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Abstract 

Introduction: Chondrocalcinosis (Ch-C), induced by calcium 

pyrophosphate dihydrate crystals (CPPD) [Ca2P2O7.2H2O] is 

considered as a distinct metabolic disease and a well-defined 

clinical entity, with characteristic clinical manifestations and 

symptoms. This study used previously found method by the 

author .i.e, non-staining approach to discover crystal deposits in 

patients with clinically diagnosed Ch-C, to find a possible 

correlation between coexisting crystals, and to assess the role of 

coexistent crystals in inflammatory cellular processes of joints. 

Patients and methods: There were forty (40) surgical specimens 

that had been traditionally processed from 16 patients who had 

been clinically diagnosed with Ch-C. 

Results: In unstained tissue sections CPPD crystals were found in 22 of 40 samples of all 16 patients. Beside 

the CPPD crystals calcium hydroxyapatite (HA) [Ca5(PO4)3(OH)] crystals were found in 26 tissue samples of 

all 16 patients, cholesterol (CC) [C27H46O] in 23 tissue samples of 12 patients, and crystalline liquid lipid 

droplets (CL) in 11 tissue samples of 5 patients. More or less amorphous deposits of calcium carbonate [CaCO3] 

and/or calcium phosphate [Ca3(PO4)2] were present alongside CPPD and the contemporaneous crystals. 

There was a significant and positive correlation between prevalence of CPPD and HA. The connection 

between inflammatory cellular infiltration and CPPD, HA, CC or CL crystals surrounded by mineral deposits 

was not significant. 

Conclusions: The non-staining approach is a practical, low-tech way to find CPPD, HA, CC, and other 

crystals (with or without CL). The positive and significant correlation between CPPD and HA support the 

earlier premise that CPPD and HA represent basically an identical metabolic disorder). CPPD and/or HA 

crystals can provoke inflammatory processes responsible for the clinical symptoms, but the variable amounts 
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of amorphous minerals enclose (isolate) the crystals, and can reduce or eliminate the inflammatory reaction. 

The authors assume that CC (with or without CL) is an associated phenomenon (concomitant fat metabolic 

malady) without direct cause of inflammation, and is not responsible for clinical symptoms of crystal induced 

arthropathies. 

Keywords: Chondrocalcinosis; Nonstaining technique, Coexisting crystals; Inflammatory processes. 

Abbreviations: Ch-C: Chondrocalcinosis; AR: Apatite Rheumatism; CPPD: Calcium Pyrophosphate 

Dehydrate [Ca2P2O7.2H2O]; HA: Calcium Hydroxyapatite [Ca5(PO4)3(OH)]; CC: Cholesterol 

Crystals[C27H46O]; CL: Crystalline LIQUID LIPID Spherules; MSU: Monosodium Urate Monohydrate 

[NaC5H3N4O3·H2O]; Crystal: Crystalline Monosodium Salt of Uric Acid [C5H4N4O3]; HE: Hematoxylin Eosin; 

Ts: Tissue Samples. 

Introduction 

Chondrocalcinosis, pseudogout, and 

pyrophosphate arthropathy are examples of 

arthritic conditions brought on by calcium 

pyrophosphate dihydrate [Ca2P2O7.2H2O] 

crystals, considered as a distinct metabolic 

disease and a well-defined clinical entity, with 

characteristic clinical manifestations and 

symptoms [1-8]. 

The CPPD crystals exhibit a moderate 

subchronic-chronic inflammatory infiltration 

of lymphoplasmacytes and macrophages 

(giant cells), or that are characterized by 

fibrosis with nearly complete absence of 

inflammatory reaction. Typically, the crystals 

are accompanied by amorphous calcium 

phosphate [Ca3(PO4)2] and/or calcium 

carbonate [CaCO3] deposition. In surgical 

pathology, "non-staining" procedures were 

first introduced by Bély M, et al. [9], which 

ushered in a new age for crystal diagnostics 

and the identification of crystals other than 

CPPD in cases of chondrocalcinosis and other 

metabolic illnesses [9]. This innovative, 

delicate technique works well to pinpoint the 

CPPD, calcium hydroxyapatite (HA) 

[Ca5(PO4)3(OH)], monosodium urate 

monohydrate (MSU) [NaC5H3N4O3·H2O]-

monosodium salt of uric acid [C5H4N4O3], 

cholesterol (CC)[C27H46O] crystals, crystalline 

liquid lipid droplets (CL), furthermore, to 

recognize (distinguish, discover) other 

morphologically not identified crystals in 

paraffin embedded, unstained, formalin-fixed 

tissue sections observed under polarized light 

[9-15]. 

