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Objective The aim of the study was to compare the effects of single intra-articular platelet-rich plasma (PRP) and
corticosteroid (CS) injections in patients with adhesive capsulitis of the shoulder.
Design Patients aged 18–70 yrs of either sex, diagnosed with adhesive capsulitis of shoulder, with less than 6-mo
duration, were included. In intra-articular corticosteroid (IA-CS, control) group, 30 patients received a single
injection (4 ml) of IA-CS and in IA-PRP (test) group, 30 patients received single IA-PRP injection (4 ml) into the
glenohumeral joint under ultrasound guidance. All patients were prospectively followed for 12 wks.
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Results Twenty-eight patients in IA-PRP group and 27 in IA-CS group finished the entire 12-wk study period. At 12
wks, decrements in visual analog scale and total shoulder pain and disability index scores, in IA-PRP group, were
58.4 and 55.1, compared with 48.7 and 45.8 in IA-CS group. In range of movement, IA-PRP group showed
significant improvement in passive abduction (−50.4 vs. −39.4), internal (−36.8 vs. −25.8), and external rotations
(−35.4 vs. −25.9) compared with IA-CS group, respectively. No major complications were observed in any patients.
Conclusions At 12-wk follow-up, a single dose of IA-PRP injection was found to be more effective than an IA-CS
injection, in terms of improving pain, disability, and shoulder range of movement in patients with adhesive
capsulitis of the shoulder.
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Supplemental Digital Content
Adhesive capsulitis (AC) is one of the common causes of shoulder pain and disability in the upper extremity. It
affects the functions of glenohumeral (GH) joint, limiting both active and passive movements of the shoulder.1
Limitation of passive range of movements (ROMs) of the shoulder, particularly external rotation, has remained
pivotal to the clinical diagnosis of AC. The incidence of AC is 2%–5% in the general population, whereas prevalence
among diabetic patients is up to 20%.1
The goals of treatment of AC are to relieve pain, restore movement, and ultimately regain shoulder function.1 Intraarticular corticosteroid (IA-CS) injection still remains one of the most common procedures for treating AC because
of its cost-effectiveness and acceptance among patients.1,2 Studies have shown that CS into the shoulder joint
provides symptomatic relief and limits the development of capsular fibrosis.1,2 However, CS injection has been
found, associated with hyperglycemia, detrimental effects on articular cartilage, increased risk of tendon rupture,
local skin depigmentation, and atrophy of subcutaneous tissue.3 The American Diabetes Association, American
College of Sports Medicine, American Academy of Orthopaedic Surgeons, and American Medical Society for Sports
Medicine have made no recommendations regarding CS injections in patients with diabetes mellitus (DM).3
Considering the possible side effects of CS injections, it is important for both physicians and patients to know to
develop the most appropriate treatment plan for patients with AC, who are contraindicated to CS injection or who
are not willing for CS injection.
Recently, new evidence has emerged on the effectiveness of platelet-rich plasma (PRP) injection in the treatment of
chronic tendon and muscle injuries, tendinopathies, osteoarthritis etc.4–11 In PRP therapy, autologous “platelets,”
obtained by whole-blood centrifugation, are concentrated and then reinjected into the affected joint. Studies have
suggested that injection with PRP is safe and it has antinociceptive, anti-inflammatory, and regenerative properties.
Platelet-rich plasma could stimulate the healing process of tissues with chronic injuries and relieve pain and
stiffness of the joints.5–8,10,11 However, its evidence of effectiveness in patients with AC is limited.
The objective of this study was to compare the effects of a single IA-PRP injection with a conventional single IA-CS
injection, in conjunction with a supervised exercise program, on pain and shoulder functions in patients with AC.
The human body has a remarkable ability to heal itself; hence, we hypothesize that reinjecting concentrated platelets
will reduce the inflammation of the synovium and facilitate the natural healing process of the joint capsule, which
ultimately will provide a better improvement in pain and stiffness of the shoulder joint, compared with IA-CS
injection, in patients with AC.

