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The retro-odontoid pseudotumor is often concurrent with atlantoaxial subluxation (AAS).
Therefore, the pseudotumor is relatively common in rheumatoid arthritis (RA) but rare in
primary osteoarthritis (OA). This is a case report of an elderly male patient suffering from
neck pain and compression myelopathy caused by the craniocervical pseudotumor with OA
but without atlantoaxial instability. He had long-lasting peripheral and spinal pain treated
by nonsteroidal anti-inflammatory drugs. Imaging found upper cervical spondylosis with-
out AAS or dynamic instability but with periodontoid calcifications and ossifications, sug-
gesting calcium pyrophosphate dihydrate (CPPD) crystal deposition. Based on a compre-
hensive literature search and review, CPPD disease around the atlantodental joint is a pos-
sible contributor to secondary OA development and retro-odontoid pannus formation
through chronic inflammation, which can be enough severe to induce compression my-
elopathy in non-RA patients without AAS. The global increase in the aged population ad-
vises caution regarding more prevalent upper cervical spine disorders associated with OA
and CPPD.

Keywords: Retro-odontoid atlantodental pseudotumor, Osteoarthritis, Calcium pyrophos-
phate dihydrate, Compression myelopathy, Neck pain, Cervical spine

laxity and joint destruction by RA, and AAS is the most fre-

quently observed involvement.”® The pseudotumor can occur

The retro-odontoid pseudotumor around the atlantodental
joint is often concurrent with non-traumatic atlantoaxial sub-
luxation (AAS).! Therefore, pannus formation by atlantoaxial
instability is a relatively common complication in patients with
rheumatoid arthritis (RA), a chronic, systemic inflammatory
disease.* The cervical spine is a popular focus of ligamentous

even in patients without RA,° which is however a rare condition
in upper cervical osteoarthritis (OA)."” Although the develop-
ment of OA is multifactorial, altered mechanical properties
arising from degenerative instability®® with calcification and/or

10,11

ossification'®"" are the primary cause."? Then, OA can second-

arily be developed often more severely by other factors includ-
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ing trauma, inflammation, e.g., gout, and metabolic disorders,
e.g., diabetes.” Because of less involvement of AAS in OA," there
is only limited evidence regarding the link between the cranio-
cervical pseudotumor, atlantoaxial instability, and OA."

We experienced an elderly male patient case of the retro-odon-
toid atlantodental pseudotumor with upper cervical OA includ-
ing the occipitocervical region, thereby causing compression
myelopathy. The patient did not have marked AAS but periodon-
toid calcifications and ossifications, suggesting the involvement
of calcium pyrophosphate dihydrate (CPPD) crystal deposition
disease, also known as pseudogout and pyrophosphate arthrop-
athy. In this case, CPPD-induced chronic inflammation may be
a causative factor of secondary OA and the atlantoaxial pseudo-
tumor. We thus performed a comprehensive literature search
and review. We discussed a possible contribution of CPPD to
the retro-odontoid pseudotumor in non-RA but OA patients
without AAS and also the selection of treatment options.

CASE REPORT

This study was approved by the Institutional Review Board
(IRB) at Kobe University Graduate School of Medicine (IRB

Midsagittal

Fig. 1. Midsagittal T2-weighted magnetic resonance imaging
of the cervical spine in the male patient at 62 years old. Atlan-
todental joint swelling without spinal cord compression was
observed.

904 Wwww.e-neurospine.org

No. B190002). Written informed consent was obtained from
the patient. Further, this patient was informed that data from
the case would be submitted for publication, and gave his con-
sent. This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and with the laws and regu-
lations of Japan.

A 55-year-old Japanese man was referred to the authors’ hos-
pital due to complaints of low back, neck, shoulder, elbow, and
hip pain. His symptoms lasted long before visiting, but relieved
conservatively by nonsteroidal anti-inflammatory drugs (NSAIDs).
His low back pain resulted from lumbar spinal canal stenosis
with disc herniation as shown by magnetic resonance imaging
(MRI). Then, his visiting continued 1 to 3 times a year com-
plaining joint pain without any abnormality reflected on the
blood test. Radiographic peripheral joint findings were normal
except for hip joint effusion detected by MRI when he was 57
years old.

At 62 years old, neck pain worsened with a limited range of
motion. Cervical spine flexion—-extension radiographs revealed
no apparent atlantoaxial instability but structural changes were
obscure because of bony overlapping. Then, MRIs showed slight
cervical disc bulging in lower vertebrae and granulomatous soft-
tissue swelling around the atlantodental joint that resembled
the pseudotumor associated with AAS in RA (Fig. 1). Based on
no spinal cord compression and rapid pain relief by NSAIDs,
further examinations were not performed. He had medical his-
tory of hypertension but not diabetes mellitus, rheumatic dis-
-

A

@ Lateral in extension

Lateral in flexion

Fig. 2. Lateral radiographs in flexion (A) and extension (B)
positions of the cervical spine in the male patient at 68 years
old. No apparent development of atlantoaxial subluxation but
with upper cervical degenerative spondylosis was observed.
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eases, allergic diseases, or metabolic disorders. However, as low
back and leg pain by lumbar spinal stenosis had worsen, decom-
pression surgery was performed at 66 years old, facilitating suc-
cessful postoperative relief of symptoms.