The objectives of this study were to: 

• Use the Bély M, et al. [9], non-staining 

technique to identify crystal deposits in 

patients with clinically diagnosed 

chondrocalcinosis 

• Compare the non-staining technique's 

efficacy with that of conventional HE 

stains 

• Characterize the primary characteristics 

of concurrent crystals. 

• To find a possible correlation between 

coexisting crystals, and 

• To assess the role of coexistent crystals 

in inflammatory cellular processes of 

joints. 

Patients and methods 

Sixteen (16) joints (knee n=8, hip n=4, wrist 

n=2, elbow n=1, shoulder n=1) of 16 patients 

with clinically diagnosed Ch-C were operated; 
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40 surgical specimens were available 

(synovial membrane n=15, capsule n=15, bone 

and/or cartilage n=5, bursa n=3, tendon n=2). 

After being fixed for at least 24 hours at room 

temperature (20 Co) in an 8% aqueous 

solution of formaldehyde [CH2(OH)2] at pH 

7.6, the tissue samples were embedded in 

paraffin. Five micron deparaffinized serial 

sections were stained with HE [16], Alizarin 

red S (calcium-specific staining) [17,18], or 

von Kossa's reaction (phosphate [Ca3(PO4)2] 

and/or carbonate [CaCO3]) [17,19]. The 

sections were compared with unstained ones 

[9], observed under polarized light, and 

examined under a light microscope. The 

streptavidin-biotin-complex/horseradish 

peroxidase approach was used in 

immunohistochemical procedures to identify 

the cellular composition of inflammatory 

infiltration (in certain circumstances) [20]. 

A semiobjective score system was used to 

characterize the amount of amorphous 

mineral deposits, with or without chondroid 

and osteoid or bone development (0-no 

mineral, chondroid etc. deposits, 1-minimal, 

2-moderate, 3 abundant mineral deposition, 

chondroid, osteoid or bone formation. 

According to Bély M, et al. [9], conventionally 

stained tissue sections [17-19,21,22] were 

compared with unstained sections utilizing 

the Pearson's chi-squared (χ2) test [23] 

(description of non-staining method see 

below). 

Professional high-brightness (100-watt) light 

microscope (Olympus BX51) and polarized 

light were used to analyze standard and 

unstained tissue slices, respectively. In some 

cases, electron microscopy and electron 

diffraction were also carried out using a JEM 

100CX. 

Using the student (Welch) t-probe, the 

demographics of Ch-C patients with different 

crystal deposits were compared [23]. The 

distinction between two patient cohorts was 

deemed “significant” at the 0.05 alpha level. 

Results 

Prevalence of various crystals in clinically 

diagnosed chondrocalcinosis. Out of 40 tissue 

samples from 16 individuals with a clinical 

diagnosis of Ch-C, 11 (27.5%) had CPPD 

crystals in the HE stained tissue sections. HA, 

CC or CL crystals were not detected in HE 

stained tissue. Out of 40 samples, 22 (55.0%) 

had CPPD crystals in unstained tissue 

sections. These patients included all 16 who 

had a clinical diagnosis of Ch-C. Besides 

CPPD crystals, HA crystals were found in 26 

tissue samples of all 16 patients, CC in 23 

tissue samples of 12 patients, and CL in 11 

tissue samples of 5 patients with clinically 

diagnosed Ch-C. 

MSU crystals were not identified in these 16 

patients with clinically diagnosed 

chondrocalcinosis. There were no discernible 

variations in the mean age of Ch-C patients 

with concurrent HA, CC, or CL crystals and 

those with CPPD crystals. More crystals of 

CPPD, HA, CC, and CL were found in 

unstained sections than in HE-stained ones 

(In HE stained tissue sections HA, CC and CL 

crystals were not find) (Table 1). The 

simultaneous CPPD, HA, CC, and CL crystals 

in 40 HE-stained and 40 unstained tissue 

samples from 16 patients with clinically 

confirmed Ch-C are summarized in Table 1. 
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 HE stained Ts-Prevalence (in %) Unstained Ts-Prevalence (in %) 

Ch-C CPPD HA CC CL CPPD HA CC CL 

Patients 

n=16 

8 (50.0%) 

of 16 

0 (0%) of 

16 

0 (0%) 

of 16 

0 (0%) 

of 16 

16 (100%) 

of 16 

16 (100%) 

of 16 

12 (75.0%) 

of 16 

5 (31.25%) 

of 16 

Tissue 

samples 

n=40 

11 (27.5 %) 

of 40 

0 (0%) of 

40 

0 (0%) 

of 40 

0 (0%) 

of 40 

22 (55%) 

of 40 

26 (65 %) 

of 40 

23 (57.5%) 

of 40 

11 (27.5%) 

of 40 

Table 1: Identified CPPD, HA, CC, and CL crystals in 40 HE stained and in 40 unstained tissue samples of 16 

patients with clinically diagnosed Ch-C. 

