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BACKGROUND The surgical treatment for retro-odontoid pseudotumor (ROP) remains controversial. Posterior C1 laminectomy without fixation
occasionally leads to postoperative enlargement of ROP. Because its pathogenesis is associated with atlantoaxial instability, atlantoaxial fixation with
C1 laminectomy is commonly performed. Atlantoaxial fixation usually includes transarticular fixation and screw-rod fixation. However, these methods
have some issues. That is, in transarticular fixation with C1 laminectomy, the bone grafting area is challenging to obtain. In screw-rod fixation with C1
laminectomy, extensive bleeding occurs at times if the lateral atlantoaxial joint is exposed to the transplant bone grafts.

OBSERVATIONS Herein, the authors report a case of ROP treated with combined C1–2 transarticular screw fixation and C1 laminoplasty with
interlaminar bone transplant, which can help achieve adequate spinal cord decompression and can simultaneously secure the bone grafting area
between the laminae. In addition, the volume of intraoperative blood loss decreased. Postoperative magnetic resonance imaging showed sufficient
decompression of the spinal cord at the C1 level, and computed tomography performed after 6 months revealed bone union between the C1 and C2
laminae.

LESSONS Combined C1–2 transarticular screw fixation and C1 laminoplasty with interlaminar bone transplant is a useful method for ROP.
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Retro-odontoid pseudotumor (ROP) is a nontumoristic lesion that is
frequently associated with some inflammatory pathologies, such as
rheumatoid arthritis, long-term hemodialysis, and calcium pyrophos-
phate dehydrate deposition. However, noninflammatory conditions,
including cervical degenerative and mechanical alterations, are occa-
sionally correlated with ROP formation.1 In these cases, ROP develops
due to chronic mechanical stress caused by atlantoaxial instability or
subluxation. Mechanical stress gradually produces reactive fibrocartila-
ginous mass proliferation, resulting in ROP. Atlantoaxial instability is
not always detected via dynamic plain radiography.2 However, atlan-
toaxial joint microinstability or overload is considered a cause of ROP.
This notion is supported by the fact that ROP often develops if there is
ossification of the anterior longitudinal ligament and ankylosis at the
adjacent spinal segments (O–C1, C2–3 levels).3,4

In cases of atlantoaxial instability based on radiological studies,
posterior fixation is the most popular surgical method. Posterior
fixation, even without ROP resection, can diminish the volume of
ROP immediately after surgery.3–7 However, in cases of severe
spinal cord compression, C1 laminectomy, which involves atlas
posterior arch resection, is required for immediate neural decom-
pression. On the one hand, because C1 laminectomy is correlated
with the loss of area for atlantoaxial interlaminar bone transplant,
it is not easy to prepare the bone graft area in atlantoaxial (C1–2)
fixation. On the other hand, occipitoaxial (O–C2) fixation can
secure the bed for bone transplant. However, it can possibly
cause complications due to significant limitations in head move-
ments8 and is associated with a higher risk of reoperation than
C1–2 fixation.9

ABBREVIATIONS CT = computed tomography; MRI = magnetic resonance imaging; ROP = retro-odontoid pseudotumor; SR = screw-rod fixation; TA = transarticular screw
fixation.
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Herein, we report a case of ROP managed with combined C1–2
transarticular screw fixation (TA) and C1 laminoplasty with interlami-
nar bone transplant.

Illustrative Case
Presentation and Preoperative Course

A 67-year-old man presented with numbness that progressed from the
left hand to the left lateral chest and the left leg. The symptom worsened if
the neck was bent forward. The patient had no history of collagen disease,
including rheumatic arthritis, or hemodialysis. Plain radiography revealed
widening of the atlantodental interval, with a length of 4 mm, and anterior
dislocation of the posterior arch of atlas with neck flexion. Dislocation was
corrected with neck extension (Fig. 1A). Computed tomography (CT)
showed ectopic ossification in front of the odontoid process and anterior
arch of atlas as well as the anterior longitudinal ligament in the lower cervi-
cal spine (Fig. 1B). In addition, magnetic resonance imaging (MRI)
revealed that the spinal cord was compressed by a solid mass behind the
odontoid process with isosignal intensity on both T1- and T2-weighted
images. Intramedullary high signal intensity was observed at the C1 level
(Fig. 2A). Thus, the patient was diagnosed with cervical myelopathy
caused by ROP after atlantoaxial instability. Then, combined C1–2 TA and
C1 double-door laminoplasty, which simultaneously facilitate spinal cord
decompression and interlaminar bone transplant, was performed.

Surgical Method
The patient was placed in the prone position under general

anesthesia. Next, a midline posterior skin incision was established

FIG. 1. Preoperative radiographs and CT scans. A: The atlantodental interval widened, and the posterior
arch of the atlas moved forward in the neck flexion position. B: Ectopic ossification around the C1 anterior
arch, C2 process, and anterior longitudinal ligament in the lower cervical spine. These findings implicated
mechanical stress caused by atlantoaxial instability.

FIG. 2. Preoperative and postoperative MRI. A: Preoperative MRI
showed that the retro-odontoid pseudotumor compressed the cervical
spinal canal and a high-intensity area within the cervical spinal cord on
the T1-weighted image. B: Postoperative MRI revealed that the cervical
spinal cord was adequately decompressed at the C1 level.

