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Abstract

Background: Calcium pyrophosphate dihydrate deposition disease (CPDD) is a rare disease in the temporomandibular
joint (TMJ) space. It forms a calcified crystal mass and induces a limitation of joint movement.

Case presentation: The calcified mass in our case was occupied in the left TMJ area and extended to the infratemporal
and middle cranial fossa. For a complete excision of this mass, we performed a vertical ramus osteotomy and resected
the mass around the mandibular condyle. The calcified mass in the infratemporal fossa was carefully excised, and the
segmented mandible was anatomically repositioned. Scanning electronic microscopy (SEM)/energy-dispersive X-ray
spectroscopy (EDS) microanalysis was performed to evaluate the calcified mass. The result of SEM/EDS showed that the
crystal mass was completely composed of calcium pyrophosphate dihydrate. This result strongly suggested that the
calcified mass was CPDD in the TMJ area.

Conclusions: CPDD in the TMJ is a rare disease and is difficult to differentially diagnose from other neoplasms. A
histological examination and quantitative microanalysis are required to confirm the diagnosis. In our patient, CPDD in
the TMJ was successfully removed via the extracorporeal approach. SEM/EDS microanalysis was used for the differential
diagnosis.

Keywords: Calcium pyrophosphate dihydrate deposition disease, Pseudogout, Ramus osteotomy, Scanning electronic
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Background
Calcium pyrophosphate dihydrate deposition disease
(CPDD) is a rare arthropathy that includes a calcium
pyrophosphate crystal deposition in the articular space [1].
CPDD has been termed as “pseudogout” because CPDD
patients show gout-like symptoms and calcium pyrophos-
phate crystal deposition in the synovial fluid without so-
dium urate [2]. The etiology of CPDD is unknown.
Recently, it has been proposed to result from a metabolic
disorder related to phosphate metabolism [3]. The pre-
dominant site of occurrence of CPDD is the knee and

wrist. Involvement of the temporomandibular joint (TMJ)
has been rarely reported [4]. The involvement of CPDD in
the TMJ shows various clinical symptoms, such as
pre-auricular pain, swelling, and trismus due to the crystal
mass [1]. The presence of the calcium pyrophosphate
crystal deposit forms a tumor mass in the TMJ and leads
to a limitation of condylar movement [5]. The common
treatment of CPDD in the TMJ is surgical excision of the
mass for the recovery of joint function. The recurrence of
this tumor has been rarely reported [6].
We experienced extensively involved CPDD in the left

TMJ. The calcified mass of CPDD was extended not only
in the left TMJ space but also in the middle cranial and
infratemporal fossa area. For a total excision of the mass in
the middle cranial fossa, a more extensive surgical approach
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was required. To completely remove the mass from the
infratemporal fossa, we performed a vertical ramus osteot-
omy and repositioned the segmented condyle after mass
excision. In addition, scanning electronic microscopy
(SEM)/energy-dispersive X-ray spectroscopy (EDS) micro-
analysis was performed to analyze the crystal deposit and
diagnose the mass.

Case presentation
A 72-year-old male visited Gangneung-Wonju Dental
Hospital due to pain and induration of the left
pre-auricular area. He had no specific medical history
and discomfort and crepitus during mouth opening that
had persisted for a couple of years. Recently, he suffered
from pain upon palpation of the left pre-auricular area.
The patient had a mild limitation of mouth opening that
was 30 mm. A radiologically, well-defined calcified mass
was observed surrounding the left mandibular condyle
in cone beam computed tomography (CBCT) images
(Fig. 1a). The mass was 49 × 35 × 25 mm in size and
encompassed the mandibular condyle as a round shape.
It occupied the infratemporal fossa and parotid gland
area (Fig. 1b) and medially extended to the area near the
pterygoid plate of the sphenoid bone. Due to the exten-
sion of the mass, the mandible condyle was laterally dis-
placed. The margin of the mass was clear, and small
calcified materials were distributed throughout the mass.
An infiltrative sign to the surrounding tissue was not

observed. This case report was approved by the institu-
tional review board (IRB) of Gangneung-Wonju National
University Dental Hospital (2017-018).