Microscopic characteristics of CPPD 

(calcium pyrophosphate dihydrate 

[Ca2P2O7.2H2O]) crystal deposits in 

patients with clinically diagnosed 

chondrocalcinosis 

CPPD crystals appeared typically as planes of 

hexagonal, rhomboid, trapezoid, 

parallelogram-shape or fragments of these 

(Figures 1a-h). In contrast to the poor positive 

birefringence of HA crystals, the CPPD 

crystals displayed a rather strong positive 

birefringence when seen with polarized light 

using a Red I compensator (Figures 5a-h). 

CPPD crystal deposition was accompanied 

with more or less amorphous calcium 

phosphate [Ca3(PO4)2] and/or calcium 

carbonate [CaCO3] deposits of irregular shape 

(Figure 2). Three tissue samples from a 

patient with Ch-C were not available for 

evaluation. Amorphous calcium phosphate 

[Ca3(PO4)2] and/or calcium carbonate 

[CaCO3] deposits were evaluated in 37 tissue 

sections of 15 patients in specimens stained 

with HE, Alizarin red S, or von Kossa reaction. 

Based on the semi-objective score system in 

Ch-C patients the mineral deposition was 

1.054 per tissue sections, representing a 

moderate calcification on a 0-3 semiobjective 

scale. In 2 patients the amorphous 

calcification was accompanied by minimal 

chondroid formation (0.054 per tissue 

sections); osteoid or newly formed bone 

tissue were not detected. 

Occasionally the amorphous mineral deposits 

masked the CPPD crystals, but that remained 

intact and did not stain with Alizarin red S 

and did not react with von Kossa’s reaction 

despite the calcium content in the crystalline 

structure (Figures 3 and 4). 

Figure 1 demonstrates characteristic CPPD 

crystal deposits in a patient with clinically 

diagnosed chondrocalcinosis. The 24 × 36 mm 

transparent slide corresponds to the original 

magnifications of all light microscopic 

Figures; the right height:width ratio is 2:3. 

Since the printed size could differ, the 

original magnifications are displayed (Figure 

1-11).  
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Figure 1(a-h): (Ch-C 437-86) Chondrocalcinosis, knee joint, synovial membrane, unstained section, viewed 

under polarized light without Red I compensator (a-d), and with Red I compensator (e-h). CPPD plane 

crystals are hexagonal, rhomboid, trapezoid, parallelogram-shape or fragments of these, that range in size 

from submicroscopic to 40μm, and show a relatively strong positive birefringence according to the long axis 

of the crystals with Red I compensator. (a) conventionally processed unstained tissue sections with CPPD 

crystals, viewed under polarized light at × 100; (b) identical to (a) × 200; (c) identical to (a) × 400; (d) 

identical to (a) × 600; (e) unstained sections with CPPD crystals, viewed under polarized light with a Red I 

compensator, identical to (a), × 100; (f) identical to (e) × 200; (g) identical to (f) × 400, (h) identical to (g) × 

600. 

Figure 2 demonstrates the amorphous calcium phosphate [Ca3(PO4)2], and/or calcium carbonate 

[CaCO3] deposits with HE stained tissue sections. 

https://doi.org/10.37191/Mapsci-JOCR-2(1)-014
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Figure 2(a-h): (Ch-C 437-86) Chondrocalcinosis, knee joint, synovial membrane, HE stained section, 

viewed with light microscope, and polarized light, respectively. Occasionally the amorphous mineral 

deposits mask the CPPD crystals. CPPD crystals are less soluble in aqueous dies and may remain in 

conventionally processed surgical specimens stained by HE. (a) CPPD crystals, conventionally processed 

tissue sections, stained with HE, viewed with light microscope, × 40, (c) same as (a) × 100, (e) same as (a) × 

