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ABSTRACT
Background. Basic calcium phosphate (BCP) deposition disease is a frequent musculoskeletal problem char-
acterized by the intraarticular or periarticular deposition of carbonate substituted hydroxyapatite, octacalcium 
phosphate and tricalcium phosphate. BCP and calcium pyrophosphate (CPP) crystals play an important role in 
the pathogenesis of osteoarthritis.
Objectives. The primary aim was to evaluate the clinical and ultrasonographic characteristics of patients with 
BCP. The secondary aim was to compare the radiographic scores of patients with BCP, calcium pyrophosphate 
dihydrate (CPPD) deposition disease and degenerative disease (DD).
Material and methods. 50 patients with BCP deposition disease diagnosed by imaging or by identification of 
BCP in synovial fluid (SF) were included in the study. The second part of the study included 20 patients with BCP 
crystals in SF, 20 patients with CPP crystals in SF and 20 patients with degenerative changes on radiography and 
without crystals in SF. Clinical, ultrasonographic and radiographic data were recorded.
Results. The shoulder joint (56%), followed by the knee joint (36%) and the acute clinical presentation (84%) 
were the most common findings. The fragmented ultrasound appearance (54%) was the most frequent, followed 
by the arch-shaped (36%). The localization of the deposits was found most often in the tendons (68%), mainly in 
the supraspinatus tendon (55.88%). Higher K/L scores were found in patients with BCP and CPP crystals than 
in the patients with DD. K/L score ≥3, defining osteoarthritis was associated with the presence of BCP and CPP 
crystals.
Conclusions. The shoulder and the fragmented ultrasound pattern are the most common findings in patients with 
BCP. Higher K/L scores are found in patients with BCP and CPP crystal associated disease than in the degener-
ative disease patients. 

Keywords: basic calcium phosphate, calcium pyrophosphate, osteoarthritis, Kellgren-Lawrence

Corresponding author: 
Paulina Vele 
E-mail: paulina.vele@yahoo.com

Ref: Ro J Rheumatol. 2020;29(2)
DOI: 10.37897/RJR.2020.2.4

INTRODUCTION 
Basic calcium phosphate (BCP) deposition dis-

ease is defined as the deposition of  BCP crystals 
intraarticular or periarticular. BCP crystals are con-
taining carbonate substituted hydroxyapatite, octa-
calcium phosphate. From a clinical point of view, the 
deposits can be asymptomatic, or with an acute or 
chronic presentation. The shoulder is the most af-
fected joint, mainly the rotator cuff, followed by the 
hips. Intraarticular deposition of crystals leads to a 
destructive arthropathy, known as Milwaukee shoul-
der (1-4). The BCP crystals are formed when extra-
cellular inorganic pyrophosphate (PPi) is low, main-
ly when inorganic phosphate (Pi)/PPi rapport is over 

70 (5,6). The crystals have a complex effect on chon-
drocytes, macrophages and fibroblasts and also have 
the capacity to activate the nucleotide-binding do-
main, leucine-rich-containing family, pyrin do-
main-containing-3 (NLRP3) inflammasome. These 
mechanisms lead to inflammation, articular destruc-
tion, which can finally lead to osteoarthritis  (3,7-
11). The gold standard for diagnosis is the identifica-
tion of crystals in synovial fluid (SF), but due to the 
small dimensions of the crystals and tendance to 
form aggregates are difficult to be identified by light 
microscopy. Novel techniques are available but are 
expensive and complex (12). The calcifications are 
frequently discovered by radiological examination, 
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having different sizes and different appearances 
(13,14). Ultrasound (US) is also a valuable method 
for the identification of BCP deposits (15-17).

This study aimed to describe clinical and imaging 
characteristics of patients with BCP. Our secondary 
aim was to compare the Kellgren-Lawrence score 
(K/L) score in patients with BCP, calcium pyrophos-
phate dihydrate (CPPD) deposition disease and de-
generative disease (DD). 

MATERIAL AND METHODS
In this transversal study were included patients 

with BCP crystals in SF or with evidence of BCP 
(radiographic or by US). Patients with gout or other 
inflammatory rheumatic diseases were excluded 
from the study. Data about age (years), sex, number 
of tenders (TJC) and swollen joints (SJC), erythro-
cyte sedimentation rate (ESR) and C-reactive pro-
tein (CRP), the affected joints, clinical presentation 
as acute or chronic were recorded. US examination 
was performed using an Esaote My Lab 25 Gold 
with 5-10 and 10-18 MHz linear probes according to 
musculoskeletal guidelines. The protocol included 
searching for calcific deposits in symptomatic joints, 
identification of US pattern of calcification de-
scribed for BCP (arch-shaped, fragmented, nodular, 
cystic), the affected joint, and the localization of de-
posits in the tendon, intraarticular, bursae, recess or 
other tissues (15-19). 

