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Cervical Kyphosis due to Neurofibromatosis Type 1 Treated by
Circumferential Spinal Fusion using an Autologous Vascularized free Fibula
Followed by Teriparatide Administration: A Case Report
Yohei Kakuta¹, Yoichi Iizuka¹, Tokue Mieda¹, Eiji Takasawa¹, Hirotaka Chikuda¹
Learning Point of the Article:
The administration of teriparatide in addition to VFG can possibly help achieve complete spinal fusion in patients with neurofibromatosis
type 1-associated cervical deformity.

Abstract
Introduction: Cervical kyphosis is sometimes observed in neurofibromatosis Type 1 (NF-1). If NF-1-associated cervical deformity is
progressive, surgical intervention is needed to prevent further deterioration of the deformity. The rate of nonunion after spinal fusion is high in
NF-1, especially dystrophic NF-1.
Case Report: Cervical kyphosis is sometimes observed in neurofibromatosis Type 1 (NF-1). If NF-1-associated cervical deformity is
progressive, surgical intervention is needed to prevent further deterioration of the deformity. The rate of nonunion after spinal fusion is high in
NF-1, especially dystrophic NF-1.
Conclusion: We administered the teriparatide after spinal fusion surgery for NF-1-associated cervical deformity and obtained complete bony
fusion. The administration of teriparatide may be useful to achieve complete bone fusion in patients with NF-1-associated cervical deformity.
Keywords: Teriparatide, cervical kyphosis, neurofibromatosis Type 1.

Introduction
Neurofibromatosis Type 1 (NF-1) is sometimes associated with
spinal deformities, including scoliosis and cervical kyphosis [1,
2] If NF-1-associated cervical deformity is progressive, surgical
intervention is needed to prevent further deterioration of the
deformity [3]. Single posterior instrumented fusion for cervical
deformities due to NF-1 has been shown to result in a high rate of
pseudoarthrosis and correction loss (63%) [4].
To date, many researchers have shown an interest in drug
treatment promoting bone fusion after spinal surgery [5, 6, 7].
However, only a few studies have reported the usefulness of such
treatments for bone fusion [6], and there are no guidelines for

the treatment at present.
We herein report a case of cervical kyphosis induced by NF-1
treated by two-stage circumferential spinal fusion with an
autologous vascularized fibula graft followed by the
administration of teriparatide.
Case Presentation
A 33-year-old woman visited our hospital due to neck pain and
cervical kyphotic deformity. She had a history of NF-1 and her
neurological findings were normal at her first visit.
X-ray of the cervical spine showed severe wedged deformity of
the vertebral body at the C3 and C4 levels and the kyphotic angle
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Figure 1: (a) X-ray of the cervical spine obtained just before the initial
surgery showed dystrophic deformities of the cervical spine, with a C3-4 l
local kyphotic angle of 56°. (b) Sagittal T2-weighted magnetic resonance
imaging of the cervical spine performed just before the initial surgery showed
cervical kyphosis without spinal cord tumor.

Figure 2: X-ray of the cervical spine obtained
immediately following the initial surgery (O-T2
posterior spinal fusion).

was 56° (Fig. 1a). Magnetic resonance imaging of the spine
showed neither spinal cord compression nor spinal cord tumor
(Fig. 1b).
We performed the initial surgery of O-T2 posterior spinal
fusion after halo traction for one week (Fig. 2). We then
performed the second surgery of anterior spinal fusion from C3
to C6 using an autologous vascularized fibular graft 3 weeks
after the initial surgery. After performing corpectomy of the C4
and C5 vertebral bodies, the vessels of the fibular graft were
anastomosed to the superior thyroid artery and vein under a
microscope. The cervical kyphotic angle improved from 56° to
0° on X-ray (Fig. 3a and b). We placed the patient in a halo vest
for 1 month and additionally started teriparatide treatment 20
µg/day for coexisting bone fragility 1 week after the second
surgery.
Follow-up computed tomography (CT) 3–7 months after
surgery demonstrated a trend toward bony fusion and partial
bony fusion of the grafted fibula, respectively (Fig. 4a and b).
Furthermore, CT findings showed complete bony fusion 12
months after surgery (Fig. 4c). Seven years after the surgery, her
neurological condition was normal despite slight neck stiffness
and cervical spine X-ray showed maintenance of alignment
immediately after surgery (Fig. 5).

Figure 3: (a and b) X-ray of the cervical spine obtained just after the
second surgery using a vascularized fibular graft showed restoration of
the cervical alignment.

associated
cervical kyphosis. Asazuma et al. performed anterior and
posterior spinal fixation for a patient with cervical kyphosis
induced by neurofibromatosis. They used a vascularized free
fibula for anterior fixation, which resulted in complete bone
fusion [9], whereas Saika et al. reported that bone union was not
achieved in 30% of the patients who underwent anterior spinal
fusion surgery even when a vascularized fibular graft was used
[10]. We also used a vascularized free fibula in the anterior
surgery of the present patient following posterior instrumented
fusion and obtained complete anterior fusion, but we
additionally started teriparatide treatment for bone fragility
after the two-stage surgery.
Recently, it has been reported that teriparatide promotes fusion
in spinal fusion surgery [11] and fracture healing [7, 12].
Lehman et al. showed that the histologic intertransverse process
fusion rate differed significantly between the teriparatide group
and controls (86.7% vs. 50%) in a rabbit model [13].
Furthermore, Sugiura et al. also reported that teriparatide
enhanced bone healing and bone fusion in rats [14]. In humans,
the use of teriparatide has a positive effect on improving the rate
of bone fusion. Seki et al. demonstrated the advantages of
teriparatide for bone fusion after surgery for adult spinal

Discussion

100

In the present case, complete bony fusion was
achieved within 12 months after two-stage
circumferential spinal fusion using an autologous
vascularized free fibula and teriparatide
administration.
The rate of non-union after spinal fusion is high
in NF-1, especially dystrophic NF-1 [4, 8]. A
vascularized fibular graft is recognized as an
option for the surgical management of NF-1-

Figure 4: (a and b) X-ray of the cervical spine obtained just after the second
surgery using a vascularized fibular graft showed restoration of the cervical
alignment.

Figure 5: X-ray of the cervical spine
obtained seven years after surgery showed
maintenance of the cervical alignment.
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deformity in osteoporotic patients [11]. Ohtori investigated the
effect of teriparatide on bone fusion after lumbar spinal fixation.
The bone fusion rate was greater in the teriparatide group than
in the bisphosphonate group (82% vs. 68%) [6]. Furthermore,
the mean time to fusion was shorter in the teriparatide group
than in the bisphosphonate group (8 vs. 10 months) [6]. In the
present study, we administered the teriparatide for bone
fragility after spinal fusion for NF-1-associated cervical
deformity and obtained complete bony fusion, although we also
used an autologous vascularized fibular graft to promote bone
fusion. We speculate that not only the use of a vascular fibular
graft but also the administration of teriparatide for bone fragility
may be associated with complete fusion after surgery based on
the findings of the previous studies concerning the effect of
teriparatide on spinal fusion.

Conclusion
We experienced a case of cervical kyphosis induced by NF-1
that was treated with two-stage circumferential spinal fusion
with a vascularized free fibula followed by teriparatide
treatment for bone fragility and obtained complete spinal
fusion with this treatment approach.
Clinical Message

Cervical kyphosis is sometimes observed in NF-1. The rate of
nonunion after spinal fusion is high in NF-1, especially dystrophic
NF-1. The administration of teriparatide in addition to VFG can
possibly help to achieve complete spinal fusion in patients with NF1-associated cervical deformity.
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