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Abstract
Objective  The treatment of a retro-odontoid pseudotumor mass associated with severe spinal cord compression is challeng-
ing due to the complex regional anatomy. Here, we present an attractive treatment option involving a single-stage posterior 
transdural microsurgical resection followed by instrumented cervical reconstruction.
Methods  We describe three patients presenting with clinical signs of cervical myelopathy and an imaging finding of mucoid 
and fibrous soft or semi-soft retro-odontoid pseudotumor mass with significant spinal cord compression at the C1/C2 level. 
Given the severity of the symptoms, surgical decompression was planned and fusion was necessitated by the severe degen-
erative osteoarthritis seen at the C1/C2 level with signs of instability. Using a standard posterior approach to the spine, a 
suboccipital decompression by craniectomy and laminectomy of C1, C2 and C3 was performed. The masses were visualized 
and confirmed with ultrasound imaging, and intraoperative neurosurgical monitoring was applied. The dura was then opened 
from the level of C0–C2. Exiting C2–C3 nerve roots were identified and protected throughout the procedure, and the dentate 
ligament was cut to facilitate access. Incision of the anterior dura provided easy access to the lesion for resection without 
any spinal cord retraction. Multiple intraoperative samples were sent to pathology for tissue diagnosis. The dura was closed 
with sutures and an overlay of fibrin sealant with collagen matrix sponge. The fusion procedures were performed using a 
standard occipital cervical plate and screws technique with contoured titanium rods.
Conclusions  The posterior cervical transdural approach is a safe alternative procedure for mucoid and fibrous soft or semi-
soft retro-odontoid pseudotumor mass removal. Preoperative CT scan can evaluate tissue characteristics and distinguish 
between a soft or ossified mass in front of the spinal cord. Local anatomical conditions facilitate less bleeding and adhesions, 
together with less spinal cord traction, in the intradural space. Cranio-cervical and suboccipital stabilization can be easily 
and safely performed with this exposure.

Keywords  Retro-odontoid mass · Transdural approach · Cervical spine · Surgical technique · Posterior approach · 
Atlantoaxial region

 *	 M. G. Fehlings 
	 michael.fehlings@uhn.ca

1	 Vivantes Neurochirurgie, Klinikum Neukoelln, Rudower Str. 
48, 12351 Berlin, Germany

2	 Division of Orthopaedic Surgery, Department of Surgery, 
Toronto Western Hospital, University Health Network, 399 
Bathurst Street, Toronto, ON M5T 2S8, Canada

3	 Division of Neurosurgery, Department of Surgery, Toronto 
Western Hospital, University Health Network, 399 Bathurst 
Street, Toronto, ON M5T 2S8, Canada

4	 Department of Pathology, Laboratory Medicine Program, 
University Health Network, University of Toronto, 200 
Elizabeth Street, Toronto, ON M5G2C4, Canada

5	 Department of Surgery, University of Toronto, 149 College 
Street, Toronto, ON M5T 1P5, Canada

http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-020-06405-8&domain=pdf


S163European Spine Journal (2020) 29 (Suppl 2):S162–S170	

1 3

Introduction

The resection of a retro-odontoid pseudotumor mass in the 
atlantoaxial region, with or without associated spinal cord 
compression, is challenging. Potential surgical interven-
tions are limited by the complex surrounding anatomy, the 
nature of the articular surfaces, crucial ligamental struc-
tures, and inconsistent location of the vertebral artery [1, 
2]. Multiple retro-odontoid pseudotumors have been previ-
ously reported including synovial cysts, herniated discs, 
ganglion cysts, damaged or degenerated transverse liga-
ments and pseudogout [3–7].