BCP subgroup: A subgroup of 20 patients with 
BCP in SF was compared with 20 patients with 
CPPD and with 20 patients with DD. All the diseases 
were at the knee level. 

CPPD group: Patients who fulfilled McCarty cri-
teria for CPPD (imaging evidence of CPPD and 
crystals in SF) were included in the study (20). 

DD group: Patients with degenerative changes 
on radiography and without crystals on SF analysis 
were consecutively included in the study. 

Age, TJC, SJC, the visual analogue scale for pain 
(VAS), ESR (mm/h), CRP (mg/dl) were recorded for 
these three groups. All patients from the BCP sub-
group, CPPD and DD group underwent radiographs 
in posteroanterior, weight-bearing semi-flexed view. 
All radiographs were graded according to K/L score 
(21). The score was interpreted at both knees, but 
also a medium K/L score, as a medium between the 
left and the right knee score was calculated. Osteoar-
thritis was defined as a K/L score ≥ 3. BCP and cal-
cium pyrophosphate (CPP) crystals were identified 

in the SF according to the description of crystals 
(12,22).

All patients included in the study consented for 
participation and the approval of the University Eth-
ics Committee was obtained.  

Statistical analysis was performed using Micro-
soft Excel. We considered a level of p < 0.05 statisti-
cally significant. 

RESULTS
The study included 50 patients with BCP deposi-

tion disease. The characteristics of the study popula-
tion are presented in Table 1.

TABLE 1. General characteristics of the study population 
with BCP

Variable n=50
Age (years) 62.28±10.8
Sex ratio of male:female 17:33
TJC 1.92±1.9
SJC 1.08±0.6
ESR (mm/h) 20.1±19.8
CRP (mg/dl) 1.8±4.5
Shoulder 28 (56%))
Knee 18 (36%)
Hand 5 (10%)
Hip 2 (4%)
Elbow 2 (4%)
Ankle 1 (2%)
Acute presentation 42 (84%)
Chronic presentation 8 (16%)

TJC-tender joint count; SJC- swollen joint count; ESR-erythrocyte sedi-
mentation rate; CRP-C reactive protein; BCP-basic calcium phosphate

The second, fragmented pattern was the most fre-
quent in patients with BCP (Table 2). Regarding the 
location, the tendon was the most affected location 
and the supraspinatus the most common implicated 
(Table 2). The fragmented appearence was more 
common in patients with acute presentation and 
monoarticular involvement (Figure 1). 

TABLE 2. US patterns and location of the BCP deposits

Variable N (%)
Calcification pattern N = 50
I Arch-shaped 18 (36%)
II Fragmented 27 (54%)
III Nodular 5 (10%)
IV Cystic 0 (0%)
BCP deposits localization N = 50
Tendon  34 (68%)
Bursae  2 (4%)
Intraarticular  6 (12%)
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Variable N (%)
Recess  6 (12%)
Bursae and recess  2 (4%)
Tendons N = 34
Supraspinatus tendon 19 (55.88%)
Quadriceps tendon 10 (29.41%)
Hand extensors tendons 5 (14.7%)

Values are expressed as number of patients or joints (percentage)

BCP subgroup, CPPD and DD group evaluation

Comparing the three groups, significant differ-
ences were found between BCP, CPPD and DD re-
garding TJC, SJC, VAS and ESR. The results are 
described in detail in Table 3. 

TABLE 3. General characteristics of the patients with 
BCP, CPPD and DD

Variable BCP 
n=20

CPPD 
n=20

DD 
n=20

p

Age (years) 61.6±138 61.1±109 60±53 0.8
TJC 2.85±2.7 4.35±3.6 1.8±0.5 0.01
SJC 1.4±0.5 1.8±0.9 0.35±0.5 0.0005
VAS 7.7±1.6 7.8±1.05 5.7±1.9 0.001
ESR (mm/h) 26.4±59.5 22.8±37.2 11.1±41 0.002
CRP (mg/dl) 1.5±8 0.6±0.6 0.6±0.7 0.1

TJC-tender joint count; SJC- swollen joint count; VAS-visual analogue 
scale; ESR-erythrocyte sedimentation rate; CRP-C reactive protein; 
BCP-basic calcium phosphate; CPPD-calcium pyrophosphate dihydrate; 
DD-degenerative disease

Significant higher K/L scores were found in pa-
tients with crystal disease than in patients with DD at 
the right and left knee, but also when was calculated 
medium K/L score (Table 4). Between the BCP and 

CPPD group wasn’t found any statistical signifi-
cance (p = 0.89 for medium K/L score, p = 0.9 for 
right knee and p = 0.6 for the left knee.

