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Purpose: To determine (a) the prevalence of atlantoaxial calcium 
pyrophosphate dihydrate (CPPD) crystal deposition in a 
population of patients undergoing computed tomography 
(CT) for acute trauma and (b) the association between 
atlantoaxial CPPD crystal deposition and retro-odontoid 
soft-tissue thickness.

Materials and 
Methods:

This HIPAA-compliant study was approved by the insti-
tutional review board, and the requirement to obtain in-
formed consent was waived. In 513 consecutive patients, 
CT scans of the cervical spine obtained for acute trauma 
were retrospectively reviewed for the presence of atlanto-
axial CPPD crystal deposition, and the maximal thickness 
of the retro-odontoid soft tissues was measured. The re-
lationships among imaging findings, age, and sex were as-
sessed with the t test, the x2 test, Spearman correlation, 
and logistic and linear regression models as appropriate.

Results: The overall prevalence of atlantoaxial CPPD crystal de-
position was 12.5% (64 of 513 patients), and prevalence 
increased with age (P , .0001, logistic regression coeffi-
cient). In patients aged 60 years and older, the prevalence 
of CPPD crystal deposition was 34% (58 of 170 patients). 
In patients aged 80 years and older, the prevalence of 
CPPD crystal deposition was 49% (37 of 75 patients). 
There was a positive correlation between age and retro-
odontoid soft-tissue thickness (Spearman r = 0.48, P , 
.0001). The mean retro-odontoid soft-tissue thickness in 
patients with CPPD crystal deposition was greater than 
that in patients without CPPD crystal deposition (3.4 mm 
vs 2.2 mm, respectively; P , .0001, t test).

Conclusion: CPPD crystal deposition in the cervical spine is seen with 
a higher prevalence than previously reported. CPPD crys-
tal deposition shows a positive correlation with age and 
retro-odontoid soft-tissue thickening.
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reconstructed with 3.0-mm-thick sec-
tions. Images were viewed on a picture 
archiving and communication system 
and interpreted in consensus by two 
board-certified musculoskeletal radiolo-
gists (E.Y.C. and W.Y.L., with 2 years 
and 1 year of experience, respectively) 
who were blinded to patient demo-
graphics during interpretation.

The soft-tissue algorithm images in 
the axial plane were used for charac-
terization. For this study, CPPD crys-
tal deposition was determined to be 
present if there were linear, curvilin-
ear, or discrete mottled foci of high-
attenuation material (Fig 1) perceived 
to be greater in attenuation than that 
of other surrounding soft tissues in an 
anterior, posterior, or lateral atlanto-
axial region—similar to that previously 
described in the literature (18,22,23).

In addition, the axial section that best 
corresponded to the expected center of 
the transverse ligament was selected 
and the retro-odontoid soft tissues were 
magnified. Electronic calipers were used 
to measure the length between the pos-
terior osseous margin of the odontoid 
process and the posterior edge of the 
retro-odontoid soft tissues (Fig 2).

Statistical Analysis
Statistical analyses were performed with 
software (R, version 2.15.1 [2012]; R 
Foundation for Statistical Computing, 
Vienna, Austria). The study sample was 
described, and the relationship between 
age and sex was assessed with the t test. 
The relationship among atlantoaxial 

The purpose of this study was to deter-
mine (a) the prevalence of atlantoaxial 
CPPD crystal deposition in a popula-
tion of patients undergoing CT for acute 
trauma and (b) the association between 
atlantoaxial CPPD crystal deposition 
and retro-odontoid soft-tissue thickness.

Materials and Methods

Study Population
Institutional review board approval was 
obtained for this retrospective Health 
Insurance Portability and Accountabil-
ity Act–compliant study. The require-
ment to obtain informed consent was 
waived. Using our picture archiving and 
communication system, we searched 
the medical records of all patients who 
presented to our level I trauma center 
(by means of either trauma triage or 
the emergency room) between Janu-
ary 1, 2010, and March 31, 2010. As 
part of our search criteria, we identi-
fied patients who had undergone CT 
of both the cervical spine and head. 
Of note, CT of both the cervical spine 
and head is included as part of our 
routine trauma protocol, regardless of 
symptomology or where in the body 
the trauma occurred. This search 
yielded 521 patients. Five patients were 
excluded because the patient age was 
not documented and three were ex-
cluded owing to metallic artifact that 
precluded adequate visualization of the 
retro-odontoid region. In total, 513 pa-
tients were included in our study.

