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Abstract

future to be applied for more wider indications.

Background: Thoracic kyphosis is not so uncommon, which presents with devastating myelopathy. In the past, the
surgical treatment for it had been somewhat controversial. Traditionally, it had been addressed by open
decompression and stabilization with significant dissection and disruption of normal tissues and complications.

Main body: Recently, correction techniques have evolved as the standard of care. A substantial body of evidence
now supports the benefits of correction but can be questioned in view of the fact that upper dorsal kyphosis is
never a cosmetic concern in our part of the world. New technique has reduced complications, but it is not solely
due to the technique but due to accessory gadgets like O-arm, navigation, and IONM making it safer. We describe
a method of 360° decompression alone with the use of an Ultrasonic Bone Scalpel (UBS) that preserves maximum
bony stability and achieves an optimum bone sculpting that negates the need for correction.

Conclusion: This technique of ventral sculpting decompression in the thoracic spine may be more utilized in the
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Background

Congenital abnormalities, infection, and metabolic disor-
ders lead to bone weakness making vertebral bodies vul-
nerable to collapse and progressive kyphosis leading to
gibbus deformities [1, 2]. Progressive kyphosis risks cord
compression leading to myelopathy and paraplegia if left
untreated [3]. Ossified posterior longitudinal ligament
(OPLL) and multiple ossified discs also cause cord com-
pression resulting in neurologic deficit. In severe rigid
dorsal kyphosis with neurological involvement, decom-
pression and correction of the deformity are proposed as
standard care [4-8].
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In cases of upper dorsal congenital rigid kyphosis, de-
formity correction as one of the aims of the treatment
can be questioned where deformity is concealed and un-
noticed for years. Often, such patients present late with
neurology being the only concern. For such cases, only
decompression without any attempt of deformity correc-
tion should be considered and given paramount import-
ance [9].

Anterior decompression through a posterior-only ap-
proach can be done by the classic method explained by
Ohtsuka et al. [10]. The technique was modified by
many authors to reduce intraoperative complications [8,
11]. Presently, burr is the standard instrument used for
anterior decompression through posterior-only ap-
proaches as described in the literature [10]. Also, sparse
literature is available about the use of UBS for osteotomy
procedures [12—-14].
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We are presenting a technique for 360° decompression
of the cord through a posterior-only approach using
UBS. This can be used for any pathology leading to an-
terior compression where only decompression is the aim
of the treatment.

Main text

Surgical procedure

Positioning

The procedure was performed under general total intra-
venous anesthesia with intraoperative neuromonitoring
(IONM). The patient was placed prone over with bol-
sters in an accommodative kyphotic position with ad-
equate padding for bony prominences. Particular
attention was paid and care was taken to prevent hyper-
extension of the neck and pressure on the eyes and ab-
domen. Local anesthetic infiltration was done.

Exposure and pedicle screw insertion

Midline exposure was done two vertebral levels above
and below the apex of deformity for the index case (Fig.
1). Sub-periosteal dissection was completed as far as the
transverse process to obtain adequate exposure on both
sides. Only those facets were exposed carefully which
were in the planned fusion mass. Pedicular screws were
inserted in D2 and D6 using an intraoperative 3D
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imaging system [O-arm™ 1000 year 2006, Medtronic,
USA] along with a navigation system [Stealth Station™
8] and connected with a temporary rod on the right side.
D3 to D5 laminectomy was performed with UBS [Miso-
nix Bone Scalpel by Misonix, Farmingdale, NY, USA].

Exposure was extended on the left side with a perpen-
dicular incision at the level of deformity till the angle of
the ribs, i.e., 12 cm and muscle layer was cut in a horizon-
tal orientation (Fig. 2). Medial 3 in. of 3 ribs at the level of
deformity were removed with the Ultrasonic Bone Scalpel
after dislocating from the costo-transverse and costo-
vertebral joints, respectively. The transverse process of D4
and D5 with pedicle and facets was removed with UBS.
D3 and D4 nerve roots were ligatured, transfixed, and cut
with the long thread left behind. Left lateral margins of
the affected vertebral bodies were exposed sub-periostealy
and an extra-cavitatory plane created.

Osteotomy

The upper and lower extent of needed decompression was
assessed on preoperative computed tomography (CT) scan
films. Clinically, a Penfield dissector was used to feel the
non-compressed cerebro-spinal fluid (CSF) and the ma-
nipulable cushioned cord above and below the gibbus.
Also, O-arm-acquired images coupled with the navigation
probe were used (Fig. 2). The defined level laminectomy

Postoperative drain output of 3 days was 470 ml.

