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Introduction

The rotator cuff consists of muscles and tendons that 
surround the top of the humerus providing support and a 
wide range of motion. Tendinopathy of the rotator cuff 
is the most common cause of shoulder pain in adults [1] 

and can lead to a significant reduction in quality of life. 
Common symptoms include stiffness, dyskinesis, pain 
and weakness experienced during external rotation and 
elevation [2] which can cause considerable discomfort 
during simple daily tasks.

Subacromial corticosteroid injections are a common 
treatment for patients with rotator cuff tendinopathy, al-
though some controversy remains as to how effective 
they are in the long term. Previous studies have report-
ed small, short-term improvements with corticosteroid 
treatment of shoulder impingement [3,4]. However, other 
trials have demonstrated a lack of long-term efficacy for 
corticosteroid injections [5,6]. A systematic review in-
vestigating the efficacy of corticosteroid injections in the 
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(betamethasone) injections in chronic supraspinatus tendinopathy patients. Material and methods: Thirty-two patients with 
chronic supraspinatus tendinopathy were enrolled in the study. The ACS group received four ACS injections once weekly over 
four weeks and the glucocorticoid group received three betamethasone injections once weekly over three weeks with a placebo 
(saline) injection at week 4 into the enthesis and paratenon of the supraspinatus tendon. Study endpoints were pain intensity 
(VAS) and Constant Shoulder Score (CSS) assessed at weeks 0, 4 and 24. Results: Shoulder pain intensity improved after 4 
weeks and significantly improved after 24 weeks in patients treated with ACS compared with those treated with glucocorti-
coids (pain intensity week 4: ACS=22.0, glucocorticoid=32.0; week 24: ACS=15.0, glucocorticoid=40.0). CSS improved to a 
similar extent in both groups after 4 weeks. After 24 weeks, ACS patients exhibited significantly greater CSS improvements 
than glucocorticoid patients. Adverse events (n=8) were reported in betamethasone patients. Conclusions: Compared with 
betamethasone, ACS therapy improved joint function and reduced shoulder pain more effectively after 4 weeks of treatment; 
these improvements were sustained to week 24. Combined with its favorable safety profile, ACS appears to be a more effective 
treatment than glucocorticoids and could enhance the quality of life in patients with chronic rotator cuff tendinopathy.

Keywords: autologous conditioned serum; betamethasone; chronic supraspinatus tendinopathy



2 Nemanja Damjanov et al The efficacy and safety of autologous conditioned serum (ACS) injections

treatment of rotator cuff pathologies found little or no ev-
idence to support the use of this treatment modality [6].

Autologous conditioned serum (ACS; marketed as 
Orthokine®) is an autologous blood product used for 
the treatment of joint osteoarthritis, spinal radiculopa-
thy, tendon and muscle injuries [7]. ACS has also shown 
promising results in animal studies. In a placebo-con-
trolled study, horses with naturally occurring tendinopa-
thies were given a single injection of ACS and in the 
ACS-treated limbs, the lameness decreased significantly 
up to day 10 of the treatment [8]. Similarly, in a study 
evaluating the effects of ACS on rats with sutured Achil-
les tendons, tendons exposed to ACS were thicker, had 
more type I collagen and an accelerated recovery of ten-
don stiffness [9].

ACS is derived solely from patient’s blood, and, as it 
is cell-free, differs fundamentally from the alternative au-
tologous blood therapy, platelet-rich plasma (PRP) [10]. 
ACS is produced by incubation of venous whole blood 
at physiological temperature (approximately 37°C). This 
induces production of anti-inflammatory cytokines [7], 
including interleukin-1 receptor antagonist (IL-1-Ra), 
which is an important mediator of inflammation and tis-
sue destruction in musculoskeletal conditions [11]. The 
cell-free supernatant, which contains these cytokines, is 
then extracted from the coagulated blood using centrif-
ugation and re-injected into the affected tissue through 
a sterile filter. ACS has shown efficacy for treatment of 
knee and hip osteoarthritis (OA) in randomized con-
trolled trials [12-14], as well as lumbar radicular com-
pression [15] and muscular injuries [16].

