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Chapter 1

General introduction and outline of the thesis



Chapter 1

The incidence of patients who present with shoulder pain in general practice is
high. Shoulder pain is the third most common musculoskeletal reason to consult in
primary care with a lifetime prevalence of up to 67% and approximately 1% of adults
are likely to consult with new shoulder pain annually[1,2]. As shoulder pain often

affects patients of working age, it creates a large economic burden for society[3,4]

Rotator cuff calcific tendinitis

Rotator cuff calcific tendinitis (RCCT) is a frequently diagnosed cause of shoulder
pain with a reported prevalence of 7% to 54% in patients with shoulder pain[5-8].
RCCT is characterized by the presence of carbonate hydroxyapatite deposits in the
rotator cuff tendons. The pathogenesis of this condition is still not fully understood.
Several hypotheses have been proposed such as degenerative changes, repetitive
trauma, tenocyte necrosis, reactive and endochondral ossification[7, 9-12]. More
recent research suggests that calcific tendinitis should be considered as a failed cell-
mediated healing process in which tendon stem cells play a principal role. In the
presence of altered local conditions, such as excessive mechanical loading and the
accumulation of microinjuries, tendon stem cells could differentiate into chondrocytes
or osteoblasts instead of tenocytes. The activity of these non-tenocytes results in
chondrometaplasia and ossification which leads to the formation of calcific deposits

within the tendon structure[13].

RCCT mainly affects patients of working age (30-60 years old), is more common in
women (affected 1.5-2 times more often than men) and is bilateral in 10%—-25% of
patients. It is suggested that RCCT is more common in patients whose occupation
requires internal rotation and slight abduction of the arm, such as desk and
production line workers. The condition is also found more often in patients with
insulin-dependent diabetes and thyroid disorders[13].

The natural course of the disease is self-limiting and can be divided into three
subsequent stages: precalcific, calcific, and postcalcific. The calcific stage can be
further divided into the formative, resting, and reabsorption phase. Pain is the main
clinical feature of symptomatic RCCT. Pain usually increases during the reabsorption
phase probably due to an inflammatory response, which ultimately will lead to
resorption of the calcific deposit. Other symptoms of RCCT could be restriction of
joint mobility and loss of strength[14-16].
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Calcific deposits are usually visible on plain radiographs and can, according to
Gartner and Heyer, be classified into three types: 1) well circumscribed and dense, 2)
soft counter/dense or sharp/transparent, and 3) translucent and cloudy appearance
without clear circumscription (figure 1)[17]. Ultrasound examination of the shoulder
can further aid the diagnosis and detect associated conditions such as bursitis,
rotator cuff tears and long head of the biceps pathology[18,19].

Figure 1: Gdrtner and Heyer classification of calcific deposits. (A) type | calcific deposit:
dense with a well-defined border; (B) type Il calcific deposit: dense with an indistinct border
or transparent with a well-defined border; (C) type Ill calcific deposit: translucent and cloudy
appearance without clear circumscription.

Not all calcific deposits in rotator cuff tendons are symptomatic. In asymptomatic
populations, calcific deposits were found in 3 to up to 20% of the population. Larger
calcific deposits (>1.5 cm in length) seem to have the highest chance of becoming
symptomatic while some authors state that larger calcific deposits will always
become symptomatic in time[20-23].

Although RCCT is believed to be a self-limiting disease, treatment is warranted for
symptomatic patients with a prolonged duration of symptoms, as spontaneous
resorption of the calcium deposit may take years. Initial treatment of RCCT includes
conservative therapies such as non-steroidal anti-inflammatory drugs (NSAID’s),
physiotherapy (stimulating shoulder depressors) and subacromial injections with
corticosteroids (SAl). Success rates of these conservative measures range from
70-90%[8 ,15, 24-26]. Negative prognostic factors for the outcome of conservative
treatment are bilateral calcific deposits, localization of the deposit near the anterior
portion of the acromion, medial (subacromial) extension and a high volume of calcific
deposits. Gartner and Heyer type llI calcific deposits and lack of sonographic sound
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extinction were identified as positive prognostic factors[25]. When conservative
measures fail, other treatment modalities such as extracorporeal shockwave therapy
(ESWT) and needle aspiration of calcific deposits (NACD) are advocated[27-29].
Comparative studies between these treatment modalities are scarce but NACD
seems to be more effective in restoration of function and pain relief in the short
term[30,31].

Needle aspiration of calcific deposits (NACD)

NACD was introduced in 1937 using fluoroscopic guidance[32]. Farin et al. were the
first to describe the outcome of ultrasound-guided NACD[33]. During this procedure
a needle is introduced into the calcific deposit after which a small amount of fluid
is injected in the calcific deposit. If necessary, the calcific deposit can be repeatedly
perforated after which the calcific remains can removed by aspiration. Some authors
advocate the use of a second needle for aspiration[34]. Studies on the efficacy
of NACD for RCCT show good mid-term and long-term results but are limited to
relatively small sample sizes[33, 35-43]. In a large prospective study, Serafini et al.
reported the outcome of NACD in 219 patients and compared it to a control group
of 68 patients who refused to undergo NACD for unreported reasons. They found
significantly better results in the NACD group at one, three- and 12-months follow-
up, but at five- and ten-years follow-up no more significant differences were found
between groups[42]. In a large randomized controlled study by De Witte et al., NACD
was compared with SAl and patients were reviewed after one and five years. Results
of this study showed significantly superior results for NACD at one-year follow-up,
but at five-year follow-up differences between groups were absent. However, during
the course of these studies 36% (9/25) of the patients in the SAIl group underwent
additional NACD during the first year of follow-up and over half the patients in the SAI
group (13/25) required additional NACD during the five-year follow-up. The authors
therefore concluded that NACD is associated with faster improvement and a lower

number of patients requiring additional treatment[44,45].

Despite these promising reports, up to 30% of patients experience persisting or
recurrent symptoms after NACD[33, 35-43]. At long term follow-up this percentage
even increases: 42% of patients with RCCT had a severely impaired shoulder function
(i.e. WORC score < 60 points) in a study with a mean follow-up of 14 years[46].
Although it is unclear whether the impaired shoulder function in the long term is

10
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due to persisting or recurrent RCCT, or due to other shoulder pathology, this might
indicate that the calcium deposit as such is just one (small) part of a more complex,

and perhaps degenerative, shoulder disease.

Regarding prognostic factors for the outcome of NACD, type | calcific deposits,
according to the Gartner and Heyer classification, are believed to affect the outcome
of NACD negatively[17]. Female gender, dominant arm involvement, bilateral
disease, prolonged duration of symptoms and presence of multiple calcifications
are associated with inferior shoulder function in patients with RCCT[46]. No studies
aimed at identifying prognostic factors for the outcome of NACD have, however,
been conducted. Even more, large studies on the effectiveness of NACD are lacking,
as well as studies investigating novel therapies for the treatment of RCCT.

Platelet-rich plasma (PRP)

A possible novel treatment for RCCT could be platelet-rich plasma (PRP). PRP is a
small volume of autologous blood plasma that has been enriched with blood-derived
platelets. PRP is considered to have beneficial effects on many healing processes as a
result of the growth factors contained in the platelet alpha-granules. Several studies
show favorable outcomes of PRP in the treatment of tendinopathies such as lateral
epicondylitis and patellar tendon tendinitis[47-50]. The role of PRP in the treatment
of rotator cuff pathology is more controversial. In the conservative treatment of
rotator cuff disease, such as partial rotator cuff tears and tendinopathy, conflicting
results have been published on the efficacy of PRP[51-59]. However, in comparison
with corticosteroid injections, PRP seems to give better results at short-term in
patients with partial rotator cuff tears[58,59]. The use of PRP in the treatment of
RCCT has never been investigated.

Aim of this thesis

The aim of this thesis is to evaluate and optimize the outcome of the treatment of
rotator cuff calcific tendinitis (RCCT). In order to do so, the clinical outcome of needle
aspiration of calcific deposits (NACD) and prognostic factors for the outcome are
evaluated in two cohorts: a retrospective and prospective cohort of patients with
symptomatic RCCT. Furthermore, the efficacy of platelet-rich plasma (PRP) in RCCT is

investigated in a randomized controlled trial.

11
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Outline of the thesis

First, the outcome of NACD in the treatment of RCCT is evaluated and prognostic
factors for the effectiveness of NACD are identified. To do so, a cohort study on the
outcome of NACD in 431 patients with symptomatic RCCT is conducted (chapter 2).
In chapter 3, factors associated with successful NACD and factors associated with the
need for multiple NACD procedures are evaluated in a retrospective cohort study.
This study is followed up by a prospective cohort study to further identify prognostic
factors for the effectiveness of NACD (chapter 4).

Secondly, the efficacy of the use of PRP in the treatment of RCCT is investigated.
In chapter 5, the differences in concentrations of blood components between the
different available PRP separation systems and techniques are evaluated in a review
of literature. Finally, in chapter 6, the efficacy of the adjuvant application of platelet-
rich plasma for the treatment of RCCT is evaluated in a randomized controlled trial.

A summary of the main results of the studies in this thesis and a general discussion

including future perspectives is provided in chapter 7.

12
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Chapter 2

Abstract

Background

Although needle aspiration of calcific deposits (NACD) has proven to be an
effective treatment for calcific tendinitis of the rotator cuff (CTRC) in patients who
are resistant to conservative treatment, little is known about the effectiveness of
NACD in terms of complete relief of symptoms and the effectiveness of repeated
NACD procedures. Furthermore, analyses of complications of the procedure in
large series are scarce.

Methods

431 consecutive patients with symptomatic CTRC treated by NACD were included
in this retrospective cohort study. Short-term effects were assessed at two weeks
post-treatment by using an 11-point numeric rating scale (NRS). The six months
outcome was determined on a dichotomous symptom scale (symptom free or
persistence of symptoms). NACD procedures performed within six months of a
previous NACD procedure were considered repeated procedures. All complications

that occurred within six months of the NACD procedure were registered.

Results

At two weeks post-treatment, a significant improvement of pain scores was noted
(mean reduction of NRS: 4.4 points; p<0.001). 74% of patients had complete
relief of symptoms at six months post-treatment. 143 (33.2%) patients required
multiple treatments. These repeated procedures were equally effective as the
primary procedure. Complications of the NACD procedure were seen in 31 (7.2%)
patients: 21 patients (4.9%) developed a subacromial bursitis, seven patients
(1.6%) a frozen shoulder and three patients (0.7%) developed a septic bursitis.

Conclusion

Needle aspiration of calcific deposits (NACD) is an effective treatment for calcific
tendinitis of the rotator cuff in the majority of patients. Approximately one third
of the patients will require multiple treatments, which were equally effective as
the primary procedure. Based on this, patients should not be withheld a second or
even a third treatment in case of persistent symptoms. Furthermore, NACD has a
low complication rate, the risk of infection should, however, always be accounted
for.
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Needle aspiration of calcific deposits for rotator cuff calcific tendinitis

Introduction

Calcific tendinitis of the rotator cuff (CTRC) is a frequently diagnosed condition
characterized by deposits of calcium hydroxyapatite in tendons of the rotator cuff. It
is the most common ultrasound-diagnosed shoulder disorder in general practice and
accounts for approximately 7% of all shoulder complaints[1, 2].

Initial treatment is preferably conservative, e.g. non-steroidal anti-inflammatory
drugs (NSAIDs), physiotherapy and/or subacromial steroid injections, with reported
success rates ranging from 70 to 90%[3-7]. Patients not responding to conservative
treatment are often treated by ultrasound-guided needle aspiration of calcific
deposits (NACD). NACD has proven to be an effective therapy in the vast majority
of patients[8-19] and it is considered a safe procedure as only minor complications,
such as chemical bursitis, vagal reactions and post-procedural pain have been
reported[20]. Analyses of complications of the procedure in large series are however

scarce.

Despite the growing interest in the effectiveness of NACD, only a few studies describe
the results of NACD in terms of complete relief of pain or symptoms. Most papers
on the outcome of NACD use functional scores, e.g. the Constant-Murley score as
primary outcome measurement[8-11, 13, 16-19]. As relief of pain is the primary
goal of NACD, more data on the relief of pain following NACD in the longer term is
necessary to gain insight in the effectiveness of NACD.

Due to the persistence or recurrence of symptoms after NACD, a repeated NACD
procedure is, according to literature, necessary in 18 to 45% of patients. As the only
two studies on the effectiveness of these repeated procedures reported conflicting
results in terms of the outcome, little is known about the effectiveness of repeated
NACD procedures[11, 12].

The first goal of the present study was to assess the effectiveness of NACD in
terms of complete relief of pain or symptoms and to analyze the effectiveness of
repeated procedures in case of persistence or recurrence of symptoms. Secondly, the

complications of the NACD procedure were evaluated.
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Materials and Methods
Study design

A series of 431 consecutive patients treated between January 2010 and June 2013
was analyzed. The effectiveness of NACD was assessed at two weeks and six months
in a mixed-methods cohort study. The two-week outcome was studied prospectively;
the six-month outcome was evaluated retrospectively. Both the two - week and six-
month outcome were part of regular treatment evaluation. According to the Medical
Ethical Committee of Medisch Spectrum Twente, Enschede, the Netherlands, the
current study did not meet the criteria necessary for an assessment by a medical
ethical committee according to the Dutch law (ID number: METC/15283.hui; K-nr.:
K15-63).

Study population

The study population consisted of patients referred to the department of radiology
by either orthopedic surgeons or general practitioners for the treatment of
symptomatic CTRC. The department of radiology is well experienced in performing
NACD procedures, performing over 200 procedures every year. Prior to the NACD
procedure, all patients were screened by the radiologist performing the NACD
procedure to confirm that NACD was indicated. Criteria for a NACD procedure as
applied by the radiologists were:
1. Clinical symptoms of calcific tendinitis:
e  Painin the shoulder region:
o Pain worsened by elevation of the arm above the shoulder level
o Pain worse at night
o Pain worse by lying on the shoulder
e Stiffness of the shoulder
e Weakness of the shoulder
2. Presence of calcific deposits was confirmed on radiographs and/or ultrasound
examination
3. Absence of other causes for shoulder complaints (e.g. frozen shoulder,
subacromial bursitis).

All patients who underwent NACD were registered by the radiologist performing
the NACD procedure. Inclusion criteria were checked by the researcher (BO) before

entering patients in the study database.
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Only the treatment of the first shoulder was analyzed in patients who underwent
bilateral treatment (n=32).

Technical procedure

NACD procedures were performed by well-experienced musculoskeletal radiologists
in an ultrasound room, using the Logic P3 Ultrasound system (GE Healthcare). Prior
to the procedure all patients underwent an ultrasound examination of the affected
shoulder to evaluate the rotator cuff and subacromial space. Especially the presence
of partial rotator cuff tears and subacromial bursitis was evaluated. Subacromial
bursitis was diagnosed when there was fluid distension, synovial proliferation and/
or thickening of the bursal walls > 2 mm. Partial rotator cuff tears (PRCT) were
diagnosed in case of tears that did not cover the complete thickness of the tendon
at either the bursal or articular side of the tendon. Patients were treated in supine
position. After sterile preparation, the skin and subcutaneous tissue as well as the
subacromial subdeltoid bursa were anesthetized by local injection of lidocaine 1%.
Thereafter ultrasound-guided NACD was performed using a 20 or 21 gauge needle.
After maneuvering the needle into the calcific deposit, the deposits were infiltrated
with lidocaine 1%, fragmented and removed by aspiration. No second needle for the
outflow of the lavage fluid was used. The lavage was continued until the aspirate was
free of visible calcium. After completing the aspiration, the subacromial bursa was
infiltrated with 4 ml Bupivacaine (2,5mg/ml) and 1ml Kenacort (40mg/ml). Patients
were advised to use the treated arm within pain limits and to avoid heavy duties in
the first two weeks, no specific rehabilitation program was prescribed. Furthermore,
they were advised to use Paracetamol 1000mg to a maximum of four times a day in
case of pain in the first days following the NACD procedure.

Follow-up and complications

Prior to the NACD and two weeks post-treatment, patients were asked to indicate
their pain score on an 11-point numeric rating scale (NRS). The post-treatment
score was sent by e-mail to the radiologist who performed the treatment. In case of
repeated procedures, this was done as well. 69% of patients replied after an average
of 2.2 (+0.6) weeks post-treatment. Responders were comparable to non-responders
regarding age, sex, duration of symptoms and pre-treatment NRS scores (p>0.05).

To assess the outcome six months post-treatment, patients were approached by

telephone by an independent researcher (BO) who was not involved in the previous
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NACD procedure. Patients were asked whether they were free of symptoms or not
and whether they had needed any alternative treatments in the six months following
the last NACD procedure.

All complications during the NACD procedure and in the six months following the
last NACD procedure were reported. A clinically relevant bursitis was defined as an
increase of pain after NACD in combination with the following ultrasound findings:
thickening of the bursa and/or evidence of fluid in the subacromial bursa. In case of
the combination with fever and raised levels of inflammatory markers, the diagnosis
septic bursitis was considered.

A frozen shoulder was diagnosed in case of an increase of pain after the NACD
procedure in combination with a loss of both active and passive range of motion of
the shoulder

Repeated procedures

In case of persisting symptoms, patients were scheduled for another NACD
procedure. Criteria for a repeated NACD procedure were clinical symptoms of calcific
tendinitis, calcific deposits on ultrasound examination and absence of another cause
for shoulder complaints (e.g. frozen shoulder, subacromial bursitis). A minimal term
of six weeks between the first and second NACD procedure or the second and third
NACD procedure was applied. Prior to these repeated NACD procedures, patients

were asked to indicate their pain using a NRS again.

Outcomes
Two-week outcome

This was assessed by using the 11-point NRS pre- and two weeks post-treatment.

Based on the NRS the following values were determined:

e Reduction of pain: the difference between pre- and post-treatment scores
showed the reduction of pain in the two weeks following NACD;

e Minimal clinically important difference (MCID): according to Salaffi et al.,
differences between pre- and post-treatment scores greater than 1,6 points
were considered clinically relevant[21];

e  Patient acceptable symptomatic state (PASS): a post-treatment NRS score equal
or lower than 3 was considered PASS.
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Six-month outcome

This was determined on a dichotomous symptom scale (free of symptoms or
persistence of symptoms) at six months post-treatment. Persistence of symptoms six
months after the last NACD procedure or requiring an alternative treatment within
six months after the last NACD procedure (e.g. surgical removal of calcific deposits)
was considered as failure of NACD. The two week outcome of NACD was compared
between patients who reported complete relief of symptoms at six months post-
treatment and those with persistent symptoms.

Number and effectiveness of repeated NACD procedures

NACD procedures performed within six months of a previous NACD procedure were
considered repeated procedures. The two week and six months effectiveness were
assessed for the repeated procedures and were compared to the effectiveness of the
primary NACD procedure.

Statistical analysis

Demographic and clinical characteristics were described as continuous or categorical
variables as appropriate. Normality was assessed by visual inspection of histograms.
The difference between the NRS score prior to the NACD procedure and the NRS
score at two weeks post-treatment was analyzed using the paired samples t-test.
The outcome at six months post-treatment was presented as the percentage of
patients who reported complete relief of symptoms. Independent T-tests and Mann-
Whitney U tests were used to analyze differences in the reduction of NRS scores
and post-treatment NRS scores between patients who reported complete relief of
symptoms at six months post-treatment and patients with persistent symptoms. In
order to investigate the association between the short term results and the results
at six months post-treatment, odds ratios (OR) were calculated for complete relief
of symptoms at six months post-treatment in patients who reached MCID and PASS.

Because the number of patients who underwent a third NACD procedure was small
(n=27), the analysis of the short term effectiveness was limited to the primary and
second NACD procedure. IBM SPSS Statistics 20 was used for statistical analysis. P

values <0.05 were considered to be statistically significant.
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Results

Patient characteristics

Of the 431 included patients, 277 (64%) were female and the average age was 51
(£9.9; range 25-87) years. Half of the patients (50%) were referred by an orthopedic
surgeon and 47% was referred by a general practitioner. The large majority (93%) of
the calcific deposits occurred in the supraspinatus tendon. The average duration of
symptoms prior to the NACD procedure was 2.4 years and the mean NRS-score prior
to the NACD procedure was 7.5 (+1.6).

Ultrasound examination of the affected shoulder prior to the NACD procedures
showed partial rotator cuff tears in 70 (16%) patients and subacromial bursitis in 60
(14%) patients.

Two-week outcome

As demonstrated in figure 1, a significant improvement in NRS for pain was found
two weeks after NACD (mean reduction of NRS 4.4 points, p<0.001). In addition, 84%
of patients demonstrated a MCID in NRS pain scores (A NRS > 1.6 points). PASS (NRS
< 3) was reached in 77% of patients.
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Figure 1: NRS scores prior to and two weeks after the first and the second NACD procedure
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Six-month outcome

Complete relief of symptoms at six months post-treatment was reported by 74% of
the patients. 13% of patients reported persistence of symptoms six months after
the last NACD procedure. The other 13% of patients underwent surgery within six
months after the last NACD procedure because of persisting symptoms.