METHODS
Participants
Participants were outpatients at a rehabilitation clinic of a tertiary care teaching hospital, India, who were diagnosed
as having primary AC between February 2017 and February 2018. All patients underwent a standardized history,
physical examination, radiological, and ultrasonography evaluation. Active and passive ROMs, painful
arc/impingement test, resisted test, and strength of muscles were assessed in both arms.
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Inclusion criteria were patients with AC with duration of symptoms less than 6 mos, who had a normative
radiograph finding of the affected shoulder, and moderate to severe pain (visual analog scale [VAS] score ≥ 50) and
limitation of both active and passive movements of the GH joint of 25% or more in 2 or more directions (abduction,
flexion, external rotation, internal rotation), as compared with the contralateral shoulder, and were aged 18–70 yrs.
If bilateral shoulders were involved and qualify for inclusion, only the dominant arm was considered for
intervention. Patients with secondary AC (secondary to inflammatory joint disease, structural/functional limitations
in the shoulder joint from any other preexisting musculoskeletal pathology or neurologic disorder), with anemia
(hemoglobin level <9 g/dl), uncontrolled DM, poor cognitive status, who were unable to follow exercise program,
and patients who had previously undergone any IA injection/invasive procedure/surgery in the shoulder joints were
excluded from the study.
The study was approved by the institutional review board and all patients provided written informed consent. This
study conformed to all STROBE guidelines and reports the required information accordingly (see Supplemental
Checklist, Supplemental Digital Content 1, http://links.lww.com.ezproxy.library.ubc.ca/PHM/A739).

Study Design
This is a prospective cohort study. A schematic diagram of the study is shown in Figure 1. After obtaining informed
consent, 60 patients with AC were recruited in the present study. In control group (IA-CS group), 30 patients
received a single injection (4 ml) of CS injection, and in the test group (IA-PRP group), 30 patients received a single
IA-PRP injection (4 ml) into the GH joint. Patients with DM or with a history of CS side effects received PRP and
other patients received CS injection. Two milliliter (40 mg) of methyl prednisolone acetate was mixed with 2 ml 2%
lignocaine (total 4 ml) to prepare 4 ml of CS injection. The patients in the test group were matched with the control
group depending on the duration of the disease.

FIGURE 1
The PRP was prepared by the single centrifugation technique4,12,13 using bench top centrifuge System (Eppendorf
AG Centrifuge 5702), in accordance with standard operating procedure. Twenty-four milliliter of venous blood was
drawn from the patient's uninvolved arm with an 18-gauge needled syringe, with a single puncture, atraumatically to
minimize tissue damage and platelet activation, during blood sampling. The blood sample was then equally divided
into two specially designed disposable bio-kit tubes (Plasmamed PRP Kit) of 12 ml capacity each, containing
anticoagulant citrate dextrose-A of 1.5 ml to prevent the coagulation cascade. A peripheral complete blood count was
also obtained at the time of initial blood draw, by the automated cell counter (Sysmex XP-100) from the left out
blood sample. The two PRP kit tubes were made up and down three times to mix the blood with the anticoagulant.
The tubes were then centrifuged for 14 mins at 1800 rpm, and approximately 5 ml (2.5 ml in each tube) of PRP was
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obtained from the two tubes. Of this, 4 ml of PRP, without adding any buffering or activating agent, was aspirated
aseptically from the two tubes by the spinal needle in a class IIA biosafety cabinet (Waiometra; Associated Scientific
Technologies) for injecting the patient. The rest of 1-ml PRP was sent for analysis of platelet count by automated cell
counter. Total platelet count was measured from the final PRP product, and it was also compared with the initial
platelet count taken from the whole-blood sample. All procedures were performed under sterile conditions. Within
30 mins of preparation, PRP injection was given to the patients. The whole procedure of preparation of PRP was
done in the Laboratory of Department of Transfusion Medicine and Blood Bank under the guidance of Transfusion
Medicine Physician.

Intervention
All the injections were performed by an experienced physiatrist (lead author) with ultrasound equipment SonoSite
M-Turbo, using a 13- to 6-MHz linear array transducer. For IA injection into GH joint, the posterior approach was
followed for both intervention groups.14,15 The patients were seated on a chair, in an upright position with their
hands positioned on their thighs. A 23-gauge, 7-cm-long needle was inserted parallel to the ultrasound probe in a
semioblique plane until the tip of the needle entered the GH joint (Fig. 2). The expansion of the articular capsule was
checked while the fluid (PRP or CS) was being injected. All injections, IA-PRP and IA-CS, were given in proper
aseptic condition, in operation theater. The patients were instructed to rest from overhead activity and rotary
movements of the shoulder during the first 2 days. Once the procedure was over, patients were handed over picture
leaflets and proper instructions were given about the home exercise program for increasing ROM, including
Codman, pendulum exercises, posterior and inferior shoulder stretching exercises, scapular stabilization exercises,
and a wall-climbing exercise. The exercises were to be started 2 days after injection and to be performed two times a
day lasting 20 mins each time.