Due to the avascular nature of tendons, their regen-
erative ability is limited [17]. There is some clinical evi-
dence to suggest that by re-vascularizing the pathological 
area, recovery of the tendon can occur more readily [18]. 
Injection of orthobiologics, such as ACS and PRP, may 
help to achieve this process, and these treatments have 
subsequently been shown to aid tendon repair [8,9,19-
23]. Growth factors and cytokines, thought to stimulate 
the healing of soft tissue, are released upon platelet acti-
vation in situ after PRP injection. In a recent study com-
paring the efficacy of PRP and cortisone injections, PRP 
was found to be more effective after 12 weeks of treat-
ment [24], although no statistical differences between the 
two treatments were observed after 6 months. In contrast, 
steroid injections were found to be more effective than 
PRP injections in the short (6 weeks) and long-term (6 
months) treatment of subacromial impingement syn-
drome in a study of 60 patients [25].

Although animal studies have shown ACS to be ef-
fective in the treatment of tendinopathies, no current data 
are available detailing the effect of ACS tendinopathy 

treatment in humans. This is the first study to investigate 
the clinical application of ACS in patients with shoul-
der tendinopathy, a condition which is associated with 
chronic pain. Here, we compared the efficacy and safety 
of ACS with corticosteroid (betamethasone) injections 
for treatment of supraspinatus tendinopathy.

Material and methods

Study design
This prospective, randomized, double-blind, con-

trolled study was conducted at the Institute of Rheuma-
tology of Belgrade University over a 24-week period. At 
week 0, patients were randomized 1:1; the ACS group 
received four ACS injections once weekly over four 
weeks and the glucocorticoid group received three beta-
methasone injections once weekly over three weeks with 
a placebo (saline) injection at week 4 into the enthesis 
and paratenon of the supraspinatus tendon (fig 1).

Patients
To participate in the study, patients with supraspi-

natus tendinopathy were required to be ≥18 years old. 
The main inclusion criterion for the study was a shoul-
der pain visual analog score (VAS) of ≥50 mm, without 
any history of previous trauma. Additionally, all patients 
must have experienced shoulder pain for ≥6 weeks, and 
not have received any treatment in the 2 weeks prior to 
study commencement, regardless of previous analgesic 
and physical therapy. In cases of acute shoulder pain, pa-
tients were permitted to take 500 mg paracetamol every 4 
hours when required. Patients were excluded if they had 
received any local glucocorticoid injections in the shoul-
der ≥24 weeks before study commencement. Patients 

Fig 1. Study design. * One injection per week; # Number of 
patients enrolled in the study. ACS: autologous conditioned 
serum; Inj: injection; PBO: placebo; Wk: week. Patients rand-
omized to the ACS group received 4x2 ml serum injections (1 
per week). Patients randomized to the glucocorticoid group re-
ceived 3x7 mg injections (1 per week) betamethasone followed 
by 1 injection of saline (PBO) at week 4. No treatment was 
administered after week 4 and patients completed a follow-up 
visit at week 24.
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with contraindications for glucocorticoid treatment (dia-
betes mellitus, arterial hypertension, peptic ulcer, history 
of gastrointestinal bleeding) were also excluded from the 
study. Other exclusion criteria included inflammatory, 
rheumatic diseases, autoimmune, metabolic diseases and 
severe forms of acute or chronic diseases of other organ 
systems (infections and malignancies included). 

All participants that fulfilled the inclusion crite-
ria listed above received a diagnostic ultrasound of the 
shoulder to rule out any pathology that would exclude 
them from participation. Scanning was conducted at 
an appropriate temperature with the shoulder joint sup-
ported in a relaxed position. Only patients with ultra-
sonography indicative of supraspinatus tendinopathy 
were included, with or without signs of calcifications, 
enthesophytes and cortical bone abnormalities (erosions 
and/or osteophytes). Patients with supraspinatus tendon 
tears (partial or complete) or impingement, as indicated 
by ultrasonography, were excluded from the study. Pa-
tients with any other conditions that had the potential to 
jeopardize the study objective or violate study protocol 
were also excluded. 

