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CHAPTER 1

INTRODUCTION

Calcifying tendinitis of the shoulder is a
disease in which one or multiple calcific
deposits are located within one or more
tendons of the rotator cuff (Figure 1). [1]
The rotator cuff is a complex cooperation
betweenfourmuscleswhichoriginateonthe
scapula and attach at different sites on the
proximal humeral bone. [2] This vulnerable
complex functions as a dynamic stabiliser
of the intrinsically unstable shoulder joint.
Conditions of the rotator cuff, such as
rotator cuff tears and tendinopathies, are a
common cause of shoulder complaints. [3]
The presence of subacromial calcifications
are first described by Painter in 1907 as
a radiological finding. At that time, the

Subacromial —— Acromion
Calcium bursa
hydroxyapatite
crystals

Supraspinatus
tendon

\

Deltoid
muscle

Figure 1. Presence of calcific deposits within
rotator cuff. (reproduced with permission from
Speed et all [16], Copyright Massachusetts

. . ) Medical Society
hypothesis was that these calcific deposits

were located in the subacromial bursa. [4] Codman was in 1941 the first to acknowledge
that the calcific deposits did not arise from the subacromial bursa but from the tendon
underneath it. In addition, Codman noticed that the supraspinatus tendon was most
often affected. [5]In 1941 a large cohort study of 12.122 shoulders was published by
Bosworth. [6] The hypothesis of Bosworth was that calcifying tendinitis of the shoulder
could be a degenerative disease. The calcific deposits were hypothesized to be the result
of repetitive trauma causing micro tears within the rotator cuff. These micro trauma were
hypothesized to be caused by conditions such as subacromial impingement. [6] In 1997,
Uhthoff and Loehr hypothesized that calcifying tendinitis could be an inflammatory and
self-limiting disease, which did not have a relation with degenerative disease. Although
Uhthoff and Loehr described the naturel course of the disease, the exact mechanism of
triggering this process and thus the aetiology of calcifying tendinitis of the shoulder still
is not fully understood. [7]

Epidemiology

In the general population shoulder disorders are common with an estimated lifetime
prevalence of 34%. [3] Calcifying tendinitis is one of the most commonly diagnosed
disorders of the shoulder. In the Netherlands, the incidence of shoulder disorders in
primary care is nineteen per 1.000 persons-year. [3,8] It affects individuals between 30
and 60 years of age. Women are more frequently affected compared to men with a 2:1
ratio. [6,9]
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In 2015 the most recent Dutch epidemiological data on subacromial calcifications were
published. [10] In a cohort study 734 radiographs were screened of patients without prior
shoulder complaints who were seen at the emergency department with a shoulder trauma
(asymptomatic group). Furthermore, 485 patients who were referred to the orthopaedic
surgeon with shoulder complaints were evaluated (symptomatic patients). The authors
observed a prevalence of subacromial calcifications of 7.8% in asymptomatic people
with a mean size of the calcification of 0.42 cm and a prevalence of 42.5% in patients
with shoulder complaints with a mean size of 1.16 cm. [10] This is in line with the general
thought that larger size calcifications are more likely to cause symptoms. [6,11-13]

Of the four rotator cuff tendons the supraspinatus tendon is most often affected with
an incidence of 80%. In 15% the calcific deposit is located in the infraspinatus tendon
and in 5% the subscapularis tendon is involved. In about 20% of the patients multiple
tendons are affected. Furthermore, calcifying tendinitis can occur bilaterally. [14,15] In
the supraspinatus tendon the calcific deposits are typically located 1.5 to 2.0 cm of its
insertion on the greater tubercle of the humeral bone. It is assumed that this is related
to the fact that this site is poorly vascularised. [15-17]

Natural course and pathophysiology

As mentioned above, Uhthoff and Loehr [7] have proposed a natural course of calcifying
tendinitis. It is hypothesized that calcifying tendinitis of the shoulder is a self-limiting
disease, and it passes several consecutive stages (Figure 2).

NORMAL TENDON

Reconslitulion
1 pain

Fibrocartilaginous
metaplasia
= pain

Precalcific
slage

Pastcaleific
slage

Resorptive phase
+ pain

Formative phase
& pain
Calcific stage

Resting period
£ pain

Figure 2. Proposed natural course of calcifying tendinitis of the shoulder. (adapted from Diehl et
al. [14])
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In the precalcific stage metaplasia takes place from tenocytes to chondrocytes which
is accompanied by metachromasia. The second stage is the calcific stage. This can be
subdivided into three distinct phases. The first phase is the formative phase. In this phase
calcium or carbonated crystals are deposited in a matrix to form a calcific deposit in which
the depositis chalk-like and contains several septa. As time passes the septa diminish and
the deposit can increase in size. The second phase is a resting phase. At this point no
significant changes appear in the calcific deposits. Inflammation and vascular channels
are not apparent. The duration of these first two phases can vary tremendously. The final
phase of the calcific stage is the resorptive phase. During this phase vascular channels
starting from a peripherical zone become apparent. With this appearance, macrophages
and multinucleated giant cells can come into action. Factors which trigger the resorption
phase remain unknown. In this final phase the calcific deposit has a toothpaste like
appearance. Phagocytosis of the calcific deposit takes place, leaving some scar tissue at
the site of the prior calcifications. The postcalcific stage is characterized by replacement
of this scar tissue (type Ill collagen) into normal tendon tissue (type | collagen). The entire
natural course of calcifying tendinitis can take up to three to five years. [7]

Clinical presentation

The clinical presentation of patients with calcifying tendinitis of the shoulder varies
significantly. It depends on the stage of the disease, the size and the location of the
calcific deposit. The most frequently observed symptoms are pain and decreased range
of motion. [14]

Especially in the resorptive phase the patient can experience a sudden onset of severe
symptoms. It can even mimic the symptoms of a septic bursitis or arthritis. This is caused
by the eruption of the calcific depositin the subacromial bursa. [18,19] In the otherstages
the symptoms are often mild and mostly remain subclinical. [16] Bosworth [6] stated that
symptoms are mostly present when calcifications were larger than 1.5cm in diameter.
The hypothesis is that larger size calcifications are more likely to cause subacromial
impingement resulting in microtrauma to the rotator cuff tendons. [6] Other authors
postulate that besides the size, the anatomical location and morphology of the calcific
deposit are most related to the presence of symptoms of pain and decreased range of
motion. [11,13,20]
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Figure 3. Gartner and Heyer classification of calcifying tendinitis of the shoulder. A shows type
| calcification, B shows type Il calcification, C shows type Ill calcification. (adapted from Brinkman et
al. [46])

Radiological evaluation

When calcifying tendinitis of the rotator cuff is expected, radiographs of the affected
shoulder should be obtained in three directions: true AP-view, AP-view in internal
and external rotation. These standardized radiographs are also valuable during
follow-up. Based on standardized radiographs several authors have proposed a
classification system. A commonly used classification is the one proposed by Gartner
and Heyer [20]. They proposed a classification based on the appearance of the calcific
deposits on conventional radiographs (Figure 3). They categorized the subacromial
calcifications into three types. Type 1 calcifications have a clearly circumscribed and
dense appearance. Type 2 calcifications have a mixed appearance on the radiographs
as they are partly clearly circumscribed but are less dense than a type 1 calcifications.
Type 3 calcifications have a cloudy and translucent appearance. Type 3 calcifications
are thought to be related to the resorptive phase and have a high potency for
spontaneous resolution. Type 1 and 2 calcifications are thought to be related to
the formative and resting phase and are less likely to spontaneously dissolve. [20]
Another imaging technique valuable to visualise the subacromial calcific deposits
is sonography. Sonography is a reliable imaging technique to detect and define the
location of the calcific deposits. Farin and Jaroma [21] defined three types of subacromial
calcifications based on sonography. Type 1 calcifications have a hyperechoic focus
with a well-defined shadow. Type 2 calcifications have a hyperechoic focus with a faint
shadow, and type 3 calcifications have a hyperechoic focus without a shadow. However,
this classification does not have a correlation with the formative or resorptive phase.
[21] Other imaging techniques such as magnetic resonance imaging and computed
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tomography are less valuable in diagnosing and treating calcifying tendinitis of the
shoulder.However, they can be valuable in ruling out other subacromial or glenohumeral
pathology. [14]

TREATMENT OF CALCIFYING TENDINITIS OF THE
SHOULDER

Conservative therapy

The initial treatment of calcifying tendinitis of the shoulder consists of conservative
measures. Conservative treatment can include exercise therapy, anti-inflammatory
drugs, ice therapy and/ or subacromial corticosteroid injections. [11] In the majority
of patients this treatment regime is successful. However, nearly 30% of the patients
remain symptomatic. [11,13]Several prognostic factors for the outcome of conservative
treatment have been recognized. Negative prognostic factors are a more medial
extension of the calcific deposit, bilateral and multifocal occurrence, a large volume of
the calcific deposit and a more anterior localization within the supraspinatus tendon.
Positive prognostic factors are Gartner type 3 deposits and a lack of sonographic sound
extinction (Farin type 3) of the calcific deposit. [11-13]

Treatment options for conservative therapy resistant calcifying tendinitis of the
shoulder

If this initial conservative treatment fails the next step treatment remains unclear. [10]
Treatment options for conservative therapy resistant can be grouped in either a surgical
or a minimal invasive treatment. Surgical treatment shows good and predictable clinical
outcomes, but are invasive and desire a prolonged rehabilitation. [22] On the other
hand, minimal invasive techniques, such as extracorporeal shockwave therapy (ESWT) or
needle aspiration of the calcific deposit (NACD) also show promising clinical outcomes.
Though, there is limited long term data, the short-term results are promising. [23,24]
Some authors even state that these minimal invasive techniques may show comparable
clinical outcomes to the surgical treatment. [25,26]

Surgical treatment options

Historically, surgical treatment has been the next step treatment for patients with
conservative therapy resistant calcifying tendinitis of the shoulder. [14] Several surgical
treatment options are described in orthopaedic literature. The first option is performing
only a subacromial decompression and leaving the calcifications untouched. In this
procedure the subacromial space is enlarged and by performing an acromioplasty several
growth factors are released into the subacromial space. This could potentially stimulate
the tendon to start the resorption phase, which is the final phase of the natural course
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of calcifying tendinitis. [27] The advantage of this approach is that the rotator cuff is
not damaged and as such -in theory- is less prone to develop a rotator cuff tear. [28]
The second surgical treatment option is performing only a debridement of the calcific
deposits. Debate remains whether to complete removal is necessary or if arthroscopic
needling/ partial removal is sufficient. With this latter approach extensive damage to the
rotator cuff tendons again can be avoided and rotator cuff repair often is not necessary.
[29-31] The third option is a combination of debridement of the calcific deposits and a
subacromial decompression. [22,32,33] It is not clear yet whether calcifying tendinitis
of the shoulder is related to subacromial impingement and therefore if a subacromial
decompression is necessary. The three aforementioned surgical procedures can either
be performed arthroscopically or via an open procedure. An arthroscopic procedure is
preferred because of the less invasive character and as a result quicker recovery. [32]
All three surgical procedures seem to be safe and show low complication rates. [22,27]
Adhesive capsulitis is the most common complication in this procedure. Therefore, a
rehabilitation protocol including quick return to pain-based movements and limiting the
period of immobilisation of the shoulder is advisable. [28,33,34] However, a preferable
surgical treatment procedure is not appointed yet.

Minimal invasive treatment options

Several minimal invasive treatment options are currently becoming more and more
available, such as needle aspiration of the calcific deposits (NACD), extracorporeal
shock wave therapy (ESWT) or platelet enriched plasma therapy (PRP). Of these
minimal invasive treatments, NACD and ESWT show the most promising results. [35,36]
ESWT has been investigated extensively. Though, the exact working mechanism of ESWT
is not yet fully understood. Loew et al [37] postulated a three-way mechanism of action
of ESWT; (1) a mechanical effect resulting in fragmentation of the calcific deposit; (2)
molecular effect resulting in deposit phagocytosis; and (3) a denervation effect of small
nociceptive nerves in the rotator cuff surrounding the calcific deposit. [37]

In clinical practise, there are many different treatment protocols of ESWT used in
the treatment of calcifying tendinitis of the shoulder. For example, the shockwaves
can be generated by different mechanisms (e.g. piezoelectric, electromagnetic,
electrohydraulic). Furthermore, ESWT can be subdivided in focussed and radial ESWT
and different intensities of ESWT such as low-, mid- and high-energy ESWT. Moreover,
ESWT can be used in many treatment protocols with either a single session of ESWT or
multiple sessions. [37] There are numerous studies investigating these different types
and treatment protocols of ESWT. [38-40] These studies all emphasize the effectiveness
of ESWT. However, no consensus exists on a preferable protocol and more research is
needed to appoint an optimal treatment protocol for ESWT. [37,40]
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The second minimal invasive treatment option is NACD. This treatment is usually
ultrasound guided and also is referred to as ultrasound guided needling (UGN). [35] In
this procedure the patient receives under ultrasonic guidance multiple punctures and
irrigation of the calcific deposits in the rotator cuff. The aim of this treatment is to
mechanically fragment the calcific deposit and also to promote the resorption phase
of calcifying tendinitis. [35] In 2014, a systematic review was performed in which in
total 908 patients received NACD for conservative therapy resistant calcifying tendinitis
of the shoulder. This review showed following NACD marked improvement in clinical
score with low complication rates on the short term. [24] However, the mid and long-
term evidence on the clinical outcome of NACD as treatment for conservative therapy
resistant calcifying tendinitis is still limited. [24] Only one randomized trial is evaluating
the midterm results of NACD compared to ultrasound guided subacromial injection.
The functional outcome was comparable after five years. However, in patients who only
received a subacromial injection significantly more additional treatment were registered
(e.g. additional NACD or surgery). [41] Besides this randomized trial, there is only one
cohort study reporting comparable results five and ten years after NACD compared to
conservative treatment. [42]

To date it is unclear which minimal invasive treatment option leads to the best and most
cost-effective results. In 2014, a randomized trial was published in which radial ESWT was
compared to NACD. Furthermore, in 2020 the most recent randomized trial was published
in which a treatment with multiple sessions of focussed high-energy ESWT was compared
to NACD. Both studies showed that both treatment modalities were effective on the
short term in the treatment of calcifying tendinitis of the shoulder with low complication
rates. However as both studies used markedly different treatment protocols a preferable
treatment cannot yet be appointed, and more research is needed. [24,43-45]
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AIM OF THE THESIS

The general objective of the present thesis is to outline and enhance the current
treatment algorithm for patients with conservative therapy resistant calcifying tendinitis
of the shoulder. In order to make this possible, first the following questions need to be
answered:
* Do the available surgical procedures lead to different functional outcomes in

patients with conservative therapy resistant calcifying tendinitis of the shoulder?

a) Whatis the currently available evidence on the surgical treatment?

b) Is asole acromioplasty still a relevant surgical treatment option?

c) Cana preferable surgical treatment option be appointed?

Do minimal invasive techniques result in comparable functional outcome compared
to surgical treatment for patients with conservative therapy resistant calcifying
tendinitis of the shoulder?

* What is the preferred minimal invasive treatment option for patients with
conservative therapy resistant calcifying tendinitis of the shoulder?
a) Whatis the preferred intensity for extracorporeal shockwave therapy?
b) Is there a difference in effectiveness between needle aspiration of the calcific
deposits (NACD) compared to Extracorporeal Shockwave therapy (ESWT)
regarding functional outcome?

To this end, this thesis is divided in three parts which comprise several studies.
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OUTLINE OF THE THESIS

Part 1: Evaluating surgical treatment options for therapy resistant calcifying tendi-
nitis of the shoulder

Surgical treatment is historically considered as a treatment option for patients with
conservative therapy resistant calcifying tendinitis of the shoulder. However, the exact
preferable surgical treatment procedure is still a matter of dispute. Generally, three
different treatment options are known. The first surgical treatment option is performing
a subacromial decompression and leaving the calcifications untouched. The second
option is debriding the subacromial calcific deposits without an additional subacromial
decompression. The third surgical treatment option is combining the aforementioned
procedures: debridement of the calcific deposits in combination with a subacromial
decompression. Chapter 2 contains a systematic review of the literature on the clinical
and functional outcomes after the three aforementioned surgical procedures for
therapy resistant calcifying tendinitis of the shoulder. In chapter 3 a retrospective study
is presented. In this study the mid-term clinical outcomes are evaluated of patients who
had a subacromial decompression without debriding the calcific deposits. The primary
outcome was the Constant-Murley Score (CMS) three years after treatment and its
correlation with any residual calcific deposits in the rotator cuff tendons. In chapter 4
a randomized controlled trial is described comparing the clinical outcomes of the three
aforementioned surgical treatment options for conservative therapy resistant calcifying
tendinitis of the shoulder. The primary outcome was the improvement in Visual Analog
Scale (VAS) for pain six months after treatment. Secondary outcomes were the Disability
of arm, shoulder and hand score (DASH score), the American shoulder and elbow
surgeons score (ASES score), additional treatment and the radiological outcome.

Part 2: Evaluating mid-term outcomes of surgical treatment versus minimal invasive
treatment for conservative therapy resistant calcifying tendinitis of the shoulder

It remains unclear whether surgery or minimal invasive technique should be preferred
as a first step treatment for patients with conservative therapy resistant calcifying
tendinitis of the shoulder. In chapter 5 the midterm clinical outcome of the surgical
treatmentand the NACD treatment of conservative therapy resistant calcifying tendinitis
of the shoulder are evaluated in a comparative cohort study. Clinical outcome of thirty-
five patients who underwent a surgical treatment were compared to the results of 41
patients who received a NACD treatment. The primary outcome was the improvementin
VAS for pain after a mean follow-up of more than five years. Secondary outcomes were
DASH score, ASES, EQ-5D, additional treatment and percentage of cross-over to surgical
treatment.
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Part 3. Evaluating minimal invasive techniques in treatment for conservative therapy
resistant calcifying tendinitis of the shoulder

As stated above minimal invasive treatment, especially NACD and ESWT, is a treatment
option with promising short-term results for therapy resistant calcifying tendinitis of
the shoulder. However, the optimal treatment strategy is still a matter of debate. This
concerns both preferable treatment intensity for ESWT as well as which minimal invasive
treatment is preferable. In chapter 6 the results of a meta-analyses of five randomized
controlled trials which compared low-energy ESWT to high-energy ESWT are presented.
The primary outcome was comparing the short-term improvement of the Constant-
Murley Score and the likelihood of significant resorption of the calcific deposit after low-
energy ESWT versus high-energy ESWT. In chapter 7 a study protocol of a randomized trial
is presented to establish a preferable minimal invasive treatment. In this study patients
are randomly allocated to either NACD or ESWT. The primary outcome is difference in
improvement of Constant-Murley Score after 12 months. Secondary outcomes are other
clinical outcome score and an extensive cost-effectiveness analyses.
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ABSTRACT

Aim
To systematically search literature and determine a preferable surgical procedure in
patients with failed conservative treatment of calcifying tendinitis of the shoulder.

Methods

The electronic online databases MEDLINE (through PubMed), EMBASE (through OVID),
CINAHL (through EBSCO), Web of Science and Cochrane Central Register of Controlled
Trials were systematically searched in May 2016. Eligible for inclusion were all available
studies with level Il and level Ill evidence (LoE). Data was assessed and extracted by two
independent review authors using a specifically for this study designed data extraction
form.

Results

Six studies (294 surgically treated shoulders) were included in this review. No significant
differences between the three available treatment options (acromioplasty with the
removal of the calcific deposits, acromioplasty or solely the removal of the calcific
deposits) were detected regarding the functional and clinical outcome. The follow- up
ranged from 12 months to 5 years. Complication rates were low. No reoperations were
necessary and the only reported complication was adhesive capsulitis, which in all cases
could be treated conservatively with full recovery.

Conclusion

We found that all three available treatment options show good functional and clinical
outcomes in the short and midterm. However, a favourable procedure is difficult to
determine due to the lack of high-quality comparing studies.

Key words
Calcifying tendinitis; Surgery; Systematic review; Acromioplasty; Debridement
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INTRODUCTION

Calcifying tendinitis (CT) of the shoulder is a common disease. It is one the most frequent
causes of non- traumatic shoulder pain and has a high disease burden. In a healthy
population the incidence of subacromial calcific deposits is 2.7%. [1] In patients with
shoulder complaints this number rises to 6.8%. CT mainly affects individuals between 30
and 60 years of age. Males and females are equally affected. [1-3] The calcific deposits are
most frequently (80%) seen in the supraspinatus tendon, at a typical location of 1.5to0 2.0
cm of its insertion on the major tuberculum. CT is primarily treated conservatively, though
in about 10% of the cases this fails. Then often surgery is a last resort. The aetiology
of CT remains unclear and is still a matter of dispute. Some authors state that CT is not
related to subacromialimpingement. [2] This is supported by the histological finding in the
study of Uhthoff et al. [4] In this study only minimal signs of inflammation in the rotator
cuff of patients with CT were seen. Conversely, other authors observed that there was
neovascularization and influx of phagocytes around the calcific deposits. As they state this
could lead to subsequent oedema of the rotator cuffand anincrease of the intratendineous
pressure. This theoretically can lead to secondary subacromial impingement as the
thickened and calcified tendon decreases the subacromial space. Others state that
impingement causes rotator cuff tendinitis, which when chronically apparent leads to
CT, due to decreased local oxygen tension or hypoxia. [1,2,5,6] There are several surgical
procedures available, mostly in accordance with the above-mentioned theories. In the
current orthopaedic literature three major surgical strategies have been postulated. The
first is an acromioplasty in combination with removal of the calcific deposits, the second is
an acromioplasty without removing the calcific deposits and the third surgical procedure is
to solely debride the calcific deposits and leave the acromion untouched. However, there
is still some debate what the most preferable procedure is. It remains unclear whether
the calcific deposits need to be, completely or partially, removed and if an additional
acromioplasty is beneficial. Therefore, the objective of this study is to determine if there
is a preferable surgical procedure in patients with conservative treatment resistant CT. We
performed a systematic review with two clear research questions: (1) Is there a difference
in functional and clinical outcomes after debridement of the calcifications in comparison
with debridement and additional acromioplasty on the short- and mid-term; and (2) Is
there a difference in the functional and clinical outcomes after acromioplasty compared to
acromioplasty with debridement of the calcifications on the short- and mid-term?

MATERIALS AND METHODS

This review was performed and written down following the principles of the PRISMA
statement. [7] Five relevant electronical databases (MEDLINE through PubMed, EMBASE
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through OVID, CINAHL through EBSCO, Web of Science and Cochrane Central Register
of Controlled Trials) were systematically searched by one review author (FV) in May
2016 for studies in English, German and Dutch. Furthermore, the reference lists of the
included articles and available reviews were crosschecked for possible relevant studies.

Table 1. PICO search strategy

Population Patients with radiographically confirmed symptomatic tendinitis calcarea of the shoulder
(search terms: shoulder joint, rotator cuff, shoulder, supraspinatus, infraspinatus,
subscapular or teres, impingement syndrome, tendinopathy, tendonitis or tendinitis,
tendinosis, calcinosis, calcifying, calcification, calcified, calcific, calcarea)

Intervention Surgery (search terms: surgery, surgical, orthopaedic surgery, shoulder surgery,
acromioplasty, debridement, bursectomy, arthroscopic, Neer)
Comparison Surgery (search terms: surgery, surgical, orthopaedic surgery, shoulder surgery,
acromioplasty, debridement, bursectomy, arthroscopic, Neer)
Outcome functional and clinical outcome
Limits Language: English, German, Dutch
Publication year: 1996-2016
Human

Records identified through database searching (7 = 574)
MEDLINE {145); EMBASE (182); CINAHL (79); Web of
Sdence {140); Cochrane Library (28)

Limits: English, Dutch, German, publication year > 1990

=
=
ﬁ Additional records identified through other sources
E (related ctations, citated references)
k= (n=9)
L !
_ Records after duplicates removed
(n=267)
g
E Studies excluded after screening title
n and abstracts (7= 228)
Reasons
L Mon-experimental design
— Comments/literature review
Mot-related joint
Irrelevant comparison
£
=
=
w Full-text articles assessed for eligibility
(n=239)
—— | Full-text articles exduded (7= 233)
o Reasons
] Low level of evidence . . - .
= Studies induded in qualitative synthesis
5 Wrong research question (n=6)

Figure 1. PRISMA flow diagram

32

CHAPTER 2

The search was set up using a PICO format [patient (or disease), intervention (drug or
treatment), comparison (another drug of treatment) and outcome], from which search
terms were deduced, as can be seen in Table 1. Studies eligible for inclusion were Level
of Evidence (LoE) Il (randomized controlled trials) and LoE Ill (comparative cohort studies)
that compared different surgical procedures for CT of the shoulder. From the selected
articles, the authors, their institutions and the journal name were masked, a few weeks
before data assessment took place.