At 68 years old, he felt severe neck and occipital pain with lim-
ited motion in extension with rotation, shooting pain in both
upper extremities with hand clumsiness and numbness, and
walking disturbance. Four days after the onset, he visited our
hospital. Neurological examination revealed modest muscle
weakness in left extremities; however, sensory sensation and
deep tendon reflexes were normal except for elevated left ankle
jerk. Laboratory blood and urine data were within normal lim-
its including white blood cell count and C-reactive protein. Cer-
vical spine radiographs demonstrated subaxial spondylosis in-
cluding vertebral osteophytes with disc height narrowing and
Barsony’s sign; however, no marked development of AAS or
dynamic atlantoaxial instability was observed in flexion and ex-
tension positions (Fig. 2). Spinal cord compression by the en-
larged retro-odontoid pseudotumor and C1 posterior arch with
an intramedullary high signal-intensity lesion was detected on
T2-weighted MRIs (Fig. 3). Computed tomography (CT) scan

Midsagittal

Fig. 3. Midsagittal T2-weighted magnetic resonance imaging
of the cervical spine in the male patient at 68 years old. Marked
spinal cord compression with an intramedullary high-signal
intensity lesion between the enlarged retro-odontoid pseudo-
tumor and C1 posterior arch was observed.
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showed degenerative changes with calcifications and osteophytes
around the occipitocervical junction but no ossification of the
anterior longitudinal ligament (OALL) (Fig. 4). According to
neurological and radiological findings with previous disease
episodes, this patient was diagnosed with compression myelop-
athy due to the retro-odontoid pseudotumor associated with
OA and CPPD but without RA or AAS.

Because of the presented long tract sign and difficulty of daily
activities, surgical resection of the posterior arch of the atlas
was performed. No apparent atlantoaxial instability indicated
decompression alone. His symptoms immediately disappeared
after C1 laminectomy. No remarkable AAS progression in ra-
diographs, maintained spinal cord decompression with a de-
creased intramedullary abnormal signal at C1-2 level on T2-
weighted MRIs, although the size of the retro-odontoid pseu-
dotumor remained relatively unchanged, and increased peri-
odontoid calcifications and osteophytes in CT images, suggest-

Fig. 4. Computed tomography images of the occipitocervical
joint in the male patient at 68 years old. (A) In a midsagittal
image, small but multiple calcifications (arrowhead) and os-
teophytes around the atlantodental joint were observed. (B)
In a parasagittal image, calcifications (arrowheads), and nar-
rowed joints with osteophytes (arrows) in the upper cervical
spine were observed. (C) In a coronal image, ossifications of
the transverse ligament (arrowheads) and degenerative joints
(arrows) were observed. (D) In an axial image at C1-2, osteo-
phytes and ossifications along with the transverse ligament
(arrowheads) were observed. R indicates the right side of the
body.
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Lateral in flexion @ Lateral in extension
Fig. 5. Lateral radiographs in flexion (A) and extension (B) positions, midsagittal T2-weighted magnetic resonance imaging (C),
and midsagittal (D) and axial at C1-2 (E) computed tomography images of the cervical spine in the male patient at 70 years old.
No remarkable progression of atlantoaxial subluxation was observed 2 years after laminectomy of the C1 posterior arch. Surgical
decompression of the spinal cord at C1-2 level with an improved intramedullary high-signal intensity lesion was obtained.
Meanwhile, elevated levels of periodontoid calcifications (D, arrowheads) and ossifications (E, arrowheads) were found, indicat-

ing calcium pyrophosphate dihydrate crystal deposition.

ing sustained CPPD inflammation, were monitored at postop-
erative 2-year follow-up (Fig. 5).

LITERATURE SEARCH

Literature search of scientific articles published between 1977
and 2019 was performed in PubMed (https://pubmed.ncbi.
nlm.nih.gov/). Three primary keywords of “pseudotumor”
(107), “OA” (531), and “CPPD” including “pseudogout” and
“chondrocalcinosis” (372) were examined with the combina-

» « » «

tion of “retro-odontoid,” “atlantoaxial,” atlantodental,” “atlanto-
odontoid,” “atlantodens,” and “cervical spine” Numbers in the
parenthesis showed in-relevant articles. Important articles re-
garding RA, AAS, and diffuse idiopathic skeletal hyperostosis
(DISH) were additionally obtained by hand search. The ab-
stract was evaluated and discussed by 2 authors (TY and TI),
and 96 articles were selected eligible for the inclusion in this lit-
erature review. Based on 4 major topics of craniocervical “pseu-
dotumor;” “OA;” “CPPD;” and “treatment” related to the pre-

sented patient case, 70 articles were finally referenced.

DISCUSSION

This is a case report of an older male patient suffering from
neck pain and compression myelopathy due to chronic CPPD

906 Www.e-neurospine.org

inflammation-induced secondary upper cervical OA and atlan-
todental pseudotumor even without AAS. Few prior papers re-
viewing the retro-odontoid “pseudotumor” with “OA” and “CPPD”
have been published. The “treatment” is also undetermined.
Therefore, we performed an in-depth literature review and dis-
cussed this patient case based on these 4 issues.

