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Identification of monoclinic calcium pyrophosphate dihydrate and
hydroxyapatite in human sclera using Raman microspectroscopy
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Pathological calcification of soft tissues may be generally

classified as dystrophic, metastatic or idiopathic, in which

the prevalence of dystrophic calcification is reported to be

about 95–98% (Hussmann et al. 1995; Richardson 2001).

The dystrophic calcification usually occurs in areas of dis-

eased or previously damaged tissue in patients with normal

serum calcium and phosphate levels. It is distinguished from

metastatic calcification, which occurs as a result of biochem-

ical abnormalities of calcium and phosphate, with calcium

salt deposition in normal tissue (Shields & Shields 2002;

Chan et al. 2002). Ocular dystrophic calcification may be

often observed in chronic inflammation, infection, tissue

hypoxia, and trauma (Caldemeyer et al. 1995). Dystrophic

calcification of the human sclera has been frequently

reported in the elderly population (Daicker 1996; Moseley

2000).

Several diagnostic techniques such as histopathological

examination, ultrasound biomicroscopy, computed
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Summary

Raman microspectroscopy was first used to determine the composition of a calcified

plaque located at the pterygium-excision site of a 51-year-old female patient’s left

nasal sclera after surgery. It was unexpectedly found that the Raman spectrum of

the calcified sample at 1149, 1108, 1049, 756, 517, 376 and 352 ⁄ cm was similar to

the Raman spectrum of monoclinic form of calcium pyrophosphate dihydrate

(CPPD) crystal, but differed from the Raman spectrum of triclinic form of CPPD.

An additional peak at 958 ⁄ cm was also observed in the Raman spectrum of the cal-

cified plaque, which was identical to the characteristic peak at 958 ⁄ cm of hydroxy-

apatite (HA). This is the first study to report the spectral biodiagnosis of both

monoclinic CPPD and HA co-deposited in the calcified plaque of a patient with

sclera dystrophic calcification using Raman microspectroscopy.
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tomography, high-frequency ultrasonography, magnetic reso-

nance imaging, X-ray diffraction analysis and electron

microscopy, have been used to observe and detect calcium

deposition in ocular tissues (Chang et al. 1996; Raina et al.

2000; Ghadially 2001; Besada et al. 2005; Bernauer et al.

2006; Goldenberg-Cohen et al. 2007). Recently, the applica-

tion of vibrational microspectroscopy has a great potential

over other diagnostic techniques to identify and investigate

the chemical compositions of many micronized biological

samples (Kalasinsky & Kalasinsky 2005; Dumas et al.

2007). This technique not only has high specificity and sensi-

tivity but also provides a non-destructive analysis with rela-

tively sample preparation. Ocular calcification in senile

cataractous lens, cornea or vitreous asteroid bodies had been

successfully investigated by using Raman microspectroscopy

(Chen et al. 2005, 2006; Lin et al. 2007). The aim of this

study was to quickly identify the chemical component of the

calcified plaque deposited in the human sclera by using

Raman microspectroscopy. This report describes the first

documented case of a patient with dystrophic calcification in

the sclera by co-deposition of both calcium pyrophosphate

dihydrate (CPPD) and hydroxyapatite (HA).

Materials and methods

Material and human tissue specimens

Three crystalline references were selected. The monoclinic

and triclinic crystal forms of calcium pyrophosphate dihy-

drate (CPPD) were obtained from Dr Balic-Zunic and identi-

fied by X-ray diffraction before use (Christoffersen et al.

2002). Hydroxyapatite calcium (>100 mesh) was also pur-

chased from Nacalai Tesque, Inc. (Tokyo, Japan).

A 51-year-old female patient visited our department for

constant stinging pain and foreign body sensation of her left

eye. In tracing her medical history, it was found that she

had uneventful pterygium excision surgery in her left eye

5 years previously. About half a year before, she began suf-

fering persistent pain in her left eye, and a small white pla-

que located at the pterygium-excision site of the left nasal

sclera was found by examining the area with a slit-lamp

microscope (Figure 1). She was treated with topical lubri-

cants and mild corticosteroid eye drops, but this was in vain.

