Does the Nature of Deposited Basic Calcium Phosphate
Crystals Determine Clinical Course in Calcific

Periarthritis of the Shoulder?
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ABSTRACT. Objective. Two typical clinical courses of calcific periarthritis in the shoulder are known: acute, with

severe inflammation, and chronic, in the form of impingement syndrome with secondary subacro-
mial bursitis. It remains unclear what factors determine these clinical courses. Our objectives were
to clarify whether the calcified deposits that occur in both acute and chronic cases are composed of
carbonate apatite; and to compare the Ca:P molar ratio in the 2 forms and to determine if there was
any correlation in this respect with the intensity of inflammation induced by basic calcium phosphate
crystals.

Methods. Ten samples were aspirated from 10 women (ages 42—65 yrs) with acute inflammation.
The average time from first attack to aspiration was 2.3 days. A further 10 samples were operative-
ly removed from 10 women (ages 35-58 yrs) with refractory chronic subacromial bursitis, among
whom an average of 7.8 months had passed since the onset of symptoms. All samples were analyzed
by x-ray diffraction, Fourier transform infrared spectroscopy, and Raman spectroscopy, and Ca:P
molar ratios were measured by x-ray fluorescence spectrometry.

Results. Calcified deposits from both acute and chronic cases were identified as carbonate apatite,
and not hydroxyapatite, octacalcium phosphate, tricalcium phosphate, or dicalcium phosphate dihy-
drate. The average Ca:P molar ratio of calcified deposits was calculated as 1.71 £ 0.16 in acute cases
and 1.71 + 0.16 in chronic cases (statistically nonsignificant).

Conclusion. Deposits around the shoulder in both acute and chronic calcific periarthritis are com-
posed of carbonate apatite, Ca:P molar ratios being almost identical in the 2 forms. The results sug-
gest that some factor other than the composition of the crystalline deposits may determine clinical

course in calcific periarthritis of the shoulder. (J Rheumatol 2006;33:326-32)
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Basic calcium phosphate (BCP) crystals induce acute or
chronic inflammation in the soft tissues around the joint, and
calcific periarthritis of the shoulder is particularly common.
However, the pathogenesis, diverse clinical courses of the
disease, and the phases of crystal formation and enlargement
and disruption or resorption of calcific deposits remain
undefined. Some investigators have tried to explain the clin-
ical courses or phases of the disease. DePalma and Kruper!
divided clinical symptoms into 3 groups on the basis of time
and acuteness of symptoms as: (1) acute, in which symp-
toms persist one to 4 weeks; (2) subacute, in which symp-
toms persist one to 6 months; and (3) chronic, in which
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CLINICAL COURSE
CARBONATE APATITE

symptoms persist more than 6 months. They also reported
that calcific deposits in acute cases were liquid and present-
ed a fluffy, fleecy appearance on radiographs, whereas
deposits in subacute or chronic cases were chalk-like and
appeared more or less discrete and homogeneous. Uhthoff,
et al*> proposed classifying the calcification process into 3
stages: (1) a precalcific stage; (2) a calcific stage, subdivid-
ed into formative, resting, and resorptive phases; and (3) a
postcalcific stage. On the basis of experience of more than
300 cases, Moseley? subdivided the calcific stage into 4
phases: (1) a silent phase, in which the deposit is localized
within the tendon with no clinical signs or symptoms; (2) a
mechanical phase, in which the deposit enlarges in size and
produces an elevation under the floor of the bursa with
symptoms of bursitis; (3) a phase of sub-bursal rupture, in
which the liquid deposit bursts out of the tendon under the
floor of the bursa with recurrent rheumatic pains; and (4) a
phase of intrabursal rupture in which the whole deposit
evacuates into the bursa, with severe symptoms. As noted,
clinical courses of calcific periarthritis are complicated and
are still the subject of considerable dispute.

Reports have identified that hydroxyapatite (HAP), octa-
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calcium phosphate (OCP), tricalcium phosphate (TCP),
dicalcium phosphate dihydrate (DCPD), and carbonate
apatite as BCP crystals are responsible for calcific peri-
arthritis (Table 1)*°. It has also been reported that the
inflammatory potential of BCP crystals appears to vary
according to crystal type, and that the Ca:P ratio influences
the inflammatory properties of apatite crystals®’. Therefore,
the different clinical courses of the disease may be explained
by the composition of the BCP crystals, conversion of the
crystal type in the calcification process, or differences in
Ca:P molar ratios between crystals.

We used x-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR), Raman spectroscopy, and x-
ray fluorescence spectrometry (XRF) to qualitatively ana-
lyze calcific deposits from patients with acute and chronic
calcific periarthritis, and to measure the Ca:P molar ratio in
each.