1. Non-RA Retro-Odontoid Pseudotumor

The retro-odontoid pseudotumor and/or AAS can be devel-
oped in patients with autoimmune diseases including RA," an-
kylosing spondylitis (AS),' systemic lupus erythematosus (SLE),"®
and Sjogren syndrome,'® which is also observed in non-RA pa-
tients with gout, pseudogout, hemodialysis, pigmented villon-
odular synovitis, and odontoid fracture nonunion.' Factors re-
lated to cervical spinal cord compression are synovial cyst, epi-
dural lipoma and hematoma, and ossification of the posterior
longitudinal ligament.! Although the generalized incidence of
the retro-odontoid pseudotumor is unknown because of its rar-
ity, the pseudotumor was detected by MRI in 23.2% of 164 pa-
tients with AAS surgically treated.'” In more recent registry data
from a consecutive MRI study of 105 patients with the pseudo-
tumor, RA diagnosis was only 27.6%,” indicating a common in-
volvement of non-RA disease. It is noteworthy that 44.7% of non-
RA patients, who were older and male-dominant, had clinical
CPPD or imaging evidence for tissue calcification.” Then, the

https://doi.org/10.14245/ns.2142112.056
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pathomechanism of the pseudotumor development in non-RA
is considered as transverse ligament degeneration®” due to the
altered biomechanics of the craniocervical junction from con-
genital atlantooccipital assimilation anomaly®' as well as subaxi-
al ankylosis in severe spondylosis,”> OALL,” Forestier disease,”
DISH,”* and AS.'S A systematic review of the pseudotumor
without radiographic instability failed due to the limited num-
ber of cases available, which although had different etiologies
including atlantoaxial hypermobility, deposition of substances,
and probably disc herniation." Reported causes of AAS and the
retro-odontoid pseudotumor are summarized in Table 1.

Here we reported a non-RA male patient with the atlanto-
dental pseudotumor and upper cervical compression myelopa-
thy. He complained neck pain and arthralgia, showing cranio-
cervical OA and periodontoid calcifications and ossifications
without AAS. Based on our literature review, CPPD crystal de-
position is suggested to be involved.

2. Upper Cervical OA

In 31 patients with atlantoaxial OA, both the atlantoodontoid
and lateral mass joints, only the atlantoodontoid joint, and only
lateral mass joints were radiologically involved in 71.0%, 16.1%,
and 12.9%, respectively.”” The importance of CT evaluation,
identifying atlantoodontoid OA and transverse ligament calci-
fication, was later emphasized in middle-aged and older patients
with occipitalgia and limited neck motion because of the diffi-
culty in radiographically assessing overlapping craniocervical
bony structures.® Upper cervical CT examination of 700 pa-
tients without trauma clarified an age-dependent increase in
the prevalence of atlantoodontoid OA: 16% in 18-25 years,
23% in 25-30 years, 33% in 30-40 years, 54% in 40-50 years,
70% in 50-60 years, 87% in 60-70 years, and 93% in >70
years.”” A CT study of 1,543 patients at a trauma center showed
an age-dependent decrease in the atlantodental interval and in-
crease in bone cyst formation and synovitis with calcium depo-
sition around the dens in >40 years old.*® Consecutive 700 pa-
tients undergoing brain or paranasal sinus CT exhibited in-
creased transverse ligament calcification with age and advanced
atlantoodontoid degeneration.” Furthermore, mean 32.6-year-
old male porters carrying loads on the head radiologically pre-
sented joint space narrowing with osteophytes, interspinous
and transverse ligament calcifications, and occipito-atlantoaxial
joint ankylosis, indicating primary OA, but did not all develop
AAS or pseudotumor.”? Based on these findings, OA is com-
mon with age in the atlantoodontoid and lateral mass joints.
Then, age-related increase in retro-odontoid soft-tissue thick-

https://doi.org/10.14245/ns.2142112.056

Table 1. Reported causes of atlantoaxial subluxation and the
retro-odontoid pseudotumor

Cause Reference

Atlantoaxial and/or atlantooccipital pathology
OA 6,8, 11, 14, 31, 32, 35-
Primary OA 37,60, 61
Secondary OA

Inflammation 1-5,7, 16-18, 33, 43,

Infection 44, 53-55

Autoimmune diseases (RA, AS, SLE,
Sjogren syndrome, and reactive arthritis)

Pseudogout/CPPD crystal deposition
Gout
38,39

Trauma 37

Hemodialysis

Fracture of the dens

Congenital anomaly 9,21
Os odontoideum
Craniocervical assimilation

Developmental disease 37
Down syndrome
Cerebral palsy
Mucopolysaccharidosis

Others

Subaxial pathology (to develop atlantoaxial
instability by limiting subaxial motion)

OALL

OPLL

DISH

Spondylosis (multilevel OA)
Others

20, 22-26

OA, osteoarthritis; RA, rheumatoid arthritis; AS, ankylosing spon-
dylitis; SLE, systemic lupus erythematosus; CPPD, calcium pyro-
phosphate dihydrate; OALL, ossification of the anterior longitudinal
ligament; OPLL, ossification of the posterior longitudinal ligament;
DISH, diffuse idiopathic skeletal hyperostosis.

ness was found on CT* and MRI,* particularly in male patients
with OA and/or undergoing dialysis.** Cervical compression
myelopathy also resulted from degenerative AAS™ and/or dens
hypertrophy.'"*>* The periodontoid soft-tissue mass resembling
to the pseudotumor was detected in 90% of 108 surgically
treated patients with degenerative atlantoaxial instability result-
ing from trauma and congenital anomaly without RA or
CPPD.” The pseudotumor with amyloid deposition can be
caused by atlantoaxial instability due to secondary OA in hemo-
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dialysis patients.’®* Consequently, secondary OA is often asso-
ciated with the development of atlantoaxial instability and the
retro-odontoid pseudotumor.