The study was approved by the local health authority 
and all patients provided informed consent in line with 
the Helsinki Declaration.

Study procedures and assessments
Venous blood samples were taken from each patient 

using an EOT®II syringe [26] and incubated for 7 hours 
at 37°C. The samples were then centrifuged (3000 x g) 
for 10 minutes before the serum was extracted. Injection 
of the ACS serum (2 ml per injection) or betamethasone/
placebo was administered under the control of sonogra-
phy [27-31] (half of the dose into the entheses and the 
other half into the paratenon of the supraspinatus ten-
don; fig 2). This was conducted by one sonographer and 
patients were blinded to which treatment they received. 
An independent rheumatologist, who was also blinded to 
treatment, examined patients at each visit.

In order to assess the efficacy of ACS treatment 
compared with betamethasone/placebo, shoulder pain 
and joint function were measured at weeks 0, 4 and 24. 
Shoulder pain was assessed using a visual analog scale 
(VAS), where a score of 0 indicated no pain, and a score 
of 100 indicated the most severe pain. Shoulder joint 
function was measured using the Constant Shoulder 
Score (CSS), which utilizes a 0-100 mm scale; a score 
of <11 was classed as Excellent, 11-20 is Good, 21-30 is 
Fair and >30 is Poor [32].

The safety profiles of ACS and betamethasone/place-
bo over 24 weeks was investigated through the analysis 
of adverse events (AEs) at each study visit. Safety as-
sessments were conducted using the Safety Set, which 

consisted of all patients who received ≥1 dose of ACS or 
betamethasone. All AEs are reported here.

Statistical analysis
In this study, the data of continuous variables were 

expressed as mean±standard deviation (SD) or median 
(minimum-maximum), whereas categorical variables 
were presented using frequency counts (n, %). Kolmog-
orov-Smirnov and Shapiro-Wilk tests were used to ana-
lyze distribution, as well as graphical methods.

Differences in investigated parameters were assessed 
using the Student’s T test for continuous data with nor-
mal distributions. For continuous data with non-normal 
distribution variables, Mann-Whitney rank sum tests and 
Friedman and Wilcoxon signed rank tests were carried 
out. Spearman’s method was used to analyze correlation. 
P-values of 0.05 or below were considered to be statis-
tically significant. Statistical analyses were performed 
using the SPSS 17.0 software (SPSS Inc., Chicago, IL, 
USA).

Results

Patient disposition and baseline characteristics
A group of 32 patients (21 women and 11 men) was 

enrolled in the study: 16 patients were randomized to 
ACS and 16 patients to glucocorticoid and placebo. A 
total of 8 women and 8 men were assigned to the ACS 
group, whilst 13 women and 3 men were assigned to the 
glucocorticoid group. Full baseline demographics are 
given in Table I. There was no statistically significant dif-
ference in age and gender distribution between patients 
treated with ACS and those treated with glucocorticoids 
(betamethasone) and placebo (p>0.05). During the study, 
one male patient from the ACS group withdrew informed 
consent before treatment and was not included in the fi-

Fig 2. Ultrasound image showing injection of ACS into the 
supraspinatus tendon. *ACS (2 ml per injection) was injected 
into the paratenon (fibrous sheath of the supraspinatus tendon); 
AC: acromion; DM: deltoid muscle; HH: humeral head; SST: 
supraspinatus tendon.
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nal analysis. One patient in the glucocorticoid and pla-
cebo group was lost to follow up at week 24.