Fig. 1 Index case, 19-year-old male. a Preoperative lateral radiographs showing kyphosis. b, ¢ Preoperative MRI T2-weighted sagittal image and

preoperative CT scan sagittal section showing the kyphus with internal gibbus with block vertebra T5_45. d, @ Postoperative anteroposterior and
lateral radiographs showing single-segment screw fixation. f Postoperative MRI showing internal gibbectomy done and the decompressed cord.
The preoperative status of neurology was mJOA (modified Japanese Orthopaedic Association) score 2; that improved to score 7 at 6 weeks. The
duration of surgery was 275 min from induction to extubation. The hospital stay was 6 days. The total blood loss perioperative was 400 ml.
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(inset) to mark and confirm the extent of the planned gibbectomy

Fig. 2 Midline exposure with left lateral horizontal extension. Laminectomy was done with UBS. The rib, pedicle, and transverse processes were
excised. Extra-cavitatory approach access ventrally achieved after roots sacrifices. Navigation probe (white asterisk) is being used to mark the
extent of gibbus after clinical verification with Penfield probing. Navigation tracker placed caudally (yellow asterisk). Navigated probe being used

was extended up to the margins of pedicles. Using UBS
with a 3rd-party navigation system mounted, a bone block
was created by cutting postero-lateral one third of the ver-
tebral body while leaving a slab still ventral to the cord.
This was done at an approach angle of 5 to 20° (Fig. 3).
The block is completed throughout from the upper to
lower extent of proposed decompression. The opposite
side of the slab and block is cut vertically on the right side
near the medial border of the pedicle (Fig. 4). The bone
block ventral to the slab is now completely free and is
pulled out laterally to create a trough space for the ma-
nipulation and delivery of the slab.

After making the trough, cranial and caudal defined
margins are cut through bones with Misonix. If a disc is
present, then it is cut with a knife. The cut through the
posterior longitudinal ligament (PLL) is done with a

knife at both ends (Fig. 5). This free ventral slab with
PLL is manipulated with utmost care in the ventral
direction and any adhesions dorsally with the cord are
separated. The slab is now a flat sheet of the bone which
is lying in the ventral trough space and is removed from
the left side. The cord is now confirmed decompressed
(Fig. 6). Also, after the completeness of the procedure,
the Penfield dissector was used for the probing of ventral
epidural space at the upper and lower angles of kyphosis
which showed a completely relaxed lax cord. Moreover,
a spherical appearance of the cord was regained on
either side indicating an adequate endpoint.

Bone grafting and reconstruction
Cobalt-chromium rods were bilaterally fixed to the two
screws on each side of the construct. The bed was
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cut out the bone block ventral to the cord and thin slab (inset)

Fig. 3 Horizontal cut with UBS for creating trough space by cutting out the bone block. Virtual image showing navigated UBS is being used to

(L

prepared for bone grafting by shingling. On the left side,
the bone graft extended from the proximal vertebra to
the distal vertebra antero-laterally along the remaining
shell of the osteotomised body. On the right side, facet
joints and transverse processes bed were used (Fig. 7).
Closure was done over two drains in layers.

Discussion

Ventral cord compression leading to thoracic myelop-
athy can be caused by conditions like congenital ky-
phosis, post infectious kyphosis, and calcified herniated
discs, where surgical intervention is necessary [1, 2, 15—
17].

The treatment of such conditions with only laminec-
tomy is ineffective to decompress the cord because ky-
phosis restricts the backward shift of the cord. Anterior
decompression by removal of the ossified ventral area
may be the most effective method. However, an anterior

approach only in an already compromised cord without
laminectomy can invite severe complications. Moreover,
with an anterior approach in severe kyphosis, visibility
and orientation are difficult [18].

Staged anterior and posterior approaches have demon-
strated favorable outcomes but increase patient morbid-
ity by increasing surgical insult and time. Anterior plus
posterior decompressions by posterior-only approaches
are more versatile [4-8, 10, 11, 19-21].

The index case discussed is a late-presenting severe
upper thoracic kyphosis with myelopathy. Current
guidelines for kyphosis with myelopathy are of both an-
terior and posterior decompression and fusion, with de-
kyphosis [4, 5]. In an older child, neurological injury is
much more common [9, 22].

