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Calcium Pyrophosphate
Dihydrate Crystal Deposition
in and around the Atlantoaxial
Joint: Association with Type 2
Odontoid Fractures in Nine
Patients1

PURPOSE: To investigate the histopathologic anatomy of calcium pyrophosphate
dihydrate (CPPD) crystal deposition in and around the atlantoaxial joint and the
association between CPPD crystal deposition and subchondral cysts, erosions, and
fracture involving the odontoid process of the axis.

MATERIALS AND METHODS: One adult cadaver demonstrating calcification in the
retro-odontoid area at computed tomography (CT) was selected for further
radiography, CT, and magnetic resonance (MR) imaging at the C1-2 level. Anatomic
sectioning and histologic evaluations were performed in the specimen. For clinical
study, radiographs (n 5 5), CT scans (n 5 8), and MR images (n 5 6) in nine patients
(mean age, 74.4 years) with odontoid process fractures and CPPD crystal deposits in
and around the atlantoaxial joint were reviewed.

RESULTS: In the cadaveric specimen, radiography and CT demonstrated calcifica-
tions in the transverse ligament; histologic evaluation confirmed that these calcifica-
tions were CPPD crystal deposits. In all nine patients, radiography (n 5 5) and CT
(n 5 8) also showed calcification in areas adjacent to the odontoid process, which
included the transverse ligament. T1- and T2-weighted MR imaging showed a
retro-odontoid mass of low signal intensity that compressed the cervical cord in six
patients. CT, MR imaging, or both demonstrated subchondral cysts, osseous
erosions, or a type 2 odontoid fracture in all patients.

CONCLUSION: CPPD crystal deposition disease involving the C1-C2 articulation can
be a clinically important entity that may place affected patients at increased risk of
pathologic fracture of the odontoid process.

Calcium pyrophosphate dihydrate (CPPD) crystal deposition can be seen in various spinal
structures, such as intervertebral disks, ligaments, bursae, articular cartilage, synovium, and
joint capsules (1). Although clinically important involvement of spinal ligaments by CPPD
crystal deposition is unusual, it rarely causes arthritis-like symptoms or compressive
myeloradiculopathy (2–5). CPPD crystal deposition in the transverse ligament of the atlas
has been reported in patients with CPPD crystal deposition disease, articular chondrocalci-
nosis, or advanced degenerative changes of the atlantoaxial joint (6–8). However, an
association between CPPD crystal deposits in and around the atlantoaxial joint and
subchondral cysts, osseous erosions, or fracture involving the odontoid process of the axis
has not been reported.

The purpose of our study was twofold. Our first objective was to investigate the imaging
appearance and histopathologic anatomy of CPPD crystal deposition in the transverse
ligament of the atlas in a cadaveric spine. Our second objective was to investigate the
association between CPPD crystal deposition and subchondral cysts, osseous erosions, and
fractures involving the odontoid process of the axis in nine clinical cases.
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MATERIALS AND METHODS

Cadaveric Study

One adult cadaver that demonstrated
calcification in the retro-odontoid area at
computed tomographic (CT) scanning
was selected for this study. Subsequently,
CT images were obtained from the occipi-
tal base through the axis with a section
thickness of 2 mm. Magnetic resonance
(MR) imaging also was performed at the
level of odontoid process by using T1-
weighted spin-echo (SE) (repetition time
msec/echo time msec [500/13]), fast SE
intermediate-weighted (4,000/19), and
fast T2-weighted SE (4,000/76) sequences
in the transverse plane.

After CT scanning and MR imaging,
the cadaveric specimen was sectioned at
2-mm intervals between the occiput and
C2. Radiography with high-resolution film
(Faxitron; Hewlett-Packard, Palo Alto, Calif)
then was performed in these sections.

Histologic sections of C1-C2 were pre-

pared with hematoxylin-eosin staining
and were then correlated with radio-
graphic, CT, and MR imaging findings by
a musculoskeletal radiologist (Y.K.) and
an orthopedic pathologist (P.H.).

