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Abstract
Objective
The aim of this study was to evaluate the psychometric properties of a new x-ray scoring system for calcific
tendinopathy of the rotator cuff (CTRC).

Methods
This is a post-hoc analysis of the CALCECHO trial. All patients received an ultrasound-guided puncture and lavage

of their calcification. Clinical data and x-rays from baseline and follow-up visits at 7 days (D7), 3 months (M3) and 12
months (M12) were used. The scoring system was based on the reduction in size and density of the calcification compared

to the initial x-ray (0 = no change; I = decrease of less than 50%; 2 = decrease of between 50 and 90%; 3 = decrease
of more than 90%; 4 = complete disappearance). Inter-observer and intra-observer reliability were established between

3 independent investigators (2 experts and one junior) using weighted Kappa calculation. Construct validity was
assessed as well as predictive validity and sensitivity to change.

Results
Between the two experts, inter-reader reliability was at 0.677, 0.744 and 0.656 at D7, M3 and M12 respectively.
Intra-reader reliability was between 0.577 and 0.836 for the two expert readers and between 0.519 and 0.697 for the
Jjunior reader. Our score was correlated with shoulder pain and function at M3 and M12 and the score at M3 was
predictive of the clinical outcome at M12. Finally, sensitivity to change was 0.8.

Conclusion
Our new score presented good psychometric properties and was correlated with clinical data.
It could be useful in the follow-up of patients treated for CTRC.
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Introduction

Calcific tendinopathy of the rotator
cuff (CTRC) is one of the most com-
mon causes of shoulder pain, affect-
ing 10 to 42% of patients referred for
a painful shoulder (1-4). CTRC affects
patients between 30 and 60 years of
age, with a female predominance, and
the supraspinatus tendon is the most
frequently affected (80% of deposits).
The aetiology of the disease is still
poorly known, and only little data is
available on the mechanisms leading
to calcium deposits (5). According
to Uhthoff et al. (6), calcific deposits
evolve in 4 consecutive phases. Dur-
ing the first two phases, the calcifica-
tion appears “chalky” and well defined.
It starts to become symptomatic when
its volume increases to the point of
causing tendon deformation and sub-
acromial impingement. The resorption
phase then occurs. The calcification
becomes less dense, more fragmented,
and with irregular boundaries. This re-
sorption phase leads to the disappear-
ance of the deposit followed by a final
repair phase.

On x-ray, calcific deposits appear as a
dense opacity around the humeral head.
Various radiographic classifications
have been developed to characterise
rotator cuff calcific deposits (7-9). The
two most widely used were provided
by Molé (7) and Girtner (8). However,
previous data suggested a lack of inter-
reader reliability with Kappa values at
047 and 0.25 for Girtner and Molé,
respectively (10-11). In clinical trials,
these classifications are mainly used to
characteryse the deposits at baseline
but not during post-treatment follow-
up (12-14). For the follow-up, x-ray
changes are commonly reported using
the size of the deposit in mm (maxi-
mum size of the longest axis) (12, 15,
16) or changes are defined as complete
resolution, partial resolution (decrease
in size) or no change (12, 17, 18). Dur-
ing long-term follow-up (=1 year), pre-
vious publications have shown a posi-
tive correlation between radiological
improvement (decrease in size of the
calcification) and clinical results (19-
21). However, it is not clear if early
radiographical changes are associated
with clinical improvement and whether

they could be used to predict the final
outcome and guide the treatment.

In this study, we proposed a new scor-
ing system based on evolution of the
deposits over time. We hypothesised
that a score evaluating the radiological
changes in the calcific deposits beyond
merely its initial aspect could be use-
ful when managing patients treated for
CTRC. We assumed that a score assess-
ing the changes in size over time would
be correlated with clinical symptoms
and therapeutic success, and could help
managing the patients. The objective of
the study was to assess its reliability,
sensitivity to change, correlation with
the clinical data, and predictive value.

Methods

Study design

This is a post-hoc analysis of a dou-
ble-blind multicentric non-inferiority
randomised controlled study (CALCE-
CHO trial (NCT02403856) [22]). To
study our new scoring system, we used
clinical data and x-rays of a sample of
patients. The research protocol was ap-
proved by the local ethics committee
and the French National Agency for
Medicines and Health Products Safety
(ANSM RC15_0019).

