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Objective: Spinal schwannomas are the most common intradural extramedullary tumors, and their complete removal is recommended to avoid tumor recurrence. Although laminoplasty provides a sufficient window for tumor resection, this approach may increase tissue trauma and cause postoperative instability compared with unilateral hemilaminectomy. This study aimed to compare the efficacy and clinical outcomes of the two approaches.

Materials and methods: We included 100 consecutive patients who underwent unilateral hemilaminectomy or laminoplasty for resection of spinal schwannomas between January 2015 and February 2023. The patients' baseline characteristics, including sex, age, tumor location, percentage of tumor occupying the intradural space, operative time, postoperative length of hospital stay, intraoperative bleeding volume, visual analog scale score, and neurologic results, were retrospectively analyzed.

Results: Hemilaminectomy patients who underwent unilateral hemilaminectomy had smaller intraoperative bleeding (p = 0.020) volume, shorter operative time (p = 0.012), and shorter postoperative length of hospital stay (p = 0.044). The mean VAS scores at the last follow-up were similar between the two groups (p = 0.658). Although the postoperative McCormick and Karnofsky Performance scores were not significantly different between the laminoplasty and unilateral hemilaminectomy groups (p = 0.687 and p = 0.649, respectively), there was a statistically significant improvement based on postoperative neurological results compared to preoperative neurological results for both groups. The incidence of postoperative complications was 5% and 11.7% in the unilateral hemilaminectomy and laminoplasty groups, respectively (p = 0.308).

Conclusions: For spinal schwannoma resection, unilateral hemilaminectomy has more advantages than laminoplasty, including a shorter postoperative hospital stay, faster procedure, and less intraoperative blood loss while achieving the same desired result.
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Introduction

Spinal schwannomas are slow-growing benign WHO grade I nerve sheath neoplasm that arises from Schwann cells. Total resection of these tumors are the main goal of surgical treatment (1, 2). Although conventional surgical approaches such as laminoplasty provide an adequate window for tumor resection and restoration of the anatomical structure, they are associated with significant tissue trauma, postoperative deformities, pain, and spinal instability (3, 4).

Minimally invasive procedures, such as unilateral hemilaminectomy, minimize bony defects, reduce tissue trauma, and decrease the incidence of spinal instability (5, 6). However, it is unclear whether unilateral hemilaminectomy is safer and more effective than laminoplasty for the excision of intradural extramedullary schwannomas, and there have been no comparative studies on laminoplasty and hemilaminectomy approaches.

To the best of our knowledge, this is the first retrospective study to compare the clinical efficacy and outcomes of hemilaminectomy and laminoplasty for spinal schwannoma resection in 100 consecutive patients.



Materials and methods

We retrospectively reviewed the clinical data of 100 consecutive patients who were performed either unilateral hemilaminectomy or laminoplasty for spinal schwannoma resection between January 2015 and February 2023 at the First Affiliated Hospital of Harbin Medical University. The approach used for each patient was selected according to the surgeon's preference. The inclusion criteria were patients (1) with tumors occupying < 3 motion segments of the spine, (2) operated on by the same surgeon, (3) operated on for >6 months, (4) with intact clinical data, (5) with tumor laterality, and (6) with intradural tumors. Exclusion criteria were as follows: patients with incomplete clinical data, those who were not followed up, those who were followed up for < 6 months, those with recurrent tumors, those with tumors occupying ≥3 motion segments of the spine, those with multiple tumors, and with dumbbell-shaped tumors developing in the neural foramen and outside the canal. For each case, clinicopathological data were carefully extracted from the hospital database, including age at the time of surgery, sex, vertebral level location (cervical, thoracic, and lumbar), percentage of tumors occupying the intradural space, surgical approach, neurofunctional status according to McCormick grading, total operative time, postoperative length of hospital stay, intraoperative bleeding volume, visual analog scale (VAS) and Karnofsky performance score (KPS). The percentage of tumors occupying the intradural space was calculated on magnetic using image analysis software (Image J; Wayne Rasband, National Institutes of Health) as follows: (maximum tumor area in cm2)/(intradural space area in the same section in cm2) × 100 (%). The pathologic diagnosis of intradural schwannoma following surgery was confirmed by three qualified pathologists.


