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Research in context:  84 

Evidence before this study 85 

Calcium pyrophosphate deposition (CPPD) is still a neglected disease even if appears quite prevalent 86 

in the elderly. However, in recent years, awareness of CPPD is increasing, thanks to the effort made 87 

by international task forces that are collaborating to create classification criteria, recommendations 88 

for the use of imaging and validation of outcome measures. Nevertheless, there are currently no 89 

validated instruments available for monitoring CPPD patients over time. Ultrasound (US) has proven 90 

to be an accurate technique for diagnosing CPPD and the OMERACT US working group - CPPD 91 
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subgroup was founded to develop and validate a US-related outcome measurement instrument in 92 

CPPD and has recently developed and validated ultrasonographic definitions for CPPD. 93 

We searched PubMed database for publications in English from 1962, when the disease was first 94 

described, until Apr 2021, regarding US scoring for the assessment of the extent of CPPD in the 95 

literature. The only attempt was made in 2013 by Filippou et al, but the scoring system was never 96 

validated.  97 

Added value of this study 98 

This is the first study to develop and validate a standardized scoring system for CPPD extent, based 99 

on consensus among experts. The validation process for using US as an outcome measurement 100 

instrument follows the rigorous OMERACT US methodology, which entails a stringent step-by-step 101 

roadmap, beginning with a systematic literature review conducted according to the OMERACT 102 

Framework Instrument Selection Algorithm (OFISA) recommendations; subsequently, the process 103 

included a Delphi consensus procedure, as well as image- and patient-based reliability studies.  The 104 

project has facilitated the collaboration of leading experts in the field of US and CPPD, resulting in 105 

the creation of a scoring system based on widely standardized methodology.  106 

Implications of all the available evidence 107 

This study represents a crucial step towards the validation of US as an outcome measurement 108 

instrument in CPPD, leading to greater homogeneity between clinical trials and ensuring valid and 109 

comparable results in CPPD research. Additionally, this study provides a valuable tool for monitoring 110 

the extent of crystal deposition in patients with CPPD in clinical practice, which could offer relevant 111 

insights into the pathogenesis and natural history of this neglected disease. 112 

 113 

Keywords: Chondrocalcinosis; Crystal arthropathies; Outcome Measure Instrument; 114 

Ultrasonography. 115 

 116 
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Abstract  117 

Background: The OMERACT Ultrasound (US) working group - Calcium Pyrophosphate Deposition 118 

(CPPD) subgroup has recently developed and validated the elementary lesions for the detection of 119 

calcium pyrophosphate crystals in joints. The aim of this step was to develop and evaluate the 120 

reliability of a consensus-based US scoring system for CPPD extent.  121 

Methods: According to the OMERACT US stepwise process, the scoring system was developed 122 

through a Delphi survey based on a systematic literature review and expert opinion. The reliability 123 

of the score was assessed through exercises on static images and on patients. 124 

Findings: The four-grade semiquantitative scoring system consisted of: grade 0: no findings 125 

consistent with CPPD; grade 1: ≤3 single spots or 1 small deposit; grade 2: > 3 single spots or >1 126 

small deposit or ≥1 larger deposit occupying ≤ 50% of the structure under examination in the 127 

reference image (i.e., the scanning view with the highest grade of depositions); grade 3: deposits 128 

that occupy more than 50% of the structure under examination in the reference image. The score 129 

should be applied to the knee (menisci and hyaline cartilage) and the triangular fibrocartilage 130 

complex of the wrist. The intra- and inter-reader reliabilities in static images were almost perfect 131 

(kappa 0.90 and 0.84, respectively), and the reliabilities on patients were substantial (kappa 0.72 for 132 

intra-reader and 0.66 for inter-reader). 133 

Interpretations: This OMERACT US scoring system for CPPD was reliable on both static images and 134 

patients. It may be a valuable tool for ensuring valid and comparable results in clinical trials, and it 135 

could help monitor the extent of crystal deposition in patients with CPPD in clinical practice. 136 

Funding: This paper was supported and funded by the Italian Ministry of Health - "Ricerca Corrente”. 137 

