
Calcific tendinitis is a common cause of shoulder
pain ; its treatment is based on the stage of the dis-
ease. Unfortunately the existing classification based
on radiographs has low reliability. The aim of this
study was to evaluate the contribution of CT scans to
this matter. Fifty-six consecutive patients with calcif-
ic tendinitis were included in this study. Radiographs
and CT scans were taken and were evaluated inde-
pendently by six observers and classified according to
the following systems : Gärtner, De Palma, Patte and
Mole. After four months the same observers repeated
their evaluation. The inter- and intraobserver relia-
bility was calculated using Cohen’s kappa analysis.
The intraobserver reliability was sufficient using both
CT and radiographs. Minimally better (not statisti-
cally significant) results were found for CT scans,
especially for the Gärtner classification. Inter -
observer reliability was also better with CT scans but
most of the time still hardly satisfactory. The classifi-
cation scores for calcific tendinitis show insufficient
reliability and reproducibility. This can be improved
somewhat when using CT scans, but still remains
unsatisfactory.
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De Palma ; Patte ; Mole.

INTRODUCTION

Calcific tendinitis is a common cause of shoulder
pain in the middle aged population, usually self-
limiting and presenting at different stages (9,10,21,

22). Its pathogenesis is still discussed and various
treatment options exist, depending on the stage of
the disease : conservative treatment, needling (5),
shock wave application (1) or surgical removal
(open versus arthroscopic) (19) of the calcific
deposit, mostly from within the supraspinatus ten-
don. The progression of the disease can be divided
into three main phases : the first stage is the pre -
calcific stage (stage I), where chondroid metaplasia
takes place. This is usually asymptomatic. Next,
during the calcific  stage (stage II), calcium is being
deposited in the extracellular matrix and calcific
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deposits are being formed (formation phase),
replacing the fibrocartilage tissue. After a certain
time period, the process turns into a resting phase
and patients are free of pain. On radiographs, the
deposits are now usually well demarcated. After a
while, the resorption of the deposits is triggered by
some unknown mechanism (resorption phase),
which can be very painful to the patients. The cal-
cific deposits appear rather blurred on radiographs.
In the postcalcific stage (stage III), the defects are
filled with granulation tissue and remodelling of the
tendon takes place (22).
Different classification systems can be used to

assess the radiological appearance of the calcific
deposits. Reliable scores are important when decid-
ing on patient therapy because calcific deposits are
treated differently according to their actual stage of
disease (22). Furthermore, the scores are important
to precisely evaluate the outcome of treatment and
compare different studies. The two most widely
used classification scores for the appearance of the
calcific deposits on radiographs are the De Palma
and Gärtner classifications (3,6,14). It was shown
recently that neither intra- nor interobserver reliabil-
ity is acceptable using the De Palma, Gärtner, Patte
or Mole classification on X-ray images (12,13).
Therefore, other imaging modalities like ultrasound
and MRI were evaluated for their use to classify cal-
cific deposits, but they could not reach widespread
clinical use so far (2,23). CT scans were reported to
be more reliable than plain radiographs to predict
the consistency of the deposit, but no further infor-
mation was given about the inter- or intraobserver
agreement (4). Because of this lack of reliable classi-
fication systems, recent studies sometimes do not
apply radiological scores anymore (1,18), making it
difficult to compare the outcomes between studies
and to evaluate new treatment options.
Therefore the aim of this study was to investigate

whether a more precise classification of the calcific
deposits can be achieved using CT scans. The intra-
and interobserver reliability of the De Palma,
Gärtner, Patte and Mole classifications were evalu-
ated by six independent observers grading radio -
graphs and CT images of calcific deposits accord-
ing to these classifications and repeating this
process again a few months later.
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MATERIAL AND METHODS

Patient selection

Fifty-six consecutive patients (37 women, 19 men ;
mean age : 50.8 years ; range : 31 to 82) who presented
with calcific tendinitis between 06/2000 and 09/2001
were included. Inclusion criteria were the presence of
only one radiologically discernible calcification greater
than 5 mm in diameter in the supraspinatus tendon.
Patients were only included if they had not received a
corticosteroid injection in the last 12 weeks before pres-
entation. Radiographs in three planes (true AP, axial,
scapula-Y) and axial CT scans with 1mm slice thickness
were obtained of each shoulder. The images were ran-
domised and numbered.

Classification

Two weeks before classification, the observers (four
experienced orthopaedic surgeons and two radiologists)
received the original articles explaining the various
classification  systems. The following classifications
were used :

1. Gärtner : type I (well demarcated, dense deposit), type
II (soft contour and dense deposit or sharp contours
and transparent deposit) and type III (soft contours
and transparent) (6). 