Operative technique

All patients underwent a posterior approach in the prone position. A small midline skin incision was made in accordance with the radiographic marker positioned on the spinous process where the lesion was located. In the unilateral hemilaminectomy group, the paravertebral muscles were retained to expose the laminae on one side. The supraspinal and interspinal ligaments and contralateral muscles were left undisturbed. Hemilaminectomy was performed with a combination of high-speed pneumatic drill round burrs and Kerrison rongeurs to resect the soft tissue and ligamentum flavum and create an adequate surgical corridor. For laminoplasty, paravertebral muscle dissection was bilateral, a high-speed pneumatic drill was used to resect the laminae, the supraspinal and interspinous ligaments were dissected, and the spinous process ligament complex was completely removed. Subsequently, the dura was opened and micro-neurosurgical techniques were used to resect the spinal schwannomas. The tumors were completely resected in all patients, and the affected nerve roots were cut.

Watertight spinal dural closure was performed running locked 6-0 Prolene (Ethicon Inc.). In laminoplasty, the incised laminae and spinous processes are installed and fixed using screws and connectors, and the supraspinal ligament is fixed with silk thread in situ sutures.



Statistical analysis

SAS9.4 software version (SAS Inc., Cary, NCSU, USA) was used for the statistical analyses. The incidences of postoperative complications were compared and evaluated using Fisher's exact test. Sex and tumor location were compared and evaluated between the two approaches using the chi-square test. The VAS score, age, KPS score, McCormick score, duration of surgery, postoperative length of hospital stay, and amount of intraoperative bleeding were compared and analyzed using the Kruskal–Wallis test. Results were considered statistically significant for p values < 0.05.




Result


Patient demographic data

The clinical data of the 100 patients were analyzed and discussed. Of these patients, 56 (56%) were women and the remaining 44 (44%) were men, with an average age of 51.2 ± 13.1 years (age range of 12–81 years). The main presenting symptoms were radiculopathy in 61 patients (61%), back pain in 14 (14%), motor deficits in 26 (26%), sensory changes in 41 (41%), and bladder/bowel dysfunction in 11 (11%). In the current study, 40 patients underwent unilateral hemilaminectomy (Figure 1), and 60 patients underwent laminoplasty (Figure 2). Age, sex, extent of tumor involvement, preoperative VAS score, preoperative McCormick score, and preoperative KPS score were not significantly different between the two groups (p > 0.05). In the laminoplasty group, the tumors were located in the thoracic (18.3%), cervical (38.3%), and lumbar (43.3%) spinal regions. Patients who underwent unilateral hemilaminectomy more commonly had tumors in the cervical region; 17 (42.5%) patients who underwent unilateral hemilaminectomy also had tumors in this region (Table 1). The percentage of tumors occupying the intradural space was 77.1% in the unilateral hemilaminectomy group and 82.3% in the laminoplasty group, respectively (p = 0.080) (Table 1).


[image: Figure 1]
FIGURE 1
 (a) Preoperative cervical magnetic resonance imaging T1-weighted sagittal (up) and axial (down) image with contrast showing heterogeneously enhancing intradural extramedullary lesion at the level of the C3 vertebrae. (b) Intraoperative unilateral hemilaminectomy with resection of the laminae (up), exposure of the tumor (middle), and removal of the lesion (down). (c) Demonstration of unilateral hemilaminectomy (up), postoperative computed tomography scan study (down).
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FIGURE 2
 (a) Preoperative thoracic magnetic resonance imaging T1-weighted sagittal (up) and axial (down) image with contrast showing heterogeneously enhancing intradural extramedullary lesion at the level of the T11–12 vertebrae. (b) Intraoperative laminoplasty with resection of the laminae (up), exposure and resection of tumor (middle), and reduction of the resected lamina (down). (c) Postoperative computed tomography (CT) scan study.



TABLE 1 Comparison of the demographic and clinical data of patients treated for spinal schwannoma with unilateral hemilaminectomy and laminoplasty.
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Surgical outcomes

In the current study, the operative time was significantly different between the two approaches (hemilaminectomy: 210 (172.5–247) min, laminoplasty: 232.5 (205–270) min; p = 0.012). Similarly, there were significant differences in intraoperative bleeding volume (hemilaminectomy: 50 (30–80) ml, laminoplasty: 70 (60–100); p = 0.020) and postoperative length of hospital stay (hemilaminectomy: 7 (6–9) days, laminoplasty: 9 (7–10) days; p = 0.044). The incidences of postoperative complications were 5% in the unilateral hemilaminectomy group and 11.67% in the laminoplasty group, respectively (p = 0.308) (Table 2).