Patients

Inclusion criteria were age >18 years,
chronic pain for more than 3 months,
clinical subacromial impingement, and
a calcification larger than 5 mm on
standard anteroposterior x-ray. In the
original study, all patients (n=132) un-
derwent an ultrasound-guided puncture
and lavage (UGPL) of the calcification
and were randomised (1:1) to receive
a steroid or saline injection in the sub-
acromial bursitis at the end of the pro-
cedure.

Data collection

A sample of 69 patients was used for
the present study. A total of 76 patients
were included in our centre while the
56 others were included in the two oth-
er centres that participated in the study.
However, x-ray data were incomplete
for 7 patients (lost to follow-up). In-
cluding patients from a single centre
allowed us to easily access x-rays on
the Picture Archiving and Communica-
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Fig. 1. Examples of x-rays taken at baseline (Day 0), day 7 (D7), month 3 (M3) and month 12 (M12) after an ultrasound-guided puncture and lavage of
calcific tendonitis of the supraspinatus. In our score, the image at D7 corresponds to score 1 (decrease of the calcification of less than 50%); the image at M3
to score 2 (decrease of the calcification of between 50 and 90%), and the image at M12 to score 3 (decrease of more than 90%).

tion System of the hospital and to ana-
lyse all the images in the same system.
We analysed baseline x-rays and those
obtained during follow-up at 7 days
(D7), 3 months (M3), and 12 months
(M12). Shoulder anteroposterior view
with the arm in a neutral position, in-
ternal rotation, external rotation, and
scapular “Y” views were taken at
each timepoint. A total of 276 exams
were analysed, this number providing
enough power to assess the reproduc-
ibility of the score. We collected the
following information for the 69 pa-
tients at baseline: age, sex, duration of
symptoms, presence of nocturnal pain,
visual analogic scale (VAS) pain at rest
and during activities and Disabilities of
the Arm, Shoulder, and Hand (DASH)
score. We also noted the tendon in-
volved and the maximum long axis size
of the calcific deposit.

All x-rays were independently and
blindly analysed by 3 rheumatologists
(2 were considered “experts” thanks to
their experience in the management of
CTRC and the third was a junior doc-
tor. At each timepoint, they rated the
x-rays according to the proposed score
and Molé and Girtner classifications.
Our score was based on the assessment
of changes in size and density of the
calcification compared to pre-treatment
x-ray. It was established as follows: 0
= no or minimal change from the ini-
tial x-ray; 1 = decrease of the calcifi-
cation of less than 50%; 2 = decrease
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of between 50 and 90%; 3 = decrease
of more than 90%; 4 = complete disap-
pearance of the deposit (Fig. 1). They
performed two readings three months
apart to measure intra-observer relia-
bility. Finally, the two expert readers (1
and 2) reviewed the discordant X-rays
to obtain a consensus. This consensus
was used to assess the construct validi-
ty and the predictive value of the score.
To assess the correlation with clinical
data, we used follow-up data obtained
at D7, M3, and M12: VAS pain at rest
and during activities and DASH score
(except at D7). The DASH score is an
auto-questionnaire used to assess the
function of the upper limb. A DASH
score <15 corresponds to a clinical state
where patients have no remaining daily
disability related to their shoulder con-
dition and are able to work. A DASH
score <40 corresponds to patients who
can work despite the presence of pain
(23). We also analysed patients reach-
ing the minimal clinically important
difference (MCID) of the DASH score
estimated at 16 points (20).

