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Abstract
Objective

To identify specific morphologic features of calcium pyrophosphate deposition disease (pseudogout, CPPD) 
manifestations of the wrist as detected using low-dose CT-scans.

Methods
In this retrospective study 46 patients with arthritis of the wrist were included. All patients underwent a low dose 

CT scan of both wrists on a 320-row detector in volume scan mode. Individual radiation exposure was recorded for all 
patients. Two blinded raters independently evaluated osteoarthritis, cysts, erosions, calcifications (cartilage and 

ligaments separately) and carpal misalignment in 33 specified locations. An expert rheumatologist classified the patients 
as CPPD positive or negative. Fisher’s exact test was applied to identify differences between both groups. Receiver 

operating characteristics (ROC) analyses with calculations of area under the curve (AUC) were carried out for both 
in the literature established and newly identified imaging findings for each rater individually.

Results
Twenty-seven patients were classified as CPPD, 19 patients as other diagnoses. Ligamentous calcifications were 
significantly more prevalent in the CPPD group (p<0.05). All non-ligamentous findings revealed no difference in 

frequency. AUC analysis for established findings (0.675; 0.619 - rater 1; 2) vs. ligamentous calcifications (0.786 both 
raters) showed a markedly higher diagnostic accuracy for the latter. Effective radiation exposure was determined to 

be 0.019–0.095 mSv per patient.

Conclusion
Calcifications of carpal ligaments are highly specific morphologic features of CPPD arthropathy. Low-dose CT is a 

useful tool to detect these calcifications at a radiation exposure similar to a standard radiograph.

Key words
calcium pyrophosphate deposition disease, computed tomography, arthropathy



827

Low-dose CT in CPPD / K. Ziegeler et al.

Katharina Ziegeler, MD
Torsten Diekhoff, MD
Sandra Hermann, MD
Bernd Hamm, MD, PhD
Kay Geert A. Hermann, MD, PhD
Please address correspondence to: 
Dr Kay Geert A. Hermann, 
Charité - Universitätsmedizin Berlin, 
Department of Radiology (CCM), 
Charitéplatz 1, 
10117 Berlin, Germany.
E-mail: kghermann@gmail.com
Received on September 19, 2018; accepted 
in revised form on December 3, 2018.
© Copyright CliniCal and 
ExpErimEntal rhEumatology 2019.

Competing interests: K.G.A. Hermann 
has received honoraria from Abbvie, 
Merck, Novartis, Pfizer and UCB. 
The other co-authors have declared 
no competing interests. 

Introduction
The deposition of calcium pyrophos-
phate dihydrate crystals (CPPD) is the 
basis of a form of arthritis with a wide 
spectrum of clinical manifestations (1). 
In the past a number of different terms, 
including the still popular ‘pseudogout‘, 
has been used to describe subsets of this 
illness – a recently formed taskforce of 
the European League Against Rheu-
matism (EULAR) has suggested the 
term CPPD for all instances of CPP-
deposition, however, which will there-
fore be adopted in this study (2). CPPD 
has been estimated to be the third most 
common form of inflammatory arthritis 
with a prevalence of up to 0.42% (3) 
and is particularly prevalent in the el-
derly (4). 
Manifestations especially at the hand 
and wrist can be difficult to diagnose, 
due to a clinical appearance similar to 
other arthritides (5). The standard of 
reference for the diagnosis of CPPD 
is the identification of the characteris-
tic weakly birefringent crystals in the 
synovial fluid of an affected joint (2). 
This standard however, can be very 
challenging to meet in a regular outpa-
tient setting, due to lack of training and 
punctio sicca at times (6). Addition-
ally the reliability of routine laboratory 
analyses of synovial fluid in regard to 
pyrophosphate crystals has been called 
into question (7).
Thus the diagnosis of CPPD often relies 
strongly on imaging findings, especially 
on radiography (8). Common radio-
graphic findings in CPPD wrist arthrop-
athy include osteoarthritis (OA) espe-
cially of the scapho-radial and scapho-
trapezio-trapezoideal (STT) joint (9, 10) 
and drooping osteophytes (also referred 
to as ‘hook-shaped osteophytes’) of 
the metacarpophalangeal (MCP) joints 
(11). Typical of this condition are cal-
cifications of hyaline and fibrocartilage, 
which inspired the alternative term 
‘chondrocalcinosis’ for the deposition. 
In CPPD manifestations of the wrist and 
hand, these calcifications are typically 
found at the triangular fibrocartilage 
and the lunotriquetral ligaments and 
cartilage (12). Another common finding 
are cystic lesions – these are most com-
monly reported in the scaphoid and lu-
nate (13) and are typically very large in 

