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Introduction

The term calcium pyrophosphate dihydrate crystal was first used 
by McCarty in 1961 (1). The main pathological changes in 
calcium pyrophosphate dihydrate crystal deposition disease 
(CPPDCD) is the deposition of calcium pyrophosphate 
d ihydrate  (CPPD) crys ta l s  and  damage  to  jo int  
structures (2). This disease mainly affects middle-aged 
and older adult patients, and the incidence and severity 
increase with age (3). Studies have shown that calcium 
pyrophosphate crystal formation occurs in the presence of 
excess extracellular inorganic pyrophosphate in the cartilage 
pericellular matrix (4). CPPD can deposit in the joint’s 
hyaline cartilage, fibrous cartilage, synovium, joint capsule, 
tendon, or ligament, causing calcification of articular 
cartilage or the soft tissue adjacent to the joint (5). 

Tumoral CPPDCD (TCPPDCD) is a distinct and 
uncommon lesion that should be differentiated from 
CPPD. As a tumoral lesion, TCPPDCD may cause tumor-
related symptoms, such as localized mass as well as a risk 
of joint dysfunction. Despite being a nonneoplastic lesion, 
it can imitate bone or soft tissue tumors on radiological 
or pathological examination (6). TCPPDCD is frequently 
observed in the temporomandibular joint or paraspinal 
tissues, while its occurrence in extremity joints is  
infrequent (7). Through electronic database searches, we 
identified 59 reported cases of TCPPDCD affecting the 
extremity joints in the English-language literature. Based 
on tumor location, the patients were categorized into upper 
extremity (40 patients) and lower extremity (19 patients) 
groups. Among the lower limb cases, the hip was the most 
commonly affected site (8 cases), followed by the metatarsal 

or metatarsophalangeal joint (7 cases) and the knee (3 cases). 
The ankle was affected in 1 case.

We present an intriguing case of TCPPDCD at the 
tarsal joint site, which, to our knowledge, represents 
the first reported instance in this region. The imaging 
findings were characterized by the presence of a calcified 
mass within the soft tissue secondary to significant bone 
invasion. Throughout disease progression, there was 
gradual enlargement of the lesion. Initially, this patient 
was misdiagnosed as having a neoplastic lesion due to 
overlapping clinical and imaging findings indicative of both 
benign and malignant tumors.

Case presentation

All procedures performed in this study were in accordance 
with the ethical standards of the institutional and/or 
national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient for publication of this article 
and accompanying images. A copy of the written consent is 
available for review by the editorial office of this journal.

Medical history

The patient, a female aged 82 years old, complained of 
a painful, hard, and palpable mass on her left foot. All 
levels of serum calcium, phosphorus, magnesium, alkaline 
phosphatase, and uric acid were within the normal range. All 
blood cell counts were negative except for a brief increase in 
C-reactive protein (CRP) and the erythrocyte sedimentation 
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rate. Hyperparathyroidism, hemochromatosis, diabetes 
mellitus, rheumatoid arthritis, and gout were not present. 
The patient’s left foot had not been injured, and the pain 
was affecting her normal activities. No relevant family 
history or genetic history was identified.

Imaging assessment

Radiographs of the left foot in the antero-oblique view 
revealed a calcified mass in the tarsal region (Figure 1A,1B). 
Postoperative X-ray imaging revealed complete resection of 
the lesion (Figure 1C). 

Computed tomography (CT) demonstrated an expansive 
and invasive calcified mass with significant intraosseous 
involvement, prominent pressure erosion, and scattered 
curly calcifications (Figure 2).

Magnetic resonance imaging (MRI) showed a well-
defined, lobular mass with low signal intensity on sagittal 
T1-weighted imaging (T1WI-S). Proton density-weighted 
imaging (PDWI) revealed nonuniform signal intensity in 
the mass, with multiple low-intensity foci (Figure 3).

