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Abstract

Purpose To present a novel technique for anterior instrumentation and reconstruction with PVCR for treatment of severe
neglected congenital kyphosis through posterior approach.

Methods Between 2010 and 2014, all patients with severe congenital kyphosis more than 90° were included. PVCR aug-
mented with anterior vertebral body instrumentation was done for all patients through the same posterior approach. Cobb
angle of the main kyphosis and scoliosis curves, the global sagittal and coronal balance were measured preoperatively, post-
operatively and at 2-year follow-up. The functional outcome was assessed using the SRS-22 questionnaire preoperatively
and at 2-year follow-up.

Results Fourteen patients with mean age of 19.4 years were included. The mean follow-up period was 38 months. The
mean number of resected vertebrae was 2.4 vertebrae per patient. The mean height of the anterior defect after resection was
6.4 cm. The mean preoperative local kyphosis angle was 104.6° that was corrected to a mean of 22.8° at 2-year follow-up.
The sagittal vertical axis improved from 62.7 mm preoperatively to 21.4 mm at 2-year follow-up. The mean coronal Cobb
angle was 71.2° preoperatively and 25.6° at 2-years follow-up. The mean coronal balance was 32.4 mm preoperatively and
13.6 mm at 2-year follow-up. All patients had significant improvement of the SRS-22 questionnaire at the last follow-up.
Conclusion Addition of anterior instrumentation to PVCR allows controlled gradual correction and more biomechanical
stability. This technique should be preserved for high degrees of sagittal plane deformities.
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3. This provides additional stability to the spine and allows resection of
the rigid kyphus as well as stabilization of both anterior and posterior
columns of the spine simultaneously.
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4. Upto100° of sagittal plane correction can be achieved in a single
posterior surgery.
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Introduction

Treatment of neglected congenital kyphosis is challenging.
Pain, neurologic deficits as well as functional and psycho-
logical disabilities are common indications for deformity
correction [1-3].

Many surgical options have been described for treatment
of such progressive and rigid deformity. Posterior vertebral
column resection (PVCR) has been extensively used as a
gold standard for treatment of severe deformity. It allows
resection of both anterior and posterior elements of the
spine, posterior stabilization and anterior column recon-
struction through a single approach [4-6].

This study presents a novel technique for anterior instru-
mentation and reconstruction together with PVCR for treat-
ment of severe neglected congenital kyphosis.

Patients and methods

Between 2010 and 2014, all patients presented to our insti-
tution with severe congenital kyphosis more than 90° were
included in this study. Patients with intraspinal anomalies
or previous posterior surgery were excluded. This study was
approved by Internal Review Board, and an informed con-
sent was obtained from all patients before surgery.

Indications for surgery were progressive deformity, pain
or neurologic deficits. All patients underwent thorough neu-
rological examination. Full length standing spine anteropos-
terior (AP), lateral radiographs and whole spine 3D CT scan
were done for all patients. MRI was obtained to exclude
coincident spinal dysraphism or other intraspinal anomalies.
Functional views were done to evaluate flexibility of the
deformity.

In the lateral view, the Cobb angle of the main kyphotic
curve was measured together with the global sagittal bal-
ance assessed from the distance between C7 plumb line and
postero-superior corner of S1. In the AP view, Cobb angle
of the scoliotic curve was measured. Global coronal balance
was measured as the distance between coronal C7 plumb line
and central sacral vertical line.

All patients were operated in prone position over a radio-
lucent table. Standard posterior approach was used expos-
ing the posterior elements of the spine. Pedicle screws were
inserted using free-hand technique at least three vertebrae
above and below the apex.

A temporary rod was inserted on one side to secure the
spine during resection. Laminectomy was done extending
at least one lamina above and below the desired resection
levels to avoid cord impingement or compression during
correction.
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After facetectomy, the dorsal nerve roots in the resec-
tion levels were identified, ligated and cut unless they were
indispensable. The heads of ribs as well as the transverse
processes were resected exposing the lateral wall of the
vertebrae planned for resection. A careful sub-periosteal
dissection of the lateral wall of the vertebrae was done till
the most anterior part. Utmost care was given not to injure
the parietal pleura. Bleeding from segmental vessels was
managed using bipolar diathermy and local haemostatics.
A blunt spatula was positioned anterior to the anterior lon-
gitudinal ligament to protect the anterior structures and the
great vessels. Excision of the pedicles, lateral wall, body and
disks was done using different rongeurs and osteotomes. A
thin shell of bone just anterior to the dura together with the
posterior longitudinal ligament was kept to prevent undue
redundancy and kinking of the dural sac during correction.
Another temporary rod was inserted on the opposite side,
and the same procedure was repeated from the other side
until complete resection of the desired levels.