Data assessment and management

Risk of bias and the quality of the included studies were assessed independently by
two authors (FV, EF). The included RCTs and quasi-RCTs were assessed using the twelve
quality criteria of Furlan et al (2008). High-Quality was defined as a “yes” score in > 50%
of allitems. [8] The non- randomized studies were assessed using the Newcastle- Ottawa
assessment scale. [9] Disagreements were resolved by consensus, or when necessary
a third review author (JWM) was consulted. Data was independently extracted by
two reviewers (FV, EF) and crosschecked for accuracy. The reviewers were blinded to
the authors of the included articles, their institutions, and the journals in which they
were published. Data from each individual study was extracted in a standardized way
using a specifically designed extraction form (appendix 1 in supplemental material).
Discrepancies were resolved by scrutinizing the original article until a consensus was
reached. Extracted data included information such as inclusion and exclusion criteria,
inclusion period, method of randomization, specific characteristics of the patient groups,
specific surgical information, primary and secondary outcomes, baseline characteristics,
statistics used, results and complications (appendix 2 in supplemental material). In case
of missing information, we tried to contact the authors of the identified studies.

Data analysis

Whenever possible data was pooled. When pooling was not possible, due to clinical
heterogeneity of the included studies based on the included intervention and/or study
population, data is presented in a quality synthesis.

RESULTS

Using the above-mentioned search strategy (appendix 3 in supplemental material)
574 potential relevant studies were identified (Figure 1); of which 267 remained after
removing the duplicates. After screening of the titles and abstracts 228 studies were
excluded. The main reasons for exclusion were that the studies did not concern the
shoulder, were non-experimental studies, or made an irrelevant comparison. The full
texts were read in 39 studies. Finally, six studies were included in this review, concerning
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Table 3. Methodological quality scores of the individual included RCT's and qausi-RCT

12 quality criteria of Furlan et al.®!

No selective

Incomplete
outcome data?

Incomplete

outcome data

Blinding
outcome
assessors?

Blinding

caregiver?

Blinding
patients?

Allocation

concealment?

Adequate
randomization?

Reference

outcome
reporting?

ITT-analysis?

addressed?

dropouts

Rubenthaler et al

(0]

Clement et all'

Hofstee et al.l'?

12 quality criteria of Furlan et al.®

Score Study Percentage

Score Maximum

Timing of

Compliance

avoided or similar? acceptable in

Co-interventions

Similarity baseline
characteristics?

Reference

the outcome
assessments
similar?

all groups?

67%

12

Rubenthaler et al

[10]

10 83%

12
12

Clement et all'

50%

Hofstee et all'?

0 points

0 points; ?,unclear/unsure

High-Quality = >50%, Low-Quality = <50%

=1 point; -,No

+,Yes

CHAPTER 2

Table 4. Methodological quality scores of the individual included comparative cohort studies

Newcastle-Ottawa Scale

Reference Selection (max = ****) Comparability (max =**)  Exposure (max =***)
Marder et all™? i ok ot
Tillander et all wxKK wx ok
Maier et all's! ok ok e

Acromioplasty vs acromioplasty with additional debridement

The studies of Hofstee et al[12] and Tillander et al[14] were helpful in answering the
second research question. There was no information available for the comparison of the
results in the short term.

Functional outcome: Tillander et al[14] reported results of the functional outcome after 24
monthsaftersolitaryacromioplastyin patients with and without CT. The mean CMSwas 78.0
and 79.0, respectively. Asanindication of the functional outcome Hofstee et al[12] reported
theROMafter36months.InallsixplanestheROMdidnotdiffersignificantlybetweenpatients
after acromioplasty in comparison with patients after acromioplasty with debridement.
Clinical outcome: Hofstee et al[12] reported a DASH score of 3.1 vs 3.0 after 36 months of
surgery which was not significantly different.

Constant-Murley Score after treatment
mD+SAD mD mSAD

85
80
75
70
65

Rubenthaler Clement Tillander Marder after
16 mo after 12 mo after24mo 34 mo

Figure 2. Constant-Murley score after treatment.
D: Debridement; SAD: Subacromial decompression.
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Complications

Four of the included six studies reported information about adverse events or
complications. [10,11,13,15] There were no intraoperative complications reported,
none of the included patients required reoperation. The only complication reported was
adhesive capsulitis. In the studies of Clement et al[11] and Marder et al[13], one patient
(1.3%) and three patients (6%) showed signs of adhesive capsulitis. These patients all
could be treated conservatively and showed full recovery at the end of the follow-up.

DISCUSSION

CT is often a self-limiting disease which in the majority of the patients can be managed
with conservative measures, such as physical therapy, subacromial infiltrations, shock
wave therapy or needling. However, in some patients these conservative measures
fail and surgery is needed. Based on the results of this systematic review of LoE Il
and Il evidence, we found that all three available treatment options show good
functional and clinical outcomes in the short and midterm. However, a favoured
procedure is difficult to determine due to the lack of high-quality comparing studies.
Regarding the first research question four studies aided in answering this “question”.
[10,11,13,15] The functional and clinical outcome did not differ after debridement
vs debridement with an additional acromioplasty. It could be postulated that CT is
not correlated with subacromial impingement and an acromioplasty does not seem
to be beneficial. This supports the aforementioned theory of Gartner et al.[2] Of the
other outcomes extracted from the included studies, only in the study of Marder
et al[13] did significantly more patients return to work after six weeks (Table 2). In
the included RCT [11] an additional acromioplasty was not found to be beneficial.
Though, in this study the (patho)anatomy (e.g., classification of Bigliani[16]) of the
acromion was not considered. It has been postulated that if there are any radiological
or intraoperative signs of impingement an acromioplasty can be performed.[16,17]
The studies of Hofstee et al[12] and Tillander et al[14] aided in answering the second
research question. They found good functional and clinical results 24 and 36 months
after an acromioplasty and an acromioplasty with an additional debridement of the
calcifications. They found no significant differences. Short term results were not
available. Other variables (VAS and satisfaction) also did not differ significantly. These
results support the correlation between CT and subacromial impingement. Whereas, this
suggeststhatthe complete or partialdebridementof the calcificdepositsis not necessary.
All three available treatment options are safe; the complication rates are low and
the reported complications were treated conservatively and showed full recovery. In
the included studies the percentage of adhesive capsulitis was low, comparing to the
current literature where rates as high as 18% are reported. [18-20] In the included
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studies in which a debridement was performed the rotator cuff defect was not sutured
afterwards, even though no rotator cuff tears were seen in our entire study population.
Some limitations apply to this systematic review. The main limitation is the lack of high-
quality, preferablyrandomized, comparingtrialsbetweenthedifferenttreatmentoptions.
Two high-quality RCTs were included of which one did not make the exact comparison
in which we were interested. The other one was valuable; however the follow-up was
rather short (one year). Therefore, there is a need for more research on this topic. The
data could not be pooled due to heterogeneity of the included studies and therefore no
quantitative analysis could be made. We analysed the causes of this heterogeneity. But
we could not improve this sufficiently; therefore data is presented in a narrative fashion.
On the other hand, we were able to detect all relevant LoE I and III evidence regarding
the surgical treatment options of CT and describe their results in this concise review.
All three available surgical treatment options for patient with conservative therapy
resistant CT of the shoulder show good functional and clinical outcome and are safe
procedures. Based on this systematic review a preferable treatment option could not be
appointed and therefore recommendations cannot be made. Future research should be
aimed at comparing all three available options. This is preferably done in a randomized
fashion including a short-, mid- and long-term follow-up.
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CHAPTER 3

ABSTRACT

Background

The surgical procedure for calcific tendinitis of the shoulder remains a matter of dispute.
Some advocate complete removal of the calcium deposits. The aim of this study was to
investigate the midterm clinical outcome of an isolated acromioplasty with a secondary
aim to investigate the relationship between the persisting presence of the calcifications
and the midterm clinical outcome.

Method

Records of all patients who underwent an acromioplasty in 2 consecutive years were
reviewed. Patients were included if calcifications on preoperative radiographs were seen.
These patients were followed-up, and the Constant-Murley score (CMS) and Shoulder
Disability Questionnaire (SDQ) were administered.

Results

Seventy-five patients met the inclusion criteria. Eleven patients were lost to follow-up
and 14 patients were excluded. In our study population (n=50, mean follow-up 2.9 yr) the
calcium deposits were not presentin 52% of the shoulders. There were no differences in
the CMS between patients with or without calcifications with 83.9 (SD 14.8) and 86.0 (SD
17.3), respectively. The SDQ did not show any differences between the two groups with
34.3 (SD 30.0) and 23.2 (SD 32.1), respectively.

Conclusions

This retrospective cohort study demonstrates good clinical results in patients with
calcific tendinitis refractory to conservative measures treated with a Neer acromioplasty
alone in the midterm (mean follow-up of 2.9 yr). This study suggests that the presence of
residual calcifications is not a risk factor for a poorer clinical outcome after acromioplasty
for calcific tendinitis.

Key Words
Tendinitis; calcifications; acromioplasty; clinical outcome; midterm
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INTRODUCTION

Calcific tendinitis of the shoulder is a common disease in which chronic inflammation of
the rotator cuff tendons causes calcium particles to deposit. This results in a pattern of
pain and decreased range of motion. In an asymptomatic population, intratendineous
calcifications are seen in about 2.7% of the people. [1] When considering patients with
shoulder complaints, this incidence rises to 6.8-54.0%. [1-3] Calcific tendinitis mainly
affects individuals between 30-60 years of age. Men and women are equally affected.
The disease usually is self-limiting, but the complaints can last 3-5 yr. [3] In about 80%
the calcium deposits are located in the tendon of the supraspinatus, with a typical
location of 1.5-2.0 cm of its insertion at the greater tuberosity of the humeral bone. [1,3]
The aetiology of calcium deposits in the rotator cuff is still a matter of dispute. It has
been suggested that it is related to a decreased local oxygen tension or hypoxia. [4] The
disease usually passes through four stages in the following order:

pre-calcific stage, in which fibrocartilaginous metaplasia within the tendon is seen.

2. formative stage, in which calcific deposit formation is seen in the fibrocartilaginous
matrix

3. resorptive stage, in which a cell-mediated resorption takes place that results in the
disappearance of the calcium deposits

4. restitution stage, in which the calcium deposits are resorbed and the tendon heals.
(3,5]

The calcific deposits can be subdivided based on their appearance on radiographs
using the classification of Gartner et al. [6] In this classification the calcifications are
subdivided into three groups: type |, clearly circumscribed and dense; type I, clearly
circumscribed, translucent, cloudy, and dense; type lll, cloudy and translucent. [6]
The disease is primarily treated conservatively, with measures such as with anti-
inflammatory drugs, ice therapy, physiotherapy, corticosteroid injections, needling, or
extracorporeal shock wave therapy and this is successful in up to 90% of the patients.
[7] However, when this fails, surgery often is the next step treatment. [8] The exact
surgical treatment is still a matter of debate. There are three options when considering
surgery for calcific tendinitis. The first one is to perform an acromioplasty according
to Neer (including the removal of the anterior edge and undersurface of the anterior
part of the acromion with the attached coracoacromial ligament in combination with a
bursectomy). The second is the same acromioplasty butin combination with debridement
of the calcifications, and the last option is to solely debride the calcifications. All surgical
treatment options have shown good to excellent results in several retrospective studies;
however, there are few high-quality comparative studies available. [9-14] In particular,
the role of an acromioplasty remains a matter of debate. Some studies argue that it
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is not necessary to remove the calcification when performing an acromioplasty. [9,12]
While other authors state that the functional outcome is inversely related to the residual
calcifications and that all effort should be made to remove all calcifications. [10,11]
Others state that beneficial results are achieved when the calcifications are solely
debrided. [12,15] Therefore, in our opinion the question remains: what is the effect of an
acromioplasty alone on rotator cuff calcifications? In this study, the aim was to determine
the midterm clinical outcome of an isolated acromioplasty for calcific tendinitis with
a secondary aim to investigate the relationship between the presence of rotator cuff
calcifications and the midterm clinical outcome. Our hypothesis is that an isolated
acromioplasty has good clinical results and that the presence of residual calcifications is
not related to the clinical outcome.

MATERIALS AND METHODS

Approval for the study was obtained from the institutional review board (METC Venlo).
All patients were informed and consented to providing data for anonymous use.
At our institution calcific tendinitis of the shoulder refractory to conservative therapies
is treated with an acromioplasty without the removal of the calcium deposits. The
conservative therapy includes a variety of treatments including anti-inflammatory drugs,
physical therapy, corticosteroid injections, needling, or extracorporeal shock wave
therapy for at least 6 months. The radiographs of all patients who had an acromioplasty at
ourinstitution in 2 consecutive years were investigated for the presence of calcifications
preoperatively. Included and contacted were patients in whom the calcifications,
cumulatively larger than five mm, were shown on preoperative radiographs. The
indication for surgery (Neer acromioplasty) in all patients was subacromial pain syndrome
refractory to conservative measures, not regarding the presence of rotator cuff
calcifications on the preoperative radiographs. Excluded were patients who had other
previous surgery before or combined with the acromioplasty, patients who had clinical
suspicion of shoulder instability, or patients who had full-thickness rotator cuff tears.
Allpatientshadapreoperativeshoulderradiographtaken(anteroposteriorviewwiththearm
ininternalandexternalrotationandanaxillaryview). MRIwasnotperformedpreoperatively
routinely. Sonography was done when a full- thickness lesion was clinically suspected.
The Constant-Murley score (CMS) of both shoulders was assessed postoperatively. The
CMSis an outcome score to assess the functional outcome; it combines patient-reported
outcome measures and clinical outcomes measurements including the range of motion.
[16-18] Patients were also asked to fill out the Shoulder Disability Questionnaire (SDQ)
to assess the impairments in daily living. [19-21] Furthermore, demographic data were
assembled and the calcifications were subdivided using the Gartner classification. [6]
Four experienced orthopaedic surgeons performed an open or arthroscopic
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acromioplasty. The procedure chosen was to the surgeon’s preference. In all shoulders
the calcium deposits were left untouched. [22] During the arthroscopic procedure
there were no other significant side pathologies seen and no full-thickness rotator
cuff lesions were apparent. A standardized postoperative rehabilitation protocol
was applied, including early passive mobilization and anti- inflammatory drugs for 2
weeks. The additional conservative therapies were not registered postoperatively.
All data were computed with the statistical software program SPSS. The baseline
characteristics and outcome measures were compared with t-tests for continual variables
and x*-tests for nominal and ordinal variables. All variables were normally distributed.

RESULTS

Of 276 patients who had an acromioplasty at our institution in 2 consecutive years,
a total of 75 patients had rotator cuff calcifications on preoperative radiographs and
were invited for follow-up. Sixty-four patients were available for follow- up. The other
11 patients either refused or could not be contacted. Furthermore, 14 patients were
excluded according to the previous described exclusion criteria. This resulted in a study
population of 50 patients (Figure 1). The study population consisted of 21 men and
29 women. Two women had bilateral surgery. Baseline characteristics of the included
patients are presented in Table 1.

\ 276 pts had an acromioplasty in two consecutive years

150 pts excluded: no calcifications
on preoperative X-ray

75 pts invited for follow-up

11 pts refused to participate or
could not be contacted

| 64 pts followed-up |

14 pts excluded, reasons:

-Shoul i ili =
50 pts (52 shoulders) follow-up, Shoulder instability, n=3
with: -Full thickness rotator cuff tears,
n=7

-Constant-Murley score

-Biceps tenotomie, n=4

-Shoulder disability questionnaire
-X-ray

Figure 1. Flow Chart of patients through study
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Allcalcificationswere locatedinthe tendon of the supraspinatus, theinfraspinatus, orboth
as confirmed on the preoperative radiographs. The preoperative calcium deposits were
subdivided using the Gartner classification. There were five shoulders with type I calcium
deposits, 27 with type I, and 12 with type Il calcium deposits. In the other eight shoulders
thecalciumdepositscouldnotbeclassifiedbecausethecalcificationsweretoofragmented.
All patients with type | calcifications on the preoperative radiographs still had
these at follow-up. Of the 27 shoulders with type Il calcifications, 14 still had them
postoperatively whereas 13 patients did not. In only three of the 12 patients
with type Il calcifications, the calcifications persisted postoperatively (Table 2).
In the whole study population, the calcifications were not present in 52% (27 out of 52
shoulders)oftheshouldersafterameanfollow-upof2.9years(range 2.0-3.9).Nosignificant
differenceswerefoundinsex,ageatoperation,anddurationoffollow-upbetween patients
with or without calcifications on the radiographs at follow-up. No significant differences
in Constant-Murley scores were found in shoulders with or without calcifications on the
postoperative radiograph (Table 2). The age-related, mean Constant-Murley score in men
between 51-60 yr old is 90.0 + 3.1 and in women 73 + 2.8.18,19 In our study population,
the mean Constant-Murley score in men was 91.3 + 9.9 and in women 79.4 + 17.5.
No significant differences were found in the presence of calcifications, Constant-
Murley scores, or Shoulder Disability Questionnaire between the open (n=19) and the
arthroscopic group (n=33). The scores of the Shoulder Disability Questionnaire showed
a mean of 29.0 + 31.2 (a higher score indicating a more symptomatic shoulder). No
significant differences were found in these scores between shoulders with or without
calcifications on the radiographs at follow-up (Table 3).

Table 1. Baseline characteristics of our study population

Baseline characteristics

Age in years (SD) 51(7.94)

Sex (%) Male: 21 (40.4)
Female: 31 (59.6)

Follow-up time in years (SD) 2.86(0.51)

Affected side (%) Right: 23 (44.2)
Left: 29 (55.8)

Dominant side (%) Right: 49 (94.2)
Left: 3 (5.8)

Type of surgery (%) Open: 19 (36.5)

A'scopic: 33 (63.5)
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Table 2. Graph showing the preoperative Gartner classification and the number of patients at
follow up with calcifications

Gartner type start study With Calcification Without Calcification Total
Type | 5 (100%) 0 (0%) 5
Type I 14 (51.9%) 13 (48.1%) 27
Type lll 3 (75.0%) 9 (25.0%) 12
Total 22 22 44

Table 3. Graph showing that there is no relation between the persisting presence of the
calcifications at follow up.

with Calcification Without Calcification p-value
(n=27) (n=25)

Age (SD) 50.95 (9.47) 49.17 (5.92) NS

Sex (%) Male: 17 (55.6) Male: 10 (40) NS
Female: 12 (44.4) Female: 15 (60)

CMS (SD) 83.85 (14.79) 85.96 (17.33) NS

SDQ (SD) 34.33(29.99) 23.16 (32.09) NS

NS = Not Significant

The exact surgical treatment for calcific tendinitis of the shoulder is still a matter of
debate. [4,10,12,22] Therefore, the aim of this study was to investigate the midterm
clinical outcomes of anisolated acromioplasty for calcific tendinitis with a secondary aim
to investigate the relationship between the presence of rotator cuff calcifications and
the midterm clinical outcomes. Our hypothesis was that an isolated acromioplasty would
provide good clinicalresults and that the presence of residual calcifications are not related
to the clinical outcome. In our study population 52% of the calcifications disappeared
after a mean follow-up of 2.9 years (range 2.0-3.9). No significant differences were found
in Constant-Murley scores. This suggests that the presence of residual calcifications is not
arisk factor fora poorerclinical outcome after acromioplasty for calcific tendonitis. These
findings are in line with results reported in some of the current literature. [9,11,12,22]
Tillander and Norlin [12] reviewed 50 patients in a matched pair analysis two years after
acromioplasty (without removal of the calcific deposits). The first group of patients had
calcifications on preoperative radiographs; the second group did not. After 2 years most
(79%) calcifications had regressed or disappeared on the radiographs. The postoperative
functional outcomes of patients with unchanged calcifications were not significantly
different compared with patients in whom the calcifications resolved or significantly
decreased.In 2007, Hofstee et al [9] did not report better functional outcomes in patients
who underwent an acromioplasty in combination with the removal of the calcifications
compared to patients who had an acromioplasty alone. These two studies postulated
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that rotator cuff calcifications on radiographs are insignificant and transient findings.
Marder et al [13] on the contrary, stated that the ‘time to return to pain-free activity’
was shorter when debridement alone was performed than when an additional
acromioplasty was performed. The long-term Disability of the Arm, Shoulder and
Hand (DASH) scores did not differ significantly. Some limitations may apply to our
study in concordance to its retrospective design. First, the preoperative CMS were
not available. Although it is obvious when reading many other studies that do have
preoperative data, it is likely that the average CMS in patients with calcific tendinitis
is significantly lower than the CMS at follow-up. [11,22-25] It is also not likely to be
different between the two groups, although this could not be statistically proven. The
results could be different if the calcifications were subdivided according to the size
of the deposits; however, the size of the study population did not allow such analysis.
This retrospective cohort study demonstrates good mid- term (mean follow-up 2.9 yr)
clinical results in patients with calcific tendinitis refractory to conservative measures
treated with a Neer acromioplasty alone. In 52% of the shoulders, the rotator cuff
calcifications were not present at follow-up. There was no correlation found between
the persisting presence of calcifications and the clinical outcome at midterm follow-up.
Bearing in mind that this study has limitations, we concluded that there is no need to
remove the calcium deposits. However, we do believe further prospective comparative
trials are needed to determine the best surgical treatment for calcific tendinitis of the
shoulder.
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ABSTRACT

Background

A preferable surgical treatment for patients with conservative therapy-resistant
calcifying tendinitis of the shoulder is still a matter of debate. Therefore, the purpose
of this study was to evaluate and compare short-term clinical and radiological results of
three surgical treatment options for these patients.

Methods

A multicenter randomized trial was conducted. Sixty-nine patients were randomly
assigned to receive 1. subacromial decompression (Group SAD), 2. debridement of
calcifications (Group D), or 3. debridement of calcifications with SAD (Group D + SAD).
Stringent inclusion and exclusion criteria were used. The primary outcome was an
improvement in VAS for pain (pVAS) 6 months postoperatively. Secondary outcomes
were an improvement in pVAS 6 weeks postoperatively, functional outcomes (CMS,
DASH, ASES), radiological outcome, additional treatments, and complications.

Results

The improvement in pVAS was significant in all groups (p < 0.001) and did not differ
between the groups after 6 months. Six weeks postoperatively, the improvement in
pVAS was significantly (p = 0.03) less in Group SAD compared to Group D + SAD (16.5
mm, SD 19.3 mm vs 33.1 mm, SD 19.7 mm, respectively). The mean size of calcifications
decreasedsignificantlyinallgroups (p<0.0001).1n Group SAD, the size of the calcifications
decreased less (p = 0.04) compared to Group D and Group D + SAD after 6 weeks. Group
SAD received more additional treatments (p = 0.003) compared to Group D + SAD (9 vs
1), which were mainly subacromial cortisone injections.

Conclusions

All patient groups showed significant pain relief and animprovementin shoulder function
6 months after surgery. However, patients in Group SAD showed inferior pain relief and
less improvement in DASH score after 6 weeks. Furthermore, this group required more
postoperative additional treatments. No significant differencesin clinical and radiological
outcomes were observed between patients in Group D compared to Group D + SAD.
Therefore, an arthroscopic debridement without subacromial decompression seems to
be advisable for patients with therapy resistant calcifying tendinitis of the shoulder.