Data analysis

Inter-observer reliability was assessed
using x-rays from the entire cohort
(n=69), while intra-observer reliability
was assessed in 30 randomly selected
patients. Weighted Kappa values were
calculated. The Kappa was calculated
using both the observed accuracy and
the random accuracy. Kappa was cal-

culated as: (observed accuracy - ran-
dom accuracy) / (1 - random accuracy)
(24). When the number of categories
increases, the value of K decreases be-
cause there is more room for disagree-
ment so we used the weighted Kappa
to take the degree of disagreement into
account. The reading was done while
aware of the order of the x-rays. The
readers were blinded to the patient al-
location group in the CALCECHO trial
and blinded to clinical and ultrasound
data. Construct validity was assessed
through the cross-sectional relation-
ship between x-ray stages and pain
(VAS pain at rest and during activi-
ties) or function (DASH score), using a
Spearman test. Predictive validity, i.e.
the ability of the radiographic score to
predict clinical outcome (DASH <15,
DASH <40, and MCID DASH), was
assessed using a > test. Sensitivity to
change was assessed by standardised
response mean (SRM): mean (M3-D7
and M12-M3) scoring change/standard
deviation of change (25-27). Statisti-
cal analysis was performed using SPSS
statistical software. Statistical signifi-
cance was set at 0.05.

Results

Baseline characteristics

of the patients

Within the cohort, there was a predom-
inance of women (n=46, 66.7%), and
the mean age was 49.8+15 years. Mean
VAS pain at rest and during activities
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Table I. Patients’ characteristics at baseline.

Characteristics

Total (n=69)

Age, mean (SD)

Female sex, n (%)

Duration of symptoms in months, mean (SD)
VAS at rest/100 mm, mean (SD)

VAS at motion/100 mm, mean (SD)
Nocturnal pain, n (%)

DASH Score, mean (SD)

Tendon affected, n (%)
Supraspinatus
Infraspinatus
Subscapularis

Maximum long axis of the calcification in mm, mean (SD)

4938 (15)

46 (66.7%)
324 (40.8)
25 (22)

68 (15)

52 (75.4%)
435 (15.2)

60 (87%)

8 (11.5%)

1 (1.5%)
16.5 (4.9)

VAS: visual analogue scale; DASH: disabilities of the arm, shoulder and hand; SD: standard deviation.

was 25+22/100 and 68+15/100, respec-
tively. On x-ray, the mean long axis of
the calcification was 16.5+4.9 mm and
the calcification was located within
the supraspinatus in most cases (n=60,
87%) (Table I).

The baseline characteristics of the pa-
tients included in this study (n=69)
were not different from those of the
CALCECHO entire cohort (n=132)
(Supplementary Table S1).

Inter and intra-reader reliability

At D7, inter-reader reliability between
the two experts was substantial for our
score (weighted Kappa values at 0.677)
(Table II). It was fair for the Molé
and Giértner classifications (weighted
Kappa values at 0.356, and 0.389 for
Molé score and Girtner score, respec-
tively) (Suppl. Table S2) (28). At M3
and M 12, weighted Kappa values were
moderate to substantial for our score
(0.744 and 0.656) (Table II).

At M3 and M12, weighted Kappa val-
ues for intra-reader reliability were

0.792 and 0.836 for reader 1 and 0.801
and 0.809 for reader 2 (Table II). Con-
sidering the junior, intra-reader reli-
ability was better for our score com-
pared to the two other classifications at
each timepoint, with weighted Kappa
values closer to those of the experts
(Table IT and Suppl. Table S3).

Construct validity (cross-sectional
association between radiographic
stages and symptoms)

At D7, pain level at rest or during ac-
tivities was not correlated with our
score (Fig. 2a). However, at M3, there
was a significant correlation between
the score and clinical outcomes con-
sidering VAS pain during activities (r
=- 0.420, p<0.001) and DASH score
(r = -0.449, p<0.001) (Fig. 2b). Thus,
decreased pain and improved function
were associated with increasing x-ray
score, i.e. with the reduction of the cal-
cification (Fig. 2). At M12, increasing
X-ray score was correlated with a de-
crease in VAS pain at rest (r = -0.486,

p<0.001) and an increase in DASH
score (r =-0.327, p<0.007) (Fig. 2c).

Predictive validity

The score at D7 were not significantly
associated with the clinical improve-
ment at M3. However, a significant
association was found between the x-
ray score at M3 and the clinical data
at M12 using DASH <15 (p=0.016),
DASH <40 (p=0.045) and DASH Min-
imal Clinically Important Difference
(p<0.001) (Table 1V).