Surgical intervention is usually warranted either for 
diagnostic biopsy or when the imaging finding correlates 
with clear clinical signs and symptoms of spinal cord com-
pression and cervical myelopathy [8]. Given the difficulty 
in accessing the lesion due to the anatomical location, 
operative resection remains a risky and challenging task. 
Despite this, several surgical options have been described 
in the literature, including the anterior transoral approach, 
the far-lateral cervical approach, and the posterior extra-
dural approach [9–11]. However, these techniques are 
technically challenging and no clear consensus for an 
optimal approach currently exists [12].

In this report, we present three cases of a retro-odontoid 
pseudotumor with significant spinal cord compression and 
symptoms of cervical myelopathy. We describe the suc-
cessful treatment of these cases with posterior resection 
of the mass through a transdural approach, followed by 
cranio-cervical instrumentation and fusion.

Surgical technique

The surgery was performed with the patient in prone posi-
tion. A stereotactic navigation imaging system was utilized 
for intra-operative referencing the C1/C2 region. Intra-
operative neurophysiological monitoring was performed 
throughout the entire procedure.

The occipital and suboccipital region was exposed via a 
standard midline posterior approach. Prior to decompres-
sion, the trajectory and tracks for screws of the midline 
occipital plate, C1 lateral mass, C2 pedicle and subaxial 
lateral mass screws were prepared with the support of the 
navigation system.

With the aid of a surgical microscope (OPMI® 
PENTERO®), a suboccipital decompression by craniec-
tomy and C1–C3 laminectomy was performed. Ultrasound 
images were obtained to localize the retro-odontoid mass.

Dura incision was then performed at the location found 
most optimal for accessing the lesion. Typically, this 

location corresponded to a line extending from the C3 
level to the foramen magnum (Fig. 1a). After dural inci-
sion, tack-up sutures were placed to facilitate exposure as 
well as the later closure of the dura. The arachnoid was 
carefully opened and the retro-odontoid mass was identi-
fied along with exiting C2–C3 nerve roots (Fig. 1b). With 
the nerve roots directly visualized and protected, a linear 
length incision of the dura anterior to the cord was per-
formed to reveal the retro-odontoid mass (Fig. 1c). The 
mass was carefully, without any retraction of the spinal 
cord, removed with the use of microsurgical curettes, ron-
geurs and ultrasonic suction (Fig. 1d). Specimens were 
collected and sent for quick section by pathologists.

The dura was closed with a combination of interrupted 
and continuous sutures, as well as fibrin sealant and collagen 
matrix sponge overlay to achieve watertight closure.

Finally, before wound closure, suboccipital instrumenta-
tion was done with the placement of hardware (contoured 
titanium rods) through the prepared tracts.

Case 1

An 80-year-old female patient presented with clinical signs 
of cervical myelopathy. Physical examination revealed mod-
erate strength (motor grade 4 +/5) in her upper and lower 
limbs, bilateral positive Hoffman’s sign, up-going plantar 
reflexes, and objective findings of gait imbalance. The mJOA 
score was found to be 16/18, and the VAS score was 8/10.

CT and CT myelography, instead of MRI-scan, were per-
formed due to the presence of an active pacemaker. Imaging 
showed a large retro-odontoid pseudotumor mass with sig-
nificant compression of the cervical medullary junction, evi-
dence of atlas-occipitalization and C1/C2 instability (Fig. 2).

Given the severity of compression, clinical signs of 
myelopathy and the presence of occipitocervical instabil-
ity, surgical intervention was recommended for the patient. 
We elected for posterior spinal C1–C3 laminectomy, trans-
dural resection of the pseudotumor and instrumentation from 
occiput to C3.

The surgical procedure was performed as described in the 
technique section. Selected steps of the surgical procedure 
are shown in Fig. 3a–d. The location of the retro-odontoid 
mass was confirmed with high-resolution ultrasound images 
after suboccipital decompression by craniectomy and C1–C3 
laminectomy (Fig. 4). Specimens taken from the mass were 
sent for histological examination. Neuromonitoring showed 
electrophysiological recordings over 50% of baseline levels 
at all points of the operation.

