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Current treatment concepts of
calcifying tendinitis of the
shoulder
A systematic review

Calcifying tendinitis (CT) is one of
themost common clinical conditions
in the shoulder area. The range
of symptoms is very diverse,
from asymptomatic coincidental
findings to pronounced pain with
functional pseudoparalysis. This
article provides an overview of
the different stages of calcifying
tendinitis with a corresponding
treatment recommendation based
on current literature data.

There are few scientifically proven facts
about the etiology of calcifications that
occur in the human musculoskeletal sys-
tem, locatedalmostexclusively inthearea
of the rotator cuff and in the supraspina-
tus tendon inparticular. Conversely, var-
ious findings on their epidemiology and
pathogenesis have been confirmed.

Bosworth (1941; [3]) found periartic-
ularcalcificationsinaradiologicsurveyof
12,122 shoulders of company employees,
with an incidence of 2.7%. In this cohort,
35% of the initially asymptomatic sub-
jects developed clinical symptomswithin
3 years. In an epidemiological study of
1219adultsbyLouwerensetal. [19], 7.8%
of asymptomatic subjects and 42.5% of
patientswith subacromialpainsyndrome
exhibited radiologic calcium deposits.

Calcifying tendinitis is a benign self-
limiting condition, in which phases of
relatively minor symptoms on loadbear-
ing only can alternate with those char-
acterized by agonizing resting pain. At
the end of these cyclic symptoms, the

calcium deposit resolves spontaneously
during the courseofan inflammatoryand
often highly painful process. The only
appreciable complication in the sponta-
neous course of CT is a phase of adhesive
capsulitis, which is always reversible.

The presentation is especially prob-
lematic in that the disease course and
particularly the duration cannot be pre-
dicted individually. While many patients
suffer from recurring symptoms, some-
times for years, in others there is sponta-
neous recovery after a single episode of
pain.

Gärtner [10, 11] classified calcifica-
tions from a prognostic perspective into
three types in terms of their radiologic
presentation (. Table1), where type Iwas
intended to correspond to a calcium de-
posit in the quiescent stage, type III to
calcification in the process of resorption,
and type II to intermediate calcification
(. Fig. 1).

However, because of its low inter- and
intraobserver reliability, this classifica-
tion is of only limited value for reliably
predicting the spontaneous course [22].

Against this background, the indica-
tion for the various treatment measures
is open to dispute in individual cases. In
the vast majority of cases, treatment is
conservative with physiotherapy, but in
protractedchronicorparticularlypainful
courses, physical procedures may also be
considered in the form of extracorporeal
shock wave therapy (ESWT) and, last
of all, (semi)invasive therapeutic options
involving ultrasound- or X-ray-guided

lavage (needling) and endoscopic inter-
ventions.

Methods

This review presents selected current
studies of the individual treatment pro-
cedures and attempts to derive a treat-
ment algorithm from these. The analysis
included all reviews of level of evidence I
(LoE I= systematic reviews or meta-
analyses of randomized controlled trials
[RCT] of evidence strength Ib) that could
be found in the electronicdatabasesMed-
line (via PubMed), Embase (via OVID),
and the Cochrane Library, and all the
studies recorded in their list of refer-
ences of level of evidence LoE Ib and
IIa (LoE Ib= RCTs; LoE IIa= controlled
trials without and with quasirandom-
ization) were analyzed. In addition,
individual older trials of lower evidence
(LoE IIb=well-planned case–control
studies) were included in the analysis,
either because of their high case num-
bers or because of an original problem
statement.