FIGURE 2
During the observational period of 12 wks, nonsteroidal anti-inflammatory drugs were not allowed. However,
patients were allowed to take oral acetaminophen (1 g) tablets for severe pain or discomfort, if required, up to
maximum 3 g/d. All patients were asked to stop medications 48 hrs before follow-up assessment. The patients were
strictly advised to maintain records of receiving tablets and an exercise notebook to track their exercise frequency,
duration, and any difficulties. The notebooks were checked at each follow-up visit. Calls were also made to patients
to encourage continuous exercises and remind them not to receive any additional medication and or physical agents.

Outcome Measures
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Baseline characteristics were collected from all patients. Outcome measures were assessed at baseline and at 3, 6,
and 12 wks after the injection. Patients were requested to report any adverse effects at each visit. A blinded assessor
(one physiatrist, not involved in the intervention) examined the patient and recorded the primary and secondary
outcomes at the time of enrolment of the study and during follow-up visits (3, 6, and 12 wks after the injection).
The intensity of shoulder pain was measured using VAS.5 The patient answered the question “With respect to the
worst pain you have experienced in your life, what was the average level of your shoulder pain in the past one week?”
A 100-mm VAS score (0, no pain; 100, worst pain possible) was used as primary outcome measure. Secondary
outcome measures were the Shoulder Pain And Disability Index (SPADI),16 active and passive ROM of the shoulder
using goniometry (flexion, extension, abduction, internal, and external rotation), and satisfaction. Shoulder Pain
and Disability Index is a self-reported measure developed to evaluate shoulder pathology.16 Patients by themselves
or with the help of relatives filled up the SPADI questionnaires. It consists of 13 questions that are divided into two
domains: pain (5 items) and disability (8 items). Each domain score is equally weighed and added to get a total
percentage score between 0 (best) and 100 (worst).15
The standard technique of measuring ROM of the shoulder joint was followed, and universal goniometer with two
arms, was used to measure the ROM. The active and passive shoulder flexion, extension, and abduction were
measured, whereas the patient was in a sitting position, and the internal rotation and external rotation were checked
while the patient was in the supine position. Internal and external rotations were measured in 90-degree abduction
of the shoulder and 90-degree flexion of the elbow position. If abduction of shoulder measured less than 90 degrees,
maximum possible abduction was achieved before measuring the internal and external rotations. The patient was
positioned to the same degree of abduction, to measure the internal and external rotations during follow-up visits.
Patient satisfaction was assessed at 12 wks using a three-item scale (satisfied, partly satisfied, not satisfied).4

Statistical Analysis
A power analysis program was used to calculate the number of patients required. Sample size calculation was done
considering VAS as a primary outcome measure. This study was designed to have 80% power to detect a difference
of 10-point improvement in VAS scoring between both groups (pooled standard deviation = 14, two-sided t test α =
0.05). To achieve this, 30 participants per group were needed. Statistical analyses were performed using the SPSS
program (Statistical Package of Social Sciences, Chicago, IL) Version 22.0. Data on continuous variables are
presented as the mean ± SD and categorical data in percentage or proportion. The differences in the changes of all
parameters at different time points were compared by repeated-measure analysis of variance. A post hoc Bonferroni
test was used to compare the change in different parameter from baseline to second, third, and fourth visit. A P value
of <0.05 was considered to be statistically significant in all tests.

RESULTS
Clinical Characteristics of the Patients
Sixty subjects were recruited in this study. Twenty-eight of 30 patients in the IA-PRP group and 27 of 30 patients in
the IA-CS group finished the entire 12-wk study period. Five subjects did not return for all follow-up, two in IA-PRP
group and three in IA-CS group. Table 1 lists the demographic and clinical characteristics of the study subjects. No
https://journals-lww-com.ezproxy.library.ubc.ca/ajpmr/Fulltext/2019/07000/Single_Intra_articular_Platelet_Rich_Plasma_Versus.4.aspx
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disparity was found between the baselines characteristics of both groups including age, body mass index, duration of
symptoms, initial pain score, active and passive movements of shoulder, and SPADI scores (Table 1). The dominant
side was affected in most cases in both groups.

TABLE 1
Changes of the VAS
After receiving IA-PRP injections, pain on activity, assessed by the VAS scales, the primary outcome of the study,
reduced significantly in comparison with IA-CS group (Tables 2, 3). Although initially no significant difference in the
amount of pain reduction was observed at 3-wk follow-up visits (P = 0.06), later at the end of 6 and 12 wks,
significant differences were observed among both groups (Table 4, Fig. 3). Figure 3 shows the changes in VAS pain
scores over time.