MATERIALS AND METHODS

Patients. We recruited 10 patients with acute and 10 patients with chronic
symptoms of calcific periarthritis in the shoulder joint according to the clin-
ical classification of DePalma and Kruper!. Patients with calcium
pyrophosphate dihydrate crystal deposition disease, connective tissue dis-
ease, chronic renal failure, or metabolic disorders were excluded.

The 10 patients with acute symptoms had experienced sudden onset of
severe pain around the shoulder without trauma. All were female, and their
ages ranged from 42 to 65 years (average 48.3 yrs). They visited our clinic
within 3 days of the onset of symptoms and presented radiographically rec-
ognizable calcification in the rotator cuff tendon and/or subacromial bursa.
The shoulder joints of all patients showed swelling and tenderness to vary-
ing degrees. Laboratory investigations showed elevated C-reactive protein
(CRP) and white cell counts in peripheral blood in all patients. Fluid cal-
cific deposits were aspirated by syringe, and the patients were injected with
corticosteroid at sites of calcification and given nonsteroidal antiinflamma-
tory drugs (NSAID). The aspirated fluid specimens could be seen by light
microscopy to contain large numbers of polymorphonuclear leukocytes.
The acute inflammation subsided by the tenth day of treatment on average
(range 2—18 days).

The 10 patients with chronic symptoms had had mild or moderate
shoulder pain for more than 1 month. Again, all were female, with ages
ranging from 35 to 58 years (average 44.6 yrs). Physical examination
showed positive impingement signs and slightly restricted motion of the
affected shoulder joint. Calcification in the rotator cuff tendon was con-
firmed by radiographs in all. Laboratory investigations were negative for
CRP and showed normal white cell counts. All patients took NSAID and
underwent physiotherapy, and 7 of 10 were given corticosteroid injections
in the subacromial bursa. As their symptoms had persisted for more than 6
months with our conservative treatment, we removed solid calcific deposits
surgically. Durations between symptom onset and surgery ranged from 7 to

13 months (average 8.4 mo). Histological findings indicated no inflamma-
tory reaction around calcific deposits in rotator cuff tendon, but significant
cell proliferation in the bursal wall (data not shown).

Preparation of calcific deposits. Samples of calcific deposits from patients
with acute or chronic symptoms were washed with distilled water and dried
at room temperature. We also prepared heated samples, which were heated
to 1000°C for 1 h®. Synthetic HAP to serve as a control was provided by
Sumitomo Cement (Tokyo, Japan).

X-ray diffraction. The powder XRD patterns of all samples were recorded
with a diffractometer (Ru 200B; Rigakudenki, Akishima, Japan) using
CuKa radiation generated at 30 kV and 30 mA from a graphite monochro-
mator. The detector was scanned between 3° and 90°. A data processor
(RAD-B; Rigakudenki) was used to record radiation counts. Specimen
components were defined according to the database of the Joint Committee
on Powder Diffraction Standards (JCPDS)8.

Raman spectroscopy. Laser Raman spectra were collected from powdered
samples with a spectrometer (Ramanor U-1000; Jobin Yvon, Longjumeau,
France) using argon ion laser excitation at 5145 A with an NEC GLG3300
exciter. Laser power determined at the samples ranged from 100 to 150
mW. The spectrum scan speed was 120 cm™!/min and scans were repeated
30 times. Spectral ranges’ were from 3800 to 120 cm™!.

Fourier transform infrared spectroscopy. We obtained FTIR spectra
between 4000 and 480 cm’! using a spectrometer (FTS-60; Bio-Rad,
Waltham, MA, USA) in conjunction with a microscope (IR-Plan; Spectra
Tech USA). The collected specimens were placed on a KRS-5 plate and
direct measurements were performed without the use of any dispersion
material such as KBr. Spectra were obtained at 8 cm™! resolution and aver-
aged 256 scans’.

X-ray fluorescence spectrometry. XRF was performed using an x-ray ana-
lytical microscope (XGT-2000V; Horiba, Kyoto, Japan). Measurement
conditions used of an acceleration voltage of 15.0 kV, an irradiation current
of 1.0 mA, an analyzing beam diameter of 100 ym, and a measurement
time of 600 s. Synthetic HAP (Ca:P molar ratio 1.67) and synthetic calci-
um pyrophosphate dihydrate (Ca:P molar ratio 1.00) were used as controls.
The characteristic intensities of calcium and phosphorus were measured at
3 points on each sample3.

