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Abstract

Background Laminotomy has been introduced in surgical practice to reduce complications of laminectomy after surgery
of tumors in the spinal canal. However, the posterior ligament complex, which is routinely interrupted to remove the lami-
noplasty segment and gain access to the spinal canal, has a tendency not to heal and can lead to progressive kyphosis and
collapse.

Case presentation A 5-month-old boy affected by a thoracolumbar extradural tumor extending along seven spinal levels was
operated on. The tumor was exposed and completely resected by a one-piece laminotomy with preservation of the integrity
of the posterior tension band at both extremities. After 1-year radiological examination ruled out spinal deformity.
Conclusion The technique herein presented, which we named in situ laminotomy, allows to fully preserve the posterior ten-
sion band without reducing the exposure of the spinal canal in multilevel tumors. Additionally, the technique makes also the
reconstruction of the spine elements very easy and rapid. However, longer follow-up is necessary to prove the effectiveness
of this procedure in preventing long-term deformity and instability.
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Introduction

Laminotomy has been conceived and introduced in surgi-
cal practice to reduce complications of laminectomy after
surgery on tumors in the spinal canal [1].

Although bone structures are repaired, the risk of
medium- to long-term deformity still exists because
other factors concur with this complication, in particu-
lar, younger age and extension of the tumor [2]. Thus,
the most commonly defined preventative measure is
represented by limited decompression, preserving struc-
tural elements of the spine such as the facet capsules
and the interspinous and supraspinous ligaments. These
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structures, along with flavum ligaments, constitute the
posterior ligament complex (PLC), which serves as a
posterior tension band of the spinal column and plays
an important role in the stability of the spine [3]. A dis-
rupted PLC has a tendency not to heal and can lead to
progressive kyphosis and collapse.

On these grounds, superiorly-based laminoplasty has
been conceived aiming to preserve the integrity of posterior
tension band at least at its cephalad extremity [4].

In the present case, we moved a step forward, aiming
to preserve the integrity of the posterior tension band at
both extremities. The technique herein described, which
we named in situ laminoplasty, warranted a complete
exposure of the spinal canal, allowing to resect a huge
thoracolumbar extradural tumor extending along seven
spinal levels in an infant. The technique made also the
reconstruction of spine elements very easy and rapid.
The obvious advantages for the restoration of spine integ-
rity and function should be confirmed by a larger experi-
ence and longer follow-up.
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Case report

A 5-month-old boy complained a 2-month history of incon-
solable crying and progressive lower-limb weakness. Spine
MRI showed a voluminous spinal extradural tumor (8 cm
longitudinal diameter) extending from D10 to S1 (Fig. 1).
The site and the extraforaminal extension of the tumor, the
signal suggesting hypercellularity, and the homogeneous
contrast enhancement were in favor of neuroblastoma.

The spinal component of the tumor was surgically
resected under general anesthesia with the aid of intraop-
erative neurophysiological monitoring.

Surgical technique

After median skin incision and skeletonization of the D10-
S1 laminae, exposing only medial facet joints by subperi-
osteal paraspinal muscle dissection, one-piece D11-L5 lami-
notomy was carried out by means of a piezoelectric bone
scalpel (PIEZOSURGERY plus, Mectron Medical, Italy).
This instrument allowed us to achieve the largest lateral
exposure of the spinal canal along with careful preservation
of facet joints since the thin tip allows a micrometric oste-
otomy that is tangential to the medial aspect of the facet [5].

The supraspinatus and interspinous ligaments were
fully preserved, as well as the flavum ligaments. Stand-
ard laminotomy after this step would consist of section of

Fig. 1 Preoperative sagittal
T2-weighted and T1-weighted
after gadolinium MR (A

and B, respectively) show-

ing thoracolumbar intracanal
neuroblastoma. Preopera-

tive axial T1-weighted after
gadolinium MR (C) highlight-
ing the anterior displacement
and severe compression of

the dural sac (arrow) by the
intracanal component of the
tumor and the extraforaminal
component of the tumor extend-
ing through the left neural fora-
men (asterisk). Postoperative
sagittal T2-weighted and axial
T1-weighted after gadolin-

ium MR (D and E, respectively)
confirming the complete resec-
tion of the intracanal tumor,
with expansion of the dural sac
(arrow), with the extraforaminal
component of the tumor still in
place (asterisk)
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these ligaments rostrally and caudally to the level included
in the laminotomy.