Key word

Calcifying tendinitis; shoulder; debridement; subacromial decompression; surgical
treatment
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INTRODUCTION

Calcifying tendinitis of the shoulder is a common shoulder disease that often leads
to long-lasting pain and loss of function. [1-3] The supraspinatus tendon is the most
affected rotator cuff tendon. [1,2] The exact aetiology of calcifying tendinitis of the
shoulder remains unclear. [3-6] The initial treatment of calcifying tendinitis of the
shoulder is with conservative or minimal invasive measures (such as shock wave therapy
or needle aspiration of calcific deposit (NACD). However, about 10% of the patients
require surgical treatment. [6-9] Several surgical treatment options are shown to be
effective.[10,11] However, the most effective surgical treatment procedure has not been
appointed yet. [10] In general, there are three surgical treatment options available. The
first is to perform an arthroscopic subacromial decompression without debridement of
the calcifications. [12-14] The second option is to perform an arthroscopic debridement
of the calcifications without subacromial decompression, and the third option is to
perform an arthroscopic debridement of the calcifications combined with subacromial
decompression. It is not known which of these surgical treatment procedures is the
most effective concerning short-term pain relief and functional outcomes. [10,11,15,16]
Therefore, the purpose was to compare these three surgical treatment procedures
regarding pain relief and functional outcomes 6 months after surgical treatment. We
hypothesized that all three procedures have comparable effectiveness concerning pain
relief and functional outcome.

MATERIALS AND METHODS

After approval of the medical ethics review committee (METC) of both centres (humber:
14-T-112) and registration in the Dutch clinical trial registry (number: NL 4974), an open-
label dual-centre randomized clinical trial was conducted between September 2015 and
June 2020. Patients were randomly assigned by computer into three treatment groups:
1. arthroscopic subacromial decompression without debridement of the calcifications
(Group SAD), 2. arthroscopic debridement of the calcifications without subacromial
decompression (Group D), and 3. arthroscopic debridement of the calcifications
combined with subacromial decompression (Group D + SAD).

Patient eligibility

All patients were recruited by experienced orthopaedic shoulder surgeons in two
different hospitals (SK and EJ in Zuyderland MC and OLH in Viecuri MC). Patients with
a prolonged course of calcifying tendinitis of the shoulder in which surgical treatment
was chosen as a treatment were considered for eligibility. Inclusion criteria were failed
conservative treatment (including at least a subacromial injection (SAl) in combination
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with exercise therapy and/or nonsteroidal anti-inflammatory drugs (NSAIDs) for at least
6 months, type | or Il subacromial calcifications according to the Gartner classification[4]
(Fig. 1), calcifications with diameter more than 5 mm (Bosworth Grade 2-3) [17],
unrestricted range of motion (> 150° abduction/anteflexion and > 70° external rotation)
and able and willing to participate in the study. Exclusion criteria were signs of adhesive
capsulitis, symptomatic degenerative diseases of the acromioclavicular joint, full-
thickness rotator cuff lesions, fibromyalgia, rheumatoid arthritis, surgical history of the
affected shoulder, perioperative findings of significant intraarticular pathology (e.g.,
biceps pathology or acromioclavicular/glenohumeral osteoarthritis), and Gartner type Il
subacromial calcifications.

Figure 1. Gartner type I and Il calcifications. A Clearly circumscribed, dens subacromial calcification
(Gartner type 1) on shoulder AP view; B partially clearly circumscribed, partially heterogeneous,
partially dens subacromial calcification (Gartner type Il) on shoulder AP view

Operative technique and rehabilitation protocol

All surgical procedures were performed by experienced shoulder surgeons (EJP, OLH,
SK). After general and/ or regional anaesthesia a standardized diagnostic glenohumeral
arthroscopy was performed to assess possible intraarticular and full-thickness rotator
cuff lesions. Then a subacromial bursectomy was performed. In patients allocated to
Group D and Group D + SAD, the calcification was located using an 18-gauge needling
technique described by Ellman. [18] A small bursal-sided partial- thickness rotator cuff
defect was made (Ellman grade 1-2) in line with the tendon fibres and a calcific deposit
was arthroscopically debrided by applying pressure using a curette and shaver (Fig. 2).
[18] Rotator cuff repair was not deemed necessary in any of the patients. In patients
allocated to Group SAD and D + SAD, an arthroscopic SAD was performed as described by
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Caspari and Thal (Fig. 3). [19] The rehabilitation protocol was the same in all groups and
consisted of a sling for several days, pain- based movements and NSAIDs as necessary

for 2 weeks.

Figure 2. Arthroscopic debridement of calcifications. A After needling with 18-gauge needle, a
toothpaste-like calcification discharges; B after a small bursal side in line with the tendon fibres
incision and calcific deposit is arthroscopically debrided by applying pressure using a curette and
a shaver; C after debridement of the calcification the subacromial space is extensively rinsed to
eliminate as much calcific deposit particles as possible

Outcome measures
Patients wereinvited for clinicaland radiological evaluation at the orthopaedic outpatient
department 6 weeks and 6 months after surgery.

Primary outcome

Visual analog scale

The primary outcome was the difference in an improvement in the visual analog scale for
pain (pVAS) 6 months after surgical treatment between the three groups. The pVAS was
recorded at the start of the study, 6 weeks and 6 months after surgery. [20]

Secondary outcomes

Functional outcome

The functional outcome was assessed preoperatively, 6 weeks and 6 months after
surgery using Constant-Murley Score (CMS) [21], Disability of Arm, Shoulder and Hand
score (DASH) [22], and American Shoulder and Elbow Surgeons score (ASES). [23]

Radiological outcome

Preoperatively, 6 weeks and 6 months postoperatively standardized radiographs
were taken. Radiological evaluation was done by one author (FV) and consisted of an
evaluation of plain radiographs taken in three directions: true anteroposterior view,
anteroposterior view with arm in internal rotation, and anteroposterior view with arm
in external rotation. Using these radiographs, calcifications were classified using Gartner
classification [4] and Bosworth classification. [17] Furthermore, the size and location of
the calcifications were measured. Results of additional imaging technigues (e.g., MRI
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or sonography) were retrieved from electronic patient files. Six weeks and 6 months
postoperatively, the size of residual calcification was measured by the same author (FV).
In the case of multifocal or heterogeneous calcifications, the size was added up and
presented as the sum of the sizes of the calcifications.

Figure 3. Postoperative status after subacromial decompression

Additional treatments and complications

Complications such as postoperative adhesive capsulitis and infection were registered.
Furthermore, any proto- col violations such as additional treatments (e.g., subacromial
injections and number of needle aspirations of calcific deposit procedures) were
recorded. The decision to perform additional treatments was made after deliberation
of the treating physician with the research team and the patient. It was documented
and retrieved from the electronic patient files. When the decision was made to perform
an additional treatment, adverse events such as rotator cuff lesions (confirmed on
ultrasound or MRI) and adhesive capsulitis were first ruled out. Failure to treatment was
defined as a decrease in VAS of less than 20 mm 6 months postoperatively. [24]

Sample size calculation and power analysis

The study was designed using an equivalence model. The trial was powered to detect
a difference of 15 mm on the pVAS between the three treatment groups, since 15 mm
was the minimal clinically important difference in patients after rotator cuff surgery in
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the study of Kim et al. [24] The sample size calculation estimated that we needed to
include 34 patients per group using an alpha of 0.05. This would provide a power of
90%. Considering that 10% of patients would be lost to follow-up, the study population
needed to consist of 114 patients.

Statistical analyses

The data were analysed using SPSS version 26.0 (IBM Corp., Armonk, NY). The data were
analysed using an intention-to-treat analysis (ITT analysis). Furthermore, a per-protocol
analysis (PP analysis) was performed. Data of the ITT analysis are presented. In the cases
of statistically significant differences between the ITT analysis and PP analysis, data for
both analyses are presented. Normally distributed data are presented as a mean with
standard deviation. Non-normally distributed data are presented as a median and range.
Differences in baseline characteristics were analysed with a one-way ANOVA test for
continuous variables and chi-square test for categorical variables for normally distributed
data. Non-normally distributed data were analysed with a Kruskal-Wallis one-way
ANOVA for non-normally dis- tributed data. The outcomes were analysed using a one-
way ANOVA (with a Tukey's adjustment for multiple testing). p < 0.05 was considered
statistically significant for all tests.

RESULTS

Study population

As can be seen in the CONSORT Flowchart, 77 patients were considered eligible and
were randomized into three treatment groups (Fig. 4). Four patients were excluded
because of significant other intraarticular pathology (e.g., two patients with significant
acromioclavicular osteo- arthritis and two patients with biceps pathology). Two patients
were excluded from further analyses because the calcification could not be located at
the time of the intervention and thus could not be debrided. These two patients received
subacromial decompression without debridement of the calcifications. The mean follow-
up was 6.4 months (SD, 1.3 months). The overall follow-up rate after 6 weeks and 6
months was 97.1% and 89.9%, respectively. Thus, seven patients were lost to follow-
up. These patients were contacted by phone and stated they did not receive other
treatments for the affected shoulder. The baseline characteristics are given in Table 1.
Baseline characteristics did not differ statistically significantly between groups. In 52
patients (83.9%), pre- operative additional imaging tests were performed. In 50 patients
(80.6%), an ultrasound was performed and two patients had an additional MRI scan. No
partial or full-thickness rotator cuff lesions were observed preoperatively. Data from the
ITT analyses are presented since no significant differences were apparent between the
ITT analysis and the PP analyses.
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Assessed for eligibility (n=92)

[ Enrollment ]

Excluded (n=15)
+ Not meeting inclusion criteria (n=4)
+ Declined to participate (n=11)

A4

[ Allocation ] Randomized (n=77)
v v v
Allocated to Group SAD (n=26) Allocated to Group D (n=22) Allocated to D+SAD (n=29)
+ Received allocated intervention (n=23) ¢ Received allocated intervention + Received allocated intervention (n=26)

(n=20)

+ Did not receive allocated intervention
(no calcification peroperatively,
other intraarticular pathology)
(n=2)

+ Did not receive allocated intervention
(other intraarticular pathology) (n=3)

+ Did not receive allocated intervention (no
calcification peroperatively, other
intraarticular pathology) (n=3)

Follow-Up

Lost to follow-up (refused further
participation) (n=3)

Analysis

v v
Lost to follow-up (refused
further participation) (n=2)

Lost to follow-up (refused further
participation) (n=2)

v \4 v
Protocol violation (n=9) Protocol violation (n=4) Protocol violation (n=1)
+ SAl performed (n=6) + SAl performed (n=4) ¢ SAl performed (n=1)
# NACD performed (n=3)

A4 A 4 A4 A, Y
ITT- analysis PP-analysis ITT- analysis PP-analysis ITT- analysis PP-analysis
(n=20) (n=11) (n=18) (n=14) (n=24) (n=23)

Figure 4. CONSORT Flowchart. Group SAD arthroscopic subacromial decompression, Group
D arthroscopic debridement, Group D + SAD arthroscopic subacromial decompression and
debridement. NACD needle aspiration of the calcific deposit, SAl subacromial injection, ITT analysis
intention-to-treat analysis, PP analysis per-protocol analysis

Table 1. Baseline characteristics

Complete study Group SAD  Group D GroupD+SAD p
population value
(n=62) (n=20) (n=18) (n=24)
Age in years (SD) 53.5(9.0) 52.7(10.1)  54.9(7.7) 53.2(8.8) 0.82
Gender male (%) 21(33.9) 7 (35.0) 3(16.7) 11 (45.8) 0.13"
Affected side Right (%) 47 (75.8) 15 (75.0) 16 (88.9) 16 (66.7) 0.24°
Dominant side Right (%) 46 (74.2) 14 (70.0) 16 (88.9) 16 (66.7) 0.20"
Smoking status smoking (%) 18 (29.0) 6(20.0) 3(16.7) 9 (37.5) 0.48"

62

CHAPTER 4
Table 1. Continued.
Complete study Group SAD  GroupD GroupD+SAD p
population value
(n=62) (n=20) (n=18) (n=24)
ASA category
1 (%) 26 (41.9) 8 (40.0) 8 (44.4) 10 (41.7) 0.99°
2 (%) 32 (51.6) 10 (50.0) 11(61.1) 11 (45.8)
3 (%) 4 (6.5) 1(5.0) 1(5.6) 2(8.3)
BMI 26.7 (4.3) 26.4 (4.5) 26 (3.5) 27.3(4.7) 0.78
Mean (SD)
Comorbidities
Pulmonary (%) 12 (19.4) 4(20.0) 1(5.6) 7(29.2) 0.21
Cardiovascular (e.g., HT, 9 (14.5) 2(10.0) 3(16.7) 4(16.7) 0.91
hyperlipidaemia)
Thyroid dysfunction 2(3.2) 0 1(5.6) 1(4.2) NA
Diabetes mellitus 1(1.6) 0 0 1(4.2) NA
Duration of symptoms in months 22.2 (6-120) 17.1(6-120) 20.3(6-120) 24.7 (6-120) 0.57*
(range)
Size of depositin mm 23.0(7.6) 23.4 (6.0) 24.7 (7.3) 21.3(8.6) 0.34
Bosworth grade
I, medium (%) 5(8.1) 1(5) 0 4(16.7) 0.34
I, large (%) 57 (91.9) 19 (95) 18 (100.0) 20(83.3)
Gartner type
Type | (%) 39 (62.9) 15 (75.0) 11(61.1) 13 (54.2) 0.62"
Type Il (%) 23(37.1) 5(25.0) 7(38.9) 11 (45.8)
Location of deposit
SSP (%) 54 (87.1) 17 (85.0) 16 (88.9) 21(87.5) 0.87"
ISP (%) 8(12.9) 3(15.0) 2(11.1) 3(12.5)
SSC (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

SAD subacromial decompression, D debridement of calcifications, D + SAD debridement and subacromial
decompression; *, x? test; *, Kruskal-Wallis test; ASA American Society of Anaesthesiologists Physical Status, BM/
Body Mass Index, HT hypertension, NAnot applicable, SSPsupraspinatus, /SPinfraspinatus, SSC subscapularis;
(1), standard deviation

Primary outcome

Visual analog scale after 6 months

Patients in all groups showed a statistically significant improvement in pVAS 6 months
after surgical intervention (p < 0.001), and it did not differ statistically significantly
between groups (Table 2).

Secondary outcomes

Visual analog scale after 6 weeks

An improvement in pVAS was significantly more (p = 0.03) in Group D + SAD (33.1 mm;
SD, 19.7 mm) compared to Group SAD (16.5 mm; SD, 19.3 mm) (Fig. 5). Six weeks and 6
months after treatment, no statistically significant differences between Group D and
Group D + SAD were observed.
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Table 2. Outcome score after surgery

Group SAD Group D Group D+SAD P value
VAS for pain
Baseline 58.8 (15.3) 61.6 (16.3) 58.1(13.7) 0.74
6 weeks 42.3(17.0) 30.6 (16.8) 25.1(19.0) 0.03*
6 months 17.0 (16.0) 12.2(11.7) 11.4(14.6) 0.57
CMS
Baseline 43.0(13.9) 45.1(10.3) 51.0 (12.9) 0.10
6 weeks 66.3 (18.0) 72.1(22.8) 79.3 (16.0) 0.77
6 months 84.8 (18.0) 89.7 (9.6) 91.8(11.2) 0.84
DASH
Baseline 49.2 (21.9) 45.0 (21.1) 45.2 (13.6) 0.80
6 weeks 37.6 (20.8) 24.9 (16.5) 14.7 (13.7) 0.02*
6 months 16.3 (14.1) 10.1(11.5) 8.2 (14.4) 0.89
ASES
Baseline 41.5(18.0) 40.4 (12.9) 44.8 (12.5) 0.63
6 weeks 62.5(21.2) 71.9 (16.2) 77.1(18.7) 0.21
6 months 83.2 (15.0) 88.9 (10.7) 85.9 (19.3) 0.50
Size of calcification
Baseline 23.4(6.0) 24.7(7.3) 21.3(8.6) 0.34
6 weeks 14.2 (9.4) 10.3(7.6) 8.1(6.1) 0.02*
6 months 6.1(8.9) 1.0 (3.0) 1.0 (2.7) 0.03*

SAD, subacromial decompression; D, debridement of calcifications; D+SAD, debridement and subacromial decompression;
VAS, mean visual analog scale; CMS, mean Constant-Murley score; DASH, mean disability of arm, shoulder and hand
score; ASES, mean American shoulder and elbow surgeons score;*, statistically significant (e.g. p<0.05) between group
D+SAD and SAD; (_), standard deviation
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Figure 5. Estimates of pain scores (measured with pVAS) during the follow-up.

SAD subacromial decompression; D debridement of calcifications; D + SAD debridement and subacromial
decompression; VAS mean visual analog scale; follow-up 1, 6 weeks; follow-up 2, 6 months; *, statistically
significant differences (e.g., p< 0.05) between Group D + SAD and SAD
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Figure 6. DASH score during follow-up.

SAD subacromial decompression; D debridement of calcifications; D + SAD debridement and subacromial
decompression; VAS mean visual analog scale; follow-up 1, 6 weeks; follow-up 2, 6 months; *, statistically
significant differences (e.g., p< 0.05) between Group D + SAD and SAD
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Figure 7. Size of calcification during follow-up.
SAD subacromial decompression; D debridement of calcifications; D + SAD debridement and subacromial
decompression; follow-up 1, 6 weeks; follow-up 2, 6 month additional treatments and complications.

65




CHAPTER 4

Functional outcome

In Table 2, the functional outcome scores are summarized. In all three groups, the
CMS improved significantly (p < 0.0001). Six weeks and 6 months after treatment, no
statistically significant differences between the groups were observed. The DASH score
in all patient groups decreased statistically significantly during the study period (p <
0.0001). Six months after treatment, no statistically significant differences between the
groups were observed (Fig. 6). At 6 weeks postoperatively, the improvement in DASH
score was significantly higher (p = 0.02) in Group D + SAD (30.6; SD 17.8) compared to
Group SAD (11.6; SD 24.3). Six weeks and 6 months after treatment, no statistically
significant differences between Group D and Group D + SAD were observed. In all
three groups, ASES improved significantly (p < 0.0001). Six weeks and 6 months after
treatment, no statistically significant differences between the groups were observed.

Radiological outcome

All three groups showed a statistically significant (p < 0.0001) decrease in the size of
the calcification from 23.1 mm (SD, 7.6 mm) to 2.3 mm (SD, 5.6 mm) at the 6 months
of evaluation (Fig. 7). The decrease was statistically significant less (p = 0.04) in Group
SAD compared to Group D after 6 weeks and 6 months. The difference in the decrease
in the calcification between Group SAD and Group D + SAD was near significant (p =
0.06) after 6 months and significant after 6 weeks (p = 0.04). Six weeks and 6 months
after treatment no statistically significant differences between Group D and Group D +
SAD were observed. The clinical outcome did not differ significantly between patients
with and without the presence of any residual subacromial calcifications (VAS for
pain, p = 0.96; CMS, p = 0.82; DASH, p = 0.64; ASES, p = 0.94). In Table 3, the additional
treatments and complications are summarized. No reoperations were performed, and
no full-thickness rotator cuff lesions were documented during the follow-up. In Group
SAD, 45.0% (n = 9) received additional treatments during follow-up: three patients
received an additional NACD because of unchanged symptoms of pain and impaired
shoulder function between four and 6 months after the initial treatment. Six patients
received a subacromial injection with lidocaine and a corticosteroid (SAl). This was
significantly more compared to Group D + SAD (p = 0.003). The complication rate in
Group SAD was 10.0%. Two patients (10%) developed an adhesive capsulitis. This did
not differ significantly between the three treatment groups (p = 0.73). Three patients
(15.0%) showed pain relief less than 20 mm and were therefore classified as a failure to
treatment. This did not differ significantly between the three treatment groups (p = 0.54).
In Group D, 22.2% (n = 4) received additional treatments during follow-up: four patients
received a SAl 4 to 6 months after surgery due to persisting pain. The com- plication
rate in Group D was 5.5%. One patient developed an adhesive capsulitis two months
after treatment, which was resolved at the final follow-up. In Group D + SAD, 4.2% (n =
1) received additional treatments during follow-up: one patient received a SAI 3 months
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after surgery. The complication rate in Group D + SAD was 4.2%. One patient developed
an adhesive capsulitis 3 months after treatment, which was resolved at final follow-up.

Post hoc sample size calculation and power analysis

An interim analysis was performed after the recruitment came to a halt due to the
COVID-19 pandemic. With the results of the interim analysis, actual standard deviations
of the primary outcome (21.2 mm) were calculated. The post hoc sample size calculation
showed that we would need to include 121 patients per group using an alpha of 0.05.
This would provide a power of 80%. This was not deemed feasible, and after deliberation
among the authors and the local ethical board the study was stopped before the required
sample size was achieved at a number of 77 patients (67.5%).

DISCUSSION

This is the first multicenter randomized clinical trial that compares three surgical
treatment procedures for therapy-resistant calcifying tendinitis of the shoulder.
In this study, all patient groups showed significant pain relief and improvement
in shoulder function 6 months after surgery. However, patients who had a SAD
showed inferior improvement in pVAS and DASH score after 6 weeks. Furthermore,
this group required more post- operative additional treatments. No significant
differences were observed between patients in Group D and D + SAD. Therefore, an
arthroscopic debridement with- out subacromial decompression seems to be advisable.
Whether or not to debride the calcifications is still a matter of dispute. [12-14] The
present study is the first to compare the short-term effectiveness of these procedures
in a randomized clinical trial. Previous studies on this topic have a retrospective or a
non-randomized design. [10] Hofstee et al [12] reported results of a pseudorandomized
study. No differences in the functional out- come were observed between patients
who had a SAD compared to patients who had a D + SAD after a mean follow-up of
36 months. Furthermore, Tillander et al [13] reported a cohort study in which patients
were reviewed 24 months after SAD alone. The two groups in this study were patients
with calcifying and non-calcifying tendinitis of the rotator cuff and no differences
were apparent in the functional outcome. In both studies, complete disappearance or
significant decrease in size of the calcifications was frequently observed. [12,13,25]
Therefore, it can be hypothesized that the surgical procedure with the SAD serves
as a stimulus for the tendon to return to the resorption phase. This resorption phase
is known to cause symptoms of pain and impaired function. [26] Even a chemical
subacromial bursitis can occur caused by erupting hydroxyapatite crystals. [27] In the
present study, calcifications dis- appeared in almost half of the patients during the
follow-up. This aforementioned resorption process might explain why significantly
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more postoperative additional treatments were necessary for patients in Group SAD.
Hence, these additional treatments (e.g., SAls and NACDs) were performed between
four to 6 months after the initial surgical treatment. One can hypothesize that the
actual clinical outcomes are worse in patients who had a SAD as they were influenced
by these additional treatments. Therefore, based on the finding that more additional
treatments were necessary and worse pVAS and DASH scores when the calcifications
were left untouched it seems that debridement of the calcifications is preferential.
In the present study, a SAD did not seem to be beneficial in addition to debridement
of the calcifications. After a mean follow-up of 6 months, the primary out- come and
all secondary outcomes did not differ between patients in Group D compared to D +
SAD. These findings are in line with the randomized controlled study of Clement et al.
[11] They found that after a mean follow-up of 12 months pain relief and improvement
in shoulder function were not influenced by the additional SAD. This is in contradiction
with the study of Balke et al. [15] In this study, patients received an additional SAD if
perioperative signs of subacromial impingement were observed. Patients who received
an additional SAD showed superior scores on the ‘pain’ component of both the CMS
and the ASES scores. [15] Though the difference was small, the clinical relevance can be
questioned since it did not exceed the minimal clinical difference (MCID). Furthermore,
in contrast to our study these patients were not randomized for an additional SAD and
therefore selection bias could have occurred. In the present randomized clinical trial,
no between-group differences were observed between patients in Group D and D
+ SAD. However, in Group D + SAD four patients failed to have satisfactory pain relief
at the final follow-up compared to an only patient in Group D. It can be hypothesized
that the recovery pat- tern is more prolonged by performing an additional sub- acromial
decompression because it is a more extensive procedure. These findings are in line with
the study of Cho et al. [28] Therefore, based on these short-term findings an additional
subacromial decompression does not seem to be beneficial.

