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1. Introduction

The shoulder complex is one of the most mobile joints in the
human body allowing a great freedom of motion to the upper limb.
However, enhanced mobility comes at the cost of making joint
stabilisers susceptible to injury in extremes of motion. Unfortu-
nately chronic shoulder pain and weakness is a common cause of a
visit to physician's office with its prevalence being as high as 15.4%
in men and 24.9% in women with a significant rise in pain and
severity in population over 50 years.! Rotator cuff tendinopathies
are believed to be the most common cause of shoulder pain syn-
dromes with one cross-sectional study reporting that 86% of all
clinical diagnoses of shoulder pain were that of rotator cuff lesions.’

Sub acromial impingement syndrome (SAIS) is a spectrum of
pathologies of the sub acromial space including partial rotator cuff
tears (RCT), calcific tendinitis, supraspinatus tendinosis and
bursitis. It is estimated from cross sectional studies that it affects
over 50% of population over 60 years of age.®> The recurrent and
persistent nature of the pathology can result in significant disability
and functional loss. The etiopathology of SAIS is complex and
multifactorial. The sub acromial space is a tight space between the
acromion and the humeral head and contains the rotator cuff
tendons, long head of biceps, a bursa and the coracoacromial liga-
ment. A combination of intrinsic factors (degeneration from over-
use) and extrinsic factors (compression from anatomic structures)
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are implicated to cause inflammation and subsequent degeneration
of the rotator cuff.*

In his classical study, Neer described the three stages of
impingement. Stage I with oedema and haemorrhage of the bursa
and cuff which is typical in persons under twenty-five years old.
Stage Il involves irreversible changes, such as fibrosis and tendinitis
of the rotator cuff, and typically occurs in patients who are twenty-
five to forty years old. Stage IIl is marked by partial or complete
tears of the rotator cuff and usually is seen in patients over forty
years of age.’

Early tendinosis and partial tears are usually treated conserva-
tively with rest, analgesics, physical therapy and steroid injections.®
However, none of the current therapies show uniform improve-
ment in clinical, functional, and radiological outcomes and avail-
able evidence suggests that effective intervention for early
tendinosis and low-grade tears is still elusive. It has been shown
that the major limiting factor is the failed healing response to
microtrauma. PRP contains a number of bioactive molecules which
theoretically could improve the tissue microenvironment enabling
better tendon healing response. The strategy of employing biologic
factors like PRP in tendon healing are based on fact that tendin-
opathy shows reduced stem cell numbers, disorganised matrix and
hypoperfusion.” In a recent current concepts article Singh et al.
suggested that orthobiologics have a role to play in the rotator cuff
syndrome.®

1.1. Platelet rich plasma (PRP) - contents and formulation

Platelets are small fragments of megakaryocytes and play an
important role in coagulation cascade. Apart from a key role in
haemostasis, they also play an important function in tissue healing.
Platelets contain many dense bodies also known as alpha granules
which act as repositories for growth factors. Anabolic growth fac-
tors contained in PRP include transforming growth factor(TGF-$1),
platelet derived growth factor (PDGF), Insulin-like growth
factor(IGF-1), vascular endothelial growth factors(VEGF), human
growth hormone (hGH) and fibroblast growth factor (bFGF). These
factors are released in presence of activating agents like thrombin
or calcium chloride. Most of the factors are released in first ten
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minutes but leeching of factors continues for as long as several
weeks.

Current literature lacks consensus in various terminologies used
for platelet preparations. In general PRP is defined as autologous
plasma with platelet concentration more than baseline levels of
1,50,000/ul — 3,00,00/ul.° PRP may be leucocyte rich (LR- PRP) or
leukocyte poor (LP-PRP). A separation system is required for
reduction of leucocytes in preparation. It has been shown by several
studies that LR-PRP elicits an inflammatory response. Views of
studies regarding value of delivery of concentrated dose of leuco-
cytes remains contradictory. Some studies postulate that height-
ened inflammatory response might hinder healing by triggering
release of catabolic metabolites,'>'" while others highlight the
antimicrobial role of leucocytes and a higher level of growth fac-
tors.!” At present, literature remains inconclusive in proving a
beneficial role of leucocytes in PRP.

Classification of PRP

Most studies use LR-PRP

Heightened acute inflammation response

May have anti- microbial role

Requires separator

Endoret/PRGF — type of LP-PRP

Fibrin matrix/membrane

Application of thrombin/Calcium chloride
Provide scaffold and structural support
Enhanced delivery of growth factors

Lacks growth factors but has full complement for
coagulation cascade

Formed by activation of PPP

e Provides scaffold for cell migration and new
matrix formation

Leucocyte rich - PRP

Leucocyte poor -PRP

PRP gel preparations

PRP by products-Platelet
poor plasma
Platelet poor gel

1.2. Preparation

More than 16 systems are available for commercial preparation of
PRP."®> All systems have some common preparation steps. First,
autologous blood is drawn with anticoagulant and immediately
centrifuged to produce a Red Blood Cell (RBC) free and platelet poor
plasma (PPP) layer at the top, buffy coat with platelets and leuco-
cytes in the middle and RBC plug at the bottom (see Fig. 1). Through
further processing the RBC plug and PPP layer are removed thereby
creating a platelet rich concentrate. The platelets are then activated
either by calcium chloride, thrombin or by environmental factors
and the activated concentrate is applied to the desired site either as a
liquid formulation or as a gel which requires additional processing.'*

1.3. Preclinical studies and biological justification

Various basic sciences studies have shown that PRP is rich in
growth factors and results of animal experiments look promising.
Pre-clinical studies have proved that platelet rich injections help
proliferation of different cells including tenocytes and myocytes. Jo
et al. observed that PRP increased cell proliferation and expression
of gene for collagen synthesis in tenocytes and that addition of
thrombin had significant positive effect in accelerating prolifera-
tion."” In-vitro experiments on rat Achilles tendons showed that
platelet derived growth factors stimulated healing and improved
biomechanical strength by their effects on early stages of healing.

