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Abstract
Calcium pyrophosphate dihydrate (CPPD) crystals deposition disease or “pseudogout” is an
arthropathy rarely affecting the temporomandibular joint (TMJ). Less than 30 clinical cases are
reported in literature, whereas mineralogical, structural and chemical studies on CPPD crystals are
very few and concern only data on synthetic phases.
Medical and mineralogical studies were carried out on CPPD crystals deposition in TMJ area of a 63year-old woman operated in the 2010. Scanning electron microscopy (SEM) and X-ray diffraction
(XRD) investigations were performed to identify the phosphate crystals and to understand the
mechanism of their formation.
Two phosphates were characterized: a monoclinic (m-CPPD) and a triclinic (t-CPPD) phase, which
are the natural analogues of synthetic phases.
It is likely that the crystallization of two phosphates during this human disorder was originated by a
catalyst activity. One option is to rely on the activity of the bacteria or cellular enzymes during the
first stage of the growth of these minerals.
Keywords: pseudogout; temporomandibular joint; calcium pyrophosphate dihydrate; growth conditions; scanning
electron microscopy; powder X-ray diffraction.
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1. Introduction
Crystal deposition diseases comprise a group of arthropathies characterized by
precipitation of different crystals in the synovial fluid. There are three principal types: urate
deposition (gout), calcium pyrophosphate dihydrate deposition (pseudogout), and
hydroxyapatite deposition (calcific periarthritis). Each crystal deposition is associated with
a different clinical syndrome.
Calcium pyrophosphate dihydrate (CPPD) crystal deposition disease is a rare condition
caused by abnormally high concentrations of inorganic pyrophosphate in the articular
cartilage (chondrocalcinosis) and synovial fluid which eventually precipitates to form
CPPD crystals. The identification of CPPD is deduced by detecting weakly birefringent
crystals under polarized-light microscope, sometimes together with electron microscopic
observations. The acute episodes, where CPPD crystals cause an inflammatory reaction,
commonly affect the knee and secondly the wrist and intervertebral discs. Rarely, also the
temporomandibular joint may be affected.
Pseudogout was first identified by Bennett in 1903, but the first case of pseudogout in
the temporomandibular joint (TMJ) was described by Pritzker et al. in 1976. Since then,
less than 30 clinical cases have been reported in the medical literature (i.e., Srinivasan et
al., 2012; Sklenicka et al., 2011; Covani et al., 2009; Reynolds et al., 2008; Marsot-Dupuch
et al., 2004; Pynn et al., 1995; Dijkgraff et al., 1992; Gross et al., 1987; Hutton et al., 1987;
DeVos et al., 1981).
At present, available studies reporting on the structure, chemical composition and
mechanisms of crystal growth have been carried out only on the synthetic hydrated calcium
pyrophosphate phases (Brown et al., 1963; Mandel, 1975; Mandel et al., 1988;
Christoffersen et al., 1999, 2001; Balić-Zunic et al., 2000; Groves et al., 2007; Liu et al.,
2009; Gras et al., 2013a, 2013b). Similar data on natural analogues are scant, likely because
of the extremely small size of the crystals (less than 20 m in length) and to co-presence of
other mineralogical phases recovered in biological samples.
The knowledge on the CPPD formation may provide a support for a better understanding
of the inflammatory response (Roch-Arveiller et al., 1990) and a possible identification of
inhibitory processes of their formation in joints. Actually, that is so far an unsolved problem,
so that only unspecific medical options are available in the treatment of this condition (Haskó
& Cronstein, 2004; Cronstein, 2005, Martinon et al., 2006; Theiler et al., 2014).
A 63-year-old woman affected by pseudogout
of her right temporomandibular joint (TMJ)
underwent surgery in the 2010. Both medical and
mineralogical studies on CPPD crystals recovered
from sample tissue were performed. A preoperative computed tomography (CT) scan,
showed a calcified mass in the right TMJ (Fig. 1).
During the past five years she complained of a
progressive mouth-opening reduction and swelling
in the area of the right TMJ.
Fig. 1. Lateral view of the 3D reconstruction of the skull CT
documenting the presence of a calcified mass centered in the
right TMJ and extending anteriorly under the zygomatic arch.
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Her past medical history was non-contributory but reported a traumatic injury in the
TMJ ten years before. Microscopic examination of the surgical specimen revealed nodules
of birefringent crystalline material and calcifications associated with reactive chondroblasts
and histiocytes, which confirmed the diagnosis of pseudogout.
2. Materials and Methods
The extracted tissue was embedded in paraffin for histological examinations, using
standard protocols. The morphological characterization of CPPD crystals was carried out
on paraffin specimen, whereas chemical composition and structural-mineralogical data on
CPPD crystals were obtained by scanning electron microscopy and X-ray diffraction
analyses, respectively, on paraffin-free specimen.
After the standard paraffin dewaxing procedure used in medical contexts, the one
normally, which include a multi step treatment of the sample with xylene and absolute
ethanol, we still found small quantity of paraffin covering the micro phosphate crystals,
causing an incorrect evaluation of the Ca:P ratio in chemical analyses. Conversely, we have
experimented a very quick and alternative method based on immersion in diethyl ether of a
small part of the embedded specimen: in few minutes the paraffin is completely removed
from the small aggregate of phosphate crystals.
First observations were realized directly on the paraffin embedded specimen using a
Field Emission Gun (FEG) Scanning Electron Microscope (SEM; Zeiss Supra 40) to
understand the structural relationship among the various phosphate crystals of the
deposition disease (Fig. 2). The operating conditions were: 2 kV accelerating potential
(EHT) and 4 mm working distance (WD). FEG-SEM has a very high brilliance and then
allows to realize good images, without charge problems of the specimen surface, also on
non-carbon sputtered specimen like the paraffin embedded one.
Chemical composition of the
crystals were performed on
dewaxed specimens using a SEM
(LEO-Zeiss,
EVO50XVP)
equipped
with
an
Energy
Dispersive Spectrometer (EDS;
Oxford X-Max (80 mm2) Silicon
Drift Detector, with a Super
Atmosphere Thin Window©). EDS
X-ray intensities were converted to
wt% (w/w) oxides by XPP
correction scheme, developed by
Pouchou and Pichoir (1988, 1991),
granted as quantitative software
Fig. 2. FEG SEM secondary electron (SE) image of the paraffin
embedded specimen of the calcified mass in which small crystals support by Oxford (U.K.). The
of phosphates are surrounded from bigger ones.
operating conditions were: 15 kV
accelerating potential, 500 pA
probe current and 8.5 mm working distance. The standard employed were apatite for P and
wollastonite for Ca. The H2O content was obtained as the difference to 100 wt% on
accurate replicated analyses.
Structural information were obtained using a powder X-ray diffractometer (XRD;
Philips X’Pert Pro; CuKα1 radiation), operating at 40 kV and 40 mA, equipped with a