200, (g) same as (a) × 600 (b) CPPD crystals, conventionally processed unstained tissue sections, stained 

with HE, viewed under polarized light, same as (a), × 40, (d) same as (c) × 100, (f) same as (e) × 200, (h) 

same as (g) × 600. 

https://doi.org/10.37191/Mapsci-JOCR-2(1)-014
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Figure 3(a-h): (Ch-C 437-86) Chondrocalcinosis, Alizarin red S staining (specific for calcium), viewed with 

the light microscope (a-d), and viewed with polarized light, respectively (e-h). The amorphous mineral 

deposits may mask the CPPD crystals, but despite the calcium content of the crystalline structure the 

crystals remain intact and do not stain with Alizarin red S. (a) Conventionally processed tissue samples, 

Alizarin red S staining, CPPD crystals and amorphous mineral deposit, unstained sections, viewed with 

light microscope, × 40, (b) same as (a) × 100, (c) same as (a) × 200, (d) same as (a) × 600 (e) Tissue samples 

prepared conventionally, Alizarin red S staining, CPPD crystals, seen in polarized light, identical to (a), × 

40, (f) identical to (e) × 100, and (g) identical to (f) × 200, (h) same as (g) × 600. 

Figures 3 and 4 demonstrate amorphous calcium phosphate [Ca3(PO4)2], and/or calcium carbonate 

[CaCO3] deposits with Alizarin red S staining (Figure 3), and with von Kossa reaction (Figure 4).
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Figure 4(a-h): (Ch-C 437-86) Chondrocalcinosis, von Kossa reaction (specific for phosphat0065 and/or 

carbonate), viewed with the light microscope (a-d), and viewed with polarized light (e-h). The amorphous 

mineral deposits may mask the CPPD crystals, but despite the calcium content the crystals remain intact 

and do not stain with the von Kossa reaction. (a) Conventionally processed tissue samples, von Kossa 

reaction, CPPD crystals and amorphous mineral deposits, viewed with light microscope, × 40, (b) same as 

(a) ×100, (c) same as (a) × 200, (d) same as (a) × 600 (e) Conventionally processed tissue samples, von Kossa 

reaction, CPPD crystals, viewed under polarized light, same as (a), × 40, (f) same as (e) × 100, (g) same as (f) 

× 200, (h) same as (g) × 600. 

Microscopic characteristics of HA 

(hydroxyapatite [Ca5(PO4)3(OH)]) crystal 

deposits in patients with clinically 

diagnosed chondrocalcinosis 

In conventionally processed tissue section 

stained with HE, viewed with the light 

microscope HA crystals were not detected. 

The individual HA crystals were tiny, 

colorless, or white, short to long rod-shaped 

prisms when observed in unstained sections 

under polarized light (Figure 5), hexagonal 

with bipyramidal or rounded endings 

electron microscopically (Figure 11c-d) or 

were arranged typically in 1-5 μm spheroid 

microaggregates. 
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Figure 5(a-h): (Ch-C 2207-816) Chondrocalcinosis, knee joint, capsule, unstained section, viewed under 

polarized light without Red I compensator (a-d), and with Red I compensator (e-h). The birefringence of 

HA crystals is weak and positive, like that of the collagen fibers of the joint capsule. (a) Small prism of HA 

crystals between collaged fibers of joint capsule, conventionally processed tissue sections, observed in 

polarized light without the use of a Red I compensator ×100, (b) identical to (a) × 200, (c) identical to (a) × 

400, and (d) identical to (a) × 600 (e) Conventionally prepared unstained tissue sections with HA crystals 

seen under polarized light using a Red I compensator; (f) identical to (e) × 40; (g) identical to (f) × 200; and 

(h) identical to (g) × 600.

Under polarized light using Red I 

compensator, the direction of birefringence 

was weak and positive according to the long 

axis of HA crystals, like that of collagen fibers 

(Figure 5). The CPPD crystals and the HA 

[Ca5(PO4)3(OH)] crystals were usually 

encircled by deposits of irregularly shaped 

calcium carbonate [CaCO3] and/or more or 

less amorphous calcium phosphate 

[Ca3(PO4)2] (see Figure 10 below, with 

dominant acute-subacute inflammatory 

infiltration). Figure 5 demonstrates 

characteristic small prism of HA crystals with 

weak birefringence in a patient with clinically 

diagnosed chondrocalcinosis. 