RESULTS

X-ray diffraction. Figure 1 shows the powder XRD patterns
of the acute case samples, the chronic case samples, and
synthetic HAP. The XRD patterns of the acute and chronic
case samples appearing in the vicinity of 25.9°, 31.8°, and
32.9° of 2 6 were similar to those of HAP and carbonated
hydroxyapatite. Phases characteristic of OCP, TCP, and
DCPD were not evident. The broader peaks displayed by all
20 samples indicated that calcific deposits in both acute and
chronic cases possessed a lower degree of crystallinity than
the synthetic HAP. Using XRD alone, HAP and carbonate
apatite could not be differentiated. The XRD patterns of

Table 1. Calcium phosphate crystals involved in calcific periarthritis.

Chemical Name

Formula

Hydroxyapatite Ca,, (PO,)((OH),
Octacalcium phosphate CagH,(PO,), *5SH,0
Tricalcium phosphate Ca;(PO,),
Dicalcium phosphate dihydrate CaHPO, * 2H,0
Calcium phosphate dydrate Ca,(PO,), * nH,0

Carbonate apatite

Cayg_x_yn(POY6 «(CO5)(OH), ((COj)y), * nH,0
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Figure 1. X-ray diffraction patterns of samples from an acute case (A), a chronic case (B), and from synthetic
hydroxyapatite (C). XRD spectra of octacalcium phosphate, carbonated hydroxyapatite, dicalcium phosphate,
and tricalcium phosphate from the Joint Committee on Powder Diffraction Standards database are shown at the

bottom.

heated samples were consistent with that of HAP, as we
have reported>.

Raman spectroscopy. Raman spectra of acute and chronic
case samples and the synthetic HAP are shown in Figure 2.
The spectra of all samples were characterized by a strong
band at 960 cm™! derived from the synthetic stretching mode
of the PO, group. Other Raman-active modes were seen at
1075, 590, and 435 cm’l. The weak bands at 1447, 1580,
and 1650 cm™! were derived from protein. Since water is a
weak Raman scatterer, absorbed water, which can some-
times obscure parts of the infrared spectrum of calcium

phosphate minerals, affects the Raman spectrum minimally.
The band positioned at 3570 cm™! attributable to the OH
group was clearly observed in the synthetic HAP. In con-
trast, this band was absent from the acute and chronic case
samples, indicating that neither possessed the OH base or
contained HAP. The spectra of heated samples were com-
pletely compatible with that of HAP, as reported?.

Fourier transform infrared spectroscopy. Figure 3 shows the
infrared spectra of the same 3 samples used for XRD and
Raman spectroscopy. The OH band at 3570 cm™! was evi-
dent only in the synthetic HAP, and was unclear in both the
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Figure 2. Raman spectra of samples from an acute case (A), a chronic case (B), and synthetic

hydroxyapatite (C).

acute and chronic case samples due to the broad water band
between 3100 and 3700 cm!. Broad doublet-like bands in
the 1600 to 1400 cm™! range and at 870 cm™! characteristic
of carbonate ions were clearly observed in both acute and
chronic case samples. The bands at 1230, 1650, and 2920
cm! in the acute and chronic case samples are attributable
to proteins bound to the samples, i.e., amide I, and CH,. The
intensity of carbonate bands did not change after depro-

teination by treatment with hydrazine. This indicates that
carbonate replaces hydroxyl or phosphate ions in the calci-
um phosphate structure. The spectra of heated samples were
completely compatible with that of HAP, as reported®.

X-ray fluorescence spectrometry. The presence of calcium
and phosphorus in both acute and chronic case samples was
confirmed by energy-dispersive spectra. Ca:P molar ratios
are shown in Table 2. The mean Ca:P molar ratios in acute
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Figure 3. FTIR spectra of samples from an acute case (A), a chronic case (B), and synthetic

hydroxyapatite (C).

case samples, chronic case samples, and synthetic HAP were
1.71, 1.71, and 1.67, respectively. The difference between
the acute and chronic case samples was not statistically sig-
nificant. The Ca:P molar ratio in heated samples was 1.67,
as described>.

DISCUSSION

XRD is an analytical method used to characterize and iden-
tify crystals based on their diffraction patterns. As shown in
Figure 1, dried acute and chronic case samples had broad
peaks compared to the synthetic HAP, indicating that they
had a much lower degree of crystallinity (crystal size, crys-

tal imperfection, or both)®. The 3 strong peaks appearing in
the vicinity of 25.8°, 31.7°, and 32.9° of 2 0 in the dried
samples could have resulted from HAP, carbonate apatite, or
calcium phosphate hydrate (Table 1). These 3 substances are
poorly differentiated by XRD>10,

If the dried samples had been composed of calcium phos-
phate hydrate, this would have been converted to B-tricalci-
um phosphate by heating to 900°C!!. We therefore heated
dried samples to 900°C for 1 h, but they converted to HAP
and not B-tricalcium phosphate (data not shown). This
showed that dried samples were composed of HAP or car-
bonate apatite. The OH~ band at 3570 cm™! was not present
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Table 2. Ca:P molar ratios.