Postoperatively, the patient’s neurological status remained 
consistent. Postoperative CT scans showed the accurate 
placement of instrumentation (Fig. 5). The postoperative 
course in the hospital was insignificant, and the patient 
was discharged to rehabilitation. At 8-week follow-up 
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examination, the patient had no neck pain and was inde-
pendently ambulating with full strength (motor grade 5/5) 
in all myotomes. The final pathology report of the intraop-
erative specimen described acellular eosinophilic material 
of fibro-connective tissue and cartilage, calcium pyrophos-
phate crystals and no evidence of inflammation or malig-
nancy (Fig. 7a). At the 23-month follow-up examination, 
the patient was doing very well with no new complaints or 
neurological deficits.

Case 2

A 72-year-old woman presented with a 5-year history of 
mechanical neck pain as well as clinical signs of cervical 
myelopathy with progressive gait impairment, hand dysfunc-
tion and numbness. Physical examination found right-sided 
weakness and paresthesia, gait unsteadiness and altered hand 
dexterity. Additionally, the patient showed signs of hyper-
reflexia in all extremities along with a positive Hoffmann’s 
sign bilaterally. The mJOA score was rated as 15/18.

Imaging studies (CT and MRI) showed a significantly 
large extradural retro-odontoid calcified pseudotumor mass 
with severe compression of the spinal cord at the C1/C2 
level with dislocation of C1 facet joints. Given the findings, 
decompression at C1–C3, transdural resection of the pseu-
dotumor, and instrumented fusion was planned.

The surgical procedure performed was similar to the 
previous case. However in this case, following microscope 
surgical dura opening, the dentate ligament was cut, and C1 
and C2 nerves were mobilized before mass excision.

The operation was uncomplicated, the postoperative 
course was unremarkable, and the patient was discharged to 
a rehabilitation facility. At the 8-week follow-up examina-
tion, the patient was doing well and ambulating indepen-
dently. The cervical spine X-ray showed good alignment 
and stable fixation. At six-month follow-up, routine MRI 
was obtained and showed excellent decompression of the 
spinal canal in comparison with the preoperative MRI, with-
out signs of recurrence (Fig. 6). The final pathology report 
described necrotic tissue with bone fragments, calcifications, 

Fig. 1   An artistic depiction of the intraoperative surgical procedure. 
Conceptual design by the primary author, edits by the senior author 
and medical illustration by Diana Kryski (KryskiBiomedia). a C1–
C3 laminectomy and planned incision line of the dorsal dura (dot-
ted line). b The incision of the dorsal dura with dural tack-up sutures 
exposing the ventral retro-odontoid mass and displacing the spinal 

cord as well as nerve roots. c Anterior dura incised directly over the 
retro-odontoid mass while protecting the spinal cord and nerve roots. 
d Removal of the retro-odontoid mass with microsurgical curettes and 
rongeurs. e Adequate decompression of spinal cord and nerve roots 
after removal of the lesion
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lymphohistiocytic inflammation and focal crystal deposition, 
but no signs of malignancy (Fig. 7b). The 22-month follow-
up examination showed stable post-surgical conditions, and 
the patient was doing well without signs of neurological 
deficits.

Case 3

An 84-year-old female with known history of rheumatoid 
arthritis presented to the emergency department with pro-
gressive tetraparesis and an inability to ambulate. On initial 
examination, it was found that she had 4/5 motor power on 
the right upper and lower extremities, while only 3/5 motor 
power on the left side. She had features of hyperreflexia and 
up-going toes bilaterally with the plantar response.

Urgent MRI was obtained and revealed a large retro-
odontoid extradural mass, confirming a pseudotumor caus-
ing severe compression of the spinal cord. The patient was 
taken to the OR for an urgent C1–C3 laminectomy and trans-
dural microsurgical resection of the pseudotumor.

The surgical procedure was performed as described in 
the technique section. Intraoperative ultrasound was utilized 
after laminectomy to localize the retro-odontoid mass.