In the present case, only the flavum ligament was sec-
tioned with a 1-mm Kerrison punch at those levels, thus
preserving the supraspinatus and interspinous ligaments.
Then, the laminoplasty segment was lifted with curettes
and retracted laterally on one side or another, thus allow-
ing full exposure of the spinal canal and dural sac.

Under microscopic view, the tumor was carefully dis-
sected away from the dural sac and completely resected.
The neural roots were freed of the tumor at the conjugation
foramina.

After epidural hemostasis, the laminotomy segment was
brought back in place. Reconstruction was made easy by
the preservation of the posterior tension band. Burr holes
on the laminae and receiving bone edges were performed
by means of a 1-mm high-speed drill. Laminae were fixed
with 5.0 prolene sutures, and minimal bone gaps were
sealed with fibrin glue.

Then, the paraspinal muscles were re-approximated
to the laminae and sutured to the deep interspinous liga-
ments, and the surgical wound was closed in a standard
fashion.

Intraoperative neurophysiological monitoring was
unchanged from baseline.

Intraoperative pictures and schematic drawings of the
procedure are presented in Figs. 2 and 3, respectively.
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Fig.2 Steps of the surgical pro-
cedures: laminotomy D10-S1
using piezoelectric bone scalpel
(A); lateral mobilization of

the laminoplasty flap (B) with
exposure of the tumor (C), dural
sac after complete removal of
the tumor (D), realignment of
the laminoplasty flap (E), and
fixation with sutures and fibrin
glue (F)

Postoperative course

The postoperative course was characterized by a prompt
improvement of the preoperative neurological deficits. Spine
MRI confirmed the radical resection of the intraspinal com-
ponent of the tumor with small residual extraspinal tumor
extending out of the foramina.

Pathological examination confirmed the diagnosis of neu-
roblastoma, and the extraspinal residual tumor was resected
by a pediatric surgeon.

One-month follow-up CT scan and spine X-rays per-
formed 6 months after surgery confirmed the correct rea-
lignment of the laminae. CT scan after 1 year ruled out any
spinal deformity or other complications (Fig. 4).

Discussion

Laminectomy has been long time used to gain access to the
spinal canal. However, the risk of deformity and instability
in the immature spine of a child uniformly affects over one-
third of patients [6].

This risk recognizes several factors and is in part
ascribed to the presence of a higher content of cartilage,

to a more horizontal alignment of facet joints, to the more
flexible ligaments, to the growth of the spine, and to the
disease process itself.

Thus, laminotomy and laminoplasty have been con-
ceived to overcome the limits of laminectomy [1] and are
considered so far the standard of care, in particular in chil-
dren. Indeed, laminoplasty significantly mitigate the risk
of kyphosis [7, 8], though the risk still exists [9]. Indeed,
different technical nuances have been proposed aiming to
further reduce this complication.

On one side, the split laminotomy, first proposed by
Bognar et al. in children [10], may minimize the mus-
cle dissection and bone removal associated with more
traditional techniques, thus reducing postoperative pain
and muscle atrophy [11]. However, surgical exposure is
slightly restricted compared to traditional laminotomy,
so the technique is well-suited for pathologies located
in the posterior midline of the spinal canal. In fact, the
technique is frequently used for one-level surgery (e.g.,
sectioning the filum terminale) [11, 12], but its use in a
long-segment approach remains anecdotal [13, 14]. Fur-
thermore, in some cases, midline splitting is not feasible
or convenient because of anatomical differences between
spinous processes and laminas [15].
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Fig.3 Original drawing

by Carolina Noya showing
stepwise representation of the
surgical technique: details of
the osteotomy line tangential to

medial aspect of the facet joint
(A) to perform laminotomy
using piezoelectric bone scalpel
(B); mobilization of the lami-
noplasty segment that is lifted
and retracted laterally on either
side alternatively to gain access
to the spinal canal (C and D,
arrow showing the direction of
the surgical microscope); recon-
struction after complete removal
of the tumor (E)

On the other side, variants of traditional laminotomy
have been proposed. Indeed, laminotomy aims to preserve
the bony elements, but the posterior ligament complex is
routinely interrupted to remove the laminoplasty segment
and gain access to the spinal canal. An effort to partially
preserve this functional structure has been proposed by
sectioning only the ligaments at the caudal extremity of
the laminoplasty segment and reflecting it rostrally [4].