 138 

 139 
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Introduction 140 

Calcium pyrophosphate deposition (CPPD) is defined as “the umbrella term used to describe all 141 

instances of calcium pyrophosphate (CPP) crystal deposition in tissues”[1]. It is considered to be a 142 

common condition among the elderly[2], with an estimated prevalence ranging from 7% to 13.7% 143 

depending on the age of population, the joint assessed, and the diagnostic criteria used[3]. Despite 144 

the first description of CPPD disease stemming back to 1962[4], there are still major shortfalls in its 145 

nomenclature, pathogenesis, diagnosis, outcome measurement instruments, and treatment[5]. All 146 

these unmet needs have had and still have a significant impact on both clinical research and 147 

management of CPPD.  148 

Over the last decades, musculoskeletal ultrasound (US) has progressively gained a key role in 149 

rheumatological clinical practice and has proven to be an excellent tool for detecting CPP 150 

deposits[6,7]. US application in CPPD was first described in 1990 by Kellner and colleagues[8], and 151 

since then a growing number of studies have confirmed its diagnostic value[9,10]. However, the 152 

significant heterogenicity among studies about US definitions used, the assessed joints and the 153 

adopted reference standard, has hampered the comparability of study results. To standardise US 154 

research in this disease, the Outcome Measures in Rheumatology (OMERACT) US working group 155 

(WG) - CPPD subgroup was established in 2014 with the aim of validating US as an outcome 156 

measurement instrument for CPPD. Following a stepwise process[11], the group developed a set of 157 

definitions for ultrasonographic findings[12], which were demonstrated to be reliable and accurate 158 

for CPPD diagnosis[13,14]. The next step in the OMERACT stepwise approach was to develop and 159 

validate a new scoring system that allowed for the quantification and extent of CPP crystal 160 

deposition in patients, which could be a useful tool for CPPD assessment over time. To date, no 161 

validated scoring system has been published in the literature, and the only attempt to generate one, 162 

carried out in 2013 by Filippou et al.[15], was evaluated only in two centers and was not adequately 163 

validated. 164 

The aims of this study were to develop a consensus-based US scoring system for CPPD extent, which 165 

quantifies the area of targeted tissues covered by CPP crystals deposition both at joint and patient 166 

level, and to evaluate its reliability in static images and on patients, according to the OMERACT US 167 

methodology. This will ensure valid and comparable results in clinical trials and facilitate the 168 

monitoring of crystal deposition extent in clinical practice. 169 

 170 
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Methods 171 

The novel scoring system was developed through a stepwise process, following the established 172 

OMERACT US methodology[11]. Firstly, a systematic literature review (SLR) was conducted to gather 173 

available evidence on existing scoring system for CPPD and to estimate the prevalence of CPPD in 174 

peripheral joints using imaging[16]. The group then focused on developing the scoring system 175 

through a Delphi exercise. Finally, the reliability of the proposed scoring system was tested in a web-176 

based and subsequently in a patient-based exercise. 177 

 178 

Preliminary survey and Delphi exercise 179 

Prior to conducting the Delphi survey, a preliminary survey was circulated among the members of 180 

the OMERACT US WG - CPPD subgroup to collect their suggestions on the features that should be 181 

included in the scoring system according to their personal experience.  182 

With the aim to achieve a consensus on the items and sites to include in the scoring system, a Delphi 183 

questionnaire was prepared in the REDCap platform. The questionnaire reflected the results of the 184 

literature review and the expert opinion of the steering group and was sent to 41 members of the 185 

group.  186 

Participants rated each statement on a 5-point Likert scale, which was graded as follows: 1, strongly 187 

disagree; 2, disagree; 3, neither agree nor disagree; 4, agree; 5, strongly agree. Statements that 188 

received at least 75% of responses rated as 4 and 5 were considered as appropriate for inclusion in 189 

the final scoring system. In case of disagreement, statements that received 4 or 5 rating from less 190 

than 50% of respondents were excluded. The remaining statements were presented for voting in 191 

subsequent rounds after being modified according to members’ suggestions and comments, until 192 

agreement was reached for all statements. To keep track of the evolution of the scoring system, the 193 

agreed and disagreed statements from previous rounds were summarized and displayed with the 194 