Results

Spontaneous course

Epidemiological studies of the sponta-
neous course of CT are rare. In his exten-
sive survey, Bosworth [3] observed spon-
taneous resorptionof the calcifications in
9.3% of cases within 3 years. In Gärtner’s
publication [11], the calcium shadow on
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Table 1 Radiologic classification of calcifications according toGärtner [11]
Classification Characteristics Stage

Type I Sharply outlined, homogeneous, dense Quiescent phase

Type II Mixed type Intermediate phase

Type III Vaguely outlined, inhomogeneous, transparent Resorption phase

Table 2 Comparison of the results of arthroscopic interventions in calcifying tendinitis
Authors LoE N Surgical proce-

dure
FU
(months)

CS VAS DASH

Clement [5] II 80 CE+ ASAD vs. CE 12 82.4 vs. 77.5 1.6 vs. 2.5 14.5 vs. 14.0

Hofstee [13] III 40 CE+ ASAD vs. CE 36 – 4.3 vs. 4.2 3.2 vs. 3.1

Marder [21] III 50 CE+ ASAD vs. CE 60 – 11.1 vs. 6.3 –

LoE level of evidence: LoE II controlled and randomized, LoE III controlled and (quasi)randomized,
CS Constant and Murley score, VAS visual analog scale, DASH Disabilities of Arm, Shoulder, and Hand
score

the radiologic image disappeared within
3 years in 33% of type I and in 71% of
type II calcifications. In a prospective
therapeutic study [12] of ESWT, 48 pa-
tients received placebo treatment only
as a control group and were monitored
over 12months. Spontaneous resorption
of the calcium deposit occurred in 11%
of cases within 6 months and in 25%
after 12 months, and there was a sub-
stantial freedom from symptoms of the
same scale.

The only relevant complication in the
spontaneous course of CT is secondary
shoulder stiffness, the incidence ofwhich
is not known and which is difficult to
differentiate from primary adhesive cap-
sulitis (frozen shoulder).

Osteolytic lesions in the area of the
greater tubercle of the humerus or trans-
mural lesions of the rotator cuff are very
rare complications.

Drugs and physiotherapy

Conservative therapyattemptson theone
hand to suppress the inflammatory pain
symptomatically by means of systemic
anti-inflammatory drugs and subacro-
mial steroid injections, and on the other
hand to stimulate the blood supply to
the tendons by means of local pressure
point massages and electrotherapy, and
to counteract adhesive capsulitis byman-
ual therapy. The efficacy of standardized
conservative treatment was evaluated in
a prospective cohort study [22] in 420 pa-
tients. In 73% of cases there was an
improvement in symptoms, while 27%

underwent endoscopic surgery following
treatment failure. Patients with type III
calcification in particular responded well
to conservative treatment, whereas type I
calcium deposits tended to cause fur-
ther symptoms. Dependence of treat-
ment outcome on the location of calcifi-
cations in the subacromial spacewas also
described. However, there was no radio-
logic follow-up of treatment responders
or nonresponders.

Extracorporeal shock wave therapy

Focused ESWT
Extracorporeal shock wave therapy
(ESWT) was evaluated and introduced
in the 1990s as a method of noninvasive
treatment of CT [18]. It involves the
generation of shock waves by means
of piezoelectric, electromagnetic, or
electrohydraulic sources, the energy of
which, when focused at one point, causes
mechanical disintegration of the calcium
deposit and, as a result, is intended to
convert the deposit from the quiescent
to the resorption phase. According to
the level of energy in the focus, low-
energy ESWT (<0.06mJ/mm2) is dis-
tinguished from high-energy ESWT
(<0.28mJ/mm2). The precondition for
these forms of ESWT is a positioning
device in the apparatuses used that allows
the shock waves to be focused on the
calcium deposit. In a few cases, high-
energy ESWT has been executed under
general anesthesia or intravenous pain
medication.

Gerdesmeyer et al. [12] conducted the
first multicenter prospectively random-
izedcontrolled trial inwhich the effectsof
focused high-energy ESWT were com-
pared with those of low-energy ESWT
and a placebo group. A total of 147 pa-
tients were observed over 12 months. In
bothESWTgroups therewasa significant
improvement in symptoms in the follow-
ups after 6 and 12months. Complete dis-
appearance of the calcium deposits was
observed on the radiologic image in 86%
after the high-energy treatment, in 37%
after the low-energy treatment, and in
25% after the placebo treatment.

A further prospectively randomized
trial [15]compared33patientswithhigh-
energy ESWT to 13 patients in a placebo
group. Clinically, ESWTresulted ingood
and excellent results after 1 year in 88%of
cases, compared with 0% in the control
group. Radiologic changes in the calcium
deposits occurred in 56% of the ESWT
group compared to 15% in the placebo
group.

