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Abstract
Rationale: Fixed thoracolumbar kyphosis with spinal stenosis in adult patients with achondroplasia presents a challenging issue.
We describe the first case in which spondylectomy and minimally invasive lateral access interbody arthrodesis were used for the
treatment of fixed severe thoracolumbar kyphosis and lumbar spinal canal stenosis in an adult with achondroplasia.

Patientconcerns:A 61-year-old manwith a history of achondroplastic dwarfism presented with low back pain and radiculopathy
and neurogenic claudication.

Diagnoses: Plain radiographs revealed a high-grade thoracolumbar kyphotic deformity with diffuse degenerative changes in the
lumbar spine. The apex was located at L2, the local kyphotic angle from L1 to L3 was 105°, and the anterior area was fused from the
L1 to L3 vertebrae. MRI revealed significant canal and lateral recess stenosis secondary to facet hypertrophy.

Interventions: We planned a front-back correction of the anterior and posterior spinal elements. We first performed anterior
release at the fused part from L1 to L3 and XLIF at L3/4 and L4/5. Next, the patient was placed in the prone position. Spondylectomy
at the L2 vertebra and posterior fusion from T10 to L5 were performed. Postoperative radiographs revealed L1 to L3 kyphosis of 32°.

Outcomes: No complications occurred during or after surgery. Postoperatively, the patient’s low back pain and neurological
claudication were resolved. No worsening of kyphosis was observed 24 months postoperatively.

Lessons: Circumferential decompression of the spinal cord at the apical vertebral level and decompression of lumbar canal
stenosis were necessary. Front-back correction of the anterior and posterior spinal elements via spondylectomy and lateral lumbar
interbody fusion is a reasonable surgical option for thoracolumbar kyphosis and developmental canal stenosis in patients with
achondroplasia.

Abbreviations: MRI = magnetic resonance imaging, XLIF = extreme lateral interbody fusion.
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1. Introduction

Achondroplasia is a rare genetic disease with an estimated
incidence of 1/15,000 births. Most cases arise as spontaneous
mutations in the fibroblast growth factor receptor 3 (FGFR3)
gene.[1] The resultant defect in endochondral bone formation
may lead to several spine abnormalities, including pan-spinal
canal stenosis and thoracolumbar kyphosis.[2]
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Fixed thoracolumbar kyphosis with spinal stenosis in adult
patients with achondroplasia presents a challenging issue. Circum-
ferential decompressionof the spinal cordat theapical level isusually
required. Correction of the kyphosis is necessary for kyphosis above
approximately 30°,[3] and reconstruction of the spine for stabiliza-
tion and fusion should be considered. However, few studies have
been carried out on the treatment of severe thoracolumbar kyphosis
and neurologic deficits in adults with achondroplasia.
In addition, symptomatic lumbar stenosis can be observed in

20% to 30% of achondroplastic adult patients, and surgical
treatment is required in nearly 10% of cases. Multilevel spinal
laminectomy is widely accepted as the treatment of choice. More
extensive decompression to the sacrum has also been recom-
mended.[4] However, the higher risk associated with general
anesthesia and lower tolerance for significant blood loss in patients
with achondroplastic dwarfism remain challenging to treatment.
In extreme lateral interbody fusion (XLIF), the interbody cage is

inserted with minimal muscle dissection and disruption to
ligamentous structures using a split blade retractor, and this
technique allows for minimally invasive restoration of disc height
and, therefore, indirect decompression for canal stenosis. This
procedure has been shown to reduce recovery time, blood loss, and
tissue damage [5] and has been increasingly used in the last decade.[6]

Here, we report a case of spondylectomy and lateral lumbar
interbody fusion for the treatment of fixed severe thoracolumbar
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Figure 1. Preoperative anteroposterior and lateral radiographs of the thoracolumbar spine. Preoperative anteroposterior radiographs demonstrate a decreased
interpedicular distance. Preoperative lateral radiographs show L2 anterior wedge deformity, fusion of the anterior area from the L1 to L3 vertebrae, and
thoracolumbar kyphosis (105°, L1–L3).
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kyphosis with lumbar spinal canal stenosis in an adult with
achondroplasia.
2. Case report