The presented patient had long-term episodes of neck pain
without episodes of chronic mechanical stress in the upper cer-
vical spine. Imaging examination displayed no OALL, DISH, or
abnormal biomechanics but spondylosis with periodontoid cal-
cifications and ossifications, suggesting CPPD as a cause of sec-
ondary OA.

3. CPPD Disease
The CPPD disease comprises a variety of clinical phenotypes
including OA-like and RA-like.*” Crystals of CPPD are known

to induce joint inflammation, bony erosion, and cartilage de-
struction, possibly resulting in degenerative OA.* The preva-
lence of the chronic polyarticular type of CPPD is roughly 50%
while the acute type is approximately 25%.* A national study of
United States veterans also showed the chronic progression in
more than half of cases.*” While the crowned dens syndrome is
a common acute-type CPPD disease in the craniocervical junc-
tion,** Chronic CPPD crystal deposition of the ligamentum
flavum occurs frequently in the cervical spine.** On cranio-
cervical CT for acute trauma, a prevalence of atlantoaxial CPPD
was 12.5% of 513 patients, increasing with age.”® Another study
detected a similar CT-based prevalence of periodontoid CPPD
as 13.5% of 296 patients suspected of brain disease, showing an

Table 2. Reported radiological characteristics of primary causes of the retro-odontoid pseudotumor

Atlantoaxial Atlantooccipital Subaxial General/other joint
Cause Reference
pathology pathology pathology pathology
Primary OA Sclerosis, osteophyte formation, Sclerosis, osteophyte forma- Spondylosis Not affected 27,29-32
and decreased joint space tion, and decreased joint
space
Less involvement of ligament Ankylosis
calcification and/or ossification
(18.7%)*
Early involvement from younger  Atlantoaxial calcification
ages
No AAS
Secondary  Sclerosis, osteophyte formation, Congenital anomaly AS Usually not affected 8, 14, 16, 21, 23,
OA and decreased joint space with 24, 26, 35-37
or without AAS
Infection Basilar invagination OALL
AS OPLL
Hemodialysis DISH
Trauma Spondylosis
Congenital anomaly
Hypertrophic dens
RA AAS \'S SAS Affected 1-5
\S Basilar invagination
Pseudog-  Calcification of the transverse liga-  Little evidence in the occipi- Calcification of the Affected (OA-like and 40, 41, 43-46, 49,
out/CPPD  ment in older ages tocervical region and pre-  yellow ligamentin RA-like)* 50, 56
crystal dominantly involved in the the chronic type
deposition spine
Sclerosis, osteophyte formation, and Sclerosis, osteophyte forma- Affected (Acute type,
decreased joint space tion, and decreased joint 25%; chronic type,
space 50%)"4
Long disease history

OA, osteoarthritis; AAS, atlantoaxial subluxation; AS, ankylosing spondylitis; OALL, ossification of the anterior longitudinal ligament; OPLL,
ossification of the posterior longitudinal ligament; DISH, diffuse idiopathic skeletal hyperostosis; RA, rheumatoid arthritis; VS, vertical sub-
luxation of the atlas; SAS, subaxial subluxation; CPPD, calcium pyrophosphate dihydrate.
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age-dependent increase.”” Although calcification of the trans-
verse and alar ligaments around the atlantoodontoid joint was
observed in 60%-70% of patients with pseudogout, the majori-
ty were asymptomatic with normal serological findings while
only a small percentage of those exhibited neck pain and fe-
ver.**>' Recurrent sterile spondylodiscitis and epidural abscess
by atlantoaxial CPPD were also observed.”” The retro-odontoid
pseudotumor in patients with CPPD often displays iso-signal
intensity on T1-weighted MRIs and iso-signal to high-signal
intensity on T2-weighted MRIs.”>** Histopathologically, CPPD
crystal deposition can be confirmed from surgical specimens
through transoral resection.****® The CPPD disease causes in-
flammatory responses more predominantly in the craniocervi-
cal junction than in the subaxial spine, demonstrating occipital
pain, numbness, and paresthesias as well as lower cranial nerve
deficits.”** Due to CPPD inflammation, atlantoodontoid and
occipitocervical OA changes with narrowed joint spaces, osteo-

phytes, and transverse and alar ligament calcifications and/or
ossifications were observed.**** Despite no reports comparing
the severity between primary and secondary OA, CPPD-in-
duced secondary OA should manifest more extensive degener-
ation than primary OA because of persistent inflammation. Re-
ported radiological characteristics of primary causes of the ret-
ro-odontoid pseudotumor are summarized in Table 2.