The differences in the short-term outcome between patients who reported complete
relief of symptoms at six months post-treatment and patients with persistent
symptoms are presented in table 1. Patients who reported complete relief of
symptoms at the six-month follow-up had significantly lower NRS scores at two weeks
post-treatment after both primary and secondary NACD procedures. Furthermore, a
significantly greater reduction of NRS scores was seen in patients who reported to
have complete relief of symptoms after a second NACD procedure. In addition, these
patients reached PASS and MCID (only after second procedure) more often. When
reaching PASS, an OR for complete relief of symptoms at six months post-treatment
of 2.2 was found. After a possible second procedure, the OR for complete relief of
symptoms when reaching PASS is 4.6, when reaching MICD the OR is 5.5 (Table 2).

Number and effectiveness of repeated NACD procedures

143 (33%) patients required a second NACD procedure. Of the patients who required
a second procedure, 27 (19%) patients needed a third procedure. In the short term, a
significant improvement of NRS scores was noted two weeks after the second NACD
procedure (mean reduction of NRS 4.1 points, p<0.001; figure 1). MCID was found in
81% of patients and PASS was reached in 63% of patients.

The results of the first, second and third NACD procedure were equally effective in
terms of complete relief of symptoms; respectively 52, 55 and 52% of the patients
were free of symptoms at six months follow-up.

Complications of the NACD procedures

Complications of the NACD procedure were seen in 31 (7.2%) patients. 21 patients
(4.9%) developed a subacromial bursitis after the NACD procedure that was usually
treated with a bursal injection of corticosteroids. Seven patients (1.6%) developed a
frozen shoulder. A septic bursitis was found in three patients (0.7%). In two patients
this condition was treated by arthroscopic debridement of the subacromial space
and antibiotic treatment. One patient was treated conservatively with antibiotics.
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Table 1: Comparison of short-term results between patients who reported to be free of
symptoms and patients who experienced persisting symptoms at six months post-NACD

First NACD procedure Second NACD procedure
Free of Persisting p Free of  Persisting p
symptoms symptoms symptoms symptoms
NRS 2 weeks post-NACD 28+21 3.4+25 001 28+21 49+33 0.013
Reduction of NRS 46+25 40+27 009 47+25 25+23 0.001
MCID 86% 78% 0.12 89% 60% 0.005
PASS 72% 54% <0.01 74% 38% 0.004

NRS: numeric rating scale; MCID: minimal clinically important difference; PASS: patient acceptable
symptomatic state, NACD: needle aspiration of calcific deposits.

Table 2: Odds ratios for complete relief of symptoms after reaching MCID and PASS

MCID PASS
OR 95% ClI p OR 95% Cl p
Primary NACD procedure 1.7 0.9-3.3 0.124 2.2 1.3-3.8 0.003
Second NACD procedure 5.5 1.5-20.4 0.005 4.6 1.6-13.7 0.004

MCID: minimal clinically important difference. PASS: patient acceptable symptomatic state.
OR: odds ratio. Cl: confidence interval.

Table 3: Complications of NACD

Subacromial bursitis 21 (4,9%)
Frozen shoulder 7 (1,6%)
Septic bursitis 3(0,7%)
Total 31 (7,2%)
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Discussion

This study demonstrated that 74% of patients had complete relief of symptoms at
six months after ultrasound-guided needle aspiration of calcific deposits (NACD). The
vast majority of patients noticed the effects of NACD within two weeks. Reaching a
patient acceptable symptomatic state (PASS; NRS < 3) in the short-term increased
the odds of complete relief of symptoms at six months post-treatment. Repeated
procedures were necessary in 33% of patients. The percentage of patients who
reported complete relief of symptoms after the NACD procedure was similar for the
primary, second and third procedure. Complications were seen in 7% of the patients,

three patients (0.7%) developed a septic bursitis that required surgery in two patients.

Outcome of NACD

Several authors have reported that symptoms of CTRC will initially worsen in the first
couple of days following NACD[11, 22]. Del Cura et al., for example, reported a temporary
worsening of symptoms that lasted approximately 48 hours after which symptoms
disappeared quickly[11]. Results of NACD within the first month are, however, rarely
reported in current literature. In a non-randomized controlled trial, Serafini et al. reported
that 219 patients who underwent NACD had a significantly greater reduction of pain one
month after NACD compared to 68 patients who refused NACD and served as the control
group[18]. The good two week results of the present study add evidence to the fact that
NACD provides quick relief of pain in patients with CTRC.

With regard to the outcome of NACD in the longer term, Farin et al. were the first to
describe the effects of NACD in terms of complete relief of symptoms[12]. In their
study, 74% of the 61 patients had complete relief of symptoms at one year follow-up
which is comparable to our outcome at six months follow-up. Ever since, studies on
the outcome of NACD focus mainly on the improvement of shoulder function after
NACD and not on relief of symptoms.

As the short and longer-term effects of NACD might be caused by different
mechanismes, it is unknown to what extend good short-term results relate to good
results in the long-term. The short-term effects of NACD are considered to be
mainly attributable to the subacromial injection of corticosteroids. Corticosteroids
are known to be effective in the short-term in particular[23]. We believe that the

results of NACD in the longer term are more likely attributable to the initiation of
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the remodeling phase by the fragmentation and aspiration of the calcific deposits.
Interestingly, we found that patients who reported to be symptom free at six months
follow-up had lower post-treatment pain scores. Similarly, reaching PASS after the
primary procedure gives an odds ratio (OR) for complete relief of symptoms at six
months post-treatment of 2.2. After a possible second NACD procedure the OR is
even doubled. Therefore, patients with good short-term results are more likely to
have good results in the longer term. We therefore recommend monitoring patients
with raised levels of pain in the short-term closely, since they are more susceptible to

develop persisting symptoms in the longer term.

Number and effectiveness of repeated NACD procedures

The percentage of patients in which multiple NACD procedures were necessary (33%)
found in this study corresponds well with the reported rate found in literature (18-
42%)[11, 12]. Nonetheless, little is known about the effectiveness of these repeated
treatments. In the current study, the percentage of patients having complete relief of
symptoms at six months post-treatment was similar for patients undergoing a single,
two or even three NACD procedures. This is in contrast to findings by Farin et al. who
found complete relief of pain in only 36% (4/14) of the patients who underwent a
second procedure compared to 63% (40/63) after the primary procedure[12]. Del
Cura et al. found no significant long-term differences between shoulders that were

treated once and those treated twice[11].

Complications of the NACD procedures

A recent systematic review reported a complication rate of NACD of 10%. Bursitis
was the most common complication, found in 7% of all procedures. Other
complications included mild vagal reactions (2%), frozen shoulder (0.2%), seizures
(0.2%), tenosynovitis of the bicipital long head (0.1%) and loss of consciousness (0.1
%)[20]. In the present study, bursitis was found in 4.9% of all procedures and a frozen
shoulder in 1.6%. More importantly, three patients developed a septic bursitis as a
result of the NACD procedure. This has only been reported once in literature in a
case report by Sconfienza et al.[24]. In two cases in the present study and in the case
report by Sconfienza et al., hospital admission and arthroscopic debridement was
necessary. So, although NACD is considered a safe procedure, the risk of infection
should always be accounted for.
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Limitations

To our knowledge, this study is the largest study on the outcome of NACD so far.
However, some limitations need to be taken into account when interpreting the
results. First of all, this study is a non-controlled, non-randomized cohort follow-up
study. Therefore, the improvement reported in this study could also be the result
of spontaneous resorption of calcific deposits. Calcific tendinitis of the rotator cuff
is supposedly a self-limiting disease, but spontaneous resorption can take years.
Bosworth reported radiographic resolution of calcific deposits to be 6,4% per year
and only 9,5% of patients showed complete resolution of the calcific deposits after
three years[25]. Wolk et al. reported that 82% of the deposits were resorbed within
8,6 years[26]. Ogon et al. studied the outcome of non-operative therapy for calcific
tendinitis. After six months of follow-up 73% of patients were free of pain[6]. In the
present study, the average duration of symptoms before treatment was 2.4 years
and the majority of patients already underwent unsuccessful conservative therapy. It
therefore seems rather unlikely that the improvement of symptoms is due to other
mechanisms than the NACD procedure. We do, however, advise that NACD is only
performed on patients who underwent unsuccessful conservative therapy before.
Secondly, the results at two weeks post-treatment were collected prospectively by
e-mail. As no reminders were sent to non-responders, the results might be influenced
by selection bias; one could hypothesize patients with higher post-treatment pain
scores might be more likely to reply. This could have led to an underestimation of
the presented good short-term effectiveness. Furthermore, as this is a retrospective
study, we were unable to retrieve some data that could be of interest for the
effectiveness of NACD. We were, for example, unable to analyse whether calcium
was aspirated during the procedure or not. This could be interesting as literature is
inconclusive about the association between the ability to aspirate calcium during the
procedure and the effectiveness of NACD[S, 11].

Up to date, there are only two randomized controlled trials (RCT) investigating the
effectiveness of NACD. A recent RCT conducted by Kim et al. showed that NACD
is more effective in terms of restoration of shoulder function and pain relief than
extracorporeal shock wave therapy[16]. Additionally, de Witte et al. demonstrated
that the one-year results of NACD are superior to those of subacromial injection
therapy[10]. Apart from these studies, studies investigating the effectiveness of
NACD are mainly non-controlled studies. Therefore, more well-designed controlled
studies comparing NACD to other treatments for CTRC are needed.
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Conclusions

Needle aspiration of calcific deposits (NACD) is an effective treatment for calcific
tendinitis of the rotator cuff in the majority of patients. Furthermore, NACD has a
low complication rate. However, the risk of infection should always be accounted
for. Patients who showed good results after two weeks were more likely to have
good results at six months. Approximately one third of patients will require multiple
procedures, which were equally effective as the primary procedure in these series.
Based on this data, patients should not be withheld a second or third NACD procedure
in case of persistent symptoms after the primary procedure.
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Abstract

Introduction
Although NACD has proven to be an effective minimal invasive treatment for
calcific tendinitis of the rotator cuff, little is known about the factors associated

with treatment failure or the need for multiple procedures.

Methods

Patients with symptomatic calcific tendinitis who were treated by NACD were
evaluated in a retrospective cohort study. Demographic details, medical history,
sonographic and radiographic findings were collected from patient files. Failure
of NACD was defined as the persistence of symptoms after a follow-up of at least
six months. NACD procedures performed within six months after a previous NACD
procedure were considered repeated procedures. Multivariate logistic regression
analysis was used to determine factors associated with treatment failure and

multiple procedures.

Results

431 patients (277 female; mean age 51.4 + 9.9 years) were included. Smoking
(adjusted odds ratio (AOR): 1.7, 95% Cl 1.0-2.7, p=0.04) was significantly associated
with failure of NACD. Patients with Gartner and Heyer (GH) type | calcific deposits
were more likely to need multiple NACD procedures (AOR: 3.4, 95% Cl 1.6-7.5,
p<0.01) compared to patients with type Il calcific deposits. Partial thickness
rotator cuff tears were of no influence on the outcome of NACD or the number of

treatments necessary.

Conclusion

Smoking almost doubled the chance of failure of NACD and the presence of GH
type | calcific deposits significantly increased the chance of multiple procedures.
Partial thickness rotator cuff tears did not seem to affect the outcome of NACD.
Based on the findings in this study, the importance of quitting smoking should be
emphasized prior to NACD and partial thickness rotator cuff tears should not be a
reason to withhold patients NACD.
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Introduction

Calcific tendinitis of the rotator cuff (CTRC) is a common cause of shoulder complaints
with a prevalence of 8 to 20% in asymptomatic adults and up to 54% in patients with
shoulder complaints[1-5]. Several theories regarding the pathophysiology of CTRC,
such as ischemia and degeneration of the rotator cuff, have been suggested[6-11].
Currently, the most accredited theory is the multiphasic theory proposed by Uhthoff
et al.. Uhthoff et al. state that CTRC is caused by an active process of cell-mediated
calcification of the rotator cuff tendons which is usually followed by spontaneous
phagocytic resorption[12-14]. Despite the fact that CTRC is a self-limiting disease,
treatment of this condition is indicated as the spontaneous resorption of calcific
deposits may take years. CTRC is preferably treated conservatively, e.g. non-
steroidal anti-inflammatory drugs (NSAIDs), physiotherapy and/or subacromial
steroid injections, with reported success rates ranging from 70-90%[3,15-17].
When conservative treatment fails, ultrasound-guided needle aspiration of calcific
deposits (NACD) is often performed. NACD has proven to be effective in 70-75% of
patients[2,18,19]. Previous research suggests that the success rate of NACD depends
on the radiographic morphology of the calcific deposits[20]. However, little is known

about other variables that can predict the outcome of NACD.

Besides pain and functional outcome, the effectiveness of NACD could also be
assessed in terms of the number of NACD procedures needed to obtain permanent
results. Although up to 45% of patients will require multiple NACD procedures[21],
no studies investigating factors associated with multiple procedures have been
conducted, to the authors knowledge.

Therefore, the purpose of this study was to define factors associated with successful

treatment and factors associated with the need for multiple NACD procedures.
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Materials and methods

Study design

A retrospective cohort study was conducted to evaluate the outcome of NACD in
patients treated between January 2010 and June 2013. Data on the outcome of
NACD were obtained from routine treatment evaluation, therefore, approval by a
medical ethics review board was not deemed necessary.

Study population

The study population consisted of patients referred to the department of radiology by
either orthopedic surgeons or general practitioners for the treatment of symptomatic
CTRC. The radiology department is well experienced in performing NACD procedures,
performing over 200 procedures every year. Prior to the NACD procedure, all patients
were screened by the radiologist performing the NACD procedure to confirm that
NACD was indicated. Criteria for a NACD procedure as applied by the radiologists were:
1. Clinical symptoms of calcific tendinitis:
e Painin the shoulder region:
o Pain worsened by elevation of the arm above the shoulder level
o Pain worse at night
o Pain worse by lying on the shoulder
e  Stiffness of the shoulder
e Weakness of the shoulder
2. Presence of calcific deposits was confirmed on radiographs and/or ultrasound
examination
3. Absence of other causes for shoulder complaints (e.g. frozen shoulder, subacromial
bursitis).
All patients that underwent NACD were registered by the radiologist performing
the NACD procedure. Inclusion criteria were checked by the researcher (BO) before
entering patients in the study database.

Only the treatment of the first shoulder was analyzed in patients who underwent
bilateral treatment (n=32).

Technical procedure

NACD procedures were performed by a well-experienced musculoskeletal radiologist
inan ultrasound room, using the Logic E9 Ultrasound system (GE Healthcare). Patients

40



Prognostic factors for the outcome of NACD — retrospective cohort

were treated in supine position. After sterile preparation, the skin and subcutaneous
tissue were anesthetized by local injection of lidocaine 1%. Thereafter ultrasound-
guided NACD was performed using a 20 or 21 gauge needle. After maneuvering
the needle into the calcific deposit, the deposits was infiltrated with lidocaine 1%,
fragmented and removed by aspiration. The lavage was continued until no visible
calcium could be aspirated. After completing the aspiration, the subacromial bursa
was infiltrated with 4 ml bupivacaine (2,5mg/ml) and 1ml kenacort (40mg/ml).
Patients were advised to use the treated arm within pain limits and to avoid heavy
duties in the first six weeks; no specific rehabilitation program was prescribed.
Furthermore, they were advised to use paracetamol 1000mg to a maximum of four
times a day in case of pain in the first days following the NACD procedure.

Repeated procedures

In case of persisting symptoms, patients were scheduled for another NACD
procedure. Criteria for a repeated NACD procedure were clinical symptoms of calcific
tendinitis, calcific deposits on ultrasound examination and absence of another cause
for shoulder complaints (e.g. frozen shoulder, subacromial bursitis). A minimal term
of six weeks between the first and second NACD procedure or the second and third
NACD procedure was applied.

Data collection and outcome measures
An overview of the prognostic factors evaluated in this study is presented in figure 1.

Demographic details

Gender

Age

Medical history

Duration of symptoms

Bilateral occurrence

Previous SAl therapy
Pre-treatment pain score
Sonographic findings
Subacromial bursitis

Partial rotator cuff tears
Radiographic findings

Gartner and Heyer classification
Tendon healing influencing factors
Smoking

Diabetes Mellitus

Figure 1: overview of factors investigated in this study. SAl: subacromial injection.
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As a standard, medical history, duration of symptoms, unilateral or bilateral
occurrence, previous subacromial injection (SAI) therapy and specifically, tendon
healing influencing factors, such as smoking and diabetes mellitus were registered.
Smoking was defined as smoking on a daily basis for the minimum duration of one
year. Prior to the NACD procedure, patients were asked to indicate their pain score

on an 11-point numeric rating scale (NRS).

The primary endpoint in this study was successful treatment. Successful treatment
was defined as complete relief of symptoms six months after the last NACD procedure
measured by a dichotomous outcome (free/not free of symptoms). Persistence of
symptoms six months after the last NACD procedure or requiring an alternative
treatment (e.g. surgical removal of calcific deposits) within six months after the last
NACD procedure was considered as failure of NACD. NACD procedures performed
within six months of a previous NACD procedure were considered repeated

treatments.

To assess the outcome at six months post-treatment, patients were approached by
telephone by an independent researcher (BO) who was not involved in the NACD
procedure(s). Patients were asked whether they were free of symptoms or not and
whether they had needed any alternative treatments in the six months following the

last NACD procedure.

Radiographic assessment

According to the classification described by Gartner and Heyer, calcific deposits
were categorized into three different types of calcific deposits[11]. Type | deposits
are dense with well-defined borders, type Il deposits dense with indistinct borders
or transparent with well-defined borders and type Il deposits transparent with
indistinct borders (figure 2). The radiographic assessment consisted of a standardized
anteroposterior (AP) X-ray. These X-rays were analyzed by an independent researcher
(BO). Because of logistic considerations, not all patients underwent radiographic
assessment prior to NACD. In total 289 patients (67%) were radiographically assessed
prior to the NACD procedure. Patients who were assessed radiographically were
comparable to those who were not assessed with regards to the evaluated prognostic
factors (p>0.10).
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Figure 2: Gdrtner and Heyer classification of calcific deposits. (A) type | calcific deposit:
dense with a well-defined border; (B) type Il calcific deposit: dense with a indistinct border
or transparent with a well-defined border; (C) type Ill calcific deposit: transparent with a
indistinct border.

Sonographic assessment

Besides the presence of calcific deposits, findings on ultrasound examination of
particular interest for the purpose of this study were subacromial bursitis and partial
rotator cuff tears. Subacromial bursitis was diagnosed when the bursa was thickened
and/or there was evidence of fluid in the subacromial bursa. Partial rotator cuff tears
(PRCT) were diagnosed in case of tears that did not cover the complete thickness of
the tendon and communicated with either the subacromial bursa or glenohumeral
joint. The presence of rotator cuff tears was verified during the NACD procedure.
In case of a partial rotator cuff tear, the fluid used for the lavage will leak into the
subdeltoid subacromial bursa (in case of a bursal sided partial tear) or in the direction
of the glenohumeral joint (in case of an articular sided partial tear) during the NACD
procedure; in case of a full thickness tear, the fluid used for the lavage will leak into
both the subdeltoid subacromial bursa and in the direction of the glenohumeral
joint. The sonographic assessments of the rotator cuff were performed following a
standardized method by an experienced musculoskeletal radiologist.

Statistical analysis
Visual inspection of histograms was used to determine whether continuous variables
followed a normal distribution. Demographic and clinical characteristics were

described as continuous or categorical variables as appropriate.
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Patients were grouped based on whether they were or were not free of symptoms
at six months post-treatment and based on whether they received a single NACD
procedure or multiple (>1) procedures. To determine whether factors differed
between the groups (free of symptoms vs. not free of symptoms and single
procedure vs. multiple procedures) independent t-tests (parametric) and x2 test
(non-parametric) were used. Factors that differed significantly between the groups
(p <0,10) were included for multivariate logistic regression analysis. Irrespective of
the outcome of the univariate analysis, the factors gender and age were added to the

multivariate logistic regression analysis.

Stepwise backwards binary logistic regression was performed to determine factors
associated with treatment failure or multiple treatments. A significance level of p <
0.05 was used to define factors that significantly increased the probability of failure
of NACD or multiple treatments. Additionally, in-depth analyses were performed
in order to define factors associated with the type of calcific deposit. The factors
associated with the type of calcific deposit were determined using the same

procedure as described above.

In order to avoid the influence of missing data, data of patients without any missing
values were initially analyzed to determine model fit. After logistic regression was
completed, the model was applied on the entire population to obtain definitive
adjusted odds ratios (AOR). All statistical analyses were performed using the statistical
package SPSS version 20.0 (IBM, Armonk, NY, USA).
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Results

Table 1 lists the baseline characteristics of the 431 patients. At six months post-
treatment, 317 (74%) patients reported to be free of symptoms. Two or more NACD
procedures were performed in 143 (33%) patients. Of the 114 (26%) patients with
failure of the NACD procedure, 57 (13%) patients underwent surgery.