The surgical procedure was uncomplicated. Postopera-
tively, the patient was discharged to a rehabilitation centre 

after a period of hospitalization. At 3-month follow-up, the 
patient was still using a wheelchair; however, her strength 
was improving significantly. At 9-month follow-up, the 
patient had recovered the ability to walk with assistive 
devices. The final pathology report from the intraoperative 
specimen indicated fibrocartilaginous tissue with hyalinized 
cartilage, which appeared to represent an exuberant reactive 
process (Fig. 7c).

Discussion

Retro-odontoid pseudotumor masses are rare lesions that 
can cause significant cervicomedullary compression with 
clinical signs of myelopathy. Although theories exist, the 
exact etiology of these lesions remains unclear [4, 13, 14]. 
Therefore, it is imperative that tissue samples are obtained 
for diagnostic purposes. Several surgical procedures have 
been described, including atlantoaxial fusion techniques, C1 
laminectomy, C1 laminoplasty and direct transdural tumor 
resection [15–17]. To our knowledge, the majority of articles 
in the literature describe the use of transdural pseudotumor 
resection without fusion, except for one small case series 
(Table 1). 

Fig. 2   Case 1: Preoperative CT myelography revealed a sizeable retro-odontoid pseudotumor (*). Selective a sagittal and b, c axial images 
showing the mass effect of the lesion causing significant compression of the spinal cord at the cervical medullary junction
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Chikuda et al. [18] reported that approximately two-
thirds of retro-odontoid pseudotumor cases in the literature 
showed signs of atlantoaxial instability. For these cases, 
a fusion procedure is recommended. However, controver-
sies arise when a massive pseudotumor is present, without 
apparent instability [16]. Although good results have been 
reported with both techniques, all of our patients under-
went a posterior fusion procedure. Post-surgery and in 
follow-up exams, no signs of hardware failure or changes 
in the cranio-cervical alignment were registered. There-
fore, we recommend that cervical laminectomies should 
be accompanied by instrumented fusion to reduce the risk 
of instability and kyphosis.

Taylor et al. [19], described intradural spinal procedures 
for resection of a ventral intradural lesion by using a uni-
lateral hemilaminectomy. The same approach was later 
extended by Stookey et al. [20], for a transdural resection 
of ventral extradural “chondroma”. Fox and Onofrio [21] 
reported the use of cervical transdural discectomy with 
laminectomy.

Fujimoto et al. [22] published a series of 30 patients with 
cervical myelopathy or radiculomyelopathy who had under-
gone microscopic transdural cervical discectomy with a 
laminoplasty. The authors recommended it as a valid option 
for paracentral and paracentroforaminal cervical disc her-
niation. Tanaka et al. [23] reported ten-year follow-up of 
the procedure and showed a stable clinical course with no 
recurrence or postoperative kyphosis.

Fujiwara et al. [24] performed transdural resection of a 
retro-odontoid pseudotumor via a C1 laminectomy without 
suboccipital craniotomy and fusion. The authors reported no 
recurrence or signs of instability at 1-year follow-up [24].

Madhavan et al. [25] recently published a small case 
series of three elderly patients with progressive myelopa-
thy secondary to a retro-odontoid cyst. The authors sug-
gested that the transdural approach should be considered 
since it could avoid some of the morbidities related to 
ventral procedures (wound infection, CSF leak, longer 
operative time and frequent need for posterior instru-
mented stabilization). In two of the three cases, the authors 

Fig. 3   Case 1: Selected intraoperative photographs of a transdural 
approach for resection of a retro-odontoid pseudotumor. a Placement 
of dural tack-up sutures and exposure of the arachnoid membrane 
after suboccipital decompression with laminectomy of C1, C2 and 
C3 and left-sided dura incision. b After identifying the location of the 
retro-odontoid pseudotumor, a linear length incision of the anterior 

dura was performed directly over the mass lesion while protecting the 
spinal cord and nerve roots. c Excellent decompression of the spinal 
cord and nerve roots was achieved after the removal of the pseudo-
tumor. d Repair of the dorsal dura with interrupted and continuous 
sutures
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Fig. 4   Case 1: Intraoperative 
ultrasound imaging demonstrat-
ing compression and displace-
ment of the spinal cord by the 
retro-odontoid pseudotumor 
(*) in sagittal (a) and axial (b) 
views