The pain worsened gradually, and this white plaque became

bigger. Under an agreed surgical consent, she received an

operation of excision for the plaque and amniotic membrane

transplantation over the excision site. The lesion was totally

excised and was cut into two equal parts to send one for

histopathological examination and the other for vibrational

microspectroscopic study. During the post-operational

follow-up for 3 months, the pain of her left eye was relieved

and the wound healed without recurrence of calcification.

The excised plaque was simply dried without tissue fixation,

and then directly identified by Raman spectral analysis,

which was previously approved by the Institutional Review

Board at the Taipei Veterans General Hospital according to

the Declaration of Helsinki.

Histopathological analysis

The microtome sections were cut and examined by optical

microscopy after staining with haematoxylin and eosin

(H&E staining).

Raman microspectroscopic study

The calcified sample was dried for 1 day at 25 �C, 50%

relative humidity (RH) condition, and then used for spectral

biodiagnosis to identify the chemical component using a

micro-Raman spectrophotometer (Ventuno, Jasco Co.,

Tokyo, Japan) equipped with a 30 mW green (532 nm) solid-

state laser for non-destructive analysis (Chen et al. 2005,

2006; Lin et al. 2007) under 25 �C and 75% RH condition.

Results

The gross picture of the left eye in Figure 1 shows a

4.5 · 4.0 mm calcified plaque located on the pterygium-

5 mm0

Figure 1 A photograph of white calcium deposition in the sclera

of patient with dystrophic calcification. The gross photography

of this patient’s left eye was taken by the digital camera

equipped on the slit lamp microscope in the outpatient section

of Ophthalmology Department. The size of calcified plaque was

about 4.5 mm · 4.0 mm.
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excised site, on the nasal bare sclera near the corneal limbus.

Neovascularization and conjunctival congestion around the

calcification were noted. This plaque caused severe irritation,

pain and tearing; these symptoms were relieved after it was

excised and an amniotic membrane patching was

transplanted.

Histopathological examination of the sliced sample

revealed a deep blue-purple on the H&E stain, implying

the existence of a calcified deposition (Sundaram et al.

2004).

By comparing the characteristic Raman spectral peaks of

various calcified samples from the literature, we found that

the Raman spectra of our scleral deposits closely resembled

the standard Raman spectra of CPPD and HA; thus, three

crystals were selected as references (Cornilsen 1984;

Hamada et al. 2001; Maugars et al. 1994; Wopenka & Pas-

teris 2005). Figure 2 shows the Raman spectra of the calci-

fied plaque (a), and three crystalline references [(b)

monoclinic CPPD, (c) triclinic CPPD and (d) HA]. Obvi-

ously, the peaks at 2939, 2888 and 1670 ⁄ cm indicate the

presence of scleral collagen. A unique peak at 1049 ⁄ cm

assigned to the symmetric P–O stretching mode is a charac-

teristic frequency of CPPD (Maugars et al. 1994; Wopenka

& Pasteris 2005). The Raman spectrum of the calcified sam-

ple at 1149, 1108, 1049, 756, 517, 376 and 352 ⁄ cm was

essentially identical to the Raman spectrum of monoclinic

CPPD, but was different from the Raman spectrum of tri-

clinic CPPD. The peak at 958 ⁄ cm was also observed in the

Raman spectrum of the calcified plaque, which matched to

the characteristic peak at 958 ⁄ cm of the HA (Wopenka &

Pasteris 2005; Chen et al. 2005, 2006; Lin et al. 2007).

Thus, Raman spectra confirmed the co-existence of mono-

clinic CPPD and HA deposited in the calcified plaque.

Discussion

The present result clearly indicates that, except for the peaks

for scleral collagen, the Raman spectrum of the calcified

scleral sample was almost identical to that of the standard

spectra of HA and monoclinic CPPD, rather than to triclinic

CPPD. The co-existence of CPPD and HA in human tissues

has also been reported where HA crystals were distributed

in the central part of nodules consisting of CPPD crystals

(Derfus et al. 1998; Yamagami et al.2000). It has been pro-

posed that HA deposition occurs by a transformation from

CPPD (Kawano et al. 1988).