The current patient with long-standing periodical neck pain
without serological inflammation would suffer from chronic
CPPD with OA progression in the craniovertebral region. The
identified retro-odontoid pseudotumor had iso-signal intensity
on T1-weighted MRIs and low-signal intensity on T2-weighted
MRIs, showing a similar pattern to OA rather than to CPPD.**¥
Therefore, this pseudotumor can be developed by secondary OA-
mediated biomechanical alteration rather compared to CPPD
inflammation.

Table 3. Reported advantages and disadvantages of treatment for the retro-odontoid pseudotumor

Treatment Patient condition Advantage Disadvantage Reference
Conservative management Rejected surgery No risk of surgery Poor compliance 57,58
with a cervical collar Serious morbidity Unpredictable results
Prolonged treatment
C1 decompression alone  No atlantoaxial instability = Good neurological Potential risk of periopera- 8,20, 35, 63-66

recovery

Mild myelopathy

Expected tumor size

reduction

C1-2 fusion without de-

compression recovery

Moderate to severe
myelopathy

Severe atlantoaxial
instability

C1-2 or occipitocervical
fusion with decompres-
sion

Severe myelopathy

Larger pseudotumor

Anterior decompression
with fusion

Severe myelopathy

Less surgical invasion

Mild atlantoaxial instability Better neurological

Earlier, more reliable
tumor size reduction

Earlier, more reliable
tumor size reduction

Optimal neurological
recovery through direct

tive neurological damage
Less tumor size reduction

Possible recurrence of the
pseudotumor with the in-
crease in instability

Potential risk of periopera-
tive neurological damage

19, 35, 61, 62, 66-70

Complications associated
with instrumentation

Best neurological recovery Higher potential risk of
in posterior surgery

perioperative neurologi-
cal damage

Complications associated
with instrumentation

Oral complications 6,24, 25, 60

tumor resection or
decompression

Larger pseudotumor with-
out posterior pathology

Currently less common

Requirement of additional
posterior fixation de-
pending on the anterior
stability

https://doi.org/10.14245/ns.2142112.056
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4. Treatment

Conservative treatment by neck collar was adapted for pa-
tients who had the difficulty in undergoing surgery due to seri-
ous complications and/or who rejected surgery, as the size re-
duction in the retro-odontoid pseudotumor and recovery of
symptoms have been reported.”*® Nevertheless, surgery is the
first selection for patients suffering from pseudotumor-induced
compression myelopathy.® Anterior decompression by tran-
soral odontoid process and pseudotumor resection (combined
with C1-2 posterior fusion) achieved good clinical and neuro-
logical outcomes.****** More recent papers presented a remark-
able pseudotumor size reduction even with the disappearance
by C1-2 posterior fusion only."**"%* Currently, posterior ap-
proach is the primary strategy based on pseudotumor patholo-
gies of soft-tissue swelling and atlantoaxial instability. Then,
spinal cord compression by the anterior pseudotumor or poste-
rior Cl arch even after manual AAS reduction may require de-
compression with fusion. Moreover, C1 laminectomy alone is
an acceptable option with good clinical results including pseu-
dotumor size reduction, similar to decompression and fusion,
and nonworsened AAS.** In a comparative study between the
retro-odontoid pseudotumor between posterior fusion and de-
compression alone, recovery rate at the mean 54-month final
follow-up did not differ but pseudotumor regression was more
frequent in the fusion group (100% vs. 42%), resulting in the
recommendation of fusion irrespective of atlantoaxial instabili-
ty.% Further comparative studies regarding the need for stabili-
zation and decompression are required. Reported advantages
and disadvantages of treatment for the retro-odontoid pseudo-
tumor are summarized in Table 3.

In our patient, posterior C1 laminectomy was selected be-
cause of mild myelopathy without marked AAS. Advantages of
decompression alone are less invasive and avoidable from com-
plications according to bone grafting and/or fusion surgery.”””
Disadvantages would be residual neck pain and nonexclusive
future atlantoaxial instability and also pseudotumor progres-
sion.” Careful follow-up is necessary.

CONCLUSION

This is a case report of an elderly male patient suffering from
neck pain and compression myelopathy caused by the retro-
odontoid pseudotumor without RA or AAS. Although prior
articles described the atlantoodontoid pseudotumor with upper
cervical spondylosis, most cases were associated not with pri-
mary OA but with secondary OA.* Based on periodontoid cal-

910 www.e-neurospine.org

cifications and ossifications, the pseudotumor would occur
with chronic inflammatory CPPD crystal deposition. Subclini-
cal CPPD progression around the atlantoaxial joint facilitates
secondary OA development and retro-odontoid pannus forma-
tion, which can be enough severe to induce compression my-
elopathy in non-RA patients without AAS. The elderly popula-
tion rapidly increases in the world; therefore, more careful at-
tention around the craniocervical region should be paid to iden-
tify compression myelopathy associated with OA and CPPD.

CONFLICT OF INTEREST

The authors have nothing to disclose.

REFERENCES

1. Shi J, Ermann ], Weissman BN, et al. Thinking beyond pan-
nus: a review of retro-odontoid pseudotumor due to rheu-
matoid and non-rheumatoid etiologies. Skeletal Radiol 2019;
48:1511-23.