Limitations

Some limitations apply to the current study. Firstly, since the study was terminated
prematurely it could be underpowered, which could lead to sampling bias and
underestimation of the between-group differences. This should be considered
when interpreting the results. Secondly, the lack of a control group in which a sham
operation or no surgical treatment was performed. This was left out because of ethical
considerations. The aim of this study was to compare the short-term effectiveness of
three surgical treatment procedures and not to assess the efficacy of surgery. Several
previous studies have been published that assure that a surgical treatment is a safe
and effective treatment option with good short- and midterm radio- logical and clinical
outcomes. [9,10,29,30] Thirdly, a follow-up of 6 months can be criticized for being too
short since the recovery period after shoulder surgery can be prolonged. However, in the
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study of Yoo et al. [31] 85.7% of the patients’ maximal pain relief was achieved within
6 months after surgery. [31] It was assumed that if differences in the effectiveness
between treatment groups would be present they most likely could be detected in the
short term. Moreover, with this short-term follow-up the impact of the natural course
of calcifying tendinitis of the shoulder on the outcome scores was reduced. Finally, the
lack of control group in which complete debridement of the calcifications with additional
rotator cuff repair was performed which is advocated by some authors. [31,32] However,
an additional rotator cuff repair is also reported to be a negative prognostic factor and
a frequently seen complication is adhesive capsulitis with reported incidences as high as
29%. [28,31] Postoperative immobilization after rotator cuff repair is a known risk factor
for the development of adhesive capsulitis. [31] Therefore, the investigated surgical
procedures were favoured by the authors. This made rehabilitation possible with the
usage of a sling for a few days and immediate pain-based movements to decrease the
likelihood of an adhesive capsulitis. This surgical technique is supported by other studies.
[12,26,28,31]

CONCLUSIONS

All patient groups showed significant pain relief and an improvement in shoulder
function 6 months after surgery. However, patients in Group SAD showed inferior pain
reliefand animprovementin DASH score after 6 weeks. Furthermore, this group required
more postoperative additional treatments. No significant differences in clinical and
radiological outcomes were observed between patients in Group D compared to Group
D + SAD. Therefore, an arthroscopic debridement without subacromial decompression
seems to be advisable for patients with therapy resistant calcifying tendinitis of the
shoulder.
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CHAPTER 5

ABSTRACT

Purpose

Comparing the midterm clinical outcome of surgical treatment versus ultrasound guided
needle aspiration of the calcific deposits (NACD) treatment for conservative therapy
resistant calcifying tendinitis of the shoulder. The hypothesis is that both surgical
treatment and NACD treatment led to a comparable good clinical outcome.

Methods

A comparative cohort study was performed (n=76). The allocation to surgical group
(n=35) or NACD group (n=41) was the result of a shared decision-making strategy.
Primary outcome was decrease in VAS for pain (pVAS). Secondary outcomes were EQ-5D
index, DASH score, ASES, VAS for satisfaction, recommendation of treatment, adverse
events, cross-over between groups, additional treatments, and symptomatology after
care as usual.

Results

At midterm follow-up (5.5 years, SD 0.5 years) decrease in pVAS did not differ (p=0.20)
between two groups (60.6mm, SD 23.3mm vs 53.4mm, SD 24.2mm). Secondary clinical
outcomes were also comparable. In 68.3% surgical treatment was avoided. At final
follow-up none of the outcome scores differed significantly between the crossed-over
patients (n=13, 31.7%) and the initial surgical group.

Discussion
At midterm follow-up surgical and NACD treatment result in comparable clinical
outcomes. In the majority surgical treatment can be avoided. Patients show similar
good clinical outcome of surgical treatment after failed NACD treatment. Therefore, it
seems that NACD is a valid treatment option for conservative therapy resistant calcifying
tendinitis.

Key words
Calcific tendinitis; shoulder; NACD; barbotage; surgical treatment
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INTRODUCTION

Calcifying tendinitis (CT) of the shoulder is a common cause for shoulder complaints.
It is a condition in which calcium hydroxyapatite particles are deposited in one or more
tendons of the rotator cuff. [1] CT mainly affects individuals between 30 and 60 years
of age. The condition is more common in women. The supraspinatus tendon is the most
involved tendon. [2,3] The initial treatment is with conservative measures with reported
success rates of 73%. [4,5]

Historically, surgical treatment is seen as an option for conservative therapy resistant
calcifying tendinitis of the shoulder. Surgical treatment shows good and predictable
clinical results. The exact surgical procedure has been a matter of dispute, but available
options such as debridement of the calcifications with or without an additional
subacromial decompression show good functional outcome. [6] However, minimal
invasive techniques, such as extracorporeal shockwave therapy (ESWT) or needle
aspiration of the calcific deposit (NACD) have emerged and also show promising clinical
results, especially on the short-term. [7,8] Some authors state that the results of these
minimal invasive techniques might even be comparable to surgical treatment. [8,9]
Nonetheless, available evidence on mid and long-term clinical results of these minimal
invasive techniques is limited. [10] Furthermore, there are no studies comparing the
midterm results of surgical treatment compared to NACD treatment. Therefore, the
exact place of minimal invasive techniques in the treatment algorithm of therapy
resistant calcifying tendinitis of the shoulder is not clear. [8,9,11,12]

The purpose of this study is to compare the midterm clinical outcome of surgical
treatment versus NACD treatment in patients with conservative therapy resistant
calcifying tendinitis. The hypothesis is that surgical treatment and NACD treatment
led to a comparable clinical outcome. Secondly, it is hypothesized that more additional
treatments after the NACD treatment are necessary. Thirdly, it is hypothesized that
the clinical outcomes of patients who received surgical treatment after failed NACD
treatmentare inferior compared to patients who received immediate surgical treatment.

METHODS

This research has been approved by the IRB of the authors’ affiliated institutions. The
study population consisted of all patients who were treated at the orthopaedic outpatient
department for therapy resistant calcifying tendinitis of the shoulder between January
2015 and January 2017. Inclusion criteria were non successful conservative therapy for
at least six months, at least one calcification on conventional shoulder radiographs with
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a minimal diameter of 10mm classified as type 1 or 2 according to the Gartner and Heyer
classification. [13] Exclusion criteria were a frozen shoulder at the start of the treatment,
history of surgery of the affected shoulder, rheumatoid arthritis, or fibromyalgia.
Furthermore, if perioperative findings of other significant intraarticular pathology (e.g.
biceps pathology, full-thickness rotator cuff lesions or acromioclavicular/ glenohumeral
osteoarthritis) were encountered patient were excluded from further follow-up.
Patients were divided into two groups: patients who only had a surgical treatment
(‘'surgical group’) and patients who had a NACD treatment (‘NACD group’) for the
therapy resistant calcifying tendinitis of the shoulder. The decision for surgical or NACD
treatment was the result of a shared decision-making strategy based on preference of
the patient in collaboration with the orthopaedic surgeon.

Surgical technique and rehabilitation protocol

Three experienced shoulder surgeons performed all surgical procedures. After
general anaesthesia and an interscalene nerve block, routine diagnostic glenohumeral
arthroscopy was performed to assess possible intra-articular lesions. In case of severe
glenohumeral osteoarthritis (e.g., Kellgren-Lawrence grade 3/4 chondropathy) or
significant rotator cuff lesions (e.g., any full-thickness rotator cuff lesions) patients
were excluded. Subsequently, a subacromial bursectomy was performed after which
the calcification was located using a 20-gauge spinal needling technique described by
Ellman. [14] A small incision on the bursal side of the tendon was made in line with
the tendon fibres. Then, the calcific deposit was arthroscopically debrided by applying
pressure using a curette and a shaver. The aim of the debridement was to substantially
decrease the size of the calcification and not to fully eliminate the calcification. For the
reason that in some patients this would necessitate creating a larger size cuff defect
which requires rotator cuff repair. In the entire study population, no rotator cuff repair
was performed. In patients with pre- or peroperative signs of subacromial impingement
(such as fraying of the coracoacromial ligament or severe acromial spur) an additional
arthroscopic subacromial decompression was performed as described by Caspari and
Thal. [15] The rehabilitation protocol consisted of a sling for two to four days, immediate
pain-based movements and NSAIDs combined with acetaminophen when necessary for
two weeks. Six weeks after treatment clinical follow-up was performed at the outpatient
department and radiographs were performed if necessary.

Needle aspiration procedure and rehabilitation protocol

Patients in the NACD group received a single session of an ultrasound guided needle
aspiration of the calcific deposits by two experienced musculoskeletal radiologists. The
aim of this procedure was to fragment and eradicate a substantial portion of the calcific
deposit. Furthermore, it served as a stimulus for the tendon to return the resorption
phase. After local anaesthesia, a double-needle eradication technique as described by
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Sconfienza et al[12] was performed. Under ultrasound guidance the calcific deposit was
punctured multiple times and lavage of the calcific deposit with a saline solution was
performed. After the completion, in all patients, a mixture of 4mL lidocaine 0.5% and
1mL Depo-Medrol® 40 mg/mL (Pfizer Inc) was injected in the subacromial bursa under
ultrasound guidance. The rehabilitation protocol consisted of pain-based movements
and NSAIDs combined with acetaminophen when necessary for two weeks. Six weeks
after treatment clinical follow-up was performed at the outpatient department and
standardized radiographs were performed.

Measurements

Baseline characteristics were collected from the medical files; including age, affected
side, dominant side, gender, preoperative duration of symptoms. Besides, several
radiological measurements were performed (e.g., the size of calcification, location of
calcification and the Gartnerand Heyer classification [13] was recorded) . Additionally, the
visual analog scale (VAS) for pain, EQ-5D-3L (after which the EQ-5Dindex was calculated)
[16] and disability of arm, hand, and wrist (DASH) [17] score were collected at baseline.
Patients were contacted through an invitation letter for a final follow-up after a minimal
follow-up of three years and asked to complete several patient reported outcome
measures (PROMs) including; VAS for pain, EQ-5D-3L (after which the EQ-5Dindex
was calculated) [16], DASH, the American Shoulder and Elbow score (ASES) [18], VAS
for satisfaction regarding the treatment and whether they would recommend their
specific treatment to other patients. Furthermore, adverse events, cross-over between
treatment groups and additional treatments were assessed. The decision to cross-over
between groups was the result of a shared decision-making strategy, in which persisting
symptoms had to be accompanied by an unsatisfactory decrease of the subacromial
calcifications on the radiographs.

The short-term result of the treatment during follow-up in context of care as usual (with
evaluation of the clinical outcome at the outpatient department at six weeks and six
months postoperatively) was extracted from the electronical medical files. This result was
categorized into three groups: symptom-free after treatment, unchanged symptoms,
and a group in which the complaints improved but still had some residual symptoms.
No patient reported outcomes were documented at these consultation moments.
The primary outcome was the difference in improvement of VAS for pain between the
two groups during follow-up. The VAS for pain was documented as a handwritten mark
ona 100mm line that represents a continuum between “no pain” and “worst pain”.

Statistical analyses

Statistical analysis was performed using SPSS (IBM Statistics, version 26.0, Armonk,
New York). Primary and secondary outcomes were reported as mean with standard
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deviation and median with range in case of non-parametric distribution. Categorical
outcome variables (e.g., for example adverse events) were reported as frequency with
percentage. Between group differences and differences between baseline and final
follow-up were analysed for both the primary and secondary outcomes. Continuous
outcome variables and their differences were analysed with independent t-tests, unless
the data was non-parametrical, in which case Mann-Whitney tests were used. Categorical
outcome variables were analysed with chi-square tests. A two-tailed p-value of <0.05 was
considered significant.

Sample size calculation

The surgical treatment was set as the reference test, the NACD treatment was compared
to this procedure in this non-inferiority study. The VAS for pain was used as our primary
outcome. A difference of 15mm in improvement was defined as an important difference
between the treatment groups. With an assumed standard deviation of 20mm 34
patients per group are necessary to achieve a power of 90%. The Type | error probability
associated with this test of this null hypothesis is 0.05.

RESULTS

Between January 2015 and January 2017 a total 168 patients were treated for therapy
resistant calcifying tendinitis at our orthopaedic outpatient department. 105 patients
were considered eligible and were invited for final follow-up. The response rate was
72.4% (n=76) after a mean follow-up of 5.5 years (Fig 1). Thirty-five patients were
allocated to the surgical group and forty-one patients were allocated to the NACD group.
Baseline characteristics are shown in table 1.1t shows that the baseline characteristics are
comparable, with the exemption of the affected side [significantly more (p>0.001) left
shoulders were affected in the surgical group] and gender [significantly less (p=0.005)
females were included in the surgical group].

Primary outcome

The improvement during follow-up in VAS for pain did not differ significantly (p=0.20)
between the groups; surgical group (60.6mm, SD 23.3mm) compared to NACD group
(53.4mm, SD 24.2mm). The mean VAS for pain in the entire study population at final
follow-up was significantly lower (p<0.01) than the mean VAS for pain at baseline:
from 72.2mm (SD 12.5mm) to 15.5mm (SD 22.6mm) at baseline and at final follow-up,
respectively (Fig. 2).
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168 patients assessed for
eligibility

63 patients excluded:
Not met selection criteria: 14
Met exclusion criteria: 26
Incomplete baseline
questionnaires: 18
No contact information: 5

105 eligible patients

NACD: 63 patients

Surgery: 42 patients

Completed questionnaires:

Completed questionnaires:
41 patients (65.1%)

35 patients (86.3%)

Figure 1. CONSORT Flow-chart of patients through the study
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Figure 2. VAS for pain at consultation moments
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Table 1. Baseline characteristics

Complete study Surgical group NACD group P value
population (n=76) (n=35) (n=41)
Age in years at time of 54.1(8.7) 54.3(9.3) 53.9(8.3) 0.69
surgery mean (SD)
Affected side 41 (54.7) 10 (28.6) 31 (75.6) <0.001*
Right n(%)
Dominant side 61 (81.3) 31 (88.6) 31 (75.6) 0.16*
Right n(%)
Gender 44 (58.7) 14 (40.0) 30(73.2) 0.005*
female n(%)
Duration of symptoms in 22 (5-120) 24 (6-120) 18 (5-120) 0.31*
months median (range)
Size of deposit in mm (SD) 20.1(6.7) 18.7 (8.0) 21.4(5.2) 0.13
Location of deposit
SSP n (%) 64 (84.2) 29 (82.9) 35 (85.4) 0.723*
ISP n (%) 12 (16.0) 6(17.6) 6 (14.6)
SSCn (%) 0(0.0) 0(0.0) 0(0.0)
Gartner and Heyer type:
Type | n(%) 49 (64.5) 20 (57.1) 29 (70.7) 0.28*
VAS in mm (SD) 72.2(12.5) 73.7 (10.6) 71.0 (13.9) 0.28
EQ-5Dindex (SD) 0.57 (0.29) 0.51(0.30) 0.62 (0.26) 0.08
DASH (SD) 43.7 (16.2) 455 (17.1) 42.1(15.4) 0.30

+ = Chi square test, * = Mann-Whitney U test, NACD = Needle Aspiration of Calcific Deposit, SSP = Supraspinatus tendon,
ISP = Infraspinatus tendon, SSC = Subscapularis tendon, VAS = Visual Analog Scale, DASH = Disability of Arm, Hand,
and Shoulder score

Secondary outcomes

Patient reported outcomes (PROM:s)

Patient reported outcomes at final follow-up are summarizedin table 2. The improvement
in EQ-5Dindex was less (p=0.04) in the NACD group; surgical group (0.39, SD 0.30)
compared to NACD group (0.24, SD 0.32). The improvement in the EQ-5Dindex was
calculated by subtracting the EQ-5Dindex at the start of the study from the EQ-5Dindex
at final follow-up.

At final follow-up, the reported DASH scores did not differ significantly (p=0.26) between
the two groups, nor did the decrease between the two groups differ significantly
(p=0.18). The ASES at final follow-up did not differ significantly between the two groups
(p=0.17).

Adverse events, additional treatments and cross-over

The secondary and short-term outcomes administered within the context of care as
usual which were extracted from the electronical medical files are summarized in table 3.
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Table 2. Patient reported outcomes at final follow-up

Complete study Group Surgical Group NACD P value
population (n=76) treatment (n=35) (n=41)
EQ5Dindex 0.86 (0.22) 0.87(0.21) 0.85(0.23) 0.73
DASH 11.1 (14.8) 9.1(16.2) 12.9 (13.4) 0.26
ASES 86.0(18.9) 89.3(18.8) 83.2 (18.7) 0.17
VAS for satisfaction in mm 86.0 (16.0) 87.0 (15.0) 86.0 (17.0) 0.77
Recommend treatment
Yes (%) 71(93.4) 33(94.3) 38(92.7) 0.78*

+ = Chi square test, NACD = Needle Aspiration of Calcific Deposit, DASH = Disability of Arm, Hand, and Shoulder score,
ASES = American Shoulder and Elbow Score, VAS = Visual Analog Scale.

Surgical group

In the surgical group three adverse events (8.6%) were registered. Two patients (5.7%)
showed signs of an adhesive capsulitis which recovered, with additional pain treatment
of an anaesthesiologist and adjustment of the rehabilitation protocol. Furthermore,
one patient had persisting symptoms of pain based on large residual subacromial
calcification and recovered after an additional NACD treatment four months after
the initial treatment. Besides these three patients with adverse events another four
patients received a subacromial cortisone injection to relieve symptoms of pain due to
a subacromial bursitis. Cumulatively, in the surgical group 7 of the 35 patients (20%)
received an additional treatment.

Table 3. Outcomes administered from electronical medical Files

Complete study population Surgical group  NACD group P value

(n=76) (n=35) (n=41)
Adverse events
Yesn (%) 21 (27.6) 3(8.6) 18 (43.9) 0.001*
Additional treatments
Yesn (%) 37 (48.7) 7(20.0) 30 (73.2) <0.001*
Cross-over n (%) 14 (18.4) 1(2.9) 13(31.7) 0.001+
Outcome after treatment within
care as usual:
symptom-free n (%) 47 (56.6) 26 (74.3) 21(51.2)
unchanged symptoms n (%) 15(19.7) 1(2.9) 14 (34.1) <0.001*
improved symptoms n (%) 14 (18.4) 8(22.9) 6 (14.6)

+ = Chi square test, NACD = Needle Aspiration of Calcific Deposit.

NACD group

In the NACD group more (p=0.001) adverse events (n=18, 43.9%) were registered
compared to the surgical group. Four patients (9.8%) showed signs of an adhesive
capsulitis which recovered with additional pain treatment of an anaesthesiologist and
adjustment of the rehabilitation protocol. Furthermore, fourteen (34.1%) patients had
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unchanged symptoms of pain on the short term in combination with an unsatisfactory
decrease of the subacromial calcifications on the radiographs. Thirteen patients (31.7%)
patients decided to cross-over to the surgical treatment group. In this particular group,
the mean residual size of the subacromial calcifications at time of the surgical treatment
was 13mm (SD 5.9mm). The median time to cross-over was 0.5 years_(range 0.2-2.1 years).
The Gartner and Heyer type at the time of surgery was type 1 in five patients, type 2 in
five patients and type 3 in three patients. At final follow-up none of the outcome scores
differed significantly between these thirteen patients and the original surgical group
(table 4).

Table 4. Comparison between surgical group and surgery after failed NACD group

Surgical group (n=35)  Group surgery after failed NACD (n=13) P value

VAS for pain in mm 13.1(24.9) 19.6 (17.6) 0.40
EQ-5D index 0.87 (0.21) 0.85 (0.25) 0.71
DASH 9.1 (16.2) 14.9 (17.2) 0.28
ASES 89.3(18.8) 80.9 (20.4) 0.18
VAS for satisfaction in mm 87.0 (15.0) 80.4 (26.7) 0.31

NACD = Needle Aspiration of Calcific Deposit, VAS = Visual Analog Scale, DASH = Disability of Arm, Hand, and Shoulder
score, ASES = American Shoulder and Elbow Score, () = standard deviation.

One patient (2.4%) opted for a second NACD treatment two months after the initial
treatment after which the symptoms resolved (VAS 10.0mm, DASH 9.2, ASES 90.3 at
final follow-up). On the other hand, at final follow-up none of the outcomes score
differed significantly between patients who only had the NACD treatment (n=28, 68.3%)
comparted to the original surgical group (table 5). Cumulatively, thirty patients (73.2%) in
the NACD group required additional treatments. Besides the aforementioned additional
treatments another twelve patients had a subacromial cortisone injection after a mean
follow-up of 0.20 years (SD 0.13 years).

Table 5. Comparison between surgical group and only NACD group

Surgical Group (n=35) Group only NACD (n=28) P value
VAS for pain in mm 13.1(24.9) 16.6 (21.9) 0.75
EQ-5D index 0.87 (0.21) 0.85 (0.22) 0.80
DASH 9.1 (16.2) 12.0 (11.4) 0.70
ASES 89.3 (18.8) 84.4 (18.3) 0.18
VAS for satisfaction in mm 87.0 (15.0) 87.9 (11.3) 0.55
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DISCUSSION

This is the first cohort study which compares the midterm clinical outcome of surgical
treatmentand NACD treatment for patients with conservative therapy resistant calcifying
tendinitis of the shoulder. This study showed that both treatment options result in
good clinical outcomes. Though, more additional treatments and a substantial number
of cross-over (31.7%) were observed in patients who received the NACD treatment.
However, at final follow-up patient who crossed over showed comparable good clinical
outcomes. Therefore, it seems that NACD is a valid alternative treatment option.
After a mean follow-up of 5.5 years both surgical and NACD treatment resulted in good
clinical outcomes for patients with conservative therapy resistant calcifying tendinitis.
Recently, the self-limiting character of calcifying tendinitis of the shoulder has been
questioned. In a study of de Witte et al[19], a high degree of residual shoulder complaints
was reported in patients who had conservative treatment for calcifying tendinitis of the
shoulder after a mean follow-up of 14 years. The authors stated that a more aggressive
treatment strategy can be beneficial. [19] The evidence reporting the mid and long-term
results of surgical treatment of calcifying tendinitis is limited. Balke et al [20] reported
acceptable clinical outcome after a mean follow-up of six years with a CMS of 76.2 and
an ASES of 81.5. Though, these clinical outcome scores were significantly less compared
to the patients’ non-affected contralateral shoulder. Lorbach et al [21] reported good to
excellent clinical outcome 58.4 months after debridement of the calcifications without
and with rotator cuff repair with a CMS of 86.2 vs 80.6, respectively and the ASES score
of 98.3 vs 88.9. These clinical outcomes are in line with the current (ASES of 89.3). To our
knowledge, only two studies report mid/long-term results of NACD treatment. In the
study of Serafini et al[22] results are reported five and ten years after NACD treatment.
The authors show good outcomes scores with a VAS for pain of 26.0mm and 25.0mm
and a CMS of 90.9 and 91.8 after five and ten years, respectively. Furthermore, de
Witte et al[10] also report good results five years after treatment with a CMS of 89.5
and a DASH score 12.7. However, it should be noted that both studies also included
patients with Gartner and Heyer type 3 calcifications. This is in contrast with the current
study in which only patients with Gartner and Heyer type 1 and 2 calcifications were
included. Gartner and Heyer type 3 calcifications have high potency of spontaneous
resolution. [13] Therefore, the good clinical outcome in the aforementioned studies
may be influenced by this high potency for spontaneous resolution of the calcifications.
Still, the previous reported good clinical outcomes are in line with the present study.
Cross-over to surgical treatment has not been systematically reported in previous studies
investigating results of NACD. In our study 31.7% cross-over to the surgical treatment
group because of persisting symptoms of pain after NACD. The median interval between
the NACD treatment and the surgical treatment was 0.5 years (range 0.2-2.1 years).
Although the subacromial calcifications were reduced in size from 21.4mm to 13.0mm
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at time of cross-over to surgical treatment. It is known that larger size calcifications
(>10mm) are more likely to continue to cause symptoms and are more prone to fail with
conservative measures. [5] Furthermore, Oudelaar et al[23] demonstrated that Gartner
and Heyer type 1 calcifications are more likely to fail to a single session of NACD. In the
present study, 61.5% of the patient who crossed over to the surgical treatment had a
Gartner and Heyer type 1 calcification. This highlights the need for further investigation
on the relationship between morphology of the calcification and optimal treatment to
improve outcome. Nonetheless, the clinical outcome at final follow-up of the patients
who had a surgical treatment after a failed NACD treatment were comparable to the
initial surgical treatment group. Nevertheless, the VAS for satisfaction was high in the
current study. In addition to cross-over between groups, significantly more additional
treatments were necessary in the NACD group which may be caused by a subacromial
bursitis. Previous studies report that erupting calcific particles in the subacromial
bursa can cause a chemical bursitis. [24,25] It can be hypothesized that these additional
treatments (e.g., mainly cortisone injections) were needed to alleviate symptoms caused
by the resorption phase of these calcific particles which was initiated by the NACD
treatment. Once this resorption phase is completed the tendon will return to normal
tendinous tissue and the patients will remain free of symptoms. [1]

This study has some limitations. Firstly, patients were allocated to either surgical or
NACD treatment after a shared decision-making strategy and therefore selection bias
could be introduced. This could have created an imbalance between the two groups
and maybe the cause of more males within the surgical treatment group. However, the
baseline PROMs and radiological measurements were all comparable between the two
groups. Besides, this study population accurately reflects the patients presented at the
outpatient department and therefore represent the actual case mix of patients with
therapy resistant calcifying tendinitis of the shoulder. Secondly, a limitation could be
that the current study only focuses on PROMs and clinical outcomes. Although these
measures indicate treatment results as experienced by the patient, they might be
subjected to floor and ceiling effects and socially desirable answering. Ideally, a more
objective measurement, for example activity monitor tracking or comparison to the
contralateral healthy shoulder, is used to detect differences within and between the
treatment groups. Thirdly, some specific patient factors were not collected in the study
such as their smoking status or comorbidities. Recent studies have shown that these
patient factors can be a negative prognostic factor. [23,26] Therefore, confounding of
these patient factors cannot be ruled out.
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CONCLUSIONS

After a mean follow-up of 5.5 years both surgical and NACD treatment result good
clinical outcomes for patients with conservative therapy resistant calcifying tendinitis of
the shoulder. A substantial number of patients cross-over to a surgical treatment after
NACD treatment. However, in the majority a surgical treatment can be avoided. Besides,
patients who had surgical treatment after failed NACD treatment show similar good
outcome. Therefore, it seems that NACD is a valid treatment option, although more
research in a randomized fashion is needed.
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ABSTRACT

Background

There are several treatment options for calcifying tendinitis of the shoulder. The next step
treatment after conservative treatment fails is still a matter of dispute. Extracorporeal
shock wave therapy (ESWT) has been shown to be a good alternative to surgery, but
the best treatment intensity remains unknown. High-energy ESWT is much more painful,
more expensive, and usually is done in an inpatient setting, whereas low-energy ESWT
can be performed in an outpatient setting by a physical therapist.