TABLE 2 Surgical outcomes according to the surgical intervention.
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Follow-up and functional outcome

The average follow-up time was 49.6 ± 30.0 months (range, 6–96 months) in the laminoplasty group and 48.0 ± 28.1 months (range, 6–96 months) in the unilateral hemilaminectomy group (p > 0.05).

The VAS scores were evaluated in both groups, and patients reported significantly less pain at the last follow-up than at admission (p < 0.05) (Table 3). Remarkably, all patients experienced pain relief; however, there was no statistically significant difference in the postoperative VAS between the laminoplasty patients and unilateral hemilaminectomy patients at the last follow-up (p = 0.658) (Table 2).


TABLE 3 Comparison of VAS and KPS scores according to the surgical intervention type.

[image: Table 3]

The KPS and McCormick scores reflect the patients' functional outcomes. In the unilateral hemilaminectomy group, the overall median KPS improved from an average of 80 (70–80) to 90 (90–100) (p = 0.03), whereas in the laminoplasty group, it improved from an average of 80 (70–80) to 90 (90–90) (p = 0.040) (Table 3). In terms of neurological recovery based on the McCormick grade, 11 (27.5%) patients in the unilateral hemilaminectomy group and 16 (26.7%) patients in the laminoplasty group showed improvement, while 29 (72.5%) patients in the unilateral hemilaminectomy group and 43 (71.7%) patients in the laminoplasty group showed no improvement (Table 4). In the laminoplasty group, 1 patient with McCormick grade II deteriorated to McCormick grade III. Although there was no statistically significant difference at the last follow up in the postoperative McCormick score between the laminoplasty group and unilateral hemilaminectomy group (p = 0.687), there was a statistically significant difference in the postoperative McCormick score compared to the preoperative McCormick score in both groups (hemilaminectomy, p = 0.0005; laminoplasty, p = 0.0002) (Table 5), indicating that patients in both groups experienced significant improvement in neurological function. None of the patients developed iatrogenic kyphosis requiring fusion or instrumentation.


TABLE 4 Comparison of postoperative neurological outcomes between patients treated with hemilaminectomy or laminoplasty at the last follow-up.
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TABLE 5 Comparison of neurological outcomes according to surgical intervention type.
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Discussion

Spinal schwannomas are slow-growing benign WHO grade I nerve sheath neoplasm arising from Schwann cells, accounting for 55% of all intraspinal tumors (7). The age of patients at the onset of spinal schwannoma symptoms was 60–70 years (8). In our study, the average age of our patients was consistent with that reported in previous literature. Total tumor excision is the gold standard treatment because it is associated with minimal morbidity and functional improvement (9). Several approaches have been accepted for the resection of spinal tumors, including laminectomy or laminoplasty. These approaches require bilateral dissection of the paraspinal muscles from the lamina (10).

Resection of the lamina and the interspinous ligaments may result in postoperative back pain and increase the risk of late-stage spinal instability or kyphosis. The incidence of post-laminectomy spinal deformities ranges from 33% to 100% (11, 12). Although laminoplasty, as an improved technique, may restore the spinal integrity of the posterior elements, both animal and clinical studies have reported a lower incidence of kyphotic deformities after laminoplasty (3).

As the main goal is complete resection, minimally invasive techniques are advantageous because they avoid iatrogenic trauma, prevent possible instability, and reduce the incidence of postoperative complications while achieving the same desired result. The unilateral hemilaminectomy has become the preferred surgical technique for the removal of intraspinal lesions (13, 14). Some authors have performed a unilateral hemilaminectomy approach for tumor resection and found the advantages of less intraoperative bleeding, fewer postoperative complications, and a shorter length of hospital stay (15, 16). In contrast, Iacoangeli et al. showed that the exposure generated by unilateral hemilaminectomy was limited, which may prolong the operative time and increase the amount of intraoperative blood loss (17). In the current study, 40% patients underwent tumor excision using unilateral hemilaminectomy. Consistent with previous studies, the present study revealed that unilateral hemilaminectomy was associated with significantly less blood loss, shorter operative time, and significantly shorter postoperative hospital stay. This may be owing to the minimal invasiveness of unilateral hemilaminectomy or its association with minimal iatrogenic trauma, including the preservation of the contralateral zygapophyseal joints, contralateral paraspinal musculature, supraspinous, and interspinous ligaments with the integrity of the “tension band” (18).