TABLE 2

TABLE 3

TABLE 4
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FIGURE 3
Changes in the ROM of the Shoulder Joint
Both groups showed improvements in active and passive shoulder ROMs at the end of 12 wks (Tables 2, 3). In
intergroup comparison, statistically significant improvements were noticed in both active and passive shoulder
abduction, internal, and external rotations in IA-PRP group.

Changes of Shoulder Function
The SPADI scores decreased significantly in both IA-PRP and IA-CS groups (Tables 2, 3). However, in intergroup
comparisons, the improvement was more significant statistically in the IA-PRP group at 12 wks (Table 4). Figure 4
shows the changes in the SPADI scores over time.

FIGURE 4
Satisfaction Scale
At the end of 12 wks, 75% (n = 21) of patients were satisfied, 18% (n = 5) were partly satisfied, and 7% (n = 2) were
not satisfied in IA-PRP group. In IA-CS group, 52% (n = 14) were satisfied, 33% (n = 9) were partly satisfied, and
15% (n = 4) were not satisfied with the intervention.

Acetaminophen Usage
During 12-wk follow-up period, 39% (n = 11) of patients in IA-PRP group did not receive any acetaminophen tablets,
43% (n = 12) patients received 1- to 2-g acetaminophen tablets, 18% (n = 5) of patients received 3- to 4-g tablets.
Whereas in IA-CS group, 19% (n = 5) of patients did not receive any acetaminophen tablets, 11% (n = 3) patients
received 1- to 2-g acetaminophen tablets, 37% (n = 10) of patients received 3- to 4-g tablets, and 33% (n = 9) of
patients received more than 4-g tablets.