appearance. Additionally, scapho-lunate 
dissociation (14) and subluxation of the 
scaphoid (15) have been described in 
patients with CPPD. There are, howev-
er, certain limitations to the diagnostic 
accuracy of plain radiography. Calcifi-
cations of soft tissues other than those 
mentioned above for example, are dif-
ficult to detect due to superimposition. 
To date, larger investigations into the 
use of computed tomography (CT) in 
the detection of CPPD have been lim-
ited to locations other than the wrist – 
namely the knee and the spine (16). For 
manifestations at the atlantoaxial joint, 
the crowned dens syndrome, CT is vi-
tal for securing a diagnosis (17). CPPD 
CT manifestations of the wrist have 
thus far only been investigated in case          
studies (18).
The aim of this study was to systemati-
cally investigate the pattern of imaging 
findings in CPPD wrist arthropathy as 
detected using CT, in comparison to 
those of clinically related arthritides, 
thus yielding specific imaging charac-
teristics for the diagnosis of CPPD. 

Materials and methods
Patients
Included in this retrospective analysis 
were all patients with wrist arthralgia or 
swelling suspected for crystal arthropa-
thy and without history of trauma of 
the affected region who underwent a 
volume CT of the wrist between Janu-
ary 2011 and July 2014 at our institute. 
An expert rheumatologist (8 years of 
experience in rheumatology) assigned 
patients to the CPPD or control group 
based on anonymised clinical data, in-
cluding laboratory findings and descrip-
tions of radiographs from a senior radi-
ologist (16 years of experience is mus-
culoskeletal imaging), without access 
to CT images and reports. The basis for 
the assignment to the CPPD group were 
the McCarty Criteria (19). In cases of 
secondary CPPD (e.g. haemochromato-
sis, rheumatoid arthritis), patients were 
classified as controls. Thus, the current 
standard of care was simulated, while 
limiting any bias of the expert rheuma-
tologists due to a possible recognition 
of their own patients. Excluded from 
the analysis were patients with an in-
complete capture of the carpus in the 
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volume CT, and or missing or incom-
plete clinical data (n=6).  
The ethics review board of Charité 
Medical School, Berlin, Germany, 
waived approval of this study due to its 
retrospective nature. All patients gave 
written informed consent to the scien-
tific use of imaging and clinical data 
prior to CT scanning. The study was 
conducted in line with the principles 
laid out in the Declaration of Helsinki 
and its latest update as consented in 
Fortaleza, Brasil, in 2013. 

Imaging technique
All patients underwent a low-dose du-
al-energy CT scan of both wrists using 
a 320-row CT scanner (Aquilion ONE 
and Aquilion ONE Vision, Canon Med-
ical Systems, Japan) (20, 21). The scan 
was performed using 80 kVp, and 90 to 
170 mA, and 135 kVp and 15 to 30 mA 
in Volume mode with a Z-axis cover-
age of 16 cm without table movement 
and fastest rotation time. For all evalu-
ations reported, volume acquisitions at 
80 kVp were used. Images were evalu-
ated completely anonymised in 0.5 mm 
coronal, axial and sagittal multiplanar 
reconstructions in a sharp bone kernel. 
The effective radiation exposure was 
established using the dose-length prod-
ucts and a conversion coefficient (κ) of 
0.0008 mSv / mGycm (22, 23).

Scoring system
In order to establish a structured scor-
ing system a literature research was 
undertaken to identify all previously 
described imaging characteristics of 
CPPD wrist arthropathy. The search 
terms applied were “(CPPD OR pseu-
dogout OR chondrocalcinosis OR 
calcium-pyrophosphate) AND (hand 
OR wrist OR carpal*) AND (imag* 
OR radiograph* OR x-ray)“ without 
restrictions on publication date but 
only including articles on humans. The 
search found 225 matches (November 
2014) of which 19 articles were classed 
as relevant based on their title (11-13, 
15, 24-39). The imaging characteris-
tics extracted from these articles were 
examined for relevance by an expert 
panel (KGH, TD) – as a characteris-
tic with low relevance, pyrophosphate 
tophi (39) were excluded. Based on 

