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Study Design: Prospective study.
Purpose: To assess the prevalence of periodontoid calcification and its associations with acute cervical pain.
Overview of Literature: Calcium pyrophosphate dihydrate (CPPD) deposition disease is a common rheumatological disorder that 
occurs especially in elderly patients. Although CPPD crystals induce acute arthritis, these crystals are not usually symptomatic. Cal-
cification surrounding the odontoid process (periodontoid calcification) has been reported to induce inflammation, resulting in acute 
neck pain. This disease is called crowned dens syndrome. Whether calcification induces inflammation or whether the crystals are 
symptomatic remains unclear.
Methods: The prevalence of periodontoid calcification at the atlas transverse ligament was examined by computed tomography of 
the upper cervical spine in patients suspected of brain disease but no cervical pain (control group, n=296), patients with pseudogout 
of the peripheral joints but no cervical pain (arthritis group, n=41), and patients with acute neck pain (neck pain group, n=22). Next, 
the correlation between the prevalence of periodontoid calcification and symptoms was analyzed.
Results: In the control group, 40 patients (13.5%) showed periodontoid calcification with no significant difference in the prevalence 
with gender. The prevalence of calcification increased significantly with age (p=0.002). In the arthritis group, 26 patients (63.4%) 
reported periodontoid calcification. In the neck pain group, 14 patients (63.6%) reported periodontoid calcification. Multiple logistic 
regression analysis by age and group revealed that higher age, inclusion in the arthritis group, and inclusion in the neck pain group 
significantly affected the prevalence of calcification.
Conclusions: Our results cumulatively suggest that periodontoid calcification is an aging-related reaction and that calcification per 
se does not always cause neck pain. Periodontoid calcification was observed more frequently in patients with pseudogout of the pe-
ripheral joints and in those with acute neck pain than in asymptomatic control patients.
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Introduction

Calcium pyrophosphate dihydrate (CPPD) deposition 
disease, a common rheumatologic disorder, is more fre-
quently observed in elderly patients. Although CPPD 
crystals induce acute arthritis, they are not usually symp-
tomatic in nature. Calcification surrounding the odontoid 
process (periodontoid calcification) has been reported to 
induce inflammation, which results in acute neck pain. 
This disease is called crowned dens syndrome [1,2]. The 
first such report described four patients with acute neck 
pain caused by periodontoid calcification [1], whereas a 
second series described 40 patients with severe neck pain 
with periodontoid calcification on computed tomography 
(CT) [2]. In contrast, periodontoid calcification in pa-
tients without neck pain was more frequently observed in 
patients diagnosed with CPPD deposition disease of the 
peripheral joints than in control patients [3]. Therefore, 
whether calcification induces inflammation or whether 
the crystals are symptomatic remains unclear.

This study hypothesized that periodontoid calcification 
does not cause acute neck pain. Accordingly, we evaluated 
the prevalence of periodontoid calcification in both symp-
tomatic and asymptomatic populations and analyzed the 
correlation between calcification and symptoms.

Materials and Methods

All procedures involving human participants were in ac-
cordance with the ethical standards of the institutional 
and/or national research committee and with the 1964 
Helsinki declaration and its later amendments or compa-
rable ethical standards. Informed consent was obtained 
from all individual participants included in the study.

Patients were prospectively enrolled in this study dur-
ing a 12-month period. CT scans of the cervical spine 
were performed in three groups of patients. The control 
group comprised of 296 patients who underwent CT from 
the cervical spine to the whole brain for evaluation of 
suspected brain disease. These patients were consecutively 
admitted to Koto General Hospital for nausea, headache, 
dizziness, or head injury and were suspected to have 
brain disease, but they had no neck pain. This group rep-
resented individuals with no cervical pain in the general 
population. The arthritis group comprised of 41 patients 
with pseudogout of the peripheral joints. These patients 
were consecutively admitted to our hospital for peripheral 

joint pain and diagnosed with pseudogout of the joints. 
All patients in this group showed no cervical pain, but 
after providing informed consent, they underwent CT of 
the upper cervical spine to determine whether calcifica-
tion was present. The neck pain group comprised of 22 
patients with acute neck pain. These patients were consec-
utively admitted to our hospital for treatment of neck pain 
and met the following criteria for CT examination of the 
upper cervical spine: (1) Visual Analog Scale score >50 
mm, (2) serum C-reactive protein level >0.5 mg/dL, and 
(3) tenderness in the muscles of the upper cervical spine 
[4].

To investigate the prevalence of periodontoid calcifica-
tion in each group, non-contrast CT scans of the upper 
cervical spine were assessed by three orthopedic surgeons 
in order to determine whether calcifications were pres-
ent around the odontoid process (Fig. 1). Patients in the 
control group were then assorted by sex and age to evalu-
ate the age- and sex-related prevalence of calcification. 
Accordingly, five age groups were compared: <50, 50–59, 
60–69, 70–79, and ≥80 years.