Surgical excision with vertical ramus osteotomy of the
mandible and repositioning of the condyle
This mass was assumed to be a benign calcifying lesion,
such as pseudogout or synovial chondromatosis. We de-
cided to surgically excise the mass and perform a biopsy
under general anesthesia. We planned a surgical excision
of the mass on the lateral aspect of the condyle using a
pre-auricular approach. In addition, for complete exci-
sion of the mass, the medial aspect of the condyle and
infratemporal fossa area was accessed by resecting the
condyle after vertical ramus osteotomy of the mandible.
After complete excision of the mass, the separated con-
dyle segment was repositioned to its original location
and fixed with a titanium plate (Fig. 2).
The pre-auricular incision was performed and slightly

extended to the left retromandibular area to approach
the left mandible angle area, similar to an S shape. The
skin flap was raised to expose the superior, anterior, and
inferior border of the mass. The mass was bluntly dis-
sected from adjacent soft tissue to prevent facial nerve
injury. One half of the mass was first removed by exci-
sion, and then, the lateral surface of the condylar process
was exposed. Before vertical osteotomy of mandible
ramus, two titanium mini-plates were pre-drilled and

Fig. 1 A well-defined calcified mass in the left temporomandibular joint space and infratemporal fossa. a Coronal view and b axial view of CBCT and c
preoperative panoramic view
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adapted to the lateral surface of the ramus for accurate
repositioning of the condyle segment. In addition, all of
the titanium mini-plates and screws were removed.
L-shaped ramus osteotomy was performed from the sig-
moid notch to the posterior border of the mandible with
a reciprocating saw. After extracorporeal removal of the
condyle segment, the residual half of the mass on the
medial aspect of the condyle and infratemporal fossa
was carefully dissected with the pterygoid muscles and
excised without damaging the surrounding vessel and
nerve tissue. Next, the condyle segments were reposi-
tioned and fixed to the remaining mandible body with
two titanium plates and mini screws (Fig. 3). The defect
was filled with a gelatin sponge, and then, a layered

suture was performed. After surgery, the patient showed
transient weakness of the facial nerve. Otherwise, the
3-month post-operative follow-up was uneventful and
he shows normal jaw movement.

Histopathological examination
The excised specimen was stained with hematoxylin and
eosin (H&E) for a histopathological examination and was
observed using a polarized microscope under polarized
light. This amorphous tissue showed abundant basophilic
crystal deposit material in the connective tissue stroma.
The material of this crystal deposit had a rod and rhomboid
shape and was mostly surrounded by histiocyte, fibroblast,
mononuclear inflammatory, and multinucleated giant cells

Fig. 2 Illustration of the surgical process. The lateral portion of the mass was initially removed. Next, the condylar process was removed by vertical
ramus osteotomy of the condyle. The medial portion of the mass was accessed after removing the condylar process. After removal of the medial
mass, the condylar segment was anatomically repositioned

Fig. 3 a Anatomical repositioning of the segmented condyle after mass excision and b complete excision of the mass from the infratemporal fossa in
CBCT. c Panoramic view after operation
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(Fig. 4a). Phagocytosis by multi-nucleated giant cells was
frequently observed around the crystal material. The weak
strained crystal materials formed tophi and exhibited bi-
refringence in polarized light. The rhomboidal shape of the
crystal materials was prominently observed in a polarized
microscope view (Fig. 4b). The length of the crystal was ap-
proximately 10–20 μm, and its diameter was 1–2 μm. The
histological features strongly suggested CPDD in the joint
space. Furthermore, the histological diagnosis was sug-
gested as CPDD on the left TMJ.