With increasing knowledge of osteotomies, surgeons
have begun to develop techniques through posterior-
only approaches [4-7, 23]. Correction of greater Cobb
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Fig. 4 Vertical cut being made on the opposite side to cut the bone block and slab ventral to the cord simultaneously. To be noted that after
this cut the bone block is a free piece and the slab has still got distal and proximal attachments

Fig. 5 lllustration showing that after the block is removed; the slab still presents ventral to the cord with adhesions
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Fig. 6 The decompressed cord. After completion of osteotomy procedure, intraoperative O-arm acquired CT images confirming complete

gibbectomy (inset)

Fig. 7 lllustration showing 360° decompressed cord with bone graft laid on bilateral sides on prepared beds
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angles requires a shortening of the spinal cord which is
dangerous in an already compromised cord [9]. In evolv-
ing paraplegia, circumferential decompression is essen-
tial for neurologic recovery. Stability rather than
correction is paramount. Song et al. [24] in their review
of 52 patients who had surgical treatment for severe ky-
phosis, 17 patients had myelopathy. Anterior plus pos-
terior decompression along with fusion without any
attempted correction was observed to be a safer modal-
ity with better results than previously reported [24].

The conventional procedure for anterior decompres-
sion from a posterior approach was described by Oht-
suka et al. [10] where anterior ossification causing
compression was cleared using a burr. Kato et al. [11]
modified this technique by creating more space by re-
moving transverse processes and pedicles with a reduc-
tion in neurological complications as further advantages.

UBS gives superiority in precise bone cuts and less
bleeding. The UBS oscillates in a linear, piston-like mo-
tion enabling an effortless dissection of hard cortical
bone. Less bleeding increases visibility and decreases the
time consumed. Also, this not being a rotatory instru-
ment is safer [12, 13].

Our approach is similar to that of the burr-using surger-
ies, but the opposite side cut is made without sacrificing
the natural construct of facets completely. The UBS is put
perpendicularly besides the pedicle levels after the roots
are sacrificed. O-arm and navigation additionally increase
the perfection of screws, predefining of osteotomy cuts
and post decompression verification (Fig. 6) [25, 26]. Pre-
serving the one side of bony architecture helps to get add-
itional bone graft bed and precise cuts prevent the
instability. IONM is the current recommendation in most
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of the deformity and decompressive surgery mainly in the
thoracic and cervical spine [27]. In high-end decom-
pressive cases and kyphosis with neurological deficit, no
signals may be elicitable from the start of the case itself.
But routine cases of scoliosis or kyphosis surgery without
any loss of signals or improvement of signals may be a
positive recommendation for safe spine surgery. We also
used IONM throughout the case. There were no signals in
the lower limbs in supine preoperative pre-positioning,
neither in prone position nor throughout the surgery.
There were no signal improvements noted at the end and
the patient woke up with the same preoperative neuro-
logical status.

There are limitations on the applicability of advanced
technologies like O-arm, navigation, and UBS due to
cost. This is a technique report only and not a long-term
data analysis. But this is applied in many cases of thor-
acic gibbus, OPLL, and calcified disc at the authors’ in-
stitute with long-term outcomes awaited. Thus, this is a
case report article and throws inputs to the technique of
the procedure. This is going back in times and doing in-
ternal gibbectomy only as against the current recom-
mendations but are less tedious than conventional
vertebral column resection and correction. Moreover,
adjunct technologies make the execution perfect. Post-
operative CT scan has not been done to assess the status
of laid bone graft on prepared beds. But the follow-up
radiographs (Fig. 8) show the maintained alignment. No
loss of reconstruction is indirect evidence of stability
and fusion. Comparative analysis with kyphosis correc-
tion series on all parameters and variables are required
to propose concrete recommendations. But with burr,
this sculpting is nearly impossible or dangerous because

mJOA score was 11

Fig. 8 Postoperative 27-month follow-up radiographs (a, b) showing maintenance of alignment, no loss of correction, or implant failure. The final
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of its rotating principle and limitations of working im-
mediately adjoining the cord. It is quite evident that this
technique with UBS does help in sculpting the decom-
pression with the saving of time and blood without com-
promising stability. A significantly good bone-grafted
bed for reinforcement union is available. Being single
staged, it also reduces the surgical time and indirect cost
required.

Conclusions

There are cost limitations to the applicability of ad-
vanced technologies like O-arm, navigation, and UBS till
the standard of care is laid down in health and insurance
policies. This is a technique report which opens the fu-
ture possibilities in many cases of thoracic gibbus, OPLL,
and calcified disc. Though comparative analysis and long
series are awaited, it is quite evident that this single-
stage technique with UBS does help in sculpting tricky
adequate ventral decompression.
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PLL: Posterior longitudinal ligament; UBS: Ultrasonic Bone Scalpel
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