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CALCIFIC TENDINOPATHY: CALCIUM DEPOSIT 
MORPHOLOGY DIRECTLY AFFECTS PAIN  

AND FUNCTION OF THE SHOULDER
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SUMMARY – The aim of this study was to determine conventional ultrasonography characteris-
tics of calcium deposits in patients diagnosed with calcific tendinopathy, to determine vascularization 
around deposits by power Doppler, and to compare morphological and power Doppler findings with 
clinical findings by use of two questionnaires. Pain and function were evaluated using the visual analog 
scale and two questionnaires, Constant Shoulder Score and Oxford Shoulder Score. All subjects un-
derwent ultrasonography examination and evaluation of vascularization (flow) along calcium deposit 
using power Doppler. Fifty-one subjects were included in the study. The χ2-test, a non-parametric 
statistics method was used because of the categorical type of variables. The level of statistical signifi-
cance was set at p<0.05. In the inactive phase, calcium deposit was shown as a hyperechoic focal point 
with dorsal acoustic shadow and negative power Doppler finding, whereas in the resorptive phase it 
appeared as fragmented irregular hyperechoic focal points with positive power Doppler findings. This 
study showed the patients with fragmented, cloudy calcification to have statistically significantly 
worse results on functional questionnaires and more positive power Doppler findings (grades II and 
III) and to experience stronger pain (visual analog scale 8-10). Upon defining the stage of calcific 
tendinopathy, the method of treatment can be determined and further course of the disease predicted. 
Defining the stage of calcification precisely helps avoid unnecessary and long-lasting physical therapy 
while introducing an effective treatment option, depending on the stage of the disease.

Key words: Calcific tendinopathy; Shoulder; Morphology; Ultrasonography; Power Doppler

Correspondence to: Gordana Cesarec, MD, Krapinske Toplice Spe-
cial Hospital for Medical Rehabilitation, Gajeva 2, HR-49217 
Krapinske Toplice, Croatia
E-mail: gordana.cesarec1@gmail.com
Received October 31, 2018, accepted December 19, 2019

Introduction

Calcific tendinopathy of the shoulder is character-
ized by the presence of one or multiple deposits of 
 calcium hydroxyapatite in tendons of the rotator cuff. 
It is a common cause of shoulder pain in adults. It is 
considered as an active cell-mediated process, although 
accurate pathophysiology remains unclear1. One of the 

newer theories describes metaplastic transformation of 
tenocytes, in other words, differentiation of stem cells 
into chondrocytes and osteoblasts instead of tenocytes 
under the influence of increased bone morphogenetic 
protein 2 (BMP-2)2,3. Calcific tendinopathy is easily 
diagnosed by conventional radiography and ultraso-
nography (US)4. US examination is a fundamental tool 
for diagnosis and treatment, especially for determina-
tion of the localization, size and morphology of the 
deposit. There is no generally accepted classification of 
the morphology of calcium deposits. Farin et al. clas-
sify deposits into 3 types: hyperechoic focus with a 
well-defined shadow; hyperechoic focus with a faint 
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shadow; and hyperechoic focus with no shadow5. Chi-
ou et al. classify deposits into four forms: arch-shaped 
(hyperechoic arch with a clear shadow); fragmented or 
puncture-shaped (at least two separate echogenic areas 
with or without shadows); nodular-shaped (echogenic 
node without shadowing); and cystic-shaped (a thick 
echogenic wall with an anechogenic area or layered 
contents)6. Power Doppler examination during the 
nodular or cystic phase shows increased vascularity 
around the deposit that correlates well with the histo-
pathologic findings reported in the study by Uhthoff et 
al., which showed that during the phase of reabsorp-
tion deposits were surrounded by phagocytes, and at 
the same time there was proliferation of vascular chan-
nels around the deposits7,8.

The aim of our study was to determine US mor-
phology of calcium deposits in patients diagnosed 
with calcific tendinopathy of the rotator cuff. Further-
more, we attempted to assess the effect of this mor-
phology, visualized by US and power Doppler, on pain 
and function of the shoulder.