Acute Cases

Chronic Cases

Case Sex Age, yrs Ca:P Sex Age, yrs Ca:P
1 F 52 1.55 F 35 1.53
2 F 43 1.91 F 49 1.84
3 F 42 1.53 F 38 1.81
4 F 50 1.78 F 43 1.70
5 F 47 1.82 F 39 1.81
6 F 51 1.58 F 42 1.95
7 F 65 1.66 F 36 1.69
8 F 44 1.80 F 58 1.77
9 F 48 1.71 F 51 1.53
10 F 45 1.75 F 54 1.56
Average 48.3 1.71 £0.158 44.6 1.71 £0.158

in the Raman spectrum of any dried samples (Figure 2),
showing that they did not consist of HAP. Moreover, the
FTIR spectra of the dried samples had CO, group bands
around 870, 1410, and 1450 cm'!. These data confirm that
the dried samples from both acute and chronic cases were
composed of carbonate apatite.

HAP, OCP, TCP, DCPD, and carbonate apatite have been
identified as BCP crystals responsible for calcific periarthri-
tis (Table 1)*°. Our evidence that calcium deposits in both
acute and chronic cases consist of carbonate apatite means
that the different clinical courses of calcific periarthritis can-
not be explained by differences in the composition of the
BCP crystals.

It has been reported that the specific surface area (SSA),
calculated as total surface area (m?) divided by weight (g)12,
and Ca:P ratio of crystals influence the magnitude of BCP-
induced inflammatory responses in vivo’. The greater the
SSA, the more intense the inflammation, as indicated by the
numbers of polymorphonuclear leukocytes. The SSA of
BCP crystals is known to be proportional to the Ca:P
ratio’13, but whereas the BCP crystals produced from aque-
ous solution by Prudhommeaux, et al’ consisted of single
pure crystals (high crystallinity and similar sizes, identical
chemical composition, and similar SSA), biological calcific
deposits are composed of bulk-type crystals, varying in size,
COj; content, and Ca:P ratio. It is not appropriate to use SSA
to estimate the inflammatory potency of such crystals,
because their surfaces are so irregular that it cannot accu-
rately be determined. Therefore, we prefer to use Ca:P molar
ratio as a marker of inflammatory potential of BCP crystals.
We found no statistically significant difference in the Ca:P
molar ratios of calcific deposits from acute and chronic
cases, and thus the various clinical manifestations of inflam-
mation in calcific periarthritis cannot be explained by either
the composition of the BCP crystals present or their Ca:P
molar ratios. Some other factor must therefore be postulated
to explain the complexity of the clinical courses.

One possibility is that clinical course may depend on the

precise location of the calcific deposit, as suggested by
Moseley® and DePalma'®. Liquid calcific deposits in the
acute cases in our study were located in the bursa, because
they could be aspirated by syringe. On the other hand, we
obtained solid intratendinous calcific deposits from chronic
cases by surgery. Any increase in size of carbonate apatite
crystals deposited in tendon will produce an elevation under
the floor of the bursa, with subsequent clinical symptoms of
bursitis with impingement against bone and ligament. Such
symptoms are not due, therefore, to inflammation directly
induced by crystals, but to mechanical stress. The carbonate
apatite crystals finally rupture the tendon, are shed into the
bursa, and eventually evoke acute inflammatory response.

We postulate another possibility, namely that serum plas-
ma proteins, especially alpha 2-HS glycoprotein, inhibit the
inflammatory response through their suppression of neu-
trophil stimulation!3. This may modulate the inflammatory
potential of carbonate apatite crystals, particularly intra-
tendinous crystals in the silent phase.

There are 2 limitations to our study: first, sampling was
restricted to the shoulder joint; and second, BCP crystals in
synovial fluid were not examined. Using radiographic calci-
fication as a marker of calcific periarthritis, most calcifica-
tion occurs in the soft tissue of the shoulder, hip, elbow
joint, and other joints. Calcifications around the shoulder
joint constitute 79% of all such cases of soft tissue calcifi-
cation'®. On the basis of our experience, we speculate that
calcific periarthritis in other joints may take the same clini-
cal courses as in the shoulder joint. Apatite, OCP, and TCP
have been identified in synovial fluid by FTIR!7. We did not
characterize BCP crystals in synovial fluid, and therefore
further studies will be necessary to clarify the clinical course
of the arthritis induced by BCP crystals.

Finally, our study showed that BCP crystals in calcific
periarthritis of the shoulder joint are composed of carbonate
apatite in both acute and chronic cases, and that the compo-
sition of BCP crystals and their Ca:P molar ratios do not
determine the clinical course, even though the Ca:P molar
ratios ranged from 1.53 to 1.95.
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