A 61-year-old man presented with low back pain and
radiculopathy and neurogenic claudication. Spinal deformity
was detected at another hospital, and he was referred to our
hospital for surgery. He had a history of achondroplastic
Figure 2. Preoperative and postoperative and lateral radiographs of the whole spi
show the apex at L2 and severe thoracolumbar kyphosis (105°, L1–L3). Postoper
kyphosis corrected to 32° and nonpathologic sagittal balance of entire spine.
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dwarfism and was unable to walk for long periods due to low
back and bilateral limb pain. His muscle strength was not
reduced, but he experienced numbness from the bilateral gluteal
region to the lateral side of the lower extremities when in a resting
position. Plain radiographs revealed a high-grade thoracolumbar
kyphotic deformity with diffuse degenerative changes in the
lumbar spine. The apex was located at L2, the local kyphotic
angle from L1 to L3 was 105°, and the anterior region was fused
from the L1 to L3 vertebrae (Fig. 1A and B, Fig. 2A and B). MRI
ne. Preoperative anterioposterior radiographs. Preoperative lateral radiographs
ative anterioposterior radiographs. Postoperative lateral radiographs show the



Figure 3. Preoperative magnetic resonance imaging of the thoracolumbar
spine. The sagittal view demonstrates multiple-level spinal canal stenosis. The
axial view shows spinal canal stenosis due to hypertrophic facet joints and
ligamentum flavum.
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was performed, which revealed significant canal and lateral recess
stenosis at T10–11, T11–12, L1–2, L2–3, L3–4, and L4–5
secondary to facet hypertrophy (Fig. 3A and B).
We planned a front-back correction of the anterior and

posterior spinal elements. We first performed anterior release at
the fused area from L1 to L3, followed by XLIF at L3/4 and L4/5.
A retroperitoneal approach was employed from the right
decubitus position. Free running electromyography was used
for the duration of the procedure. The patient underwent
standard lateral access interbody fusion. No electromyographic
abnormalities were encountered during the lateral stage of the
procedure. After XLIF, anterior release and discectomy from L1
to L3 was performed. Fusion masses and discs were excised with
3

an air drill, rongeurs, and curettes. The patient was then placed in
the prone position. Subperiosteal stripping was carried out to
expose the posterior aspect of the spine. Pedicle screws were
inserted into the vertebrae from T10 to L5, and laminectomy was
performed at T10/11, T11/12, T12/L1, L1/2, and L2/3. The
transverse processes of the L2 vertebra were removed. The
peritoneum was then detached and stripped from the lateral side
of the vertebra. Care was taken to preserve the exiting nerve
roots. Thus, the entire apical vertebra was exposed circum-
ferentially. The apical vertebra and adjacent discs were excised
with a rongeur and curettes. The cortex of the apex was
completely resected posteriorly by gently retracting the dural tube
bilaterally. After a titanium rod, bent along the kyphotic curve,
was temporally secured to the screws on one side, compression
forces were applied to the pedicle screws to achieve kyphosis
correction on the other side. The same procedure was repeated on
the other side. Spinal cord monitoring, including motor-evoked
potentials, was also used during the procedure. Four rod
constructs were applied at spondylectomy levels due to the risk
of rod breakage. A titanium expandable cage (T2 ALTITUDE
Expandable Corpectomy Device, Medtronic Sofamor Danek,
TN) packed with minced bone was placed and extended in the
space created by the spondylectomy, and postoperative radio-
graphs revealed L1 to L3 kyphosis of 32° (Fig. 2C and D).
No complications occurred during or after surgery. The patient

began ambulation on postoperative day 3. He used a
thoracolumbosacral orthosis for 6 months. After the operation,
his low back pain and neurological claudication were resolved.
No worsening of the kyphosis was observed at 24 months
postoperatively. The patient signed informed consents. In our
case, the patient accepted regular and proved therapy, so the
ethical approval was not necessary.
3. Discussion