Fig. 1. Computed tomography scans of the atlas. (A) Linear type cal-
cification. (B) Dot type calcification. The presence of either type of 
calcification was defined as positive for periodontoid calcification.
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All p-values were two-sided, with p<0.05 considered as 
statistically significant. Frequency analysis was performed 
with Fisher’s exact test. Pairwise comparisons were de-
termined using Fisher’s exact test with Holm’s adjusted 
p-values. Logistic regression analysis was used to compare 
the prevalence of calcification among the three groups. 
All statistical analyses were performed with EZR ver. 
1.36 (Saitama Medical Center, Jichi Medical University, 
Saitama, Japan), a graphical user interface for R (The R 
Foundation for Statistical Computing, Vienna, Austria).

Results

The control group comprised of 147 men and 149 women 
with the mean age of 72 years (range, 18–96 years). Of 
these 296 patients, 40 (13.5%) showed periodontoid 
calcification, including 18 (12.2%) of 147 men and 22 
(14.8%) of 149 women. The prevalence of periodontoid 
calcification did not differ significantly between men and 
women (p=0.61, Fisher’s exact test). None of the 10 pa-
tients aged <50 years showed periodontoid calcification. 
Of the remaining patients, one (0.03%) of the 27 patients 
aged 50–59 years, three (0.05%) of the 62 patients aged 
60–69 years, 18 (14.90%) of the 121 patients aged 70–79 
years, and 18 (23.70%) of the 76 patients aged ≥80 years 
were positive for calcification (Fig. 2), with the prevalence 
of calcification increasing significantly with age (Fisher’s 
exact test, p=0.002) (Fig. 3). Table 1 shows pairwise com-). Table 1 shows pairwise com-. Table 1 shows pairwise com-
parisons using Fisher’s exact test with Holm’s adjusted p-
values.

The arthritis group comprised of 18 men and 23 women 
with a mean age of 82 years (range, 59–96 years). Of these 
41 patients, 26 patients (63.4%) showed periodontoid cal-
cification. The affected peripheral joint was the joint of the 
knee in 18 patients, of the wrist in 10, of the ankle in five, 
of the elbow in four, of the interphalangeal joint of the 
thumb in two, of the carpo–metatarsal joint in one, and of 
the hip in one. The presence of CPPD crystals in the joint 
fluid was proven in 35 patients, and the other patients 
were diagnosed with pseudogout based on their clinical 
findings.

The neck pain group comprised of six men and 16 
women of mean age 75.8 years (range, 52–89 years). Of 
these 22 patients, 14 (63.6%) showed periodontoid calcifi-
cation. On an average, the patients first visited the hospital 
2 days (range, 0–7 days) after the onset of pain. The mean 

Table 1. Pairwise comparison of the prevalence of calcification by age 
using Fisher’s exact test with Holm’s adjusted p-values

Age (yr) <59 60–69 70–79

60–69 1.00 - -

70–79 0.19 0.19 -

≥80  0.03*     0.012* 0.27
*p<0.05.
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Fig. 2. Prevalence of periodontoid calcification by patient age. The 
prevalence of periodontoid calcification increased significantly with 
age (Fisher’s exact test, p=0.002). Cal, calcification (+).
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Fig. 3. Comparison of calcification prevalence with age groups. The 
prevalence of periodontoid calcification was significantly different 
among age groups (Fisher’s exact test with Holm’s adjusted p-values, 
p=0.002). *p<0.05.
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C-reactive protein level was 4.8 mg/dL (range, 0.5–14.2 
mg/dL). The mean visual analog scale score was 78 mm 
(range, 50–100 mm).

Table 2 depicts pairwise comparisons of the prevalence 
of calcification around the dens by group using Fisher’s 
exact test with Holm’s adjusted p-values. The prevalence of 
calcification was significantly different among the groups 
(p<0.001) (Fig. 4).

Multiple logistic regression analysis by age and group 
revealed that higher age, inclusion in the arthritis group, 
and inclusion in the neck pain group significantly affected 
the prevalence of calcification (Table 3).

Discussion

This study analyzed the age-related prevalence of asymp-

tomatic periodontoid calcification in 296 patients without 
neck pain; the prevalence was compared with that in 
patients with pseudogout of the peripheral joints and pa-
tients with acute neck pain. Asymptomatic periodontoid 
calcification was identified in 13.5% of the general popu-
lation who incidentally underwent upper cervical CT 
examination combined with brain CT; the results showed 
increasing prevalence with age. Our results are in good 
agreement with those of a previous study, which reported 
the presence of periodontoid calcification in four (11%) of 
35 patients with a mean age of 72 years [3].