Microscopic characteristics of CC 

(cholesterol [C27H46O]) crystals, and CL 

(crystalline liquid lipid) spherules in 

patients with clinically diagnosed 

chondrocalcinosis 

CC (with or without CL) were not detected in 

conventionally processed tissue section 

stained by HE. 
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In deparaffinized unstained tissue sections 

bizarre forms of cholesterol crystals were 

found, viewed with polarized light. The 

cholesterol crystals were present as 

rhomboidal notched separate plates (sheets) 

or needle-shaped clefts, typically arranged in 

clusters. Occasionally that was manifested as 

ovoid-biconvex or hexagonal bizarre forms 

and showed a transition between plate and 

globular lipid liquid form. A “semi-liquid” 

appearance of CC was also characteristic. 

When CC or CL crystals were viewed under 

polarized light and with a Red I compensator, 

the birefringence was either positive or 

negative; needle-shaped or cleft crystal pieces 

revolving along the long axis, as well as 

rotated spherules, displayed positive or 

negative birefringence in the same place. 

Figures 6-8 demonstrate characteristics of 

cholesterol (Figures 6-7), semiliquid 

cholesterol, and crystalline liquid lipid 

droplets (Figure 8). 

 

Figure 6(a-h): (Ch-C3558-2002) Chondrocalcinosis, synovial membrane, cholesterol crystals viewed under 

polarized light without Red I compensator (a-d), and with Red 1 compensator(e-h). This figure shows the 

unstained section of cholesterol crystals under polarized light without a Red 1 compensator (× 100), (b) the 

same as (a) × 200, (c) the same as (a) × 400, (d) the same as (a) × 600, and (e) the same section of 

cholesterol crystals under polarized light with Red 1 compensator × 100, same as (a), (f) the same as (e) × 

200, (g) the same as (f) × 400, and (h) the same as (g) × 600. 
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Figure 7(a-h): (Ch-C3558-2002) Chondrocalcinosis, synovial membrane, cholesterol crystals viewed under 

polarized light without Red I compensator (a-d), and with Red 1 compensator(e-h). (a)This figure shows the 

unstained section of cholesterol crystals under polarized light without a Red 1 compensator (× 100), (b) the 

same as (a) × 200, (c) the same as (a) × 400, (d) the same as (a) × 600, and (e) the same section of 

cholesterol crystals under polarized light with Red 1 compensator (× 100, same as (a), (f) the same as (e) × 

200, (g) the same as (f) × 400, and (h) the same as (g) × 600. 
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Figure 8(a-h): (Ch-C-2739-83) Chondrocalcinosis, joint capsule, crystalline lipid liquid spherules, viewed 

under polarized light without Red I compensator (a-d), and with Red 1 compensator(e-h). (a) Unstained 

portion of crystalline lipid liquid spherules observed under polarized light without the use of a Red 1 

compensator, × 100; (b) identical to (a) × 200; (c) identical to (a) × 400; (d) identical to (a) × 600; (e) 

Crystalline lipid liquid spherules, unstained section, observed under polarized light using Red 1 

compensator. The cholesterol crystal's birefringence in this figure is positive, similar to that of collagen 

fibers, at × 100, same as (a), (f), same as (e), × 200, g, same as (f), × 400, and (h), same as (g), × 600. 

Possible relationship between coexistent 

CPPD, HA, CC or CL crystals in tissue 

sections of patients with clinically 

diagnosed chondrocalcinosis 

CPPD was detected in 22, HA in 26, with CC 

in 23, and CL in 11 of 40 unstained tissue 

sections (Table 1). CPPD (n=22) was 

associated with HA (n=26) in 20, with CC 

(n=23) in 16, and with CL in 9 of 40 unstained 

tissue sections. HA (n=26) was associated 

with CC (n=23) in 16, and with CL in 10 of 40 

unstained tissue sections. CC (n=23) was 

associated with CL in 10 of 40 unstained tissue 

sections. There was a significant and positive 

correlation between prevalence of CPPD and 

HA (c=0.9047, χ²=12.0058, p<0.0005), and 

between prevalence of CPPD and CC 

(c=0.6146, χ²=4.6387, p<0.0312). 

The correlation was not significant, between 

prevalence of CPPD and CL (c=0.6941, 
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χ²=3.0410, p<0.0811-NS). The links between 

HA and CC (c=0.2307, χ²=0.4957, p<0.4813-

NS) or HA and CL were not significant 

(c=0.7808, χ²=3.0438, p<0.0810-NS). Between 

prevalence of CC and CL the correlation was 

positive and significant (c=0.8497, χ²=6.9299, 

p<0.0084). The statistical links (“p” values of 

significance) between coexistent CPPD, HA, 

CC and CL crystals in chondrocalcinosis are 

summarized in Table 2.