Table 1: Baseline characteristics (n=431)
Demographic details

Male (%) 154 (36)
Female (%) 277 (64)
Age (SD) 51.4 (+9.9)
Medical history

Duration of symptoms (+SD) 2.4 (+2.4)
Bilateral occurrence (%) 32(7)
Previous SAl therapy (%)* 90 (48)
Pre-treatment NRS score (+SD) 7.5 (£1.6)
Sonographic findings

Subacromial bursitis (%) 14
Partial rotator cuff tears (%) 16

Full thickness rotator cuff tears (%) 1

Radiographic findings**

G&H type | (%) 40
G&H type Il (%) 40
G&H type lll (%) 20
Tendon healing influencing factors

Smoking (%) 26
Diabetes Mellitus (%) 7

* Based on data from 188 patients. ** Based on data from 289 patients. Values are presented
as mean + standard deviation or number (%) unless otherwise indicated. NRS: numeric rating
scale.

Factors associated with failure of treatment

The results of the univariate analysis are presented in table 2.

Patients in the failure group were significantly younger (p=0.02) and more often
smokers (p=0.02). Presence of subacromial bursitis or partial rotator cuff tears on
sonographic examination, or the type of calcific deposit on radiographic assessment

were of no influence on failure of NACD (p>0.05).
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Multivariate logistic regression analysis showed that only smoking (AOR 1.7, 95% ClI
1.0-2.7, p=0.04) was significantly associated with failure of treatment at six months
post NACD (table 3).

Factors associated with multiple treatments

As illustrated in table 2, patients in the multiple treatment group reported higher
NRS scores pre-treatment (p=0.02). Type | calcific deposits were seen significantly
more often among patients in the multiple treatment group, type Il calcific deposits
were seen significantly less often (p=0.01). Presence of partial rotator cuff tears or
subacromial bursitis were of no influence on the number of NACD procedures (p>0.05).

In the multivariate logistic regression analysis only the type of calcific deposit was
significantly associated with multiple procedures: type | calcific deposits give an AOR of
3.4 (95% Cl 1.6-7.5, p<0.01) for the need for a second NACD procedure compared to type
Il calcific deposits. No significant association was found between the pre-treatment NRS
score and the need for multiple procedures (p=0.07; 95% Cl 1.0-1.6) (table 3).

Table 2: Univariate analysis for failure of NACD and multiple procedures

Outcome of NACD Number of NACD procedures
Successful  Failure p Single Multiple p
procedure procedures

Male (%) 75 25 0.69 70 30 0.28
Female (%) 73 27 65 35
Age (+SD) 52.1(+10.1) 49.4(+9.1) 0.02 51.9(+10.4) 50.2(+8.7) 0.09
Smoking (%) 23 35 0.02 28 23 0.31
Diabetes Mellitus (%) 8 5 0.35 7 7 0.88
Duration of symptoms (+SD) 24 (+2.4) 25(+2.6) 0.79 2.2(+2.2) 2.7(¥2.9) 0.27
Bilateral occurrence (%) 7 10 0.29 7 8 0.88
Previous SAl therapy (%) 46 51 0.44 49 45 0.58
Pre-treatment NRS score (tSD) 7.5 (+1.6) 7.5(+x1.3) 0.76 7.4(x1.7) 7.7(+1.2) 0.02
Subacromial bursitis (%) 15 11 0.22 14 13 0.79
Partial rotator cuff tears (%) 16 18 0.66 17 15 0.73
G&H type | (%) 39 42 34 50
G&H type Il (%) 4 3 079 41 39 001
G&H type lll (%) 20 22 25 11

Values are presented as mean + standard deviation (SD) or number (%) unless otherwise indicated.
NRS: numeric rating scale, G&H: Gartner & Heyer classification, SAl: subacromial injection.
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Table 3: Summary of binary logistic regression analysis predicting failure of NACD and the

need for multiple NACD procedutres

Factor p AOR 95% ClI
Factors predicting failure of NACD

Smoking 0.04 1.7 1.0-2.7
Factors predicting the need for multiple NACD procedures

Age 0.26 1.0 1.0-1.1
Pre-treatment NRS score 0.07 1.3 1.0-1.6
Type | calcific deposits* <0.01 3.4 1.6-7.5

AOR: adjusted odds ratio. 95% Cl: 95% confidence interval. NRS: numeric rating score.
* Based on Gartner and Heyer classification.

Table 4: The association between smoking and the type of calcific deposit
G&H classification

Type | Type Il Type lll
Non-smokers 43% 37% 20%
Smokers 29% 51% 20%

G&H classification: Gartner and Heyer classification.
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Discussion

The current study demonstrated that smoking significantly increased the chance of
failure of NACD and that Gartner and Heyer type | calcific deposits increased the
chance of multiple procedures. Furthermore, partial rotator cuff tears did not affect
the outcome of NACD.

Factors associated with failure of treatment

First of all, results of this study demonstrate that smoking almost doubles the
chance of failure of NACD. No such results have been published in literature to our
knowledge. One could hypothesize that smoking compromises the vascular supply
to rotator cuff tendons and smoking, therefore, might impede recovery of tendon
tissue. This hypothesis is supported by a cadaveric study by Kane et al. who reported
that the presence of advanced microscopic rotator cuff pathology was more than
twice as likely in patients with a history of smoking[22]. However, associations
between rotator cuff tendinopathy and smoking have never been reported. In
fact, according to a population-based study by Rechardt et al.[23], smoking is not
associated with chronic rotator cuff tendinitis. Additionally, little is known about the
influence of smoking on the outcome of treatment of rotator cuff tendinopathies. In
contrast, smoking is associated with less improvement of pain and worse functional
results postoperatively in patients who underwent rotator cuff repair[24,25,26].
Based on the findings in this study, the importance of quitting smoking should also
be emphasized in patients with CTRC prior to NACD.

A second important and clinically relevant finding of this study is that partial rotator
cuff tears were of no effect on the outcome of NACD. Although rotator cuff tears have
been reported in up to 25% of patients with CTRC[27], no studies investigating the
influence of partial rotator cuff tears on the outcome of NACD have been conducted
to our knowledge. The larger studies investigating the outcome of NACD all excluded
patients with partial rotator cuff tears, therefore it is unknown whether the presence
of a partial rotator cuff tear affects the outcome of NACD or whether treatment
of CTRC should be altered in case of a concomitant partial rotator cuff tear[12,28-
30]. Based on the current study, NACD for CTRC can be performed successfully in
presence of a concomitant partial rotator cuff tear and partial rotator cuff tears
should therefore not be regarded as a contraindication for NACD.
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Factors associated with multiple treatments

The morphology (based onthe Gartnerand Heyer classification) of the calcific deposits
was significantly associated with the number of NACD procedures needed: the odds
for multiple treatments in patients with type | deposits were over 3 times higher
compared to patient with type Ill deposits. In the current study, plain radiographs
were used to classify the calcific deposits. According to Farin et al., classification of
the calcific deposits is preferably based on plain radiographs as classification of calcific
deposits with ultrasound does not correlate well with the phase of calcification[31].
With regard to the ultrasound findings of CTRC, three types of calcifications can be
found: (1) a hyperechoic focus with a well-defined shadow; (2) a hyperechoic focus
with a faint shadow; and (3) a hyperechoic focus with no shadow (figure 3). Although
type 1 calcifications usually present with an acoustic shadow on ultrasound, no
significant correlation was found between type 3 calcifications and calcifications
without an acoustic shadow. Therefore, the use of plain radiographs is advised for

classification of calcific deposits[31].

Figure 3: sonographic findings of calcific deposits as described by Farin et al.. (A) A hyperechoic
focus with a well-defined shadow; (B) a hyperechoic focus with a faint shadow; and (C) a
hyperechoic focus with no shadow.

Associations between the consistency or the morphology of the calcific deposit and
the number of NACD procedures necessary have never been investigated before. As
type lll calcific deposits are already in the resorptive phase, the calcific deposit is more
fluid-like and therefore easier to aspirate. This is in contrast to type | calcific deposits,
which are more solid, which makes it harder to aspirate the calcium. Literature is
inconclusive about the association between the ability to aspirate calcium during
the procedure and the effectiveness of NACD[32,33]. We hypothesize that NACD in
type | calcific deposits initiates the resorption of calcific deposits, whereas in type

Il calcific deposits the resorptive phase is shortened by removing the calcium. As,
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after initiating the resorption in type | calcific deposits, the body itself is not always
capable of eliminating all of the calcium, patients will stay in a prolonged resorptive
phase and will therefore need a second NACD procedure more often. This hypothesis
is supported by the finding of Gartner et al.[11], who reported a decreased rate of
resolution of calcific deposits in type | calcific deposits after NACD. As managing
patient expectations is becoming increasingly important, this information might be

useful in informing patients about what to expect prior to the NACD procedure.

In order to define factors associated with the type of calcific deposit, additional
in-depth analyses were performed. Remarkably, only smoking was significantly
associated with the type of calcific deposit (p=0.024). As presented in table 4, type |
calcifications were less common among smokers, whereas type Il calcifications were
more common among smokers. Assuming that type | calcifications give an increased
chance for multiple procedures, one could hypothesize that multiple procedures are
less often needed among smokers. However, logistic regression analysis of factors
predicting the need for multiple procedures showed that smoking was of no influence
on the amount of necessary NACD procedures. As the effects of smoking on calcific
tendinitis have never been described before, it is uncertain whether this finding is an
incidental finding or that smoking influences the course of the disease and thereby
the type of calcific deposit found in the tendon. To gain more insight into the effects

of smoking on calcific tendinitis, more longitudinal studies are needed.

Limitations

To our knowledge, the current study is one of the largest cohort studies on the
outcome of NACD. However, given the retrospective character of this study, there are
some methodological issues. First of all, because the information on patients being
symptom-free or not at six months post-treatment was collected retrospectively,
there is a substantial variability in the time between the six months post-treatment
term and the moment of the actual obtaining of these data (recall bias). However,
the percentage of patients that reported to be free of symptom at six months post-
treatment did not differ substantially from percentages mentioned in literature (70-
75%)[2,9,10]. Secondly, the radiographic assessment prior to the NACD procedure
could not be performed in one third of the patients. However, patients who did
and did not undergo the radiographic assessment were comparable for all of the

evaluated prognostic factors in this study. Furthermore, in-depth analysis revealed

50



Prognostic factors for the outcome of NACD — retrospective cohort

no differences between the statistic model without and the model with missing
values. We therefore assume that the influence of these missing values on the
outcome is limited. Finally, as the current study was designed to identify factors
associated with persisting symptomes, all symptoms of CTRC six months after the last
NACD procedure were regarded persisting symptoms. Persisting symptoms that were
considered tolerable by patients were also regarded persisting symptoms. In order
to gain more insight in what factors contribute to complete relief of symptoms or
tolerable persisting symptoms following NACD, future research using quality of life

questionnaires or functional scales is needed.

Conclusions
Smoking almost doubled the chance of failure of NACD and Gartner and Heyer type

| calcific deposits increased the chance of multiple procedures. Partial rotator cuff
tears did not affect the outcome of NACD and should therefore not be considered a

contraindication for NACD.
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Abstract

Objective

To identify prognostic factors for the effectiveness of needle aspiration of calcific
deposits (NACD) for rotator cuff calcific tendinitis (RCCT).

Methods

One hundred forty-nine patients with symptomatic RCCT were included in a
prospective cohort study. Pain (VAS), shoulder function (SST and DASH) and quality
of life (EQ-5D) were assessed at baseline and at 3, 6 and 12 months post-NACD.
Univariate analyses (independent t-tests or Mann-Whitney U tests depending on
the distribution of data) were performed to build a multivariable linear regression
model. Stepwise regression analysis through backward elimination was performed

to evaluate the effect of predefined prognostic factors on the outcome.

Results

Patients who underwent multiple NACD procedures had less reduction of pain
(p<0.01). Furthermore, a larger reduction in VAS pain scores at 3 months post-
NACD was associated with a larger reduction in VAS pain scores at 12 months
(p<0.01). More improvement of SST and DASH scores at 3 months were associated
with better SST, DASH and EQ-5D scores at 12 months (p<0.01). Smaller-size
calcific deposits were associated with less improvement of DASH (p=0.03) and EQ-
5D scores (p=0.01). A longer duration of symptoms prior to NACD was associated

with less improvement of EQ-5D scores (p=0.01).

Conclusions

A good initial response after NACD is associated with better outcomes at 12
months. Patients with a longer duration of symptoms prior to NACD and patients
who require multiple procedures showed inferior outcomes in terms of pain
reduction and improvement of quality of life. Smaller-size calcific deposits are
associated with a less favorable outcome of shoulder function and quality of life

scores and might therefore be less susceptible for NACD.
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Introduction

Rotator cuff calcific tendinitis (RCCT) is a frequently diagnosed shoulder disease,
which is found in up to 54% of patients with shoulder complaints[1]. It is suggested
that RCCT is a self-limiting disease that can be treated with conservative measures
(rest, non-steroidal anti-inflammatory drugs (NSAIDs) or physiotherapy)[2,3,4].
However, a substantial number of patients has persisting symptoms requiring other
therapies such as subacromial injections with corticosteroids, needle aspiration of
calcific deposits (NACD) or extracorporeal shockwave therapy (ESWT)[5]. A recently
published meta-analysis comparing these therapies concluded that NACD is the
most effective treatment considering relevant clinical outcomes within a follow-
up term of two years[6]. However, up to 42% of patients experience persisting or
recurrent shoulder complaints after NACD[7,8]. Female gender, smoking and type
| calcifications according to the classification by Gartner and Heyer are considered
predictors for persisting shoulder complaints[7,9,10]. However, the majority of studies
investigating prognostic factors for the effectiveness of NACD are retrospective and
to our knowledge, no prospective studies investigating prognostic factors have been
conducted. As more evidence is needed on this highly prevalent shoulder disease,
we conducted a prospective cohort study to further identify prognostic factors for
the effectiveness of NACD.
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Materials and Methods

Study design and study population

A prospective cohort study was conducted at the departments of orthopaedic
surgery and radiology. All consecutive patients referred to the department of
radiology between October 2014 and August 2016 for the treatment of symptomatic
RCCT were included. Inclusion criteria were clinical signs of calcific tendinitis defined
as pain in the deltoid region worsening by elevation of the arm above the shoulder
level and/or at night and the presence of calcific deposits on radiographs and/or
ultrasound examination. Exclusion criteria were age <18 years, being unable to read
and write the Dutch language, previous NACD treatment or surgery of the affected
shoulder and the presence of other causes for shoulder complaints (e.g. full thickness
tear of the rotator cuff, frozen shoulder). Only the treatment of the first shoulder was

analyzed in patients who underwent bilateral treatment.

Since it was a prospective cohort study evaluating current treatment and follow-up
standards of our department, the study was declared free from subject to the medical

research involving human subjects act and the IRB approved the local study execution.

Data collection and outcome measures

After the participating patients signed informed consent forms, baseline data,
including demographics and data related to the medical history and previous
treatments, were collected.

Prior to the NACD procedure, baseline scores were completed by all patients: visual
analogue scale for pain (VAS 0-100mm where Omm represents ‘no pain’ and 100mm
‘the worst pain ever possible’), the Simple Shoulder Test (SST; O (worst score) to 12
(best score)), the Disabilities of the Arm, Shoulder and Hand questionnaire (DASH; 0 (no
disability) to 100 (most severe disability)) and the EQ-5D (0 (worst score) to 1 (best score).

Every two weeks during the first ten weeks following the NACD procedure, patients
reported a VAS pain score, whether they had physiotherapy and whether they had
used analgesic medication (type and dose).

Atthree months, six months and one year after the NACD procedure, patients reported the
VAS pain score, SST, DASH and EQ-5D questionnaires. Furthermore, the number of NACD

procedures patients underwent was noted. The indication to perform a repeated NACD
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procedure was persisting clinical symptoms of calcific tendinitis with calcific deposits on
ultrasound examination in the absence of another cause for shoulder complaints (e.g.
frozen shoulder, subacromial bursitis). A minimum period of six weeks between the first
and second NACD procedure or the second and third NACD procedure was applied.

The primary endpoints were: reduction of pain at 12 months post-NACD (AVAS
baseline-12 months); improvement of shoulder function at 12 months post-NACD
(ASST baseline-12 months and ADASH baseline-12 months); improvement of quality
of life (QoL) at 12 months post-NACD (AEQ-5D baseline-12months). Minimal clinically
important differences (MCID; >14mm for VAS[11], >2.0 for SST[12], >10.83 for
DASH[13] and > 0.07 for EQ-5D[14]) were used to determine whether the reduction
of pain and improvement of shoulder function and QoL were clinically relevant.

Radiographic assessment and technical procedure

All patients had both radiographic and ultrasound assessment of the affected
shoulder prior to the NACD procedure.

Standard anteroposterior and axial radiographs were used to examine the size
and number of calcific deposits and the affected tendon(s). Calcific deposits were
categorized into three different types using the classification described by Géartner
and Heyer[9]: type | calcifications are dense with well-defined borders; type I
calcifications are either dense with indistinct borders or transparent with well-
defined borders and type lll calcifications are transparent with indistinct borders. The
location of the calcific deposits was determined based on the method used by Ogon

et al.[3] in which negative values represent a medial calcification border.

Ultrasound was performed using a standardized protocol by experienced musculoskeletal
radiologists. The size, the number of calcific deposits and the affected tendon(s) were
recorded. Furthermore, the presence of subacromial bursitis, partial rotator cuff tears

and subacromial impingement was assessed prior to the NACD procedure.

During the NACD procedure the consistency of the calcific deposits was assessed
as either soft (toothpaste like) or hard. Furthermore, the possibility to aspirate the

calcific deposit was reported.

Ultrasound-guided NACD was performed using a single needle technique with 20 or 21
gauge needle. After maneuvering the needle into the calcific deposit, the deposits was
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infiltrated with lidocaine 1%, fragmented in case of a hard calcific deposit and removed
by aspiration. After completing the aspiration, the subacromial bursa was infiltrated
with 4 ml bupivacaine (2,5mg/ml; Aurobindo Pharma B.V) and 1ml kenacort (40mg/ml;
Bristol-Myers Squibb B.V.). No specific rehabilitation program was prescribed.

Statistical analysis

Univariate analyses (independent t-tests in case of normally distributed data and the
Mann-Whitney U tests in case the data was not normally distributed) were performed
to build a multivariable linear regression model. Factors that approached a significant

correlation (p <0.10) were included for multivariable linear regression analysis.

Stepwise regression analysis through backward elimination was performed to
determine factors associated with better reduction of pain, better improvement of
shoulder function and better improvement of QoL. All the previously selected factors
were entered into the equation after which the factor that contributed the least
(i.e. highest p-value) was deleted. This process was continued until all factors in the

equation had a significance level of p <0.05.

All statistical analyses were performed using the statistical package SPSS version 20.0
(1IBM).
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Results

Included in study: 149 (100%)

= Lost to follow-up: 39 (26%)

Completed follow-up: 110 (74%)

Excluded because of surgery < 1 yr: 10 (7%)
- Subacromial decompression: 6
- Distal clavicle resection: 4

h 4

Patients analyzed: 100 (67%)

Figure 1: flowchart of patient inclusion and drop-out.

149 consecutive patients were included of which 39 patients were lost to follow-up
as these patients did not complete the 12-month follow-up questionnaires (figure 1).
The baseline characteristics of the patients included in this study are presented in
table 1. The average duration of symptoms prior to NACD was 29 months and over
one fifth of patients reported absenteeism from work due to shoulder complaints.
The majority of patients underwent other therapies prior to the NACD procedure:
over 75% of patients had physiotherapy and over 50% of patients already had

subacromial injection(s) with corticosteroids.

Except for age (55yr in the analyzed group vs. 51yr in the drop-out group; p=0,016),
none of the other demographic or baseline values differed significantly between
these groups.

During the course of the study, 10 patients failed NACD treatment and had arthroscopic
surgery due to persisting symptoms (Figure 1). In the patients requiring surgery, bilateral
occurrence of RCCT was more common (5/10 vs. 20/100, Fisher’s exact test p<0.046)
and these 10 patients had less pain relief at three months post NACD compared to
the non-failed group ((AVASbaseline-VAS3months 9mm vs. 33mm, independent t-test
p<0.043). None of the other prognostic factors studied in this study differed significantly
between patients that required surgery and those who did not.
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During the NACD procedure successful aspiration of calcium was achieved in 51%

(50/98 patients) of patients.

Table 1: Baseline characteristics
Demographic details

Male (%)
Female (%)

Age (SD;range)

49 (45%)
61 (55%)
54,9 (8,2; 36-77)

Medical history

Duration of symptoms in months (SD; range)

29 (33; 1-120)

Bilateral occurence (%) 25 (22,7)
Dominant arm affected (%) 65 (59,1)
Heavy physical work (%) 50 (46,3)
Absenteeism from work due to shoulder complains (%) 23 (22,5)
Average amount of days of absenteeism from work (SD; range) 78 (99; 2-360)
Smoking (%) 21(21)
Diabetes (%) 10 (10)
Previous treatment
Analgesics (%) 69 (62,7)
Fysiotherapy (%) 84 (76,4)
Shockwave (%) 14 (12,7)
Subacromial injection (%) 59 (53,6)
Ultrasound findings
Affected tendon(s)
Supraspinatus (%) 103 (93,6)
Infraspinatus (%) 2(1,8)
Subscapularis (%) 17 (15,5)
Subacromial bursitis (%) 19 (18,4)
Partial thickness rotator cuff tear (%) 27 (25,7)
Subacromial impingement (%) 8(13,3)

Radiographic findings

Size in mm (SD; range)
Numer of calcific deposits
One (%)
Multiple (%)
Gartner & Heyer classification
Type | (%)
Type Il (%)
Type Il (%)

16,5 (9,4; 2,0-44,9)

61 (59,8)
41 (40,2)

60 (58,2)
29 (28,2)
14 (13,6)
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Table 1 (Continued)

Location according to Ogon et al. In mm (SD; range) -6,4 (13,1; -36,1-26,4)
Features of AC osteoarthritis (%) 48 (44,4)
Post NACD
Analgesics during first 6 weeks post NACD (%) 57 (56,4)
Fysiotherapie during first 6 weeks post NACD (%) 33 (33,0)

Average amount of physiotherapy visits (SD; range) 3,5(2,5; 1-11)

SD: standard deviation

Improvement of pain, function and QoL at three, six and 12 months

At 12 months follow-up 83% (91/110) of patients had lower pain scores compared to
their preintervention baseline score and 70% (77/110) of patient reached MCID. The
average decrease of VAS scores was 31mm (SD 24.3).