Clinical Study

Imaging studies from nine patients with
odontoid process fractures and CPPD crys-
tal deposits in the transverse ligament of
the atlas were collected over 5 years from
the teaching files of musculoskeletal radi-
ologists at four institutions. The ages of
the patients ranged from 56 to 84 years
(mean age, 74.4 years). Seven patients
were men and two patients were women.
There was a history of motor vehicle
accident in two patients, a history of a
minor fall (from either a standing posi-
tion or down one or two steps) in three
patients, and no history of trauma in four
patients. All nine patients experienced
acute onset of neck pain, and three of

these patients experienced cervical my-
elopathy. In patients who experienced
trauma, imaging was performed within a
week of injury.

Cases were reviewed retrospectively by
two musculoskeletal radiologists (Y.K.,
R.D.B.) who reached agreement by con-
sensus. For each imaging examination,
the reviewers recorded the distribution of
the calcifications and evaluated osseous
erosions, subchondral cysts, joint space
narrowing, osteophytosis, sclerosis, odon-
toid process fracture, retro-odontoid mass,
and (on MR images) signal intensity
changes in and adjacent to the atlanto-
axial joint. CPPD crystal deposition was
diagnosed on the basis of its characteris-
tic appearance (7,8) in all nine patients.
Surgical and histopathologic confirma-
tion of these imaging findings was avail-
able in three patients.

Conventional radiographs (odontoid
and lateral views) were available at the
time of review in five patients. Radio-

a. c. e.

b. d. f.

Figure 1. CPPD crystal deposition in the transverse ligament of a cadaveric specimen. a–c are of sections at approximately the same level; d–f are of
a section 4 mm more inferior. (a) Radiograph of the pathologic section shows curvilinear and spotty calcifications (arrow) in the transverse ligament.
(b) Transverse CT scan shows a curvilinear calcification (arrow) in the retro-odontoid region. (c) Transverse T1-weighted SE MR image (500/13) shows
the transverse ligament with intermediate signal intensity (short arrow). The calcification is shown as a subtle curvilinear low-signal-intensity area
(long arrow). (d) Transverse T2-weighted SE MR image (4,000/76) shows low-signal-intensity areas (arrows) in the central portion of the transverse
ligament. This section is immediately adjacent to those displayed in a–c and is at the same level as the section displayed in e. (e) Photograph of a
pathologic specimen shows whitish CPPD crystal deposits (arrows) in the transverse ligament. (f) Photomicrograph of specimen depicted in e that
was obtained from the transverse ligament shows large ‘‘lakes’’ of crystal deposition (arrows) within the ligament. (Hematoxylin-eosin stain; original
magnification, 340.)
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graphs of other articulations were not
available for review.

CT scanning was performed in eight
patients by using a section thickness of 1,
1.5, or 3 mm; two-dimensional recon-
structed (coronal and sagittal) images also
were available in five patients.

MR imaging was performed in six pa-
tients. The imaging algorithms used to
evaluate these patients varied because
cases were collected from different institu-
tions retrospectively. T1-weighted SE im-
ages (500–708/12–15) were obtained in
five patients, T2-weighted SE images
(2,696/102) were obtained in one patient,
T2-weighted fast SE images (3,400–5,000/85–
95; echo train length, four to 16) were
obtained in four patients, and T2*-weighted
gradient-echo images (350–600/15–20; flip
angle, 15°–20°) were obtained in two pa-
tients. Gadolinium-enhanced T1-weighted
SE MR images (500–550/15–21) were ob-
tained in two patients. For each patient
examined with MR imaging, both trans-
verse and sagittal images were reviewed.

RESULTS

Cadaveric Study

Radiographs of the pathologic sections
clearly demonstrated curvilinear and
spotty calcifications in the transverse liga-
ment (Fig 1a).

CT scans of the C1-C2 articulation
showed curvilinear calcifications in the
retro-odontoid region, which included
the anterior and posterior fibers of the
transverse ligament (Fig 1b). A small
amount of calcification also was present in
the anterior and posterior aspects of the
atlantoaxial joint. The odontoid process was
slightly eroded and displaced to the right
side. In the cadaveric specimen, no fracture
of the odontoid process was observed.

MR images showed that the transverse
ligament was of intermediate signal inten-
sity on both T1-weighted SE images and
fast SE intermediate-weighted images and
low signal intensity on T2-weighted SE
images (Fig 1c, 1d). Portions of the trans-
verse ligament with CPPD crystal depos-
its demonstrated low signal intensity on
T1-weighted SE images; this abnormal
appearance was less conspicuous on the
MR images than on the CT scans.