Questions/purposes

A systematic review and meta-ana- lysis of randomized trials was performed to answer
two clear research questions: (1) Is there a greater increase in the Constant-Murley score
in patients treated with high- energy ESWT compared with those treated with low-
energy ESWT by 3 months and by 6 months? (2) Is there a greater chance of complete
resorption of the calcifications in patients treated with high-energy ESWT compared
with those treated with low-energy ESWT by 3 months and by 6 months?

Methods

Five relevant electronic online databases, Medline (through PubMed), EMBASE (through
OVID), Cinahl (through EBSCO), Web of Science, and the Cochrane Central Register of
Controlled Trials, were systematically searched. We also crosschecked the reference
lists of articles and reviews for possible relevant studies. Eligible for inclusion were all
randomized controlled trials (RCTs) that compared high-energy ESWT (>0.28 mJ/mm?2)
with low-energy ESWT (<0.08 mJ/ mm2). One author examined titles and abstracts of
each identified study to assess study eligibility. Two reviewers independently extracted
data and assessed the risk of bias and study quality. The primary outcome measure, the
Constant-Murley score, was assessed by comparing mean functional outcome scores
between the groups. Secondary outcomes were assessed using odds ratios when
appropriate data were pooled. Based on this process, five RCTs (359 participants) were
included.

Results

All five RCTs showed greater improvement in functional outcome (Constant-Murley
score) in patients treated with high-energy ESWT compared with patients treated with
low-energy ESWT at 3 and 6 months. The 3-month mean difference was 9.88 (95% Cl,
9.04-10.72, p <0.001; 6-month data could not be pooled). Furthermore, high-energy
ESWT more often resulted in complete resorption of the deposits at 3 months. The
corresponding odds ratio was 3.40 (95% Cl, 1.35-8.58) and p = 0.009 (6-month data
could not be pooled).
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Conclusion

When shock wave therapy is chosen, high- energy shock wave therapy is more likely to
result in improved Constant-Murley score and resorption of the deposits compared with
low-energy therapy.
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INTRODUCTION

Calcifying tendinitis of the shoulder is a common disease of the rotator cuff muscles
that results in pain and decreased ROM. The disease mainly affects individuals
between 30 and 50 years old, and males and females are equally affected. The calcific
material consists of a collection of calcium hydroxyapatite in crystalline or amorphous
form. [5,8,14] Approximately 80% the calcium deposits are located in the tendon
of the supraspinatus, 15% are in the infraspinatus, and approximately 5% are in the
subscapularis tendon. In the supraspinatus tendon, the most affected location is 1.5 to
2.0 cm away from its insertion at the greater tuberosity. [5,8,11,23] The aetiology of
the calcium deposits in the rotator cuff is disputed. [9, 20, 23] It has been suggested
that it is related to decreased local oxygen tension or hypoxia. [5,8] The calcifications
can be subdivided using the classification of Gartner and Heyer. [8] Their classification
is used to describe the radiologic aspect of the calcifications. It subdivides the
calcifications into three groups: type |, clearly circumscribed and dense; type II, clearly
circumscribed, translucent, cloudy, or dense; and type Ill, cloudy and translucent.
The disease is at first treated nonoperatively, including use of anti-inflammatory
drugs, ice therapy, physiotherapy, corticosteroid injections, and/or needling. However,
when this fails, extracorporeal shock wave therapy (ESWT) can be a good and less-
invasive treatment option before surgery. [10,12] The exact mechanisms of action
of the ESWT are largely unknown; Loew et al. [17] postulated that the shock waves
lead to a three-way mechanism of action: (1) mechanical effect resulting in deposit
fragmentation; (2) molecular effect resulting in deposit phagocytosis; and (3) analgesic
effect resulting in denervation of pain receptors. Shock wave therapy can be divided
into three categories based on its energy levels: low-energy (< 0.08 mJ/mm?2), middle-
energy (0.08-0.28 mJ/mm2), and high-energy (> 0.28 mJ/mm2). [1,15,20] High-energy
ESWT can induce fragmentation and destruction of solid bodies. For example, high-
energy ESWT has a physical effect on kidney stones, gallstones, and bony tissue, causing
physical and histologic changes. By contrast it is believed that the therapeutic effect
of low-energy ESWT is based on neurophysiologic mechanisms. [18,22] Moreover,
different devices are needed to apply different energy intensities. Devices that can
generate high-energy ESWT are more expensive than the devices needed for low-energy
ESWT. High-energy ESWT is more painful than low-energy and more often requires
(intravenous) analgesia. This is why it often is done in an inpatient setting. Low-energy
ESWT, on the contrary, usually is performed in an outpatient setting by a physical
therapist. [1,9] However, regarding the functional and radiologic outcomes, the optimal
therapeutic intensity has to be set and a dose-response relation has to be found. [18]
We therefore performed a meta-analysis of randomized trials comparing high- with
low-energy ESWT for calcifying tendinitis of the shoulder. We specifically sought to
determine (1) if there a greater increase in Constant-Murley score in patients treated
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with high-energy ESWT compared with those treated with low-energy ESWT in the
short term (3 months) and at midterm (6 months), and (2) if there is a greater chance
of complete resorption of the calcifications in patients treated with high-energy ESWT
compared with those treated with low-energy ESWT in the short term (3 months) and at
midterm (6 months)?

MATERIALS AND METHODS

Search Strategy
This review was performed and reported following the principles of the QUORUM
statement. [7,19]

We systematically searched five relevant electronic online databases: Medline (through
PubMed), EMBASE (through OVID), Cinahl (through EBSCO), Web of Science, and the
CochraneCentralRegisterof ControlledTrials. Inaddition, thereferencelistsofarticlesand
reviews were crosschecked for possible relevant studies. The search was set up using the
PICO (patient[ordisease],intervention[adrugortest], comparison[anotherdrug, placebo
ortest],andoutcome) format,andvarious medicaltermswere used forthesearch (Table 1).
Eligible for inclusion were all randomized controlled trials (RCTs) that compared high-
energy ESWT (> 0.28 mJ/mm2) with low-energy ESWT (< 0.08 mJ/mm2). This literature
search identified 194 potentially relevant studies; 108 studies were excluded after
screening the titles and another 73 studies were excluded after reading the abstracts.
Reasons for exclusion were that the studies were not RCTs or not concerning the
shoulder. After reading the full-text articles, another eight studies were excluded, mainly
because the comparison between the groups was not of our interest. The remaining five
studies were eligible and are included in this systematic review. For the meta-analysis,
the data of three studies was used. The results of the functional and radiologic outcomes
after 3 months was pooled (Fig. 1).

Data Management

The data were independently extracted by two of the authors (FUV, NidK) and
crosschecked for accuracy. The authors were blinded to the authors of the included
articles, their institutions, and the journals in which they were published. Data from
each study were extracted in a standardized way using an extraction form specifically
designed for this study. Extracted data included inclusion and exclusion criteria, inclusion
period, the individual study groups, methods of randomization, blinding, type and brand
of shock wave generator, intensities and frequencies of the shocks waves, primary and
secondary outcome measurements, statistics used, baseline characteristics, and results
(Appendix 1. Supplemental material is available with the online version of CORR).
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Discrepancies between the authors were resolved by scrutinizing the original article until
a consensus was reached. Authors of the articles of the included studies were contacted
for missing information.

Records identified through database searching (n = 380)
Medline (87): Embase (126); CINAHL (12): Web of Science (102): Cochrane Library (53)

Limits English, Dutch, German
Publication year 1990-February 2013

Additional records identified
through other sources
(n=11)

l

Records after duplicates removed

(n=194)
Studies excluded after
screening title (n = 108)
Abstracts screened
(n=86)
Studies excluded after
reading abstract
(n=73)
Reasons
Full-text articles Non-RCT
assessed for eligibility Comments/literature
(n=13) review
Studies excluded after Nourelated body parts
reading abstract
(n=8)
Reasons Studies included in
Wrong comparison qualitative synthesis
ESWT versus non- (n=5)
ESWT
High-ESWT versus l
At WY Studies included in
Low-ESWT verun quantitative synthesis
middle-ESWT L e
(meta-analysis)
(n=3)

Figure 1. The Flowcharat shows the results of the systematic search, including the number of
articles identified and excluded at each juncture.

Study Quality

The risk of bias and quality of the individual articles were independently assessed by
two of the authors (FUV, NidK) using the criteria of Furlan et al. [7] (Tables 2 and 3).
Disagreements were resolved by consensus; a third author (JWM) was consulted if
necessary. Three of the five studies qualified as high-quality RCTs. The high-quality
studies were those of Albert et al. [1], Gerdesmeyer et al. [9], and Pleiner et al. [21] The
low-quality studies were those of Loew et al. [17] and Rompe et al. [22]
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Table 1. Search strategy

Population Patients with radiographically confirmed symptomatic tendinitis calcarea of the shoulder
(search terms: shoulder joint, rotator cuff, shoulder, supraspinatus, infraspinatus, subscapular
or teres, impingement syndrome, tendinopathy, tendinopathy, tendonitis or tendinitis,
tendinosis, calcinosis, calcifying, calcification, calcified, calcific, calcarea)

Intervention High-energy extracorporeal shock wave therapy (search terms: shock wave, ESWT, ESWL,
radiofrequency, HESWT, high- energy, high-intensity, high, high EFD, shock waved therapy,
extra corporeal shock wave therapy, radiation nonionizing)

Comparison Low-energy extracorporeal shock wave therapy (search terms: shock wave, ESWT, ESWL,
radiofrequency, LESWT, low- energy, low-intensity, low, low EFD, shock waved therapy, extra
corporeal shock wave therapy, radiation nonionizing)

Outcome Functional outcome and radiologic outcome

Limits Language: English, German, Dutch
Publication years: 1990-February 2013
Study population: humans

ESWT = extracorporeal shock wave therapy; ESWL — extracorporeal shock wave lithotripsy; HESWT = high-energy
shock wave therapy; EFD = energy flux density; LESWT = low-energy shock wave therapy.

Characteristics of Included Studies

The total study population from five RCTs of low versus high-energy ESWT consisted of
359 participants (Table 4). All patients were treated with conservative measures for at
least 4 months before considering ESWT. No local anaesthetics or corticosteroids were
used with the ESWT. The patients were followed up for a minimum of 3 months and
a maximum of 12 months. The primary functional outcome measure in all studies was
the Constant-Murley score. The Constant-Murley score is used to assess function of the
shoulder. [4] Thisscore combines physical tests with subjective evaluations by the patients,
for which 35 and 65 points respectively, can be assigned; resulting in a score between
0 (worst) and 100 (most favourable). [2-4] The secondary outcome measures reported
in the five studies were more diverse, including the VAS for pain, radiologic outcome,
complication rate, and other therapies used. Radiologic resorption of the calcium
deposits was subdivided by four studies [1,17,21,22] into complete disappearance,
partial disappearance, and no change in the calcific deposits. Gerdesmeyer et al. [9]
described the change in calcification in actual mm? decrease, thus we did not include this
article in the quantitative analysis.
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Table 2. Methodologic quality* scores of the included studies (continued)

12 quality criteria of Furlan et al. (2008).

No selective

outcome data? outcome

Blinding Incomplete Incomplete
outcome
ITT-analysis?

Blinding

Blinding

Allocation

Adequate

Reference

outcome data
addressed?
dropouts

patients? caregiver?

concealment?

randomization?

reporting?

assessors?

+

Gerdesmeyer et al.

(2003)

Alberts et al.
(2007)

Pleiner et al.
(2004)

Rompe et al.
(1998)

+

Loew et al. (1999)

0 points

0 points; ?,unclear/unsure

High-Quality = >50%, Low-Quality = <50%

=1 point; -,No

+Yes

Table 3. Methodologic quality* scores of the included studies (continued)

12 quality criteria of Furlan et al. (2008).

Score Study Percentage

Score Maximum

Timing of

Compliance

Similarity baseline Co-interventions

characteristics?

Reference

the outcome
assessments
similar?

acceptable in all

groups?

avoided or similar?

75%

12

?

Gerdesmeyer et al.

(2003)

75%

12
12
12

+

Alberts et al. (2007)

67%

+

Pleiner et al. (2004)
Rompe et al. (1998)

50%

+

33%

12

Loew et al.
(1999)
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Heterogeneity

The extracted data for the increase in the Constant-Murley score after 3 months showed
moderate heterogeneity. [7] A random effects model was used to pool the data for the
functional outcome after 3 months. The data for the increase in the Constant-Murley score
after 6 months could not be pooled because the extracted data were incomplete and
owing to the diversity in the timing of the final outcome moment (range, 24-30 weeks),
therefore it is presented narratively.

The chance of complete resorption after 3 months showed no heterogeneity and therefore
could be pooled using a fixed effect model. The data for the chance of complete resorption
after 6 months could not be pooled because the extracted data were incomplete. With
only three studies selected for the meta-analysis, we could not perform a meaningful
funnel plot analysis to assess for publication bias.

Statistical Analysis

The Cochrane Collaboration's Review Manager (RevMan, http://tech.cochrane.org.
mu.idm.oclc.org/revman) was used to pool the data. [11] Mean difference and 95% Cls
were calculated to pool the functional outcome.

For the chance of complete resorption, the pooled odds ratio with 95% Cl was calculated.
For the data that could not be pooled because of heterogeneity and incomplete data in
the articles, the results are narratively reported.

RESULTS

Constant-Murley Scores in Patients Treated With High- and Low-energy ESWT
Constant-Murley scores at 3 months improved to a greater degree in patients treated
with high-energy ESWT than in patients treated with low-energy ESWT (Fig. 2). Pooled
analysis [1,9,17] of the 216 patients showed that patients in the high-energy group
improved by a mean of 25.82 points (SD, 10.26 points), compared with 15.94 points
(SD, 6.59 points) in the low-energy group (Fig. 3). The mean difference was 9.88 (25.82
versus 15.94, 95% Cl, 9.04-10.72; p < 0.001). The difference in increase in Constant-
Murley scores between high-energy and low-energy ESWT ranged from 16 points [1] to
33 points [17] (Table 5).

101




CHAPTER 6

m High ESWT  mLow ESWT
30

25

20

Increase in Constant-Murley score
-
w

Albertetal. [1] Gerdesmevyer et al. [9] Loew et al. [17])

Figure 2. This graph shows the data with the greater increase in Constant-Murley score after
3 months for patients treated with high-energy ESWT compared with those treated with low-
energy ESWT.

Mean difference, Random, 95% CI

n—

=
.

-10 -5 0 5 10
Low-energy ESWT | High-energy ESWT

Figure 3. The pooled results of the Constant-Murley scores after 3 months are shown.

For functional outcome after 6 months, three of the five included studies reported
results similar to those after 3 months; all individual studies concluded that high-energy
showed a greater increase in the functional outcome measured by the Constant-Murley
score after 6 months (Fig. 4). This difference in Constant-Murley scores between high-
energy and low-energy ESWT ranged from 15 points [22] to 71 points [21] (Table 4).
However, these data could not be pooled because the extracted data were incomplete
and owing to diversity in the timing of the final outcome moment (range, 24-30 weeks).

Resorption of the Calcifications

The chance of complete resorption of the calcifications at 3 monthswas greaterin patients
treated with high-energy ESWT than in patients treated with low-energy ESWT (Fig. 5).
Pooled analysis [1,17,21] of the 163 patients showed those in the high-energy group had
agreater chance of complete resorption compared with patients in the low-energy group
(oddsratio, 3.40;95%Cl, 1.35-8.58; p=0.009) (Fig. 6). The results of each study showed that
high-energy ESWT resultsina greater chance of resorption after 3 months. The difference
in the rate of complete resorption across the different studies in patients treated with
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high-energy ESWT versus low-energy ESWT ranged from 10% [1,21] to 35% [17] (Table 6).
Two studies [21,22] showed a greater chance of complete resorption in patients treated
with high-energy ESWT compared with those treated with low-energy ESWT after 6
months. The extracted data for the chance of complete resorption after 6 months could
notbe pooled because of the large amount of incomplete extracted data. The differences
in the chance of complete resorption between patients treated with high-energy
ESWT and those treated with low-energy ESWT were 11.64% [21] and 6% [22] (Fig. 7).

0 W High ESWT  mLowESWT
100
80
40
20
0

Gerdesmeyer et al. [9] Pleineretal. [21) Rompe etal. [21]

Increase in Constant-Murley score
2

Figure 4. This graph shows the data for greater increase in Constant-Murley scores after 6
months in patients treated with high-energy ESWT compared with those treated with low-
energy ESWT.

mHigh ESWT  mLow ESWT

&0
50
40
30
20

Albertetal [1] Loow et al. [17] Pleiner et al, [21)

Percentage of complete resorption

Figure 5. This graph shows the data fot a greater chance of complete resorption after 3 months
in patients trwated with high-energy ESWT compared with those treated with low-energy ESWT.
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Figure 6. The pooled results of the chance of complete resorption after 3 months are shown.
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Table 5. Results of Constant-Murley score (CMS) after 3 months

Low-energy ESWT

High-Energy ESWT

Mean difference

(95% CI)

Weight of individual
study within meta-

analysis

Number of participants
in individual study

group

Mean increase in

Number of

Mean increase in

Study

CMS in individual
study group (SD)

participants in

CMS in individual
study group (SD)

individual study group

8.00 (1.06-14.94)

1.5%
88.0%
10.5%
100%

40
48
20

4.5(14.8)

12.5(16.8)
26.2 (2.02)
24.7 (3.57)

Albert et al. [1]

9.60 (8.70-10.50)

16.6 (2.45)
12.2 (4.74)

48

Gerdesmeyer et al. [9]
Loew et al. [17]
Total (95%)

12.50 (9.90-15.10)
9.88 (9.04-10.72)

20

108

108

Table 6. Results for complete resorption after 3 months

Low-energy ESWT

High-energy ESWT

Events occurred

Number of participants Weight of individual Odds ratio (95% Cl)

Events occurred

Number of

Study

inindividual study in individual study group study within meta-

participants in

in individual study

group

analysis
30.8%
43.3%
25.9%

group

individual study group

40

3.35(0.63-17.74)

40
20
20
80

Albert et al. [1]

4.89 (1.20-19.94)
1.89 (0.31-11.64)
3.40 (1.35-8.58)

20
23
83

Loewetal. [17]

Pleiner et al [21]
Total (95% Cly

100.0%

21
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DISCUSSION

ESWT has been proven to be an effective treatment option after failed nonoperative
treatment of calcifying tendinitis for at least 4 months. [20] It is a safe treatment option.
It has few adverse events and minor side effects such as bruising and hematoma often
are short-lived. [9,22] Two cases of humeral head osteonecrosis have been reported.
[6] In one case the causative relationship was questionable and in the second case the
indication for ESWT was questionable. [6] There are high- and low-energy options,
but the best treatment intensity has not been set yet. [20, 24] High-energy ESWT is
much more painful and more expensive, and usually is done in an inpatient setting,
whereas low-energy ESWT can be performed in an outpatient setting by a physical
therapist. [9, 21] Therefore, we hoped to answer two research questions by a systematic
review and meta-analysis. We asked whether patients treated with high-energy ESWT
showed a greater increase in Constant-Murley score compared with patients treated
with low-energy ESWT at 3 months and at 6 months. We also asked whether there
was a greater chance of complete resorption in patients treated with high-energy
ESWT compared with patients treated with low-energy ESWT at 3 and at 6 months.
This meta-analysis has some limitations; one is that the functional outcome (Constant-
Murley score) after 3 and 6 months showed moderate heterogeneity, and we investigated
the possible causes for this. One possible explanation could be that energy levels of the
different studies were not equivalent and the devices used were not the same (Table
4). Although the comparisons were for high-energy ESWT versus low-energy ESWT, the
intensity was always either more than 0.28 mJ/mm2 or less than 0.08 mJ/mm2. Another
explanation could be that the included studies had different Constant-Murley scores
before treatment, although they did not differ much (range, high-energy ESWT, 39.0-
60.0; low-energy, ESWT, 39.4-62.7). Another limitation of the current review is use of the
Constant-Murley score. Although it is a simple method to assess function of the shoulder
andit has highintraobserver andinterobserver reliability, the minimal clinically important
difference and minimal detectable difference for patients with calcifying tendinitis has
not been set yet. The minimal clinically important difference has been set for patients
with a rotator cuff tear. [16] However, an increase of 9.88 points on a scale of 1 to 100
is likely to be clinically important. The reason for choosing a follow-up of 6 months as
an end point in the included articles is because at this point the effect of the ESWT
is expected but the natural self-limiting course of the disease is not yet expected. [9]
High-energy ESWT resulted in a better functional outcome compared with low-energy
ESWT in the short-term and mid-term. Constant-Murley scores at 3 months improved
to a greater degree in patients treated with high-energy ESWT than in patients treated
with low-energy ESWT (Fig. 2). Pooled analysis [1, 9, 17] showed that patients in the
high-energy group improved by a mean of 25.82 points, compared with 15.94 points
in the low-energy group (Fig. 3). The mean difference was 9.88 (25.82 versus 15.94,
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95% Cl, 9.04-10.72; p < 0.001). These findings are in line with those of Huisstede et al.
[13] and Vavken et al. [24]. Huisstede et al. [13] performed a systematic review on the
effectiveness of ESWT on calcific and noncalcific rotator cuff tendinitis and two studies
[1,9] were included and presented narratively that compared high-energy ESWT with
low-energy ESWT. Vavken et al. [24] performed a meta-analysis in which they chose a
new, nonevidence-based, cutoff point (0.20 mJ/mm2). Less than this intensity was
labeled low-energy and greater than 0.20 mJ/mm2 was considered high-energy. Because
of this new classification of ESWT, their included studies differed substantially from
those in our study. They studied only the results 6 months after treatment. Even with
these differences, the conclusions by Vavken et al. [24] are similar to those in our study.
High-energy ESWT resulted in a greater chance of complete resorption calcium deposits
when compared with low-energy ESWT. The chance of complete resorption of the
calcifications at 3 months was greater in patients treated with high-energy ESWT than in
patients treated with low-energy ESWT (Fig. 5). Pooled analysis [1,17,21] showed patients
in the high-energy group had a greater chance of complete resorption compared with
patients in the low-energy group (odds ratio = 3.40; 95% Cl, 1.35-8.58; p = 0.009) (Fig. 6).
These findings are in line with the findings of loppolo et al. [15] and Vavken et al. [24].
loppolo et al. [15] performed a meta-analysis on the clinical improvement and resorption
of calcifications after shock wave therapy compared with sham treatment. Vavken et al.
[24] used a different cutoff point of 0.20 mJ/mm?2. They also found a greater chance of
complete resorption after 6 months.