Chondrocalcinosis n=40 Ts CPPD HA CC CL 

Coexistent crystal deposits n=22 Ts n=26 Ts n=23 Ts n=11 Ts 

CPPD n=22 of 40 Ts  

c=0.9047 c=06146 c=0.6941 

χ²=12.0058 χ²=4.6387 χ²=3.0410 

p<0.0005 p<0.0312 p<0.0811-NS 

HA n=26 of 40 Ts   

c=-0,2307 c=-0,7808 

χ²=-0.4957 χ²=-3.0438 

p<0.4813-NS p< 0.0810-NS 

CC n=23 of 40 Ts    

c=0.8497 

χ²=6.9299 

p<0.0084 

Table 2: Statistical links (“p” values of significance) of coexistent crystal deposits in chondrocalcinosis. HA-

Calcium hydroxyapatite-[Ca5(PO4)3(OH)], CPPD-Calcium pyrophosphate dihydrate-[Ca2P2O7.2H2O], CC-

Cholesterol crystals-[C27H46O], CL-Crystalline liquid lipid spherules, Ts-Tissue samples. 

Possible relationship between coexistent 

CPPD, HA, CC or CL crystals and 

inflammatory infiltration in tissue 

sections of patients with clinically 

diagnosed chondrocalcinosis 

The CCPD crystal deposits in clinically 

diagnosed chondrocalcinosis with coexistent 

HA, CC or CL crystals were characterized by 

moderate subchronic-chronic inflammatory 

reaction of lympho-plasmacytes and 

macrophages (giant cells). Subchronic-

chronic lympho-plasma cellular 

inflammatory infiltration and macrophages 

(giant cells) with or without phagocytosed 

crystals or fragments were found in 7 of 40 

tissue sections of 16 patients with clinically 

diagnosed Ch-C. In one of these 7 patients the 

inflammatory infiltration was more acute-

subacute, with scattered lymphocytes and 

plasma cells; the CPPD and HA crystals were 

accompanied with minimal, focal amorphous 

calcification (Figure 10). 

Subchronic-chronic inflammatory cellular 

infiltration was associated with CPPD in 4, 

with HA in 5, with CC in 6, and with CL in 4 

of 40 tissue sections. Statistically there was no 

significant correlation between subchronic-

chronic inflammation and CPPD (c=0.0526, 

χ²=0.0857, p<0.7697-NS), HA (c=0.1764, 

χ²=0.0019, p<0.9652-NS), CC (c=0.6991, 

χ²=1.5416, p<0.2143-NS) or CL (c=0.6640, 

χ²=2.1544, p<0.1421-NS). 
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Figures 9 and 10 demonstrate inflammatory 

infiltration associated with CPPD crystal 

deposits in a patient with clinically diagnosed 

chondrocalcinosis. Figures 9 demonstrates a 

characteristic sub chronic-chronic lympho-

plasma cellular infiltration with macrophages 

(giant cells) with phagocytosed CPPD and 

unidentified rod-shaped crystals. 

Figure 9(a-h): (Ch-C 581-2007) Chondrocalcinosis, knee, synovial membrane, sub chronic-chronic lympho-

plasma cellular infiltration with macrophages (giant cells) with phagocytosed CPPD and unidentified rod-

shaped crystals. (a) CPPD crystals, conventionally processed tissue samples stained with HE, viewed with 

the light microscope, × 100, (b) same as (a) × 200, (c) same as (a) × 400, (d) same as (a) × 600 (e) CPPD 

crystals, conventionally processed unstained tissue sections, viewed under polarized light, same as (a), × 

100, (f) same as (e) × 200, (g) same as (f) × 400, (h) same as (g) × 600. 

Figures 10 demonstrates a dominant acute-subacute inflammatory infiltration with scattered 

lympho-plasma cellular infiltration in a patient with clinically diagnosed chondrocalcinosis. Viewed 

under polarized light the phagocytosed HA and fragmented CPPD crystals are demonstrated. 
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Figure 10(a-h): (Ch-C 676-81) Chondrocalcinosis, capsule of knee joint, acute-subacute cellular infiltration 

with lymphocytes and plasma cells. The inflammatory infiltration is accompanied with focal calcification, 

stained with HE, viewed with the light microscope (a-d), and viewed under polarized light (e-h). (a) 

Conventionally processed tissue section stained with HE, × 40, (b) same as (a) × 100, (c) same as (a) × 200, 

(d) same as (a) × 600 (b), (e) Conventionally processed unstained tissues sections, phagocytosed HA 

crystals and CPPD fragments, viewed under polarized light, × 40, (f) same as (e) × 100, (g) same as (f) × 200, 

(h) same as (g) × 600. 