To compare the efficacy of low- ver-
sus high-energy ESWT, Verstraelen et al.
[32] undertook a meta-analysis that in-
cluded five randomized trials [1, 12, 18,
24, 26]. All studies demonstrated the su-
periority of high-energy ESWT in terms
of the clinical and functional course of
CTasmeasuredby theConstant score. In
the studies that analyzed the radiologic
changes [1, 12, 18], resorption of the
calcium deposits was described within
3 months in 25% of cases after high-
energy ESWT and in 10% of cases af-
ter low-energy ESWT. Statistical analy-
sis revealed a significantly higher chance
of calcium resorption after high-energy
ESWT (odds ratio3.4; p= 0.009). Fur-
ther meta-analyses [16, 30] confirmed
these results.

Radial ESWT
Not to be confused with focused ESWT,
radial shock wave therapy (rESWT) in-
volves the use of shockwaves that are not
bundled and are intended to exert cir-
culation-enhancing and analgesic rather
thanmechanicaleffectsontheconnective
tissue in enthesopathies.

Only one RCT of the radiologi-
cal course [4] has been published on
rESWT for CT of the shoulder. In
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45 patients undergoing rESWT, com-
plete resorption was described in 86.6%
after 6 months and partial resorption in
13.4% (corresponding to a success rate of
100% in total), whereas, in comparison,
only 8.8% in an untreated control group
had partial resorption of the calcium
deposits. However, these results were
not reproduced in a more recent study
[6]. In this case, calcium resorption was
described in only one out of 14 subjects
(7%) over a short-term course of 6weeks.

All otherpublications simplyanalyzed
the pain response after rESWT in sub-
acromial pain syndrome [9].

Needling and lavage

Needling describes puncture of the cal-
cium deposits with a large-bore cannula,
which was undertaken in the past under
the guidance of an image converter and in
the last fewyearshas beenpredominantly
ultrasound guided. In this process, the
calcium deposits are simply opened or
rinsed with normal saline solution. In
many cases, a steroid preparation is then
injected into the subacromial space.

In a meta-analysis [33], 254 studies
on the topic of ultrasound-guided lavage
were analyzed, but of these only 8 pub-
lications with a total of 617 subjects met
the criteria for a study of LoE II. In five of
the studies, theConstant scorebefore and
at least 6 months after the beginning of
the study or treatment was examined as
a criterion. An improvement was found
in both groups, with statistical superior-
ity of the lavage group over the control
group. Five studies likewise investigated
the frequency of calcium resorption on
X-ray. Also in terms of this criterion was
asignificantdifference foundinthe lavage
group (165/220 patients, 75%) compared
with the control group (76/184 patients,
41%). Complications were reported in
3.6% after lavage and in 2.4% of the con-
trol group, although the nature of the ad-
verse effects was not described in further
detail. Of subjects from the lavage group,
12% subsequently underwent surgery as
opposed to 27% from the control group.

In an LoE IIa study, De Witte et al.
[8] investigated the effect of lavage with
a steroid injection versus injection alone.
The clinical course in terms of the Con-
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Abstract
Calcifying tendinitis is a very common patho-
logy in the shoulder region, which may be
acute or chronic. The rotator cuff, particularly
the supraspinatus tendon, is most frequently
affected. The tendons of the rotator cuff
undergo a natural cycle of destruction and
regeneration. The development of calcifying
tendinitis is caused by defective tendon
repair. Typical is a chronic course with acute
pain exacerbation, which leads to medical
presentation. Treatment options range from

conservative therapy including rest, physical
therapy, nonsteroidal anti-inflammatory
drugs, and shock wave therapy, to surgical
therapy with arthroscopic removal of the
calcific focus. This article discusses the current
stage-dependent therapeutic concepts and
provides a treatment recommendation.