2. De Palma : type I (fluffy and amorphous) and type II
(defined and homogeneous) (3). 

3. Patte : type I (localised and homogeneous) and type II
(diffuse, disseminated and heterogeneous) (17).

4. Mole : type A (dense, homogeneous, sharp contours),
type B (dense, cloudy, sharp contours), type C
 (inhomogeneous, soft contours) and type D (dys -
trophic calcifications of the insertion zone of the
rotator  cuff tendons) (15). 

The time for making the diagnosis was not limited.
However, once the next film was presented a decision
could not be changed. Radiographs and CT scans were
analysed independently in a randomised order by six
independent observers. This was replicated 16 to
18 weeks later. The observers were not informed of any
results until the study was completed.

Statistical analysis

Statistical analysis was carried out based on Cohen’s
kappa statistics, in order to determine observer variabili-
ty in the interpretation of morphological findings (16,20).



The weighted kappa statistics using a quadratic weight-
ing scheme were calculated for each situation. Intra rater
kappa was calculated for the two measurements for each
rater. Inter rater kappa was determined for all pairs of
raters. Means and standard deviation are reported for
the different possible pairs of observers. For comparing
different methods paired t-tests were used. To achieve
normality, the kappa values had to be transformed by the
Fisher transformation (20). The data analysis for this
 publication was generated using SAS/STAT software,
version 9.1 of the SAS System (SAS Institute Inc.).
Interpretation of kappa values was performed according
to Landis and Koch (11) : insufficient (0.0 – 0.2), satisfac-
tory (0.21 – 0.4), sufficient (0.41 – 0.6), good (0.61 – 0.8)
and excellent (0.81 – 1.0) agreement.

RESULTS

Intraobserver reliability

CT

The intraobserver agreement of the different
observers using the four classifications on CT scans
was very low (table I). Sufficient agreement was
only achieved using the Gärtner (mean kappa value
0.42 ± 0.17) classification. De Palma (mean kappa
value 0.34 ± 0.11) and Mole (mean kappa value
0.23 ± 0.21) classifications were satisfactory and
Patte (mean kappa value 0.18 ± 0.24) classification
was insufficient. When comparing orthopaedic sur-
geons (n = 4) with radiologists (n = 2), orthopaedic
surgeons achieved higher kappa values for Gärtner
classification (0.50 ± 0.07 (ortho) and 0.26 ± 0.22
(radio)) and radiologists higher reliability for De
Palma classification (0.33 ± 0.14 (ortho) and 0.36 ±
0.04 (radio)).

Radiographs

No statistically significant difference (p = 0.789)
was noted between plain radiographs and CT with
respect to  reliability, although CT reliability was
generally better with the Gärtner and De Palma
classifications and worse with the Mole and Patte
scores (table I). With evaluation of plain radio -
graphs, orthopaedic surgeons achieved higher
kappa values using De Palma’s classification than
radiologists (0.27 ± 0.12 vs. 0.17 ± 0.06), whereas
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radiologists achieved nearly the same results using
Gärtner’s classification (0.36 ± 0.28 vs. 0.36 ±
0.22).

Interobserver reliability

CT

The interobserver agreement was low for CT
scans and the best agreement was noted for Gärtner,
followed by De Palma (table II). For De Palma,
which only has two classes (Type I and II), the
agreement between the different observers was
assessed in detail : at the first point of time, the
gradings of 25/56 (44.6%) deposits were in agree-
ment between all six observers, versus 13/56
(23.2%) between five observers, 12/56 (21.2%)
between four observers and 6/56 (10.7%) between
three observers. At the second point of time, agree-
ment was achieved in 14/56 (25%) cases between
all six observers, between five in 18/56 (32.1%),
between four in 13/56 (23.2%) and between three in
11/56 (19.6%).

Radiographs

The interobserver reliability in radiographs was
worse when using the Gärtner (p = 0.014) classifi-
cation (table II). In detail, for the De Palma classi-
fication, the agreement between the different
observers was also calculated : at the first time
point, 25/56 (44.6%) deposit gradings were in
agreement between all six observers, 12/56 (21.2%)
between five observers, 12/56 (21.2%) between
four observers and 7/56 (12.5%) between three
observers. At the second time point, agreement
between all six observers was achieved in 6/56
(10.7%) cases, between five in 21/56 (37.5%),
between four in 23/56 (41.1%) and between three in
6/56 (10.7%) cases.