Efficacy data
At baseline, the ACS and glucocorticoid/placebo 

groups exhibited similar levels of pain intensity (fig 3; 

p=0.896). Comparison between the ACS and glucocor-
ticoid groups after 4 weeks demonstrated no significant 
differences in pain intensity reduction between treatment 
options (p=0.142).

The ACS group displayed significantly lower median 
pain intensity scores at week 4 (22.0), which improved to 
week 24 (15.0), compared with baseline values (p=0.001 
for both). 

Similarly, the glucocorticoid/placebo group exhibited 
a significantly lower median intensity score than baseline 
at week 4 (32.0; p=0.001), but with an increase in VAS 
score to week 24 (40.0; p=0.850). After 24 weeks of fol-
low up, the ACS group exhibited a significantly better 
reduction in pain compared to the glucocorticoid/placebo 
group (p=0.002).

Similar levels of shoulder joint function were exhib-
ited by the ACS and glucocorticoid/placebo groups at 
baseline (fig 4; p=0.235; Fisher’s Exact Test χ2=3,265). 

After 4 weeks of treatment, a significant improve-
ment in shoulder function (CSS) was observed in pa-
tients treated with ACS injections (p=0.028, Friedman 
and Wilcoxon signed ranks χ2=20,440). Similarly, pa-
tients in the glucocorticoid/placebo group showed sig-
nificant improvement to week 4 (p=0.014). When the 
two treatment options were compared at week 4, CSS 
was similarly improved (p=0.779; Fisher’s Exact Test 
χ2=1,432).

At week 24, the ACS group exhibited significantly 
greater improvements in CSS compared with the gluco-
corticoid/placebo group (p=0.001, Fisher’s Exact Test 
χ2=14,059). Contrastingly, CSS results in the glucocor-
ticoid/placebo group were less improved. Despite this, 
significant improvements in the CSS of the glucocorti-
coid/placebo group were observed at week 24 in com-
parison with week 0 (p=0.023). However, deterioration 
in function, measured by CSS, was observed in the glu-
cocorticoid/placebo group between week 4 and week 24 
(p=0.539). 

Safety data
Analysis of safety data revealed that 8 transient ad-

verse events (AEs) were reported in three patients within 

Table I. Baseline demographics and disease characteristics

 Characteristic Glucocorticoid 
n=16

ACS
n=15

Mean age, years (SD) 64.87 (11.8) 59.00 (15.1)
Female, n (%) 13 (81.0) 8 (53.0)
VAS 0-100 mm, median 
(min,max)

65 (50,100) 70 (50,90)

CSS, n (%)
Poor 14 (87.5) 13 (86.7)
Fair 2 (12.5) 0
Good 0 0
Excellent 0 2 (13.3)

Full analysis set. n: number of patients; CSS: Constant shoulder 
score; VAS: visual analog scale.

Table II. Summary of adverse events.

Glucocorticoid 
n=16

ACS
n=15

Any AE (n) 8 0
Arterial hypertension 2 0
Facial erythema 2 0
Facies lunata 1 0
Headache 3 0

n: number of patients; AE: adverse event.

Fig 3. Shoulder pain (VAS) data at weeks 0, 4 and 24. ** High-
ly significant: p=0.002. VAS: visual analog scale for pain. Me-
dian values depicted. Error bars denote minimum and maxi-
mum values.

Fig 4. Shoulder function (CSS) data at weeks 0, 4 and 24 of 
ACS and glucocorticoid-treated patients. ** Highly significant: 
p<0.002. Full analysis set. CSS: Constant shoulder score. GC: 
glucocorticoid. CSS scores: <11 is Excellent, 11-20 is Good, 
21-30 is Fair and >30 is Poor.
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the glucocorticoid/placebo group. These were listed as 
headache, arterial hypertension, facial erythema and fa-
cies lunata. No AEs were reported in the ACS group dur-
ing the 24-week follow up period (Table II.). No serious 
AEs were reported in either treatment group.