With regard to function, respectively 74% (81/110) and 78% (86/110) of patients
showed improved SST and DASH scores (average improvement SST 3.6 (SD 3.5);
average improvement DASH 17.5 (SD 15.9)) and respectively 65% (72/110) and 64%
(70/110) of patients reached MCID. QoL improved in 56% (62/110) of the patients
and remained the same in 24% (26/110); 46% (51/110) of patients showed a clinical
important improvement. The average improvement in EQ 5D was 0.12 (SD 0.26).

The largest decrease of pain, improvement of function and QoL was seen at three
months following the NACD procedure after which the level of pain, shoulder
function and QoL scores remained within the MCID interval (figure 2).
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Pain - VAS Quality of life - EQ-5D
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Figure 2: course of pain (VAS), shoulder function (SST and DASH) and QoL (EQ-5D) during the
course of this study.

Factors associated with decrease of pain, improvement of shoulder function
and improvement of QoL

A summary of the results of the univariate analyses for factors related to decrease of
pain, improvement of shoulder function and QoL is presented in table 2. A complete
overview of the results of the univariate analyses can be found in supplementary file
I

With regard to reduction of pain, multiple NACD procedures were associated with
more pain 12 months after the intervention. A greater reduction of pain at three
months after NACD was associated with more pain relief at 12 months (table 3).
For the improvement of shoulder function and QolL, improved SST and DASH scores
at three months were strongly associated with more improvement of the shoulder
function and QoL at 12 months. A longer duration of symptoms prior to the NACD
procedure was associated with less improvement of QoL. The size of the calcification
was positively associated with DASH and QoL scores: larger-size calcific deposits
showed better outcome at 12 months (table 3).
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Table 2: Summary of univariate analyses for reduction of pain (VAS), improvement of
shoulder function (SST and DASH) and improvement of QoL (EQ-5D).

Factor Value p-value
Pain - VAS Multiple NACD procedures  Mean difference 15,5mm 0.004
(95% ClI) (5,1 to 25,9mm)
AVAS at three months Pearson correlation 0,500 <0.001
coefficient (95% CI) (0,327 to 0,674)
ADASH at three months Pearson correlation 0,267 0.007
coefficient (95% CI) (0,074 to 0,461)
Function - SST Size of calcific deposit Pearson correlation 0,232 0.029
coefficient (95% 1) (0,028 to 0,425)
Multiple NACD procedures  Mean difference 1,8 0.023
(95% ClI) (0,3t03,3)
ASST at three months Pearson correlation 0,362 <0.001
coefficient (95% CI) (0,176 to 0,549)
ADASH at three months Pearson correlation 0,282 0.004
coefficient (95% Cl) (0,09 to 0,474)
Function - Absenteeism from work due Mean difference 9,3 0.078
DASH to shoulder complaints (95% Cl) (-1,1to 19,7)
Analgesics use prior to the  Mean difference 5,6 0.067
NACD procedure (95% Cl) (-0,4 to 11,6)
Physiotherapy prior to the  Mean difference 8,6 0.021
NACD procedure (95% Cl) (1,3 to 15,8)
Subacromial impingement  Mean difference 11,1 0.068
(95% CI) (-0.9 to 23,1)
Size of calcific deposit Pearson correlation 0,225 0.031
coefficient (95% CI) (0,022 to 0,413)
Multiple NACD procedures  Mean difference 8,2 0.019
(95% Cl) (1,4 to 15,1)
ASST at three months Pearson correlation 0,267 0.007
coefficient (95% CI) (0,074 to 0,460)
ADASH at three months Pearson correlation 0,441 <0.001
coefficient (95% CI) (0,261 to 0,621)
Quality of life Duration of symptoms Pearson correlation 0,246 0.026
- EQ-5D coefficient (95% CI) (0,051 to 0,443)
Size of calcific deposit Pearson correlation 0,254 0.018
coefficient (95% Cl) (0,052 to 0,452)
Multiple NACD procedures  Mean difference 0,10 0.088
(95% Cl) (-0,01 t0 0,21)
ASST at three months Pearson correlation 0,262 0.008
coefficient (95% CI) (0,069 to 0,456)
ADASH at three months Pearson correlation 0,185 0.063

coefficient (95% Cl)

(-0,012 to 0,382)

Cl: confidence interval. Mean differences were calculated using independent t-tests or Mann-
Whitney U tests depending on the distribution of data.
Only factors with a p-value of 0.10 or less are presented in this table. For a complete overview
of all factors, see supplementary file I.
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Table 3: Results of multivariable regression analysis for reduction of pain (VAS), improvement
of shoulder function (SST and DASH) and improvement of QoL (EQ-5D).

Factor Comparison Regression p-value
coefficient (95% Cl)

Pain - VAS Number of NACD Multiple procedures -12.34 0.009
procedures vs. single procedure (-21.47 to -3.22)
AVAS at three Per 1 mm 0.409 <0.001
months (0.262 to 0.555)

Function - SST ASST at three Per point 0.258 <0.001
months (0.134 t0 0.382)
ADASH at three Per point 0.048 0.002
months (0.019 to 0.078)

Function - DASH ASST at three Per point 0.692 0.018
months (0.124 to 1.26)
ADASH at three Per point 0.323 <0.001
months (0.196 to 0.449)
Size of calcific Per 1 mm increase 0,313 0.032
deposit in size (0.028 to 0.598)

Quality of life - EQ-5D Duration of Per months increase -0.002 0.012
symptoms of symptoms (-0.003 to 0.000)
Size of calcific Per 1 mm increase 0.006 0.011
deposit in size (0.001 to 0.011)
ASST at three Per point 0.012 0.013
months (0.003 to 0.022)
ADASH at three Per point 0.003 0.013

months

(0.001 to 0.005)
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Discussion

Our prospective study on clinical and radiographic predictors for the outcome after
NACD for rotator cuff calcific tendinitis showed that the majority of patients had less
pain and improvement of both shoulder function as well as quality of life (QoL) one
year after NACD. A good initial response after NACD was associated with a better
outcome at 12 months, whereas patients who required multiple procedures and
patients with a longer duration of symptoms prior to the NACD procedure showed
less favorable results. Furthermore, smaller size calcific deposits were associated

with worse shoulder function outcome and less improvement of QolL.

In our study, 70% of patients had a clinical relevant decrease of VAS pain scores.
Furthermore, 64% to 65% of patients showed clinically important improvement
of shoulder function, respectively measured by the SST and DASH. In 46% of the
patients QoL scores were clinically relevant improved at 1 year after NACD. The
largest decrease in pain and improvement of shoulder function and QoL was
seen at three months post-intervention after which the improvement seemed to
stabilize (figure 2). A similar pattern of decrease in pain scores and improvement
of shoulder function was found by Serafini et al.[15]; the largest decrease of pain
and improvement of shoulder function was also seen after three months after which
the level of pain and shoulder function stayed relatively stable to up to ten years of
follow-up. The importance of this initial response to NACD seems to be one of the
most important prognostic factors for a good outcome at one year. Thus, patients
with less decrease of pain after NACD seem to have a higher likelihood of persisting
pain at one year follow-up. Accordingly, patients with less improvement of the SST
and DASH scores at three months report worse functional scores at one year follow-
up. Thus, short-term results of NACD seem to be a good predictor for the long-term
outcome which is useful in the evaluation of the treatment and in the management
of patient expectations. This is a new finding compared to previous studies.

Prognostic factors for negative outcomes of NACD found in this study were multiple
NACD procedures, smaller size calcific deposits and a longer duration of symptoms
prior to NACD. The latter is a well-known negative prognostic factor which is
supported by multiple studies[3,7].

Regarding the effects of multiple procedures on the outcome of NACD doubt could
exist about if this variable represents a cause of bad prognosis or simply represents
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the consequence of attempting the same procedure in non-responding patients.
Studies on the effect of multiple procedure on the outcome of NACD are scarce and
inconclusive. Farin et al., for example, found that the outcomes of second and third
procedures were inferior to the outcome of the primary NACD procedure[16]. On
the other hand, studies by del Cura et al. and Oudelaar et al. found no difference in
outcome between shoulders that were treated once and those treated twice or even
three times[8,17]. As the results of this study add evidence to the theory that the
number of NACD procedures do negatively affect the outcome of NACD, physicians
treating patients with RCCT should be aware of the inferior results of multiple
procedures and should manage patient expectations likewise prior to a second NACD

procedure.

With regard to the size of calcific deposits, larger size calcific deposits have been
associated with worse outcomes in the conservative treatment of RCCT and after
ESWT(3,18]. In NACD however, no such associations have been described. This study
shows that smaller size calcific deposits are associated with less improvement of
shoulder function. Smaller size calcific deposits are therefore perhaps less suitable
for NACD. A possible explanation for these inferior outcomes is that shoulder
complaints in patients with smaller size calcific deposits are most probable due
to more complex inflammatory pathology and not due to a more localized post-
inflammatory deposit of one or several “large” calcific deposits. Another explanation
for the inferior outcome of NACD in smaller size calcific deposits could be that
patients with smaller size calcific deposits have less complaints and are therefore
less likely to demonstrate improvement. Additional in-depth analyses did however
demonstrate that there was no correlation between baseline scores and the size of
the calcific deposit (VAS: r=-0.35, p=0.738; SST: r=-0.149, p=0.153; DASH: r=0.099,
p=0.345). It seems therefore unlikely that patients with smaller size calcific deposits
have less complaints compared to patients with larger size calcific deposits which
makes it more likely that the shoulder complaints in patients with smaller size calcific
deposits have another cause, such as a more complex inflammatory pathology.

Calcific tendinitis is not always symptomatic as it is found in up to 35% of adults
without shoulder complaints[19]. However, larger calcific deposits will sooner or later
always result in shoulder complaints according to Bosworth et al.[19]. This statement
is supported by a study by Louwerens et al. in which patients with calcific deposits
of >1.5 cm in length had the highest chance of suffering from symptomatic calcific
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tendinitis[20]. Based on the findings of this study and the mentioned literature,
clinicians should be careful in attributing shoulder complaints to smaller size calcific
deposits and be perhaps more cautious in referring for NACD as the outcomes in
patients with smaller size calcific deposits are less favorable.

Earlier studies on prognostic factors for the effectiveness of NACD, which were all
retrospective, found that smoking, female gender, dominant arm involvement,
bilateral disease, longer duration of symptoms and multiple calcifications all were
associated with less favorable outcomes[7,9,10]. Surprisingly, besides a longer
duration of symptoms, none of these factors were associated with improvement
of pain, shoulder function or QoL in this study. These differences can possibly be
explained by a difference in outcome measures as a wide range of different outcome
measures has been used such as the WORC, DASH and a binary scale which evaluated
whether patients were free of complaints of not. More likely, the differences can be
explained by a difference in the duration of follow-up. In a study by de Witte et al. for
example, patients were followed-up after 14 years[7]. A substantial part of patients
reported persisting shoulder complaints, but it is unclear whether the persisting
shoulder complaints are due to persisting or recurrent RCCT or due to ageing (ie.

degeneration of the rotator cuff)[21].

Twenty-eight possible prognostic factors for the outcome after NACD were evaluated
of which only the size of the calcific deposit and the duration of symptoms prior
to the intervention were associated with the outcome. Additionally, it is important
to acknowledge that NACD is often performed after other therapies have failed.
Even more important, little is known on the effect of these previous (failed)
therapies on the perceived outcome of NACD. Results of this study demonstrate that
previous unsuccessful treatments, in particular ESWT and subacromial injections
with corticosteroids, did not affect the outcome of NACD. NACD is therefore also
indicated after failure of other therapies for RCCT. Furthermore, other radiological
findings such as AC osteoarthritis and partial thickness rotator cuff tears are often
present in RCCT[22]. In the current study, these radiological findings did not affect
the outcome of NACD and are therefore not a contraindication for NACD. Results of
the current study also demonstrate that aspiration of the calcific deposit during the
NACD procedure had no evident effect on the clinical outcome of NACD. In this study
successful aspiration of calcium could be achieved in 51% of the patients using a 20-
or 21-gauge needle. Only two other studies reported on the possibility of aspirating
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calcium during the NACD procedure. Del Cura et al.[17] were able to aspirate calcium
in 75% of patients using a 20-gauge needle whereas Aina et al.[23] reported successful
aspiration in only 33% of patients using a 22 gauge needle. In literature a wide range
of needle sizes has been reported varying from 18- to 22-gauge[23,25]. Larger size
needles can facilitate the aspiration of calcium but might on the other hand damage
the residual tendon fibers[23]. Current literature is inconclusive about the effect
of aspiration of calcium during the NACD procedure on the outcome of NACD as
the above-mentioned studies demonstrate conflicting results[17,23]. Results of this
study demonstrate that successful aspiration of calcium during the NACD procedure
is not a prerequisite for a good outcome.

This is the first prospective study evaluating prognostic factors for the effectiveness of
NACD. Nevertheless, this study has several limitations. First, a relatively large number
of patients (39 patients; 26%) was lost to follow-up at 12 months. However, a certain
drop-out rate could be expected as others reported drop-out rates of 30% for web-
based surveys[24]. Secondly, the study does not have a control group. Although it
would have been ideal to have a control group to rule out that the outcome is because
of the self-limiting history of RCCT, we believe that, for the purpose of identifying
prognostic factors, a large prospective cohort study is of sufficient methodological
quality. Finally, the follow-up term of this study was 1 year, this is comparable to
other studies[16,17,25], but some long-term studies on RCCT show that a substantial
part of patients still have persisting shoulder complaints in the long term([7,26].
More research is needed to gain insight in predictive factors for persisting shoulder
complaints in the long term.

In conclusion, NACD provides early pain relief and improvement of shoulder function
and quality of life. A good initial response to NACD is associated with a better outcome
whereas a longer duration of symptoms prior to NACD, multiple NACD procedures

and smaller size calcific deposits are associated with inferior outcomes.
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Chapter 5

Abstract

Background

Platelet-rich plasma (PRP) has proven to be a very safe therapeutic option in the
treatment of tendon, muscle, bone and cartilage injury. Currently, several commercial
PRP separation systems are available for the preparation of PRP. The concentrations of
blood components in PRP among these separation systems vary substantially.

Purpose
To systematically review and evaluate the differences between the concentration
of blood components in PRP produced by various PRP separation systems.

Methods

MEDLINE/Pubmed, the Cochrane Central Register of Controlled Trials (CENTRAL)
and EMBASE were searched for studies that compared the concentration of blood
components and growth factors in PRP between various separation systems and
studies that reported on the concentration of blood components and growth factors
of single separation systems. The primary outcomes were platelet count, leukocyte
count, and concentration of growth factors (Platelet Derived Growth Factor-AB
(PDGF-AB), Transforming Growth Factor-B1 (TGF-B1), Vascular Endothelial Growth
Factor (VEGF). Furthermore, the preparation protocols and prices of the systems
were compared.

Results

1079 studies were found of which 19 studies were selected for inclusion in this
review. The concentration of platelets and leukocytes in PRP differed largely
between, and to a lesser extend within, the studied PRP separation systems.
Additionally, large difference both between and within the studied PRP separation
systems were found for all the growth factors. Furthermore, preparation protocols
and prices varied widely between systems.

Conclusion

There is a large heterogeneity between PRP separation systems regarding
concentrations of platelets, leukocytes and growth factors in PRP. The choice for
the most appropriate type of PRP should be based on the specific clinical field of
application. As the ideal concentration of blood components and growth factors
for the specific fields of application are yet to be determined for most of the fields
of application, future research should focus on which type of PRP is most suitable
for the specific fields of application.
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Introduction

Platelet-rich plasma (PRP) is small volume of autologous blood plasma that has
been enriched with blood-derived platelets[21]. PRP is considered to have beneficial
effects on many healing processes as a result of the growth factors contained in the
platelets alphagranules[43]. The use of PRP for clinical applications in periodontal
and oral surgery, maxillofacial surgery, plastic surgery and the treatment of chronic
skin and soft-tissue ulcers has been extensively investigated[22,33,47,53]. PRP has
proven to be a very safe therapeutic option; complication are rarely reported as PRP
is derived from autologous blood[42]. In orthopaedic surgery and sports medicine,
the use of PRP is of increasing interest over the last decade. PRP has shown to
have a beneficial effect on the healing of tendon, muscle, bone and cartilage
injury[15,58]. Clinical studies on the efficacy of platelet-rich plasma in the treatment
of symptomatic knee osteoarthritis[31,39,52] and chronic tendinopathy such as
patellar tendinopathy[14,17] and lateral epicondylitis[19,23,40,41] have shown

beneficial effects of PRP injections.

Currently, several commercial PRP separation systems are available for the preparation
of PRP[15]. The concentrations of blood components in PRP (platelets, leukocytes
and growth factors e.g. PDGF, TGF-B1 and VEGF) among these separation systems
vary substantially[15]. Studies comparing the differences in blood componentsin PRP
from these separation systems report varying outcomes in terms of concentration
of blood components and growth factors[7,36,50]. To gain more insight into the
differences between the concentration of blood components and growth factors in
PRP produced by the different separation systems, we conducted a systematic review
of literature on studies investigating the blood components and growth factors in PRP.
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Materials and methods

Inclusion criteria
Studies

The literature search performed for this review was limited to studies that compared
the concentration of blood components and growth factors in PRP between different
PRP separation systems and studies that reported on the concentration of blood
components and growth factors of single PRP separation systems. We only included
studies investigating human blood taken from healthy adult (>18 years) volunteers.
The literature search was limited to papers in the English, German, French and Dutch

language.

PRP separation systems

Only studies reporting on PRP separation systems that are currently commercially
available were included.

Outcome measures

This review primarily focused on the platelet count, the leukocyte count, the platelet
enrichment factor([platelet concentration in PRP]/[platelet concentration in whole
blood]) and growth factors (Platelet Derived Growth Factor-AB (PDGF-AB), Platelet
Derived Growth Factor-BB (PDGF-BB), Transforming Growth Factor-B1 (TGF-B1),
Vascular Endothelial Growth Factor (VEGF), Epidermal Growth Factor (EGF),
Fibroblast Growth Factor-2 (FGF-2), Hepatocyte Growth Factor (HGF) and Insulin-
like Growth Factor (IGF)). Furthermore, the preparation protocols (amount of whole
blood needed, number of centrifugations, time of centrifugation) and prices of the

different PRP separation systems were compared.

Search strategy

We searched MEDLINE/Pubmed, the Cochrane Central Register of Controlled Trials
(CENTRAL) and EMBASE up until March 2017 to identify relevant studies concerning
the concentration of blood components in PRP. There were no constraints based
on publication status. In MEDLINE, the following search strategy was used and was
modified for uses in other databases:
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Humans

Platelet-Rich Plasma

1AND 2

Blood Platelets or platelet count

Leukocytes or leukocyte count

Platelet-Derived Growth Factor

3 AND 4 AND 5

3 AND 6

70R8

The search was performed by one of the authors (B.O.). References of retrieved

W e N U kEWNR

publications were also used to add studies potentially meeting the inclusion criteria
that were missed by the electronic search. Abstracts from scientific meetings and

review articles were excluded.

Review process

To identify relevant articles for this review, the title and abstract of the articles
found by the above-mentioned search strategy were reviewed. After the selection,
the full manuscripts were reviewed for definitive selection. All identified studies
were independently reviewed by two reviewers (B.O. and J.P.) for inclusion using
the above-mentioned criteria. In case of disagreement, a third reviewer (A.V.) was

consulted to resolve the disagreement.

Data collection

The following data were extracted from the included trials: study design (comparative
study or study describing one separation device), study characteristics (e.g. number
of blood samples), concentration analysis methods, type of outcome, results of the
study and the main conclusion(s) of the study. This information was extracted by one
author (B.O.). If necessary, authors were contacted for additional information about

their specific paper.