Based on our meta-analysis we believe that high-energy ESWT is more effective than low-
energy ESWT in terms of functional outcome (Constant-Murley score) and radiographic
resorption (chance of complete resorption) of the deposits after 3 months. However,
there is still a need for high-quality RCTs to discover the exact dose-response relation.
In our opinion, this future research should focus on high-energy ESWT because current
available evidence indicates that high-energy ESWT is more effective than low-energy
ESWT regarding the functional and radiologic outcomes in the short term and midterm.
It also would be interesting to compare (high-energy) ESWT with other treatment
modalities for conservative treatment-resistant calcifying tendinitis of the shoulder such
as surgery or needling/ barbotage of the calcific deposits.
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CHAPTER 7

ABSTRACT

Background

Calcific tendinitis of the shoulder (CT) is a common disorder with a large disease burden.
The initial treatment is with conservative measures. However, when this fails the next
step treatment remains unclear. Minimal invasive treatment modalities have emerged.
Needle aspiration of the calcific deposits (NACD) and extracorporeal shock wave therapy
(ESWT) have both shown good clinical results. Nonetheless, in the current orthopaedic
literature there are not any studies available that compare both the effectiveness and
cost-effectiveness of those two treatment modalities. Therefore, our primary objective
is to compare the effectiveness of NACD to ESWT. A secondary objective is to compare
the cost-effectiveness of both treatment modalities and workability.

Method

Following a power calculation using the minimal clinical important difference of our
primary outcome (Constant-Murley score, CMS) 140 patients will be included in the
study. Enrolmentis based upon strict inclusion/ exclusion criteria outlined in the Methods
section. Participants will be randomized by computer in two groups (e.g. 70 patients will
receive NACD and 70 patients will receive ESWT). The NACD treatment will consist of a
sonographically guided removal of the calcific deposits and the ESWT treatment will be a
focused ESWT. Both treatments will be conducted according to a standardized protocol,
as part of care as usual in our hospital. The primary outcome will be the between group
differences in functional outcome (measured with the CMS) between baseline and after
12 months follow-up. Secondary outcomes will be questionnaires regarding the clinical
outcome (SST) and quality of life (EQ-5D-5L). Furthermore, NRS pain and cost related
questionnaires (iPCQ and ProDisQ) will be collected during follow-up after two months,
six months and at final follow-up after 12 months.

Discussion

This study will provide more insight regarding treatment for conservative therapy
resistant calcific tendinitis of the shoulder by comparing NACD to focused ESWT, which
will aid the physician and patient in determining the appropriate treatment plan.

Trial registration
Dutch trial register
NTR7093 registered on 11 March 2018.
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BACKGROUND

Calcifying tendinitis (CT) of the shoulder is a common disease of the rotator cuff in
which calcium particles are deposited in one or more tendons of the rotator cuff. This
can result in a typical pattern of pain, impairments in daily living and decreased range
of motion. This disease mainly affects individuals between 30 and 60 years of age and
females are more often affected by this condition. [1,2,3,4,5,6] The aetiology of CT of the
shoulder is still a matter of dispute. Several hypothesis have been postulated including
a degenerative hypothesis, repetitive microtrauma, tenocyte necrosis, reactive and
endochondralossification. All leading to a postulated same end pointinwhich thatalocally
decreased oxygen tension or hypoxia initiates the formation of the calcific deposit. [2]
Initially, the treatment consists of conservative measures such asanti-inflammatory drugs,
ice-therapy, physical therapy and/or corticosteroid injections. [2, 7,8,9,10] However, if
this conservative treatment fails additional treatments must be considered. Historically,
the next step treatment has been a surgical procedure. [1] However, other —less invasive—
treatment modalities such as needle aspiration of the calcific deposits (NACD) and focused
extracorporeal shockwave therapy (ESWT) have emerged. Over the past years both
minimalinvasive treatments have proven to be effective therapeuticoptions.[9, 11,12,13]
NACD showed promising results mainly in non-comparing studies. [14] In addition, ESWT
has also been proven to be effective, especially high-energy ESWT. [11] Although in the
available orthopaedic literature both treatment methods seem to be viable options,
evidence comparing both treatment methods is limited. [15] Two randomized controlled
trials (RCTs) have evaluated and compared the effectiveness of NACD compared to
ESWT. In 2014, a RCT was published in which radial shock wave therapy was compared
to NACD. [16] However, radial shock wave therapy have been shown to be less effective
than focused ESWT and therefore this comparison different from the current study. [13]
In 2020, the most recent RCT was published. Louwerens et al [15] compared a protocol
of ESWT with four sessions of high-energy focused ESWT to ultrasound guided NACD.
Both studies showed that both treatment modalities were effective in treating calcifying
tendinitis of the shoulder with low complication rates. However, both studies used
markedly differenttreatment protocolscomparedtothecurrentstudy.[15,16] Therefore,
the exact place of NACD or ESWT in the treatment paradigm of CT is not clear yet. [10]
Besides, thereislimited evidence availableaboutthe cost-effectivenessofanyintervention
of CToftheshoulder.Asfarasweareaware,onlyHaakeetal[7] publishedresultsconcerning
the cost-effectiveness of the treatment of CT. They found that ESWT costs society €1.750
to €3.500 as aresults of being unfit to work compared to €9.710 to €19.440 after surgical
treatment for therapy resistant CT of the shoulder. However, there is no data available
about the comparison between the minimal invasive techniques (e.g. NACD vs ESWT). [7]
Therefore, this randomized controlled trial (RCT) has several objectives. The primary
objective is to compare the short and midterm effectiveness of NACD and ESWT as
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treatment options for conservative therapy resistant CT to define a preferable minimal
invasive treatment. The hypothesis is superiority of either NACD or ESWT regarding
functional outcome after 12 months. The secondary objective is to compare the cost-
effectiveness of both minimal invasive technigues.

METHODS

Study design

The design of the current study is a single centre open-labelled RCT. Patients will be
randomized to receive either NACD or ESWT as treatment for conservative therapy
resistant CT of the shoulder (Fig. 1). All patients will be followed for 1 year. The trial was
approved by the local medical and ethical commission (METC) on 16th of February in
2018 (NL60762.015.17) and is registered in the Dutch trial register (NL5527/ NTR7093).
Amendments were made and approved by the METC.

Objectives

Primary objective

To compare the effectiveness of NACD and ESWT in patients with conservative therapy
resistant CT of the shoulder over a period of 12 months. The hypothesis is superiority
of either NACD or ESWT in functional recovery based on improvement of the Constant
Murley Score (CMS) over a period of 12 months (superiority design).

Secondary objectives

1. To assess group differences in change scores on pain and quality of life between
baseline and 12 months follow-up, and differences between groups with respect to
adverse events and the use of medications in 12 months follow-up.

2. To assess and compare the cost-effectiveness of both interventions over a period
of 12 months.

Setting

The study will be conducted at the outpatient department of orthopaedic surgery and
trauma of the Méaxima Medical Centre in the Netherlands. This is a large regional hospital
equipped with a training-program for residents in orthopaedic surgery. The upper
extremity group consists of three experienced orthopaedic surgeons.

Population

Patientswith chronic (> 6 months) shoulder complaints, calcificationsvisible on conventional
X-rays and who did not respond to conservative, non-operative therapy for at least three
months are eligible forinclusion the study. Further in/exclusion criteria are listed in Table 1.
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Subjects diagnosed with conservative therapy-resistant
calcifying tendinitis of the shoulder

}

Selecting patients based on in- and exclusion criteria (Table 1)

!

- Informed consent
- Randomisation

- Baseline measurements

/

US-guided NACD

\ 4

~.

Focused-ESWT

|

First evaluation (8 weeks post-intervention)
- Radiography
- Questionnaires
- Physical examination

A4

Second evaluation (6 months post-intervention)
- Questionnaires
- Physical examination

|

Final evaluation (12 months post-intervention)
- Radiography
- Questionnaires
- Physical examination

Figure 1. SPIRIT-Flowchart

Table 1. In- and exclusion criteria

Inclusion criteria

Exclusion criteria

Age: > 18 years
Chronic shoulder complaints (>6 months)

Calcifications visible on conventional radiographs
- type lorll calcifications according to the
Gartner classification.
minimal diameter of 10mm.

Able and willing to comply to study protocol

ESWT or NACD treatment during the last 6 months

Any contra-indication for the specific treatments (e.g.
coagulopathies, malignancies in treated area).

Clinical signs of a frozen shoulder or adhesive capsulitis

Operations of the affected shoulder in medical history

Clinical and radiological signs of acute subacromial
bursitis.

Full-thickness lesion of the rotator cuff tendon(s) on
sonography

Clinical and radiological sign of acromioclavicular
osteoarthritis

Rheumatoid arthritis or fibromyalgia

Other intra articular pathology: cartilage lesions, biceps
pathology
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Recruitment

All patients are seen and screened for in/exclusion criteria by an experienced shoulder
surgeon. If the patient is eligible for inclusion a patient information form is given to the
patientand an appointmentis made at the specifically for this study created consultation
hour. During this consult the eligibility is verified, further information about the study is
giving, and after consent the patient will be included and randomized by a researcher.
Furthermore, the baseline measurements are assessed and the subject screening and
enrolment log filled in.

Randomization, blinding and treatment allocation

After consent, eligible patients will be randomized and allocated to a treatment group
(e.g. either NACD or ESWT) by a computer-generated randomization list using Research
Manager (Research Manager, Cloud9 Software, Deventer, The Netherlands). The patients
and outcome assessors will not be blinded during the study.

TREATMENT OF SUBJECTS

Group NACD

The NACD treatment aims to remove the calcific deposits in the rotator cuff and
will be guided by sonography. The procedure will be performed by an experienced
musculoskeletal radiologist. For this procedure, the patient will be placed in a supine
position with the affected arm towards the radiologist. The skin will be disinfected.
Analgesics to the skin, the subacromial bursa and cuff will be administered (Lidocaine
HydroCloride 1%). Under ultrasound guidance a needle (18 gauge) will be placed in the
calcific deposits to fragment these under vacuum. In case of clogged needles during
treatment, multiple needles can be used. After the completion of the procedure 40 mg
Kenacort will be injected in the subacromial bursa as well under ultrasound guidance.

Group ESWT

The ESWT treatment consists of a single session of focused ESWT and aims to fragment
the calcific deposits and initiate the resorption phase of calcifying tendinitis. The calcific
deposits will be marked sonographically on the patient’s skin with the patient in the
exact same sitting position as he/she will receive the focused ESWT. After disinfection of
the skin, 1000 pulses focused ESWT with an energy flux density (EFD) of 0.15 mJ/mm?2
will be applied targeted at the skin marks.

Rehabilitation after intervention

Both treatment group will receive the rehabilitation as they would have received
within the care as usual for CT. This means that after the treatment patients will be
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instructed to perform pain-based movements of the affected arm. The usage of a sling
is not standardized. Patients will be instructed to take NSAIDs as needed. Furthermore,
if necessary, exercise therapy will be prescribed at the consultation two months after
treatment. If other co-interventions (such as repeating the treatment procedure, cross-
over to other treatment group or even surgical treatment) are necessary during follow-
up it will be initiated by the treating orthopaedic surgeon. Intake of painkillers (e.g.
NSAIDs), additionally exercise therapy and co-interventions will be recorded in the case
report form during study evaluations.

Baseline characteristics

At baseline several characteristics will be documented, including age, gender, height,
weight, body mass index, dominant side, affected side, duration of symptoms,
occupations, hobbies. Furthermore, several radiological measurements will be conducted
on the conventional X-ray to determine the size of the calcification, Gartner classification
[17] and the affected tendon(s).

OUTCOME MEASURES

The primary outcome will be the group differences in recovery of functional outcome
measured with the Constant-Murley Score (CMS) between baseline and 12 months follow-
up. The Constant-Murley score (CMS) is a 100-points scale composed of a number of
individual parameters. These parameters define the level of pain and the ability to conduct
the normal daily activities of the patient. [18] The Constant-Murley score was introduced
to determine the functionality after the treatment of a shoulderinjury. The test is divided
into foursubscales: pain (15 points), activities of daily living (20 points), strength (25 points)
andrange of motion: forward elevation, external rotation, abductionandinternalrotation
of the shoulder (40 points). A higher score indicates higher quality of the function. [18]
Secondary outcomes measures will be extensive and include the Numeric Rating Scale
(NRS) for pain, EQ-5D-5L and simple shoulder test (SST). The NRS assesses pain intensity
using a 0-10 ranking scale in which 0 represents “no pain” and 10 “unbearable pain”.
[19] EQ-5D is a standardized instrument to measure of health-related quality of life. It
consists of the EQ-5D descriptive system and the EQ visual analogue scale (EQ VAS). The
descriptive system explores five dimensions: mobility, self-care, usual activities, pain/
discomfort and anxiety/depression. The EQ VAS records the patient’s self-rated health
on a vertical visual analogue scale, where the endpoints are labelled ‘The best health you
canimagine’and ‘The worst health you canimagine’. The VAS can be used as a quantitative
measure of health outcome that reflect the patient’'s own judgement. [20] The SST is a
patient reported outcome measurement (PROM) in which a score between 0 and 100
can be calculated based on a 12-item long questionnaire. [21] Zero represent the worse
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shoulder function and 100 a perfect shoulder function. Besides these outcome measures
adverse events, co-interventions and co-medications will be monitored during follow-up.
Furthermore, the IMTA Productivity Cost Questionnaire (iPCQ) [22] and PROductivity and
DISease Questionnaire (PRODISQ) [23] are included to evaluate the cost-effectiveness.
The extensive data collection schedule is outlined in Table 2.

Table 2. Data collection schedule

Baseline 8 weeks 6 months 12 months
T=0 post-intervention post-intervention post-intervention

Range + 1 week + 2 weeks + 4 weeks

Demographic Information
Historical records
Sonography
HADS

PCS

CMS

NRS

EQ-5D

SST

iPCQ

ProDisq

S e A T N T e S
L N N

X-rays

<

Used co-medication

N N N N N
N N S

Adverse Events

Data management

All data will be handled confidentially and is pseudonymized in compliance with the Dutch
Personal Data Protection Act. All patient reported outcome measures are collected
digitally and all patient data will be stored coded using data management software
(Research Manager, Cloud9 Software, Deventer, The Netherlands). Each patient gets
a unique study number which is used in all documents regarding the study. Access to
the randomization key is restricted to the study-team. The local METC will be annually
informed regarding rates of inclusion, adverse events and study results. The local METC
graded the study as a ‘low risk’ study. A monitoring plan will be conducted by an external
party during execution of the study.

Statistical analyses

The primary analyses will be performed according to the ‘intention to treat’-principle,
indicating that participants will be included in the analysis according to the by
randomization allocated group. Secondary analyses will be limited to the compliant
participants, independent of which intervention they were randomized (per protocol
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analysis). Distribution analysis of all variables will be evaluated by the Shapiro-Wilk test.
Primary outcome will be analysed by linear regression analyses with change in CMS
between baseline and 12 month follow up as dependent variable. The assumptions of
constant variance and linear relationships will be assessed using scatter plots. Should any
of these assumptions seriously fail then variable transformations will be used. Analyses
will be adjusted for baseline variables that change the effect estimate with more
than 10%. Similar analyses will be performed for the secondary continuous outcome
parameters. Differences between groups on complications and additional treatment
will be analysed by means of Mann-Whitney tests. Furthermore, differences in recovery
trajectories between groups will be explored by means of mixed ANOVA. Statistical
analyses will be performed using SPSS software (IBM, USA). An alpha level of 0.05 will be
accepted as significant.

Sample size calculation

For the sample size calculation, we used the minimal clinically important difference
(MCID) for the Constant Murley Score as determined by the study of Kukkonen et al. [24]
The reported MCID over a period of 12 months was 10.4 points, with a mean
Constant Murray Score of 53.1 (standard deviation of 17.2) at baseline. [24]
We aim to find a superiority of one of the two treatment options to treat patients with
calcifying tendinitis of the shoulder. Our hypothesis is that superiority of NACD or ESWT
above the other treatment in functional recovery over a period of 12 months will be
found. Superiority will be expressed by an additional effect size of minimally 0.5. Using
a standard deviation of 17.2 of the CMS, we aim to detect a minimally difference of 8.6
points between both groups. Using a power of 80% and an alpha of 0.05 the required
sample size is 63 patients per group, resulting in a total of 126 patients. With this number
of patients, we will also be able to detect a MCID between both groups of 10.4 points
(required number of patients is 43 per group). The final sample size required is 140
patients, to accommodate 10% potential dropout rate over 1 year.

DISCUSSION

This RCT study is the first to compare NACD and a single session of focused ESWT
as treatment for conservative therapy resistant calcific tendinitis of the shoulder.
The results of this study will aid the physician as it provides valuable information for
a shared decision strategy in which treating physician and patient determine the
most appropriate treatment. Furthermore, the cost-effectiveness analysis can assist
the physician and health care institution to decide whether to provide a certain
treatment for conservative therapy resistant calcific tendinitis of the shoulder.
The inclusion period was initially supposed to be approximately two years. In 2015 and




CHAPTER 7

2016 a total of 140 patients with conservative therapy resistant calcific tendinitis of
the shoulder were treated with either NACD or ESWT in the Maxima Medical Centre. It
was the expected that almost all of these patients would have been eligible candidates
for the current study. Although it was expected that 10% of these patients would not
be willing to be randomized or comply to the study protocol. Therefore, an inclusion
period of two years seemed feasible. However, in the first year the recruitment was
slower than expected because more patients than anticipated did not fulfil the in-
and exclusion criteria. Therefore, an amendment to the original protocol was made
to extend the inclusion period. As a result of the global COVID-19 pandemic, the
orthopaedic outpatient clinic was temporarily closed and the inclusion ceased for a
short period. Several attempts were made to speed up the inclusion rate. The first was
to include another hospital as participating centre for the study. However, this turned
out not to be possible because other surrounding hospitals did not offer focused
ESWT treatment. The second was to request the department of Rheumatology at
the Maxima MC as well as all physical therapists in the region to refer their patients
with calcifying tendinitis to the orthopaedic outpatient clinic for possible inclusion.
Inclusion rate are now according to the adjusted feasibility rate. Besides slowing down
recruitment, COVID-19 also influenced the follow-up. Patients were not allowed to visit
the orthopaedic outpatient department. As a result, the follow-up of a small number
of patients (n=12) was administrated by phone call or video call. This was especially
challenging when determining the items abduction, anteflexion and force of the
CMS, which requires specific physical examination and testing. In order to obtain the
necessary information as reliable as possible one single outcome assessor gave specific
instructions to the patient, mainly by explaining the patient how range of motion is
determined. Although, the contribution of these items to the total score of the CMS
(45 out of 100 points) is considerable in one patient. One should take into consideration
that only a small amount of the measurements was done in this manner and they were
equally divided between the two groups (seven in NACD group and five in ESWT group).
Therefore, the research team expects that potential bias due to this digital compared to
in person assessment of the CMS was negligible. Furthermore, the number of patients in
which digital assessment was performed was equally distributed between both groups.
Considering the extended inclusion period, additional outcome assessors joined the
research team during the execution of the study. The primary investigator trained
these assessors to make sure that all measurements were done according to the
protocol. In addition, the principal investigator observed the execution of several
measurements and give feedback in order to minimize variability in the assessment of
the CMS, a measurement which showed good inter-observer reliability in the past. [19]
Radiologically assessment will be performed by the principal investigator. In addition,
all sessions of focused ESWT treatment will be performed by the same experienced
health care professional. Multiple radiologists will perform the NACD treatment, all
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having a comparable and extensive experience in sonographically guided interventions.
Health care professionals performing the ESWT or NACD treatment will not explicitly
be informed that the patient is participating in the current study. As a result, it is
expected that all performed treatments will be of a comparable high standard.
Despite these precautions, a potential source of bias in the current study might be
information bias. Considering the content and logistics of the treatments under
investigation, patients and outcome assessors cannot be blinded for treatment
allocation. However, since patients at the start of the study are informed that it is not yet
known which treatment will lead to the best results and most likely only patients without
a pre-existing treatment preference will participate in a RCT, this potential source of
bias seems to be small. In addition, outcome assessors will not be the referring shoulder
surgeon of the participating patients.

Overall, this study will provide more insight regarding treatment for conservative therapy
resistant calcific tendinitis of the shoulder by comparing NACD directly to focused ESWT,
which will aid the physician and patient in determining the appropriate treatment plan.
At time of manuscript submission 118 participants had joined the trial. Current protocol
version is 6. The first patient was included in May 2018; the aim is to fulfil the inclusion in
2022 after which the study will be finalized in 2023.

Availability of data and materials

The datasets generated during and/or analysed during the current study are available
from the corresponding author (freekverstraelen@hotmail.com) on reasonable request.
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CHAPTER 8

Calcifying tendinitis of the shoulder (CT) is a common disease of the shoulder. In this
disease one or multiple calcific deposits are present in one or more tendons of the
rotator cuff. It has a large disease burden and causes significant impairments in daily
living and decreases the workability of the affected patients. [1-3] Initial treatment is
with conservative measures for at least six months. The conservative measures in the
treatment of CT are in line with those described in the guideline of the subacromial
pain syndrome, stated in the guideline of the Dutch orthopaedic society. [4] These
measures include education, pain based activities, exercise therapy in combination
with stabilisation of the scapula and postural therapy, NSAIDs for a short period and/
or a single subacromial injection. [4] However, in approximately 30% of the patients
these measures fail and a next step treatment is necessary. Negative prognostic
factors for this conservative therapy have been appointed. These negative prognostic
factors include bilateral occurrence, a more anterior and medial localisation of the
calcific deposit, a size of more than 1.5cm and Gartner type | calcification. [5,6]
Historically, the next step treatment for therapy resistant CTis a surgical procedure. More
recently, several minimal invasive treatments have emerged. In recent studies promising
clinical results are reported. Though, in the treatment algorithm of CT, the exact place
of these minimal invasive treatment options have not been established yet. [7-9]
The general aim of the current thesis was to outline and further develop the treatment
algorithm for patients with conservative therapy resistant CT. To achieve this aim several
research questions needed to be addressed. At first, in Part 1, the historically proposed
surgical treatment options were evaluated and clarified whether a preferable surgical
procedure could be appointed. Part 2 is considered as a transitional part. In this part
of the thesis the transition was made between the surgical treatment to a minimal
invasive treatment for CT. For this we evaluated the clinical outcomes of both treatment
modalities. In Part 3 of the thesis minimal invasive treatment modalities were evaluated
to clarify whether a preferable minimal invasive treatment strategy could be appointed.

PART 1

Do the available surgical procedures lead to different functional outcome in patients
with conservative therapy resistant calcifying tendinitis of the shoulder?