Subjects and Methods

The study included 51 subjects (age range 20-60 
years) with unilateral calcific tendinopathy. The inclu-
sion criteria were US and radiological diagnosis of cal-
cific tendinopathy, and age range between 20 and 60 
years. Exclusion criteria were calcific tendinopathy of 
the opposite shoulder; rupture of the rotator cuff of 
either shoulder; inflammatory rheumatic disease; ap-
pearance of pain in the shoulder during physiolo- 
gical movements of the cervical spine; history of sub-
luxation or dislocation; intra-articular or periarticular 
injection in the last 3 months; physical therapy in the 
last 6 weeks; fracture of the shoulder joint; open 
wounds or skin infection in the shoulder area; and si-
multaneous inclusion in other researches. Control 
group consisted of asymptomatic healthy contralateral 
shoulder.

The following data were collected from all study 
subjects: age, gender, dominant arm, pain during the 
night and pain estimation using the visual analog scale 
(VAS). VAS consists of a straight line with equal 1-cm 
intervals, from 0 “without pain” to 10 “worst conceiv-
able pain”9.

Estimation and recordings of pain were performed 
by the subjects themselves. Pain was estimated in three 

categories: mild pain ranging from 1 to 3, moderate 
pain from 4 to 7, and severe pain from 8 to 10.

Subjects filled-in the Oxford Shoulder Score 
(OSS) that consists of 12 questions, with grades rang-
ing from 0 to 48, where 0 represents maximal disabil-
ity, and score 48 no disability10. The Constant Shoulder 
Score (CSS) consists of 8 questions related to pain, 
activities of daily living, strength of abduction and 
range of motion11-13. The score unifies subjective and 
objective estimate into one result. Objective parame-
ters included movement and strength (65 points), and 
subjective parameters included pain and impact on ac-
tivities of daily living (35 points). A higher score indi-
cated lower pain level and better function of the shoul-
der. The overall result was seen as difference between a 
healthy and affected shoulder. Standard radiograph in 
the anteroposterior (AP) view and recordings in the 
internal and external rotation were performed on the 
affected shoulder and standard AP radiograph on the 
contralateral shoulder.

There are various radiological classifications based 
on the size and morphology of calcium deposits and 
phase of the disease. In this study, radiological classifi-
cation based on the size of deposit, presented by Bos-
worth, was used: small <0.5 cm, medium 0.5-1.0 cm, 
and large >1.5 cm14.

The US examination of both shoulders was taken 
using Siemens-Acuson X500 with 5-13 MHz fre-
quency transducer in B mode and power Doppler for 
semi-quantification of the flow. US examination was 
carried out according to the European Society of Mus-
culoskeletal Radiology (ESSR) Ultrasound Group 
Protocols15. Classification based on deposit US mor-
phology was used: type I, arch-shaped; type II, frag-
mented, cloudy-shaped; and type III, nodular-shaped.

Power Doppler was used to detect, display and 
quantify flow rate in tendons and subacromial-subdel-
toid bursa (SASD). Semi-quantification of power 
Doppler findings was as follows: grade 0 – no signal; 
grade I – low flow, Doppler signal found in one vessel; 
grade II – moderate flow, few (3-6) signals; and grade 
III – strong flow, more than 6 Doppler signals found.

Ethics

Permission to conduct this research was granted by 
the Ethics Committee of Krapinske Toplice Special 
Hospital for Medical Rehabilitation. This research was 
part of a larger research entitled Impact of Morphol-
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Table 1. Semi quantification of power Doppler findings – visual analog scale (VAS)

Grade
VAS

Total
Mild pain Moderate pain Severe pain

Power Doppler signal 0 n 1 20 5 26
% 3.8% 76.9% 19.2% 100.0%

I n 0 3 0 3
% 0.0% 100.0% 0.0% 100.0%

II n 0 0 7 7
% 0.0% 0.0% 100.0% 100.0%

III n 0 0 11 11
% 0.0% 0.0% 100.0% 100.0%

Total N n 23 23 47
% % 48.9% 48.9% 100.0%

χ2=31.124; df=6; p<0.001

ogy of Calcified Deposits within the Rotator Cuff on 
Pain and Function of the Shoulder.