Previous reports regarding the treatment for thoracolumbar
kyphosis in achondroplasia patients have focused mainly on
immature patients. In immature patients, posterior decompres-
sion alone or in association with noninstrumented posterior
fusion leads systematically to an increase of the deformity,[7]

which results in ongoing pain with neurological worsening. In
cases of thoracolumbar kyphosis below approximately 30°, the
addition of an in situ instrumentation fusion to the posterior
decompressive laminectomy and foraminotomy may be per-
formedwith good outcome.[3] For kyphosis above approximately
30°, front and back fusion is the recommended treatment.[3]

Many authors emphasize the neurological risk in cases of rigid
deformity, which is increased by the congenitally narrowed spinal
canal.[8,9] A large kyphotic angle or an anteriorly compromised
spinal cord at the level of the deformity sometimes requires an
anterior release.[10]

The treatment of rigid angular thoracolumbar kyphosis in
skeletally mature achondroplastic patients has not been reported
in detail. Qi et al. performed a single-stage posterior osteotomy in
4 skeletally mature achondroplastic patients with severe and
fixed thoracolumbar kyphosis.[11] Although the procedures were
technically demanding in the achondroplastic spine, with rigid
curves associated with malformation of the vertebrae, they
concluded that posterior spinal osteotomy with segmental
instrumentation is a reasonable surgical option for thoracolum-
bar kyphosis in patients with achondroplasia.
The decision on the amount of correction should be made with

consideration of the sagittal balance of the patient. The sagittal
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curve of the patient while standing is influenced by thoraco-
lumbar kyphosis, lumbar hyperlordosis, and contracture of the
hip joints. In aged achondroplastic patients, lumbar hyper-
lordosis and hip flexion are almost fixed. Therefore, correction of
the kyphosis may not be compensated by the lumbar spine and
hip joints in these patients. Furthermore, when the spine is
overcorrected and fused, these patients may have difficulty
reaching their hands below the hip. Qi et al reported a case in
which the patient developed difficulty in reaching their buttock at
defecation after surgery. Thus, overcorrection of kyphosis,
especially in an elderly patient with a rigid spine and short
limbs, may cause disability in using the upper extremities below
the torso.[11]

In patients with achondroplasia, interpedicular distance
progressively decreases. This process leads to a much greater
incidence of spinal stenosis in this population. The laminae in
this population are so narrow that an adequate decompressive
laminectomy requires marked resection of the medial facets,
potentially leading to instability. Standard lumbar decom-
pressive surgery has proven to be more difficult in patients with
achondroplasia. These patients generally have much thicker
and shorter laminae, which makes removal with standard hand
tools much more difficult. In addition, the shape of the laminae
renders posterior interbody arthrodesis much more difficult and
dangerous. Lateral interbody fusion has been shown to restore
foraminal height, disc angle, and overall lumbar lordosis better
than standard transforaminal lumbar interbody fusion in the
normal adult population, and this approach also appears to be
a viable option for the achondroplastic population. Achondro-
plastic dwarfism leads to markedly increased incidence of
neurological symptoms secondary to abnormal bony fusion
during development and the subsequent degenerative cascade
of the spine.
In the present case, a 61-year-old man presented with low back

pain and radiculopathy and neurogenic claudication, and
multiple canal stenoses were related to this neurological deficit.
Circumferential decompression of the spinal cord at the apical
4

vertebral level and decompression of lumbar canal stenosis were
necessary.We selected a front-back correction of the anterior and
posterior spinal elements with spondylectomy and lateral lumbar
interbody fusion. We consider these procedures to be a
reasonable surgical option for thoracolumbar kyphosis and
developmental canal stenosis in patients with achondroplasia. To
the best of our knowledge, this is the first published case in which
spondylectomy and minimally invasive lateral access interbody
arthrodesis were used for the treatment of fixed severe
thoracolumbar kyphosis and lumbar spinal canal stenosis in
an adult patient with achondroplasia.
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