this literature a scoring system was 
established comprising osteoarthritis, 
drooping osteophytes, cartilage and 
ligamentous calcification, cysts, scaph-
oid subluxation and scapho-lunate dis-
sociation. Additionally, erosions were 
included in the scoring system. These 
imaging characteristics were evaluated 
in 33 predefined locations of the wrist 
(Fig. 1) by two blinded raters separately 
(rater 1: specialised radiologist with 6 
years image interpretation experience; 
rater 2: specially trained research stu-
dent). Imaging characteristics were 
evaluated based on a grading system 
(Table I). 
OA was evaluated based on the origi-
nal classification by Kellgren and Law-
rence (40). Scapho-lunate dissociation 
was defined as an increase in distance 
to at least 3 mm (15). For the detection 
of scaphoid subluxation the scapho-ra-
dial angle was measured in sagittal re-
constructions - an increase to >70° was 
defined as a subluxation (15). 
Additionally, each CT rater assigned 
the diagnosis ‘CPPD’ or ‘other arthri-
tis’ to every patient based solely on the 
imaging findings. Prior to image evalu-
ation a consensus reading with an ex-
pert radiologist was performed on two 
test cases. Based on the consensus scor-
ing, a pictorial atlas was compiled for 

reference. To ensure a high degree of 
inter-rater reliability, both raters also in-
dependently performed two scorings on 
test patients prior to image evaluation. 

Statistical analysis
The scoring sheets were digitalised us-
ing IBM SPSS v. 22 (IBM, Corporation, 
New York, USA). T-test for unpaired 
samples was applied to test for differ-
ences in the mean age of patient groups. 
Differences in gender distribution were 
tested using Fisher’s exact test. Inter-
rater reliability was calculated using 
Cohen’s kappa. With the clinical diag-
nosis as standard of reference, sensitiv-
ity and specificity of CT for the diagno-
sis of CPPD were calculated for each 
CT rater individually. A quantitative 
analysis of all imaging characteristics 
was performed, counting all characteris-
tics as present, which were observed on 
one or both sides. Fisher’s exact test was 
used to detect differences in frequency 
between CPPD and control group. 
Based on the literature research the 
following findings were defined as ‘es-
tablished imaging characteristics’ and 
summarised into sum scores: OA of the 
scapho-radial and STT joints, drooping 
osteophytes of the MCP joints, cysts of 
the scaphoid and lunate bones as well 
as calcifications of the luno-triquetral 

Fig. 1. Evaluated locations. Metacarpophalangeal joint (MCP)-I [1], MCP-II [2], MCP-III [3], MCP-
IV [4], MCP-V [5], carpometacarpal joint (CMC)-I [6], CMC-II [7], CMC-III [8], CMC-IV [9], CMC-
V [10], scaphotrapezio joint [11], scapho-trapezoideal joint [12], hamato-capital joint [13], scapho-
radial joint [14], luno-capital joint [15], hamato-triquetral joint [16], luno-radial joint [17], luno-tri-
quetral joint [18], distal radio-ulnar joint [19], trapezium [20], trapezoid [21], capitate [22], hamate 
[23], scaphoid [24], lunate [25], triquetrum/pisiforme [26], radius [27], ulna [28], scapho-lunate joint 
[29], triangular fibrocartilage [30], scapho-trapezio-trapezoideal joint [31], hamato capital joint [32], 
hamato-triquetro-luno-capital joint [33].
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joint and the triangular fibrocartilage. 
These sum scores underwent receiver 
operating curve (ROC) analyses with 
calculations of areas under the curves 
(AUC) to determine the diagnostic ac-
curacy of the findings, which are com-
monly described as classical hallmarks 
of CPPD arthropathy. Additionally, 
sum scores of all imaging findings with 
a statistically significant higher preva-
lence in the CPPD group were to be 
calculated and analysed corresponding-
ly. The ROC analyses were carried out 
for each CT rater individually. A two-
tailed significance level of p<0.05 was 
applied to all statistical analyses. Due 
to the explorative nature of this pilot 
study we refrained from an alpha-error       
correction.