2. Stiskal MA, Neuhold A, Szolar DH, et al. Rheumatoid ar-
thritis of the craniocervical region by MR imaging: detec-
tion and characterization. AJR Am ] Roentgenol 1995;165:
585-92.

3. Yurube T, Sumi M, Nishida K, et al. Progression of cervical
spine instabilities in rheumatoid arthritis: a prospective co-
hort study of outpatients over 5 years. Spine (Phila Pa 1976)
2011;36:647-53.

4. Yurube T, Sumi M, Nishida K, et al. Incidence and aggrava-
tion of cervical spine instabilities in rheumatoid arthritis: a
prospective minimum 5-year follow-up study of patients
initially without cervical involvement. Spine (Phila Pa 1976)
2012;37:2136-44.

5. Yurube T, Sumi M, Nishida K, et al. Accelerated development
of cervical spine instabilities in rheumatoid arthritis: a pro-
spective minimum 5-year cohort study. PLoS One 2014;9:
€88970.

6. Crockard HA, Sett P, Geddes JF, et al. Damaged ligaments at
the craniocervical junction presenting as an extradural tu-
mour: a differential diagnosis in the elderly. ] Neurol Neuro-
surg Psychiatry 1991;54:817-21.

7. Joyce AA, Williams JN, Shi J, et al. Atlanto-axial pannus in
patients with and without rheumatoid arthritis. ] Rheumatol
2019;46:1431-7.

8. Okada K, Sato K, Abe E. Hypertrophic dens resulting in
cervical myelopathy: histologic features of the hypertrophic

https://doi.org/10.14245/ns.2142112.056



Yurube T, et al.

Retro-Odontoid Pseudotumor With OA and CPPD

dens. Spine (Phila Pa 1976) 2000;25:1303-7.

9. Goel A, Kulkarni AG. Mobile and reducible atlantoaxial dis-
location in presence of occipitalized atlas: report on treat-
ment of eight cases by direct lateral mass plate and screw
fixation. Spine (Phila Pa 1976) 2004;29:E520-3.

10. Watanabe M, Iwashina T, Sakai D, et al. Cervical myelopa-
thy with retroodontoid pseudotumor caused by atlantoaxial
rotatory fixation and senile tremor. Tokai ] Exp Clin Med
2009;34:39-41.

11. Sasaji T, Kawahara C, Matsumoto E. Ossification of trans-
verse ligament of atlas causing cervical myelopathy: a case
report and review of the literature. Case Rep Med 2011;2011:
238748.

12. Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet 2019;
393:1745-59.

13. Sandell L]. Etiology of osteoarthritis: genetics and synovial
joint development. Nat Rev Rheumatol 2012;8:77-89.

14. Daumen-Legre V, Lafforgue P, Champsaur P, et al. Antero-
posterior atlantoaxial subluxation in cervical spine osteoar-
thritis: case reports and review of the literature. ] Rheumatol
1999;26:687-91.

15. Robles LA, Mundis GM. Retro-odontoid pseudotumor with-
out radiologic atlantoaxial instability: a systematic review.
World Neurosurg 2019;121:100-10.

16. Rajak R, Wardle P, Rhys-Dillon C, et al. Odontoid pannus
formation in a patient with ankylosing spondylitis causing
atlanto-axial instability. BMJ Case Rep 2012;2012:bcr1120115178.

17.Babini SM, Cocco JA, Babini JC, et al. Atlantoaxial sublux-
ation in systemic lupus erythematosus: further evidence of
tendinous alterations. ] Rheumatol 1990;17:173-7.

18. Yamada S, Nagafuchi Y, Fujio K. Retro-odontoid pseudotu-
mor associated with Sjogren syndrome and systemic lupus
erythematosus serology. ] Rheumatol 2018;45:1424-5.

19. Park JH, Lee E, Lee JW, et al. Postoperative regression of ret-
ro-odontoid pseudotumor after atlantoaxial posterior fixa-
tion: 11 years of experience in patients with atlantoaxial in-
stability. Spine (Phila Pa 1976) 2017;42:1763-71.

20.Yu SH, Choi HJ, Cho WH, et al. Retro-odontoid pseudotu-
mor without atlantoaxial subluxation or rheumatic arthritis.
Korean J Neurotrauma 2016;12:180-4.

21.Buttiens A, Vandevenne J, Van Cauter S. Retro-odontoid
pseudotumor in a patient with atlanto-occipital assimilation.
] Belg Soc Radiol 2018;102:62.

22.Tanaka S, Nakada M, Hayashi Y, et al. Retro-odontoid pseu-
dotumor without atlantoaxial subluxation. ] Clin Neurosci
2010;17:649-52.

https://doi.org/10.14245/ns.2142112.056

23. Chikuda H, Seichi A, Takeshita K, et al. Radiographic analy-
sis of the cervical spine in patients with retro-odontoid pseu-
dotumors. Spine (Phila Pa 1976) 2009;34:E110-4.

24. Patel NP, Wright NM, Choi WW, et al. Forestier disease as-
sociated with a retroodontoid mass causing cervicomedul-
lary compression. ] Neurosurg 2002;96:190-6.