Scanning electronic microscopy (SEM)/energy-dispersive
X-ray spectroscopy (EDS) microanalysis
SEM/EDS microanalysis was performed to analyze the
element composition of the crystal deposit in the speci-
men. The paraffin block-embedded specimen was sec-
tioned into 5-μm sections and de-paraffinized. Unstained
sections were coated with 0.7 nm of OsO4 (HPC-1SW;
Vacuum Device, Inc., Mito city, Japan). The specimen was
observed using a scanning electron microscope (Quanta
FEG 250, FEI, Oregon, USA), and its chemical compos-
ition was analyzed using an energy-dispersive spectrom-
eter (EDS) (Octane Elite EDS, EDAX, New Jersey, USA)
attached to the SEM.
The result of the SEM/EDS microanalysis was shown in

Fig. 4c. The EDS spectrum showed peaks of calcium (Ca)
and phosphorus (P) in the crystal deposit. The first Ca
peak has a similar energy position with oxygen. And the

high intensity of the first peak would be attributed to the
oxygen peak. Oxygen concentration cannot analyze quan-
titatively by EDS method; thus, it was excluded in the
chemical concentration result. The EDS data was adjusted
by the ZAF correction, which considers atomic number,
self-absorption, and fluorescence effect to eliminate the
atomic number effect on the quantitative analysis of
chemical composition. The Ca and P weights in the crystal
deposit were 69.84 and 30.16%, respectively (Fig. 4c). The
EDS spectrum indicated that the crystal deposit consisted
of calcium pyrophosphate dihydrate. The EDS mapping
signal showed the distribution of Ca and P elements in the
surface of the crystal deposit (data not shown). The high
proportion of Ca and P in the crystal deposits further sup-
ported the histological diagnosis of CPPD in the left TMJ.

Discussion
CPDD is a rare pathology in the articular tissue and forms
a calcified crystal mass in the synovial membrane [7].
CPDD has been found in a local or generalized form [1].
Local CPDD can be observed in degenerative or necrotic
tissue, resulting from a secondary trauma [1]. Generalized
CPDD is associated with metabolic disorders, such as
hyperparathyroidism, hypothyroidism, hypomagnesemia,
and hyperphosphatemia [6]. In addition, diabetes mellitus
increases the incidence of CPDD [1]. The site that is pre-
dominantly involved is a relatively large joint, such as the
knee, shoulder, hip, and wrist of the hand, and sites that

Fig. 4 Histological examination and scanning electron microscope (SEM) image/energy-dispersive X-ray spectroscopy (EDS) microanalysis of the
calcium pyrophosphate crystal. a Rod- and rhomboid-shaped crystal deposits were observed via hematoxylin and eosin staining (red arrow). b
The crystal deposit is shown to have birefringence under polarized light (original magnification × 100). c SEM/EDS spectrum of the CPPD crystal
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are less commonly involved are small joints, such as the
TMJ [6]. In CPDD of the TMJ, the calcified crystal mass
occupies the TMJ space and induces pre-auricular swell-
ing, pain, tenderness, and limitation of the joint move-
ment [8]. In our case, the patient experienced discomfort
and crepitus of the left TMJ a couple of years ago. Re-
cently, he suffered from pain in the left pre-auricular area
and limitation of mouth opening.
CPDD in the TMJ should be differentiated from other

neoplastic disorders [9]. Radiographically, CPDD in the
TMJ appears with small, multiple, and radio-opacity nod-
ules around the TMJ [10]. Occasionally, the calcified
radio-opaque mass is extended into adjacent areas, such as
the skull base or middle cranial fossa [1]. The radiological
findings of CPDD in the TMJ are non-specific and are diffi-
cult to differentiate from other diseases by clinical and
radiographic findings [6, 11]. The radiological feature of
CPDD mimics other neoplasms such as synovial chondro-
matosis, osteochondroma, and chondroblastoma or malig-
nant tumors [6, 12]. The calcified mass observed in our
case occupied the left TMJ space and extended into the
infratemporal fossa. The mass was well-defined and con-
sisted of small calcified particles (Fig. 1). The mass was a
suspicious, benign calcifying lesion that included CPDD or
synovial chondromatosis. A biopsy and histological examin-
ation were recommended to confirm the diagnosis.
Microscopically, CPDD is characterized by the depos-