mean scores in the following round by the organizers (G.F. and S.S.).  195 

 196 

Reliability exercises 197 

After developing the new US scoring system for CPPD extent, the OMERACT US process foresaw its 198 

validation on static images and on patients. The first step involved a web-based exercise, where all 199 
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group members were invited to participate. After the Delphi survey, participants were asked to 200 

collaborate in the creation of an image collection that would be representative of the developed 201 

scoring system. The collected images were evaluated for quality; and finally, a set of images that 202 

equally represented all degrees of crystal deposition in the selected sites according to the scoring 203 

system was defined. The images were inserted into a survey in the REDCap platform in random 204 

order, and two rounds of a web-based exercise were conducted with an interval of 4 weeks. The 205 

first round aimed to assess the inter-reader reliability, and the second to assess the intra-reader 206 

reliability of the new scoring system on static images. All participants voted for each US image 207 

according to the new scoring system. The atlas with representative images of each score was visible 208 

throughout the entire exercise to facilitate the application of the definitions and to avoid scoring 209 

according to personal experience or opinion. 210 

In the second step of the validation process, a patient-based exercise was conducted with the 211 

participation of 8 experts of the OMERACT US WG - CPPD subgroup (M.A.D’A., G.F., E.F., A.I., I.M., 212 

E.N., L.T., F.V). All of them have more than 15 years’ experience in US and are members of the EULAR 213 

faculty for US training. The workshop took place in Milan, Italy, and patients with crystal-proven 214 

CPPD (with positive synovial fluid analysis) were recruited from the Rheumatology Department of 215 

Luigi Sacco University Hospital. Eight high-end US machines (4 Samsung RS85 prestige, 1 Samsung 216 

RS80 prestige and 3 Samsung V8) equipped with a 2-14 MHz linear probe were used for the 217 

workshop. All machines were equipped with the same high resolution linear probes, and the same 218 

settings. The sonographers were free to modify the basic functions, such as depth, gain, time gain 219 

compensation (TGC) and frequency, to achieve optimal images for CPPD identification. Power 220 

Doppler examination was used upon sonographers’ judgment to avoid any pitfalls or artifacts (i.e., 221 

identification of small vessels). A short calibration briefing was conducted before the exercise.  222 

The scanning protocol was determined after the development of the scoring system and included 223 

bilateral evaluation of the triangular fibrocartilage complex (TFCC) of the wrist, knee menisci and 224 

knee hyaline cartilage (HC). After calculating the sample size (see statistical analysis paragraph), 8 225 

patients were recruited, and US exams were carried out twice on each patient on the same day by 226 

the 8 experts using the newly developed scoring system, to assess the intra- and inter-reader 227 

reliability on patients. Each sonographer was given 12 minutes to assess the target joints, after 228 

which they moved to the next patient until all patients were examined. The patients’ locations were 229 
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randomly changed for the second round. The atlas with representative images was visible 230 

throughout the exercise.  231 

The US exams were performed according to a standardized sequence, using techniques already 232 

described in the literature for the identification of CPPD deposits[13,17]. Briefly, the knee menisci 233 

were examined, using both transverse and longitudinal scans[18], with the knee in complete 234 

extension and in semi-flexed position (30-45°) sliding with the probe (without lifting it) over the 235 

structure under examination from the anterior to the posterior horn. Knee HC was scanned with the 236 

knee in maximum flexion for the anterior portion with both transverse and longitudinal scans. The 237 

posterior portion of the HC was ignored to avoid patients to roll over several times as requested by 238 

the protocol. The TFCC of the wrist was examined by sliding the probe over the structure, without 239 

lifting it, from the dorsal to the palmar aspect for longitudinal scanning and from proximal to distal 240 

for the transverse scanning. In all cases, dynamic scanning was allowed if considered necessary, such 241 

as flexion-extension of the knee or radial deviation of the wrist. 242 

This study was approved by the institutional ethics committee of Luigi Sacco University Hospital, 243 