Although most patients can be treated with conservative measures a minority of
the patients require additional treatment. Historically, the next step treatment is a
surgical procedure. However, debate remains what should be the preferable surgical
procedure. Several surgical treatment options are available. The first is to perform only
a subacromial decompression and leaving the calcific deposits untouched. The second
is debriding the calcific deposits without an additional subacromial decompression.
The third is a debridement of the calcific deposits in combination with a subacromial
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decompression. [10-14] The rationale to consider one or the other treatment is related
to whether subacromial impingement is considered as a causative factor in the etiology
of CT (chapter 1). [2] Some authors state that the underlying cause of CT could be
that subacromial impingement causes repetitive microtrauma and micro tears to the
rotator cuff tendons, which could trigger the metaplasia of tenocytes to chondrocytes.
Additionally, it is hypothesized that the influx of phagocytes around the calcific
deposits leads to subsequent edema and cause a rise of the intratendineous pressure.
Consequently, this could lead to secondary subacromial impingement as the thickened
and calcified tendon decreases the subacromial space. [15,16] These hypotheses seems
to advocate a subacromial decompression. [11-13] Furthermore, some authors state that
the subacromial decompression can serve as a stimulus for the tendon to return to the
resorption stage. [16,17] This is supported by the fact that multiple growth factors are
found in the subacromial space immediately after a subacromial decompression. [18] On
the other hand, itis also hypothesized that CT is not related to subacromial impingement
andthat CTisonly a cell-mediated reactive process which is self-limiting and goes through
several consecutive stages. [1] To answer the question whether or not to perform a
subacromial decompression the currently available literature was reviewed. In chapter 2
a systematic review was performed with a clear research question: Is there a difference
in functional and clinical outcomes after debridement of the calcific deposits with and
without an additional subacromial decompression? The currently available literature
showed that both surgical procedures result in good clinical and functional outcome
with little side effects. However, a preferable surgical procedure is not appointed.
Another ongoing dispute in current literature is whether or not to debride the calcific
deposits. Some authors state that damage to the rotator cuff can be avoided by leaving
the calcific deposits untouched. [11,12]. It is postulated that the calcific deposits are
an insignificant transient radiological finding. In line with these findings in chapter 3
a retrospective study is presented which evaluated the midterm effectiveness of a
subacromial decompression without debridement of the calcific deposits in patients
with therapy resistant CT. This retrospective cohort study demonstrated good clinical
results after a mean follow-up of three years. In 52% of the patients, the calcific
deposits resolved during follow-up. This finding also is in line with the findings of the
studies of Hofstee et al. [11] and Tillander et al. [12] Interestingly, no correlation could
be established between the persisting presence of calcific deposits and the clinical
outcome. Therefore, a subacromial decompression without a debridement of the
calcific deposits could be a viable surgical procedure for patients with therapy resistant
CT and needed further evaluation. Contrastingly, other authors emphasize the need
for the debridement of the calcific deposits and even state there that is a correlation
between complete removal of the calcium deposits (with or without rotator cuff
repair) and persisting symptoms. [13, 19-22] In chapter 2 a systematic review of the
current literature was performed with a clear research question: Is there a difference
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in the functional and clinical outcomes after subacromial decompression compared to
subacromial decompression in combination with a debridement of the calcific deposits?
However, based on the results of the systematic review a preferable treatment could
still not be appointed since no significant differences could be detected. In conclusion,
all three available surgical treatment options for patients with conservative therapy
resistant CT showed good functional and clinical outcome and were safe procedures.
Therefore, we performed a randomized clinical trial that compared the above-
mentioned surgical treatment procedures for therapy resistant CT (chapter 4). All three
surgical treatment modalities resulted in significant pain relief and improvement of
shoulder function six months after surgery. However, patients who had a subacromial
decompression without debridement showed inferior improvement in VAS for pain and
DASH score after six weeks. Furthermore, these patients required more postoperative
side treatments. No significant differences were observed between patients who had
a debridement with and without an additional subacromial decompression. Therefore,
an arthroscopic debridement without an additional subacromial decompression seems
to be the preferred surgical treatment option for conservative treatment resistant CT.

Key Points Part 1

« All the investigated surgical procedures result in significant pain relief on the
short term.

« When a surgical treatment is chosen for therapy resistant CT of the shoulder,
arthroscopic debridement without subacromial decompression is advisable.

PART 2

Can minimal invasive techniques result in comparable functional outcome compared
to surgical treatment for patients with conservative therapy resistant calcifying
tendinitis of the shoulder?

The exact place of minimal invasive treatment techniques in the current treatment
algorithm of CT has not been established yet. The literature on the mid and long-term
clinical outcomes is limited and a comparative study between the minimal invasive
techniques and a surgical treatment is not available. Therefore, we performed a
comparative cohort study which compared the midterm clinical outcome of a surgical
treatment (arthroscopic debridement) to the NACD treatment for patients with
therapy resistant CT of the shoulder (chapter 5). We showed that both treatment
options result in good clinical outcomes after a mean follow-up of 5.5 years. More
additional treatments and a substantial number of cross-over (31.7%) was observed in
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patients who received the NACD treatment. This should be considered and discussed
with the patient when choosing a next step treatment option for CT. Especially, if
negative prognostic factors are apparent. These negative prognostic factors include a
size of more than 1.5cm, absence of a good initial response after NACD treatment, a
prolonged course of symptoms prior to treatment (>12 months). [23-25] Furthermore,
Oudelaar et al. [23] demonstrated that Gartner and Heyer type | calcifications are more
likely to fail to a single session of NACD and would require multiple NACD sessions.
In the study presented in chapter 5 the majority of the patients had a Gartner and Heyer
type | calcification. This might explain the high number of cross-over to the surgical
treatment. In our opinion this highlights the need for further investigation on the
relationship between calcification morphology and other negative prognostic factors
on the outcome of minimal invasive treatment for therapy resistant CT. Since this high
number of cross-over to the surgical treatment was observed we were particularly
interested in the outcome of this group. Would an initial NACD treatment be a negative
prognostic factor for the surgical treatment? Therefore, in chapter 5, the clinical outcome
in patients of this cross-over group was evaluated. The clinical outcome was good and
comparable to the initial surgical treatment group. Thus, the initial NACD treatment was
not a negative prognostic factor for the clinical outcome of the surgical treatment. In
addition to cross-over between groups, significantly more additional treatments were
observed in the NACD group. This could be explained by a subacromial bursitis, which
is caused by the erupting calcific particles in the subacromial bursa. [26,27] It can be
hypothesized that these additional treatments (e.g., mainly cortisone injections) were
needed to alleviate symptoms caused by these calcific particles. Once this resorption
phase is completed the tendon will return to normal tendinous tissue and the patients
symptoms will resolve. [1] In conclusion, NACD treatment is a valid next step treatment
option for conservative therapy resistant CT. Since, in the majority a surgical treatment
can be avoided. However, negative prognostic factors such as prolonged course of
symptoms prior to treatment and absence of initial clinical and radiological response
within the first three months should be taken into consideration. [24]

Key Points Part 2

e NACD is a valid next step treatment option for conservative therapy resistant
calcifying tendinitis of the shoulder.

e Thehigh percentage of cross-over to surgical treatment should be discussed with
the patient.

e In presence of negative prognostic factors for NACD, surgical treatment can be
considered if symptoms are unchanged and no significant resorption is achieved
within three months after a single session of NACD.
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PART 3

Is there a preferable minimal invasive treatment for patients with conservative
therapy resistant calcifying tendinitis of the shoulder?

a. Whatis the preferred intensity for extracorporeal shockwave therapy (ESWT)?

The effectiveness of ESWT has been studied extensively and has been proven to be an
effective treatment option for conservative therapy resistant CT. Besides, it is a safe
treatment option. [7,28] It has few adverse events and minor side effects such as bruising
and hematoma which are often short-lived. [7,28,29] As mentioned in the general
introduction there are numerous ESWT treatment protocols available. However, an
optimal treatment protocol has not been established. For example, there are radial and
focused ESWT options and ESWT can be subdivided into high- and low-energy options.
However, the optimal treatmentintensity has not been setyet. [30-32] High-energy ESWT
is more painful and more expensive, and usually is done in an inpatient setting, whereas
low-energy ESWT can be performed in an outpatient setting by a physical therapist.
[32] In chapter 6, a meta-analysis was performed to appoint a preferable intensity of
the focused ESWT. Based on this meta-analysis it can be stated that high-energy ESWT
is more effective than low-energy ESWT in terms of functional outcome (Constant-
Murley score) and radiographic resorption of the calcific deposits (chance of complete
resorption). However, more research is needed to further optimize the protocol used in
high-energy ESWT. For example, it remains unknown how many sessions are necessary
and if an interval is needed between the different sessions.

b. Is there a difference in effectiveness between needle aspiration of calcific
deposits (NACD) compared to extracorporeal shockwave therapy (ESWT)
regarding functional outcome?

The optimal minimal invasive treatment has not been appointed yet. As described above
high-energy focused ESWT is recommended when ESWT is chosen as a treatment.
However, the evidence comparing the functional outcome of different minimal invasive
techniques for CT is limited. [9] As mentioned in the general introduction currently only
two randomized studies are available. In 2014, a randomized trial was published in which
radial ESWT was compared to NACD. [33] Kim et al. [33] reported that both treatment
modalities showed an improvement in functional outcome and elimination of the calcific
deposits after a follow-up of 23 months. NACD was superior to radial ESWT regarding
pain relief and improvement of shoulder function. It should be noted that the used
ESWT was radial ESWT with a low intensity level and it was not adequately aimed at the
calcific deposit. Therefore, the results should be carefully interpreted. Furthermore, in
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2020 the most recent randomized trial was published in which a treatment with multiple
sessions of focused high-energy ESWT was compared to NACD. [9] The used protocol
of ESWT was four sessions with focused high-energy ESWT with a 1-week interval.
Louwerens et al [9] showed no significant differences between the two treatment
groups. Although, more additional interventions and less elimination of the calcific
deposits were observed in patients after the ESWT treatment. As mentioned above,
both studies used markedly different treatment protocols and therefore a preferable
treatment protocol cannot be appointed yet and more research is needed. [9, 33-34]
Besides, both studies only focused on the clinical and radiological outcomes of NACD
and ESWT. Though, in current health care several other perspectives are needed to be
evaluated to come to a preferential treatment. For example, what treatment is more
cost-effective and do the return-to-work rates differ between the two treatments?
In chapter 7, a study protocol is presented of a randomized trial that compares NACD
and a single session of high-energy focused ESWT as treatment for conservative therapy
resistant CT. This study will provide more insight regarding treatment for conservative
therapy resistant CT by comparing NACD to high-energy focused ESWT. The study consists
of 140 patients randomly allocated to the two treatment groups. The hypothesis is
superiority of either NACD or ESWT regarding functional outcome after 12 months. The
first patient was included in May 2018. The final patient was included in August 2022.
Follow-up will be completed in September 2023. Next to the clinical and radiological
outcome other secondary outcomes will be evaluated such as the cost-effectiveness
of both treatments and the influence of psychological disorders (such as depression,
anxiety and pain catastrophizing) on the clinical outcomes and treatment effect.

Key Points Part 3

e High-energy focused ESWT is more effective compared to low-energy or radial
ESWT regarding clinical outcome and the likelihood of resorption after three
months.

e Anoptimal treatment protocol of ESWT has yet to be established.

e High-energy focused ESWT as well as NACD show promising clinical outcomes
and can both be a next step treatment option for therapy resistant CT of the
shoulder.
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Treatment algorithm for conservative therapy resistant calcifying tendinitis of the
shoulder

The general aim of the current thesis was to outline and further develop the treatment
algorithm for patients with conservative therapy resistant CT. To this end several
research questions were answered. Below the final version of this treatment algorithm
is presented (Figure 1). This step-by-step algorithm is based on findings of the individual
studieswithin thisthesisaswellasitisthe result of a concise review of literature presented
in this discussion. In this way it will help the orthopaedic surgeon treating patients with
conservative therapy resistant CT. Besides, thisalso can be of aid for a general physician or
physicaltherapistindecidingwhethertoreferapatientwith CTtoanorthopaedicsurgeon.

conservative therapy resistant calcifying tendinitis
of the shoulder
(calcific deposits >10mm, Gartner type | or 1)

ﬂgative prognostic factors\

minimal invasive treatment:

- calcification of >1.5cm, type
| Farin/Gartner [23,24]

- prolonged course of
symptoms prior to

minimal invasive treatment (chapter 5) treatAment >1 Year) (24]
- dominant arm involvement
\ [45]
- absence of resorption

high-energy focused ESWT NACD (chapter 5,7) within three months after

- (chapter 6,7) persisting complaints after three treatment [24]
persisting complaints after.three months = re-NACD or surgical - lack of initial clinical
months > NACD or surgical treatment in presence of improvement after
treatment in presence of negative prognostic factors treatment (<3 months) [24]
negative prognostic factors K j

arthroscopic debridement without subacromial

surgical treatment:
decompression (chapter 2-4)

Figure 1. Treatment algorithm Ffor patients with conservative therapy resistant calcifying
tendinitis of the shoulder.

CHAPTER 8

FUTURE PERSPECTIVES

This thesis has filled in several knowledge gaps in the management of conservative
therapy resistant CT. However, several other knowledge gaps remain. These topics can
give direction for the ongoing research on optimizing treatment for CT of the shoulder.
In the current society costs of health care and value-based health care is becoming
more important. [35, 36] From this perspective, it would be valuable to assess the
cost-effectiveness of the available minimal invasive and surgical treatments. On this
topic only one study has been published by Haake et al [36]. This is a cohort study
published in 2002 which reviewed 60 patients with chronic non traumatic shoulder
complaints (with and without calcifying tendinitis) 12 weeks after treatment (either
ESWT or surgical treatment). They found that the short-term functional outcomes
were comparable and the costs of operative treatment were 5-7 times higher than a
ESWT treatment. The authors concluded that ESWT is more cost-effective compared
to surgical treatment. However, several issues can be appointed. Firstly, it is not clear
how many patients actually were suffering from CT. Secondly, the follow-up of 12
weeks after the procedure can be considered as too short. In 2020 Louwerens et al. [3]
reported a study on the return to work and workability after minimal invasive treatment
for CT. The authors concluded that CT has a significant impact on the workability and
treatment of CT resulted in an increase in the workability as well as a decline in sick leave.
In particular in patients with medium and high physically demanding work treatment
of CT would be beneficial. However, a comparison in cost-effectiveness between
different treatment modalities was not performed in this study. Therefore, there is a
need for further evaluation of the cost-effectiveness of the minimal invasive treatments
and make a comparison with the cost-effectiveness of the surgical treatment for CT.
With the results of the RCT, of which the study protocol is presented in chapter 7, we
can further fill this gap in knowledge and further improve the treatment algorithm.
Another interesting topic for further evaluation could be the influence of patient
specific, but not shoulder specific, prognostic factors such as psychological factors on
the outcome of the treatment of patients with CT. In patients with shoulder complaints
about 26% also have depressive symptoms. [37, 38] Depressive symptoms are known to
be relatedto functional complaintsand greater disability in patients with chronicshoulder
complaints. [39] Besides, pain catastrophic behaviour is known to show inferior overall
treatment effects in patients with chronic shoulder complaints. [38] In analogy with
patients with chronic low back pain it would be interesting to evaluate whether a more
multidisciplinary treatment (focused on these psychological disorders) would improve
the overall treatment efficacy of patients with chronic atraumatic shoulder complaints
(including conservative therapy resistant CT). [40] The effect on the outcome of these
psychologicalfactorswasalsoone of theresearchaimsofthe study presentedinchapter?7.
Afinal direction for future research worth mentioning is the use of additives in the NACD
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treatment. The calcific deposits consist of calcium hydroxyapatite. [1,2] Some additives
could be considered, for example, the addition of acetic acid in the NACD treatment
could be promising. [41] Acetic acid, which is also the main ingredient of Antikal®, is an
inorganic anion and can serve as a catalysator for the resorption of the calcific deposit as
it does in the kitchen and bathroom. [42] In early 2000s a small sample size randomized
trial was performed which showed good short-term results and showed no significant
side effects. However, this study had a very heterogeneous population which included
patients with and without calcifying tendinitis. [43] Therefore, further investigation
seems advisable. Another additive that can be considered is sodium thiosulfate. This
has shown its efficacy in several calcific deposition disorders. In a small cohort study it
showed no significant side effects although the addition of a sodium thiosulfate solution
did not show favourable results over the conventionally used serum saline solution. [44]

Key Points future perspectives

e Evaluating cost-effectiveness and return to work time of different treatment
strategies is advisable to determine an optimal next step treatment for CT.

e The influence of psychological factors and other patient specific prognostic
factors on the outcome of CT can be evaluated.

e  Additives in the NACD treatment (such as acetic acid) should be considered and
evaluated to optimize the minimal invasive treatment strategy.
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CHAPTER 9

Calcifying tendinitis of the shoulder is a disease in which one or multiple calcific deposits
are located within one or more tendons of the rotator cuff. This results in a clinical
presentation very similar to the subacromial pain syndrome with pain of the shoulder
most often in combination with a limitation in the range of motion. [1]In the working
population a lifetime prevalence of 34% is estimated. [2] In the Netherlands, the
incidence of shoulder disorders in primary care is 19 per 1.000 persons-year. [2,3] Of
the patients referred to the orthopaedic surgeon with atraumatic shoulder complaints
in about 42.5% subacromial calcifications are observed. [2] Calcifying tendinitis of the
shoulder has a large disease burden and causes impairments in daily living and decreases
the workability of the affected patients. [4-6] Successful treatment of these patients
will decrease their sick leave and improve the workability, particularly in patients with
physically demanding jobs. [6] At first, the treatment is with conservative measures
including physical therapy, anti-inflammatory drugs and/ or subacromial injection
therapy. [5] When this conservative therapy fails the next step treatment still is not
fully determined yet. Historically, a surgical treatment is proposed. However, in recent
decades several minimalinvasive treatment option have emerged and showed promising
results. [5]

MAIN OBJECTIVE AND RESULTS

The main objective of the thesis was to outline a treatment algorithm for patients
with conservative therapy resistant calcifying tendinitis of the shoulder. Several
research questions needed to be addressed to propose such a treatment algorithm.
In chapter 2, 3 and 4 surgical treatment options of therapy resistant calcifying tendinitis
were evaluated, because in current literature debate remains whether the calcifications
need to be debrided and if an additional subacromial decompression is beneficial.
Based on the performed studies included in the current thesis a preferable treatment
procedure could be appointed. If a surgical treatment is chosen as a treatment for
therapy resistant calcifying tendinitis an arthroscopic debridement of the calcification
without a subacromial decompression is recommended. After this in chapter 5,
the transition was made to a more minimal invasive approach and an evaluation was
performed between surgical treatment and a minimal invasive treatment. This resulted
in the recommendation that needle aspiration of calcific deposits (NACD), as @ minimal
invasive treatment option, is a valid alternative next step treatment option after a failed
conservative treatment. Besides, chapter 5 showed that when a surgical treatment was
performed after a failed NACD the clinical results were equal. Finally, in chapter 6 and
7, different minimal invasive treatment options were evaluated to clarify whether a
preferable minimal invasive treatment strategy could be appointed. This showed that
high energy focussed ESWT and NACD showed the most promising results and can be
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both be considered as a next step treatment option. In chapter 7 a study protocol is
presented which compares the two aforementioned minimal invasive therapies in a
randomized fashion which evaluates the clinical outcome as well as cost effectiveness
of both treatments.

RELEVANCE

In current orthopaedic literature debate remains what the next step treatment should
be after a failed conservative treatment of calcifying tendinitis of the shoulder. [2]
Surgical treatment show good and predictable clinical outcomes, but are invasive
and desire a prolonged rehabilitation. [7] On the other hand, minimal invasive
techniques, such as extracorporeal shockwave therapy (ESWT) or needle aspiration
of the calcific deposit (NACD), show promising short-term clinical outcomes. Though,
long term results were sparse in current literature. [8,9] Some authors even stated
that these minimal invasive techniques may show comparable clinical outcomes to
the surgical treatment. [10,11] However, trials that compare both minimal invasive
treatment modalities were not available in current orthopaedic science. Therefore
in orthopaedic literature, the exact place of these newer treatment modalities in
the treatment algorithm for calcifying tendinitis was not established yet. [9,11]
As such in the current guideline of subacromial pain syndrome (richtlijn subacromiaal
pijnsyndroom) of the Dutch orthopaedicsociety (Nederlandse Orthopedische Vereniging,
NOV), in which calcifying tendinitis is incorporated, the treatment of conservative
therapy resistant calcifying tendinitis of the shoulder was marked as one of the
knowledge gaps. Considering the acquired findings in this thesis, the current available
treatment algorithm for calcifying tendinitis can be revisited. This algorithm will support
the orthopaedic surgeon to make evidence-based decisions for the treatment of these
patients (Figure 1).

TARGET GROUP AND COMMUNICATION TOWARDS
TARGET GROUP

With the completion of this thesis knowledge gaps appointed in the current guideline
of the subacromial pain syndrome were filled in. Communication towards other
health care professionals was done by presenting the results of the individual studies
at several congresses of the Dutch orthopaedic society and also at international
congresses. Furthermore, the results of this thesis were published in several scientific
articles. Besides, the presented algorithm could be incorporated within the guideline
of the NOV regarding the subacromial pain syndrome. In this way it will help the

143




CHAPTER 9

orthopaedic surgeon treating patients with calcifying tendinitis of the shoulder.
The individual studies included in the current thesis all came from a clinical perspective
to improve the quality of the treatment of conservative therapy resistant calcifying
tendinitis of the shoulder. Therefore, for patients suffering from this disease the results
and presented algorithm serves as a guide for treatment and provides more clarity on
the next steps after conservative treatment of calcifying tendinitis of the shoulder has
failed.

N 'Of the shoulder minimal invasive treatment:
(calcific deposits >10mm, Gartner type | or Il) - calcification of >1.5cm, type

| Farin/Gartner [23,24]
prolonged course of
symptoms prior to

[ minimal invasive treatment (chapter 5) }7 Lreat‘mentt (>1 Year)l (24] "
ominant arm involvemen
\ [45]
absence of resorption

within three months after

conservative therapy resistant calcifying tendinitis / negative prognostic factors \

high-energy focused ESWT

NACD (chapter 5,7)
- (chapte_r 6,7) persisting complaints after three treatment [24]
persisting complaints after.three months > re-NACD or surgical - lack of initial clinical
months -> NACD or surgical treatment in presence of improvement after

treatment in presence of

- > negative prognostic factors treatment (<3 months) [24]
negative prognostic factors \ )

surgical treatment:

arthroscopic debridement without subacromial
decompression (chapter 2-4)

Figure 1. Treatment algorithm Ffor patients with conservative therapy resistant calcifying
tendinitis of the shoulder.
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SUMMARY

Shoulder disorders are common in the general population with an estimated lifetime
prevalence of 34% in the Netherlands. [1]In patients with shoulder complaints, calcifying
tendinitis is one the most commonly diagnosed diseases. [2] Conservative treatment
is the first-choice treatment option. Conservative measures should include exercise
therapy, anti-inflammatory drugs, ice therapy and/ or subacromial corticosteroid
injections. However, in about 27% these treatment options are not successful and
additional treatment is necessary. [3] The next step in the treatment of conservative
therapy resistant calcifying tendinitis of the shoulder is however a matter of debate. In
the general introduction several of these gaps in knowledge are pointed out. Also the
following research questions are presented.

e  Part 1 Do the available surgical procedures lead to different functional
outcomes in patients with conservative therapy resistant calcifying
tendinitis of the shoulder?

e  Part 2 Do minimal invasive techniques result in comparable functional
outcome compared to surgical treatment for patients with conservative
therapy resistant calcifying tendinitis of the shoulder?

e Part 3 What is the preferred minimal invasive treatment option for
patients with conservative therapy resistant calcifying tendinitis of the
shoulder?

The thesis is built up based on these knowledge gaps and is divided into three parts. In
the general discussion a treatment algorithm is proposed for the treatment of calcifying
tendinitisoftheshoulder:In part 7thesurgicaltreatmentoptionsare evaluated. Historically
the surgical treatment is seen as the next step treatment for patients with conservative
therapy resistant calcifying tendinitis of the shoulder. In chapter 2 a systematic review
of the literature is performed concerning three surgical treatment options. The first
is only a subacromial decompression and leaving the calcifications untouched. The
second is debriding the subacromial calcific deposits without an additional subacromial
decompression. The third is a combination of debridement of the calcific deposits in
combination with a subacromial decompression. Based on the available orthopaedic
literature the clinical and functional outcomes after all these aforementioned surgical
procedures are good to excellent. However, a randomized controlled trial comparing all
three surgical procedures was not performed yet. Therefore, a preferential procedure
cannot be appointed. In chapter 3 we present retrospective study that evaluated the
mid-term clinical outcomes of patients who underwent a subacromial decompression
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while leaving the calcific deposits untouched. The primary outcome (Constant-Murley
Score, CMS) was good to excellent (mean CMS 84.9) after a mean follow-up of 2.9 years.
In 52% the calcific deposits vanished during follow-up. However, a correlation between
the presence of any residual calcific deposits could not be established: The CMS did
not differ significantly between patients with and without residual subacromial calcific
deposits. In chapter 4 a randomized controlled trial (RCT) was executed. The short-
term clinical outcomes of the three aforementioned surgical treatment options were
evaluated. All three surgical treatment options provided good clinical outcomes six
months after treatment, while at six months follow-up the VAS for pain did not differ
between the three groups. Noteworthy however, significant differences were observed
in the VAS for pain and Disability of Arm, Shoulder and Hand (DASH) scores six weeks
after treatment. The group of patients that only had a subacromial decompression
showed less clinical improvement compared to the group of patient in which the
calcifications were debrided. Furthermore, they needed more additional treatment in
the postoperative period. We therefore advise to debride the calcification without an
additional subacromial decompression when operating on a patient with conservative
therapy resistant calcifying tendinitis of the shoulder.