In this study, the prevalence of periodontoid calcifica-
tion in patients with pseudogout of the peripheral joints 
(63.4%) or acute neck pain (63.6%) was higher than that 
in the general population without neck pain (13.5%). 
These results indicate that pseudogout of the peripheral 
joints is strongly associated with the presence of peri-
odontoid calcification. These findings are consistent with 
those of several previously published studies. One study 
revealed a higher prevalence of calcification of the atlas 
transverse ligament, as assessed by axial CT in patients 
with articular chondrocalcinosis than in those without it 
(14 of 21 [66%] versus 0 of 21 [0%] patients, respectively) 
[5]. Another study showed that the prevalence was higher 
in patients with articular chondrocalcinosis than in those 
without it (24 of 35 [69%] versus four of 35 [11%] pa-(24 of 35 [69%] versus four of 35 [11%] pa-24 of 35 [69%] versus four of 35 [11%] pa-[69%] versus four of 35 [11%] pa-69%] versus four of 35 [11%] pa-] versus four of 35 [11%] pa- versus four of 35 [11%] pa-ersus four of 35 [11%] pa-sus four of 35 [11%] pa-us four of 35 [11%] pa- four of 35 [11%] pa-[11%] pa-11%] pa-] pa- pa-
tients, respectively) [3].

This study also found that the prevalence of periodon-

Table 2. Pairwise comparisons of the prevalence of calcification by group using Fisher’s exact test with Holm’s adjusted p-values

Variable No. of cases Age (yr) Sex (male:female) Calcification

Control group 296   72.0±11.1 147:149 40 (13.5)

Arthritis group   41 82.0±7.7 18:23     26 (63.4)**

Neck pain group   22 75.8±9.4   6:16     14 (63.6)**

Values are presented as mean±standard deviation, number, or number (%).
**p<0.001.

100

90

80

70

60

50

40

30

20

10

0

(%)

Control  group Arthritis group Neck pain group

N=286
Cal=40

N=41
Cal=26

p=0.001
p=0.001

N=22
Cal=14

Fig. 4. Prevalence of calcification among control, arthritis, and neck 
pain groups. The prevalence of calcification was significantly different 
among the groups (Fisher’s exact test with Holm’s adjusted p-values, 
p<0.001).
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Table 3. Multivariate logistic regression analysis for the prevalence of 
calcification around the dens

Variable Odds ratio
 (95% confidence interval) p-value

Age 0.92 (0.89–0.96) <0.001

Sex 0.75 (0.42–1.36) 0.34

Arthritis group 0.15 (0.07–0.33) <0.001

Neck pain group 0.10 (0.04–0.26) <0.001
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toid calcification increased with age in a general popula-
tion. This finding is consistent with the trend in peripheral 
joint calcification. The crude prevalence of chondrocalci-
nosis in the knee reportedly ranges from 7.0% to 8.1% and 
shows a strong association with age [6,7]. Finckh et al. [3] 
reported that the prevalence of periodontoid calcification 
differed significantly with age. Although they found that 
the prevalence was higher with older age, the sample size 
was only 35 patients.

Acute neck pain is also associated with periodontoid 
calcification. Bouvet et al. [1] first reported a case of acute 
neck pain in association with periodontoid calcification; 
this condition is called as “crowned dens syndrome.” This 
association of periodontoid calcification and severe acute 
neck pain was reconfirmed by Goto et al. [2] in a detailed 
review of the clinical records of 40 patients. Several stud-
ies also reported positive associations between acute neck 
pain and periodontoid calcification or crowned dens 
syndrome, as per CT diagnosis [1,2,8-12]. However, cal-
cification is not always symptomatic. We may encounter 
asymptomatic calcification of the articular joints after 
X-ray examination. In contrast, some patients develop 
recurrent episodes of arthritis without roentgenographic 
calcification [13]. Considering this background, pseudog-
out attacks should be diagnosed with the identification of 
calcium phosphate crystals in the joint fluid, but not with 
roentgenographic calcification [13,14]. Kobayashi et al. [4] 
previously reported that crystal-induced arthritis of the 
atlantoaxial joint is the cause of acute neck pain in elderly 
patients.

The two main strengths of this study include (1) inclu-(1) inclu-1) inclu-
sion of a larger number of asymptomatic control patients 
as compared to that in previous studies and (2) clear evi-(2) clear evi-2) clear evi-
dence that the prevalence of periodontoid calcification 
increases with age. However, this study has two main limi-
tations: (1) the numbers of patients in the arthritis group 
and neck pain group were relatively small and (2) the 
control group comprised of patients with suspected brain 
disease, and therefore, they were not real ‘controls.’ Hence, 
future studies with proper disease-free controls are antici-
pated. Thus, investigation of the calcification morphology 
and its impact on neck pain can be pursued in the future.

Conclusions

This study demonstrated that the prevalence of periodon-
toid calcification significantly increases with age and that 

periodontoid calcification per se does not cause neck pain. 
Periodontoid calcification was noted more frequently in 
patients with pseudogout of the peripheral joints and in 
patients with acute neck pain than in asymptomatic con-
trols.
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