Keywords
Tendinopathy · Extracorporeal shockwave
therapy · Tendons · Pain · Rotator cuff

Aktuelle Behandlungskonzepte der Tendinosis calcarea der
Schulter. Ein systematisches Review

Zusammenfassung
Die Tendinosis calcarea stellt eine sehr
häufige, akute oder chronische, pathologi-
sche Veränderung im Bereich der Schulter
dar. Am häufigsten ist dabei die Rotato-
renmanschette und hier insbesondere die
Supraspinatussehne betroffen. Die Sehnen
der Rotatorenmanschette unterliegen einem
natürlichen Kreislauf von Sehnenabbau
und -regeneration. Ursächlich für die
Entstehung des Kalkherds ist eine fehlerhafte
Sehnenreparatur. Typisch ist ein chronischer
Verlauf mit akuter Schmerzexazerbation,
welche zu einer ärztlichen Vorstellung führt.
Die Therapiemöglichkeiten reichen von der

konservativen Therapie, u. a. mit Schonung,
physikalischer Therapie, nichtsteroidalen
entzündungshemmenden Medikamenten
und Stoßwellentherapie, bis hin zur
operativen Therapie mit arthroskopischer
Entfernung des Kalkherds. Im vorliegenden
Beitrag werden stadienabhängig die
aktuellen Therapiekonzepte diskutiert und
eine Behandlungsempfehlung gegeben.

Schlüsselwörter
Tendinopathie · Extrakorporale Stoß-
wellentherapie · Sehnen · Schmerzen ·
Rotatorenmanschette

stant score did not differ significantly be-
tweenthetwogroupsinthefirst3months.
After1year, theCSinthecombinedgroup
was 86 points as opposed to 73 points
in the injection group (p<0.005). Af-
ter 1 year, complete resorption of the
calcium deposits was seen in 13/23 pa-
tients (56%)after lavageplus steroidcom-
pared to 6/25 patients (24%) after injec-
tion alone.

Lavage versus ESWT

InaprospectiveRCTin201patients, Del-
Castillo et al. [7] compared the effects of
lavage (with an additional steroid injec-
tion) to those of ESWT (without steroid).
The criteria of pain on a visual analogue
scale (VAS) and development in size of

the calcium deposits were monitored by
ultrasoundandanalyzedovera12-month
period after treatment. In both groups,
a significant reduction in pain occurred
over the course of time, with a posi-
tive correlation between improvement in
VAS and reduction in size of the calcium
deposits. No relevant adverse effects or
complications were observed, apart from
pain on ESWT and vasovagal reactions
in 5% of cases during lavage. Freedom
frompainwas achieved at the endpoint in
89% after lavage and in 82% after ESWT
(p= 0.13), and the calcium deposits were
no longer visualizable on ultrasound in
87% after lavage and in 56% after ESWT
(p<0.0001).

In a prospectively randomized trial,
De Boer et al. [6] compared the effect of
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a b c

Fig. 18 Radiologic classification of calcifications according toGärtner.a Type I: dual-segment, compact, homogeneous cal-
ciumdeposit.b Type II: same patient as a after extracorporeal shockwave therapy.Dispersed,multisegmented calcification,
no longer smoothly outlined. c Type III: cloudy, inhomogeneous calcificationwith blurred outlines obviously in the stage of
disintegration

rESWT with lavage (with an additional
steroid injection) on the clinical and ra-
diological course of CT in a very small
cohort (n= 25) with a 12-month follow-
up. Five of the 14 subjects after rESWT
(36%) and one of the 11 subjects after
lavage (10%) discontinued the study be-
cause of treatment failure and underwent
surgery. After 1 year, 40% in both groups
were free from symptoms. In one of the
remaining 9 patients, calcium resorption
occurred after rESWT as opposed to in
5 of 10 patients after lavage.

Surgical treatment options

Because of the risk of complications asso-
ciated with its invasive nature, a surgical
intervention should be regarded as a last
resort in the treatment of CT. Surgery in-
cludes three endoscopic procedures: cal-
cium excision (CE), arthroscopic sub-
acromial decompression (ASAD), and
a combination of CE with ASAD. There
is alsodiscussionas towhether in the case
of CE, the incised tendon fascia should
be closed or whether it should be left
open.