Milan, Italy (Registro Sperimentazioni n. 2022/ST/145). All participants provided written informed 244 

consent for participation in the study.  245 

 246 

Statistical analysis 247 

Intra- and inter-reader reliability of the new scoring systems were assessed using weighted Light’s 248 

kappa coefficients. This statistical measure takes into account the magnitude of the disagreement 249 

between the categories being rated by the different raters, assigning different weights to the 250 

disagreements based on the magnitude of the discrepancy between the categories. Kappa values 251 

were interpreted according to Landis and Koch[19] as follows: kappa values of 0 - 0.20 were 252 

considered as slight, 0.21 - 0.40 as fair, 0.41 - 0.60 as moderate, 0.61 - 0.80 as substantial, and 0.81 253 

- 1.00 as almost perfect agreement.  254 

The number of images to be used in the static images exercise was determined to achieve an 255 

expected kappa value of 0.8, with an expected confidence interval lower bound of 0.75. For the 256 

patients-based exercise, the reliability was assessed both for specific structures and at patient level 257 

(considering all the structures). To reach an expected kappa value of 0.75, with an expected 258 

confidence interval lower bound of 0.6, the total number of necessary images for each structure 259 



10 

 

was 16. The minimum needed number of raters for 16 images was five, but we chose to involve 260 

eight raters to be more conservative[20]. Statistical analyses were performed using R statistical 261 

software (Foundation for Statistical Computing, Vienna, Austria). 262 

 263 

Role of the funding source  264 

The funders of the study had no role in study design, data collection, data analysis, data 265 

interpretation, or writing of the manuscript. 266 

 267 

Results 268 

Delphi exercise 269 

Based on the results of the preliminary survey, the Delphi questionnaire was designed and consisted 270 

of 32 statements which were categorized into 4 main groups. (1) The 1st group focused on the 271 

elementary US lesions of CPPD to be applied in the scoring system. (2) The 2nd group dealt with the 272 

grading of CPPD, including the general characteristics of the scoring system and the grading of 273 

lesions in each structure. (3) The 3rd group focused on the scoring attribution, including the modality 274 

of the scoring and the scanning technique. (4) Finally, the 4th group was about the composition of 275 

the scoring system, encompassing the joints to be included, the scoring at joint level, and the final 276 

scoring at patient level. Three Delphi rounds were needed to reach agreement on all items, with 32 277 

out of 41 members of the OMERACT US WG – CPPD subgroup participating in the first round, 26/32 278 

in the second, and 25/26 in the third round. Overall, participants came from 16 countries, including 279 

10 from Europe, 4 from America, 1 from Africa, and 1 from Oceania. Fourteen statements were 280 

approved in the first round, comprising 1 statement each in the 1st and 2nd groups, 4 in the 3rd group, 281 

and 8 in the 4th group. No statements were approved in the second round, and 3 statements 282 

achieved consensus in the third round, including 1 about the grading of CPPD (1st group) and 2 about 283 

the scoring attribution (4th group). The agreed final statements with the percentage of agreement 284 

are presented in Table 1, all the statements of the Delphi exercise are presented in Supplementary 285 

Table S1 in the Appendix page 3. 286 

For the elementary US lesion of CPPD (1st group), the experts decided to apply the OMERACT 287 

definitions for US detection of CPPD at the level of HC cartilage and fibrocartilage[12,13] for the 288 
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scoring system. Regarding the grading of CPPD (2nd group), the participants agreed upon a 289 

semiquantitative scoring system on 4 grades (0 – 3). Grade 0 corresponds to: no findings consistent 290 

with CPPD; grade 1: ≤3 single spots or 1 small deposit; grade 2: > 3 single spots or >1 small deposit 291 

or ≥1 larger deposit occupying ≤ 50% of the structure under examination in the reference image 292 

(i.e., the scanning view with the highest grade of depositions); grade 3: deposits that occupy more 293 

than 50% of the structure under examination in the reference image. Additionally, in terms of 294 

scoring attribution (3rd group), the evaluation of CPP deposits should be performed on a large 295 

portion of the structure under examination, according to the US acoustic window, evaluating the 296 

entire structure without lifting the probe (for example entire HC of the femur). The scoring of CPP 297 

deposition should be assessed on the scanning view with the highest grade of depositions (reference 298 

image). Each structure should be evaluated using a multiplanar approach, scanning at least in two 299 

perpendicular planes. Regarding the composition of the scoring system (4th group), the experts 300 