The companies producing the PRP separation systems were contacted to gain
information about the specific preparation protocols. In case a company did not

respond to the request, literature was searched for the preparation protocol.
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Statistical analysis

First, the 95% confidence intervals (Cl) were calculated for each of the blood
components studied in the included studies using the mean concentration, the
standard deviation and number of samples. The following formula was used: x +x \/in
where X is the mean concentration, y the critical value of the t distribution based on
the sample size of the study, 0 the standard deviation and 1 the number of samples
studied. Forest plots were created usingthe meanand the 95% Cl. Differences
in concentrations within and between the different PRP separation systems were
explored informally by eye-ball test. Additional statistical analyses of differences
within and between the different separation systems were not conducted. As a
substantial part of the data in the included studies was presented in graphs, which
led to missing quantitative data, descriptive results of the studies that compared two
or more PRP preparation systems were summarized in a table. Analyses were
conducted in SPSS (version 15.0; SPSS, Chicago, lllinois) and Microsoft Excel, Microsoft
Office 365 (Microsoft Corporation, Redmond, WA, USA).
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Results

Search results

The search was performed on September 17, 2016, with a final search update
to check for recently published relevant articles on April 11, 2017. The search of
MEDLINE/Pubmed, the Cochrane Central Register of Controlled Trials (CENTRAL)
and EMBASE databases provided 1079 citations of which 179 were duplicates. After
reviewing the titles and abstracts of the 900 remaining studies, 791 studies were
excluded for not meeting the inclusion criteria. The manuscripts of the remaining
109 studies were reviewed after which 90 studies were excluded: 19 studies were

selected for inclusion in this review (figure 1).

No additional studies were found by checking the references of the selected articles.

Potential studies for inclusion from search of databases (n = 1079)

MEDLINE/Pubmed (609); EMBASE (446); CENTRAL (24)

Duplicate studies excluded (n = 179)

-
<«

v
I Articles screened on title and abstract (n = 900) |

<—| Excluded based on title and abstract (n = 791) |

A 4

Included for review of manuscript and application of inclusion
criteria (n = 109)

Excluded (n = 90):
e No commercially available PRP kit (n = 60)
No full-text available or conference abstract (n = 22)
No outcome study (n = 5)
No human study (n = 1)
Data used twice in different articles (n = 1)
No data available (n = 1)

3

Included in review (n = 19)

Figure 1: flow diagram of the search process.

Characteristics of the included studies

The characteristics of the included studies are summarized in table 1. 14 studies
compared the concentration of blood components in PRP between different PRP
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separation systems. In eight studies commercially available separation systems were
compared. Five studies reported the concentration of blood components of single
separation systems. The number of samples analyzed varied between 3 and 102. Ten
different commercially available separation systems were studied. The GPSIII system
was studied the most: ten times in total followed by the ACP system which was
studied in five studies. The PRGF, Magellan and SmartPrep systems were all studied
three times; the Cascade and RegenPRP were studied in two studies and the Prosys,
KYOCERA and GLO systems were only studied in one study.

Outcome measures

The platelet concentration was the most studied outcome measure, studied in thirteen
of seventeen studies. Other outcome measures were the leukocyte concentration
(12/17), red blood cell concentration (5/17) and the platelet enrichment factor (7/17).
With regard to growth factors, TGF-B1 was studied the most (9/17), followed by PDGF-
AB and VEGF (both 8/17). Other reported growth factors were IGF (4/17), PDGF-BB
(3/17), EGF (3/17), HGF (2/17) and FGF-2 (1/17). As TGF-B1, PDGF-A and VEGF were by
far the most studied growth factors, further statistical analyses were only performed
for these three growth factors.

PRP separation systems

The preparation protocols for the different PRP separation systems are summarized
in table 2. The majority of the systems use a dual spin method (6/10). Both the
centrifugal force (range 350-2008g) as the total centrifugation time (range 5-21
minutes) differed largely between systems. Also, a wide variation in price per kit

(range 95-500S) was found between the systems.
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Laboratory results
Concentration platelets, leukocytes and platelet enrichment factor

The concentrations of platelets and leukocytes found in the included studies
are presented in figure 2. The concentration of platelets in PRP differed largely
between, and to a lesser extend within, the studied PRP separation systems. The
highest concentration of platelets was produced by the Cascade system; the
lowest concentration of platelets was produced by the ACP system. Regarding the
concentration of leukocytes in PRP, large differences were found between, but not
within, the separation systems. The highest concentration of leukocytes was found
in the PRP produced by the GPS IIl system, the PRP produced by the ACP system
contained the lowest number of leukocytes. Although only reported in four studies,
large difference between PRP separation systems were found for the platelet
enrichment factor. The highest platelet enrichment factors were found for the GPS IlI
and SmartPrep system (respectively 3.93[32] and 3.79[30]); the lowest for the ACP,
RegenPRP and Cascade systems (respectively 1.31[32], 1.59[32] and 1.62[7]).

Concentration growth factors

The concentrations of the growth factors PDGF-AB, TGF-B1 and VEGF found in the
included studies are presented in figure 3. Large differences both between and
within the studied PRP separation systems were found for all the growth factors.
Additionally, no differences in concentration of PDGF-AB and TGF-B1 were found
between the higher (GPSIIl, SmartPrep and Magellan) and lower platelet yielding
devices (ACP, Cascade, PRGF and RegenPRP) as for the higher (GPSIIl, SmartPrep,
Magellan and RegenPRP) and lower leukocyte yielding devices (ACP and Cascade).
However, the concentration of VEGF tended to be higher in PRP produced by systems
that yield higher concentrations of platelets and leukocytes (GPS, Magellan).
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Results comparative studies

As not all selected studies provided exact data, descriptive results of the studies
comparing two or more PRP separation systems were used(7,25,29,32,36,46,54,57].
The Arthrex ACP and Biomet GPS Ill separation kits were the only kits that have been
compared in more than one study: the concentration of platelets, leukocytes and
growth factors was significantly higher in favor of the Biomet GPS 111[32,36,46,54].
Overall, the Arthrex ACP showed lower platelet and leukocyte concentrations in
studies comparing the ACP with the systems other than the GPS lll; the concentration
of growth factors, however, was largely comparable[32,46]. The Biomet GPS IIl on
the other hand, showed significantly higher concentrations of leukocytes compared
to other devices[7,32,46]. Furthermore, the GPS Ill produced a higher concentration
of platelets than the RegenPRP-kit and the Prosys PRP Kit[32,46], but no significant
differences in platelet concentrations were found between the Biomet GPS Il kit and
the Cascade and the Magellan kit[7]. The concentration of growth factors did not

significantly differ in most of the studies.
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Discussion

The objective of this review was to assess the differences between the concentrations
of blood components and growth factors in PRP between the various PRP separation
systems. The findings in this review demonstrate that there is a large heterogeneity
among various systems regarding the concentrations of platelets and leukocytes.
Regarding the concentrations of growth factors, there is a large heterogeneity both
between and within the different systems. Furthermore, the concentration of VEGF
tended to be higher in PRP produced by systems that produce higher concentrations of
platelets and leukocytes.

Concentration platelets

There was a large difference in concentration of platelets between the systems
studied in this review. Roughly, the systems studied in this review can be divided
in high- and low-yielding devices. This division in high- and low-yielding devices has
been described before by Dhurat et al.[11]. Dhurat et al. described that PRP devices
can usually be divided into lower (2.5-3 times baseline concentration) and higher
(5-9 times baseline concentration) systems. The low-yielding devices in this review
produce PRP with a platelet concentration around 500x10™ uL, whereas the high-
yielding devices generally produce platelet concentrations over 750x10™ L. Among
the high-yielding devices were the GPSIIl, SmartPrep and the Magellan systems;
the lower concentration systems concerned the ACP, Cascade, PRGF and RegenPRP
systems. These findings correlate well with the findings in this review.

The concentration of platelets in PRP is of importance as the mechanism of action
of PRP is mainly based on the growth factors and cytokines found in the a-granules
in the platelets. However, there is no consensus about the optimal concentration of
platelets in PRP: some authors report platelet concentrations of >200x10° uL[37] to
be a therapeutic concentration, whereas others report concentrations of 1000x10°
uL[35]. In the present study, the platelet concentrations of all of the PRP separation
systems exceeded a platelet concentration of >200*103 ul which implies that all the
devices met the definition for therapeutic effective PRP as defined by Mazzucco[37].

Concentration leukocytes

Comparable to the concentration of platelets in PRP, the concentration of leukocytes

differed largely between the systems studied in this review. Additionally, no
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large differences within the systems were found. PRP separation systems can be
divided into systems producing high and systems producing a low concentration
of leukocytes. The concentration of leukocytes in PRP is a direct result of the
preparation method that is used. Buffy coat-based systems, for example, produce
PRP with high concentrations of leucocytes as the buffy coat is rich in leukocytes.
Plasma-based systems, in contrast, are designed to separate only the platelet
and plasma portions of whole blood and therefore contain low concentrations of
leukocytes[11,15,50]. The majority of separation systems in current literature yield
leukocyte-rich PRP. As also shown in this review, the ACP, Cascade and PRGF systems
are known to produce leukocyte-poor PRP. Currently, the inclusion of leukocytes in
PRP is subject to debate as both beneficial and adverse effects of leukocyte inclusion
have been suggested[50]. Potential beneficial effects of leukocyte inclusion include
their role in tissue remodeling and their increased antibacterial and immunological
resistance[12,44]. Furthermore, the presence of leukocytes in PRP is associated
with an increased concentration of growth factors, especially VEGF[9,10,28,64]. On
the other hand, the inclusion of leukocytes might have catabolic and inflammatory
effects on the targeted tissue as a result of the release of pro-inflammatory cytokines
by leukocytes which is associated with decreased proliferation and with increased
apoptosis[1,4,5,8,38,49,59,60,61,62]. As the aim of this review was to evaluate the
differences between the concentration of blood components in PRP produced by the
various PRP separation systems, no definitive answer can be provided on whether
leukocyte-rich or leukocyte-poor is best based on the results of this review. There is,
however, increasing evidence that the type of PRP (leukocyte-rich or leukocyte-poor)
should be matched to the specific clinical field of application. In the treatment of
knee osteoarthritis, for example, the use of leukocyte-poor PRP seems to be more
beneficial than leukocyte-rich PRP[48]. In the treatment of chronic tendinopathy
in contrast, the use of leukocyte-rich PRP is superior to leukocyte-poor PRP[20]. To
gain more insight in the specific indications for the different types of PRP, future
research should focus on which type of PRP is most suitable for the specific fields of
application.

Concentration growth factors

A wide variation was found regarding the concentrations of growth factors both
between different systems as within systems. These differences can partly be

explained by the use of the specific ELISA kits. The assays of growth factors contained
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in the platelets may be influenced by the incomplete removal of platelets and red
blood cells and therefore give variable results[36]. Data within studies are comparable
but comparison between studies is less reliable which limits the relevance of these
findings. In this review, it seemed, however, that the concentration of VEGF tended to
be higherin PRP produced by PRP kits that produce higher concentrations of platelets
and leukocytes. Higher amounts of growth factors have indeed been correlated with
higher amounts of platelets and leukocytes[55,63]. Although evidence about the
role of the specific growth factors is scarce, in vitro studies suggest that that PDGF
and TGF-b are the two most important growth factors in PRP[3,6,34,45]. In contrast
to the platelet and leukocyte concentration, there is no evidence about an ideal
concentration of growth factors in PRP for tissue regeneration. Therefore, future
studies are necessary to reveal the exact mechanisms of growth factors in PRP and
their role in tissue regeneration.

Preparation protocols

Besides a large heterogeneity in concentrations of platelets, leukocytes and growth
factors between systems, the preparation protocols for the different systems also
differed largely. Wide ranges were found for both the centrifugal force (350-2008g)
as the total centrifugation time (5-21 minutes). There are many ways of preparing
PRP, the most common methods are the plasma-based and the buffy coat- based
method[29]. Although not known for all systems in this review, most systems used
the buffy coat-based method. As mentioned earlier, buffy coat-based systems
produce PRP with high concentrations of leucocytes as the buffy coat is rich in
leukocytes[11,15,50]. Although the ideal concentration of blood components and
growth factors for the specific field of application has yet to be determined by
future research, the field of application should play an important role in the choice
for the most appropriate PRP separation system. Other factors like the volume of
whole blood needed, the final volume of PRP and the usability and reliability of the
separation system could also be taken into consideration. Finally, the price of the
systems can be taken into consideration as a wide variation in price per kit (range
95-5008) was found.

Strength and limitations

This is the first systematic review that offers a comprehensive overview of the
concentration of blood components in PRP produced by all the commercially available
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PRP separation systems and that analyzes the differences between the systems in
terms of concentration of blood components and growth factors. Initially this study
was designed as a meta-analysis. Unfortunately, despite all authors were contacted,
we had to deal with a lot of missing data and no raw data was available for the
majority of the studies. This limited the statistic options available for analyzing the
differences between systems and therefore a meta-analysis could not be conducted.
To overcome the missing data, descriptive results of the studies that compared two
or more PRP preparation devices were summarized. Furthermore, the number of
samples studied in the included studies was rather small; only five of the 19 studies
used 20 or more samples and ten of the 19 studies used even 10 or less samples,
which also limits the comparison between systems.

However, as the review of literature provided in the discussion showed, future
research on the components of PRP should not focus on the concentration of the
components, but rather on the optimal concentration of platelets, leukocytes and
growth factors for the different fields of application. The use of leukocyte-rich PRP
in chronic tendinopathy has been extensively investigated and been proven to
be superior to leukocyte-poor PRP[20]. For other applications, osteoarthritis for
example, the evidence is limited and well-designed clinical studies are necessary to
gain more insight into which formulation of PRP is most suitable.

In conclusion, this review demonstrates that there is a large heterogeneity between
different systems with regard to the concentrations of platelets, leukocytes and
growth factors in PRP. Also, the preparation protocols for the different systems differ
largely. The choice for the most appropriate type of PRP should be based on the
specific clinical field of application. As the ideal concentration of blood components
and growth factors for the specific fields of application are yet to be determined for
most of the fields of application, future research should focus on which type of PRP
is most suitable for the specific fields of application.
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Abstract

Background
Needle aspiration of calcific deposits (NACD) is a frequently used treatment for
rotator cuff calcific tendinitis (RCCT). However, a substantial part of patients

experiences recurrent or persisting shoulder complaints after NACD.

Purpose

To compare the effects of adjuvant application of PRP after NACD (NACP+PRP)
with conventional NACD with corticosteroids (NACD+corticosteroids) on pain,
shoulder function and quality of life (QoL).

Methods

In a single-center, double-blinded, randomized controlled trial, 80 adults with
symptomatic RCCT, were randomly allocated to receive NACD+corticosteroids or
NACD+PRP. Pain, shoulder function and QoL were assessed at baseline; 6 weeks;
and 3, 6, 12 and 24 months after-treatment using a numeric rating scale for pain
(NRS), the Constant-Murley score (CMS), the Disabilities of the Arm, Shoulder and
Hand questionnaire (DASH), the Oxford Shoulder Score (OSS) and the EuroQol
five dimension scale (EQ-5D). Additionally, resorption of calcific deposits and
integrity of rotator cuff tendons were assessed by using standard radiographs and
ultrasound examination. Results were analyzed using noninferiority analysis for

NRS scores and a mixed model for repeated measures.

Results

Eighty patients were included (48 female, mean age 4946 years; 41 patients in the
NACD+PRP group). Both groups showed improvement of clinical scores at two-
year follow-up (p<0.001 for all clinical scores). NACD+PRP was found noninferior
to NACD+corticosteroids with regard to mean decrease of NRS scores (4.34 vs.
3.56; p=0.003). Mixed model analysis showed a significant difference in favor
of NACD+PRP (CMS p<0.001; DASH p=0.002; OSS p=0.010; EQ-5D p<0.001).
However, clinically relevant differences in favor of NACD+PRP were only seen at
six-month follow-up for NRS and CMS scores, whereas at six-week follow-up a
clinically relevant difference in favor of NACD+corticosteroids was found for all
clinical scores, except for the NRS. Full resorption of calcific deposits was present
in 84% of the NACD+PRP group compared to 66% in NACD+corticosteroids group
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(p=0.081). In the NACD+PRP group 10 (24%) patients required a second NACD
procedure compared to 19 (49%) patients in the NACD+corticosteroids group
(p=0.036). 6 complications, of which 5 frozen shoulders, occurred in the NACD+PRP
group compared to one complication in the NACD+corticosteroids group (p=0.11).

Conclusion

NACD+PRP resulted in worse clinical scores at six weeks follow-up but better
clinical scores at six months follow-up compared to NACD+corticosteroids. At one-
and two-year follow-up, results were comparable between groups. Furthermore,
PRP seemed to reduce the need for additional treatments but was associated with
more complications. In conclusion, NACD+corticosteroids has a favorable early
effect on pain and function combined with low comorbidity. Thus, it remains the
treatment of choice for patients with RCCT.
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Introduction

Rotator cuff calcific tendinitis (RCCT) is a frequently diagnosed cause of shoulder
complaints which is initially managed with conservative treatment strategies such
as rest, non-steroidal anti-inflammatory drugs (NSAIDs) or physiotherapy[10, 16,
34, 46, 47, 50]. In patients with persistent symptoms, more invasive therapies such
as subacromial injections with corticosteroids (SAl), needle aspiration of calcific
deposits (NACD) or extracorporeal shockwave therapy (ESWT) are indicated[1,
25, 28, 30]. Comparative studies between these treatments are scarce. When
compared with ESWT, Kim et al. found that NACD is more effective in pain relief
and functional restoration in the short term[23]. De Witte et al. compared NACD
with SAl and reviewed patients at one and five years[7, 8]. Results of their studies
showed significantly superior results for NACD at one-year follow-up, but the results
diminished at five-year follow-up. Based on their findings the authors conclude
that NACD is associated with faster improvement and a lower number of patients
requiring additional treatment. Nevertheless, a substantial part of patients who
underwent NACD suffer from recurrent or persisting shoulder complaints after
NACD[9, 38]. Several prognostic factors for persisting shoulder complaints have been
identified such as female gender, smoking , Gartner and Heyer type | calcifications,
smaller size calcifications and a longer duration of symptoms prior to NACD[9, 15, 35,
36]. Currently, in addition to needle aspiration or needling of the calcific deposit(s),
corticosteroids are injected in the subacromial bursa to avoid an inflammatory
reaction secondary to the manipulation of the calcific deposit. Corticosteroid
injections are, however, known to only have short-term (4-6 weeks) effect and might,
on the other hand, have detrimental effects of rotator cuff tendons[5, 27, 29, 33]

which could possibly explain the recurrence of shoulder complaints after NACD.

Currently, platelet-rich plasma (PRP) is a popular treatment option in the treatment
of tendinopathies in general. Several studies have shown favorable outcomes of PRP
in the treatment of tendinopathies such as lateral epicondylitis and patellar tendon
tendinitis[2, 4, 11, 13]. The role of PRP in the treatment of rotator cuff pathology is
more controversial. Laboratory studies show promising results for the use of PRP
on rotator cuff tears[17, 24, 32], but clinical studies have shown conflicting results.
In arthroscopic rotator cuff repair for example, several systematic reviews conclude
that PRP does not affect clinical outcome scores, does not improve re-tear rates
and is not cost-effective[43, 48, 51]. In the conservative treatment of rotator cuff
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disease, such as partial rotator cuff tears and tendinopathy, conflicting results have
been published about the efficacy of PRP[3, 20-22, 39, 40, 44, 45, 49]. In comparison
with corticosteroid injections, however, PRP seems to give superior results in the
short-term in patients with partial rotator cuff tears[45, 49]. The use of PRP in the
treatment of RCCT has never been investigated.

The aim of this study was to evaluate the effects of the adjuvant application of PRP
compared to corticosteroids after NACD on pain and shoulder function in patients
with RCCT. Secondly, the effects of the adjuvant application of PRP on the resorption
of calcific deposits, the integrity of the rotator cuff tendon and the occurrence of
complications was evaluated.
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Materials and methods

A single-center, double-blinded randomized controlled trial with parallel groups was
conducted at the departments of orthopaedic surgery and radiology of the Centre
for Orthopaedic Surgery (OCON) and ZiekenhuisGroep Twente (ZGT), Hengelo,
The Netherlands. Between August 2014 and June 2017 consecutive patients were
included. All stages of the study were approved by an accredited medical research
ethics committee (MREC) (NCT02173743) and the institutional medical ethics review
board (ZGT, Hengelo) and all participating patients gave informed consent.

Study population

The study population consisted of patients aged between 18 and 55 years referred
to the department of orthopaedic surgery for the treatment of shoulder complaints.
Inclusion criteria were clinical signs of calcific tendinitis defined as pain in the deltoid
region worsening by elevation of the arm above the shoulder level and/or at night
for a minimal duration of six months, failed conservative treatment defined as at
least two unsuccessful types of treatment such as non-steroidal anti-inflammatory
drugs (NSAIDs), physiotherapy, subacromial injections with corticosteroids (SAI) or
extracorporeal shockwave therapy (ESWT), and calcific deposits of at least 10 mm
in size on standard anteroposterior (AP) radiographs. Exclusion criteria were type Il
calcific deposits according the classification by Gartner and Heyer, which are calcific
deposits that are transparent with indistinct borders[15], history of fracture, surgery,
or a previous NACD procedure of the affected shoulder, the presence of other causes
for shoulder complaints (e.g. full thickness tear of the rotator cuff, frozen shoulder,
glenohumeral osteoarthritis or instability). Eligible patients were referred to the
coordinating investigator (BO) for inclusion.