Results
Patients
Forty-six patients were included in this 
analysis – 27 patients were assigned to 
the CPPD group (classified as ‘probable 
CPPD’ based on the McCarty criteria), 
and 19 to the control group by the ex-
pert rheumatologist. Diagnoses in the 
control group included rheumatoid ar-
thritis (n=11), gout (n=4), haemochro-
matosis (n=1), psoriatic arthritis (n=1), 
ulcerative colitis associated arthritis 
(n=1) and osteoarthritis (n=1). Mean 
age of patients was significantly higher 
in the CPPD group (68.1 years vs. 60.8 
years, p=0.004), gender distribution 
was similar in both groups (55.6% men 
vs. 52.6% men, p=0.850). 

Radiation exposure
The majority of CT scans (35 patients), 
were performed using just one 3D vol-

ume containing both wrist and MCP 
joints. In 11 instances a second acqui-
sition was required to capture also PIP 
and DIP joints, when clinically symp-
tomatic. CT examinations resulted in 
dose-length-products of 24 to 59.2 
mGy*cm per scan and up to 118.4 
mGy*cm per patient. The effective ex-
posure per patient therefore ranged be-
tween 0.019 and 0.095 mSv. 

Inter-rater agreement 
and sensitivity and specificity 
Agreement regarding the final diagno-
sis between the CT raters was almost 
perfect (41) with a Cohens’s kappa of 
0.91. Measures of diagnostic accuracy 
were calculated with the clinical diag-
nosis as the standard of reference. Sen-
sitivity was good with 70.4% for each 
rater, specificity was very good with 
94.7% for rater 1 and 84.2% for rater 2. 
The corresponding contingency tables 
are provided as Tables IIa-b. 

Descriptive analysis
Only scoring items with an agreement 

between both raters were used for fur-
ther analyses. The overall agreement 
rate per item at each location was 
89.6% (range: 71.7–100%). 
OA was a common finding in our study 
population, with the carpometacarpal 
joint of the thumb (CMC-I) being the 
most frequently affected joint (64% 
in the CPPD vs. 38% in the control 
group). Drooping osteophytes were an 
altogether rare finding, with the high-
est frequency in the MCP-II joints of 
CPPD patients (30% vs. 28% in the 
control group). A graphical representa-
tion of the distribution of these findings 
is provided as Fig. 2. 
The distribution of calcifications can 
be seen in Figure 3. As can be seen 
there, calcifications of carpal ligaments 
show a significantly higher prevalence 
in the CPPD group. The difference in 
prevalence was most pronounced in the 
scapho-lunate (76% vs. 18%), the luno-
triquetral (62% vs.16%) and the STT 
(56% vs.16%) ligaments. An example 
of CT presentation of ligamentous cal-
cifications can be seen in Figure 4.

Table I. Grading system for image evaluation.

 OA Drooping osteophytes Calcifications Cysts Erosions SL distance Scaphoid subluxation

0 None None None None None 0–2 mm Scaphoradial angle ≤70°

1 Doubtful osteophyte ≥3 mm calcification of  1–2 small cysts 1–2 small erosions 3–5 mm Scaphoradial angle ≥70°
   cartilage only 

2 Minimal  calcification of  >3 small cysts >3 small erosions 5–9 mm
   ligament only  OR very large OR very large
    cyst (≥3 mm)  erosion (≥3 mm)   

3 Moderate  calcification of both   ≥10 mm
   cartilage and ligament    

4 Severe      

OA: osteoarthritis; SL: scapho-lunate.

Table IIa. CT rater 1 and clinical diagnosis.

 Clinical diagnosis Total

      Control CPPD 

Rater 1 Control 18 8 26
 CPPD 1 19 20
Total  19 27 46

Table IIb. CT rater 2 and clinical diagnosis.

 Clinical diagnosis Total

 Control CPPD 

Rater 2 Control 16 8 24
 CPPD 3 19 22
Total  19 27 46
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Cysts and erosions were a common 
finding in our study population - in 
both groups the scaphoid, capitate and 
lunate were the most commonly affect-
ed bones. No significant difference in 
the frequency of subchondral cysts or 
erosions could be demonstrated.
Scapho-lunate dissociation was seen in 
19% of CPPD patients and 17% of con-
trol patients. Rotary subluxation of the 
scaphoid was detected in 25% (CPPD) 
and 17% (control) of patients. There 
was no significant difference in the fre-
quency of these findings. 