Image Acquisition and Analysis
Patients underwent imaging from the oc-
ciput to T4 with either a 64–detector row 
(CT750 HD; GE Healthcare, Waukesha, 
Wis) or 16–detector row (LightSpeed, 
GE Healthcare) CT scanner with 0.625-
mm or 2.5-mm collimation, respectively. 
Sagittal and coronal reformations were 

Calcium pyrophosphate dihydrate 
(CPPD) crystal deposition can oc-
cur in cartilage (hyaline cartilage 

or fibrocartilage), ligaments, tendons, 
bursae, and joint capsules (1). CPPD 
crystal deposition is associated with 
many diseases, including inherited or 
acquired metabolic diseases such as he-
mochromatosis and hyperparathyroid-
ism (2,3). In addition, there is a strong 
association with increasing age (4–6).

Although studies have been per-
formed on the epidemiology of CPPD 
crystal deposition, they have focused on 
articular cartilage in the extremities—
with radiographic determination of cal-
cium deposition as a diagnostic criterion 
(4,7,8). In the literature to date, there 
has been a focus on associated compli-
cations such as inflammation (the so-
called “crowned dens” syndrome, which 
is predominantly due to CPPD but also 
hydroxyapatite crystals) (9–14), mass 
effect causing compression on the cer-
vicomedullary junction (15,16), or an 
association with odontoid fractures 
(17). In patients with radiographically 
evident peripheral articular chondrocal-
cinosis, the prevalence of CPPD crystal 
deposition in the atlantoaxial region 
has been reported to range from 44% 
to 66% (18,19). This has led some au-
thors to conclude that spinal involve-
ment is far less common than extremity 
involvement (15,20,21).

The true prevalence of CPPD crystal 
deposition remains uncertain and likely 
varies depending on which body part or 
structure is studied. We have noticed 
in our practice that these previously re-
ported numbers seemed conservative. 

Implication for Patient Care

 n Atlantoaxial CPPD crystal deposi-
tion is a very common finding in 
elderly patients, and its presence 
is associated with thicker retro-
odontoid soft tissues.

Advances in Knowledge

 n The prevalence of atlantoaxial 
calcium pyrophosphate dihydrate 
(CPPD) crystal deposition is 
higher than previously 
recognized.

 n The prevalence of atlantoaxial 
CPPD crystal deposition in-
creases with age.

 n Retro-odontoid soft-tissue thick-
ening is greater in patients with 
atlantoaxial CPPD crystal 
deposition.
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calcification (logistic regression coeffi-
cient for sex = 0.162, P = .645; logistic 
regression coefficient for age = 0.010, 
P , .0001; likelihood ratio R2 = 0.36).

Retro-Odontoid Soft-Tissue Thickness
The average retro-odontoid soft-tissue 
thickness was 2.4 mm (range, 1–8 mm). 
There was a positive correlation between 
advancing age and retro-odontoid soft-tis-
sue thickness (Fig 5a; Spearman r = 0.48, 
P , .0001). This relationship existed af-
ter adjusting for sex and the presence of 
CPPD crystal deposition in a multiple lin-
ear regression analysis (linear regression 
coefficient for age = 0.006, P , .0001). 
The combination of advancing age and 
presence of CPPD crystal deposition was 
associated with greater retro-odontoid 
soft-tissue thickness (linear regression 
coefficient for the interaction of age and 

male patients (48 years) (P , .0001, 
t test). In addition, there were signifi-
cantly more male patients than female 
patients (P , .0001, x2 test).

Atlantoaxial CPPD Crystal Deposition
The overall prevalence of atlantoaxial 
CPPD crystal deposition was 12.5% 
(64 of 513 patients). The mean age of 
the patients with CPPD crystal deposi-
tion was 80 years (standard deviation, 
19 years), whereas the mean age of 
patients without CPPD crystal deposi-
tion was 48 years (standard deviation, 
13 years; P , .0001, t test). The prev-
alence of CPPD crystal deposition in-
creased with age, as shown in Figure 4  
(P , .0001, logistic regression coeffi-
cient). In patients aged 60 years and 
older, the prevalence of CPPD crystal 
deposition was 34% (58 of 170 pa-
tients). In patients aged 80 years and 
older, the prevalence of CPPD crystal 
deposition was 49% (37 of 75 patients).