Statistics

Descriptive statistics was calculated for each indi-
vidual variable and presented in tables. The sample was 
divided into subclasses in accordance with the research 
question, and then testing of differences between sub-
classes was conducted. Given the variables of the cate-
gorical type, χ2-test was used as a method of nonpara-
metric statistics. The level of statistical significance was 
set at p<0.05.

The results were processed using the SPSS 19.0 
statistical package.

Results

The study included 51 subjects aged 20-59 diag-
nosed with unilateral calcific tendinopathy. Subjects 
who had calcium deposits of various morphology were 
placed in a separate group whose results were not inter-
preted. Due to this, the final number of study subjects 
was 47. The sample was equally divided based on the 
subject answers to the question about the dominant 
hand; 49% of subjects gave affirmative and 51% nega-
tive answer to this question. Pain during the night was 
experienced by 94.1% of study subjects and only three 
subjects (5.9%) did not experience pain at night. Most 
subjects indicated severe pain on the VAS (49.0%). Al-
most an equal number of subjects reported moderate 
pain and only 3.9% (two subjects) no pain at all.

In more than half of the subjects (51.0%), the size  
of deposits ranged from 0.5 to 1.5 cm, 41.2% had de-
posits greater than 1.5 cm, and only 7.8% smaller than 
0.5 cm. Most of the subjects (41.2%) had fragmented, 
clouded deposits, 31.4% had arch-shaped deposits, and 
27.5% had nodular-shaped deposits. Of all study sub-
jects, 3.92% had both arch-shaped and fragmented cal-
cified deposits, 3.92% had both fragmented and nodu-
lar-shaped deposits, and 1.96% had both arch-shaped 
and nodular-shaped deposits. Results of power Doppler 
signal were as follows: 66.7% had Doppler signal in the 
SASD bursa, 29.4% had none, and 45.1% had positive 
power Doppler signal along the calcified deposit.

Difference between patients with different levels of 
pain on the VAS was statistically significant at the 
level <1% (χ2=31.124; df=6; p<0.001). Doppler signal 
grade 0 was most common in subjects with moderate 
pain and Doppler signal grade III in subjects with se-
vere pain (Table 1).

Difference in the level of pain between patients 
with three different types of calcified deposits was sta-
tistically significant at the level <1% (χ2=30.929; df=4; 
p<0.001). Moderate pain occurred most frequently in 
arch-shaped and nodular deposits, and severe pain in 
fragmented deposits (Table 2). According to the re-
sults of the VAS questionnaire, difference between 
subjects with dissimilar deposit sizes was not statisti-
cally significant (χ2=1.696; df=6; p=0.945) (Table 3).

Functional scores showed worse results of OSS and 
CSS in fragmented deposits (Table 4). Difference be-
tween patients with three different types of deposits in 
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Table 4. Oxford Shoulder Score according to calcified deposit ultrasonography (US) morphology

US morphology
Arch-shaped Fragmented (clouded) Nodular Total

Oxford Shoulder Score 
– categorized according 
to results

0-19 n 2 17 3 22
% 9.1% 77.3% 13.6% 100.0%

20-29 n 5 2 3 10
% 50.0% 20.0% 30.0% 100.0%

30-39 n 6 0 6 12
% 50.0% 0.0% 50.0% 100.0%

40-48 n 2 0 1 3
% 66.7% 0.0% 33.3% 100.0%

Total N 15 19 13 47
% 31.9% 40.4% 27.7% 100.0%

χ2=25.250; df=6; p<0.001

Table 2. Visual analog scale (VAS) according to calcified deposit ultrasonography (US) morphology