The anterior pedicle screws were inserted into the verte-
bral bodies just above and below the desired area for resec-
tion. The entry point started on the lateral wall of the body,
and the screw was directed toward the opposite lateral wall
with slight anterior inclination to avoid violation of the
canal. Usually, one screw above and one below the resected
area were sufficient. A rod with adequate length was con-
nected to those anterior screws.

A spreader was positioned and secured between the two
end plates above and below the resected area from the other
side of the anterior screws to prevent collapse of the spine
after resection of the kyphus. Then, deformity correction
was done gradually by simultaneous anterior distraction over
the two anterior screws as a fulcrum and in situ bending of
the posterior rods.

Utmost care was given to prevent undue kinking or stretch
of the cord. As adequate correction was achieved, the rod
connected to the anterior screws was secured to maintain
the correction and a wake-up test was done. After confirm-
ing neural integrity, a mesh cage with suitable length filled
with autogenous bone graft was inserted and its position was
secured by gentle compression over the anterior screws. The
posterior temporary rods were changed one by one, and the
posterior pedicle screws were checked for loosening after
such manipulations. Loose screws were changed by larger
diameter screws, and the final rod was inserted. Final com-
pression over the posterior pedicle screws secured the cage
in position. The final position was checked by intraoperative
radiographs, and the wound was closed in layers over a suc-
tion drain (Figs. 1, 2, 3).

The operative time, blood loss, blood transfusion as well
as any intraoperative complications were documented for
all patients.
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Fig. 1 Illustration of the
operative steps: a sub-peri-
osteal dissection exposing the
posterior and lateral elements
of the spine. b Insertion of
pedicle screws above and below
the kyphus. ¢ Wide laminec-
tomy extending at least one
lamina cranial and caudal to
the kyphus. d Insertion of 2
anterior screws into the body of
the vertebra above and below
the kyphus and insertion of
posterior temporary rod. e
Kyphectomy with excision of
the whole bodies and disks

in the kyphus. f Connecting a
rod to the anterior screws with
gradual distraction to correct
the deformity. g Insertion of
the mesh cage filled with bone
chips and the final rod

Postoperatively, early weight bearing was allowed as tol-
erated with a thoracolumbar brace. Follow-up visits were
planned at 2 weeks, 2, 6, 12 months and then every year.
Radiological evaluation was done for both coronal and sag-
ittal parameters in each follow-up visit. Fusion was judged
by the stability of the construct and the presence of crossing
bone around the mesh cage. The functional outcome was
assessed using the SRS-22 questionnaire preoperatively and
at the last follow-up.

Results

This study included 14 patients: 9 females and 5 males.
The mean age at surgery was 19.4 +6.43 years with a mean
follow-up period of 38 +17.2 months.

Indications for surgery were painful progressive deform-
ity in all patients. Two patients had neurologic symptoms
in the form of lower limb numbness and sphincteric distur-
bances. One patient had previous failed anterior surgery for
epiphysiodesis.

The mean operative time was 407.8 min, with a mean
blood loss of 1662.4 mL. The mean blood transfusion was
four units per patient (Table 1).

The mean number of resected vertebrae was 2.4 vertebrae
per patient. Titanium mesh cage was used in all patients
with a mean length of 6.4 cm to reconstruct the anterior
defect. The apex of kyphosis was located in the thoracolum-
bar junction (T4—L,) in 12 patients while thoracic (T8, 9)
in 2 patients.

The mean preoperative local kyphosis angle was 104.6°
that was corrected to a mean of 22.8° at 2-year follow-up.
The sagittal vertical axis improved from 62.7 mm ante-
rior to S1 promontory preoperatively to 21.4 mm at 2-year
follow-up.

In the coronal plane, all patients had associated scolio-
sis except one (Fig. 4). The mean Cobb angle of the main
curve was 71.2° preoperatively and 25.6° at 2-year follow-
up achieving 64% deformity correction. The mean coronal
balance was 32.4 mm preoperatively and 13.6 mm at 2-year
follow-up (Table 2).