Blinding and intervention

Patients fulfilling the inclusion criteria were randomly allocated to receive
corticosteroids (NACD+corticosteroids) or PRP (NACD+PRP) following to the
NACD procedure. Randomization was performed by computer-generated block
randomization, with a variable block size of two, four or six. Prior to the NACD
procedure patients signed informed consent forms and baseline demographics
and questionnaires were completed. Standard AP and transscapular radiographs
and standard ultrasound examination of the affected shoulder was obtained in all
patients prior to the intervention.
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Next, 54 ml of blood was drawn from all patients. In patients randomized to receive
PRP after the NACD procedure, PRP was produced using the Gravitational Platelet
Separation 1l system (GPSIII, Biomet Biologics, Warsaw, Indiana). After the blood
was drawn, 6ml of sodium citrate was added and 0.5 ml of blood was collected for
analysis of concentration of platelets and leukocytes. The blood was then loaded in
the GPSIII tube, placed into the centrifuge and centrifuged for 15 minutes at 3200
RPM according to the GPSIIl instructions. Next, the PRP was withdrawn from the
tube and 8.4% sodium bicarbonate was added to buffer the PRP to physiologic pH.
No activating agent was used. Approximately 6 ml PRP was obtained for each patient.
0.5 ml of PRP was collected for analysis of concentration of platelets and leukocytes.
The blood of patients who were randomized to receive corticosteroids after the

NACD procedure was destroyed.

All NACD procedures were performed by a single, well-experienced musculoskeletal
radiologist. After sterile preparation, the skin and subcutaneous tissue were
anesthetized by local injection of lidocaine 1%. Then, the ultrasound guided NACD
was performed using a 20 or 21 Gauge needle. After maneuvering the needle
into the calcific deposit, the deposit was infiltrated with lidocaine 1%. The calcific
deposit was then repeatedly perforated and if possible, removed by aspiration. In
patients randomized to the NACD+corticosteroids group, the subacromial bursa was
infiltrated with 4 ml bupivacaine (2,5mg/ml) and 1 ml triamcinolonacetonide (40mg/
ml) after completing the NACD procedure. In patients allocated to the NACD+PRP
group, PRP was injected in and around the affected rotator cuff tendon. The syringes
used for the injection of either the triamcinolonacetonide/bupivacaine or the PRP
were masked with opaque tape to ensure blinding of the patients. The radiologist
performing the NACD procedures was not involved in the further course of the study.

The post-intervention pain protocol consisted of paracetamol 1000mg 4 times a day
which was replaced by Zaldiar (paracetamol 325 mg, tramadol (hydrochloride) 37,5
mg) in patients where paracetamol did not provide enough pain relieve. OxyContin
10 mg was prescribed for patients with persistent pain despite the use of Zaldiar. No
NSAIDs were prescribed in the two weeks prior to and following the NACD procedure
as NSAIDs might affect the effects of PRP.

Patients with persisting symptoms and no radiological signs of resorption of the calcific
deposit three months after the NACD procedure, were scheduled for another NACD
procedure. Identical to the index procedure in the NACD+corticosteroids group
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received corticosteroids after the NACD procedure; patients in the NACD+PRP group
received PRP after the NACD procedure. In case of persisting symptoms after a
repeated NACD procedure, patients were scheduled for another NACD procedure or
surgery depending on the preference of the referring orthopaedic surgeon.

Follow-up

All patients were scheduled for follow-up visits at 6 weeks and 3, 6, 12 and 24 months.
At each visit the Constant-Murley Score (CS), the Disabilities of the Arm, Shoulder
and Hand score (DASH), the Oxford Shoulder score (0OSS), the EuroQol five dimension
scale (EQ-5D) and the Numeric Rating Scale (NRS) for pain were completed. Standard
radiographs were obtained at 6 and 12 months to analyze the size and resorption
of the calcific deposit(s). Ultrasound examination was performed at 6, 12 and 24
months to assess the integrity of the rotator cuff in terms of full thickness, partial
thickness of interstitial rotator cuff tears. Partial rotator cuff tears were defined as
focal defects in the tendon that involve either the bursal or articular surface whereas
interstitial rotator cuff tears were defined as concealed partial-thickness rotator cuff
tears neither extending to the articular nor the bursal surface. All measurements

were carried out by an independent blinded assessor.

Sample Size Calculation

The sample size calculation to determine one-sided non-inferiority was carried out
using the NRS (0-10 points) as the primary outcome measure. A difference of 1.6
points was defined as a clinically relevant improvement[42]. Previous studies have
shown that the standard deviation of the NRS is 2.56 points[36, 38]. In order to reach
a desired power of 80% with a significant level of 0.05, a sample size of 33 patients
in each study group was required. To allow for a 20% rate of loss to follow-up, 40
patients per group were included, 80 patients in total.

Statistical analysis

Descriptive data were presented as frequencies and percentages. Continuous data
were presented using means and standard deviations. To investigate differences
between groups, unpaired student T-tests were used for continuous normal distributed
data and chi-square tests were applied for categorical or non-parametric variables.
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Average platelet- and leukocyte counts were calculated in whole blood and in PRP.
Platelet- and leukocyte enrichment factors were calculated by dividing the platelet-
or leukocyte count in PRP by the platelet- or leukocyte count in whole blood.

To assess whether NACD+PRP was non-inferior to NACD+corticosteroids in terms
of decrease of NRS scores at two-year follow-up, an intention-to-treat analysis was
performed. NACD+PRP was considered non-inferior to NACD+corticosteroids if the
lower boundary of the one-sided 95% confidence interval of the NRS score of the
NACD+PRP group at two-year follow-up lay within the non-inferiority margin (A=1.6
points)[42] of the mean NRS score of the NACD+corticosteroids group at two-year
follow-up. A mixed model analyses with sidak correction was performed to analyze
the effect of the treatment group on the secondary outcome measures. To assess
whether the statistical differences found were clinically relevant, the differences
between groups were compared to the questionnaire-specific minimal clinically
important differences (> 8.3 for CMS, > 10.2 for DASH; > 5.3 for 0SS, > 0.07 for EQ-
5D)[19, 31].

Resorption rates (proportions of patients with total resorption of calcific deposits),
integrity of the rotator cuff (proportions of patients with either partial thickness
rotator cuff tears or interstitial rotator cuff tears), proportion of patients in both
groups undergoing a second NACD procedure or surgery during the follow-up
term because of persisting symptoms and complication rates in both groups were
compared using chi-squared tests or Fisher exact tests.

All analyses were conducted with SPSS version 25 (IBM, Armonk, NY, USA). The level

for statistical difference was set at 0.05.
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Results

Baseline characteristics

During the inclusion period, 118 consecutive patients were contacted for participation
in the study. Of these, seven patients did not meet the inclusion criteria and 31
patients declined participation, leaving 80 patients for randomized treatment (figure
1). In the NACD+corticosteroids group three patients were lost to follow-up before
the one-year follow-up and another three patients were lost before the two-year
follow-up, leaving respectively 36 and 33 patients for analysis at one- and two-year
follow-up. In the intervention group (NACD+PRP) three patients were lost to follow-
up before the one-year follow-up and another patient was lost before the two-year
follow-up, leaving respectively 38 and 37 patients for analysis at one- and two-year
follow-up. There were no patient crossovers between groups during the study.

Approached for participation

n=118
Excluded n =38
— -did not meet inclusion criterian =7
- did not want to participate n =31
Randomized
n=80
NACD + corticosteroids NACD + PRP
n=39 n=41
Dropoutn= 6 Dropoutn=4
-TO:n=1 -T2:n=1
— -T3:n=1 — -T3:n=1
-Td:n=1 -Td:n=1
-T5:n=3 -TS:n=1
Intention-to-treat analysis Intention-to-treat analysis
lyear:n=36 lyear:n=38
2year:n=33 2year:n=37

Figure 1: study flowchart. TO = baseline; T2 = 3-month follow-up; T3 = 6-month follow-up; T4
= 1-year follow-up; T5 = 2-year follow-up. NACD: needle aspiration of calcific deposits; PRP:
platelet-rich plasma.
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Baseline characteristics of the final study group are presented in table 1. Baseline
characteristics, baseline radiographic and ultrasound findings and baseline clinical
scores did not differ between both groups except for a lower baseline EQ-5D score in
the NACD+corticosteroids group and more partial thickness rotator cuff tears in the
NACD+PRP group. During the NACD procedure, the calcific deposit could be (partially)
aspirated in 73% of patients; in the other 27% of patients the calcific deposit could
only be fragmentized. The possibility of aspiration of calcific deposit did not differ
between groups (71% in the NACD+PPR group vs. 75% in the NACD+corticosteroids
groups; p=0.702)

Table 1: Demographics and Baseline Characteristics

Baseline Characteristics All patients Group 1: NACD  Group 2: NACD p-value
(n=80) + corticosteroids + PRP (n=41)
(n=39)
Age, years 48.7+6.0 485+6.3 48.8+5.8 0.815

Gender, male/female, n (%) 32/48 (40/60%) 16/23 (41/59%) 16/25 (39/61%) 0.855
Affected side, right/left, n (%) 47/33 (59/41%) 25/14 (64/36%) 22/19 (54/46%) 0.343

Dominant side affected, yes/ 47/31(60/40%) 23/14(62/38%) 24/17 (59/41%) 0.744
no, n (%)

Smoking, yes/no, n (%) 20/60 (25/75%)  9/30(23/77%) 11/30(27/73%) 0.698
Size calcific deposit, mm 18.7+SD 7.9 18.8+6.7 18.7+8.9 0.953

Gartner and Heyer
classification

Type |, n (%) 19 (24% 9 (23%) 10 (24%) 0.890
Type Il, n (%) 61 (76%) 30 (77%) 31 (76%)

Partial thickness rotator cuff 7/73 (9/91%) 0/39 (0/100%)  7/34(17/83%) 0.012
tear, yes/no, n (%)

Interstitial rotator cuff tear, 15/65 (19/81%)  8/31(21/79%) 7/34 (17/83%) 0.694
yes/no, n (%)

Baseline clinical score

Constant-Murley score 63.0+ 16.6 62.3+18.9 63.7+14.2 0.725
DASH 40.2+15.8 439+17.3 36.6+13.6 0.062
Oxford Shoulder Score 329+6.8 333+79 32455 0.560
EQ-5D 0.64 +0.27 0.57+0.30 0.71+£0.22 0.022
NRS 54+19 55+2.0 54+1.8 0.918

Values are shown as mean + standard deviation unless otherwise indicated. DASH, Disabilities of
the Arm, Shoulder and Hand questionnaire; NRS, numeric rating scale for pain (10 = severe pain).

PRP composition

A mean of 2.9 ml (+1.5ml) of PRP was injected in and around the affected rotator
cuff tendon.
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The average platelet count in whole blood prior to the preparation of PRP was
242x10°/L (+56x10°/L); the average leukocyte count prior to centrifugation was
21x10°/L (x71x10°/L). After PRP preparation the average platelet count was
1133x10°/L (+408x10°/L); the average leukocyte count was 47x10°/L (+66x10°/L). The
average platelet- and leukocyte enrichment factor were respectively 4.8 and 4.7.

Non-inferiority analysis: decrease numeric rating scale

The lower limit of the two-sided 95% confidence interval for the mean decrease
of the NRS score of the NACP + PRP group (-4.64) fell within the prespecified
non-inferiority margin (-1.96), confirming non-inferiority of NACD+PRP compared
to NACD+corticosteroids (figure 2). A statistically significant difference was found
between groups for the mean decrease of the NRS score at two-year follow-up:
-4.34 in the NACD+PRP group compared to -3.56 in the NACD+corticosteroids group
(p=.003). This difference does, however, not exceed the minimal clinically important
difference of 1.6 points.

ANRS baseline - two-year follow-up
N.I margin AO

A-1.96
I
. . 3.99 N— 3.3 i
NACD + corticosteroids ® r.3,55‘ | ° ;
i
I
NACD + PRP ‘4'05 ;
i
i
NACD + PRP superior NACD + PRP inferior

Figure 2: Results of the non-inferiority analysis of the decrease of the NRS score at two-year
follow-up (ANRS baseline — NRS two years follow-up). Data are expressed as mean with 95%
confidence interval. Dotted line indicates the non-inferiority lower boundary (mean ANRS
NACDcorticosteroids - clinically relevant improvement of 1.6 points).

Follow-up clinical scores

In the NACD+corticosteroids group there was an improvement of all clinical scores
at six weeks follow-up, followed by a deterioration of all clinical scores at three
months follow-up. After this, improvement of the CMS and DASH was seen from six
months follow-up onward and improvement of OSS and EQ-5D was seen from 12
months follow-up onward. In the NACD+PRP group, a gradual improvement from
baseline to the 24 months follow-up was seen for all clinical scores, except for the
CMS which showed a mild deterioration at six weeks follow-up after which scores
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gradually improved up to the 24-month follow-up (figure 3). At 24 months follow-up
both groups showed significant improvement of all clinical scores when compared
to baseline scores (p<0.001 for all clinical scores). Mixed model analysis showed a
significant difference over time between groups in favor of the NACD+PRP group for
all clinical scores (CMS p<0.001; DASH p=0.002; 0SS p=0.010; EQ-5D p<0.001).

NRS Oxford Shoulder score
8
7
6
5
4
3
2
1
0
T0 T T2 T3 T4 T5 T0 T T2 T3 T4 Ts
Constant-Murley score EQ-5D
100 - 11
9 T . I
0 T
09
80 08 <
|
07 J 1
70 06 1
05 1
60 04 :
&5 T0 1 T2 T3 T4 T5
TO T: il T3 T4 TS
DASH
60

50
40
30
20
10

0

T0 T1 T2 T3 T4 5

Figure 3: Clinical course of mean NRS (numeric rating scale for pain), Constant-Murley score,
DASH (Disabilities of the Arm, Shoulder and Hand), Oxford Shoulder Score and EQ-5D scores with
standard error after treatment for calcific tendinitis with either NACD+PRP (orange line) or
NACD+corticosteroids (blue line). TO = baseline; T1 = 6 weeks follow-up; T2 = 3 months follow-up;
T3 = 6 months follow-up; T4 = 1 year follow-up and T5 = 2 year follow-up.

At the six-week follow-up, a clinically relevant difference in favor of the NACD
+corticosteroids group was found for all clinical scores, except for the NRS. At six
months follow-up, a clinically relevant difference of NRS and CMS scores in favor
of the NACD+PRP group was seen, whereas a clinically relevant difference of EQ-
5D scores was present in favor of the NACD+corticosteroids group at three months
and one-year follow-up. During the further follow-up, none of the differences
between groups exceeded previously defined minimal clinically important difference
thresholds (table 2).
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Follow-up radiographic and ultrasound findings

At one-year follow-up, full resorption of calcific deposits was seen in 52 (76%) patients.
There was full resorption in 21 (66%) patients in the NACD+corticosteroids group
compared to 31 (84%) patients in the NACD+PRP group (p=0.081). No differences in any
of the outcome measures were found between patients with full resorption of calcific
deposits and patients with partial or no resorption of calcific deposits (p>0.05 for all
of the outcome measures). Furthermore, no significant differences in the rate of full
resorption between type | and type Il calcific deposits were found (69% vs 77%; p=0.518).
During ultrasound examination at one-year follow-up, 6 (9%) patients had partial
thickness rotator cuff tears and 9 (13%) of the patients had interstitial rotator cuff
tears. At two-year follow up, partial and interstitial rotator cuff tears were present
in respectively 4 (6%) and 2 (3%) patients. The presence of partial thickness and
interstitial rotator cuff tears was comparable between groups (one-year follow-up
p=0.78; two-year follow-up p=0.44). At baseline, seven patients (NACD+PRP n=7;
NACD+corticosteroids n=0) had partial rotator cuff tears, but none of these patients
showed partial rotator tears or interstitial rotator cuff tears at two-year follow-up.
Of the 11 patients (NACD+PRP n=5; NACD+corticosteroids n=6) with interstitial
rotator cuff tears at baseline, two patients (NACD+PRP n=1; NACD+corticosteroids
n=1) showed interstitial rotator cuff tears at two-year follow-up. Presence of partial
thickness or interstitial rotator cuff tears did not affect the outcome (p>0.05 for all of
the outcome measures).

Complications and additional treatment

During the two-year course, six complications (five frozen shoulders and one
chemical bursitis) occurred in the NACD+PRP group compared to one complication
(chemical bursitis) in the NACD+corticosteroids group (p=0.11). Of the five patients
with frozen shoulders, two patients were treated with pain medication, two patients
with physiotherapy and one patient with an intra-articular corticosteroid injection.
At two-year follow-up, no significant differences were found between patient who
had complications and those who had no complications (NRS p=0.067; CMS p=0.431;
DASH p=0.991; OSS 0.966, EQ-5D 0.432). In particular, the occurrence of a frozen
shoulder as complication did not influence the two-year outcome (NRS p=0.346;
CMS p=0.635; DASH p=0.629; 0SS 0.672, EQ-5D 0.656). Of the patients with
complications, eventually two patients required surgery (which was unrelated to
the complication), the other complications resolved during the course of the study.
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The use of extra pain medication in the first six weeks after the procedure was
comparable between groups, except during the first week, in which a higher use of
Zaldiar (6 vs. 1 patient(s); p=0.095) and significantly higher use of OxyContin (5 vs. 0
patients; p=0.049) was found in the NACD+PRP group. In the NACD+corticosteroids
group 19 (49%) patients required a second NACD procedure compared to 10
(24%) patients in the NACD+PRP group (p=0.036). Nine patients required surgery
because of failed treatment: five patients underwent an arthroscopic subacromial
decompression and four patients underwent an arthroscopic distal clavicle excision.
In the NACD+corticosteroids group seven (18%) patients required surgery compared
to two (5%) patients in the NACD+PRP group (p=0.084).
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Discussion

Results of the present study showed no clinically relevant differences between the
adjuvant application of PRP after NACD and NACD with corticosteroids at two-year
follow-up. A statistically significant improvement for all clinical scores was found
in favor of the NACD+PRP group, but clinically relevant differences in favor of PRP
were only present at six months follow-up. In a post-hoc analysis, full resorption
of calcific deposits was present in 84% of the NACD+PRP group compared to 66%
in NACD+corticosteroids group and secondary NACD procedures were less often
required in the NACD+PRP group; however, the complication rate was higher in the
NACD+PRP group.

This is the first study investigating the use of PRP in the treatment of RCCT. There are,
however, several comparative studies investigating the use of PRP in the conservative
treatment of other chronic rotator cuff diseases. In the treatment of partial rotator
cuff tears, superior results of PRP compared to subacromial corticosteroid injections
(SAI) were seen at the 12-week follow-up, but these effects diminished at the six-
month follow-up. Furthermore, none of these studies found differences in MRI
between the two groups[45, 49]. In the treatment of rotator cuff impingement
syndrome, superior results of PRP to SAl have been reported at eight weeks follow-
up[39], but other studies have reported no significant differences between PRP
and SAl after 6 months of follow-up[3]. The use of PRP has also been compared
to needling, saline solution infiltrations (placebo) and physical therapy (PT). When
compared to needling, significantly better reduction of pain and disability was found
in the treatment of rotator cuff tendinopathy or partial rotator tears[40], whereas
PRP was not more effective than placebo or PT in the treatment of chronic rotator
cuff tendinopathy or partial or interstitial rotator cuff tears[20-22, 44]. Results of this
study show a continuous improvement from the start of the treatment up to two-
years follow-up in the NACD+PRP group. This is in contrast with the course of the
clinical scores in the NACD+corticosteroids group which demonstrated improvement
of clinical scores at 6 weeks follow-up, followed by recurrent symptoms at 3 months
follow-up. This pattern of short-term improvement is typical for corticosteroid
injections[5, 27, 33] and similar clinical courses after NACD have been described
in previous studies[7,8]. Furthermore, patients in the NACD+PRP group showed
significantly larger improvement compared to the NACD+corticosteroids group in the
mixed model analysis. However, clinically relevant differences between groups were
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only present at six weeks (in favor of NACD+corticosteroids) and at six months follow-
up (in favor of NACD+PRP). An exception to this is the difference in EQ-5D scores.
Although mixed model analysis showed a significant difference over time between
groups in favor of the NACD+PRP group, clinically relevant differences in favor of
the NACD+corticosteroids group were seen at three and 12 months. A possible
explanation for these contradicting results might be the difference in baseline EQ-5D
scores between groups which were significantly higher in the NACD+PRP group (0.64
vs. 0.57; p=0.022) which implies that regression toward the mean could occur. This
could result in an underestimation of the effect of NACD+PRP. Another explanation
could be that the EQ-5D only partially reflects patient experience. Quite recently, the
internal and external responsiveness of the EQ-5D was assessed in elective shoulder
surgery[12]. The authors found that the EQ-5D is adequately internally responsive
to change following elective shoulder surgery but is unable to differentiate patients
demonstrating minimal clinically important change. Moreover, the EQ-5D also

reflects the overall well-being of the patient, thus will also be affected by this.