VAS
US morphology

Arch-shaped Fragmented Nodular Total
Mild pain
(VAS 1-3)

n 2 0 1 3
% 66.7% 0.0% 33.3% 100.0%

Moderate pain
(VAS 4-7)

n 13 1 7 21
% 61.9% 4.8% 33.3% 100.0%

Severe pain
(VAS 8-10)

n 0 18 5 23
% 0.0% 78.3% 21.7% 100.0%

Total N 15 19 13 47
% 31.9% 40.4% 27.7% 100.0%

χ2=30.929; df=4; p<0.001

Table 3. Visual analog scale (VAS) according to calcified deposit x-ray size

VAS
X-ray size

Total>1
calcified deposit ≤0.5 cm 0.5-1.5 cm >1.5 cm

Mild pain n 0 0 1 1 2
% 0.0% 0.0% 50.0% 50.0% 100.0%

Moderate 
pain

n 1 2 12 8 23
% 4.3% 8.7% 52.2% 34.8% 100.0%

Severe pain n 0 2 12 11 25
% 0.0% 8.0% 48.0% 44.0% 100.0%

Total N 1 4 25 20 50
% 2.0% 8.0% 50.0% 40.0% 100.0%

χ2=1.696; df=6; p=0.945
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the CSS was statistically significant at the level <1% 
(χ2=36,098; df=6; p<0.001). “Excellent” and “good” result 
was most commonly observed in patients with arch-
shaped deposits, whereas “poor” result was mostly seen 
in those with fragmented, cloudy deposits (Table 5).

The power Doppler signal grade 0 was most fre-
quently recorded in arch-shaped and nodular-shaped 
deposits, and power Doppler signal grades II and III 
in fragmented deposits (χ2=35.68; df=9; p<0.001).

Discussion

Chiou et al. report that fragmented deposits are as-
sociated with acute worsening of pain and spontane-
ous resolution of symptoms, which is consistent with 
the results of the present study6. In the study conduct-
ed by Le Goff and Berthelot, positive power Doppler 
signal within the calcific deposit and subacromial-sub-
deltoid bursa widening were US features strongly as-
sociated with pain. Larger calcifications were also 
more symptomatic16. Our study did not demonstrate 
that larger calcifications led to stronger pain.

Pain was arbitrarily evaluated in three categories: 
mild pain – score 1 to 3, moderate pain – score 4 to 7, 
and severe pain – score 8 to 10, which is accepted defi-
nition in similar studies. All subjects were examined 
on the same device by the same examiner, with the 
maximally standardized technique and without the 
inter-observer variety. The same US probe was used in 
all subjects, and all parameters (gain, US focusing, dy-

namic range, etc.) were the same on all examinations. 
In the literature, there are some researches on rheuma-
toid arthritis where multiple quantitative Doppler in-
dicators such as the resistance index (RI), peak systolic 
velocity (PSV) and end-diastolic velocity (EDV) were 
analyzed to determine flow through the synovial 
membrane. Since we did not have positive Doppler 
signal in any of the tendons or it was too weak to 
quantify and measure flow indicators, we abandoned 
measuring quantitative Doppler indicator and decided 
for semi-quantification of Doppler findings.

On the current US devices, there is almost no dif-
ference between power Doppler and color Doppler. 
Although it would be logical for power Doppler to 
show better flows in small blood vessels, some studies 
have shown that color Doppler is better than power 
Doppler to evaluate blood supply of the joints in rheu-
matoid arthritis17.

What was not foreseen in this research was that 
individual subjects would have more than one calcified 
deposit with different morphology. These subjects were 
placed in a separate group and their results were not 
interpreted.

This research revealed that patients with fragment-
ed, cloudy calcification achieved statistically signifi-
cantly worse results on functional questionnaires, had 
more positive findings of power Doppler (grades II 
and III) and experienced stronger pain (VAS 8-10).