ition of a basophilic calcium pyrophosphate dihydrate
crystal in the joint space [1]. The crystal in CPDD has a
rhomboid structure and is birefringent under polarized
light [13]. The birefringence is a key differential diagnostic
tool between gout and CPDD. The gout crystal demon-
strates negative birefringence [14]. The specimen in our
case had numerous rod- and rhomboid-shaped crystals
that were surrounded by histiocyte and giant cells (Fig. 4).
In addition, the crystals had a strongly positive birefrin-
gence under a polarized microscope. Consistent with
these findings, it was strongly suggested that CPDD oc-
curred in the TMJ. However, other crystal materials, such
as calcium oxalate, synthetic steroids, and ethylenedi-
aminetetraacetic acid (EDTA), can be positive birefringent
under polarized light [9]. For a definitive diagnosis of
CPDD, other quantitative and chemical analyses were per-
formed [15]. Electron probe microanalysis can be used to
analyze the composition of the crystal. In addition, this
technique has been used to detect Ca and P in specimens
and for differential diagnosis of CPDD [13].
In our case, SEM/EDS microanalysis was used to

analyze the elemental composition of the crystal. The
SEM/EDS results showed that the crystal mass com-
pletely consisted of calcium pyrophosphate dihydrate.
The weight composition of the crystal was 69.84% of Ca
and 30.16% of P (Fig. 4c). In a previous study, CPDD
occurring in the TMJ showed numerous crystalline

deposits and consisted of 100% calcium pyrophosphate
dihydrate in infrared spectrophotometry [16]. In
addition, the CPDD crystal in the left TMJ showed a
high concentration ratio of Ca and P in the SEM/EDS
microanalysis [6]. The composition of Ca and P in our
specimen confirmed the diagnosis of CPDD. Diagnosis
of CPDD should be based on quantitative and chemical
analyses. Using SEM/EDS microanalysis, we analyzed
the composition of the crystal mass and performed a dif-
ferential diagnosis of CPDD with other diseases.
The infratemporal fossa is a highly complex anatom-

ical region that has various nerves and vessels exiting
from the foramina of the skull base [17]. The inferior
boundary of infratemporal fossa is the medial ptery-
goid muscle and the temporal bone locates in the su-
perior and posterior region of the infratemporal fossa.
Superiorly, it is bounded by a greater wing of sphenoid
bone and, anteriorly, by the posterior border of the
maxillary sinus [17]. The medial border consists of the
pterygopalatine fossa and pterygoid plate [18]. Lat-
erally, the zygomatic arch, temporalis muscle, condyle,
parotid gland, and facial nerve are surrounded [19].
The surgical approach to the infratemporal fossa has
been performed by the pre-auricular and temporal ap-
proach [19]. Osteotomy of the zygomatic arch, man-
dible condyle, and coronoid process has been
performed for surgical access to the middle cranial
fossa [17, 20]. The mandibular condylar process is
temporarily resected to the access of the infratemporal
fossa and excised the chondrosarcoma [21]. After oste-
otomy of the mandible condyle, the internal maxillary
artery, pterygoid muscle, and mandibular nerve can be
accessed [17].
The crystal deposit mass in our case extended to the