13

ProScience 2 (2015) 11-19

14

X’Celerator position-sensitive detector, and with a Rigaku D/max RAPID microdiffractometer.
3. Results
The electron microscopy observations revealed the presence of two phosphates having
comparable chemical composition (calcium pyrophosphate) but different sub-hexagonal
morphologies: monoclinic (m-CPPD) and triclinic ((t-CPPD).
The m-CPPDs occur as aggregates of rod-like and/or needle-like and/or lamella-like
crystals, up to 15 µm in length, and t-CPPDs as parallelogram-like crystals, up to 20 µm in
length (Fig. 3). Among these phases, the m-CPPD crystals are predominant than t-CPPD,
moreover the monoclinic crystals appear to be the first one to crystallize and that the
triclinic larger crystals grow on the smaller monoclinic ones (Fig. 2).

Fig. 3. SEM Back scattered slectron images of the paraffin dewaxed specimen; on these samples were
analysed the phosphate crystals (m = monoclinic phase, t = triclinic phase).

The average chemical composition on 6 microanalyses of the m-CPPD phase is (wt.%):
P2O5 = 47,80, CaO = 37,30, H2O = 14,73 (sum = 99,83%), which is in accordance with the
chemical composition of the material synthesized by Brown et al. (1963) (Table 1). The
empirical chemical formula, based on 4 cpfu, is Ca1,97P2,00O7·2.43H2O, very near to the
stoichiometric composition Ca2P2O7·2H2O.
Table 1. SEM-EDS micro-chemical data of the m-CPPD crystals (average of 6 microanalyses), compared with
chemical composition of synthetized monoclinic phase by Brown et al., 1965.

Constituents
P2O5
CaO
H2O
Total

wt%
47.80
37.30
14.73
99.83

This work
Range
St. Dev.
46.82 - 48.73
0.71
36.44 - 38.69
0.80
12.27 - 16.58
1.53

Standards
apatite
wollastonite

Brown et al.
wt%
48.15
37.16
14.69

The X-ray diffraction (Tab. 2) and micro-diffraction (Fig. 4) analyses confirmed the
coexistence of two phases of calcium pyrophosphate dihydrate; these two minerals,
extremely small in size (tens of micrometers), are so strongly intergrowing that a microdiffraction do not allow to obtain the pure spectrum of a single phase (Fig. 4).
The diffraction pattern shows distinctive strong reflections at 7.46 and 4.66 Å for the
monoclinic phase, at 8.16 and 7.13 Å for the triclinic phase, and at 3.27 Å for both
mineralogical phases. These reflections confirmed successful their similarity with synthetic
monoclinic (Mandel et al., 1988) and triclinic (Mandel, 1975) CPPD phases (Tab. 2).
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Table 2. X-ray powder diffraction data of the natural calcified mass of the human specimen compared with the
data of the synthetic triclinic (JCPDS 04-012-8467; Mandel et al., 1975) and monoclinic (JCPDS 041-0489;
Mandel, 1988) phases. In bold are indicated the more intense lines.
Human sample
Synthetic t-CPPD
Synthetic m-CPPD
PDF 04-012-8467
PDF 041-0489
I/I0
d (Å)
I/I0
d (Å)
I/I0
d (Å)
48
8.16
89
8.07
53
7.46
100
7.38
61
7.13
100
7.03
35
4.66
16
4.51
58
4.64
14
4.06
23
4.04
9
3.77
13
3.71
23
3.48
32
3.47
16
3.45
100
3.27
77
3.25
95
3.26
42
3.14
73
3.12
33
3.09
47
3.08
66
3.07
29
3.00
37
2.98
11
2.98
25
2.80
38
2.79
6
2.89
24
2.69
32
2.68
16
2.78
22
2.66
45
2.66
15
2.60
24
2.56
8
2.54
14
2.52
6
2.44
11
2.43
8
2.31
24
2.31
17
2.27
22
2.27
8
2.21
9
2.12
13
2.11
10
2.02
13
2.02
3
1.94
6
1.94
9
1.91
10
1.91
13
1.91
6
1.84
13
1.84
10
1.84
5
1.77
19
1.77
5
1.71
8
1.70
---- other lines ----

