.0b013e31822b8107
http://www.ncbi.nlm.nih.gov/pubmed/21725252
http://doi.org/10.1097/00007632-199801010-00010
http://www.ncbi.nlm.nih.gov/pubmed/9460152
http://doi.org/10.1016/j.ocl.2008.09.009
http://doi.org/10.3171/2016.5.FOCUS16155
http://doi.org/10.1093/neuros/nyy630
http://doi.org/10.3171/2016.5.FOCUS16136
http://doi.org/10.1016/j.wneu.2016.02.018
http://doi.org/10.1097/BRS.0b013e3182022d32
http://doi.org/10.3171/2014.4.SPINE13420
http://www.ncbi.nlm.nih.gov/pubmed/24878273
http://doi.org/10.1055/s-2007-1022542
http://www.ncbi.nlm.nih.gov/pubmed/18401823
http://doi.org/10.3171/2018.11.SPINE181215
http://doi.org/10.1093/ons/opaa150
http://www.ncbi.nlm.nih.gov/pubmed/32506134
http://doi.org/10.2106/JBJS.CC.O.00088
http://www.ncbi.nlm.nih.gov/pubmed/29252814
http://doi.org/10.1016/j.spinee.2015.07.002
http://doi.org/10.1016/j.wneu.2021.01.124
http://doi.org/10.1097/BRS.0b013e31820019f9

Medicina 2022, 58, 1840 90f9

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

Lu, D.C.; Chou, D.; Mummaneni, P.V. A comparison of mini-open and open approaches for resection of thoracolumbar intradural
spinal tumors. J. Neurosurg. Spine 2011, 14, 758-764. [CrossRef]

Pennington, Z.; Ahmed, A K.; Molina, C.A.; Ehresman, J.; Laufer, I.; Sciubba, D.M. Minimally Invasive or conventional spine
surgery for vertebral metastasis: A systematic review of the evidence. Ann. Transl. Med. 2018, 6, 103. [CrossRef]

Zhu, Y.-J,; Ying, G.-Y,; Chen, A.-Q.; Wang, L.-L.; Yu, D.-F; Zhu, L.-L.; Ren, Y.-C.; Wang, C.; Wu, P-C.; Yao, Y,; et al. Minimally
invasive removal of lumbar intradural extramedullary lesions using the interlaminar approach. Neurosurg. Focus 2015, 39, E10.
[CrossRef] [PubMed]

Barzilai, O.; Robin, A.M.; O’Toole, ].E.; Laufer, I. Minimally Invasive Surgery Strategies: Changing the Treatment of Spine Tumors.
Neurosurg. Clin. 2020, 31, 201-209. [CrossRef] [PubMed]

Smith, Z.A.; Yang, I.; Gorgulho, A.; Raphael, D.; De Salles, A.A.F.; Khoo, L.T. Emerging techniques in the minimally invasive
treatment and management of thoracic spine tumors. J. Neuro Oncol. 2011, 107, 443-455. [CrossRef] [PubMed]

Ozaki, T; Liljenqvist, U.; Hillmann, A.; Halm, H.; Lindner, N.; Gosheger, G.; Winkelmann, W. Osteoid Osteoma and Osteoblastoma
of the Spine: Experiences With 22 Patients. Clin. Orthop. Relat. Res. 2002, 397, 394—402. [CrossRef] [PubMed]

Schjowics, F.; Lemos, C. Malignant osteoblastoma. J. Bone Jt. Surg. Br. Vol. 1976, 58, 202-211. [CrossRef]

Chotel, E; Franck, F; Solla, F; Dijoud, F.; Kohler, R.; Berard, J.; Genevois, K.A.; French Sarcoma Group-Bone Tumour Study Group.
Osteoid osteoma transformation into osteosarcoma: Fact or fiction? Orthop. Traumatol. Surg. Res. 2012, 98, S598-5104. [CrossRef]
Sugiyama, T.; Fushimi, K.; Nagano, A.; Tsugita, M.; Nozawa, S.; Iwai, C.; Akiyama, H. The malignan transformation of osteoid
osteoma in the cervical spine to high-grade osteosarcoma: A case report and review of the literature. Br. J. Neurosurg. 2020, 3, 1-5.
[CrossRef]

