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Abstract

Background: Achondroplasia is the most common cause
of skeletal dysplasia and thoracolumbar kyphosis is one
of the most common spinal disorders in achondroplastic
patients. If the thoracolumbar kyphosis progresses despite
conservative treatment, or if the kyphosis exceeds 50
degrees, or patients develop neurological deficits relating
to the thoracolumbar kyphosis, surgical intervention is
indicated. Currently there are several surgical techniques
for correction of thoracolumbar kyphosis, such as pedicle
subtraction osteotomy (PSO) and vertebral column resection
(VCR) but there are few reports about using Vertebral
Column Decancellation (VCD), especially in skeletally
mature achondroplastic patients. The purpose of this study
is to evaluate the results and complications and outcome
of Vertebral Column Decancellation (VCD) in a skeletally
mature achondroplastic patient.

Case presentation: A 34 years old achondroplastic man
with severe thoracolumbar kyphosis (103 degree) and
significant neurological symptoms such as bilateral lower
limbs numbness and claudication underwent Vertebral
Column Decancellation (VCD). The patient was evaluated
radiographically and clinically for 2 years with SRS-22 Score
and ODI Score and VAS Score. The patient responded very well
to VCD. The neurological symptoms improved and deformity
was corrected with minimal surgical complications.

Conclusions: The long term radiological and clinical results
of Vertebral Column Decancellation (VCD) in treatment of
sharp angular thoracolumbar kyphosis in achondroplastic
mature patient demonstrated that this technique is a
relatively safe procedure and also has favorable outcomes.
Since surgical complications are the major concerns about
3-column osteotomies, strict adherence to agreed surgical
protocols can minimize the rates of complications (such as
dural rupture, surgical site infection, massive bleeding). With
meticulous hemostasis and administration of tranexamic
acid during the surgery the rate of blood loss can be
reduced. Despite the impaired enchondral ossification in
achondroplastic patients, due to the bone-to-bone contact
in VCD, the risks of nonunion and subsequent complication
such as rod breakage can be reduced.
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Introduction

Achondroplasia is one of the most common cause of skeletal
dysplasia [1,5]. Achondroplasia is inherited in an autosomal
dominant trait and caused by a mutation of the FGFR3 [6,7].
This mutation results in failure of chondrocyte differentiation
and endochondral ossification [8]. Clinical manifestations of
achondroplasia such as rhizomelic short stature and frontal
bossing, depressed nasal bridge, and hands with 3-pronged
(trident) appearance are due to impaired cartilage production
and enchondral ossification [3,9].Spinal canal stenosis and
thoracolumbar kyphosis are the most common abnormalities
affecting the achondroplastic spine. Spinal canal stenosis is due
to shortened pedicles and decreased interpedicular distances
[2]. Thoracolumbar kyphosis is a developmental deformity
and the kyphosis is non-congenital and is not associated
with structural defect of the vertebra [8]. The thoracolumbar
kyphosis is present at birth and usually progresses at the age
of 6-18 months and kyphosis is most evident when the patients
start to sit up. Usually with improvement of muscle tones after
standing and walking the deformity resolves spontaneously
[3, 8]. If the kyphosis progresses and became greater than 30
degrees TLSO bracingis recommended[10]. Surgical intervention
is required for the patients with progressive kyphotic deformity
and for those who develop significant neurological deficits [2].
Currently several surgical techniques such as Pedicle subtraction
osteotomy (PSO) and vertebral column resection (VCR) are used
for correction of thoracolumbar kyphosis [8,11,13] but there
are few reports about using Vertebral Column Decancellation
(VCD) technique for treatment of achondroplastic patients,
therefore the purpose of this study is to evaluate the advantage
and disadvantages of this procedure on a 34 years old
achondroplastic patient with severe thoracolumbar kyphosis.

Case presentation

The patient is 34 years old achondroplastic man with
severe thoracolumbar kyphosis (103 degree) and significant
neurological symptoms such as lower limbs numbness and
claudication, without urinary or fecal incontinence and without
motor weakness was referred to our institute. The patient’s
height was 128 cm. He had characteristic achondroplastic facial
features such as prominent forehead and depressed nasal
bridge. His arms and legs were short he had trident hands. Deep
tendon reflexes were normal on both sides and babinski reflex

Figure 1: Preoperative photos of the patient.
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was negative bilaterally. The muscle power was 5 for both legs.
Severe thoracolumbar kyphosis and lumbar hyperlordosis were
evident (Figure 1).

Preoperative radiography showed severe thoracolumbar
kyphosis; and T12-L2 segmental kyphotic angle was 103
(figure2). Preoperative lumbar lordosis (L1-S1) was 81.5 and
thoracic kyphosis (T1-T12) 18.6 and (T5-T12) regional kyphosis
was 17.5 and SVA was -45mm. Preoperative MRI showed severe
stenosis at (T7-L5) levels and CT scan showed hypoplastic wedge
shape T12 and L1 vertebra.