DISCUSSION

In order to determine the best possible treatment
for the patient, it is important to be able to reliably
predict the consistency of the deposit and hereby
the stage of the disease by characterizing the radio-
logical image in one of the classification systems in
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clinical use at present. A good classification system
further has two prerequisites : each observer should
grade the calcific deposit identically at successive
evaluations (intraobserver agreement). Second,
identical classifications should be obtained by
different  observers (interobserver agreement).
For the investigation of the common systems’

reliability, recent studies by Maier et al determined
the intra- and interobserver agreement of the
classification  systems by Patte, Mole (13), and De
Palma (12) using X-ray images of calcific deposits.
The results from these studies show that the cur -
rently used classification systems based on X-ray
images are far from satisfactory in terms of inter-
and intraobserver reliability according to the Landis
and Koch analysis as described above. Compared to
our study they reported only slightly higher kappa

values despite higher patient numbers. The De
Palma classification showed the best results for
intraobserver (kappa value 0.487) and interobserver
reliability (kappa value 0.234) on radiographs. To
improve the reliability, Farin et al (4) investigated
the value of CT scans in terms of predicting the
consistency of the calcifications as later identified
by needling. In this study, CT scans were in better
agreement with the needling results than ultrasound
or conventional radiographs. However the patient
number was very small (n = 20) and none of the
commonly used classification systems was used.
In order to investigate whether the reliability of a
classification could be improved by more accurate
images of the calcific deposits, our study was
planned with both radiographs and CT scans taken
of every patient with calcific tendinitis as described

Table I. — Intraobserver reliability CT / radiograph : Kappa values for intraobserver agreement
for the different classification scores using CT and plain radiographs. The single values represent

the mean kappa values between the six different observers

Classification Observers [n] Kappa Value Minimum Maximum
[Mean ± SD]

CT DePalma 6 0.34 ± 0.11 0.12 0.44
X-ray 6 0.24 ± 0.11 0.12 0.38

CT Gärtner 6 0.42 ± 0.17 0.10 0.61
X-ray 6 0.36 ± 0.21 0.16 0.63

CT Mole 6 0.23 ± 0.21 0.03 0.54
X-ray 6 0.34 ± 0.24 0.13 0.75

CT Patte 6 0.18 ± 0.24 -0.17 0.51
X-ray 6 0.28 ± 0.13 0.07 0.48

Table II. — Interobserver reliability CT / radiograph : Kappa values of interobserver agreement
for the different classification scores using CT and radiographs. The single values represent the mean
of the 30 kappa values of the 15 pairs of different observers measured at the two points of time

Classification Observer [n] Kappa Value Minimum Maximum
[Mean ± SD]

CT DePalma 30 0.32 ± 0.22 -0.08 1.00
X-ray 30 0.34 ± 0.27 -0.01 1.00

CT Gärtner 30 0.40 ± 0.15 0.15 0.78
X-ray 30 0.33 ± 0.16 -0.05 0.68

CT Mole 30 0.20 ± 0.15 -0.10 0.47
X-ray 30 0.18 ± 0.15 -0.09 0.54

CT Patte 30 0.22 ± 0.15 -0.08 0.54
X-ray 30 0.24 ± 0.14 -0.07 0.51



in the material and methods section. As our results
show, the reliability (both inter- and intraobserver)
of classification systems was marginally higher
using CT scans when compared to plain radio -
graphs, especially regarding the Gärtner classifica-
tion. The difference however is not statistically sig-
nificant. With respect to our results, the Mole and
Patte classifications cannot be recommended in
terms of intra- and interobserver reliability, neither
using CT nor plain radiographs. This is in some
contrast to our previous work, where at least for the
Patte classification a kappa value of 0.458 for
intraobserver agreement and 0.4 for interobserver
agreement was achieved (13).
Moreover CT scans expose patients to more radi-

ation, are more time consuming and more expen-
sive. Therefore we cannot recommend using CT
scans for the classification of calcific deposits,
based on our analysis of the classification systems
according to the Landis and Koch analysis (11).
Most likely, the applied method cannot be the rea-
son for a lack of correlation between scores. There
may be different reasons for the obstacles encoun-
tered. Most difficulties for an exact classification
arise from the continuous progression of the dis-
ease. There is no clear cut step from one stage to
another, neither clinically nor radiographically.
Even the mineral composition does not change
between acute and chronic calcific deposits (7,8).
This suggests that the progression of the disease
must be influenced by other mechanisms. 
Nonetheless, for the best treatment option, the

determination of the exact stage of the disease
should be warranted. Unfortunately, until now,
there is no classification system that can serve for
this purpose. Even when using imaging modalities
other than plain radiographs, no significant
improvement in reliability of the different classifi-
cation scores has been made until today. Studies
based on currently used classification systems thus
have to be interpreted with caution. 
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