The present surgical technique allows to almost fully
preserve the posterior tension band without reducing the
exposure of the spinal canal since the laminotomy segment
is lifted almost completely away from the exposed spinal
canal in its median portion (Figs. 2 and 3). The use of
piezoelectric bone scalpel is essential as this tool allows
to perform micrometric osteotomy that warrants the maxi-
mal lateral exposure of the spinal canal and at the same
time minimizes the bone loss, thus favoring the subsequent
bone healing and reducing the risk of deformity [5]. The
angulation of the surgical microscope allows us to easily
visualize and approach the structures in the spinal canal
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and also at the rostral and caudal parts of the exposed
surgical field.

Obviously, this technique is not feasible in a single-
level approach, and we may not draw a definitive conclu-
sion about the minimum number of levels required to per-
form this technique. We may speculate that the possibility
of using this technique to approach a tumor of the spinal
canal is related to the age of the patient and the extension
of the laminotomy.

Although we may not know in advance if this technique
may warrant adequate mobilization of the laminotomy seg-
ment in order to adequately expose the spinal canal, we think
that is worth attempting this option in the pediatric popula-
tion before moving forward to traditional laminotomy.

As a result, in multiple-level laminotomy, we propose
a step-by-step approach aiming to preserve the functional
integrity of the spine.

As the first attempt, we try to approach the intraspinal
tumor with in situ laminotomy. If the retraction of the spinal
flap does not allow to gain adequate access, superiorly based
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Fig.4 3D-CT scan and lateral
X-rays of the spine confirming
the optimal reconstruction of
the laminae in the immediate
postoperative follow-up (A
and B, respectively) and fusion
without spinal deformity after
1 year (C and D, respectively)

laminotomy, as proposed by Meyer et al. [4], is performed by
interrupting the posterior ligament complex at the inferior
extremity of the laminotomy segment. Finally, if additional
exposure is required, the procedure may be completed by
sectioning the ligaments at the cranial extremity of the flap,
thus performing a standard multilevel laminotomy.

In conclusion, the present case proves the feasibility of
removing the intraspinal tumor with in situ laminoplasty,

although longer follow-up is necessary to prove the effec-
tiveness of this procedure in preventing long-term deformity
and instability.

Acknowledgements Coauthors kindly thank CN for the drawings
included in the paper.

Author contribution P.F. conceived the technique and the manuscript.
C.N. and G.D. wrote the main manuscript text. T.V. and P.F. prepared

@ Springer



1646

Child's Nervous System (2023) 39:1641-1646

figures. C.N. prepared drawings illustrating the steps of the surgical
technique. L.M., F.B., and G.T. reviewed the manuscript. Each author
approved the submitted version of the paper.

Funding Open access funding provided by Universita Cattolica del
Sacro Cuore within the CRUI-CARE Agreement.

Data availability All the material is owned by the authors and no per-
missions are required.

Materials availability All the material is owned by the authors and no
permissions are required.

Declarations

Ethics approval and consent to participate No ethics approval is
required for the present study.

Consent for publication The parents of the patient gave written
informed consent for publication.

Conflict of interest There is no conflict of interest to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Raimondi AJ, Gutierrez FA, Di Rocco C (1976) Laminotomy and
total reconstruction of the posterior spinal arch for spinal canal
surgery in childhood. J Neurosurg 45:555-560. https://doi.org/10.
3171/jns.1976.45.5.0555

2. Joaquim AF, Cheng I, Patel AA (2012) Postoperative spinal
deformity after treatment of intracanal spine lesions. Spine J
12:1067-1074. https://doi.org/10.1016/j.spinee.2012.09.054

3. Khurana B, Sheehan SE, Sodickson A et al (2013) Traumatic
thoracolumbar spine injuries: what the spine surgeon wants to
know. Radiographics 33:2031-2046. https://doi.org/10.1148/rg.
337135018