Sensitivity to change

The results for sensitivity to change
were expressed as SRMs: 0.81 and
0.80 for sensitivity to change between
D7 and M3 and between M3 and M12
respectively.

Discussion

In this post-hoc analysis, we investigat-
ed the reliability of a new radiographic
scoring system for calcific tendinopa-
thy assessing its inter-reader and intra-
reader reliability, as well as its cor-
relation with clinical data and its pre-
dictive value in a cohort of 69 patient
using a total of 276 exams. Our score
presented substantial inter-observer
reliability (weighted Kappa values at
0.677,0.744 and 0.656 at D7, M3 and
M12, respectively) and substantial to
almost perfect intra-reader reliability.
The score was correlated with pain
level and functional status at M3 and
M12 and the score at M3 was capable
of predicting clinical outcome at M12.
Various studies have investigated the
reliability of radiographic classifica-
tions in CTRC, especially the Molé

Table II. Inter-reader reliability and intra-reader reliability for our score.

Inter-observer reliability Our score Intra-observer reliability Our score
Reader 1/2 Reader 2/3 Reader 1/3 Reader 1 Reader 2 Reader 3
DO Weighted kappa (95% CI) - DO Weighted kappa (95% CI)
D7 Weighted kappa (95% CI) 0.677 0.486 0.548 D7 Weighted kappa (95% CI) 0.615 0.577 0519

(0.557-0.798) (0.17-0.654)

M3  Weighted kappa (95% CI) 0.744

(0.385-0.712)

0.517 0.545 M3

(0.637-0.852) (0.381-0.653) (0.418-0.671)

M12  Weighted kappa (95% CI) 0.656

0.539 0.630 Mi2

(0.509-0.802) (0.397-0.682) (0.522-0.739)

Weighted kappa (95% CI)

Weighted kappa (95% CI)

(0.390-0.841) (0.34-0.772)  (0.271-0.767)

0.792 0.801 0.697
(0.652-0.932) (0.687-0.915) (0.502-0.893)

0.836 0.809 0.671
(0.690-0.982) (0.711-0.907) (0.495-0.846)

DO: Day 0 (baseline); D7: day 7; M3: Month 3; M12: Month 12 after ultrasound-guided percutaneous lavage of the calcification.
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Fig. 2. Correlation between our radiographic score and pain level or function over time. At day 7,
there was no correlation between the radiographic score and VAS pain. However, at month 3 and
month 12, we found a correlation between symptoms (VAS pain and DASH score for function) and
radiographical scores. Clinical improvement correlated with reduction in calcific deposits (i.e. increase

in radiographic score).

and Girtner classifications, which are
the most widely used. Kappa values for
Molé and Girtner classifications in pre-
vious studies were slight to fair: 0.18 to
0.25 and 0.33 to 0.47 respectively for
inter-observer reliability (9-11, 29).
However, the intra-reader reliability
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was better (0.34 to 0.65 for Molé and
0.36 to 0.70 for Girtner) (9, 11). Here,
we reported higher inter-reader repro-
ducibility, especially between the 2
experts (0.677,0.744 and 0.656 at D7,
M3 and M12 respectively). Regarding
intra-reader reliability, we found Kap-

pa values close to those recently pub-
lished for Gértner classifications when
looking at the expert readings (11).
The intra-reader agreement looked bet-
ter for our junior reader compared to
Girtner classifications, suggesting a
reduced impact of the clinician’s expe-
rience on correct classification of the
x-rays. Moreover, in our study, the in-
ter-observer reproducibility of Girtner
scores tended to decrease over time,
while it remained stable for our score.
We observed a significant correla-
tion between our score and shoulder
pain and function at M3 and M12. At
D7, the correlation with pain was not
found, nor was the predictive value.
This could be explained by a low lev-
el of pain overall at D7. During the
week after the UGPL, most patients
had significant improvement in their
pain (22) while the x-rays did not yet
show any obvious changes. This im-
mediate effect on pain could be relat-
ed to the work interruption during the
week after UGPL, to the systematic
prescription of non-steroidal anti-in-
flammatory drugs and analgesics dur-
ing the first days following the proce-
dure, or to the corticosteroid infection
for those randomised in the steroid
group. Considering the absence of
radio-clinical correlation and the ab-
sence of predictive value at this time,
performing an x-ray at D7 is probably
not useful in the follow-up of UGPL.
However, at M3, the x-ray score could
be used to guide treatment. If patients
have no changes in their calcification
at 3 months, they only have a 20%
probability of having improvement at
12 months whereas they have a 75 to
100% chance of improvement in case
of reduction by more than 90% or
disappearance. A follow-up visit at 3
months with a new x-ray would allow
clinicians to determine whether ad-
ditional treatment is necessary or not.
Finally, the scoring system showed a
sensitivity to change considered “sig-
nificant” according to Cohen’s thresh-
old (30) with an SRM of 0.8. This
suggests that our score is capable of
detecting clinically significant chang-
es. It would be interesting to use it as
an imaging outcome in future clinical
trials on calcific tendinopathy.
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Table III. Predictive value of our score at D7 and M3.