Upon gross and histologic inspection
of the sectioned specimen, multiple CPPD
crystal deposits were observed in the trans-
verse ligament (Fig 1e, 1f). Microscopic
inspection with hematoxylin-eosin stain-
ing and polarized light did not reveal any
other types of crystals.

Clinical Study

Clinical and radiologic features of our
nine patients are summarized in the Table.

Conventional radiography (n 5 5) and
transverse CT scanning (n 5 8) showed
calcification behind the odontoid process
in all nine patients. With CT scanning,
this calcification was curvilinear or
stippled in appearance. The distribution
of the calcification corresponded to the
known anatomic location of the trans-
verse ligament in all cases. In six cases,
calcifications also were observed in the
periodontoid region: anterior to the trans-
verse ligament, in the remnant of the
synchondrosis of C2, or both (Fig 2).

Subchondral cysts or erosions involv-
ing the odontoid process were observed
to various degrees in all patients. These
findings were prominent features in five
cases and were most remarkable along
the remnant of the synchondrosis of
C2. A type 2 odontoid fracture was seen
in each of the cases. Two-dimensional
reformatted CT images in the coronal
or sagittal plane clearly demonstrated
the distribution of the calcifications and
the odontoid fractures in five cases
(Fig 3).

The fracture line was of low signal
intensity on either the T1-weighted or
the T2-weighted SE MR images. MR im-
ages showed the signal intensity changes
of marrow edema in the odontoid pro-
cess, the C2 body, and the anterior arch of
C1. Narrowing, gas attenuation or signal

Clinical and Imaging Features in Nine Patients with CPPD Crystal Deposition Disease in and around the Atlantoaxial Joint

Characteristic

Patient

1 2 3 4 5 6 7 8 9

Age (y) 56 70 71 72 75 77 81 84 84
Sex M M F M M M M M F
Trauma history 1 2 2 1 1 1 2 1 2
Myelopathy at clinical examination 1 1 2 2 2 2 2 1 2
Calcification at CT

Transverse ligament 1 1 1 1 1 1 1 NE 1
Periodontoid 1 2 1 1 1 2 1 NE 1
Synchondrosis 1 2 1 1 2 2 NE NE 1

Subchondral cyst at CT or MR imaging
Odontoid process of C2 1 11 1 11 1 1 1 NE 1
Body of C2 11 1 1 11 11 1 1 NE 11

Atlantoaxial joint at CT or MR imaging
Narrowing 1 1 Fusion 1 2 Fusion 1 NE 2
Osteophytosis 1 2 1 2 2 2 2 NE 2
Sclerosis 1 1 1 1 1 2 2 NE 2
Gas attenuation or signal intensity 2 2 2 1 2 2 2 NE 2
Subluxation 2 2 2 2 2 2 2 NE 1

Odontoid erosion at CT or MR imaging 11 11 11 1 1 1 11 11 11
Odontoid fracture at CT or MR imaging 1 1 1 1 1 1 1 1 1
Retro-odontoid mass at CT or MR imaging 1 1 1 2 2 2 1 1 1
Retro-odontoid mass signal intensity at MR imaging

T1-weighted image Low Low NE NE NE NE Low Low Low
T2- or T2*-weighted image Low Low Low NE NE NE Low High Low
Gadolinium-enhanced T1-weighted image NE NE NE NE NE NE Rim Rim NE

Cord compression at CT or MR imaging 1 1 1 2 2 2 1 1 1
Edema in cord at MR imaging 2 1 1 NE NE NE 1 2 1

Note.—F 5 female, M 5 male, NE 5 not evaluated, Rim 5 rim enhancement, 2 5 absent, 1 5 present, 11 5 markedly present.
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intensity, osteophytosis, or sclerosis (or
various combinations of these findings)
involving the anterior median aspect of
the atlantoaxial joint also were observed
in seven cases, which is consistent with
arthropathy owing to CPPD crystal depo-
sition. Anterior atlantoaxial subluxation
was observed in one case.