Figure 2: A-B Preoperative radiography and CT scan of the patient
show a sever hypoplastic vertebra and thoracolumbar kyphosis. C-D
sagittal MRI shows severe spinal canal stenosis in thoracolumbar
and lumbar areas.

After performing necessary preoperative clinical and
evaluation, informed consent was obtained from the patient
and the surgery was performed in Atieh Hospital in Tehran,
Iran in February 2020.The operation was performed under
neuromonitoring (somatosensory-evoked potentials (SEPs) and
motor-evoked potentials (MEPs) during the operation) [14]. In
order to reducing the blood loss during the surgery Tranexamic
acid [15] was administered parenterally and meticulous
hemostasis was performed. After general anesthesia, the patient
was placed prone on the radiolucent table. A standard posterior
middle incision was made and by subperiosteal dissection of
the paravertebral muscles the posterior elements of spinal
column from T7 to S1 level was exposed then the Pedicle screws
were placed from T7 to S1 levels by the freehand technique
and using C-arm fluoroscopy to confirm the proper insertions.
Due to severe spinal canal stenosis in thoracic and lumbar area
decompressive laminectomy[16] were performed from T8 to
L5. The posterior elements of hypoplastic L1 vertebra including
the spinous process, bilateral lamina, transverse process, and
both facet joints were removed. Then to performing VCD of
deformed vertebra a pedicle probe was used to enlarge the
pedicle holes on both sides to get enough access to the vertebral
body then Cancellous bone of the vertebra body was removed
through the pedicle holes by using a pituitary rongeur and a
curette. To prevent the spinal cord injury due to unintentional
vertebra displacement during VCD a temporary rod was
inserted unilaterally. Then the posterior cortex of the deformed
vertebral body was removed using a Kerrison rongeur and then
an appropriate amount of the cancellous bone was removed to
thin the anterior half of the vertebra which served as a hinge to
correct the kyphotic deformity (figure3). Then both rods were
placed and by application of compressive force and osteoclasis
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Figure 3: A: Severe hypoplastic L1 vertebra. B-E: Laminectomy and
Decancellation of vertebral body.

of the anterior cortex the osteotomy site was closed. Then
correction of deformity was confirmed by C-Arm fluoroscopy,
the final fixation of instrumentation was completed. Then
posterolateral fusion by combination of iliac bone graft and
allograft was performed then a drain was placed in the surgical
site, and the wound was closed in layers.

The whole blood loss was 500 ml. The surgical time was 6
hours. No early postoperative neurological complications or
surgical site infection or CSF leak were reported. Patient was
observed in the ICU overnight. He was allowed to sit in bed
and stand with assistance on the first postoperative day. No
postoperative bracing was used. The prophylactic antibiotic and
drain were discontinued on postoperative day 2. The patient
was discharged on postoperative day 5. The postoperative
radiography showed acceptable coronal and sagittal alignment
and head centered over the pelvis. T12-L2 segmental kyphosis
angle was improved from 103 degrees to 42 degrees(Tablel),
and thoracic kyphosis (T5-T12) was improved from 17.5 degree
to 52.3 degree, and lumbar hyperlordosis decreased from 81.5
degree to 54.5 degree. The postoperative SVA was +34mm.

Table 1: Summary of the radiographic results.

Figure 4: Post-operative radiographies and photos of the patient.

Table 2: Summary of VAS Score, ODI Score, SRS22 Score.

Pre-Operative | Post-Operative | Recovery Rates

VAS Score 8 2 75%
ODI Score 76% 13% 82.80%
SRS-22 Score | 1.3 4.8 72.90%

Pre-Operative | Post-Operative | Corrective Ratios
Segmental Kyphosis 103 42 59.20%
(T12-L2)
Thoracic Kyphosis 18.6 56.8 67.20%
(T1-T12)
Thoracic Kyphosis 17.5 52.3 66.50%
(T5-T12)
Lumbar Lordosis (L1-S1) 81.5 54.5 33.10%
SVA -45mm +34mm 43%

The clinical thoracolumbar kyphotic appearance improved
after surgery (Figure 4).

The neurological symptoms related to spinal stenosis
improved substantially few weeks after surgery. His Gait
disturbance improved remarkably. The patient was able to
easily sleep in supine position. He returned to his job on
postoperative day 30. VAS score was 8 preoperatively and 2
postoperatively which was improved about 43% (Table2). ODI
Score was 76% preoperatively and 13% postoperatively with
82.8% recovery rate. SRS-22 Score was 1.3 preoperatively and
4.8 postoperatively which was improved about 72.9%.

The patient was evaluated by radiography and physical
examination every six months for 2 years. The follow-up

Figure 5: Follow up radiographies after 2 years.

radiography and CT scan showed acceptable spinal alignment
and solid fusion and the patient had no back pain due to
pseudoarthrosis or rod breakage during the 2 years of follow-up
(Figure5).