No cases of neurologic deteriorations or cage dislodg-
ment occurred in this study. One patient had intraoperative
dural tear. Repair was done with no postoperative CSF leak
(Fig. 5). One patient had proximal junctional kyphosis (PJK)
1 year postoperatively and he was counseled for revision
surgery; however, he refused (Fig. 6).

@ Springer



1770 European Spine Journal (2019) 28:1767-1774

Fig.2 Male patient 27 years old with neglected congenital kyphosco- of 93°. ¢, d Postoperative AP and lateral whole spine radiograph after
liosis: a, b preoperative AP and lateral whole spine radiograph show- correction of the LKA to 8°
ing scoliosis measuring 28° and thoracolumbar kyphosis with LKA

Fig.3 Female patient 28 years old with neglected congenital LKA of 104°. b Preoperative coronal and sagittal CT scan. ¢ Postop-
kyphoscoliosis: a preoperative AP and lateral whole spine radiograph erative AP and lateral whole spine radiograph after correction of the
showing scoliosis measuring 65° and thoracolumbar kyphosis with LKA to 28° and the scoliosis to 13°

@ Springer



European Spine Journal (2019) 28:1767-1774

1771

Table 1 Surgical data

Mean Range
Operative time 407.8 min 330-620 min
Operative blood loss 1662.4 cc 1100-3200 cc
Blood transfusion 4 units 3—6 units

Number of resected
vertebrae

Length of the cage 6.4

2.4 vertebra/patient 2-3 vertebra/patient

4-8 cm

The SRS 22 questionnaire improved significantly from
a mean of 2.38 preoperative to 3.92 at last follow-up
(P<0.001). Both the total score and the five domains scores
improved after surgery.

Discussion

The etiology of congenital kyphosis is obscure despite
several theories about environmental, genetics, drugs and
chemicals have been postulated [7]. The onset of congenital
kyphosis starts as early as the first 8 weeks of the prenatal

life [8]. Although a number of cases may be asymptomatic,
neglected symptomatic congenital kyphosis usually ends up
with severe rigid deformity. This constitutes a big challenge
for deformity correction [7]. Moreover, the progression of
deformity can cause neurological deterioration that can
occur in 10-12% of patients [2, 9, 10].

Several surgical options had been described for treatment
of congenital kyphosis including in situ fusion, epiphysiode-
sis, multiple Ponte or Smith Peterson osteotomies and pedi-
cle subtraction osteotomy. However, the correction achieved
by these techniques is limited in patients with neglected
severe curves [4].

Vertebral column resection (VCR) is till now the ideal
treatment of severe, rigid and complex spinal deformity. Tra-
ditionally, VCR was done through combined anterior and
posterior approaches [11, 12]. This increases the surgical
time, blood loss and anesthetic complications. In addition
to the anterior approach-related morbidity, reaching the
anterior column through anterior approach is difficult in
patients with severe kyphosis [13]. These factors caused the
combined anteroposterior VCR to fall out of favor among
surgeons nowadays.

__canmimm

Fig.4 Female patient 17 years old with neglected congenital kypho-
sis: a, b preoperative AP and lateral X-rays showing severe kyphosis
with LKA measuring 129°. ¢ Preoperative sagittal CT scan. d 2-year

follow-up AP and lateral X-rays with correction of LKA to 38° with
bridging bone around the cage

Table 2 Radiographic data

Preoperative 2-year follow-up P value
Local kyphotic angle 104.6° +£19.76° (range 90°—129°) 22.8°+15.1° (range 8°-38°) 0.002
Sagittal balance 62.7 mm 21.4 mm 0.01
Main curve Cobb angle 71.2°+37.2° (range 28°-102°) 25.6°+9.1° (range 15°-33°) 0.001
Coronal balance 32.4 mm 13.6 mm 0.063
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Fig.5 Female patient 21 years old with neglected congenital
kyphoscoliosis: a, b preoperative AP and lateral whole spine radio-

graph showing severe scoliosis measuring 102° and thoracolumbar

kyphosis with LKA of 107°. ¢, d Postoperative AP and lateral whole
spine radiograph after correction of the LKA to 26° and correction of
the scoliosis to 29°

LAY

SUPINE

Fig.6 Male patient 12 years old with neglected congenital kyphosco-
liosis with previous surgery for epiphysiodesis: a, b preoperative AP
and lateral whole spine radiograph showing scoliosis measuring 86°
and thoracolumbar kyphosis with LKA of 90°. ¢, d 1-year follow-up

Since Suk et al. [5, 14] described the technique of PVCR,
this procedure gained popularity among surgeons for cor-
rection of rigid severe deformity [6, 15, 16]. PVCR allows
simultaneous manipulation of the anterior and posterior col-
umn of the spine through the more familial and less morbid
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AP and lateral whole spine radiograph after correction of the LKA to
14° and correction of the scoliosis to 20°. However, PIK occurred and
the patient is planned for revision surgery

single posterior approach with less operative time and blood
loss than the combined approach [9].