A retro-odontoid mass compressing the
cervical cord was observed with CT scan-
ning or MR imaging in six cases. MR
imaging also showed the signal intensity
changes of marrow edema in the axis and
atlas in these cases. The signal intensity of
the retro-odontoid mass was relatively
low on T1-weighted SE images (compared
with the signal intensity of the marrow)
in all five cases evaluated with this pulse
sequence. On the T2- or T2*-weighted
images, the retro-odontoid mass was hyp-
ointense to the marrow in five cases (Fig
4) and hyperintense to the marrow in one
case. Rim enhancement around the mass
was observed in two cases.

In the spinal cord at the level of the
retro-odontoid mass, a high-signal-inten-
sity area was observed on T2-weighted
MR images in four cases. High signal
intensity in the spinal cord on T2-
weighted images may be secondary to
contusion, myelomalacia, ischemia, or
other abnormalities (eg, demyelination,
neoplasm). The presence or absence of
abnormal signal intensity of the spinal
cord in our four cases did not correlate
with the clinical manifestations of cervi-
cal myelopathy.

Surgery was performed in three pa-
tients to stabilize the fractured odontoid
process and débride the mass in the peri-

odontoid region. Histologic examination
of the surgical specimens showed granula-
tion tissue, fibrous tissue, and cartilagi-
nous tissue. Nodular deposits of birefrin-
gent CPPD crystals and crystals of
rhomboid shape could be identified with
compensated polarized light microscopy
and with conventional microscopy, re-
spectively, after staining the sections with
hematoxylin-eosin. Hemosiderin deposits in
the resected tissues were not observed.

DISCUSSION

The articulation between the atlas and
axis comprises three or four synovial joints
(9). We use the term ‘‘atlantoaxial joint’’
to refer to both the anterior and posterior
median aspects of the atlantoaxial joint,
unless otherwise specified.

Distribution and Prevalence of
CPPD Crystal Deposition at the
C1-C2 Articulation

The deposition of CPPD crystals is
known to occur within various soft tis-
sues, which include cartilage, joint cap-
sules, synovium, bursae, tendons, and
ligaments (10). One of the ligaments that
may be involved by CPPD crystal deposi-
tion is the transverse ligament of the
atlas, which is a thick, strong band of
collagen fibers that arches behind the
odontoid process and maintains contact
between the odontoid process and the

anterior arch of C1. When disrupted,
atlantoaxial subluxation may result (1,11).

The calcification observed in the trans-
verse ligament may be curvilinear,
stippled, or mixed. Although the mixed
appearance was common in our cases,
curvilinear calcifications in the retro-
odontoid region are strongly suggestive
of CPPD crystal deposition in the trans-
verse ligament of the atlas (7,8). In our
cadaveric study, we confirmed that the
characteristic appearance and location of
calcifications were indeed secondary to
CPPD crystal deposition.

Deposits of CPPD crystals in the trans-
verse ligament are not rare and are most
likely associated with aging, degenerative
disease, or a disorder in metabolism. The
prevalence of calcific deposits within the
transverse ligament varies according to
the patient population that is studied
(6–8) from 5.7% in unselective patients
undergoing CT scanning of the brain or
paranasal sinuses (7) to 66% in patients
with articular chondrocalcinosis (8).

Complications of CPPD Crystal
Deposition at the C1-C2 Articulation

In patients with CPPD crystal deposi-
tion disease, numerous vertebral abnor-
malities have been reported, including
degenerative disk disease, vertebral de-
struction, scoliosis, spondylolisthesis, at-
lantoaxial subluxation, vertebral anky-
losis, occipitoatlantoaxial joint collapse,
and thickening of spinal ligaments (1,11–

a. b.

Figure 3. CT scans obtained in a 72-year-old man with type 2 odontoid fracture sustained after a
fall down a step. (a) Transverse CT scan shows small erosions (straight solid arrows) and a
subchondral cyst (curved arrow) in the odontoid process. Calcifications (open arrow) around the
odontoid process are observed. The anterior median aspect of the atlantoaxial joint space
(arrowheads) is narrowed. (b) CT scan reformatted in the sagittal plane shows a type 2 odontoid
fracture (long straight arrow) and calcifications (short straight arrows). Gas attenuation (curved
arrow) in the anterior aspect of the atlantoaxial joint also is observed.