The prevalence of CPPD crystal 
deposition was higher in female pa-
tients than in male patients (22% [35 
of 159 patients] vs 8.2% [29 of 354 
patients], respectively; P , .0001, x2 
test); however, after adjusting for age, 
there was no additional effect of sex on 

CPPD crystal deposition, age, and sex 
was analyzed with the t test and x2 test, 
respectively. Logistic regression was 
used to model the presence of CPPD 
deposition as a function of age and sex 
combined. Retro-odontoid soft-tissue 
thickness was correlated with age by 
using Spearman rank correlation. The 
relationship between retro-odontoid soft-
tissue thickness, sex, and the presence of 
CPPD deposition was assessed by using 
t tests. Finally, linear regression analysis 
was used to model the square root of the 
retro-odontoid soft-tissue thickness as a 
function of age, sex, and CPPD crystal de-
position. The square root transformation 
was used to to stabilize the variance and 
meet the linear regression assumptions. 

Results

Study Population
A total of 513 patients (354 male, aged 
6–99 years [mean age, 48 years]; 159 
female, aged 18–98 years [mean age, 
62 years]) met our inclusion criteria. 
Age and sex distributions are shown 
in Figure 3 and the Table. Of note, the 
mean age of female patients (62 years) 
was significantly greater than that of 

Figure 1 Figure 2

Figure 2: Method of measurement of retro-
odontoid soft tissue. (a) Axial section corresponding 
to level of expected center of transverse ligament 
was selected and magnified. (b) Square region in a 
corresponds to magnified field of view in b, where 
electronic calipers were used to measure distance 
between posterior osseous margin of odontoid 
process and posterior edge of retro-odontoid soft 
tissue, which, in this case, is 1.8 mm.

Figure 1: CT scans show examples 
of atlantoaxial CPPD crystal deposition.  
(a) Scan in 52-year-old man with 
curvilinear foci of high attenuation around 
odontoid process (arrow). (b) Scan in 
77-year-old woman with more confluent 
high-attenuation deposits in the hyper-
trophic peri-odontoid soft tissues (arrow). 
(c) Scan in 77-year-old man with mottled 
high-attenuation deposits in hypertrophic 
retro-odontoid soft tissues (arrow).



522 radiology.rsna.org n Radiology: Volume 269: Number 2—November 2013

MUSCULOSKELETAL IMAGING: Frequency of Atlantoaxial Calcium Pyrophosphate Dihydrate Deposition Chang et al

CPPD crystal deposition = 0.0067, P = 
.004, multiple R2 = 0.35). There was no 
significant difference between the retro-
odontoid soft-tissue thickness in men ver-
sus that in women (mean, 2.4 mm vs 2.3 
mm, respectively; P = .2574, t test). The 
mean retro-odontoid soft-tissue thickness 
in patients with CPPD crystal deposition 
was greater than that in patients without 
CPPD crystal deposition (3.4 mm vs 2.2 
mm, respectively; P , .0001; Fig 5b).

Discussion

In this study, we demonstrated that 
atlantoaxial CPPD crystal deposition 
is more common than previously rec-
ognized. In fact, nearly half of our 
patients aged 80 years and older had 
atlantoaxial CPPD crystal deposition at 
CT. We have confirmed that there is an 
increasing prevalence of such deposi-
tion with advancing age (4–7,24,25). In 
addition, the presence of CPPD crystal 
deposition was associated with thicker 
retro-odontoid soft tissues.

The true prevalence of CPPD crystal 
deposition is unknown. Previous stud-
ies have primarily used conventional 
radiography as a diagnostic tool and 
have found CPPD crystal deposition to 
be highest in the peripheral articula-
tions, particularly the knee, with rates 
reported to be as high as 8.1% in those 
older than 63 years (1425 patients) (7), 
17.5% in those aged 80–84 years (1727 
patients) (4), and 44% in those older 
than 84 years (100 patients) (24).

To date, there have been relatively 
few reports of CPPD crystal deposi-
tion in the cervical spine, in part be-
cause clinical radiography is much less 

Figure 3

Figure 3: Bar charts show age distribution of (a) male and (b) female patients. There were 354 male patients and 159 female patients (P , .0001, x2 test).  
Of note, female patients were disproportionately older than male patients (mean age, 62 years vs 48 years, respectively; P , .0001, t test).