Conservative treatment is still the main method of 
treatment. Using anti-inflammatory drugs, physical 

Table 5. Constant Shoulder Score according to calcified deposit ultrasonography (US) morphology

US morphology 

Arch- shaped Fragmented 
(clouded) Nodular Total

Constant Shoulder 
Score – difference

Excellent n 3 0 1 4
% 75.0% 0.0% 25.0% 100.0%

Good n 9  0 5 14
% 64.3% 0.0% 35.7% 100.0%

Fair n 3 0 0 3
% 100.0% 0.0% 0.0% 100.0%

Poor n 0 19 7 26
% 0.0% 73.1% 26.9% 100.0%

Total N 15 19 13 47
% 31.9% 40.4% 27.7% 100.0%

χ2=36.098; df=6; p<0.001
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therapy interventions and corticosteroid injections 
lead to improvement in most of the patients.

Monitoring of the development of calcified depos-
its by power Doppler as an indicator of the inflamma-
tory process in the tendon and of spontaneous resorp-
tion helps predict the duration of symptoms and make 
decision on the way of treatment.

Defining the stage of calcific tendinopathy will de-
termine the mode of treatment and prognosis of fur-
ther course of the disease. By precisely defining the 
stage of deposits, unnecessary long-lasting physical 
therapy will be avoided and effective treatment can be 
introduced depending on the stage of the disease. All 
these will contribute to better understanding of the 
evolution of calcific tendinopathy.
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Sažetak

KALCIFICIRAJUĆA TENDINOPATIJA: IZRAVNI UTJECAJ  
MORFOLOGIJE KALCIFIKATA NA BOL I FUNKCIJU RAMENA

G. Cesarec, S. Martinec i N. Čičak

Cilj istraživanja bio je utvrditi konvencionalne (B-prikaz) ultrazvučne karakteristike kalcifikata kod oboljelih od kalcifi-
cirajuće tendinopatije, odrediti jačinu vaskularizacije oko kalcifikata pomoću power Dopplera te usporediti morfološke i 
 doplerske nalaze s kliničkim nalazom aktivnosti bolesti pomoću dva funkcijska upitnika. Bol i funkcija procijenjene su 
 pomoću vizualne analogne ljestvice (visual analog scale, VAS) i dva uputnika: Constant Shoulder Score i Oxford Shoulder Score. 
Svi ispitanici bili su podvrgnuti ultrazvučnom pregledu i procjeni vaskularizacije (protoka) uz kalcifikat pomoću power 
 Dopplera. U ovo istraživanje inicijalno je uključen 51 ispitanik. Rezultati su obrađeni pomoću statističkog paketa SPSS 19.0. 
Izračunata je deskriptivna statistika svake pojedine varijable. S obzirom na to da se radilo o varijablama kategorijalnog tipa 
primijenjena je metoda neparametrijske statistike, χ2-test. Dogovorena razina statističke značajnosti bila je p<0,05. U fazi 
mirovanja kalcifikat se prikazao kao hiperehogeno lučno žarište s dorzalno akustičnom sjenom i negativnim nalazom power 
Dopplera, dok se u resorptivnoj fazi prikazao kao oblačasta nepravilna hiperehogena žarišta s pozitivnim nalazom power 
Dopplera. Ovim istraživanjem se dokazalo da ispitanici s fragmentiranim, oblačastim kalcifikatom ostvaruju statistički zna-
čajno lošiji rezultat funkcijskih upitnika, imaju pozitivniji nalaz power Dopplera (II. i III. stupanj) i jaču bol (VAS 8-10). 
Definiranjem stadija kalcificirajuće tendinopatije određuje se način liječenja te prognozira tijek bolesti. Točnim definiranjem 
stadija kalcifikata izbjeći će se nepotrebna dugotrajna fizikalna terapija, a ujedno omogućiti učinkovito liječenje ovisno o 
stadiju bolesti.

Ključne riječi: Kalcificirajuća tendinopatija; Rame; Morfologija; Ultrazvuk; Power Doppler