In unilateral hemilaminectomy, the narrow surgical corridor between the spinous process and the facet joint may increase the risks of inadequate closure of the dura mater and nerve injury, thereby leading to severe postoperative pain, postoperative infection, cerebrospinal fluid leak, and neurological dysfunction (19). Therefore, we compared the postoperative KPS and McCormick scores of the unilateral hemilaminectomy group with those of the laminoplasty group, and the findings revealed that there were no statistically significant in neuro-functional recovery. Moreover, in the current study, the incidence of postoperative cerebrospinal fluid leakage and infection was analyzed. The incidence of postoperative complications was 5% and 11.7% in the unilateral hemilaminectomy and laminoplasty groups, respectively. Our study revealed that compared with laminoplasty, unilateral hemilaminectomy was not associated with an increased risk of postoperative complications, which is consistent with the results of previous studies.

Previous studies have shown that compared with laminectomy, unilateral hemilaminectomy not only reduces the probability of postoperative pain but also relieves pre-existing pain (6). However, in the current study, there was no statistically significant difference in the postoperative VAS scores between the laminoplasty and unilateral hemilaminectomy groups at the last follow-up, which might have allowed anatomical reconstruction of the spinal posterior element and a longer follow-up.

Although the narrow surgical corridor was a disadvantage, the exposed operative field was adequate for microsurgery; in particular, undercutting of the spinous process base and oblique tilting of the operating table allowed safe reversal of spinal schwannomas.

This study has some limitations, such as its retrospective nature, and the choice of approach for each case was based mainly on the operator's experience. Furthermore, the time for postoperative VAS measurement and postoperative neurological testing were not uniform for all patients. Therefore, further prospective randomized studies with large populations that include both unilateral hemilaminectomy and laminoplasty techniques to verify the results of the present study are needed.

However, compared to patients who underwent laminoplasty, those who underwent unilateral hemilaminectomy had a shorter operative time, less blood loss, and faster recovery. More importantly, the differences in complication rates and long-term functional outcomes between the two techniques were not statistically significant.



Conclusion

Unilateral hemilaminectomy is advantageous for the resection of spinal schwannomas. Our findings show that this procedure allows safe, effective, and complete removal of intradural tumors with satisfactory outcomes and many benefits, such as a shorter hospital stay, shorter operative time, and less blood loss.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving humans were approved by the First Affiliated Hospital of Harbin Medical University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

XC: Methodology, Writing – review & editing. DH: Formal analysis, Methodology, Writing – original draft. TM: Formal analysis, Investigation, Methodology, Writing – original draft. HX: Data curation, Formal analysis, Writing – review & editing. HGu: Formal analysis, Project administration, Resources, Writing – original draft, Writing – review & editing. HGe: Formal analysis, Writing – review & editing. XM: Formal analysis, Investigation, Writing – original draft, Writing – review & editing. LT: Methodology, Project administration, Writing – original draft. LW: Writing – review & editing, Funding acquisition. QM: Funding acquisition, Writing – review & editing. JW: Formal analysis, Funding acquisition, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Postdoctoral Science Foundation of Heilongjiang Province (LBH-Z19076), the Heilongjiang Welfare Fund Organization of Disabled Persons (HJ2022-1and2023HX037), the National Natural Science Foundation of China (82360366), the Natural Science Foundation of Guangdong Province (2023A1515012969), and the Natural Science Foundation of Heilongjiang Province (LH2021H065).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Tish S, Habboub G, Lang M, Ostrom QT, Kruchko C, Barnholtz-Sloan JS, et al. The epidemiology of spinal schwannoma in the United States between 2006 and 2014. J Neurosurg Spine. (2019) 32:661–6. doi: 10.3171/2019.10.SPINE191025

 2. Hirano K, Imagama S, Sato K, Kato F, Yukawa Y, Yoshihara H, et al. Primary spinal cord tumors: review of 678 surgically treated patients in Japan. A multicenter study. Eur Spine J Oct. (2012) 21:2019–26. doi: 10.1007/s00586-012-2345-5