Discussions

This study aimed to assess the efficacy and safety of 
ACS therapy in patients with supraspinatus tendinopathy 
associated with chronic pain and function lost during a 
24-week period, compared with glucocorticoid/placebo 
treatment. It was concluded that ACS therapy is more 
efficacious when compared with betamethasone injec-
tions, although significant improvements were observed 
in both groups after 4 weeks of treatment. Intensity of 
pain in the shoulder (VAS) and shoulder function (CSS) 
improved further after 4 weeks and significantly more af-
ter 24 weeks of ACS treatment, compared with glucocor-
ticoid/placebo treatment. Interestingly, 2 patients in the 
ACS group reported CSS results categorized as ‘Excel-
lent’ at baseline, despite exhibiting pain scores ≥50mm. 
One possible explanation could be that, prior to suffering 
with supraspinatus tendinopathy, these two patients ex-
hibited a higher than average range of shoulder motion. 
Onset of tendinopathy may, therefore, have reduced this 
range of motion, but not sufficiently to increase the CSS 
score above the ‘Excellent’ threshold.

The efficacy results of this trial are in agreement 
with previous studies, which observed a lack of long-
term efficacy for corticosteroid treatment [6,33,34]. 
One trial (n=164) found that local corticosteroid injec-
tions in patients with lateral epicondylitis reduced pain 
more effectively than naproxen after 4 weeks. However, 
12-month results suggested that the corticosteroid in-
jections did not influence long-term outcomes [35]. A 
systematic review found that treatment with corticos-
teroids demonstrated statistically significant improve-
ments in pain, global improvement and grip strength in 
patients suffering with lateral epicondylitis, compared 
with placebo [36]. However, no beneficial effects were 
reported in intermediate or long-term follow-up. In con-
trast, a recent study found that patients with subacromial 
impingement syndrome, who had been treated with a 
single steroid injection, exhibited considerable im-
provements in VAS and CSS scores after 6 months and 
showed significantly better improvements than patients 
treated with PRP [25].

The 8 AEs that were observed in our study were 
present in the betamethasone group, whereas none were 
reported in the ACS group; no serious AEs occurred 
in either study group. This suggests that ACS has a 

more favorable safety profile than corticosteroids and 
is in agreement with previous studies, which reported 
no AEs in ACS-treated patients [14,16]. In a prospec-
tive, observational trial investigating the effects of ACS 
therapy in knee osteoarthritis patients, no serious side 
effects were observed [37]. Similarly, in the German 
Orthokine Osteoarthritis Trial (GOAT) RCT, which 
compared ACS, hyaluronan and placebo in 376 knee 
osteoarthritis patients, no serious side effects were ob-
served over 2 years [13].

It is evident from this investigation and previous 
studies [33,38,39] that corticosteroid injections can sig-
nificantly reduce pain in the short-term. However, such 
therapies should be considered with caution. Corticos-
teroid application can result in the weakening of the 
injected tendon, which in turn increases the likelihood 
of rupturing [40,41]. This issue, combined with the con-
cerns associated with surgical intervention (high failure 
rates in patients >65 years of age [42], increased risk and 
longer hospital stays), highlights the importance of or-
thobiologics, such as ACS, in the future of tendinopathy 
treatment.

This study is not without limitations: only a small 
number of patients was analyzed and no placebo control 
group was used. In addition, if a patient experienced a 
reduction in pain, they may have been more likely to 
resume previous physical activities, which in turn could 
lead to further tissue damage. This factor could not be 
controlled in this study and could lead to misreporting 
of results, although the overall effect of this is likely 
to be small since pain reduction was reported in both 
groups. 

In conclusion, injection of ACS in patients with 
chronic pain caused by supraspinatus tendinopathy has 
an excellent safety profile and exhibits larger improve-
ments in shoulder pain and function than glucocorticoid 
injections over a 24-week period. These results suggest 
that ACS represents an effective and well-tolerated al-
ternative to current therapies and has the potential to be-
come a more established treatment option in both rotator 
cuff and other tendinopathies.
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