25.Jun BY, Yoon K]J, Crockard A. Retro-odontoid pseudotumor
in diffuse idiopathic skeletal hyperostosis. Spine (Phila Pa
1976) 2002;27:E266-70.

26. Storch MJ, Hubbe U, Glocker FX. Cervical myelopathy caused
by soft-tissue mass in diffuse idiopathic skeletal hyperosto-
sis. Eur Spine J 2008;17 Suppl 2:5243-7.

27.Harata S, Tohno S, Kawagishi T. Osteoarthritis of the alanto-
axial joint. Int Orthop 1981;5:277-82.

28.Genez BM, Willis JJ, Lowrey CE, et al. CT findings of de-
generative arthritis of the atlantoodontoid joint. AJR Am ]
Roentgenol 1990;154:315-8.

29.Liu K, Lu Y, Cheng D, et al. The prevalence of osteoarthritis
of the atlanto-odontoid joint in adults using multidetector
computed tomography. Acta Radiol 2014;55:95-100.

30. Betsch MW, Blizzard SR, Shinseki MS, et al. Prevalence of
degenerative changes of the atlanto-axial joints. Spine J 2015;
15:275-80.

31. Zapletal J, Hekster RE, Straver JS, et al. Association of trans-
verse ligament calcification with anterior atlanto-odontoid
osteoarthritis: CT findings. Neuroradiology 1995;37:667-9.

32.Badve SA, Bhojraj S, Nene A, et al. Occipito-atlanto-axial
osteoarthritis: a cross sectional clinico-radiological preva-
lence study in high risk and general population. Spine (Phila
Pa 1976) 2010;35:434-8.

33.Chang EY, Lim WY, Wolfson T, et al. Frequency of atlanto-
axial calcium pyrophosphate dihydrate deposition at CT.
Radiology 2013;269:519-24.

34. Tojo S, Kawakami R, Yonenaga T, et al. Factors influencing
on retro-odontoid soft-tissue thickness: analysis by magnet-
ic resonance imaging. Spine (Phila Pa 1976) 2013;38:401-6.

35.Sato K, Senma S, Abe E, et al. Myelopathy resulting from the
atlantodental hypertrophic osteoarthritis accompanying the
dens hypertrophy. Two case reports. Spine (Phila Pa 1976)
1996;21:1467-71.

36.Eren S, Kantarci M, Deniz O. Atlantodental osteoarthritis as
a cause of upper cervical myelopathy: a case report. Eurasian
] Med 2008;40:137-9.

37.Goel A, Shah A, Gupta SR. Craniovertebral instability due
to degenerative osteoarthritis of the atlantoaxial joints: anal-

ysis of the management of 108 cases. ] Neurosurg Spine 2010;

www.e-neurospine.org 911



Yurube T, et al.

Retro-Odontoid Pseudotumor With OA and CPPD

12:592-601.

38.Kuntz D, Naveau B, Bardin T, et al. Destructive spondylar-
thropathy in hemodialyzed patients. A new syndrome. Ar-
thritis Rheum 1984;27:369-75.

39.Leone A, Sundaram M, Cerase A, et al. Destructive spondy-
loarthropathy of the cervical spine in long-term hemodia-
lyzed patients: a five-year clinical radiological prospective
study. Skeletal Radiol 2001;30:431-41.

40.Rosenthal AK, Ryan LM. Calcium pyrophosphate deposi-
tion disease. N Engl ] Med 2016;374:2575-84.

41. McCarty DJ. Calcium pyrophosphate dihydrate crystal de-
position disease--1975. Arthritis Rheum 1976;19 Suppl 3:
275-85.

42. Kleiber Balderrama C, Rosenthal AK, Lans D, et al. Calcium
pyrophosphate deposition disease and associated medical
comorbidities: a national cross-sectional study of US veter-
ans. Arthritis Care Res (Hoboken) 2017;69:1400-6.

43. Assaker R, Louis E, Boutry N, et al. Foramen magnum syn-
drome secondary to calcium pyrophosphate crystal deposi-
tion in the transverse ligament of the atlas. Spine (Phila Pa
1976) 2001;26:1396-400.

44. Fenoy AJ, Menezes AH, Donovan KA, et al. Calcium pyro-
phosphate dihydrate crystal deposition in the cranioverte-
bral junction. ] Neurosurg Spine 2008;8:22-9.

45.Baba H, Maezawa Y, Kawahara N, et al. Calcium crystal de-
position in the ligamentum flavum of the cervical spine. Spine
(Phila Pa 1976) 1993;18:2174-81.

46.Mwaka ES, Yayama T, Uchida K, et al. Calcium pyrophos-
phate dehydrate crystal deposition in the ligamentum fla-
vum of the cervical spine: histopathological and immuno-
histochemical findings. Clin Exp Rheumatol 2009;27:430-8.

47.Kobayashi T, Miyakoshi N, Konno N, et al. Age-related prev-
alence of periodontoid calcification and its associations with
acute cervical pain. Asian Spine J 2018;12:1117-22.

48. Constantin A, Marin E Bon E, et al. Calcification of the trans-
verse ligament of the atlas in chondrocalcinosis: computed
tomography study. Ann Rheum Dis 1996;55:137-9.