Summary of Demographic Characteristics

Age (y) No. of Male Patients No. of Female Patients No. of Patients with Calcification*

,20 (n = 14) 10 4 0 (0)
20–29 (n = 85) 68 17 0 (0)
30–39 (n = 62) 45 17 0 (0)
40–49 (n = 83) 65 18 2 (2.4)
50–59 (n = 99) 83 16 4 (4.0)
60–69 (n = 42) 31 11 4 (9.5)
70–79 (n = 53) 28 25 17 (32)
80–89 (n = 54) 19 35 21 (39)
90–99 (n = 21) 5 16 16 (76)

* Numbers in parentheses are percentages.

sensitive to soft-tissue calcifications re-
lated to the superimposition of adjacent 
structures (17). To our knowledge, the 
only study to date in which CT was used 
to determine the prevalence of CPPD 
crystal deposition in the cervical spine 
was performed in 1995 by Zapletal et 
al (25), who evaluated 700 consecutive 
patients undergoing CT of the brain or 
paranasal sinuses and found a preva-
lence of 8.8% in those aged 60 years 
and older and an overall prevalence of 
5.7%. The prevalence data in our study 
were much higher than those obtained 
by Zapletal et al (25): We found a prev-
alence of 34% in patients aged 60 years 
and older and an overall prevalence 
of 12.5%. This is likely related to the 
increased sensitivity of current-gener-
ation CT scanners, which use thinner 
collimation than the scanners used by 
Zapletal et al (5.0-mm collimation).

The importance of noting the high 
prevalence of incidental atlantoaxial 
CPPD crystal deposition is demonstrated 

in the diagnosis of crowned dens 
syndrome, which is seen in patients 
who present with severe neck pain due 
to calcium deposits about the odontoid 
process (22). As expected, a major di-
agnostic criterion is the finding of peri-
odontoid calcific deposits. Our study 
demonstrated that this finding is very 
common and often incidental, highlight-
ing the importance of using other cri-
teria such as fever or positive biologic 
inflammatory markers to make the di-
agnosis (10), particularly in the elderly.

We have demonstrated that atlan-
toaxial CPPD crystal deposition is asso-
ciated with greater retro-odontoid soft-
tissue thickness in older subjects, even 
after separately adjusting for age. This 
finding supports the few case reports 
in the literature of CPPD crystal de-
posits causing enlarged retro-odontoid 
masses (15,16), although other causes 
have also been demonstrated, including 
osteoarthrosis and rheumatoid arthritis 
(25–27). The presence of atlantoaxial 
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This is highlighted by the fact that we 
had many more men (354 patients) than 
women (159 patients) and that there 
were disproportionately higher numbers 
of men aged 20–30 years and elderly 
women. However, ethical concerns with 
the delivery of ionizing radiation pre-
clude the evaluation of consecutive pa-
tients in the general population. In addi-
tion, although CT is generally regarded 
as sensitive for the detection of small 
calcifications, it is certainly less sensitive 
than histologic examination (17), which 
may result in underestimation of the 
true prevalence. Furthermore, not all 
CT-evident calcifications relate to CPPD 
crystal deposition at histologic examina-
tion, although histologic analysis is gen-
erally not performed in the clinical set-
ting and characteristic calcifications are 
generally assumed to be due to CPPD 
crystal deposition (22,28). With regard 
to retro-odontoid soft-tissue thickness, 
we did not evaluate any potential causes 
other than CPPD crystal deposition that 
could be diagnosed at imaging, such as 
osteoarthrosis or an inflammatory ar-
thropathy. Another limitation of this 

There are several limitations to our 
study. Our sample included patients 
with acute trauma and is not necessarily 
representative of the general population. 

CPPD crystal deposition should alert 
the interpreting radiologist to pay par-
ticular attention to the retro-odontoid 
soft-tissue thickness.

Figure 4

Figure 4: Bar chart shows prevalence of atlantoaxial CPPD deposition ac-
cording to age group. Prevalence increases with advancing age for both male 
(blue) and female (red) patients (P , .0001, logistic regression coefficient).

Figure 5

Figure 5: Scatter plot of age versus retro-odontoid soft-tissue thickness in (a) male (blue) and female (red) patients and (b) patients without CPPD crystal depo-
sition (blue) and those with CPPD crystal deposition (red). There is significant positive correlation (r = 0.48, P , .0001) between age and retro-odontoid soft-tissue 
thickness in entire population.
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study is that measurements of thickness 
of retro-odontoid soft tissue were made 
from axial images, in part because many 
reconstructions provided were actually 
sagittal oblique owing to differences in 
patient head position (ie, head turning). 
Finally, consensus interpretation was 
used in this study and intra- and interob-
server reliability could not be assessed.

In conclusion, CPPD crystal depo-
sition in the cervical spine is underrec-
ognized, with a higher prevalence than 
previously reported. CPPD deposition 
shows a positive correlation with age and 
retro-odontoid soft-tissue thickening.
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