Figure 2. Transverse CT scan obtained in an
84-year-old woman with CPPD crystal deposi-
tion disease, atlantoaxial subluxation, and
odontoid fracture shows massive calcifications
(straight arrow) around the odontoid process
of the axis. Atlantoaxial subluxation and ero-
sion of the odontoid process (curved arrow) are
seen.
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14). Destructive and hypertrophic ar-
thropathy of the cervical spine with asso-
ciated ossific fragmentation also has been
reported (15). In our study, CT scanning
showed osseous abnormalities of the
odontoid process, such as subchondral
cysts or erosions, in all cases. Among the
bone changes, subchondral cyst forma-
tion was especially prominent. This fea-
ture is interesting, because conspicuous
subchondral cyst formation in the periph-
eral joints is typical of CPPD crystal depo-
sition even when calcification is not pres-
ent (10).

Massive CPPD crystal deposits with
bone erosion involving the cervical verte-
brae have been reported previously (16–
18). In our six cases with a soft-tissue

mass, the odontoid process also was mark-
edly eroded. In these cases, a retro-
odontoid mass containing CPPD crystals
may have resulted in erosion or destruc-
tion of the odontoid process. Bone ero-
sion has not been reported as a dominant
feature of CPPD crystal deposition disease
in the peripheral joints and is generally
considered a finding that suggests an
alternative diagnosis (eg, rheumatoid ar-
thritis) (14,19). Our study findings, how-
ever, suggest that CPPD crystal deposi-
tion in the transverse ligament can be
associated with erosion of the odontoid
process.

To our knowledge, a relationship be-
tween the CPPD deposition in and around
the C1-C2 articulation and odontoid frac-

ture has not been reported previously.
Radiographs of other articulations were
not available for review, which would
have allowed assessment of whether the
CPPD crystal deposition was primary
rather than secondary in relation to the
odontoid fracture. In our series of pa-
tients, a type 2 odontoid fracture was
seen in patients with histories of major
trauma (n 5 2), minor trauma (n 5 3), or
no trauma at all (n 5 4). We recognize
that CPPD crystal deposition may occur
as a complication of trauma (20) but
believe that CPPD crystal deposition sec-
ondary to injury is unlikely because CPPD
crystals were evident within 1 week of the
traumatic episode in our patients. Al-
though the exact relationship of the odon-

a. b. c.

d. e. f.

Figure 4. Images obtained in a 56-year-old man with CPPD crystal deposition disease, traumatic type 2 odontoid fracture, and retro-odontoid mass.
(a) Transverse CT scan shows calcifications (straight arrow) around the odontoid process. Atlantoaxial joint space narrowing and destructive changes
involving the atlas (curved arrow) are observed. (b) CT scan reformatted in the sagittal plane demonstrates periodontoid calcification (short straight
arrow), cystic changes in the dens (curved arrow), and a type 2 odontoid fracture (long straight arrow). (c) Sagittal T1-weighted SE MR image (705/15)
shows a retro-odontoid mass (arrow) compressing the cervical spinal cord. The signal intensity of the retro-odontoid mass is low compared with that
of the spinal cord and bone marrow. (d) On the T2-weighted fast SE MR image (4,282/94), the signal intensity of the retro-odontoid mass (arrow) is
low compared with that of the spinal cord and bone marrow. (e) Photomicrograph shows a large crystal deposit (long arrows) as pale nodules with
hyalinization bordered by inflammatory cells (short arrow). (Hematoxylin-eosin stain; original magnification, 316.) (f) Photomicrograph obtained
by using a polarizing lens demonstrates crystal deposits (arrow) in the lesion. (Hematoxylin-eosin stain; original magnification, 340.)
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toid fractures and the CPPD crystal depos-
its about the odontoid process is unclear,
we have found that massive CPPD crystal
deposition in the periodontoid soft tis-
sues may be associated with erosions and
subcortical cysts at the base of the odon-
toid process. Our results suggest that these
structural changes may weaken the odon-
toid process and predispose it to subse-
quent fracture.

Imaging of CPPD Crystal Deposition
at the C1-C2 Articulation

Radiography readily demonstrated
CPPD crystal deposits adjacent to C1-2 in
our sectioned specimen. However, in our
clinical patients, periodontoid CPPD crys-
tal deposition was either subtle or unde-
tectable with routine radiography be-
cause of superimposition of adjacent
osseous structures.

