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Abstract
BACKGROUND
Pseudogout is a benign joint lesion caused by the deposition of calcium pyrophosphate dihydrate crystals, but it is invasive. Pseudogout of the temporomandibular joint (TMJ) is uncommon, and it rarely invades the skull base or penetrates into the middle cranial fossa. The disease has no characteristic clinical manifestations and is easily misdiagnosed.

CASE SUMMARY
We present two cases of tophaceous pseudogout of the TMJ invading the middle cranial fossa. A 46-year-old woman with a history of diabetes for more than 10 years was admitted to the hospital due to swelling and pain in the right temporal region. Another patient, a 52-year-old man with a mass in the left TMJ for 6 years, was admitted to the hospital. Maxillofacial imaging showed a calcified mass and severe bone destruction of the skull base in the TMJ area. Both patients underwent excision of the lesion. The lesion was pathologically diagnosed as tophaceous pseudogout. The symptoms in these patients were relieved after surgery.

CONCLUSION
Tophaceous pseudogout should be considered when there is a calcified mass in the TMJ with or without bone destruction. A pathological examination is the gold standard for diagnosing this disease. Surgical treatment is currently the recommended treatment, and the prognosis is good after surgery.
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Core Tip: Tophaceous pseudogout is a benign lesion caused by calcium pyrophosphate dihydrate crystal deposition and uncommonly involves the temporomandibular joint. We report two cases of pseudogout in the temporomandibular joint invading the middle cranial fossa, which is rare. Surgical treatment is recommended for this disease, and the prognosis is good. A pathological examination is the gold standard for the diagnosis of pseudogout. Large rod or rhombus crystal deposits within the mass are pathological features of tophaceous pseudogout.

INTRODUCTION
Tophaceous pseudogout, also known as calcium pyrophosphate deposition disease (CPPD), is a recurrent acute attack of arthritis caused by calcium pyrophosphate dihydrate crystals deposited in articular cartilage and surrounding tissues such as labra, synovia, articular capsules, and tendons[1,2]. Its clinical manifestations can be similar to those of gout. CPPD most commonly occurs in large joints, such as the knee, hip, shoulder, and elbow, and rarely involves metacarpophalangeal joints, temporomandibular joints (TMJs), the skull base, or the spine[3,4]. Pritzker et al[5] first described pseudogout in the TMJ in 1976. The incidence of CPPD is positively correlated with age and often occurs in middle-aged and elderly people. The prevalence of CPPD is higher in women than in men, with a male-to-female ratio of 1:(2-7)[6].
CPPD is a benign crystalline joint disease with a variety of clinical manifestations[7]. When the TMJ is involved, it can be manifested as facial swelling and pain, tinnitus, unilateral conductive hearing loss, limited mouth opening, etc.[7]. Here, we introduce two cases of pseudogout of the TMJ destroying the skull base and infiltrating the middle cranial fossa. To our knowledge, such cases are rare, with a total of 9 cases having been reported in the literature[8,9]. The purpose of our report was to focus on the invasiveness of CPPD to adjacent structures of the TMJ and discuss the relevant imaging features and differential diagnosis.

CASE PRESENTATION
Chief complaints
Case 1: A 46-year-old woman was admitted to the hospital due to right temporal pain and discomfort for more than 3 mo.

Case 2: A 52-year-old man was admitted due to a mass in the left TMJ for 6 years.

History of present illness
Case 1: The patient had right temporal swelling and pain, along with mouth opening and chewing discomfort. She had a slightly deviated angle of the mouth, slight malocclusion of teeth and dizziness.

Case 2: Six years ago, the patient found a mass in the left TMJ area, and the mass gradually grew. Now, he has pain and tinnitus. No abnormalities in terms of dental occlusion, eyes closed and cheek blowing were observed.

History of past illness
Case 1: She had diabetes for more than 10 years.

Case 2: He did not have a history of medical issues.

Personal and family history
The two patients did not have a personal or family history of related issues.

Physical examination
Case 1: Her right maxillofacial region was swollen, and a mass approximately 2 cm × 2 cm in size in the right preauricular region was hard upon palpation. She had slightly restricted mouth opening and a slight left deviation of the angle of the mouth; there was no tenderness in the parotid region on either side.

Case 2: He had maxillofacial asymmetry. The left TMJ area showed a large mass approximately 4 cm × 4 cm in size, with obvious tenderness. The mass was hard, with poor mobility, and slightly adhered to surrounding tissues with unclear boundaries. The range of motion of the TMJ was acceptable bilaterally.

Laboratory examinations
Case 1: Her blood glucose concentration was 16.09 mmol/L, and the other blood test results were within normal limits.

Case 2: The laboratory examination results (including electrolyte level, liver and kidney function, blood cell count, ferritin level, and parathyroid and thyroid function) were normal.