Calcium pyrophosphate dihydrate deposition disease is the

accumulation of CPPD in human tissues such as cartilage,

synovium, tendons or ligaments (Rosenthal 2001; Bencardi-

no & Hassankhani 2003). The interaction of the CPPD crys-

tals with inflammatory cells is considered an important

factor in crystal-induced inflammation (Prudhommeaux

et al. 1996). It generally occurs in elderly patients and prob-

ably increases with age (Daicker 1996; Moseley 2000). The

location of CPPD deposition has been divided into articular

and extra-articular calcification (Genant 1976). Compared

with intra-articular CPPD deposition disease, the extra-artic-

ular type is relatively rare (Steinbach & Resnick 2000). The

eye is another extra-articular site for CPPD deposition, but

it is an infrequent finding. The present study is the first doc-

umented case of a Taiwanese patient with scleral calcifica-

tion associated with CPPD and HA depositions.
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Figure 2 The Raman spectra of the (a)

calcified plaque, (b) monoclinic calcium

pyrophosphate dihydrate (CPPD), (c)

triclinic CPPD and (d) hydroxyapatite.

Spectral acquisition parameter was

dispersive micro-Raman, 30 mW,

532 nm diode laser, Andor CCD

detector, 1.3 cm ⁄ pixel resolution.
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Although the pathogenesis of CPPD crystal deposition is

still unclear, two hypotheses had been proposed: (i) overpro-

duction or reduced removal of CPPD crystals from cartilage

or abnormality of collagen in cartilage and (ii) deposition of

intracellular pyrophosphate (PPi) released from cells in the

extracellular space by trauma or surgery (Chen et al. 2003;

Costello & Ryan 2004). Moreover, it has been reported that

lower concentrations of PPi showed an apatitic mineral for-

mation while high concentrations formed an immature

CPPD (Garimella et al. 2006). In the present case, the calci-

fied plaque was located on the bare sclera site after ptery-

gium excision. We assume that it might be related to the

dystrophic scleral calcification.

We propose that two possible factors might result in this

dystrophic scleral calcification. The first factor might be an

over manipulation of the sclera during the pterygium exci-

sion such as drug treatment (mitomycin C treatment),

mechanical irritation and inflammation (Dunn et al.1991;

Rubinfeld et al. 1992). The second reason might be due to a

vascular zone of the sclera after excision, local inflamma-

tion, local tear insufficiency or poor tear turnover. This was

consistent with the dystrophic calcifications of scleral scars

after trauma, surgery or scleritis (Leitch et al. 1992; Daicker

1996). Moreover, the abnormalities of tear film and eye sur-

face, similar to what is seen in eyes with band keratopathy,

might also be responsible for this calcium deposition.

Although the sclera is one of the sites of calcification and

has been reported in a few studies (Daicker 1996; Moseley

2000), dystrophic scleral calcification has been found less

often (Dunn et al. 1991). In particular, the co-deposition of

both monoclinic CPPD and HA crystals in the human sclera

is a very rare case. The physiological mineralization in a tis-

sue has been reported to be the result of the dynamic inter-

action between local phospho-substrate concentration,

enzyme kinetics and transporter functions (Garimella et al.

2006). As HA is assumed to be the final biochemical prod-

uct of CPPD (Kawano et al. 1988; Yamagami et al. 2000),

this suggests that CPPD played a predominant role in the

process of calcification. A study has pointed out that the

nature of the crystal product formed was also highly depen-

dent on the ambient Mg2+ concentration, although it was

well known that crystal formation varied with Ca2+ and PPi

(Cheng & Pritzker 1981). Cheng and Pritzker found that

lower concentrations of Mg2+ and PPi favoured the forma-

tion of triclinic crystal form of CPPD, whereas higher con-

centrations of both easily caused a monoclinic crystal form

of CPPD formation. In this study, the co-deposition of both

HA and monoclinic CPPD in the scleral deposits may be due

to the ionic balance in the ocular microenvironment. Fur-

thermore, Raman microspectroscopy was first used to

quickly and accurately identify the calcium deposition of

dystrophic scleral calcification, suggesting that the sensitivity

and specificity of Raman spectroscopy should be suitable for

clinical diagnosis of CPPD disease.
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