CT scanning generally is regarded as
sensitive for the detection of small calcifi-
cations. In our cases, this technique was
useful for the detection of CPPD crystal
deposition adjacent to the odontoid pro-
cess, which included deposits in the trans-
verse ligament. These CPPD crystal depos-
its adjacent to C1 and C2 presumably
were the cause of pyrophosphate ar-
thropathy of the anterior median aspect
of the atlantoaxial joint.

MR imaging can demonstrate the nor-
mal or abnormal transverse ligament to
good advantage (21–24). Although MR
imaging has a lower sensitivity for the
detection of calcification than CT scan-
ning, it can display massive CPPD crystal
deposition in the transverse ligament and
atlantoaxial joint (17,18,25–27). Indeed,
assessment of the extent of the cartilage
and bone destruction by CPPD crystal
deposition also is considered an indica-
tion for MR imaging (20,25,28,29). More-
over, MR imaging can show ligamentous
abnormalities, such as rupture and osteo-
periosteal avulsion (21), and the rela-
tively low signal intensity of the retro-
odontoid mass on T2-weighted MR images
may be helpful in differentiating massive
CPPD crystal deposition from most neo-
plasms. MR imaging also shows the condi-
tion (eg, degree of compression, abnor-
mal signal intensity) of the neighboring
spinal cord to best advantage.

Zünkeler et al (27) have reported that
massive CPPD crystal deposition is visual-
ized as a mostly isointense mass on T1-
weighted MR images, a mass of varying
signal intensity (ranging from hypo- to
hyperintense) on T2-weighted images,
and a peripherally enhancing mass on
gadolinium-enhanced images. In cases of

massive CPPD crystal deposition in the
ligamentum flavum, both T1- and T2-
weighted MR images reveal hypointense
foci (29–31). Some rare cases of CPPD
crystal deposition disease may manifest
as increased signal intensity on T1-
weighted SE images (32), although this
was not observed in our series.

In our cases, MR images clearly showed
a retro-odontoid mass, and its signal in-
tensity was relatively low compared with
that of marrow on T1- and T2-weighted
images in five cases and high on T2*-
weighted images in one case. Rim en-
hancement around the mass was ob-
served in both cases in which gadolinium-
based contrast material was administered.
The signal intensity of the massive crystal
deposits may vary with the composition
and concentration of the calcium crys-
tals, the inconstant presence of associ-
ated granulation tissue and fibrosis, or
other factors. No hemosiderin deposits
were observed with histologic analysis in
our cases.

Our study has two major limitations.
First, the number of cases that we evalu-
ated was limited, so defining the relation-
ship among CPPD crystal deposition,
pyrophosphate arthropathy of the atlan-
toaxial joint, and pathologic odontoid
fractures will require a larger study. We
suspect that such fractures are relatively
rare but believe this entity merits report-
ing in an initial series. Second, our study
was retrospective, without control sub-
jects, and without histologic proof in all
cases. We chose to report our experience
at this time in hopes of prompting
recognition—and further study—of this
potentially debilitating injury in patients
with CPPD crystal deposition disease.
Given that we studied images only in
patients with both CPPD crystal deposi-
tion and fractures, this study has a sub-
stantial selection bias. We do not know
the prevalence of odontoid process
fractures in patients with spinal CPPD
crystal deposition disease. We do believe,
however, that the relationship between
CPPD crystal deposition disease and odon-
toid process fractures is more than coinci-
dental.

Our results indicate that CPPD crystal
deposition disease in and around the
atlantoaxial joint may play a role in plac-
ing patients at increased risk of patho-
logic fracture of the odontoid process. In
our cadaveric specimen and patients, CT
scanning provided the most conspicuous
display of CPPD crystal deposition in the
periodontoid soft tissues, pyrophosphate
arthropathy of the atlantoaxial joint, and
erosions and cysts in the odontoid pro-

cess that presumably placed our patients
at increased risk for fracture of the dens.
Although the CPPD crystal deposits gen-
erally were not as conspicuous with MR
imaging as with CT scanning, MR imag-
ing demonstrated to best advantage the
presence of CPPD crystal–associated retro-
odontoid masses and associated spinal
cord impingement. Both CT scanning
and MR imaging effectively demonstrated
the pathologic fractures at the base of the
odontoid process in these patients with
CPPD crystal deposition disease.
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