Characteristic CPPD, HA and CC crystals are demonstrated by surface electron microscope in 

Figure 11. 

The original electron microscopy Figure magnifications match the negative of 60 × 90 mm. 
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Figure 11(a-f): (CPPD 81/2020, 2726-80 and Cseresznyés HA 3495-97 26000x, 50000x, cholesterol 2734-83 × 

1000, 2170-2019 × 1300)77. (a) Hexagonal-shaped plane crystals are CPPD crystals. parallelogram, trapezoid, 

rhomboid, or surface electron micrograph, × 10000, (b) CPPD crystals, rod-shape form, surface electron 

micrograph, × 10000 (c) Rod-shaped HA crystal cluster and small prisms, surface electron micrograph, × 

20000, (d) surface electron micrograph of Rod-shaped HA crystals at × 50000, (e) Surface electron 

micrograph of cholesterol crystals at × 1300, (f) Surface electron micrograph of cholesterol crystals at × 1000 

magnification. 

Discussion 

Ad 1 

Compared to HA crystals, CPPD crystals are 

less soluble in an 8% aqueous formaldehyde 

solution or aqueous dyes; yet, on occasion, 

some CPPD crystals can be seen when 

polarized light is used to stain tissue slices 

with, HE, Alizarin red S, or the von Kossa 

reaction [14]. The non-staining approach is a 

practical, extremely easy, and more sensitive 

procedure for detection of CPPD, HA, CC or 

CL (furthermore other morphologically 

different and non-identified) crystals) in 

conventionally processed surgical specimens 

in comparison with the HE stained ones. 

Comparing the mean ages of patients of 

chondrocalcinosis, containing CPPD, HA, CC 

or CL crystals separately, there was no 

significant difference between the groups. 

Concurrent HA, CC and/or CL associated 

with CPPD did not influence noteworthily the 

mean age of patient groups with clinically 

diagnosed chondrocalcinosis. 

Ad 2 

In CPPD deposits the crystals typically are 

hexagonal, rhomboid, trapezoid, 

parallelogram-shape or are fragments of these 

(Figures 3a-h). While Gatter RA, et al. [26], 

state that the anticipated size range of CPPD 

is 0.42-17.9 µm [25,26] it varies from 
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submicroscopic to 40 µm. When viewed 

through a Red I compensatory with polarized 

light, the CPPD crystals exhibit a 

comparatively strong positive birefringence 

(δ =0.017), whereas the HA crystals exhibit a 

modest positive birefringence (δ =0.007). 

CPPD crystals have modest and positive 

birefringence in contrast to the substantially 

negative birefringent MSU crystals. In the 

synovial membrane, menisci, or hyaline 

cartilage the deposited CPPD crystals are 

often asymptomatic. The CPPD crystals are 

generally surrounded by more or less 

amorphous mineral deposits, and the mineral 

deposits reduce the intensity of 

inflammation; the inflammatory response 

surrounding mineral deposits is typically 

either negligible or nonexistent. 

Without mineral deposition, CPPD crystals 

can cause joint injury and a biological 

response, including the activation of 

macrophages. Affected joints typically 

experience extreme pain, swelling, and 

warmth [24]. In this study the calcium 

content of amorphous mineral deposits was 

detected by Alizarin red S staining in all 15 

patients, and phosphate and/or carbonate 

deposits were identified by von Kossa 

reaction in 11 of 15 patients. The calcium and 

phosphate or carbonate deposition are 

presumably independent processes and are 

apparently distinct events of a mineral 

disorder. 

Ad 3 

The individual HA crystals in synovial fluid 

[27] or in synovial membrane [28,29] can 

cause acute inflammation, and provoke 

phagocytosis of neutrophilic leukocytes [30]. 

Acute inflammation may be accompanied 

with severe clinical symptoms: synovial fluid 

effusion, swelling, sudden onset of severe 

pain, tenderness, joint destruction of rapid 

progression, restricted motion, deformity, 

and instability of joints [31-33]. 