A current literature search [31] ana-
lyzed all the articles listed in Medline,
Embase, Cinahl, and Cochrane on this
subjectandoutof574publications, found
only 6 LoE II or III studies in which
comparisons were undertaken between
individual surgical procedures, but not
a single study with an untreated control
group. Thesubjective and functional suc-
cess rate was between 73 and 80% with
all procedures studied.

From a functional and clinical view-
point, there was no difference in three
studies between the procedures with

CE alone compared to CE plus ASAD
(. Table 2). Verstraelen [31] concludes
that there is no relationship between CT
and subacromial impingement.

On the other hand, the authors Hof-
stee et al. [13] and Tilander et al. [29]
reported no difference between ASAD
alone and ASAD plus CE in their long-
term studies. These observations appear
to support a correlation between CT and
impingement.

Maier et al. [20] and Rubenthaler
et al. [27] found no difference in results
between two groups in which CE and
decompression were undertaken arthro-
scopically or open.

Porcellini et al. [23] analyzed the re-
sults after endoscopic CEwith orwithout
suture of the incised fascia in a retrospec-
tive study. After 2 years, significantly bet-
ter clinical results were found in patients
in whom the calcium had been com-
pletely removed compared to those with
residual calcium deposits. At the same
time, fascial suturedoesnotyieldanybet-
ter results. No secondary tendon lesions
were described on ultrasound follow-up.
Nevertheless, the authors recommended
closure of the fascia after CE. Balke et al.
[2] did not share this recommendation
following their retrospective analysis of
70 shoulders. However, they found a par-
tial lesion of the supraspinatus tendon on
ultrasound in 22% of cases at an average
of 6 years (2–13 years) after the interven-
tion. Shoulder function was significantly
poorer on the operated side than on the
contralateral side.

Ranaletta et al. [25] regularly per-
formed a side-to-side suture or a trans-
osseous suture using the suture anchor
repair technique in 30 patients after CE,

depending on the position and extent of
the residual tendon defect. In 21 pa-
tients, MRI was performed a mean of
3yearspostoperativelyandrevealedcom-
plete integrity of the tendons concerned
in all cases.

A comparative analysis of complica-
tions was not performed in the literature
search [31]. However, not a single patient
in all the studies cited had to undergo
revision because of a complication.

The frequency of transient secondary
shoulder stiffness following various
arthroscopic interventions is reported
by Jacobs and de Beer [17] as 18%.
According to their retrospective analysis
of 61 patients, this occurred in the early
postoperative phase and did not affect
the final outcome after a mean follow-
up of 15 months.

Discussion

Although calcifying tendinitis of the
shoulder is a self-limiting condition in
which spontaneous calcium resorption
and hence freedom from symptoms is
to be expected in many cases over a pe-
riod of 1 to 3 years, this perspective
represents an unacceptable situation for
the majority of sufferers, particularly be-
cause of the impossibility of predicting
the individual course. For this reason,
symptomatic conservative treatment
should be considered in most cases and
also an invasive intervention in selected
patients in the event of a chronic course.

Surgical removal of calcium deposits
is generally viewed as the “treatment of
last choice” because it is said to be asso-
ciated with high costs, the highest risk of
complications, and the longest rehabili-
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Stage I Stage I Stage I

Stage II

Stage III

Resolution

Physiotherapy

Physiotherapy ESWT

Endoscopy

ESWT

Lavage

Physiotherapy

Analgesics

Stage II
Physiotherapy

Endoscopy

Physiotherapy
Analgesics

Fig. 29 Treatment algo-
rithm in calcifying tendini-
tisof theshoulder. ESWTex-
tracorporeal shockwave
therapy

tation time. However, there is not yet any
scientific evidence for this assumption.

In a systematic literature review,
Louwerensetal. [19]analyzed20prospec-
tive, controlled, and (quasi)randomized
trials of the efficacy of noninvasive treat-
ment procedures (high-energy ESWT,
rESWT, lavage, subacromial steroid
injection, transcutaneous nerve stim-
ulation [TENS], laser, and ultrasound
therapy) with type I and II calcium
deposits with a minimum follow-up of
3 months. The authors came to the
conclusion that high-energy focused
ESWT is the most exhaustively studied
treatment procedure, which can be re-
garded as safe and effective in the short
and medium term. Ultrasound-guided
lavage has proved an equally safe pro-
cedure to subacromial steroid injection,
but is no more effective.