Fig. 4. X ray micro-diffraction patterns of the calcified mass of the human specimen; with a green diamond
are indicated the peaks peaks related to the m-CPPD phase and with an orange triangle are indicated the peaks
related to the t-CPPD phase.
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4. Discussion
The investigations by scanning electron microscopy (SEM-EDS) and by powder X-ray
diffraction (PXRD) of the deposited crystals on temporomandibular joint reveal the
coexistence of two type of calcium pyrophosphate dihydrate (CPPD, Ca2P2O7·2H2O)
crystals: a monoclinic (m-CPPD) and a triclinic (t-CPPD) phase.
In accordance with that found in the literature, these two phases are the only polymorph
of calcium pyrophosphate dihydrate responsible for "pseudogout" and constitute the natural
analogues of two well-known synthetic phases: the m-CPPD well described by Mandel et
al. in 1988 and t-CPPD one studied by Mandel in 1975.
It is known that the deposition of CPPD crystals in the temporomandibular joint is
related to an injury or a chronic inflammation of the cartilage damage (Chuong & Pipe,
1995): their presence amplifies the degeneration of articular joints, thanks to the secretion
of cellular enzymes (proteases) (Ryan & Cheung, 2000). Other studies of clinical cases
have also shown that inflammation of the temporomandibular joint is most commonly of
chronic and acute nature (Jordan et al., 1998; Chuong & Piper, 1995; Zemplenyi &
Calcaterra, 1985).
Recently, a synthesis experiment was conducted to define the growth conditions of
hydrated phases of calcium pyrophosphate (CPPs, Ca 2P2O7·nH2O) in variable pH and
temperature range (Gras et al., 2013a). Synthesis domains of pure hydrated calcium
pyrophosphate phases were obtained: the monoclinic and triclinic dihydrate (m-CPPD and
t-CPPD, Ca2P2O7·2H2O), the monoclinic β tetrahydrate (m-CPPT β, Ca2P2O7·4H2O) and an
amorphous phase (a-CPP, Ca2P2O7·nH2O) (Fig. 5). In this experiment, the triclinic CPPD
phase crystallizes at 3.6 ≤ pH ≤ 5.0 and 55 °C ≤ T ≤ 90 °C, the monoclinic CPPD phase
crystallizes in a very narrow range of pH and temperature (pH ≈ 5.8 and T ≈ 90 °C),
whereas the amorphous and m-CPPT β appeared to be kinetic precursor crystals in the
formation of t-CPPD and mCPPD.
The powder XRD patterns
of the pure monoclinic- and
triclinic-CPPD synthesized by
Gras et al. (2013a) fit very well
with the powder X-ray
diffraction pattern of the natural
specimen extracted by the
human
temporomandibular
joint (Fig. 6).
Fig. 5. Synthesis domains of the four
pure hydrated calcium pyrophosphate
phases (after Gras et al. (2013a),
modified): the monoclinic and
triclinic dihydrate (m-CPPD and tCPPD, Ca2P2O7·2H2O), the mono-clinic
β
tetrahydrate
(m-CPPT
β,
Ca2P2O7·4H2O) and an amorphous
phase (a-CPP, Ca2P2O7·nH2O).
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Fig. 6. X-ray powder diffraction patterns: at the top of the figure, in red colour, the calcified mass of the
human specimen compared with the hydrated calcium pyrophosphate (t-CPPD, m-CPPD and m-CPPD )
synthesized by Gras et alii (2013a).

5. Conclusive remarks
SEM-EDS and XRD investigations on the deposition disease of the temporomandibular
joint revealed the presence of at least two phosphates, both dihydrate, with different
morphology and structure: a monoclinic calcium phosphate (m-CPPD) and a triclinic
calcium phosphate (t-CPPD).
FEG-SEM observations suggest that the monoclinic phase might be the first one to
crystallize and that the triclinic larger crystals grew on the smaller monoclinic one.
As reported in literature (Gras et al., 2013a) CPPDs growth in wide ranges of pH and
temperature (3.6 ≤ pH ≤ 5.0 and 55 °C ≤ T ≤ 90 °C) that are incompatible with the human
life. Therefore, a catalyst activity should be led to their crystallization during a human
disorder: one possibility is to rely on the activity of the bacteria or cellular enzymes during
the first stage of the growth of these minerals.
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