 3. Fields MJ, Hoshijima K, Feng AH, Richardson WJ, Myers BS. A biomechanical, radiologic, and clinical comparison of outcome after multilevel cervical laminectomy or laminoplasty in the rabbit. Spine. (2000) 25:2925–31. doi: 10.1097/00007632-200011150-00015

 4. Morio Y, Yamamoto K, Teshima R, Nagashima H, Hagino H. Clinicoradiologic study of cervical laminoplasty with posterolateral fusion or bone graft. Spine. (2000) 25:190–6. doi: 10.1097/00007632-200001150-00008

 5. Mobbs RJ, Maharaj MM, Phan K, Rao PJ. Unilateral hemilaminectomy for intradural lesions. Orthop Surg. (2015) 7:244–9. doi: 10.1111/os.12184

 6. Pompili A, Caroli F, Crispo F, Giovannetti M, Raus L, Vidiri A, et al. Unilateral laminectomy approach for the removal of spinal meningiomas and schwannomas: impact on pain, spinal stability, and neurologic results. World Neurosurg. (2016) 85:282–91. doi: 10.1016/j.wneu.2015.09.099

 7. Ando K, Imagama S, Ito Z, Kobayashi K, Yagi H, Hida T, et al. How do spinal schwannomas progress? The natural progression of spinal schwannomas on MRI. J Neurosurg Spine. (2016) 24:155–9. doi: 10.3171/2015.3.SPINE141218

 8. Traul DE, Shaffrey ME, Schiff D. Part I: spinal-cord neoplasms-intradural neoplasms. Lancet Oncol. (2007) 8:35–45. doi: 10.1016/S1470-2045(06)71009-9

 9. Turel MK, D'Souza WP, Rajshekhar V. Hemilaminectomy approach for intradural extramedullary spinal tumors: an analysis of 164 patients. Neurosurg Focus. (2015) 39:E9. doi: 10.3171/2015.5.FOCUS15170

 10. Kim CH, Chung CK. Surgical outcome of a posterior approach for large ventral intradural extramedullary spinal cord tumors. Spine. (2011) 36:E531–7. doi: 10.1097/BRS.0b013e3181dc8426

 11. Hida S, Naito M, Arimizu J, Morishita Y, Nakamura A. The transverse placement laminoplasty using titanium miniplates for the reconstruction of the laminae in thoracic and lumbar lesion. Eur Spine J. (2006) 15:1292–7. doi: 10.1007/s00586-006-0099-7

 12. Park SB, Jahng TA, Kim CH, Chung CK. Thoracic and lumbar laminoplasty using a translaminar screw: morphometric study and technique. J Neurosurg Spine. (2009) 10:603–9. doi: 10.3171/2009.2.SPINE08257

 13. Oktem IS, Akdemir H, Kurtsoy A, Koc RK, Menku A, Tucer B. Hemilaminectomy for the removal of the spinal lesions. Spinal Cord. (2000) 38:92–6. doi: 10.1038/sj.sc.3100963

 14. Xie T, Qian J, Lu Y, Chen B, Jiang Y, Luo C. Biomechanical comparison of laminectomy, hemilaminectomy and a new minimally invasive approach in the surgical treatment of multilevel cervical intradural tumour: a finite element analysis. Eur Spine J. (2013) 22:2719–30. doi: 10.1007/s00586-013-2992-1

 15. Lei D, Zhou Y, Yao D, Zhang F, Wang X, Jiang X, et al. Efficacy of unilateral hemilaminectomy for intraspinal tumor resection: a systematic review and meta-analysis. Ann Palliat Med. (2021) 10:984–99. doi: 10.21037/apm-20-499

 16. Chiou SM, Eggert HR, Laborde G, Seeger W. Microsurgical unilateral approaches for spinal tumour surgery: eight years' experience in 256 primary operated patients. Acta Neurochir. (1989) 100:127–33. doi: 10.1007/BF01403599

 17. Iacoangeli M, Gladi M, Di Rienzo A, Dobran M, Alvaro L, Nocchi N, et al. Minimally invasive surgery for benign intradural extramedullary spinal meningiomas: experience of a single institution in a cohort of elderly patients and review of the literature. Clin Interv Aging. (2012) 7:557–64. doi: 10.2147/CIA.S38923