agreed that the structures included in the final score were knees, with menisci and HC and the TFCC 301 

of the wrists. Each anatomical structure should be scored separately, and then the scores should be 302 

summed to define the joint score. The sum of the scores from the assessed joints was the total score 303 

at patient level. The final OMERACT US in CPPD scoring system with the definitions and 304 

corresponding images are presented in Figure 1, and the full scoring template with technical 305 

instructions may be found at the supplemental material (Supplementary Figure S1 in the Appendix 306 

page 2).  307 

 308 

Reliability exercises 309 

For the web-based reliability exercise, six members of the group sent 280 anonymized US images of 310 

CPPD patients of the included structures. The organizers (G.F. and S.S.) assessed the images for 311 

quality and created a dataset of 120 images on the REDCap platform, representing possibly equally 312 

all grades of scoring for each included structure. Thirty-three out of 41 members of the OMERACT 313 

US WG - CPPD subgroup completed both rounds of the web-based reliability exercise. The proposed 314 

scoring system showed an almost perfect overall reliability for assessing CPPD extent, with a kappa 315 

of 0.90 (95% CI 0.79 – 1) for intra-reader reliability, and 0.84 (95% CI 0.79 – 0.88) for inter-reader 316 

reliability. All the assessed sites demonstrated an almost perfect intra and inter-reader reliability. 317 

The highest agreement was found in HC and menisci, followed by TFCC (HC 0.93 [95% CI 0.78 – 1] 318 



12 

 

and 0.91 [95% CI 0-85 – 0.94], menisci 0.91 [95% CI 0.79 – 1] and 0.82 [95% CI 0.69 – 0.90], TFCC 319 

0.88 [95% CI 0.71 -1] and 0.81 [95% CI 0.75 – 0.86] respectively) (Table 2). 320 

For the patient-based reliability exercise, 8 crystal-proven subjects were enrolled, 50% were female, 321 

100% were white, they have a mean age of 75.3 (±7.9) years and a mean disease duration of 22.5 322 

months (±12.8) from diagnosis (Supplementary Table S2 in the Appendix page 5). On live scanning, 323 

the overall intra- and inter-reader reliability of the scoring was substantial, with a kappa of 0.72 324 

(95% CI 0.47-0.96) and 0.66 (95% CI 0.61-0.71), respectively. The most reliable site was HC of the 325 

knee, with almost perfect intra- and inter-reader agreement (kappa of 0.87 [95% CI 0.68-1.0] and 326 

0.81 [95% CI 0.61-0.93], respectively), followed by menisci with substantial intra- and inter-reader 327 

agreement (kappa of  0.75 [95% CI 0.43-1.0] and 0.70 [95% CI 0.51-0.84], respectively), while the 328 

TFCC showed the lowest kappa values, with fair intra- and inter-reader agreement (kappa of 0.35 329 

[95% CI -0.25-0.94] and 0.34 [95% CI 0.13-0.55], respectively).  Considering the transverse scan on 330 

the menisci in comparison to the longitudinal scan, we found no difference in the agreement, in 331 

particular the kappa values for the intra-reader reliability were 0.74 (95% CI 0.45-1.0) and 0.73 (95% 332 

CI 0.38-1.0), respectively, for the transverse and longitudinal scans, and the inter-reader kappa 333 

values were 0.73 (95% CI 0.59-0.84) for the transverse scan and 0.72 (95% CI 0.49-0.84) for the 334 

longitudinal scan on menisci. The results of the reliability of the scoring system on patients are 335 

summarized in Table 2.  The prevalence of the different grades of the scoring system as scored by 336 

the readers on the CPPD patients are reported in Figure 2.  337 

Regarding the feasibility of the scoring in patients, all examiners completed the four joints 338 

examination in less than the provided 12 minutes on all occasions, with a range of scanning times 339 

from 6 to 11 minutes max, depending on the difficulty to score.   340 

 341 

Discussion 342 

Imaging techniques have greatly improved the understanding of CPPD, but there is a lack of 343 

validated instruments for monitoring patients over time. Conventional radiography,  is not suitable 344 

for evaluating the extent of the disease due to its two-dimensional properties and low 345 

sensitivity[21]. As for emerging sophisticated techniques, such as dual energy computed 346 

tomography (DECT) or multi-energy/spectral photon-counting CT (SPCCT), even if they appear 347 

promising, there are still limited data on their diagnostic performance and their ability to 348 
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discriminate between different calcium crystals[22–24]. Further, while US can be performed directly 349 

by a rheumatologist during clinical evaluation, other imaging techniques pose a referral problem. 350 