The adjuvant use of PRP after NACD did result in less additional treatment: 24%
of patients required a second NACD procedure because of persisting symptoms
in the NACD+PRP group compared to 49% in the NACD+corticosteroids group
and 5% of patients in the NACD+PRP required surgery compared to 18% in the
NACD+corticosteroids group. This difference could possibly be explained by the pro-
inflammatory properties of PRP which might enhance the removal of residual calcium
after aspiration or fragmentation of the calcific deposit during the NACD procedure.
Corticosteroids have anti-inflammatory properties that might on the other hand
delay the removal of residual calcium after the NACD procedure. This is supported by
the finding that the rate of total resorption of calcific deposits is higher in NACD+PRP
group (84% vs. 66% in the NACD+corticosteroids group). Nevertheless, the rate of
secondary NACD procedures is rather high in the NACD+coricosteroids group. In
literature rates of up to 45% have been published[35]. A possible explanation might
be that patients with Gartner and Heyer type 3 calcifications were excluded from
participation in this study. It is known that patients with Gartner and Heyer type
| calcific deposits are more likely to need multiple NACD procedures compared to
patients with type Il calcific deposits[35]. Furthermore, patients were monitored
more closely during the study, which could be a possible other explanation for the
relatively high rate of secondary procedures.
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Current studies on PRP give limited information about the blood components of
the PRP used. For example, only two out of the nine earlier mentioned studies on
the use of PRP in rotator cuff disease reported the concentration of platelets and
leukocytes in the PRP. Not all PRP products are equivalent as several commercial
separation systems are available for the preparation of PRP that yield a variety of final
PRP products in terms of concentration of platelets and leukocytes[37]. The ideal
composition of PRP differs per specific field of application[37]. As the components
of PRP in the administrated volume are often not reported in comparative studies,
the optimal concentration of blood components in PRP to achieve optimal healing is
unknown. The latter is one of the reasons for the large heterogeneity of studies, which
obscures interpretation of results on the effect of PRP. In the treatment of chronic
tendinopathy leukocyte-rich PRP seems to be superior over the use of leukocyte-
poor PRP[14]. In the current study leukocyte-rich PRP was used. The platelet- and
leukocyte-enrichment factors found in this study were respectively 4.8 and 4.7. In
the above-mentioned studies on the efficacy of PRP in rotator cuff disease only two
studies used leukocyte-rich PRP which could possibly explain the positive effects that
were found in this study compared to the lack of effect of PRP in the previous studies.

A possible disadvantage of the pro-inflammatory properties of PRP could be the
higher complication rate that was observed in this study in a post-hoc analysis.
In particular the development of a frozen shoulder is a concern as 12% (5/41) of
patients developed a frozen shoulder in the NACD+PRP group. Schwitzguebel et al.
reported similar findings in a study comparing the effects of PRP and infiltration of
a placebo in the treatment interstitial supraspinatus tears; in their study 20% (8/41)
patients developed a frozen shoulder[44].

Although the current study was adequately powered and was performed as a
blinded randomized controlled trial, some limitations need to be addressed. First,
conventional NACD with corticosteroids was compared to NACD with PRP but there
was no placebo control group to evaluate the additive use of corticosteroids or PRP
or even the effect NACD as such. However, a recent study by Darrieutort-laffite et al.
compared NACD with corticosteroids to NACD without corticosteroids[6]. Results of
their study demonstrated that NACD with corticosteroid was superior to NACD without
corticosteroid in decreasing pain and disability in the short term without any effect on
the rate of resorption of calcific deposits. These findings indicate that the beneficial
effects of NACD+PRP found in this study are not the result of a detrimental effect of
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corticosteroids on the outcome of NACD. Further research comparing NACD+PRP to
a placebo could possibly give more insights in the efficacy of PRP in the treatment of
RCCT and the effects of NACD as such. Second, as this is the first study comparing PRP to
corticosteroids for the treatment of RCCT, this study was designed as a non-inferiority
study. This does not imply that this study is unable to detect superiority. Interpreting a
non-inferiority trial as a superiority trial is credible and without a need for a statistical
penalty for multiple testing whereas the opposite approach (interpreting a superiority
trial as a non-inferiority trial) is not valid[18]. Furthermore, the statements on the effect
of the adjuvant application of PRP after NACD and the need for additional treatment are
based on post hoc analyses, and the differences found might be due to a type Il error.
Further research is needed to confirm these findings. Additionally, although analysis of
the composition of PRP was performed, the concentrations of specific growth factors
such as IL-1B and TGF-B1 were not analyzed. Kim et al. recently published a study in
which cut-off values for these growth factors were presented to predict meaningful
improvement in patients with degenerative rotator cuff tendinopathy[22]. Although
higher numbers of platelets and leukocytes are associated with an increase in growth
factors[37], analysis of concentrations of specific growth factors in addition to the
concentration of platelets and leukocyte in PRP might give more insight in the optimal
concentration of PRP for tendon healing. Finally, the follow-up of tendon integrity was
performed using ultrasound examination, whereas MRl is often performed in previous
studies. Ultrasound and MRI do, however, have comparable sensitivity (91% vs. 98%)
and specificity (85% vs. 79%) for the detection of any rotator cuff tear[26]. Furthermore,
ultrasound has a good intra-observer variability for the detection of partial rotator cuff
tears (k-value 0.79)[41].

In summary, the adjuvant application of PRP after NACD results in clinically relevant
better clinical scores at the six-month follow-up when compared to NACD with
corticosteroids, but it did not improve the outcome of NACD in the longer term
in terms of clinically relevant pain relieve and improvement of shoulder function.
Additionally, the adjuvant application of PRP after NACD resulted in worse clinical
scores at the six-week follow-up. Furthermore, the adjuvant use of PRP is associated
with an increased risk of complications, in particular frozen shoulder. The adjuvant
use of PRP does seem to reduce the need for additional NACD procedures. To
conclude, because of its early effect on pain and function, combined with its low
comorbidity and low costs, NACD with corticosteroids remains the treatment of
choice for patients with RCCT.
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Chapter 7

Rotator cuff calcific tendinitis (RCCT) is a frequently diagnosed cause of shoulder
pain that mainly affects patients of working age[1-5]. Although RCCT is believed
to be a self-limiting disease, treatment is warranted for symptomatic patients
as spontaneous resorption may take years[4, 6-14]. In chapter 1 of this thesis, a
comprehensive overview of the epidemiology, etiology, pathogenesis and current
treatment options is provided. Needle aspiration of calcific deposits (NACD) is one of
the most applied treatments for RCCT. The primary aim of this thesis was to optimize
the outcome of NACD by investigating the outcome, defining prognostic factors for
a favorable outcome and by investigating a novel therapy for the treatment of RCCT.

In this chapter, the findings of the studies that were conducted in this thesis are
presented and the clinical implications of these findings and recommendations for
future research are discussed.

Evaluating the outcome of needle aspiration of calcific
deposits

In chapter 2, the effectiveness of NACD was retrospectively evaluated in a cohort
of 431 patients with symptomatic RCCT. Results of this study show that 74% of
patients had complete relief of symptoms six months after the NACD procedure.
This percentage is comparable to the percentage found by Farin et al., which were
the first to describe the outcome of ultrasound-guided NACD and the only other
study to evaluate the outcome of NACD in terms of complete relief of symptoms[15].
Ever since, the outcome of NACD is mainly described in terms of improvement of
functional shoulder questionnaires such as the Constant-Murley score[16-24].
Although these functional shoulder scores provide a more objective outcome,
evaluating the outcome in terms of complete relief of symptoms is easier to interpret
by patients as this is more tangible information.

Furthermore, chapter 2 shows that NACD provides quick relief of pain as the vast
majority of patients (84%) had a clinically relevant decrease of pain during the first
two weeks after the NACD procedure. Several authors have reported that symptoms
will initially worsen during the first days following NACD but results of NACD during
the first month are rarely reported[19,25]. The latter is important information in
managing patient expectations prior to NACD.

Repeated NACD procedures, due to persistent or recurrent complaints, were
necessary in 33% of patients, which is comparable to the percentages found in
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previous studies (18-42%)[15,19]. The overall percentage of patients with complete
relief of symptoms at six months post-treatment did not differ between patients
undergoing a single, two or even three NACD procedures (complete symptom relief
of respectively 52, 55 and 52%). This is in accordance with the findings by del Cura et
al.[19], but in contrast to Farin et al., who found complete relief of pain in only 36%
(4/14) of the patients who underwent a second procedure compared to 63% (40/63)
after the primary procedure[15]. The association between the number of NACD
procedures and the functional outcome of NACD is further discussed in chapter 4.

Complications were seen in 7.2% of patients. Chemical bursitis was the most
common complication (4.9%), followed by frozen shoulder (1.6%). More importantly,
three patients (0.9%) developed a septic bursitis as a result of the NACD procedure,
this is a rare complication which has only been reported once in literature in a case
report[26].

Clinical implications

e NACD provides clinically relevant relief of pain in the vast majority of patients within
the first two weeks after the NACD procedure

e 74% of patients will have complete relief of symptoms following NACD

e Approximately one third of the patients will require multiple NACD procedures

Defining prognostic factors for the outcome of needle
aspiration of calcific deposits

In chapter 3, prognostic factors for a successful clinical outcome and for the need for
multiple NACD procedures were evaluated in a retrospective cohort study. Similar
to the study in chapter 2, successful treatment outcome was defined as complete
relief of symptoms at six-month follow-up. Previous studies suggest that successful
outcome of NACD depend on the radiographic morphology of the calcific deposits
(i.e. Gartner and Heyer classification) prior to NACD[27]. The study in chapter 3 failed
to find an association between the radiographic morphology of the calcific deposits
and the success rate of NACD, i.e. no differences were found in the morphology of
calcific deposits between patients in whom NACD was successful and in whom NACD
failed (Gartner and Heyer type 1: respectively 39 vs 42%; type 2: 41 vs 36% and type
3: 20 vs 22%). However, the radiographic morphology of the calcific deposits prior
to NACD was associated with the number of NACD procedures that was required:
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patients with Gartner and Heyer type | deposits were over 3 times more likely to
have multiple NACD procedures. Furthermore, smoking almost doubled the chance
of failure of NACD. Other factors, such as the presence of partial rotator cuff tears,
which were present in 16% of patients, did not seem to influence the outcome of
NACD.

In chapter 4, a prospective study on prognostic factors for the outcome of NACD was
conducted. Results of this study show that at one-year follow-up 70% of patients
had a clinically relevant decrease of pain, 65% of patients had a clinically important
improvement of shoulder function and 46% of patients had clinically relevant
improvement of their QoL scores. The largest decrease in pain and improvement
of shoulder function and QoL scores was seen at 3 months post-intervention after
which the improvement plateaued. This again demonstrates that NACD provides
quick relief of symptoms, which is in accordance with the findings in chapter 2.
Comparable results were found in a large prospective study in which decrease of
pain and improvement of shoulder function was found to up to three months after
the intervention after which the improvement plateaued to up to the 10-year follow-
up[23]. Interestingly, this initial response to NACD seems to be one of the most

important prognostic factors for a good outcome of NACD at one-year follow-up.

A longer duration of symptoms prior to NACD was associated with inferior outcomes.
This is a well-known negative prognostic factor which is supported by multiple
studies[28,29]. Furthermore, the need for multiple NACD procedures was associated
with inferior outcomes. This is in contrast to the findings of our retrospective study
(chapter 2) which found no differences in outcome between shoulders that were
treated once and those treated twice or even three times. The results of the study
in chapter 2 are, however, more susceptible to bias, especially recall bias, which is
inherent to the retrospective nature of this study, which might party explain the
contradicting results. The contradicting results can furthermore be explained by
the differences in outcome measures between the studies. The primary endpoint
‘successful treatment’ in the study in chapter 2 was defined as complete relief of
symptoms, whereas in the prospective study shoulder-specific outcome scores were
used. Literature on the effect of multiple procedure on the outcome of NACD is scarce
and inconclusive. Farin et al. found the outcome of second and third NACD procedures
to be inferior to the outcome after the primary NACD procedure[15]. In contrast, del
Cura et al. found no difference in outcome between shoulders that were treated once
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and those treated twice or even three times[19]. One might question whether the
need for multiple NACD procedures is indeed a predictor for an inferior outcome or
whether it represents the consequence of attempting the same procedure in a non-
responding patient. As previous studies, including the one in chapter 2, show that
at least a part of the patients that require repeated NACD procedures demonstrate
clinical improvement, the latter does not apply to all patients who require multiple
NACD procedures. Whether the lack of effect in patients who don’t respond to
repeated NACD procedures is due to a non-responding calcific tendinitis or due to
non-responding patients remains to be evaluated. Nevertheless, physicians treating
patients with RCCT should be aware of the possible inferior results of multiple NACD
procedures and should manage patient expectations likewise prior to a second or
even third NACD procedure.

Finally, chapter 4 shows that smaller-sized calcific deposits are associated with an
inferior outcome. So, in the treatment of RCCT, size seems to matter with regard
to the outcome of NACD. Size also seems to matter regarding the development
of shoulder complaints in patients with RCCT. Louwerens et al. state that patients
with calcific deposits of >1.5 cm in length had the highest chance of suffering from
symptomatic RCTT whereas calcifications with a mean size of less than 0.5 cm
were more frequently found in asymptomatic patients[30]. Shoulder complaints in
patients with smaller-size calcific deposits could therefore be the result of another,
perhaps more complex, inflammatory pathology which could require a treatment
different than NACD. Unfortunately, the study in chapter 4 failed to identify a cut-off
value for the size of calcific deposits likely to respond well to NACD. Regarding the
long-term outcome of patients with RCCT, de Witte et al. found that the size of the
initial calcific deposit did not affect the long-term outcome (mean follow-up of 14
years) irrespective of the treatment they received (conservative or NACD)[29]. The
study furthermore showed that 42% of patients with RCCT had a severely impaired
shoulder function (i.e. WORC score < 60 points) in the long-term. So, although RCCT
is believed to be a self-limiting disease, a substantial percentage of patients will
have an impaired shoulder function in the long term. This again shows that shoulder
complaints of patients with RCCT in the long-term are probably due to other shoulder
pathology than RCCT. Nevertheless, physicians should be aware of the inferior results
of NACD for smaller-size calcific deposits and the necessity to exclude other causes of
shoulder complaints in these patients prior to referring for NACD.
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Clinical implications

e  Patients with a good initial response to NACD have a higher likelihood of a good
clinical outcome in the long term

e  Smoking and a longer duration of symptoms prior to NACD are associated with
inferior outcomes

e  Patients with Gartner and Heyer type | deposits are more likely to require multiple
NACD procedures

e The success of NACD in terms of complete relief of symptoms is comparable between
patients with a single and patients with multiple NACD procedures, but multiple
NACD procedures are associated with less decrease of pain in the long term

e Smaller-sized calcific deposits are associated with a less favorable outcome

Evaluating the efficacy of platelet-rich plasma as a novel
treatment for rotator cuff calcific tendinitis

What type of platelet-rich plasma should be used?

In chapter 6 of this thesis the effectiveness of the use of platelet-rich plasma (PRP) in
patients with RCCT was investigated. It should be noted that comparison of studies
investigating PRP is complex, if not impossible due to the multitude of commercially
available PRP separation systems and processing procedures, as well as different
concentration of bioactive products within PRP as the result of the multitude of
separation systems and processing procedures. Therefore, a systematic review of
literature was conducted to gain more insight in the differences in blood components
in PRP produced by these different separation systems (chapter 5). Results of this
study demonstrate that there is large heterogeneity among the various systems
regarding concentrations of platelets and leukocytes and that, with regard to the
concentrations of growth factors, there is large heterogeneity both between and

within the different systems.

PRP separation systems can be divided into systems producing a high and a low
concentration of platelets and systems producing a high and a low concentration
of leukocytes (leukocyte-rich and leukocyte-poor PRP). Quite recently, a review
investigating the optimal platelet concentrations for cell proliferation found that the
optimal PRP/media ratio was PRP < 10% while the optimal platelet concentration
was 1.0-1.5 x 10%/uL[31]. This review is, however, limited to in in-vitro studies and
the authors note that other concentrations might be beneficial depending on cell
type and tissue site. Thus, further in-vivo studies are needed to further investigate
the actual objective effect and optimal concentration of platelets in PRP.
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The concentration of leukocytes in PRP seems to be of more importance. There is
increasing evidence that the concentration of leukocytes in PRP should be matched
to the specific clinical field of application. In the treatment of chronic tendinopathy,
for example, the use of leukocyte-rich PRP seems to be superior to leukocyte-poor
PRP, whereas leukocyte-poor PRP seems to be more suitable for the treatment of
articular cartilage lesions[32,33]. Furthermore, Kim et al. analyzed cut-off values for
specific growth factors in PRP (IL-1B and TGF-B1) to predict meaningful improvement
in patients with degenerative rotator cuff tendinopathy[34]. The study in chapter 5
of this thesis showed large heterogeneity both between and within the different PRP
separation systems with regard to the concentration of TGF-B1. Interestingly, none
of the TGF-B1 values for any of the studied commercial separation systems exceeded
the cut-off value as proposed by Kim et al. This difference can to some extent be
explained by the use of different ELISA kits. The assays of growth factors contained in
the platelets may be influenced by the incomplete removal of platelets and red blood
cells resulting in variable results, which makes comparison of growth factors between
studies less reliable[35]. The latter also implies that research on dose-response
relationships based on concentrations of growth factors in PRP are not (yet) valid.
Future research should focus on determining the optimal concentrations of platelets

and leukocytes in PRP for specific fields of application (e.g. cartilage, tendons, etc.).

Clinical implications

o Large heterogeneity exists between PRP separation systems with respect to
concentrations of platelets, leukocytes and growth factors, making comparisons
between studies difficult

e The choice for the most appropriate type of PRP should be based on the specific
clinical field of application

e Leukocyte-rich PRP seems to be more suitable for the treatment of chronic
tendinopathy

Does the application of platelet-rich plasma improve the outcome of NACD?

In chapter 6, the effectiveness of the use of PRP in patients with RCCT was investigated
in a double-blind randomized controlled trial comparing the adjuvant application of
PRP after NACD to conventional NACD with corticosteroids. It was concluded that
conventional NACD with corticosteroids remains the treatment of choice for patients
with RCCT as this provided an earlier effect on pain and function combined with less

complications in comparison to NACD with PRP.
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The early effect of conventional NACD is most probably the result of the injection of
corticosteroids. In the study in chapter 6, the rapid improvement of clinical scores at
the 6-week follow-up was followed by a worsening of clinical scores at the 3-month
follow-up, a pattern that is typical for corticosteroid injections[36-38]. After the
“wash-out period” of the corticosteroids (at the six-month follow-up), the patients
who received PRP after the NACD procedure showed a clinically relevant larger
decrease of pain and more improvement of shoulder function than the patients
who underwent conventional NACD with corticosteroids. One could argue whether
the superior results of PRP at the six-month follow-up are indeed the result of the
application of PRP or that these are the result of the “wash-out” of the effect of
corticosteroids. ldeally, a placebo-controlled trial should have been conducted
comparing NACD with corticosteroids to NACD with saline and NACD with PRP and,
even better, a control arm with a sham procedure. As for the latter, it has been shown
by others that the “power” of contextual confounders can be large, sometimes even
larger than the specific treatment effect of a treatment[39]. Whether the placebo
effect exists or not is no longer a question, only its effect size remains unknown
for most treatments. Some authors therefore advice to include a no-treatment
arm to define the placebo effect as such[40]. However, such a controlled four-, or
even five-arm study would make it a very complicated study. Besides, the addition
of corticosteroids does not seem to negatively affect the outcome of NACD. In
contrast, when compared to NACD with saline, NACD with corticosteroids showed
a significantly greater reduction of pain six weeks after the NACD procedure and a
significantly greater improvement of shoulder function three months after the NACD
procedure as concluded by Darrieutort-Laffite et al.[41]. It therefore seems likely
that the superior results of PRP at the six-month follow-up are indeed the result
of the application of PRP. During further follow-up, at one- and two-year, no more
differences between conventional NACD with corticosteroids and NACD with PRP
were found. As both treatments are equally effective in the long term, the short-term
results are decisive in which treatment is the most suitable. As we deem immediate
results (6 weeks) more important than 6-month results in the treatment of RCCT,
NACD with corticosteroids remains the treatment of choice for RCCT. The use of PRP
may be indicated for a more specific group of RCCT patients, such as patients with
persisting complaints after an initial conventional NACD with corticosteroids and
with risk factors for an increased chance for repeated NACD procedures, such as
Gartner and Heyer type 1 calcifications. This must, however, be further evaluated in
a new prospective study.