DISCUSSION
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In the present study, we compared the effectiveness of IAPRP and IA-CS injections in the treatment of AC. Intraarticular platelet-rich plasma injection provided better pain relief and greater functional improvement compared
with IA-CS injection at 12 wks. Intra-articular platelet-rich plasma group also showed significant improvement in
shoulder ROM, especially in both active and passive shoulder abduction, internal, and external rotations.
Immediately after interventions in the first 3 wks, both groups showed a significant decrease in pain scores. More
than 50% pain improvements, as measured by VAS pain scores, were observed in both groups at 3 wks. At 3 wks, no
statistically significant differences were obtained among the two groups, but later at the end of 12 wks, IA-PRP group
showed significant improvement in pain score. Patients recruited in IA-PRP group consumed less amount of
acetaminophen, which further indirectly confirmed that patients in IA-PRP group achieved better pain relief
compared with IA-CS groups. Treatment satisfaction was higher among patients, who received IA-PRP injection. A
similar trend was also observed by Kothari et al.5 in their study, IA-PRP group patients showed significant
improvements in terms of pain and shoulder motion compared with IA-CS group, but this study was complicated by
lack of standardized PRP preparation technique. Scarpone et al.17 and Tahririan et al.18 in their studies also showed
improvements in pain and function after a single injection of PRP in patients with rotator cuff tendinopathy. A case
study, reported by Aslani et al.9 in 2016, also showed good results with PRP in frozen shoulder. However,
Kesikburun et al.12 failed to show significant improvements with PRP injection, compared with placebo injection in
patients with rotator cuff tendinopathy. However, most of these studies were done on patients with rotator cuff
tendinopathy and injections were given extra-articularly, in the subacromial bursa, and they did not compare effects
of IA-PRP injection with IA-CS injection.
The strengths of the present study included a precise definition of the conditions, recruitment of all population with
AC, ultrasound-guided injections, and analysis of pain and functional outcomes at different time points, which
provided high-quality evidence for the effectiveness of PRP and CS injections and its influence over time.
Demographic variables and baseline characteristics, among patients recruited across the groups, were comparable;
no statistically significant differences were obtained across the study populations. In this study, ultrasound-guided
IA injections were administered to all patients. One single operator, experienced in ultrasound-guided IA injections,
administered all injections. The accuracy of the US-guided injection was determined by capsular distension during
the injection in real time.
Adhesive capsulitis is postulated as an inflammatory and fibrotic disease.1 Corticosteroid injections have shown that
treatment effect for AC through its reduction of the inflammation has led to the improvement of clinical outcomes.1
On the contrary, detailed mechanism of action of PRP is not well understood, because it has both proinflammatory
and anti-inflammatory properties. It is evident from the literature that PRP not only releases pool of growth factors
(eg, platelet-derived growth factor, transforming growth factor-β, vascular and epidermal endothelial growth
factor),9,12,19 which are essential for tissue repair, but also releases a considerable amount of RANTES/CCL5 (a
major monocyte chemo attractant) from its α-granules.20 RANTES/CCL5 (regulated on activation, normal T
expressed and secreted/C-C motif chemokine ligand 5) is a member of the C-C chemokine β subfamily that regulates
the recruitment of leukocytes at sites of inflammation and attenuates inflammatory and nociceptive responses.20
RANTES/CCL5 also inhibits many cytokines released by basophil and decrease the concentration of lipoxin A4 (antiinflammatory marker), which further depress the number of inflammatory cells.20 Apart from that, PRP releases
hepatocyte growth factor and tumor necrosis factor α, which are having potent anti-inflammatory effect.21 The
antinociceptive effect of PRP may be due to the augmentation of cannabinoid receptors, CB1 and CB2.22 In this
study, greater improvements in patients, recruited in IA-PRP group, could be explained by the fact that PRP might
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have profound effects on all phases of tissue healing: inflammatory, proliferative, and remodeling phases of capsular
healing in AC. Most probably, IA-PRP modulated the cytokine levels of synovial fluid and reduced synovial
membrane hyperplasia in a more effective way compared with IA-CS, which ultimately translated into increased
pain reduction in the affected shoulder. Because pain reduced significantly and overall joint homeostasis improved
rapidly in the IA-PRP group, patients might have performed home exercises more accurately, thus leading to an
improvement in the overall clinical outcome, even if temporarily. These mechanistic rationales are based on the
scientifically informed suspicions, but not based on data from this study, because this study did not evaluate the
molecular basis of action of PRP on capsular healing. However, further studies are needed to confirm the results
obtained and to understand the detailed mechanisms by which PRP works and to evaluate whether there is only a
temporary improvement or whether PRP plays a more important role through the disease-modifying properties.
Platelet concentration in PRP mainly determines the quality of the PRP12 because the higher number of platelet in
the PRP can commensurably produce a higher degree of clinical response.13 The mean platelet count achieved by our
method was 696 × 103/µl. We obtained more than four-fold increase the number of platelets in PRP, which was
regarded as standard and effective count as per previous studies.12,23 Presence of leucocytes in the PRP with their
effects on the clinical efficacy of platelets is highly controversial. Few studies have recommended against the
inclusion of leucocytes in PRP because they incite an inflammatory reaction, whereas others have reported the
beneficial effect of leucocytes including antibacterial and immunological resistance.24,25 As described earlier, in this
study, PRP was prepared by single centrifugation technique. Therefore, the mean concentration of leucocytes in our
PRP product was 0.3 × 103/µl (range: 0.1–1.5 × 103/µl), which was much less than standardized leucocyte reduced
blood product as per American Association of Blood Bank guideline.26 During PRP preparation, we did not use any
commercial filter. The entire PRP preparation technique was standardized and validated by our transfusion
medicine department. In this study, we injected freshly prepared PRP, within 30 mins of preparation, as
Blajchman27 reported that prolonged storage of platelets may change the shape and reduce the functional
properties, including degranulation of α-granules.
Three patients in IA-PRP group and two in IA-CS group developed discomfort and mild pain near the puncture site.
No major complications, especially inflammation or infection related to IA injections or severe adverse events,
during the treatment and follow-up period in any group, were recorded over time.
Several limitations need to be acknowledged. Study duration was limited to 12 wks. We did not explore the costbenefit analysis of treatments. Compliance with the home rehabilitation program was not measured. We did not use
any special technique advocating the activation of platelets in the PRP after preparation. This activation concept has
been used in many studies to achieve the desired growth factor level. We did not estimate the growth factor levels in
our PRP product, because many studies28,29 have shown that the dose-response curves of growth factors are not
linear and may be inhibitory at higher concentrations. We administered a single injection when few studies had
shown that multiple injections at interval can provide better improvement than a single injection. We believed that
subsequent rehabilitation exercises after single injection would be influential for long-term functional improvement.

CONCLUSIONS
In AC, both groups showed improvements at 12 wks. However, IA injection with PRP resulted in significant pain
relief and greater functional improvement in shoulder motion, compared with IA-CS injection. This study highlights
the growing importance of PRP in chronic musculoskeletal conditions such as AC, especially in clinical scenarios
https://journals-lww-com.ezproxy.library.ubc.ca/ajpmr/Fulltext/2019/07000/Single_Intra_articular_Platelet_Rich_Plasma_Versus.4.aspx
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where CS is contraindicated or refused by the patient. However, randomized multicenter trials with a long duration
are needed to confirm the results obtained and to reassess the symptoms improvement.
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