Intraoperative findings

The mass was completely removed. Under the naked eye, 
the mass appeared as a chalky white material with a well-
preserved capsule measuring 4.0 cm × 2.0 cm × 2.0 cm in 

size. On histological examination of the excised tissue via 
hematoxylin and eosin staining (HE) staining, rhomboid-
shaped crystals were found to be surrounded by fibroblasts 
and macrophages. Under polarized light, the calcified 
deposits showed weakly positive birefringent polarized 
light, suggestive of CPPD crystals, and these findings were 
consistent with those of TCPPDCD (Figure 4).

Discussion 

A rare and lesser-known variant, TCPPDCD, is a distinct 
entity characterized by the development of a periarticular 
mass that leads to local erosion of adjacent bones (8). 
TCPPD has a relatively low overall incidence, and there 
are significant variations in its distribution across different 
anatomical sites. The anatomic distribution of TCPPDCD 
differs from that of common forms of CPPDCD, 
which typically affect the knee and wrist. However, the 
temporomandibular joint is the most common location 
for TCPPDCD, followed by paraspinal tissues. Other less 
common locations included the foot (7).

On radiological examination, the CPPD deposits appear 
radiologically dense. Calcium deposits can be observed 
in the meniscus, articular cartilage, yellow ligament, and 
intervertebral disc. They are typically distributed as spots 
or lines within the meniscus or parallel to the subchondral 
bone plate. However, TCPPDCD presents with granular or 

Figure 1 Radiographs of the left foot. (A) Anteroposterior and (B) oblique radiographs of the left foot revealed a noticeable mass (arrows) 
adjacent to the tarsal joint, accompanied by internal calcifications and obvious signs of osseous erosion. (C) An anteroposterior radiograph 
revealed the postoperative manifestations of the lesion.

A B C



Quantitative Imaging in Medicine and Surgery, Vol 14, No 8 August 2024 6191

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(8):6189-6194 | https://dx.doi.org/10.21037/qims-24-328

Figure 2 Preoperative CT image of the left foot. The (A) sagittal, (B) coronal, and (C) axial bone window CT scans of the left foot revealed 
a 3.8×2.0×2.2 cm mass (arrows) with expansive and invasive characteristics, clearly affecting the bone. Additionally, there was evident 
pressure erosion with well-defined boundaries, accompanied by scattered villous arc-shaped calcification. CT, computed tomography.
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Figure 3 MRI of the left foot revealed a 3.8×2.0×2.2 cm mass (arrows) in the tarsal region. (A) The mass showed an overall low signal 
in sagittal T1WI. PDWI included heterogeneous signal intensity in (B) sagittal, (C) coronal, and (D) axial images, exhibiting multifocal 
hypointensity. The image clearly depicted the deep penetration of the mass into the cuneiform bone, scaphoid bone, and surrounding 
soft tissue, accompanied by a significant amount of bone edema adjacent to the mass. Furthermore, it is worth noting that the mass was 
responsible for cortical thinning and pressure erosion of the proximal metatarsals. MRI, magnetic resonance imaging; T1WI, T1-weighted 
imaging; PDWI, proton density-weighted imaging.
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fluffy pattern calcifications. In some cases, pressure erosion 
may occur near the calcified mass (9). On CT, an irregular 
calcified density mass is present, and on MRI, a low signal 
intensity mass on T1-weighted imaging (T1WI) and a 
mixed high-low signal intensity on T2WI are apparent (10).  
These typical manifestations are consistent with those 
observed in our case. In addition, there were more visible 
low signal areas on MRI T2WI, which might have been 
related to the varying degrees of calcium phosphate crystal 
deposition.