4. Meyer NJ, Flatley TJ, Dunn DDK (2003) Superiorly based
laminoplasty in children: average 6.8-year follow-up of 21

@ Springer

patients. J Spinal Disord Tech 16:156-162. https://doi.org/10.
1097/00024720-200304000-00007
5. Massimi L, Rapisarda A, Bianchi F et al (2019) Piezosurgery in
pediatric neurosurgery World Neurosurg 126:e625-e633. https://
doi.org/10.1016/j.wneu.2019.02.103
6. Bell DF, Walker JL, O’Connor G, Tibshirani R (1994) Spinal
deformity after multiple-level cervical laminectomy in children.
Spine (Phila Pa 1976) 19:406-411. https://doi.org/10.1097/
00007632-199402001-00005
7. McGirt MJ, Chaichana KL, Atiba A et al (2008) Incidence of spi-
nal deformity after resection of intramedullary spinal cord tumors
in children who underwent laminectomy compared with lami-
noplasty. J Neurosurg Pediatr 1:57-62. https://doi.org/10.3171/
PED-08/01/057
8. Raab P, Juergen K, Gloger H et al (2008) Spinal deformity after
multilevel osteoplastic laminotomy. Int Orthop 32:355-359.
https://doi.org/10.1007/s00264-007-0325-x
9. Amhaz HH, Fox BD, Johnson KK et al (2009) Postlaminoplasty
kyphotic deformity in the thoracic spine: case report and review
of the literature. Pediatr Neurosurg 45:151-154. https://doi.org/
10.1159/000209655
10. Bognér L, Madarassy G, Vajda J (2004) Split laminotomy in pedi-
atric neurosurgery. Childs Nerv Syst 20:110-113. https://doi.org/
10.1007/s00381-003-0848-4
11. Arocho-Quinones EV, Kolimas A, LaViolette PS et al (2018)
Split laminotomy versus conventional laminotomy: postoperative
outcomes in pediatric patients. J Neurosurg Pediatr 21:615-625.
https://doi.org/10.3171/2017.12.PEDS 17368
12. Strong MJ, Thompson EM, Roundy N, Selden NR (2015) Use of
lumbar laminoplasty vs. laminotomy for transection of the filum
terminale does not affect early complication rates or postopera-
tive course. Childs Nerv Syst 31:597-601. https://doi.org/10.1007/
s00381-015-2615-8
13. Nguyen HS, Lew S (2017) Extensive multilevel split laminotomy
for debulking a cervicothoracolumbar nondysraphic intramedul-
lary spinal-cord lipoma in a 2-month-old infant. Pediatr Neurosurg
52:189-194. https://doi.org/10.1159/000459628
14. Tarabay A, Maduri R, Rizzi M et al (2020) Midline spinous pro-
cess splitting laminoplasty in a newborn with thoracolumbar epi-
dural hematoma: a bone-sparing procedure based on anatomy and
embryology. Childs Nerv Syst 36:3103-3108. https://doi.org/10.
1007/s00381-020-04611-9
15. Padanyi C, Vajda J, Banczerowski P (2014) Para-split laminot-
omy: a rescue technique for split laminotomy approach in explor-
ing intramedullary midline located pathologies. J Neurol Surg A
Cent Eur Neurosurg 75:310-316. https://doi.org/10.1055/s-0033-
1356487

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3171/jns.1976.45.5.0555
https://doi.org/10.3171/jns.1976.45.5.0555
https://doi.org/10.1016/j.spinee.2012.09.054
https://doi.org/10.1148/rg.337135018
https://doi.org/10.1148/rg.337135018
https://doi.org/10.1097/00024720-200304000-00007
https://doi.org/10.1097/00024720-200304000-00007
https://doi.org/10.1016/j.wneu.2019.02.103
https://doi.org/10.1016/j.wneu.2019.02.103
https://doi.org/10.1097/00007632-199402001-00005
https://doi.org/10.1097/00007632-199402001-00005
https://doi.org/10.3171/PED-08/01/057
https://doi.org/10.3171/PED-08/01/057
https://doi.org/10.1007/s00264-007-0325-x
https://doi.org/10.1159/000209655
https://doi.org/10.1159/000209655
https://doi.org/10.1007/s00381-003-0848-4
https://doi.org/10.1007/s00381-003-0848-4
https://doi.org/10.3171/2017.12.PEDS17368
https://doi.org/10.1007/s00381-015-2615-8
https://doi.org/10.1007/s00381-015-2615-8
https://doi.org/10.1159/000459628
https://doi.org/10.1007/s00381-020-04611-9
https://doi.org/10.1007/s00381-020-04611-9
https://doi.org/10.1055/s-0033-1356487
https://doi.org/10.1055/s-0033-1356487

	Technical note–in situ laminotomy: preserving posterior tension band in surgery of pediatric multilevel spinal tumor
	Abstract
	Background 
	Case presentation 
	Conclusion 

	Introduction
	Case report
	Surgical technique
	Postoperative course

	Discussion
	Acknowledgements 
	References