49. Scutellari PN, Galeotti R, Leprotti S, et al. The crowned dens
syndrome. Evaluation with CT imaging. Radiol Med 2007;
112:195-207.

50.Roverano S, Ortiz AC, Ceccato F, et al. Calcification of the
transverse ligament of the atlas in chondrocalcinosis. J Clin
Rheumatol 2010;16:7-9.

51.Haikal A, Everist BM, Jetanalin P, et al. Cervical CT-depen-
dent diagnosis of crowned Dens syndrome in calcium pyro-
phosphate dihydrate crystal deposition disease. Am ] Med

912 www.e-neurospine.org

2020;133:e32-7.

52.Grobost V, Vayssade M, Roche A, et al. Axial calcium pyro-
phosphate dihydrate deposition disease revealed by recur-
rent sterile spondylodiscitis and epidural abscess. Joint Bone
Spine 2014;81:180-2.

53.Zunkeler B, Schelper R, Menezes AH. Periodontoid calcium
pyrophosphate dihydrate deposition disease: “pseudogout”
mass lesions of the craniocervical junction. ] Neurosurg 1996;
85:803-9.

54. Doita M, Shimomura T, Maeno K, et al. Calcium pyrophos-
phate dihydrate deposition in the transverse ligament of the
atlas: an unusual cause of cervical myelopathy. Skeletal Ra-
diol 2007;36:699-702.

55.Mijola L, Amouzougan A, Barral FG, et al. Retro-odontoid
pseudo-tumor due to calcium pyrophosphate crystal depos-
its with spinal cord compression and histopathological con-
firmation. Joint Bone Spine 2018;85:497-8.

56.Omura K, Hukuda S, Matsumoto K, et al. Cervical myelop-
athy caused by calcium pyrophosphate dihydrate crystal de-
position in facet joints. A case report. Spine (Phila Pa 1976)
1996;21:2372-5.

57.Klas PG, Wilson J, Cusimano MD. Regression of degenera-
tive retro-odontoid pseudotumour treated in a collar. Can J
Neurol Sci 2018;45:599-600.

58.Nakazawa T, Inoue G, Imura T, et al. Regression of retro-
odontoid pseudotumor using external orthosis without at-
lantoaxial fusion: a case report. JBJS Case Connect 2019;9:
e0329.

59.Schaeren S, Jeanneret B. Atlantoaxial osteoarthritis: case se-
ries and review of the literature. Eur Spine J 2005;14:501-6.

60.Finn M, Fassett DR, Apfelbaum RI. Surgical treatment of
nonrheumatoid atlantoaxial degenerative arthritis produc-
ing pain and myelopathy. Spine (Phila Pa 1976) 2007;32:
3067-73.

61. Barbagallo GM, Certo E Visocchi M, et al. Disappearance of
degenerative, non-inflammatory, retro-odontoid pseudotu-
mor following posterior C1-C2 fixation: case series and re-
view of the literature. Eur Spine J 2013;22 Suppl 6:S879-88.

62.Kang DG, Lehman RA Jr, Wagner SC, et al. Outcomes fol-
lowing arthrodesis for atlanto-axial osteoarthritis. Spine (Ph-
ila Pa 1976) 2017;42:E294-303.

63. Suetsuna E Narita H, Ono A, et al. Regression of retroodon-
toid pseudotumors following C-1 laminoplasty. Report of
three cases. ] Neurosurg Spine 2006;5:455-60.

64. Kakutani K, Doita M, Yoshikawa M, et al. C1 laminectomy

for retro-odontoid pseudotumor without atlantoaxial sub-

https://doi.org/10.14245/ns.2142112.056



Yurube T, et al.

Retro-Odontoid Pseudotumor With OA and CPPD

luxation: review of seven consecutive cases. Eur Spine J 2013;
22:1119-26.

65. Takemoto M, Neo M, Fujibayashi S, et al. Clinical and ra-
diographic outcomes of C1 laminectomy without fusion in
patients with cervical myelopathy that is associated with a
retro-odontoid pseudotumor. Clin Spine Surg 2016;29:E514-
21.

66. Kobayashi K, Imagama S, Ando K, et al. Post-operative re-
gression of retro-odontoid pseudotumors treated with and
without fusion. Eur Spine ] 2018;27:3105-12.

67.Elliott RE, Tanweer O, Boah A, et al. Atlantoaxial fusion

with transarticular screws: meta-analysis and review of the

https://doi.org/10.14245/ns.2142112.056

literature. World Neurosurg 2013;80:627-41.

68. Elliott RE, Tanweer O, Boah A, et al. Outcome comparison
of atlantoaxial fusion with transarticular screws and screw-
rod constructs: meta-analysis and review of literature. J Spi-
nal Disord Tech 2014;27:11-28.

69. Elliott RE, Tanweer O, Boah A, et al. Atlantoaxial fusion with
screw-rod constructs: meta-analysis and review of literature.
World Neurosurg 2014;81:411-21.

70. Tanioka S, Kuraishi K, Mizuno M, et al. Dysphagia follow-
ing C1 laminectomy and posterior atlantoaxial fixation for
retro-odontoid pseudotumor: a case report. Br ] Neurosurg
2020;34:508-11.

www.e-neurospine.org 913



