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Abstract A case of a 34-year-old female with unilateral
cleft of atlas posterior arch associated with os odontoideum
is reported. The patient had experienced neck pain for
6 months. Five days earlier to admission the pain aggra-
vated as a result of mild head trauma from behind. Imaging
examinations revealed C1-2 subluxation as well as the
deformity. After 3 days of skull traction, a sound C1-2
reduction was achieved. Post atlantoaxial fusion using
bilateral transarticular screws combined with C1 laminar
hook on the intact side and autogenous bone graft was
performed. On the sixth month of postoperative follow-up,
CT revealed solid fusion was achieved. No related com-
plications were detected within 3 years of follow-up. The
clinical manifestations and imaging findings were pre-
sented. The incidence and etiopathogenesis of hypoplastic
posterior arch of the atlas were concisely introduced.
Techniques of post atlantoaxial fusion under circumstances
of unilateral C1 posterior elements defects were discussed.
The authors believe bilateral transarticular screws com-
bined with C1 laminar hook on the intact side and autog-
enous bone graft can be applicable to atlantoaxial fusion on
the premise of preoperative C1-2 reduction and C1 pos-
terior arch remaining >1/2 of its full length.
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Introduction

Currarino et al. [1] classified the anomalous atlas (C1)
posterior arch into five types on the basis of CT and
radiographs. Type A: failure of the posterior midline fusion
of the two hemiarches; Type B: unilateral cleft; Type C:
bilateral clefts; Type D: total absence of the posterior arch
with a persistent posterior tubercle; Type E: total absence
of the posterior arch with missing posterior tubercle.
Incidence of hypoplastic posterior arch of the atlas varied
with the types. Type A defects occur in about 3—-4% [2—4]
of the population and represent 97% of all posterior
defects. Type B through E defects have been reported to
occur in 0.69% of the population [2—4]. Unilateral cleft of
posterior arch of the C1 (belonging to Type B) associated
with os odontoideum was extremely rare. To the best of our
knowledge, there are four reported cases [5—8] of hypo-
plastic atlas associated with os odontoideum. In three
cases, the atlas defects [5—7] were bipartite atlas (anterior-
posterior arch median clefts), and the other case [8] was
posterior median clefts. So this case report may be the first
to describe a unilateral cleft of posterior arch of the Cl
associated with os odontoideum. Anyway, the defects of
C1 post arch bring challenges to planning atlantoaxial
fusion when needed. In this article, a case of unilateral cleft
of atlas posterior arch associated with os odontoideum was
described. Techniques of atlantoaxial fusion for this con-
dition were discussed.

Case report
The patient was a 34-year-old female. She had experienced

a neck pain for 6 months. In 5 days previous to admission
the pain aggravated as a result of mild head trauma from
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behind. There were no complaints of sense or motion
abnormity or gait irregularity. She denied any family his-
tory including Turner’s syndrome, Down’s syndrome or
gonadal dysgenesis. Physical examinations reveal tender-
ness at the dorsal area of upper cervical spine and no
neurological defect was found. Radiographs showed non-
union of odontoid process and atlantoaxial (C1-2) sub-
luxation. CT confirmed the findings on radiographs and
revealed a defect on the left side of posterior arch of the
atlas. MRI showed the spinal cord was compressed due to
the subluxation (Fig. 1).

The patient took flexion—extension radiographs, which
showed, on extension view, the C1-2 position was to some
extent restored but was not satisfactory (Fig.2). So
Crutchfield skull traction was applied. After 3 days of
traction, satisfactory C1-2 reduction was achieved and post
atlantoaxial fusion was performed. After considerable
analysis, we adopted a technique of bilateral transarticular
screws combined with C1 laminar hook on the intact side
and autogenous bone graft.

After anesthesia, the patient was dorsicumbent in a
wheel stretcher, and was protected with a tailor-made
plaster bed. Then the patient was turned over together with
the plaster bed to the operation table. C1-2 reduction was
routinely checked under C-arm fluoroscopy just before
operation. The surgery was carried out with a posterior
approach and exposure of occiput to axis (C2). Bilateral
transarticular screws were inserted successfully and a Cl
laminar hook was mounted on the intact side of the pos-
terior arch. A longitudinal rod was used to connect the
screw and hook. To accomplish bone fusion, areas of bone
graft were decorticated. A structural bone graft obtained
from the posterior iliac crest was placed between the Cl
posterior arch and the C2 spinous process. It was secured
by proper pressure of instruments on the intact side. Can-
cellous bone fragments were then grafted between the
laminae of C1-2 on the intact side.

Fig. 1 Preoperative lateral
radiography (a), CT (b, ¢), and
MRI (d) of the patient

The patient was free of the neck pain from the 5th day
after operation and got solid bone union in 6 months. No
related complications were detected within 3 years of fol-
low-up.

Discussion

Etiopathogenesis of hypoplastic posterior arch of the atlas
remains uncertain. Major speculation was a developmental
failure of chondrogenesis [3, 9, 10]. Besides, the disorder
may be related to inheritance [1, 9] and myelopathy asso-
ciated with it may be more liable in orientals [3]. As
described in the introduction, unilateral cleft of posterior
arch of the atlas associated with os odontoideum was
extremely rare.