Discussion

Thoracolumbar kyphosis usually is present at birth and
progresses when the patients start to sit up and resolves
spontaneously with improvement of muscle tones after
standing and walking[1-5, 11, 17-28]. If the kyphosis
progresses and exceeds greater than 30 degrees TLSO brace
is recommended[1-5, 8, 10, 29]. Surgery is required for
progressive kyphotic deformity (more than 50 degree) and
for those who develop significant neurological deficits[2, 3].
Pedicle subtraction osteotomy or vertebral column resection[5,
8, 22, 30, 31] have been used for correction of achondroplastic
thoracolumbar kyphosis but there are few reports about
using Vertebral Column Decancellation (VCD) technique for
these patients. Various osteotomies have been described for
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correction of spinal deformities. Schwab et al. classified spinal
osteotomy procedures into 6 grades[5]. For correction of small
and flexible curves, Smith-Petersen osteotomies (Grade 1)
or Ponte osteotomies (grade 2) may be sufficient. For more
severe and rigid deformities, a pedicle subtraction osteotomy
(Grade 3) or vertebral column resection (VCR) (grade 5)
may be indicated. High grade osteotomies are technically
challenging and a can be associated with a high rate of surgical
complications. In PSO (Grade 3) the spinous processes and both
lamina, pedicles, and a wedge shape bone of the posterior
vertebral body are removed but adjacent disks remain intact.
PSO has the limitation of correcting the rotational deformities.
In VCR (Grade 5) the whole vertebral body and adjacent disks
are resected and coronal, sagittal, translational, and rotational
deformities can be corrected at the same time[5]. In Vertebral
Column Decancellation (VCD) technique all the posterior
vertebral elements including spinous processes and both
lamina and pedicles are resected and then by a curette, the
cancellous bone of vertebral body is removed and the cortical
bones and adjacent disks remain intact[32, 33]. VCD technique
can correct larger angles than PSO, and compared with VCR,
Vertebral Column Decancellation is technically simpler and safer
with lower rate of complications[32, 33]. Masato Tanaka et al.
reported a case series of 3 patients with achondroplasia whit
severe thoracolumbar kyphosis and neurologic deficits that
underwent VCR. According to their results 66% of their patients
had postoperative rod breakage that occurred at 1 and 2 years
after surgery and 2 patients developed surgical site infection.
They concluded that the results of VCR were acceptable for
treating thoracolumbar kyphosis[8]. Wang et al. also reported
a case series with 43% rod breakage during 18 months after
VCR. Instability created by VCR procedure and pseudoarthrosis
and impaired bone formation in achondroplastic patient in VCR
procedure can be the cause of rod breakage[33, 34]. Wenhao
Hu et al. reported that Vertebral column decancellation is an
effective treatment for correction of severe Pott’s kyphosis[33].
Fangi Hu and colleagues evaluated [31] patients with congenital
kyphoscoliosis who underwent (AVCD) [32]. Their study
demonstrated that AVCD can corrects spinal deformities in
both the coronal and sagittal plane with satisfactory results and
without additional neurological complications. In our patient
who underwent Vertebral Column Decancellation (VCD) the
preoperative segmental kyphoticangle (T12-L2) was 103 degrees
and 42 degrees postoperatively with 59.2% correction rate.
Thoracic kyphosis (T1-T12) was 18.6 degrees preoperatively and
56.8 degrees postoperatively with correction rate of 67.2% and
thoracic kyphosis (T5-T12) was 17.5 degree preoperatively and
52.3 degree postoperatively with correction rate of 66.5%. The
lumbar lordotic angle (L1-S1) was 81.5 degree before operation
and 54.5 degree after operation with 33.1% correction rate.
SVA was -45mm preoperatively and +34mm postoperatively
with 75% correction rate. Vas score was 8 preoperatively
and 2 postoperatively which was improved about 43%. ODI
Score was 76% preoperatively and 13% postoperatively with
82.8% recovery rate. SRS-22 Score was 1.3 preoperatively
and 4.8 postoperatively which was improved about 72.9%.
Preoperatively the patient had severe back pain and
neurological symptoms including numbness and claudication
and after Vertebral Column Decancellation (VCD), back pain and
numbness and claudication improved significantly. According to
long term of the radiological and clinical evaluation we conclude
that Vertebral Column Decancellation (VCD) procedure is an
acceptable technique for management of thoracolumbar
kyphosis in patient with achondroplasia.
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Conclusion

The long term radiological and clinical results of Vertebral
Column Decancellation (VCD) in treatment of sharp angular
thoracolumbar kyphosis in achondroplastic mature patient
demonstrated that this technique is a relatively safe procedure
and also has favorable outcomes. Since surgical complications
are the major concerns about 3-column osteotomies, strict
adherence to agreed surgical protocols can minimize the
rates of complications (such as dural rupture, surgical site
infection, massive bleeding). With meticulous hemostasis and
administration of tranexamic acid during the surgery the rate
of blood loss can be reduced. Despite the impaired enchondral
ossification in achondroplastic patients, due to the bone-to-
bone contact in VCD, the risks of nonunion and subsequent
complication such as rod breakage can be reduced.
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