Differential diagnosis and typical features

Radiologically, this condition should be distinguished 
from malignant tumors or benign diseases, such as 
chondrosarcoma, synovial chondromatosis, tumorous 
calcification, and bizarre parosteal osteochondromatous 
proliferation. In this case of TCPPDCD, the lesion 
appeared as a dense, enlarged mass around the joint 
with bone erosion. The malignant transformation of 

chondroid-like tumors (i.e., chondrosarcoma) has similar 
characteristics (11). Chondrosarcoma originates from 
mesenchymal tissue that undergoes differentiation toward 
cartilage cells or chondrogenesis. On X-ray and CT 
images, chondrosarcomas typically manifest as regions 
of variable sizes and exhibit osteolysis. These areas often 
feature clusters or a diffuse distribution of punctate 
and ring-like calcifications, which are indicative of 
cartilaginous tumors. Notably, there have been previous 
reports of chondrosarcomas occurring in the foot (12). 
Synovial chondromatosis is another concern for potential 
differential diagnosis and is characterized by the presence 
of multiple cartilaginous nodules within the synovium, 
synovial membrane, or bursae of the joint. This condition 
is marked by the multiple formations of free bodies within 
the joint. Primary synovial chondromatosis typically 
affects adults, with males constituting the majority of the 
affected individuals (13). Because the TCPPDCD lesion 
appears as a mass with amorphous calcification, it requires 
differentiation from the tumoral calcification. Tumoral 

Figure 4 Pathological biopsy. (A) Photomicrograph of the tumoral mass showed deposits of crystals surrounded by fibroblasts and 
macrophages (HE, 100×). (B-D) Upon HE staining with polarization gating, the calcified deposits showed pathognomonic positively 
birefringent rhomboidal crystals on (B) low-power view (100×) and (C,D) high-power view (200×). HE, hematoxylin and eosin.
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calcification often involves soft tissues near the joint 
with variably sized calcified nodules, which can appear as 
amorphous, lobular, or clustered calcifications. However, 
it mainly occurs in young people and is more common in 
multiple forms (14). Bizarre parosteal osteochondromatous 
proliferation is a benign skeletal tumor composed of 
differentiated bone, cartilage, and fibers. This lesion 
is most commonly encountered in the hands and feet. 
On radiographic examination, there are well-defined, 
mushroom-like, or lobulated bony processes attached to the 
bone cortex (15).

TCPPD disease affecting the tarsal joint is an uncommon 
medical condition. For radiologists, the rarity of lesions 
in the tarsal joint and the indistinctness of some imaging 
features, as well as the potential overlap or association of 
CPPD with other age-related diseases, make differential 
diagnosis challenging and can lead to misdiagnosis. 
Misdiagnosis  may not only result  in unnecessary 
overtreatment, such as chemotherapy and radiotherapy, but 
also potentially harm healthy tissues and lead to side effects 
such as compromised immunity in the eradication the 
tumor. Moreover, misdiagnosis can also impose a significant 
psychological burden on patients, potentially triggering 
anxiety, depression, and other psychological complications. 
Even if it is later confirmed as a misdiagnosis, patients still 
have to confront the physical and mental trauma, as well as 
the resulting challenges of recovery.

Currently, the treatment strategy for TCPPDCD 
varies based on the clinical presentation. Similar to acute 
forms of CPPDCD, TCPPDCD can be symptomatically 
managed with therapies that address local inflammation, 
including colchicine, nonsteroidal anti-inflammatory 
drugs, corticosteroids, and interleukin-1 inhibitors (16). 
For patients with severe symptoms, conservative surgical 
resection (10,12) is recommended. Most patients have a 
good prognosis, and due to the potential for recurrence 
of TCPPDCD after surgical resection, further follow-up 
may be necessary in these patients. As the mechanism of 
TCPPDCD is not fully understood, there are currently 
no clear medical interventions available to prevent the 
formation of CPPD crystals or promote their dissolution 
in affected joints or tissues (16). The prognosis and optimal 
treatment regimen for TCPPDCD remain to be further 
studied.

There are many challenges in the diagnosis and 
treatment of TCPPDCD, and establishing the correct 
diagnosis is the first obstacle. This case suggests that 
doctors should gain a deeper understanding of the disease’s 

pathogenesis and clinical manifestations to improve the 
accuracy of diagnosis and treatment.
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