132



Summary, general discussion and future perspectives

Besides the clinical outcome, the need for additional treatment could be used to
evaluate the treatment effect. Chapter 6 showed that the use of PRP did result in
less additional treatment: secondary NACD procedure were less often required and
less patients eventually required surgery in patients who received PRP after the
NACD procedure. With regard to surgery, five patients underwent an arthroscopic
subacromial decompression and four patients underwent an arthroscopic distal
clavicle excision. The latter is interesting as one could debate whether the initial
diagnosis was correct in these cases. On the other hand, persistent complaints after
NACD are not uncommon. Furthermore, it is still unknown what the incidence is
of other shoulder pathology (e.g. (osteo)arthritis of the acromioclavicular joint)
is in patients with persisting shoulder complaints after NACD. The latter, the
origin of shoulder pathology in patients with persisting shoulder complaints after
NACD, should be the focus of future research. Additionally, it should be noted that
our clinical diagnosis is not accurate enough to differentiate between shoulder
conditions causing symptoms as has also been acknowledged earlier by de Witte et
al.[42,43]. The importance of this is also underscored by the fact that 36% of patients
in the study required a secondary NACD procedure because of persisting shoulder
complaints. Although in all patients who underwent a repeated NACD procedure no
radiographic signs of resorption of the calcific deposit were seen at three months,
which was the indication for the repeated NACD procedure, the pain in these patients
may be caused by a more complex mechanism than “just” the calcific deposit. Earlier
in this thesis it was concluded that multiple NACD procedures were associated with
less decrease of pain at one year after the NACD procedure. In the study in chapter
6 there was a significant difference in the need for a secondary NACD procedure
between groups (49% in the conventional NACD group vs. 24% in the NACD with
PRP group). Interestingly, a post-hoc analysis of the results of the study in chapter
6 shows that, irrespective of the treatment, patients that required multiple NACD
procedure had significantly less decrease of pain and significantly less improvement
of shoulder function and quality of life at one-year follow-up. Although, this did not
result in a significant difference of clinical scores between both groups at one-year
follow-up, it does further support the earlier finding that multiple NACD procedures
negatively affect the outcome of NACD. The difference in the need for secondary
NACD procedure between groups might be pure chance, since the study was not
powered to find differences in secondary procedures, but it could also possibly

be explained by the pro-inflammatory properties of PRP. The latter may enhance
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removal of residual calcium after aspiration or fragmentation of the calcific deposit
during the NACD procedure. This is supported by the post-hoc analysis finding
that the rate of total resorption of calcific deposits is higher in patients who received
PRP after NACD (84% vs. 66%). A confounder might be the difference in the post-
procedural pain by patients. In a post-hoc analysis, significantly more supplemental
pain medication was needed during the first week after the NACD procedure in the
PRP group. This might again be associated with the pro-inflammatory properties of
PRP which triggers a local inflammatory response increasing pain. The latter may
result in reluctance of having a secondary NACD procedure in patients in the NACD
with PRP group.

The pro-inflammatory properties of PRP are probably also related to the higher
complication rate in patients who received PRP after the NACD procedure: 12%
of the patients developed a frozen shoulder compared to none of the patients in
the conventional NACD group. Comparable findings have been demonstrated by
Schwitzguebel et al. who reported that 20% of patients who received PRP developed
a frozen shoulder in a study comparing the effects of infiltration of PRP and a placebo
in the treatment interstitial supraspinatus tears[44]. The development of a frozen
shoulder seems therefore a concern in the use of PRP in the treatment of chronic

rotator cuff tendinopathy.

Clinical implications

. In comparison with NACD with PRP, conventional NACD with corticosteroids results
in earlier improvement of pain and shoulder function

e NACD with PRP seems to reduce the need for secondary NACD procedures

. More frozen shoulders were seen after the use of PRP

Future perspectives

Elaborating on persistent complaints after NACD

In the second part of this thesis, prognostic factors for the outcome of NACD were
identified. Besides these prognostic factors for persistent complaints after NACD,
reasons why some patients develop persistent complaints after NACD, despite
resorption of the calcific deposit, is of interest. The persistent complaints may be
due to misinterpreted symptoms, physical examination and/or imaging studies, but
are more likely the result of a more complex inflammatory or degenerative entity
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than “just” the calcific deposit, whilst central sensitization as a cause for persisting

complaints should also be considered.

Future research focusing on the (concomitant) occurrence of other structural causes
for shoulder complaints after NACD, such as (partial) rotator cuff tears, biceps
tendinitis or (osteo)arthritis of the acromioclavicular joint, which will not respond
to NACD and thus effect the results of NACD, could perhaps explain persisting
complaints after NACD partly. However, our clinical diagnosis is not accurate enough
to differentiate between the origin of shoulder pathology as has been discussed
by our group[42,43]. As also discussed in these papers, relying on imaging as the
holy grail for the diagnosis in these shoulder patients is too simple. It is known that
certain imaging ‘abnormalities’ of the shoulder are also found in asymptomatic
patients. Acromioclavicular osteoarthritis for example, is found on MRI’s in over 80%
of asymptomatic patients[45]. Local injection of analgesics (marcainisation) might
help to further differentiate between possible causes of shoulder complaints, but
it is known that the effect of certain diagnostic (as well as therapeutic) modalities is
also largely dependent on contextual factors (i.e. the placebo effect), adding to the

complexity of the ultimate diagnosis[39].

Furthermore, the possibility of central sensitization as an explanation for the
“chronification” of shoulder pain should be considered. Central sensitization is defined
as “an amplification of neural signaling within the central nervous system that elicits
pain hypersensitivity”[46]. Research on the role of central sensitization in chronic
shoulder painis emerging butis stillinits infancy. However, previous studies concluded
that the involvement of the central nervous system is likely in a subgroup of patients
with shoulder pain and that it is likely that there is an association between persistent
tendon pain and sensitization of the nervous system[47,48]. Furthermore, premorbid
and acute stage high sensory sensitivity and/or somatization and low expectation of
recovery at the acute stage of pain are predictors for central sensitization in patients
with chronic musculoskeletal pain[49]. Interestingly, expectations of treatment
effect have been established as a key process behind the placebo effect[50].
All these factors add to the heterogeneity of the disease, making it challenging to
determine the exact cause of persisting complaints after NACD, but it also stresses
the importance of uniform large multicenter data collection and further research

investigating the role of central sensitization and contextual factors in this matter.
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The future of the treatment of rotator cuff calcific tendinitis

As also stated in chapter 6 of this thesis, future research is warranted to further
investigate whether PRP is indicated for a more specific type of patient, such
as patients who require repeated NACD procedures. More importantly, further
research should focus on the cost-effectiveness of all treatment modalities used for
RCCT, including the need for reinterventions as well as the burden to society (e.g.
sick-leave, extra medical care, etc.). Conservative therapies such as specific physical
therapy focused on training shoulder depressors combined with short duration of
non-steroidal anti-inflammatory drugs (NSAIDs) demonstrate good results in about
70% of patients and are therefore regarded as the first line of treatment in patients
with symptomatic RCCT[4,7,9-11]. It is debatable whether patients with persistent
complaints despite adequate conservative therapy should immediately be referred
for NACD or whether a subacromial injection with corticosteroids (SAl) should first
be given to these patients. Although previous studies comparing both treatments
concluded that NACD is associated with faster improvement and a lower number
of patients requiring additional treatment[18,51], SAl is less time consuming, can
immediately be performed during the consultation and might therefore be cheaper.
Cost-effectiveness analysis of both treatments in patients with RCCT has never been
performed but might alter the current opinion on the most suitable treatment for
patients with RCCT who are unresponsive to conservative treatment. Furthermore,
an analysis into predictors for successful SAl treatment is important to gain more
insight into which patients are most suitable for SAl treatment. More insights into
predictors for successful treatment for all the different treatment modalities for
RCCT could lead to a more individualized approach to the treatment of patients with
RCCT based on a patient’s specific clinical and radiological characteristics. This would
make the treatment of RCCT more efficient as well as more cost-effective.

Another frequently applied treatment for RCCT is extracorporeal shockwave therapy
(ESWT). Louwerens et al. recently showed that ESWT is equally effective as NACD in
improving function and pain[52]. NACD was, however, more effective in eliminating
the calcific deposit and less additional treatments were necessary in patients who
underwent NACD. Interestingly, larger size calcific deposits seem to be a negative
predictor for the outcome of ESWT whereas for the outcome of NACD it was found
that smaller size calcific deposits show inferior results[28]. NACD could therefore

be the treatment of choice for larger size calcific deposits, whereas EWST should
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be applied in patients with smaller size calcific deposits. Further research should
however investigate this hypothesis, as the difference might also be due to the
heterogeneity between patient groups labelled as RCCT, which again adds to the

need for more uniform large multicenter data collection[53].

Recommendations for future research

e Uniform data collection of RCCT patients, including objective physical examination
results, imaging data (x-ray and ultrasound) and pain sensitization scores

e  Analysis of the role of central sensitization and contextual factors in persisting
shoulder complaints after NACD

e  Cost-effectiveness analysis of all treatment modalities used for RCCT (shoulder
specific physical therapy, NSAIDs, subacromial injections, ESWT, conventional NACD
with corticosteroids, NACD with PRP)

e  (Creating an algorithm for the treatment of RCCT based on predictors for a good
outcome in order to individualize the treatment of RCCT
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Chapter 8

Schouderklachten zijn een van de meest voorkomende klachten van het
bewegingsapparaat. Tendinitis calcarea (vorming van kalk in een of meerdere pezen
rond het schoudergewricht) is een veel voorkomende oorzaak van schouderklachten.
De oorzaak van de formatie van deze verkalkingen is onduidelijk. Er zijn verschillende

hypothesen over zoals overbelasting of veroudering van de pees.

Tendinitis calcarea komt voornamelijk voor bij mensen tussen de 30 en 60 jaar en
1.5-2x vaker bij vrouwen. 10 tot 25% van de patiénten ontwikkelt de aandoening in

beide schouders.

Pijn is de meest voorkomende klacht bij tendinitis calcarea. Verder kunnen patiénten
verliesvanbeweeglijkheid enkrachtvandeschouderervaren. Het beloop vantendinitis
calcarea kan worden opgedeeld in 3 fasen: de formatie-, rust- en resorptiefase.
In de resorptiefase lost de calcificatie op wat vaak een lokale ontstekingsreactie
teweegbrengt die gepaard gaat met forse toename van schouderklachten die vaak
enkele weken aanhoudt.

Uiteindelijk zal de verkalking dus vanzelf oplossen. Dit natuurlijk beloop kan
echter jaren duren, daarom is behandeling van deze aandoening bij patiénten
met klachten vaak noodzakelijk. De eerste stap van de behandeling bestaat uit
fysiotherapie, ontstekingsremmende pijnstillers (NSAIDs) en eventueel een injectie
van een ontstekingsremmer (corticosteroid) in de slijmbeurs van de schouder. Deze
behandelingen zijn succesvol bij 70-90% van de patiénten. Bij patiénten die ondanks
deze behandelingen klachten blijven houden zijn meer invasieve behandelingen
nodig zoals barbotage of shockwave (hoogfrequente geluidsgolven). Bij een
barbotage wordt de kalk echografisch in beeld gebracht en vervolgens met een
holle naald aangeprikt en opgezogen. Na dit verwijderen van de kalk wordt een
ontstekingsremmer (corticosteroid) in de slijmbeurs gespoten. Vergelijkende studies
tussen beide behandelingen zijn er niet veel, maar de aanwezige studies laten zijn
dat barbotage waarschijnlijk effectiever is dan shockwave voor pijnverlichting en in

het herstellen van de schouderfunctie.

Ondanks dat barbotage de meest effectieve behandeling voor tendinitis calcarea lijkt
te zijn, laten de huidige onderzoeken naar de effectiviteit van barbotage zien dat
ongeveer 30% van de patiénten schouderklachten blijft houden na de barbotage.
Hierbij dient opgemerkt te worden dat deze onderzoeken vaak gedaan zijn onder
relatief kleine groepen patiénten. Verder is het onduidelijk of er bepaalde factoren zijn
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die die effectiviteit van barbotage positief dan wel negatief beinvloeden. Daarnaast is
er tot op heden weinig onderzoek gedaan naar andere behandelmogelijkheden voor
tendinitis calcarea. Een van die mogelijke andere behandelmogelijkheid is de injectie
van platelet-rich plasma (PRP). Dit is een geconcentreerde hoeveelheid bloedplaatjes
die wordt bereid uithetbloed van de patiént zelf. Theoretisch zou PRP gunstige effecten
hebben op het genezingsproces door de groeifactoren die bloedplaatjes bevatten.
Verschillende studies naar de effectiviteit van PRP hebben mogelijk gunstige effecten
van PRP laten zien voor aandoeningen als een tenniselleboog (epicondylitis lateralis)
of een ontstoken knieschijfpees (apexitis patellae of tendinitis van de patellapees).
Ook bij de niet-operatieve behandeling van gedeeltelijke scheuren van de pezen van
de schouder lijkt het gebruikt van PRP effectief te zijn. Het gebruik van PRP voor de
behandeling van tendinitis calcarea is tot dusver nog niet onderzocht.

Het doel van dit proefschrift is de effectiviteit van de behandeling van tendinitis
calcarea te onderzoeken en zodoende te optimaliseren. In verschillende onderzoeken
is de effectiviteit van barbotage onderzocht en is gekeken naar welke factoren
van invloed zijn op de afname van schouderklachten na barbotage. Daarnaast is
onderzocht of het injecteren van PRP na de barbotage leidt tot betere uitkomsten

(zowel op pijn als schouderfunctie) voor de patiént.

In hoofdstuk 2 van dit proefschrift worden de uitkomsten van een onderzoek naar de
effectiviteit van barbotage onder 431 patiénten met tendinitis calcarea beschreven.
Uit deze studie bleek dat na zes maanden 74% van de patiénten klachtenvrij is.
Verder toonde dit onderzoek aan dat de overgrote meerderheid van patiénten (84%)
na twee weken al een klinisch belangrijke afname van pijnklachten had. Barbotage
zorgt dus voor een snelle afname van klachten bij de meeste patiénten. Wel bleek uit
dit onderzoek dat een derde van de patiénten meerdere barbotages nodig had om
uiteindelijk klachtenvrij te zijn. Complicaties werden gezien bij 7% van de patiénten.
Drie patiénten ontwikkelden een bacteriéle slijmbeursontsteking, een serieuze
complicatie die behandeling met antibiotica en soms zelf een operatie tot gevolg
heeft.

In hoofdstuk 3 werd onderzocht welke factoren van invloed zijn op de effectiviteit
van barbotage. Uit dit onderzoek bleek dat patiénten die roken een bijna tweemaal
zo grote kans hebben op het niet slagen van de behandeling. Verder bleek dat

patiénten waarbij de calcificatie op de rontgenfoto een hoge dichtheid had en scherp
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begrenst is vaker een tweede barbotage nodig hebben. Het onderzoek in hoofdstuk 3
is een retrospectieve studie. Dit betekent dat de gegevens waarvan gebruik gemaakt
is, in het verleden zijn verzameld, waardoor dus alleen de factoren waar “toevallig”
informatie over beschikbaar is, onderzocht kunnen worden. Om meer inzicht te
krijgen in alle mogelijke factoren waarvan wij denken dat ze relevant zijn voor de
uitkomst van barbotage, hebben wij in hoofdstuk 4 een prospectief onderzoek
gedaan naar de uitkomst van barbotage en naar welke factoren van invloed zijn op de
uitkomst. Uit dit onderzoek bleek dat een jaar na de barbotage ongeveer twee derde
van de patiénten een klinisch belangrijke afname van pijnklachten en toename van
schouderfunctie heeft. De grootste afname van pijn en toename van schouderfunctie
werd gezien in de eerste drie maanden na de barbotage. Een snelle afname van
klachten na barbotage bleek tevens de belangrijkste voorspeller te zijn voor een
goed resultaat van de barbotage. Verder bleek dat patiénten met een langere duur
van klachten voorafgaand aan de barbotage en patiénten die meerdere barbotages
nodig hadden een grotere kans hebben op een slechtere uitkomst. Ook toonde deze
studie aan dat patiénten met kleinere verkalkingen een grotere kans hebben op een
slechtere uitkomst. Een mogelijke verklaring hiervoor is dat de schouderklachten
bij deze patiénten niet veroorzaakt worden door de verkalking, maar door een
andere aandoening. Het is namelijk bekend dat kleine verkalkingen ook bij mensen
zonder schouderklachten aanwezig kunnen zijn, deze kleine verkalkingen hoeven
dus niet altijd klachten te geven. Het is daarom zinvol om bij patiénten met kleinere
verkalkingen ook altijd te zoeken naar een andere verklaring voor de schouderklachten

om zo te voorkomen dat patiénten de verkeerde behandeling krijgen.

Vervolgens is in hoofdstuk 5 en 6 onderzocht of het gebruik van PRP bij de barbotage
bij kan dragen aan een beter resultaat van de barbotage. Er zijn veel verschillende
firma’s die apparatuur leveren voor de bereiding van PRP. Doordat de methode
waarop PRP geproduceerd wordt verschilt tussen deze firma’s, kunnen er ook
verschillen in de samenstelling van de PRP ontstaan. Deze verschillen hebben met
name betrekking op de concentratie van bloedplaatjes en witte bloedcellen in
PRP. Om inzichtelijk te krijgen wat de verschillen in samenstelling van PRP tussen
de fabrikanten precies zijn, is in hoofdstuk 5 een literatuurstudie gedaan waarin
alle beschikbare onderzoeken hierover beoordeeld zijn. Deze literatuurstudie
toonde aan dat er grote verschillen zijn in de concentratie bloedplaatjes en witte

bloedcellen tussen de PRP van de verschillende fabrikanten maar dat de concentratie
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bloedplaatjes en witte bloedcellen wel betrouwbaar is per fabrikant. Dit in
tegenstelling tot de concentratie groeifactoren, die laat zowel tussen de verschillende
fabrikanten grote verschillen zien maar ook tussen verschillende onderzoeken over
dezelfde fabrikant. De verschillende soorten PRP kunnen grofweg worden ingedeeld
in PRP met veel of weinig bloedplaatjes en PRP met veel of weinig witte bloedcellen.
De ideale concentratie van bloedplaatjes in PRP is nog onbekend. Over de ideale
concentratie witte bloedcellen is meer bekend en deze lijkt af te hangen van het
specifieke toepassingsgebied. Zo lijkt PRP met weinig witte bloedcellen geschikter
voor het gebruik in gewrichten en lijkt PRP met witte bloedcellen geschikter voor het

gebruik bij peesaandoeningen zoals dus bijvoorbeeld tendinitis calcarea.

In hoofdstuk 6 van dit proefschrift is onderzocht of het gebruik van PRP bij de
barbotage daadwerkelijk tot beter resultaten leidt. In een zogenaamde dubbelblind
gerandomiseerde gecontroleerde trial (RCT) is onderzocht of het toevoegen van PRP
rond de aangedane pees na de barbotage effectiever is dan de gebruikelijke barbotage
waarbij na de barbotage corticosteroiden in de slijmbeurs worden geinjecteerd. Een
dubbelblinde RCT houdt in dat het lot bepaalt welke behandeling patiénten krijgen.
Het dubbelblinde karakter van de studie betekent dat noch de onderzoeker, noch de
patiént gedurende de duur van het onderzoek weet welke behandeling is gegeven.
Uit dit onderzoek bleek dat de gebruikelijk barbotage met corticosteroiden sneller
verlichting van pijn en verbetering van de functie van de schouder geeft. Daarnaast
is de kans op complicaties ook kleiner bij de barbotage met corticosteroiden, met
name frozen shoulders (stijve schouder) kwamen minder vaak voor in deze groep.
Het gebruik van PRP na barbotage leek wel de kans op het nodig zijn van meerdere
behandelingen te verkleinen. Uiteindelijk was de conclusie dat, op basis van onze
data, barbotage met corticosteroiden de behandeling van keus moet blijven voor

patiénten met tendinitis calcarea van de rotator cuff.

Met het oog op toekomstig onderzoek stelt dit proefschrift dat verder onderzoek
nodig is om te analyseren wat de reden van aanhoudende klachten na barbotage is.
Dit kan een structurele anatomische oorzaak hebben, zoals bijvoorbeeld een scheur
van een van de pezen van de rotatormanchet van de schouder of slijtage van het
gewricht tussen het sleutelbeen en het acromion (bot dat het “dak” van de schouder
vormt), de zogeheten AC-artrose, of een samenspel van deze factoren. Anderzijds
zouden deze klachten ook het gevolg kunnen zijn van centrale pijnsensitisatie (CS),
waardoor andere beweegpatronen ontstaan, met secundair overbelasting en dus
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pijn, waardoor een vicieuze cirkel ontstaat voor de patiént. Centrale sensitisatie kan
worden gedefinieerd als een versterkt pijnsignaal binnen het centrale zenuwstelsel,
terwijl er geen sprake meer is van een lichamelijke oorzaak van de pijnklachten.
Met andere woorden, het pijnsysteem is overgevoelig geworden. Er zijn al een
aantal onderzoeken gedaan naar de rol van CS bij schouderklachten maar het is
nog onbekend of dit ook een rol speelt bij aanhoudende klachten bij patiénten met

tendinitis calcarea.

Uiteindelijk is voor alle diagnostiek en behandeling doelmatigheid evaluatie nodig,
niet alleen voor wat betreft het effect voor de patiént, maar ook een kosteneffectiviteit
analyse voor de verschillende patiéntgroepen. Het systematisch analyseren
volgens de IDEAL-principes is dan een voorwaarde: Idea development, exploration,
assessment, long-term follow-up. Dit geldt ook voor de evaluatie van de behandeling
van tendinitis calcarea. Ook deze zal zich moeten richten op de effectiviteit en
kosteneffectiviteit van alle mogelijke behandelingen. Als uiteindelijk bekend is welke
behandelingen het meest geschikt zijn voor de specifieke patiéntencategorieén, kan

de behandeling van patiénten met tendinitis calcarea geindividualiseerd worden.
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