ROC analysis
In order to explore the diagnostic value 
of these quantitative results further, 
ROC analyses on sum scores of the 
findings with a significantly higher 
frequency in the CPPD-group, namely 
calcifications of the scapho-lunate, lu-
no-triquetral and STT-ligament, were 
carried out (maximum score=3). These 
were compared with the diagnostic ac-
curacy of the sum score of the previous-
ly defined ‘established characteristics’ 
(see ‘Statistical analysis’.) (maximum 
score=12) – a graphical representation 
of both sets of findings can be seen in 
Fig. 5. Fig. 6 depicts the resulting re-
ceiver operating curves. The AUCs for 
established characteristics were 0.675 
(95% CI: 0.509–0.841, p=0.049) for 
rater 1 and 0.619 (95% CI: 0.447–0.791, 
p=0.181) for rater 2. In contrast, AUCs 
for ligament calcifications were 0.786 
(95% CI: 0.653–0.920, p=0.001) and 
0.786 (95% CI: 0.652–0.921, p=0.001) 
for raters 1 and 2, respectively.  

Discussion
This study has for the first time system-
atically explored the pattern of CPPD 
wrist arthropathy as detected using CT. 
We were able to identify ligamentous 
calcifications of the carpus as highly 
specific markers of the condition, and 
this was especially true for the scapho-
lunate ligament, which showed calcifi-
cations in 76% of CPPD patients.  
Radiographic features of OA are a 
widely recognised imaging character-
istic of CPPD wrist arthropathy (10, 
11), described as typically affecting 
the scapho-radial and STT joint while 
sparing the CMC-I joint. In our study 

Fig. 2. Distribution of osteoarthritis and drooping osteophytes (relative) [%]. 
Red writing: >10% osteoarthritis / drooping osteophytes. Bold red writing: >30% osteoarthritis/drooping 
osteophytes. Significant difference (p<0.05) = (*). For key to locations refer to Figure 1.

Fig. 3. Distribution of ligamentous and cartilaginous calcifications (relative) [%]. Red writing: >10% 
calcification. Bold red writing: >30% calcifications. Significant difference (p<0.05) = (*). 
For key to locations refer to Figure 1. 
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population, however, this could not be 
confirmed. The CMC-I was the joint 
most commonly affected by OA in the 
CPPD group, while both scapho-radial 
and STT manifestations were equally 
frequent in both groups. We therefore 
conclude, that the pattern of OA previ-
ously described as typical of CPPD may 
be less specific than was assumed. The 
same can be said about the drooping 
osteophytes (35), which were equally 
prevalent in both groups. Based on our 
data we can confirm, that CPPD is as-
sociated with cysts (13), as there was no 
specific pattern or significant difference 
in frequency however, we conclude that 
the development of cysts is a nonspe-
cific sign with limited diagnostic value. 
The same holds true for scapho-lunate 
dissociation and rotary subluxation of 

the scaphoid, which – based on their 
similar frequency in both groups – also 
appear to be non-specific. There was no 
difference in the frequency of erosions 
between CPPD and the control group. 
This may in part be explained by the fact 
that small erosions can mimic cysts on 
plain radiographs (20). Another possible 
explanation may be the presence of a 
certain overlap of CPPD and rheumatoid 
arthritis in our study population. Recent 
studies have shown, that CPP crystals 
are detectable in the synovial fluid of 
up to 25.8% of patients with rheumatoid 
arthritis (42, 43). Previously described 
pathophysiological similarities to the 
inflammatory process of gout (44) may 
also explain the occurrence of bony ero-
sions in CPPD. Further studies into the 
pathological mechanisms of the inflam-