Score at D7 (n=66)

0 1 2 3 4 P
(minimal changes) (decrease in size <50%)  (decrease in size 50-90%)  (decrease in size >90%) (complete disappearance)

DASH M3 <15 21.7% (n=5/23) 27.8% (n=5/18) 35.3% (n=6/17) 0%(n=0/4) 25% (n=1/4) 0.657
DASH M3 <40 43.5% (n=10/23) 72.2% (n=13/18) 76.5% (n=13/17) 75%(n=3/4) 100%(n=4/4) 0.077
DASH MCID M3(n=63) 21.7% (n=5/23) 38.9% (n=7/18) 66.7% (n=10/15) 33.3% (n=1/3) 50% (n=2/4) 0.095
Score at M3 (n=67)
0 1 2 3 4 14
(minimal changes) (decrease in size <50%)  (decrease in size 50-90%)  (decrease in size >90%) (complete disappearance)
DASH M12 <15 21.4% (n=3/14) 72.7% (n=8/11) 50% (n=3/6) 62.5% (n=15/24) 83.3% (n=10/12) 0.016
DASH M12 <40 57.1% (n=8/14) 90.9% (n=10/11) 66.7% (n=4/6) 91.7% (n=22/24) 91.7% (n=11/12) 0.045
DASH MCID M12(n=64) 21.4% (n=3/14) 90% (n=9/10) 66.7% (n=4/6) 75% (n=18/24) 100% (n=10/10) <0.001

VAS: visual analogue scale; DASH: disabilities of the arm, shoulder and hand; MCID: mean clinical important difference.
(3 missing DASH scores at baseline (no calculation of the MCID), 3 others missing at M3 and 2 at M12).

Limitations

Our post-hoc analysis has certain limita-
tions. First, we only used part of the ini-
tial cohort, which involved patients from
a single centre. Although this group of
patients was similar to the overall co-
hort, this may have induced a selection
bias. Second, the readers were aware of
the order of the x-rays. To use our score,
referring to baseline x-ray was required
but knowing the order of follow-up
x-rays could have represented a bias.
Third, our score, which is composed of 5
options, might have induced more differ-
ences between readers and readings and
could have altered the inter- and intra-
reader reliability compared to the other
classifications which only include 3 and
4 options. In addition, Molé and Gértner
classifications did not consider disap-
pearance of the calcification. For this
reason, part of the x-rays could not be
evaluated, especially at M12 when part
of the calcifications had disappeared.
This may have induced bias in the reli-
ability analyses for these two classifica-
tions. Furthermore, the observers only
received an explanation on the classifica-
tion systems prior to the readings but did
not receive any specific training. Finally,
the data may be subject to the so-called
“Kappa paradox”. In some cases, when
the prevalence of an outcome is low, it
causes an imbalance in the marginal to-
tals, generating a lower Kappa than ex-
pected (31, 32). Afterwards, it will be
necessary to validate this new scoring
system in other patient cohorts.
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Conclusion

This study showed that our new score
based on the percentage of reduction
of the deposit had good psychometric
parameters, was correlated to shoulder
pain and function at M3 and M12, and
was capable of predicting the long-term
outcome in a cohort of patients under-
going treatment for CTRC. We believe
that it could help clinicians to manage
patients with CTRC.
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