Imaging examinations
Case 1: Computed tomography (CT) showed an irregular calcified mass in the right TMJ with a CT value of 450-1120 HU and a clear boundary. The mass grew around the right condyle, and the bone of the mandibular head was destroyed. The mass destroyed the glenoid fossa and extended to the skull base (Figure 1). Magnetic resonance imaging (MRI) showed that the mass was T1WI hypointense and T2WI hypointense with inhomogeneous significant enhancement. It was further shown that the lesion was in contact with the dura mater on the inferior surface of the right temporal lobe (Figure 2).

Case 2: CT showed irregular patchy, clustered calcified high-density foci in the left TMJ with clear borders. The lesion enclosed the left mandibular head, and no definite abnormalities were found in the left mandibular bone. The left temporal bone, zygomatic arch, left greater wing of the sphenoid bone and mastoid process of the middle ear were destroyed. The mastoid mucosa of the left middle ear was thickened (Figure 3).

FINAL DIAGNOSIS
The final diagnosis in both cases was tophaceous pseudogout of the TMJ (Figure 4).

TREATMENT
Case 1
The lesion was excised from the preauricular incision. The mass in the right TMJ eroded the right zygomatic arch and skull base bone. During the operation, the whole mass and part of the parotid gland were removed, and a small amount of cerebrospinal fluid leakage was found. Bone wax was used to fill the bone defect, a temporalis muscle flap was used to repair the articular disc, and temporomandibular arthroplasty was performed.

Case 2
The lesion was resected using the preauricular approach. In the left TMJ, there was an irregular mass with an intact capsule and a clear boundary. The left zygomatic arch and skull base bone were destroyed. There was obvious adhesion between the mass and dura. The lesion, partial parotid gland and left zygomatic arch were resected, and the left TMJ was reconstructed.

OUTCOME AND FOLLOW-UP
Case 1
The patient's temporal pain was completely relieved, and the discomfort during mouth opening and chewing significantly improved. The problems of mouth angle deviation and tooth closure were greatly improved. One week after surgery, a CT scan showed that the mass in the right TMJ was absent (Figure 5A and B).

Case 2
The patient's left temporal pain and tinnitus were significantly alleviated, and no recurrence of the mass was observed one year later (Figure 5C and D).