Finally, these techniques require radiation exposure and increase direct costs for the management 351 

of patients. 352 

This is the first attempt to develop a consensus-based US scoring system for grading CPPD at joint 353 

and patient level. According to the OMERACT US framework, the development of the US scoring 354 

system was based on data deriving from a SLR[16] and on experts’ opinion, since there are no 355 

validated scoring systems available in the literature.  356 

For the definition of the scoring system, the experts opted for a four-grades semi-quantitative 357 

scoring system from 0 to 3. This decision likely reflects the experts’ confidence in four-degree 358 

scoring systems, which are also used in other rheumatic diseases[25], and that are generally thought 359 

to represent the best compromise between reliability and sensitivity to change.   360 

One of the major challenges encountered in developing the scoring system was to define the 361 

different grades. The group agreed on a semi-quantitative definition based on percentages, which 362 

may strengthen the reliability and feasibility of the scoring as compared to more subjective 363 

definitions. This may appear to be in contrast with what was decided for the OMERACT US gout 364 

scoring system, where the definitions of the four grades are based on a qualitative assessment of 365 

the item (absent, possible, definite but minimal, definite and severe)[26]. However, in the case of 366 

CPPD, crystals develop and grow within an anatomical structure with definite volume (HC, meniscus, 367 

TFCC), while tophi and urate crystal deposition on HC (double contour sign) develop and grow within 368 

the joint space and may reach considerable volume/extent that cannot be expressed in a percentage 369 

of occupation of the joint volume. 370 

Regarding the scoring attribution, the structure under examination should be evaluated entirely, 371 

providing as a final score the grade of the frame with the highest extent of the entire structure 372 

(reference frame). Although this approach may lead to a loss of information and to a “ceiling effect”, 373 

it yielded good reproducibility and probably may increase the feasibility of the scoring. A scoring on 374 

the entire structure would be challenging, obliging the examiner to make a sort of “mean” of all the 375 

frames examined and probably leading to a lower reliability.  376 

The group decided to include in the scoring system only the knees (menisci and femoral HC) and the 377 

TFCC of the wrists, as these structures are the most frequently involved joints in CPPD[16], and are 378 
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the only sites that have demonstrated high reliability on US[13,27]. In comparison to the 2013 379 

scoring system by Filippou et al. that evaluated 26 structures[15],  the experts selected a more 380 

feasible approach, appropriate also for use in daily practice, including only 8 structures. Tendons 381 

were excluded from the final scoring, due to low reliability achieved in previous 382 

studies[13].Although this might decrease the sensitivity to change of the scoring, the perception is 383 

that a feasible approach is fundamental for clinicians and patients. The instrument demonstrated 384 

to be rapid and highly acceptable by the patients, requiring about 10 minutes.  385 

The validation of the scoring system revealed almost perfect intra- and inter-reader reliability on 386 

static images, as well as substantial intra- and inter-reader reliability on patients, indicating that the 387 

score is clear, feasible and easily applicable. The highest values of intra- and inter-reader reliability 388 

were found for HC, followed by menisci. TFCC demonstrated to be the most challenging structure 389 

to score on patients, resulting in lower kappa values than the web-based exercise. This difference 390 

in agreement suggests that the main difficulty was not the application of the definition, but rather 391 

the examination of the TFCC by US. In contrast, the meniscus is generally easier to assess and the 392 

scanning technique, as well as tips and tricks for correct crystal identification have been published 393 

previously[18,28,29]. The TFCC is a complex structure located in the ulnar side of the wrist between 394 

the ulna, lunate and triquetrum bones, composed by an articular disc, a meniscus homologue and 395 

several ligaments. US scanning is challenging as the orientation of the different structures that 396 