However, PVCR is technically demanding with plenty of
complications, especially neurological deficit. This proce-
dure should be done by highly experienced teams.
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In this study, anterior instrumentation through posterior
approach was added to PVCR. We think that those anterior
screws provide immediate stability after resection and pre-
vent collapse or translation of the spine during deformity
correction which might cause stretch or buckling of the spi-
nal cord. Also, distraction over these screws together with
in situ compression over the posterior rods can provide con-
trolled smooth correction of the deformity that may mini-
mize the risk of neurologic complications. Also, anterior
fixation adds to the stability of the construct that may pro-
mote healing and decrease the incidence of pseudoarthrosis.

Congenital spinal deformities commonly have both
kyphosis and scoliosis components. The described new
technique can be applied to all cases where the kyphosis
component is the dominant one. The idea behind this tech-
nique is that in severe kyphosis, after soft tissue dissection
at the hump, surgeon can face the lateral wall of the vertebral
body. So, the anterior screws can be easily inserted through
the lateral wall. We think the described technique is techni-
cally difficult to perform in cases with dominant scoliosis
or mild kyphosis.

In this study, no neurological deterioration occurred in
any patients. Suk et al. [5] reported 2 complete spinal cord
injuries (SCI) out of 70 patients. Papadopoulos reported 1
complete SCI in his study that included 45 patients [15].
Wang et al. reported one incomplete SCI out of 24 patients
[9].

Control of blood pressure during osteotomy, stabiliza-
tion of the spine with temporary rod during resection, care-
ful protection of the neural element together with adequate
reconstruction of the height of the anterior column to pre-
vent buckling or stretch of the cord are all essential factors
to decrease the incidence of neurologic complications [9].
The addition of anterior column screws may provide addi-
tional stability during correction and prevent translation or
collapse of the spine with a protective effect on the neural
elements.

The complications reported in this study were comparable
to those reported in previous studies about PVCR in severe
rigid deformity. One patient had PJK that was indicated for
revision surgery. The incidence of PIK after spinal deformity
correction can reach up to 30% [17]. However, despite this
high prevalence, radiographic PJK does not always correlate
with poor clinical outcome. Proper selection of the upper
instrumented vertebrae, restoration of the sagittal balance
and avoiding injury of the facet capsule of the non-fused
levels can minimize the incidence of PIK [17].

VCR may be associated with a high rate of rod breakage
or screws loosening due to marked instability after resec-
tion. Many studies (in vitro and in vivo) reported the impor-
tance of using satellite, accessory or multiple rods to prevent
mechanical complications after three column osteotomies or
complex spinal reconstruction. [18-21] Our technique has

the advantages of having another anchor point and being in
the load sharing anterior column of the spine. We suppose
this might be biomechanically advantageous over accessory
or satellite rods; however, a biomechanical study to compare
these different fixation techniques is needed.

Implant failure can occur in up to 9% in previous studies.
[9] This can result in cage dislodgment which may cause cat-
astrophic injuries of the cord. Our technique provides direct
stabilization to the cage that may decrease the incidence of
cage dislodgment.

Conclusion

PVCR augmented with anterior instrumentation is a power-
ful, safe and effective method for correction of severe con-
genital kyphoscoliosis. Up to our knowledge, this is the first
report to describe anterior instrumentation through posterior
approach in correction of severe kyphosis. The addition of
anterior screws through the same posterior approach pro-
vides additional stability to the spine and would minimize
mechanical complications and rod breakage. This technique
allows resection of the rigid kyphus as well as stabilization
of both anterior and posterior columns of the spine simul-
taneously through the traditional posterior approach. This
saves the patient the anterior surgery with its morbidity. Up
to 100° of sagittal plane correction can be achieved in a
single posterior surgery.
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