2 | J Neurosurg Case Lessons | Vol 3 | Issue 15 | April 11, 2022



to expose the posterior bony elements at the C1–2 levels. The pos-
terior arch of atlas was cautiously exposed to the lateral side of the
cervical canal and C2 isthmus. C1–2 TA using a lag screw (UCSS,
Medtronic Sofamor Danek) was applied bilaterally by directly visual-
izing the pedicle under three-dimensional navigation guidance.
Next, the middle part of the posterior arch of the C1 lamina was cut
with a high-speed drill, and gutters were constructed on the bilateral
groove of the posterior arch. Then, the bilateral laminae were lifted
similarly to the method used in double-door laminoplasty. After
decortication of the C2 laminae and spinous process, the autoge-
nous bone strut harvested from the iliac bone was shaved between
the bilateral edges of the opened C1 posterior arches and the C2
lamina and was then inserted. However, fixation was not performed.
The volume of intraoperative blood loss was 60 mL.

Postoperative Course
His symptoms improved immediately after the surgery. There

were no surgery-related complications. Postoperative MRI showed
adequate spinal cord decompression at the C1 level (Fig. 2B). CT
performed after 6 months revealed solid bone union of the bone
graft in contact with the C1 and C2 laminae (Fig. 3).

Discussion
Observations

Pseudotumor resection using the transoral approach, which was
introduced in 1980, is initially performed for the management of
ROP.1,2,10 Although this method enables the direct removal of the

pseudotumor, it can possibly cause severe surgical complications,
such as cerebrospinal fluid leakage and postoperative infections.11

Therefore, the use of this strategy declined recently. On the con-
trary, posterior surgeries may be favorable. In cases without severe
atlantoaxial instability, C1 laminectomy is often performed. Previous
studies have reported that ROP regression can be achieved with
C1 laminectomy alone.12,13 However, in some cases, C1 laminec-
tomy caused recurrent myelopathy due to deterioration of instability
and enlargement of ROP.5,11,14 Patients with this condition required
a second surgery for posterior fixation. Accordingly, in C1 laminec-
tomy, we need to acknowledge the risk of postoperative deteriora-
tion. Thus, even if the presence of atlantoaxial instability is not
confirmed, posterior fixation is performed. With consideration of fixa-
tion range, some options, including O–C2 fixation and C1–2 fixation,
are available. In cases in which the particular pathology is associ-
ated with ROP, including destruction of the O–C1 joint, occipitocer-
vical malformation (i.e., C1 assimilation and tight posterior fossa),
and ROP progression into the cranial base, O–C2 fixation and C1
laminectomy are performed.7,15 Although this method can secure a
satisfactory bed for the graft bone, it has some disadvantages,
including postoperative respiratory and swallowing difficulties
because of moderate range of neck motion.16,17 Thus, the potential
complications should be considered cautiously. For these reasons,
C1–2 fixation and C1 laminectomy are selected in most cases.18,19

Posterior atlantoaxial TA or screw-rod fixation (SR) using C1 lat-
eral mass and a C2 pedicle screw have commonly been used for
C1–2 stabilization. The fusion rates of the two methods are simi-
lar.20 If C1 laminectomy is required, interlaminar bone transplant is

FIG. 3. Postoperative radiographs and CT scans. A: Radiographs revealed appropriate bilateral screw implantation using
the Magerl technique. B: CT showed C1 double-door laminoplasty and interlaminar autogenous iliac bone implantation
immediately after surgery. C: CT revealed satisfactory posterior bone union between the C1 and C2 levels 6 months
after surgery.
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not performed. In TA, it is challenging to transplant bone grafts into the
C1–2 facet joints because these joints must be preserved. By contrast, in
SR, bone grafts are usually transplanted to the lateral atlantoaxial joint.
Although this method has a high postoperative bone union rate,21 pack-
ing morselized bone grafts into the C1–2 facet joints is challenging based
on our previous experience. That is, adequate bone grafting requires full
exposure to the outside of the atlantoaxial joint. Copious bleeding occa-
sionally occurs from the lateral venous plexus during exposure of the
C1–2 articular joints. A previous study reported that the SR group had a
higher volume of intraoperative blood loss than the TA group.22 Moreover,
postoperative neuropathic pain is at times caused by C2 nerve root
manipulation during graft area exposure in the lateral atlantoaxial joint.23

In addition, the incidence of posterior scalp numbness is approximately
11.6%.24,25 In the present case, we selected TA with C1 laminoplasty.
This method can help apply the C1 lamina for interlaminar bone grafting,
thereby resulting in solid bony fusion between the C1 double-door
laminae and the C2 laminae 6 months after surgery. In this case, the vol-
ume of intraoperative blood loss in TA was only 60 mL, and this value
was less than that in SR (213–930 mL) in previous studies.26–29 Adequate
spinal cord decompression was achieved between the opened C1 lami-
nae. To the best of our knowledge, this is the first study about combined
C1–2 TA and C1 laminoplasty with interlaminar bone transplant for ROP.

The TA technique requires preliminary reduction of C1 on C2
before screw placement, and it is associated with a risk for verte-
bral artery injury from an anatomical standpoint.30,31 However, this
technique is reasonable for both cervical spinal cord decompression
and securing the bone graft area, and it is correlated with a lower
volume of blood loss than SR. The present study had some limita-
tions. It is a single case report; therefore, more consecutive data
are required, and future prospective clinical studies must be con-
ducted to obtain a more definite conclusion.

Lessons
To date, there is no consensus regarding the appropriate surgi-

cal method for ROP. However, the treatment strategy should be
determined according to the patient’s status. Combined C1–2 TA
and C1 laminoplasty with interlaminar autogenous iliac bone trans-
plant can facilitate cervical spinal cord decompression and secure
the bone graft area, which facilitates postoperative bone union and
is associated with a lower volume of intraoperative blood loss.
Thus, it is recommended for ROP.
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