compose the TFCC cover different anatomical planes and, depending on the position of the wrist 397 

and of the probe, ligamentous structures present different degrees of echogenicity. Further the 398 

meniscus homologue cannot be clearly identified and the echogenicity of the TFCC may change over 399 

life time due to degeneration of the structures [30]. At US and in normal conditions the TFCC appears 400 

as an inhomogeneous mid-grey (isoechoic) or dark (hypoechoic) area depending on the position of 401 

the probe, wrist and tightness of the ligaments at that given point.  However, the ligaments that 402 

cross the structure may also appear hyperechogenic, and the presence of abnormalities such as 403 

fibrocartilage degeneration or areas of fibrosis could mimic CPPD and lead to misinterpretations. 404 

CPP deposits appear bright with an echogenicity similar to the bony cortex and can be identified 405 

independently of the angle on insonation[29]. In Figure 3 we provide some pictorial material on the 406 

scanning of the TFCC that may help to identify correctly CPPD and thus improve reliability of the 407 

scoring at this specific area. It should be noted anyway that the reliability of the overall scoring 408 

system at patient level was not affected by the low reliability founded for TFCC.  409 
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Additionally, the reproducibility of US assessment is influenced by a complex interaction between 410 

US machines, patients, and operators. To minimize the impact of the variability in US machines we 411 

used similar high-end US machines equipped with the same probes and settings. Although this may 412 

be seen as a limitation of the study, it allowed to eliminate the impact of the machine quality on 413 

reliability. Further studies with different machines will allow to explore also the impact of the 414 

machine quality on the level of agreement.    415 

In 2018, the Gout, Hyperuricemia and Crystal Associated Disease Network (G-CAN) identified a list 416 

of unmet needs in CPPD[5], which included the need for further research on imaging and the 417 

improvement of internationally accepted and standardized imaging protocols. US, with the 418 

development of standardized definitions and the here presented consensus-based scoring system 419 

by the OMERACT US WG - CPPD subgroup, is currently the most validated imaging technique in 420 

CPPD. This novel scoring system could be a new tool in the research path on CPPD. An US follow-up 421 

could yield new evidence about key questions in CPPD, such as the natural history of the disease, 422 

whether and how CPP crystals deposition might change over time, for example following therapy or 423 

after an acute attack. Further, a major unmet need, namely the relationship between deposition 424 

extent and clinical manifestations or severity of osteoarthritis could be investigated. Finally, one of 425 

the most important research priorities in CPPD disease is the development of targeted therapies, 426 

capable to inhibit or reverse CPP crystal formation and deposition. The presented scoring system, 427 

could be useful in the assessment of changes of deposition after an intervention[31].  428 

The major advantage of this new US scoring system is the development under the OMERACT 429 

umbrella. This guarantees the internationality of the faculty, the expertise and mainly a rigorous 430 

methodology that has been developed and refined over years of exceptional work and results. The 431 

Delphi approach used for the development of the scoring system guarantees the anonymity of all 432 

participants, ensuring that each participant's input carries equal weight in the final decision[32,33]. 433 

On the other hand, this kind of endeavors are affected by some limitations. The high expertise of 434 

the faculty and the quality of machines could apparently make the results non generalizable to the 435 

real world. However, the CPPD scoring system is based on grey-scale findings that are less prone to 436 

inter-machine variability as compared to Doppler, and with some basic training, the definitions have 437 

demonstrated to be reliable also in an external context[34]. Future studies will better assess the 438 

feasibility and reliability of this scoring system in a real-world setting.  439 
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In conclusion, this study constitutes the first attempt to generate a validated consensus-based semi-440 

quantitative US scoring system for the extent of CPPD. This scoring system is feasible and may 441 

ensure valid and comparable results in future clinical trials. It could provide relevant insights into 442 

CPPD pathogenesis and natural history, as well as about the potential role of CPPD on osteoarthritis 443 

and joint damage and could be useful in assessing the effectiveness of potential therapies. Future 444 

studies will assess the sensitivity to change of the scoring system in independent cohorts and 445 

evaluate its reliability and feasibility in a real-world setting for external validation. With this step, 446 

US has emerged as the better validated technique for CPPD identification and monitoring.  447 
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