In part 2 a transition from a surgical approach to a more minimal invasive approach is
explored. Needle aspiration of the calcific deposits (NACD) is proposed as a next step
treatment for conservative therapy resistant calcifying tendinitis of the shoulder. In
current literature, no comparative studies are available in which the clinical outcome of
a surgical treatment is compared to the NACD treatment. In chapter 5 a comparative
cohort study was performed and the midterm clinical outcomes were evaluated. The
primary outcome was improvement of VAS for pain during follow-up. This improvement
did not differ between the two groups after a mean follow-up of 5.5 years: improvement
in VAS for pain of 60.6 mm versus 53.4 mm, for the NACD and surgery group, respectively.
31% of the patients switched over from the NACD treatment to the surgical treatment
because of unsatisfactory clinical improvement and insufficient decrease in size of
the calcific deposit. Patients who had a surgical treatment after a failed NACD also
showed good clinical outcomes. Furthermore, partly as a result of the aforementioned
substantial number of cross over significantly more additional treatments and adverse
events were administered in the NACD group. However, due to the good clinical outcome
on the midterm it seems that NACD treatment is a valid alternative treatment option
for conservative therapy resistant calcifying tendinitis, although more research in a
randomized fashion is desirable.

In part 3 the optimal minimal invasive treatment strategy is explored. As stated in the

general introduction minimal invasive treatment, especially NACD and ESWT, show
promising short term clinical results. However, the optimal treatment strategy is still a
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matter of debate. Many different treatment protocols of ESWT available. In chapter 6 a
meta-analyses of five RCTs comparing low-energy to high-energy ESWT were performed.
The primary outcome was comparing the short-term improvement of the CMS.
Furthermore, a secondary outcome was the likelihood of significant resorption of the
calcific deposit after low-energy ESWT versus high-energy ESWT. All five RCTs showed
greater improvement in CMS in patients treated with high-energy ESWT compared to
low-energy ESWT at 3- and 6-months post-treatment. The mean difference was after
three 3-months. Besides, high-energy ESWT more often resulted in complete resorption
of the deposits at 3 months. Therefore, if ESWT is chosen as a next step treatment for
calcifying tendinitis of the shoulder high-energy ESWT should be chosen. Furthermore,
in current literature the evidence evaluating the effectiveness of NACD compared to
ESWT is limited. Only two RCTs are currently available that both use markedly different
ESWT treatment protocols compared to our preferred ESWT protocol. [5,6] In chapter
7 a study protocol was presented for a RCT comparing NACD and ESWT. In this study
patients are randomly allocated to either NACD or ESWT. The primary outcome is
difference in improvement of CMS after 12 months. This is final step in answering the
relevant research questions to establish a novel treatment algorithm for the treatment
of conservative therapy resistant calcifying tendinitis of the shoulder.

In conclusion, this thesis provides the orthopaedic surgeon guidance in choosing
the appropriate next step treatment for patients with conservative therapy resistant
calcifying tendinitis of the shoulder. Although still some research question remain, in
chapter 8 a treatment algorithm is proposed. Furthermore, in this general discussion
several new research aims are appointed.
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NEDERLANDSE SAMENVATTING

Schouderklachten zijn veelvoorkomende klachten binnen de Nederlandse maatschappij
met een levensprevalentie van 34%. [1] Tendinitis calcarea is een van de meest gestelde
diagnosen bij patiénten met schouderklachten gezien door de orthopedisch chirurg. [2]
De behandeling van eerste keuze is conservatief. Conservatieve behandelmogelijkheden
zijn onder andere oefentherapie onder leiding van een gespecialiseerde schouder-
fysiotherapeut, anti-inflammatoire medicijnen (NSAIDs) en/ of subacromiale infiltraties.
Echter, in ongeveer 27% van de gevallen zijn deze maatregelen niet succesvol en is een
aanvullende therapie noodzakelijk. [3] In de huidige orthopedische literatuur zijn er
juist bij deze aanvullende behandelingsmogelijkheden nog veel vragen onbeantwoord
en bestaan er enige hiaten in kennis. In de algemene introductie worden deze hiaten
onderkent en worden de hieronder genoemde onderzoeksvragen geformuleerd.

e Part 1 Leiden de beschikbare chirurgische behandelopties tot verschil-
lende functionele uitkomst voor conservatieve therapieresistente
tendinitis calcarea van de schouder

e  Part 2 Kunnen minimaal invasieve technieken leiden tot vergelijkbare
functionele uitkomsten vergeleken met een operatieve behandeling
voor patiénten met conservatieve therapieresistente tendinitis calcarea
van de schouder?

e  Part3lsereen te prefereren minimaal invasieve techniek voor patiénten
met conservatieve therapieresistente tendinitis calcarea van de
schouder?

Deze thesis is opgebouwd aan de hand van deze hiaten in kennis en is onderverdeeld
in verschillende ‘parts’” In de algemene discussie van het proefschrift wordt
een behandelalgoritme gepresenteerd voor de behandeling van conservatieve
therapieresistente tendinitis calcarea van de schouder: In ‘part 7’worden de chirurgische
behandelopties geévalueerd. Historisch gezien wordt de chirurgische behandeling
gezien als de behandeling van keuze voor conservatieve therapieresistente tendinitis
calcarea van de schouder. In hoofdstuk 2 is een systematische review uitgevoerd. Drie
verschillende chirurgische behandelopties zijn bekeken. De eerste is het enkel uitvoeren
van een subacromiale decompressie en de verkalkingen ongemoeid laten. De tweede
is enkel het verwijderen van de verkalkingen zonder een aanvullende subacromiale
decompressie te verrichten. De derde optie is een combinatie van bovenstaande
procedure, namelijk het verwijderen van verkalkingen tezamen met een subacromiale
decompressie. Op basis van de beschikbare literatuur kan gezegd worden dat elke
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van de drie bovengenoemde procedures leidt tot goede tot excellente klinische
uitkomsten. Echter, gerandomiseerde studies die de klinische uitkomsten van alle drie
de behandelopties vergelijken zijn niet beschikbaar. Daarom kan op basis van de huidige
literatuur nog geen te prefereren chirurgische procedure worden gekozen. In hoofdstuk
3is een retrospectieve studie gepresenteerd. In deze studie zijn de klinische uitkomsten
op middellange termijn gepresenteerd van patiénten die enkel een subacromiale
decompressie hebben ondergaan waarbij de verkalkingen ongemoeid zijn gelaten. Na
een follow-up van gemiddeld 2.9 jaar liet dit goede tot excellente klinische uitkomsten
zien. In 52% van de patiénten werden er bij follow-up geen subacromiale verkalkingen
meer waargenomen. Er kon geen correlatie worden vastgesteld tussen de aanwezigheid
van restverkalkingen en de goede klinische uitkomst. De CMS verschilde niet significant
tussen patiénten waarbij de kalk nog aanwezig vergeleken met patiént waarbij de kalk
verdwenen ten tijde van follow-up. In hoofdstuk 4 is een gerandomiseerde studie
gepresenteerd. De korte termijnsresultaten van de bovengenoemde chirurgische
behandelopties vergeleken. Alle drie de opties laten goede klinische uitkomsten zien zes
maanden na operatief ingrijpen. De primaire uitkomst (Visual Analog Scale, VAS voor pijn
zes maanden na behandeling) was niet significant verschillend tussen de drie groepen.
Er werd wel een significant verschil waargenomen tussen de klinische uitkomsten na
zes weken. De verbetering in VAS voor pijn en beperkingen (gemeten met de disability
of arm, shoulder and hand score, DASH score) was significant minder bij patiénten die
enkel een subacromiale decompressie hadden ondergaan. Daarnaast waren er meer
bijpbehandelingen in deze patiéntengroep. De hypothese hierbij is dat het operatief
ingrijpen leidt tot een activatie van de natuurlijke resorptiefase van tendinitis calcarea.
Van deze resorptiefase is gekend dat dit leidt tot een hernieuwde tendinitis en kan
eveneens een chemische bursitis veroorzaken. [4] Daarom kan geconcludeerd worden
datindien gekozen wordt voor operatief ingrijpen het te adviseren is om de verkalkingen
te verwijderen.

In ‘part 2’ wordt de transitie van de chirurgische benadering naar een meer minimaal
invasieve benadering geévalueerd en aan NACD-behandeling wordt voorgesteld als
behandeling van conservatieve therapieresistente tendinitis calcarea van de schouder. In
de huidige orthopedische literatuur zijn er geen vergelijkende studies beschikbaar welke
de klinische uitkomsten vergelijken van chirurgische behandeling met de barbotage
behandeling. In hoofdstuk 5 is een vergelijkend cohortstudie uitgevoerd welke klinische
uitkomsten evalueert van deze twee behandelingen op de middellange termijn. De
primaire uitkomst was de verbetering van VAS voor pijn gedurende follow-up. Deze
verbetering verschilde niet significant tussen de twee groepen. Een substantieel deel
van de patiénten (31%) die initieel een barbotage behandeling hebben ondergaan zijn
overgestapt en hebben een chirurgische behandeling ondergaan. Er werd gekozen voor
een chirurgische behandeling vanwege onvoldoende klinische verbetering en daarnaast
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onvoldoende afname van de verkalking op de controlefoto. Patiénten die deze overstap
gemaakt hebben lieten na een gemiddelde follow-up van 5.5 jaar echter eenzelfde goede
klinische uitkomst zien ten opzichte van de patiénten uit de initieel chirurgische groep.
Daarnaast werden er significant meer bijbehandelingen en complicaties geregistreerd
binnen de barbotage groep. Ditis echter grotendeels toe te schrijven aan het grote aantal
patiénten dat is overgestapt tussen de twee groepen. Gezien dat ook deze patiénten
een goede klinische uitkomst lieten zien bij follow-up kan een barbotage behandeling
toch een geschikte alternatieve behandeling zijn voor patiénten met conservatieve
therapieresistente tendinitis calcarea van schouder. Echter, meer onderzoek met name
een gerandomiseerde studie is wenselijk.

In ‘part3‘wordtdeoptimaleminimaalinvasievebehandelinggeévalueerd.Zoalsalbenoemd
in de algemene introductie laten minimaal invasieve technieken, in het bijzonder NACD
en ESWT, veelbelovende resultaten zien. Echter, de optimale behandelstrategie is nog
een punt van discussie. ESWT wordt op veel verschillende manieren gebruikt en worden
veel verschillende behandelprotocollen gebruikt. Bijvoorbeeld, het is nog niet gekend of
hoog-intensiteit of laag-intensiteit ESWT betere korte termijn klinische resultaten geeft.
In hoofdstuk 6 is een meta-analyse uitgevoerd van vijf gerandomiseerde studies die laag-
intensiteit ESWT hebben vergeleken met hoog-intensiteit ESWT. De primaire uitkomst
was de vergelijking van de CMS en de kans op significante afname (resorptie) van de
verkalking na hoog-intensiteit versus laag-intensiteit ESWT. Alle vijf de gerandomiseerde
studies lieten na drie en zes maanden een grotere verbetering in CMS zien in patiénten
die zijn behandeld met hoog-intensiteit ESWT vergeleken met laag-intensiteit ESWT.
Daarnaast was de kans op complete resorptie na drie maanden significant groter na
hoog-intensiteit ESWT. Geconcludeerd kan worden dat wanneer er gekozen wordt voor
een behandeling middels ESWT, hoog-intensiteit ESWT de te prefereren behandeling
is. De huidige literatuur aangaande de vergelijking tussen de verschillende minimaal
invasieve behandeling is erg beperkt. Slechts twee gerandomiseerde zijn beschikbaar.
Deze beide studies gebruiken beide een significant verschillend ESWT-protocol
vergeleken met het door ons geprefereerde protocol. [5,6] Om tot een te prefereren
minimaal invasieve therapie te komen wordt momenteel een gerandomiseerde studie
uitgevoerd. In deze studie zijn patiénten gerandomiseerd tussen een NACD-behandeling
en een ESWT-behandeling. De primaire uitkomst was verbetering in CMS na twaalf
maanden. Het studieprotocol hiervan werd gepresenteerd in hoofdstuk 7. Dit was de
laatste stap om alle benodigde onderzoeksvragen te beantwoorden om tot een nieuw
behandelalgoritme te komen voor patiénten met conservatieve therapieresistente
tendinitis calcarea van de schouder.

Concluderend geeft deze thesis de orthopedisch chirurg meer sturing bij het kiezen
van de adequate behandeling voor patiénten met conservatieve therapieresistente
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tendinitis calcarea van de schouder. In hoofdstuk 8 wordt het nieuwe behandelalgoritme REFERENCES
gepresenteerd en daarnaast worden er nog nieuwe onderzoeksvragen geformuleerd en
onderzoeksdoelen gepresenteerd. 1. Diercks R, Bron C, Dorrestijn O, Meskers C, Naber R, de Ruiter T, Willems J, Winters J, van der Woude HJ;
Dutch Orthopaedic Association (2014) Guideline for diagnosis and treatment of subacromial pain syndrome:
a multidisciplinary review by the Dutch Orthopaedic Association. Acta Orthop;85(3):314-322
2. Hurt G, Baker CL Jr (2003) Calcific tendinitis of the shoulder. Orthop Clin North Am;34(4):567-575
3. Ogon P, Suedkamp NP, Jaeger M, Izadpanah K, Koestler W, Maier D (2009) Prognostic factors in nonoperative
therapy for chronic symptomatic calcific tendinitis of the shoulder. Arthritis Rheum;60(10):2978-2984
4. Oudelaar BW, Van Liebergen MR, Van Arkel ERA (2021) Een vrouw met acuut ontstane schouderklachten [A
woman with acute-onset shoulder pain]. Ned Tijdschr Geneeskd;18;165
5. KimYS, Lee HJ, Kim YV, Kong CG (2014) Which method is more effective in treatment of calcific tendinitis in
the shoulder? Prospective randomized comparison between ultrasound-guided needling and extracorporeal
shock wave therapy. J Shoulder Elbow Surg;23(11):1640-1646
6. Louwerens JKG, Sierevelt IN, Kramer ET, Boonstra R, van den Bekerom MPJ, van Royen BJ, Eygendaal D,
van Noort A (2020) Comparing Ultrasound-Guided Needling Combined With a Subacromial Corticosteroid
Injection Versus High-Energy Extracorporeal Shockwave Therapy for Calcific Tendinitis of the Rotator Cuff: A

Randomized Controlled Trial. Arthroscopy;36(7):1823-1833
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DANKWOORD

Dit is een proefschrift met onderzoeken allen gebaseerd op klinische vraagstukken
met als doel om bestaande behandelingen voor patiénten met conservatieve therapie
resistente tendinitis calcarea van de schouder te optimaliseren. Daarom wil ik als eerste
in dit dankwoord alle patiénten bedanken die hebben deelgenomen aan de verschillende
studies.

Beste prof. dr. van Rhijn, Beste Lodewijk. Achteraf denk ik dat ik te laat in mijn
promotietraject bij u heb aangeklopt, uiteindelijk heb ik dit pas in 2017 gedaan. Toen
waren de studies in dit proefschrift veelal al lopende. Uw brede blik hebben me laten
inzien dat je klinische vraagstukken op meerdere manieren kunt beantwoorden en
daarmee is u bijdrage aan dit proefschrift zeer waardevol gebleken. Daarnaast liet u
me zien dat er een licht aan einde van de tunnel was. Waarop ik dan antwoorde dat
ik het leven in die tunnel ook wel een beu was. Ook na uw transfer naar Utrecht bent
u altijd zeer betrokken geweest bij de voortgang van dit proefschrift. Dank voor deze
begeleiding en de vele interessante gesprekken.

Beste dr. Jansen, Beste Ed. Nadat ik was aangenomen als ANIOS in het Orbis MC hadden
wij direct een klik. Nadat ik via jullie in opleiding was gekomen ging onze kalk-studie van
start. Na zeer veel bijsturing en zeer veel energie die we daar beide ingestoken hebben,
hebben we de studie tot een goed einde kunnen brengen. Ik heb je begeleiding altijd als
zeer prettig ervaren en enorm gewaardeerd, door jou geloof in mij gedurende mijn ANIOS
ben ik nu orthopeed kunnen worden. Ook waardeer ik elke keer weer als een manuscript
van je terug kreeg dat je het weer van A tot Z had doorplozen en had becommentarieert.
Al mochten de verbeteringen en daarmee het roodgehalte in de tekst wel iets minder.

Beste dr. van der Steen, Beste Marieke. Meermaals vroeg ik (tegen beter weten in)
‘zullen we toch geen interim-analyse doen van de NECST-studie’. Waarop ik steevast het
antwoordt kreeg: ‘Nee Freek, dat is niet zo afgesproken in het studie protocol en daar
moeten we ons aan houden. ' Dit kenmerkt jou. Ik kon je altijd alle vragen stellen over
de verschillende studies. Het antwoord was altijd correct, alleen niet altijd wat ik wilde
horen. Deze eerlijkheid en oprechtheid heb ik altijd enorm gewaardeerd en daarmee ben
je voor dit proefschrift zeer belangrijk geweest.

Beste dr. Morrenhof en dr. Loes Janssen. Bij jullie heb ik gedurende de laatste fase
van mijn geneeskunde opleiding de eerste stappen gezet op wetenschappelijk gebied.
Achteraf bleek dit de basis van dit proefschrift. Wat ik nog goed weet is de maandelijkse
besprekingen waar we de voortgang van het onderzoek bespraken maar ook mijn
verrichtingen op het voetbalveld die dr. Morrenhof via de krant op de voet volgde. De
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enthousiasmerende begeleiding van jullie beiden in deze beginfase gaf mij de motivatie
om op basis van het daar uitgevoerde onderzoeken nog vervolgonderzoeken op te
zetten wat tot dit proefschrift heeft geleidt.

Beste dr. ir. Schotanus, Beste Martijn. Als beginnend ANIOS in het Orbis MC had ik
een duidelijk doel voor ogen, namelijk in opleiding komen. Ik wist dat wetenschappelijk
onderzoek doen hiervoor noodzakelijk zou zijn. Hierbij heb je me vanaf moment één
de juiste begeleiding gegeven met het opzetten van verschillende onderzoeken. Vaak
met serieuze tips maar even zo vaak met de meest onzinnige appjes en GlIF-jes. Deze
onorthodoxe begeleiding zorgde ervoor dat ik altijd met veel plezier aan de verschillende
onderzoeken heb gewerkt en daar ben ik je erg dankbaar voor! Jij weet als geen ander
iemand te motiveren en kent de waarde van een goed werkend team!

Dank ook aan alle co-auteurs. Onderzoek doen is een teamsport. Jullie aanvullingen,
kritische blik op de verschillende manuscripten en hulp bij de verschillende studies heb
ik altijd zeer gewaardeerd.

Luuk. We zijn eigenlijk al na het einde van de middelbare school aan elkaar verbonden. We
zijn beide in Maastricht gestart met de studie gezondheidswetenschappen, later hebben
we geneeskunde gedaan en zijn we tegelijkertijd in opleiding gekomen tot orthopedisch
chirurg. Daarnaast zijn we ook buiten het ziekenhuis veel met elkaar verbonden door
tennis. Daar en ook op de werkvloer waardeer ik je ontzettend. Je ongekende kennis en
ongecompliceerde mentaliteit is iets wat ik graag van je zou willen overnemen. Nu is de
afstand weliswaar een bemoeilijkende factor maar we hebben nog vaak contact en dat
zou ik graag zo blijven zien. Leuk dat jij paranimf bij mij wil zijn.

Anouk. wat vind ik het leuk dat je mijn paranimf wil zijn. Jij bent mijn oudere zus en we
verschillen wellicht nog wel meer van elkaar dan dag en nacht. In onze jeugd zijn we
beiden niets tekort gekomen en zijn we beide op onze eigen manier op de juiste manier
gestimuleerd door onze ouders. Waar we in onze jeugd nog wel eens ruzie hadden, is er
nu vooral veel waardering wederzijds. Waardering heb ik voor je doorzettingsvermogen,
daadkrachtenhoejeeendrukke baankancombinerenmeteendruk gezinsleveninUtrecht.

Orthopeden en opleiders, arts-assistenten, collega’s van de operatiekamers, polikliniek,
verpleegkundigen van de verschillende afdelingen van de ROGO-Zuid dank voor de
prettige samenwerking de afgelopen jaren. Al heb ik de regio nu verlaten kijk ik met veel
plezier terug op mijn opleiding in ROGO-Zuid.

Vakgroep Orthopedie Zorgsaam Zeeuws-Vlaanderen. Cis, Maarten-Paul, Frank,
Frank en Bas. Sinds één jaar ben ik bij jullie werkzaam. Hoewel de overgang buiten het
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ziekenhuis best wel groot is, hebben jullie ervoor gezorgd dat de overgang van Limburg
naar Zeeland binnen het ziekenhuis zeer prettig is verlopen. We zijn een goed team en
ik kijk ernaar uit om de komende tijd met jullie te mogen samenwerken. Daarnaast, dr.
Karelse, Anne, je was vanaf het begin zeer geinteresseerd naar de voortgang van de
eindfase van mijn promotietraject. Nu is het af en zie ik ernaar uit om gezamenlijk ons
schouderteam sterk uit te dragen en uit te bouwen.

Beste vriendenclub ‘pep/ ut kaartclubje’. Wat hebben we al mooie feesten en vakanties
mogen meemaken in de afgelopen 20 jaar. Hoewel ik er ook de nodige gemist heb. Ook
ons jaarlijks weekend weg is voor mij altijd iets om naar uit te kijken. Laten we dit de
komende 20 jaar ook maar gewoon blijven doen.

Lieve Pap en Mam. Dank voor de ongekende support die jullie mij hebben gegeven
eigenlijk al sinds de basisschool. Het geloof dat jullie altijd in mij hebben gehad.
Bijvoorbeeld door mij niet naar het VMBO te laten gaan, maar naar een VMBO/HAVO
overgangsklas. Wat ben ik dan ook blij dat ik jullie gelijk heb kunnen laten zien! Jullie zijn
mijn stabiele basis en zijn in mijn hele studietijd van onschatbare waarde geweest. In het
begin om me te motiveren om het beste uit mezelf te halen en later om ook de balans
tussen werk/privé te laten inzien. Weet dat ik dat voor altijd zal waarderen! En zoals pap
zeat: ‘ut kump allemaol good, wach maar ens aaf”.

Tonnie en Ellis. Sinds jaar en dag ben ik één van jullie gezin en sinds een paar jaar jullie
onderdeel van ons gezin. Dank dat jullie altijd voor ons klaar staan, voor de grenzeloze
liefde die jullie geven aan ons en onze jongens, Mats en Siem. Ik bof maar dat ik jullie als
schoonfamilie mag hebben.

Mats en Siem. Wat zijn jullie een stel fantastische kinderen. Wat geniet ik ervan om
urenlang met jullie te spelen en wat kijk ik ernaar uit om jullie op te zien groeien en te
zien hoe jullie zich gaan ontwikkelen. Voor nu geniet van elk moment dat ik met jullie
mag doorbrengen, jullie laten me zien wat er echt belangrijk is in het leven.

Lieve Britt. De laatste woorden van dit dankwoord zijn natuurlijk voor jou. Al sinds 2003
ben jij mijn stabiele basis. Ook binnen deze promotie ben je een hele belangrijke factor.
Van me de ruimte geven om weer eens een middagje vragenlijsten in Excel of SPSS te
tikken, tot het klaarmaken van de enveloppen met vragenlijsten voor de verschillende
studies. Ik zeg dit onvoldoende tegen je maar je bent een fantastische vrouw en
geweldige moeder voor onze kinderen. We gaan er samen een mooie tijd van maken in
Zeeland en hoop samen met je oud te worden.
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