matory processes of CPPD arthropathy 
are required to explain these findings.
In contrast to the imaging findings dis-
cussed above, calcifications of carpal 
ligaments, even more than calcifications 
of cartilage, were significantly more 
prevalent in the CPPD group. Expanding 
on the findings of Yang et al., who dis-
tinguished the luno-triquetral ligament 
as a predilection site of calcifications in 
CPPD (12), we also found calcifications 
in the scapho-lunate and STT ligaments 
in significant frequencies. The reason 
why the luno-triquetral ligament is the 
only site reliably identified as affected 
by calcifications up to this point might 
be that most prior studies have focused 
on solely on radiography (26), where all 
other carpal ligaments cannot be evalu-
ated reliably due to superimposition. 
The ligament, which appears to be di-
agnostically most relevant based on our 
findings, is the scapho-lunate ligament 
(see also Fig. 3). Additional to their sig-
nificantly more frequent occurrence in 
the CPPD group in our study population, 
the ligamentous calcifications showed a 
promising degree of diagnostic accuracy 
in the ROC analyses; markedly higher 
than the previously identified imaging 
characteristics. As the study population 
of this explorative analysis was rather 
small however, a statistically significant 
difference in diagnostic accuracy has not 
been established. 
Based on these findings, we suggest, 
that the imaging characteristic with the 
greatest diagnostic value in the diagno-
sis of CPPD wrist arthropathy are liga-
mentous calcifications of the carpus. A 
reliable diagnostic tool for the detection 
of these calcifications is a low-dose CT. 
This is supported by a study by Misra et 
al. who demonstrated that ligamentous 
calcifications were a common finding in 
CPPD manifestations of the knee (45) 
and that they can be detected reliably 
using conventional CT. The effective 
radiation exposure of 0.019 to 0.095 
mSv was within the range of the expo-
sure of a standard two-plane radiograph 
of the hand, which has a reported expo-
sure of 0.0002–0.1mSv (46).
Another imaging modality, which has 
gained increasing attention with regards 
to the diagnosis of CPPD is ultrasono-
graphy (47, 48). Frediani et al. have  

Fig. 4. Ligamentous calcifications (CT). Right carpus of 72-year-old female patient suffering from CPPD. 
A: axial reconstruction of a right wrist. B: curved coronal reconstruction of the same wrist. 
White arrows indicating calcifications of the scapholunate ligament. Calcifications of the lunotriquetral 
ligament can also be observed. 

Fig. 5. Graphical representation of established characteristics and ligamentous calcifications. 
Established characteristics: Drooping osteophytes (green), osteoarthritis of the scapho-radial and STT 
joints (purple arrowheads), scapho-lunate dissociation (orange double arrow), cysts of the lunate and 
scaphoid (blue) and calcifications of the triangular fibrocartilage (red). Ligamentous calcifications: 
calcifications of the scapholunate, hamato-triquetro-luno-capital and STT joint spaces (red). 
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examined ultrasonography for the de-
tection of articular calcifications in 
CPPD, and have found it to be both sen-
sitive and specific (27). A recent study 
by the Outcome Measures in Rheuma-
tology (OMERACT) CPPD Ultrasound 
Subtask force has attempted to define 
ultrasonographic criteria for manifes-
tations at the knee and wrist (49). This 
and other ultrasonographic studies have 
largely concentrated on the characteri-
sation of cartilage calcifications (27, 
50-52) and detection of depositions in 
the synovial fluid (49), however, with-
out studying frequency or pattern of 
ligament involvement.
As a point of discussion, it needs to be 
mentioned, that in this investigation we 
assumed that all instances of calcifica-
tion were due to the deposition of cal-
cium pyrophosphate dihydrate. As we 
could not draw on definitive microscop-
ic or chemical characterisation however, 
calcifications may have been due to the 
deposition of basic calcium pyrophos-
phate crystals (BCPs) (53, 54). Further-
more, the patients in the CPPD group 
were on average 7.3 years older than 
their control counterparts. Even though 
such an unequal age distribution is to be 
expected in retrospective settings, given 
the age-dependent increase in preva-
lence of CPPD (55), this factor needs to 
be taken into account when interpreting 

the findings presented. The standard of 
reference used in this study also needs 
to be discussed. Due to the retrospective 
nature of this investigation, we were 
only able to draw on routine diagnos-
tic procedures - in our study population 
these included only 4 arthrocenteses of 
the wrist. Two of these yielded no syno-
vial fluid, one synovial analysis was 
inconclusive, and one detected urate 
crystals. Thus, we did not include any 
patient with “definite CPPD” in our 
analysis, according to McCarthy criteria 
(19). Whilst this failure to provide the 
established gold standard may weaken 
the accuracy of our classification into 
CPPD and control group, it also under-
lines the need for new diagnostic crite-
ria without reliance on a diagnostic tool 
with challenges in daily use. 
In summary, the results of this pilot 
study demonstrate that, by applying 
specific imaging criteria, low-dose CT 
can provide diagnostically valuable ad-
ditional information in the diagnosis of 
CPPD with a high inter-rater reliability, 
and at an effective radiation exposure 
comparable to that of standard radiog-
raphy (46). A larger prospective study 
comparing CT, plain radiography and 
ultrasonography with synovial analysis 
for CPP crystals as reference standard is 
required to establish a new and defini-
tive set of diagnostic criteria.
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