Tomasian, A.; Wallace, A.; Jennings, J. Benign Spine Lesions: Advances in Techniques for Minimally Invasive Percutaneous
Treatment. Am. J. Neuroradiol. 2017, 38, 852-861. [CrossRef]

Albisinni, U.; Facchini, G.; Spinnato, P.; Gasbarrini, A.; Bazzocchi, A. Spinal osteoid osteoma: Efficacy and safety of radiofrequency
ablation. Skelet. Radiol. 2017, 46, 1087-1094. [CrossRef]

Dupuy, D.E.; Hong, R.; Oliver, B.; Goldberg, S.N. Radiofrequency ablation of spinal tumors: Temperature distribution in the
spinal canal. Am. J. Roentgenol. 2000, 75, 1263-1266. [CrossRef]

Yu, X.; Wang, B; Yang, S.; Han, S.; Jiang, L.; Liu, X.; Wei, FE; Wu, E; Dang, L.; Liu, Z. Percutaneous radiofrequency ablation versus
open surgical resection for spinal osteoid osteoma. Spine J. 2019, 19, 509-515. [CrossRef] [PubMed]

Noel, M.A.; Segura, M.].; Francheri Wilson, I.A.; Tello, C.A.; Galaretto, A.; Remondino, R.G.; Talarico, M.E.; Bersusky, E.S.
Neurophysiological monitoring in radiofrequeny ablation of spinal osteoid osteoma with a progressive time and temperature
protocol in children. Spine Deform. 2017, 5, 351-359. [CrossRef] [PubMed]

Gangi, A; Basile, A.; Buy, X.; Alizadeh, H.; Sauer, B.; Bierry, G. Radiofrequency and laser ablation of spinal lesions. Semin.
Ultrasound CT MRI 2005, 26, 89-97. [CrossRef] [PubMed]

Gage, A.A,; Baust, ].G. Cryosurgery for tumors. J. Am. Coll. Surg. 2007, 205, 342-356. [CrossRef] [PubMed]

Poscedu, C.; Sotgia, B.; Fele, R.M.; Melis, L. Treatment of bone metastasis with microwave thermal ablation. J. Vasc. Interv. Radiol.
2013, 24, 229-233. [CrossRef]


http://doi.org/10.3171/2011.1.SPINE09860
http://doi.org/10.21037/atm.2018.01.28
http://doi.org/10.3171/2015.5.FOCUS15182
http://www.ncbi.nlm.nih.gov/pubmed/26235008
http://doi.org/10.1016/j.nec.2019.11.003
http://www.ncbi.nlm.nih.gov/pubmed/32147011
http://doi.org/10.1007/s11060-011-0755-6
http://www.ncbi.nlm.nih.gov/pubmed/22094716
http://doi.org/10.1097/00003086-200204000-00046
http://www.ncbi.nlm.nih.gov/pubmed/11953633
http://doi.org/10.1302/0301-620X.58B2.932083
http://doi.org/10.1016/j.otsr.2012.03.017
http://doi.org/10.1080/02688697.2020.1842326
http://doi.org/10.3174/ajnr.A5084
http://doi.org/10.1007/s00256-017-2662-1
http://doi.org/10.2214/ajr.175.5.1751263
http://doi.org/10.1016/j.spinee.2018.07.013
http://www.ncbi.nlm.nih.gov/pubmed/30053519
http://doi.org/10.1016/j.jspd.2017.03.001
http://www.ncbi.nlm.nih.gov/pubmed/28882353
http://doi.org/10.1053/j.sult.2005.02.005
http://www.ncbi.nlm.nih.gov/pubmed/15856810
http://doi.org/10.1016/j.jamcollsurg.2007.03.007
http://www.ncbi.nlm.nih.gov/pubmed/17660083
http://doi.org/10.1016/j.jvir.2012.10.009

	Introduction 
	Methods 
	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