infratemporal fossa and lateral pterygoid plate area in
the CBCT (Fig. 1). Condylar resection was required to
access the infratemporal fossa and for complete exci-
sion of the mass. Before vertical osteotomy of the
mandibular condylar process, plates and screws were
pre-drilled on the condylar neck and mandible ramus
area. Next, osteotomy was performed from the sig-
moid notch to the posterior border of the mandible.
After resection of the condyle segment, the crystal
mass was carefully dissected from the surrounding
structure including the internal maxillary artery, pter-
ygoid muscles, and mandibular nerve (Fig. 2). After
excision of the mass, the segmented condyle was ana-
tomically repositioned with the pre-drilled plate and
screws (Fig. 3). After the operation, the condyle seg-
ment was successfully repositioned and the patient
showed normal jaw movement and mouth opening.
The patient showed transient weakness of the facial
nerve. Otherwise, the post-operative follow-up was
uneventful.
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Conclusions
In conclusion, the CPDD in the TMJ is a rare disease
and is difficult to differentially diagnose from other neo-
plasms. A histological examination and quantitative
microanalysis are required to confirm the diagnosis. In
our patient, CPDD in the TMJ was successfully removed
using the extracorporeal approach. SEM/EDS micro-
analysis was helpful for the differential diagnosis.

Abbreviations
CBCT: Cone beam computed tomography; CPDD: Calcium pyrophosphate
dihydrate deposition disease; EDTA: Ethylenediaminetetraacetic acid;
H&E: Hematoxylin and eosin; SEM/EDS: Scanning electronic microscopy/
energy-dispersive X-ray spectroscopy; TMJ: Temporomandibular joint

Acknowledgement
This work was carried out with the support of the “Cooperative Research
Program for Agriculture Science and Technology Development (Project No.
PJ01313902)”, Rural Development Administration, Republic of Korea.

Authors’ contributions
KJK, HS, and SGK wrote the first draft and reviewed the paper. JHL and SGK
performed the surgery and care of patient. MKK and JHL provided patient
information and obtained ethics approval. HKP performed microanalysis and
analyzed the composition of the specimen. HMC analyzed the radiological
findings. All authors read and approved the final manuscript.

Ethics approval and consent to participate
This case report was approved by the institutional review board (IRB) of
Gangneung-Wonju National University Dental Hospital (2017-018).

Consent for publication
The patient consented to the publication of this case report.

Competing interests
All authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Oral and Maxillofacial Surgery, College of Dentistry,
Gangneung-Wonju National University, Gangneung 25457, Republic of Korea.
2Department of Oral and Maxillofacial Surgery, Chungbuk National University
Hospital, Cheongju 28644, Republic of Korea. 3Gangwon Regional Division,
Korea Institute of Industrial Technology, Gangneung 25440, Republic of
Korea. 4Department of Oral and Maxillofacial Radiology, College of Dentistry,
Gangneung-Wonju National University, Gangneung 25457, Republic of Korea.

Received: 24 May 2018 Accepted: 9 July 2018

References
1. Abdelsayed RA, Said-Al-Naief N, Salguerio M, Holmes J, El-Mofty SK (2014)

Tophaceous pseudogout of the temporomandibular joint: a series of 3
cases. Oral Surg Oral Med Oral Pathol Oral Radiol 117:369–375

2. Mccarty DJ, Kohn NN, Faires JS (1962) The significance of calcium
phosphate crystals in the synovial fluid of arthritic patients: the pseudogout
syndrome: I. Clinical Aspects Ann Intern Med 56:711–737

3. Canhao H, Fonseca J, Leandro M, Romeu J, Pimentao J, Costa JT, Queiroz
MV (2001) Cross-sectional study of 50 patients with calcium pyrophosphate
dihydrate crystal arthropathy. Clin Rheumatol 20:119–122

4. Nakagawa Y, Ishibashi K, Kobayashi K, Westesson PL (1999) Calcium
pyrophosphate deposition disease in the temporomandibular joint: report
of two cases. J Oral Maxillofac Surg 57:1357–1363

5. Marsot-Dupuch K, Smoker WR, Gentry LR, Cooper KA (2004) Massive calcium
pyrophosphate dihydrate crystal deposition disease: a cause of pain of the
temporomandibular joint. Am J Neuroradiol 25:876–879

6. Meng J, Guo C, Luo H, Chen S, Ma X (2011) A case of destructive calcium
pyrophosphate dihydrate crystal deposition disease of the
temporomandibular joint: a diagnostic challenge. Int J Oral Maxillofac Surg
40:1431–1437