In most cases, the hypoplastic posterior arch of the
atlas is asymptomatic and is generally detected as an
incidental finding needing no surgical treatments. Proce-
dures may be indicated in the following cases: (1) mye-
lopathy due to compression of surrounding soft tissue or
nomadic posterior tubercle or hypoplastic spinal canal
stenosis [3, 11, 12]. (2) Atlantoaxial instability [7, 8, 13,
14] due to injuries or other associating deformities. (3)
Type C (absence of the bilateral posterior arches) and
type D (absence of the bilateral posterior arches with
isolated posterior tubercle) indicating high latent risks of
acute or cumulative spinal cord injuries by the posterior
tubercle or surrounding soft tissue especially in the course
of the neck extension tend to be treated surgically [10, 15,
16]. In cases of (1) and (3), laminectomy or removal of
the compressing factors can be sufficient. If there is C1-2
instability, internal fixation and fusion is indicated.
Although occipital-cervical fusion can be considered, it
should be the second choice for its extensive limitation of
rotary motion. It is especially undesirable in case of C1-2
reduction.
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Fig. 2 Lateral radiography
before traction, flexion—
extension views

Atlantoaxial fusion for unilateral cleft of posterior arch
of the atlas is somewhat challenging highlighting matters
of bone graft fixation and bone graft bed. Planning of the
procedure should be based on precise evaluation of
the extent and location of the posterior defect, conditions of
the remains of C1 posterior elements and other parameters
of the C1 and C2 on imaging. There are a few case of C1-2
fusion for defective arch of CI1 reported in the previous
literature [7, 8, 14] (Table 1). In general, screws fixation is
mechanically superior saving from extensive external fix-
ation. On the other hand, wirings played an important role
before emergence of screw techniques or in case that screw
techniques were limited.

In this case, although the symptoms were not severe and
there was no neurological deficit, we recommended a
surgical procedure because besides os odontoideum, defi-
nite atlantoaxial instability with spinal cord compression
was revealed on the imaging appearances indicating a high
potential risk for the development of myelopathy. It should
be noted that the defect of the posterior arch itself is no
indication for surgery and the aim of the operation is not to
patch up the defect but to fix and fuse the C1-2 joint.

Table 1 Operations of C1-2 fusion for defective arch of C1

el

4,

This patient got a sound C1-2 reduction through pre-
operative traction and CT revealed the posterior arch of
atlas remained >1/2 of its full length. We used bilateral
transarticular screws combined with C1 laminar hook on
the intact side and autogenous bone graft (Fig. 3). Bilateral
transarticular screws lay a solid foundation for the internal
fixation [17-22] and the hook system serves as a measure
to fix the bone graft through pressing. An additional hook
system on the intact side, instead of wiring, was adopted
which had advantages [23-25] of (1) more stability as a
supplement to bilateral transarticular screws in restricting
the flexion—extension, (2) more safety without passing
wires though the arch, and (3) higher efficiency in securing
the structural bone graft with a longer torque pressing the
posterior arch as compared with C1 lateral mass screw. As
limitations, the technique was based on premise that C1-2
reduction and sufficient remains of posterior arch. It was
not applicable in case of the posterior arch remained <1/2
or unsatisfactory C1-2 reduction. It also required a struc-
tural bone graft because cancellous bone fragments alone
can not support the posterior arch with a hook against the
extension of cervical spine.

No.  Author Year  Diagnosis Procedure
1 Callahan [8] 1983  Median cleft of posterior arch;  Bone grafts were placed bilaterally between C1 and 2 laminae.
os odontoideum Wires were used respectively to bunch the grafts
2 Duong; Chadduck [14] 1994  Hypoplastic posterior arch; One graft was put into the posterior arch to patch the defect
C1-2 subluxation and the other two were used to connect the bilateral C1-2
laminae Wiring was used to secure all the junctions
3 Osti et al. [7] 2006  Bipartite atlas; Bilateral transarticular screws fixation combined with sublaminar

os odontoideum

tension band wiring and autologous bone grafting
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Fig. 3 X-rays (a, d) taken on F /D
the 3rd day after operation and Lo

CT (b, ¢) taken in the 6th month
after operation ?

Theoretically, in this case, C1 lateral mass and the C2
pedicle screws and rods with cancellous bone graft may be
another good option. C1 lateral masses and C2 pedicles
were intact in this case meeting anatomical qualifications of
the technique. Reduction of C1 onto C2 can be accom-
plished by manipulation of the implants. Another advantage
of this technique was that it minimized the dependence on
the integrity of posterior arch of C1 [26, 27]. But this
technique inserting 4 screws was technically demanding in
preserving venous plexus and C2 nerve roots. When,
although not usually needed, structural bone graft was used,
additional wiring was often imperative resulting in more
manipulation and risk of spine cord injuries.

We finally chose bilateral transarticular screws com-
bined with C1 laminar hook on the intact side and autog-
enous bone graft on the premise of preoperative C1-2
reduction and C1 posterior arch remaining >1/2 of its full
length. In the 6th month of postoperative follow-up, CT
revealed solid bone fusion. No related complications were
detected within 3 years of follow-up.

Conclusions

A case of unilateral cleft of atlas posterior arch associated
with os odontoideum was reported. The authors offered an
option for atlantoaxial fusion under circumstances of uni-
lateral C1 posterior elements defects. Bilateral transartic-
ular screws combined with C1 laminar hook on the intact
side and autogenous bone graft can be applicable to
atlantoaxial fusion on the premise that preoperative C1-2
reduction and C1 posterior arch remains >1/2 of its full
length.
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