Fig. 5   Case 1: Selective a sagittal and b, c axial images of the postoperative CT imaging of the cervical spine showing resection of the retro-
odontoid pseudotumor and excellent decompression of the spinal cord
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performed a posterior fusion procedure, while the other 
was a laminectomy without fusion [25].

Limitations of the transdural surgical technique are the 
risks of potential injury to neural tissue and CSF leak-
age, especially in cases with calcified and adherent lesions 
to the dura and surrounding tissue (Table 1). However, 
the majority of pseudotumor lesions are soft or fibrous 
and easily dealt with through a posterolateral transdural 
approach. The presence of significant calcification on CT 
would represent a contraindication to the posterior trans-
dural technique of resection, and we would favor a tran-
soral approach in such cases. A preoperative CT scan can 

give useful information about tissue specific qualities of 
the lesion.

In summary, the transdural resection of retro-odontoid 
pseudotumors has advantages of reduced bleeding, fewer 
adhesions and more straightforward access to the mass, 
which is usually located in the central part of the ventral 
spinal cord. Also, the use of a posterior midline incision pro-
vides flexibility to extend fusion and instrumentation when 
required. This flexibility can reduce the need for a front and 
back or staged procedure, which is usually required in situ-
ations where additional fusion is needed when approaching 
the retro-odontoid mass anteriorly or laterally.

Fig. 6   Case 2: a Preoperative 
MRI T2-weighted sequence in 
the sagittal planes demonstrat-
ing a large extradural retro-
odontoid calcified pseudotumor 
mass with severe distortion and 
displacement of the spinal cord. 
b Repeated MRI-scans per-
formed 6 months after surgery 
showing excellent decompres-
sion of the spinal canal on 
representative sagittal images 
without any signs of recurrence

Fig. 7   a Case 1: (A, B) Fragments of disk material including fibro-
connective tissue and cartilage with degenerative and reactive 
changes (arrows). No inflammatory infiltrate or malignancy. (C, D) 
Calcium pyrophosphate crystals (arrows). b Case 2: (A, B) Fragments 
of fibrous tissue and disk material displaying degenerative changes 

and calcifications. (C) Focal lymphohistiocytic infiltrate (arrow). c 
Case 3: (A, B) Fragments of fibrocartilaginous tissue with reactive 
changes and hyalinization. (C) Focal increase in cartilage cellularity 
(arrow) which represents exuberant reactive process
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In our opinion, a transdural resection performed through 
a posterior cervical approach is an appropriate option to 
remove mucoid and fibrous soft or semi-soft retro-odon-
toid pseudotumors without relevant spinal cord traction. 
We do, however, acknowledge the technical difficulty of 
this surgery, which requires the support of intraoperative 
ultrasound and neurophysiological monitoring. Further, we 
highly recommend that this procedure be carried out by 
a microsurgical trained spine surgeon with experience in 
intradural pathology resection.

Conclusion

The posterior cervical transdural approach, when sup-
ported with intraoperative ultrasound and neurophysiolog-
ical monitoring, appears to be a safe alternative procedure 
for retro-odontoid non-calcified pseudotumor mass exci-
sion. A preoperative CT scan can evaluate tissue charac-
teristics and distinguish between a soft or ossified mass in 
front of the spinal cord. Regional anatomical conditions 
facilitate less bleeding and adhesions in the intradural 
space. Additionally, a cranio-cervical and suboccipital 
stabilization can be easily and safely performed through 
this exposure without any limitations.
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