7. Ishida T, Dorfman HD, Bullough PG (1995) Tophaceous pseudogout
(tumoral calcium pyrophosphate dihydrate crystal deposition disease). Hum
Pathol 26:587–593

8. Laviv A, Sadow PM, Keith DA (2015) Pseudogout in the temporomandibular
joint with imaging, arthroscopic, operative, and pathologic findings. Report
of an unusual case. J Oral Maxillofac Surg 73:1106–1112

9. Aoyama S, Kino K, Amagasa T, Kayano T, Ichinose S, Kimijima Y (2000)
Differential diagnosis of calcium pyrophosphate dihydrate deposition of the
temporomandibular joint. Br J Oral Maxillofac Surg 38:550–553

10. Srinivasan V, Wensel A, Dutcher P, Newlands S, Johnson M, Vates GE (2012)
Calcium pyrophosphate deposition disease of the temporomandibular joint.
J Neurol Surg Rep 73:006–008

11. Bae S, Park MS, Han JW, Kim YJ (2017) Correlation between pain and
degenerative bony changes on cone-beam computed tomography images
of temporomandibular joints. Maxillofac Plast Reconstr Surg 39:19

12. Park SH, An JH, Han JJ, Jung S, Park HJ, Oh HK, Kook MS (2017) Surgical
excision of osteochondroma on mandibular condyle via preauricular approach
with zygomatic arch osteotomy. Maxillofac Plast Reconstr Surg 39:32

13. Naqvi AH, Abraham JL, Kellman RM, Khurana KK (2008) Calcium
pyrophosphate dihydrate deposition disease (CPPD)/pseudogout of the
temporomandibular joint–FNA findings and microanalysis. Cytojournal 5:8

14. Shidham V, Chivukula M, Basir Z, Shidham G (2001) Evaluation of crystals in
formalin-fixed, paraffin-embedded tissue sections for the differential diagnosis
of pseudogout, gout, and tumoral calcinosis. Mod Pathol 14:806–810

15. Kudoh K, Kudoh T, Tsuru K, Miyamoto Y (2017) A case of tophaceous
pseudogout of the temporomandibular joint extending to the base of the
skull. Int J Oral Maxillofac Surg 46:355–359

16. Strobl H, Emshoff R, Kreczy A (1998) Calcium pyrophosphate dihydrate
crystal deposition disease of the temporomandibular joint. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 85:349–351

17. Woodford R, Chaudhary N, Wolf A, Lownie S, Armstrong JE (2015) A
modified retromaxillary approach to the infratemporal fossa: three case
studies. J Oral Maxillofac Surg 73:769–780

18. Guinto G, Abello J, Molina A, Gallegos F, Oviedo A, Nettel B, López R (1999)
Zygomatic-transmandibular approach for giant tumors of the infratemporal
fossa and parapharyngeal space. Neurosurgery 45:1385–1398

19. Obwegeser HL (1985) Temporal approach to the TMJ, the orbit, and the
retromaxillary–infracranial region. Head Neck Surg 7:185–199

20. Makiguchi T, Yokoo S, Kosugi K (2015) Transparotid approach for the
treatment of condylar osteochondroma and ankylosis of the
temporomandibular joint. J Craniofac Surg 26:e582–e584

21. MacIntosh RB, Khan F, Waligora BM (2015) Chondrosarcoma of the
temporomandibular disc: behavior over a 28-year observation period. J Oral
Maxillofac Surg 73:465–474

Kwon et al. Maxillofacial Plastic and Reconstructive Surgery  (2018) 40:19 Page 6 of 6


	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Surgical excision with vertical ramus osteotomy of the mandible and repositioning of the condyle
	Histopathological examination
	Scanning electronic microscopy (SEM)/energy-dispersive X-ray spectroscopy (EDS) microanalysis
	Discussion

	Conclusions
	Abbreviations
	Acknowledgement
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