Individual HA crystals can range in size from 

submicroscopic to 1.9-15.6 µm [8], according 

to Pay S, et al. [24], 50-500 nm or in clusters 

(“clumps”) 1-5 µm [34]. HA crystals cannot be 

identified by conventional light microscopic 

techniques due to the small size or paucity. 

Furthermore, the majority of the clusters are 

less than 100 nm in diameter, i.e. below the 

visible range of light microscopy [25]. 

Clusters of HA crystals tend to form spherical 

clumps [5], and “can appear in HE stained 

tissue sections as shiny coins with traditional 

stains but show no birefringence under 

compensated polarized microscopy (400 ×)” 

[31]. In unstained sections with a professional 

high-brightness (100-Watt) light microscope 

the HA crystal prisms and clumps can be well 

detected with polarized light and show 

positive birefringence using Red I 

compensator. 

Ad 4 

The lipid complexes and cholesterol are still 

present in tissue slices that have been paraffin 

embedded and fixed in formaldehyde, even 

though the traditional processes involved the 

use of organic solvents such as xylene, 

methanol, terpene xylene, ethyl alcohol, and 

chloroform. When conventionally prepared 

tissue samples are studied under polarized 

light, a wide range of distinct forms of 
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cholesterol and lipid crystals can be observed 

without staining with aqueous dyes. 

Cholesterol and lipid complexes seem to be 

dissolved in HE or other aqueous dyes. There 

are methodological efforts to preserve the 

cholesterol and crystalline lipid droplets with 

different fixatives [21] or to transform the 

complexes into a non-soluble form resistant 

to aqueous dyes e.g. Schultz staining [22]. 

Ad 5 

The positive and significant correlation 

between CPPD and HA (p<0.0005) support 

the earlier premise that CPPD and HA 

represent basically an identical metabolic 

disorder) [14,25,35]. The positive link between 

CPPD and CC (p<0.0312) should be regarded 

an accidental coincidence in a relatively small 

patient population (in a larger patient 

population this relationship was not 

significant). The correlation between CPPD 

and CL (p<0.0811) was not significant. The 

correlations between HA and CC (p<0.4813) 

or HA and CL (p<0.0810) are not significant 

and suggest that the presence of CC (with or 

without CL) seems to be an independent fat 

metabolic malady. 

Ad 6 

The connection between inflammatory 

cellular infiltration and CPPD, HA, CC or CL 

crystals surrounded by mineral deposits was 

not significant. 

Conclusion 

The nonstaining technique of Bély M, et al., is 

a much more effective method for the 

demonstration of crystals in metabolic 

diseases than reactions and conventional 

stains. The non-staining technique is a useful 

simple method for the detection of CPPD, 

HA, CC (with or without CL) and other 

crystals. CPPD and/or HA crystals can 

provoke inflammatory processes basically 

responsible for the clinical symptoms. The 

variable amounts of amorphous minerals 

enclose (isolate) the crystals, reducing or 

eliminating the inflammatory reaction. The 

authors assume that CC (with or without CL) 

is an associated phenomenon (concomitant 

fat metabolic malady) without direct cause of 

inflammation and is not responsible for 

clinical symptoms of crystal induced 

arthropathies. 
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Appendix 

Bély and Apáthy’s “non-staining” technique [9-15]. 

• 8% neutral buffered formalin (at pH 7.6 for more than 24 hours at 20 Co room temperature) 

is used to fix tissue blocks of surgically removed specimens. 

• Sections of 5 µm are cut from tissue blocks that have been dried in ethyl alcohol and 

embedded in paraffin using acetone and xylene. 

• Extended deparaffinization in a thermostat set to 56°C for three to five days (with daily 

xylene changes). 

• In solution of Chloroform-methanol I (1:1) for 1 hour. 

• And then in solution of Chloroform-methanol II (1:1) for 1 hour or overnight. 

• Using terpene xylene and xylene, mounting in Canada balsam, cover slip, and dehydration 

in ethyl alcohol (two changes of 96% alcohol I-II 30-30 min). 

Results 

The abundance of CPPD and MSU crystals is higher in deparaffinized tissue sections of 

formaldehyde fixed and paraffin embedded surgical specimens without staining with aqueous dyes 

than in sections stained with HE or with other staining methods. In unstained sections the HA 

crystals, furthermore the cholesterol crystals and crystalline lipids are preserved, and are well 

detectable with polarized light (in HE stained sections the HA crystals or CC and CL cannot be 

detected). 
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