 18. Sun CX, Meng XL, Xie SN Yu Y, Yang HJ, Wu B. Unilateral hemilaminectomy for patients with intradural extramedullary tumors. J Zhejiang Univ Sci B. (2011) 12:575–81. doi: 10.1631/jzus.B1000402

 19. Dobran M, Paracino R, Nasi D, Aiudi D, Capece M, Carrassi E, et al. Laminectomy versus unilateral hemilaminectomy for the removal of intraspinal schwannoma: experience of a single institution and review of literature. J Neurol Surg A Cent Eur Neurosurg. (2021) 82:552–5. doi: 10.1055/s-0041-1722968

Copyright
 © 2024 Chen, Han, Mao, Xu, Guo, Ge, Meng, Teng, Wang, Mu and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-15-1383980-t003.jpg
Preoperative Follow-up p value
Hemilaminectomy (n = 40)
VAS 6(3.5-7) 1(0-1) 0.005
KPS 80 (70-80) 90 (90-90) 0.03
Laminoplasty (n = 60)
VAS 7(4-7) 1(0-1) 0.004
KPS 80 (70-80) 90 (90-100) 0.04






OPS/images/fneur-15-1383980-t004.jpg
Hemilaminectomy Laminoplasty P
(n=40) (n—60)  ‘AUe
Neurologically 11(27.5) 16 (26.7) 0.824
improved n
(%)
Neurologically 29(72.5) 43(71.)
the same 1 (%)
Aggravated 0(0) 1(1.6)
neurologically

n (%)






OPS/images/fneur-15-1383980-t001.jpg
Age (years), 53 (46-59) 52 (40.5-59.5) 0.563
mean % SD

Sex

Male 15(37.5) 29 (48.33) 0.285
Female 25(62.5) 31(51.67)

Site of surgery

Cervical 17 (42.5) 23(38.33) 0.15
Thoracic 10 (25) 16(18.3)

Lumbar 13(32.5) 21(43.3)
Preoperative McCormick

1 25(62.5) 41(68.33) 0.637
it 11(27.5) 11(18.33)

it 2(5) 8(13.33)

v 2(5) 0(0)

Preoperative 80 (70-80) 80 (70-80) 0.825
KPS score

Preoperative 6(35-7) 7(4-7) 0236
VAS score

Occupying (%) 77.1 (67.6-80.65 82.3 (68.4-84.1) 0.08
Cranio-caudal 0.328

tumor

extension
1level 23(57.5%) 32(53.3%)
2 levels 17 (42.5%) 28 (46.7%)






OPS/images/fneur-15-1383980-t002.jpg
emilaminectomy Laminoplasty
(n = 40) (n = 60) value

Postoperative complications

No 38 (95) 53 (88.33) 0.308
Yes 2(5) 7(11.67)

Follow-up McCormick score

1 35(87.5) 54 (90) 0.687
1 3(7.5) 4(6.67)

il 2(5) 2(3.33)

Follow-up KPS 90 (90-90) 90 (90-100) 0.649
Follow-up 1(0-1) 1(0-1) 0.658
VAS

Operative time 210 (172.5-247) 232.5 (205-270) 0.012
(min)

Hospitalization 7 (6-9) 9(7-10) 0.044
length (d)

Blood loss (ml) 50 (30-80) 70 (60-100) 0.02






OPS/images/fneur-15-1383980-t005.jpg
Preoperative Follow-up

McCormick McCormick
(n, %) (n, %)

Hemilaminectomy (n = 40)

1 25 (62.5) 35 (87.5) 0.0005
it 11(27.5) 3(7.5)
1 209 2(5)
v 209 0(0)

Laminoplasty (n = 60)

1 41 (68.33) 54 (90) 0.0002
it 11(18.33) 4(667)
1 8(1333) 2(333)

v 0(0) 0(0)






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Unilateral hemilaminectomy vs. laminoplasty for the resection of spinal schwannomas: an analysis of 100 patients



		Introduction



		Materials and methods



		Operative technique



		Statistical analysis







		Result



		Patient demographic data



		Surgical outcomes



		Follow-up and functional outcome







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Neurology

Unilateral hemilaminectomy vs.

laminoplasty for the resection of

spinal schwannomas: an analysis
of 100 patients





OPS/images/fneur-15-1383980-g001.gif





OPS/images/fneur-15-1383980-g002.gif











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Neurology