TABLE 4. K/L score of the patients with BCP, CPPD and 
DD

Knee K/L score BCP CPPD DD p value
Right 2.55±1.5 2.6±1.4 1.2±0.9 P = 0.0002
Left 2.35±1.8 2.55±1.2 1.4±1.3 P = 0.0008
Medium score 2.45±1.4 2.57±1.1 1.3±0.9 P = 0.0007

K/L - Kellgren-Lawrence 

K/L score≥ 3 was associated with the presence of 
BCP (4.88 [1.1-19.9] and CPPD (OR 12 [95% CI 
2.7-53], presented in Table 5.

TABLE 5. Osteoarthritis in patients with BCP, CPPD and 
DD

Variable Medium K/L 
score  < 3

Medium K/L ≥ 3 OR  (95% CI)

BCP 9 11 4.88 (1.1-19.9)
DD 16 4
CPPD 5 15 12 (2.7-53)
DD 16 4
BCP 9 11 0.4 (0.1-1.5)
CPPD 5 15

K/L - Kellgren-Lawrence, BCP-basic calcium phosphate; CPPD-calcium 
pyrophosphate dihydrate; DD-degenerative disease

DISCUSSION
The first part of the study examined the clinical 

and US characteristics of patients with BCP. Similar 
to other studies the shoulder was the most frequent 

FigurE 1. US patterns according to clinical characteristics
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joint involved and the clinical presentation was acute 
and monoarticular (3,4). The second most affected 
joint in our study was the knee, in contradiction with 
other studies in which predominant was the hip joint 
(2,4). The second, fragmented US pattern was the 
most frequent, probably because all patients were 
symptomatic and is known that the resorptive phase 
is associated with pain (15-17). In concordance with 
other studies, the most frequent localization of the 
deposits is in the supraspinatus tendon (3,4).

The second part of the study analyzed K/L score 
of three groups with BCP, CPPD and DD. BCP and 
CPP crystals are found in the SF of patients with os-
teoarthritis (23,24). Fuerst et al. found BCP crystals 
in all patients undergoing joint replacement for se-
vere osteoarthritis (24). In clinical practice, many 
patients remain underdiagnosed due to difficulty to 
identify crystal with usual techniques (12). Both of 
these calcium-containing crystals induces inflamma-
tion and joint damage through complex mechanisms 
on chondrocytes and other cells. Also, CPP and BCP 
crystals have the property of activating the inflam-
masome NLRP3 (3,8-10,25,26). For BCP are de-
scribed other pathways too: increase the production 
of matrix metalloproteinases, tumour necrosis fac-
tor-alpha, interleukin 6 and Prostaglandin E2 (3,7-
10,26). In the phatogenesis  of osteoarthitris  are im-
plicated many factors. One of the most controversial 
is inflammation, mainly because osteoarthritis is not 
a disease characterized by inflammation (11,27-29).

From a clinical point of view, the Milwaukee shoul-
der can sustain that inflammatory pathway. 

Our results found higher values of TJC, SJC and 
VAS in the crystal associated groups than in the DD 
group. Similar results were found in a previous study 
in which was compared CPPD with osteoarthritis 
patients and in another study regarding pain, but not 
with arthritis (30,31). In our study significant higher 
K/L scores were found in patients with BCP and 
CPPD than in patients with DD, but not between the 
crystal associated groups. Also, K/L score≥ 3, which 
defines osteoarthritis was associated with the pres-
ence of BCP and CPPD. Higher radiographic scores 
were correlated to the presence of BCP crystals in a 
study by Derfus et al. too (32). In a recent study 
comparing the presence of CPP and BCP crystals in 
patients with osteoarthritis according to K/L score, 
there was not found any statistical significance be-
tween groups (33). Also, some studies found an as-
sociation between osteoarthritis and chondrocalci-
nosis (34,35). The small number of patients and the 
absence of a  structural phenotype analysis of osteo-
arthritis is the main limitation of the study.

CONCLUSION
The shoulder and the knee joint are the most af-

fected joints. The fragmented US pattern is the most 
common and associated with an acute clinical pres-
entation. Higher radiographic scores are associated 
with BCP and CPP crystal disease.
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