DISCUSSION
CPPD can occur in one or more joints[10]. Tophaceous pseudogout may be related to metabolic disorders, heredity, aging and joint injury, especially metabolic disorders and genetic factors. The related diseases mainly include diabetes mellitus, hypertension, hypothyroidism, hyperparathyroidism, hyperuricemia/gout, hemochromatosis, nonspecific joint pain, and hypomagnesemia[7,11]. These diseases lead to abnormal pyrophosphate metabolism[11]. The proteoglycan of the articular cartilage is destroyed, and calcium and pyrophosphate are released into synovial fluid. Calcium combines with pyrophosphate to form calcium pyrophosphate molecular crystals, which are deposited in cartilage, ligaments, tendons and joints. It can cause joint surface abrasion and stimulate the joint to produce inflammatory reactions at the same time. Family genetic factors are mostly related to functional mutations in the ANKH gene[12]. The ANKH gene encodes a membrane transporter that transports pyrophosphate produced by cartilage stromal cell metabolism from intracellular to extracellular regions via the cell membrane. When ANKH is mutated, transporter activity increases, which leads to increased extracellular pyrophosphate levels, further causing calcium pyrophosphate molecular crystals to deposit in the joint. In this report, one patient had a history of diabetes for more than 10 years, and the other patient did not have any special abnormalities.
The imaging features were periarticular calcified masses involving articular cartilage. X-ray can show bone destruction and articular cartilage calcification of the TMJ. However, the sensitivity of this method is not high, which may lead to misdiagnosis and missed diagnosis[4]. CT can clearly show the size of the lesion, calcification and extent of bone destruction. The mandibular condyle is most often involved, as well as the mastoid process and the greater wing of the sphenoid bone[13]. Both cases in our study involved the temporal bone and the greater wing of the sphenoid bone, and one involved the middle ear mastoid process. MRI can better identify the extent of lesion involvement and the relationships between the lesion and articular disc, parotid gland, facial nerve and inferior temporal fossa. Articular cartilage calcification in CPPD often develops later than arthropathy on imaging, and MRI can detect lesions earlier than X-ray or CT[4,14]. MRI showed a mass with abnormal signals in the articular cavity, which was mostly T1WI hypointense and T2WI hypointense with significant inhomogeneous enhancement. Masses can grow along articular cartilage, with cartilage and synovial sac involvement[8.9,13-15]. CT is superior to MRI in demonstrating calcification and has suggestive value for disease diagnosis. This disease should be diagnosed on the basis of the common CT and MRI manifestations. Calcification of the articular disc has strong suggestive significance.
Tophaceous pseudogout occurring in the TMJ has similar clinical or imaging findings to other diseases[16-18]. It requires differential diagnosis from synovial chondromatosis (SC), neoplastic calcification, ossifying myositis, gout, chondroblastoma, and chondrosarcoma[7,19-21]. Both cases were misdiagnosed as SC before the operation. SC is a nonneoplastic disease characterized by connective tissue metaplasia, resulting in synovial cartilage formation. SC of the TMJ is rare, but clinically, it resembles pseudogout[22]. The key point of identification is that SC is characterized by the formation of small, multiple cartilaginous nodules in the joint space[19]. In a previous study[7], one patient was misdiagnosed with a malignant tumor and underwent radiotherapy. Tumorous calcifications are mostly lobulated calcified masses in the soft tissues around the joints and generally do not involve the joint space. Calcification of chondrogenic tumors is usually heterogeneous, and the contour of the lesion is not clear on CT, which helps in the diagnosis[9]. The serum uric acid level is high in gout patients, bone destruction is obvious, and the degree of calcification is mild. Gout usually occurs in the metatarsophalangeal joints of men[23,24]. Ossifying myositis is associated with a history of trauma and is mostly located within muscles. The disease does not involve the joint space and rarely causes bone changes[25]. These manifestations differ from the characteristics of the cases described in this paper. Although the imaging features of tophaceous pseudogout in the TMJ have certain specificity, other diseases cannot be completely excluded. The final diagnosis depends on a histopathological diagnosis. Lambrecht et al[26] and related literature reports agree that the presence of diamond crystal morphology under a birefringence microscope is the gold standard for the diagnosis of CPPD.
The treatment of pseudogout of the TMJ is selected according to the patient's symptoms and the severity of bone destruction[7]. Conservative treatment, such as physical therapy, drug therapy (nonsteroidal anti-inflammatory drugs, colchicine, etc.) and joint lavage can be used for patients with mild symptoms and noninvasive lesions[7,20,21]. Follow-up examinations are necessary. Surgical treatment is advocated when intolerable symptoms and/or erosive disease occur[7,27-29]. Surgical resection has been shown to be effective in relieving symptoms and TMJ mobility. Condylectomy, discectomy, and total resection are often combined[7-9]. Of the 9 reported cases of pseudogout involving the middle cranial fossa, 6 underwent surgical resection[8,9]. The symptoms were relieved in all cases. In this study, both patients underwent surgical treatment, with good prognoses. Pseudogout is benign but invasive. Long-term follow-up after surgical resection indicate that the prognosis is good. Pseudogout occurring in the TMJ rarely invades the skull base or middle cranial fossa. Pseudogout should be considered when a calcified mass with or without bone destruction occurs in the TMJ with corresponding clinical symptoms.

CONCLUSION
In conclusion, cases of TMJ pseudogout that invade the middle cranial fossa are rare, and the clinical manifestations of this disease are atypical. These features make it difficult to diagnose. Preoperative imaging is helpful in the diagnosis and treatment of the disease.
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Figure Legends
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Figure 1 Computed tomography images of Case 1. The images showed an irregular calcified mass in the right temporomandibular joint with a clear boundary. The mass destroyed the skull base and extended to the middle cranial fossa (arrow).
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Figure 2 Magnetic resonance imaging images of Case 1. Axial T1-weighted image (A) and T2-weighted image (B) showed a hypointense mass. The lesion was markedly enhanced after enhancement (C and D) and in contact with the dura mater on the inferior surface (C, arrow).
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Figure 3 Computed tomography images of Case 2. A calcified mass in the left temporomandibular joint was shown via computed tomography (A). The mass infiltrated the middle cranial fossa by destroying the skull base (B and C, arrow) and was adjacent to the left internal carotid artery (D).
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[bookmark: _Hlk63257037]Figure 4 Histopathology of Case 1 and Case 2. A: There are crystal deposits (arrowheads) in the fibrous tissue. The crystal deposits are surrounded by foreign body type giant cells and fibroblasts (hematoxylin-eosin staining, × 100; Case 1); B: Crystalline material (arrow) deposits exhibiting birefringence under polarized light (hematoxylin-eosin staining, × 100; Case 1); C: Nodular clusters of calcium pyrophosphate dihydrate crystals (arrowheads) could be seen (hematoxylin-eosin staining, × 200; Case 2); D: Crystals of different shapes with strong stereoscopic effect (hematoxylin-eosin staining, × 400; Case 2).

[image: ]
[bookmark: _Hlk54004097]Figure 5 Computed tomography images of Case 1 and Case 2. A and B: One week after surgery, a computed tomography scan showed that the mass in the right temporomandibular joint was completely removed (Case 1); C and D: No recurrence of the mass was observed one year after the operation (Case 2).
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