Theindicationfor the individuallyrec-
ommended therapeutic measures must
be geared to the expected spontaneous
course. In this respect, even considering
the limited reliability of Gärtners clas-
sification, the radiologic image provides
an important aid.

Calcificationsof radiologic type III are
highly likely to be in a stage of resorp-
tionandthere isnoindicationfor invasive
therapeutic measures. Because of the as-
sociated pain, ESWT is not feasible in
this phase.

Decision-making is more difficult in
radiologic types I and II. In the case of
these images, spontaneous resorption is
to be expected in between 9 and 25% of
caseswithin 1 year [3, 11, 12]. Conserva-
tive treatment in these stages can result
in an improvement in symptoms in 70%
of cases [22].

High-energy ESWT results in sponta-
neous resorption of type I calcifications
within a year in 86% of cases [12]; the
results following low-energy ESWT and
radial ESWT are contradictory [12, 14,
16, 18, 19, 24, 26, 28, 30, 32]. When
high-energy ESWT is performed under
local anesthesia, it has strictly speaking
to be called a semi-invasive procedure.

Ultrasound-guided lavage with or
without steroid injection results in an im-
provement in symptomswithin 3months
in about 80% of cases, but this only per-
sists if there is resorption of the calcium
deposit.

Endoscopic removal of calcium de-
posits with or without ASAD resulted in
freedom from symptoms in about 80%
of cases within 6–26 weeks. The result
depends on the complete elimination or
resorption of the calcium deposit at the
time of the follow-up examination.

Most authors recommend additional
ASADonly in cases of a radiologicallyde-
tectable acromial spur or traces ofwear at
the front of the acromion on arthroscopy.

For the authors, the findings summa-
rized in this literature analysis yield the
treatment algorithm depicted in . Fig. 2.
At the same time, treatment must be
geared to the individual presentation, the
functionalrestrictions, theradiologiccal-
cification type and, not least, to the in-
dividual needs of patients, who must be
informed of all treatment options.

Of course, any incidentally detected
asymptomatic calcifications have not to
be treated at all. On first diagnosis of
a previously untreated CT with tolera-
ble symptoms and of radiologic type I,
physiotherapy is initiated with the aim of
stimulating vascularization of the tendon
and hence improving the conditions for
resorption of the calcium deposit. Com-
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plementary focused ESWT can result in
disintegration of the calcium deposit in
about half of cases. If this is unsuccessful,
needling with lavage should be consid-
ered as a semi-invasive treatment mea-
sure. As the spectrum of complications
is comparable to that of endoscopic CE,
in this situation the authors prefer the
latter procedure because of the greater
prospects of success.

In the case of a primary diagnosis
in the intermediate stage with radiologic
type II, analgesia with NSAIDs should be
undertaken in addition to physiotherapy,
if necessary in combination with sub-
acromial injection of a steroid prepara-
tion mixed with a local anesthetic. In
the absence of success, endoscopic CE is
performed.

On first diagnosis in radiologic
stage III, which in many cases is ac-
companied by violent pain, invasive
measures are not indicated. In this case,
consistent pain therapywith subacromial
injection and potent analgesics, where
necessary opioids, is recommended,
since a short-term spontaneous recovery
may be expected.

Practical conclusion

4 Calcifying tendinitis (CT) of the
shoulder is a self-limiting condition
in which spontaneous resolution
can be expected in many cases over
a period of 1–3 years.

4 Due to considerable pain and the im-
possibility of predicting the individ-
ual course, symptomatic conservative
treatment should be considered in
most cases as well as an invasive
intervention in selected patients with
chronic CT.

4 The indication for individually rec-
ommended therapeutic measures
must be geared to the expected
spontaneous course. Noninvasive
treatment procedures include ex-
tracorporeal shock wave therapy,
lavage, subacromial steroid injection,
transcutaneous nerve stimulation,
laser, and ultrasound therapy.

4 Surgical removal of calcium deposits
is generally viewed as the “treatment
of last choice.”
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