Inherent lack of healing mechanisms and paucity of vasculature
are the basic factors which lead to the degenerative cascade in
rotator cuff disease. Histopathology shows that tendinosis is char-
acterised by fibrosis, mucoid degeneration, and deposition of

disorganised collagen fibrils.'® Pro-angiogenic factors and chemo-
kines contained in PRP supports vascular cell proliferation and
migration, endothelial cell rolling and increases vascular perme-
ability."” In tendon disorders, PRP molecules target tenocytes and
fibroblasts promoting migration and collagen deposition. The use of
PRP stems from the fact that it might help alter the non-healing
mechanisms of a tendon injury by changing the cellular micro-
environment.'®

In the last decade application of PRP in various musculoskeletal
pathologies has fast outpaced the evidence required for its clinical
use. Clinicians have exploited the fact that PRP is derived from
autologous sources and faces less hurdles from legal and ethical
standpoints. Lack of regulatory hurdles, ease of production and
administration make it attractive for conservative therapy of
chronic shoulder injuries.

2. Discussion

Platelet rich plasma has received much attention in sports
medicine and rehabilitation due to reports of its successful use in
some celebrity athletes. Application of PRP in clinics has outpaced
data from clinical trials. Potential advantages like it being a pro-
cedure with low morbidity and relative low cost as compared to
surgery make it an attractive option in outpatient setting. Although,
several studies in preclinical settings have shown favourable
response to PRP therapy. There is however still paucity of data from
clinical trials.

Rha et al. conducted a prospective double blinded RCT in 39 pa-
tients to compare the efficacy of PRP injection with that of dry
needling in cases of rotator cuff tendinosis and partial tears. The
study concluded that PRP injections led to significant reduction in
the Shoulder pain and Disability Index, and improvement in range of
motion as compared to dry needling alone. The authors admit that
dry needling itself has been shown to have a beneficial response as it
elicits an inflammatory response which releases growth factors.
Thus, dry needling cannot be considered as a true placebo.
Furthermore, quantification of platelet concentration was not done
before injection, which, in turn could have affected the quantity of
factors release. The study does not state whether a leukocyte rich or
poor formulation was used. Despite some shortcomings the study
highlights potential of PRP in early rotator cuff disease.'”

In their double blinded RCT, Kesikburun et al. compared effect of
a single PRP injection with a placebo in 40 patients for patients with
diagnosed rotator cuff tendinosis or partial tears. The study
concluded that at 1 year, PRP injections had no benefit over placebo
in terms of quality of life, disability, pain and range of motion. The
study utilised a leukocyte rich formulation of PRP which could have
caused a deleterious effect in early stages of healing. The study used
a single injection as against serial injections, and it is a matter of
debate if successive doses of PRP cause any improvement in
healing.?°

In a recent single blinded RCT, Nejati et al. studied the effects of
PRP injections on patients with a clinical diagnosis of impingement.
They concluded that PRP was not superior to exercise therapy in a
group of 62 patients randomly allocated in either treatment groups.
Patients in PRP group were not advised exercises. At the end of
follow-up period, the abduction ROM and the WORC scores were
significantly higher in the exercise therapy group. The authors
conclude that their findings are in line with several other studies
which state that exercise alone is sufficient to improve functional
outcome in patients with RCTs. Further studies will be required to
assess the possibility of an additive effect of PRP with exercise
therapy.’!

Ilhanli et al. compared the results of three serial injections of
PRP to physical therapy in patients of chronic partial rotator-cuff
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Fig. 1. Preparation of PRP. Active PRP is prepared immediately before use by a 2-step procedure. Step 1: two centrifugations, the first(A1) designed to eliminate red blood cells, the
second (A2) to enrich plasma with platelets (minimum 1 x 10 6/ul to get clinical efficacy). Step 2: Plasma rich in platelets (B1) can be used immediately (C1) or activated with the
addition of thrombin or calcium chloride (B2),resulting in fibrin polymerization and production of a gelatinousplatelet gel applied to the surgical site (C2) (Maffulli, 2016).

tears in group of 70 patients. 35 patients received 3 serial doses of
PRP along with ROM and stretching exercises while the patients in
physical therapy group received 15 sessions of ultrasound therapy,
trans-cutaneous electrical stimulation, and exercises. It was
observed that ROM was significantly improved in the physical
therapy group, however the patients in PRP group showed signifi-
cantly better DASH scores. The study concludes that PRP therapy
shows encouraging clinical results in patients with chronic partial
supraspinatus tears.”

In a non-randomised trial, Say and colleagues studied effects of a
single dose of activated PRP and methylprednisolone with prilo-
caine in sixty patients with rotator cuff tendinosis or a partial
supraspinatus tear confirmed with imaging. They found that pain
and functional scores at six weeks and six months were signifi-
cantly better in the group with steroid treatment. The lack of ran-
domisation and control group limited the study.?®> Contrary to the
above study, for patients with a partial supraspinatus tear, Shams

et al. reported a statistically significant improvement in both pain
and functional scores in PRP group compared to steroid group. The
use of leucocyte reduced PRP in this study may have yielded better
results.”*

Several prospective studies support the use of PRP in chronic
rotator cuff tears. Scarpone et al. found improvements in pain,
function and radiological scores after single injection of PRP.>
Similarly, Sengodan et al. found significant differences in pre and
post injection pain scores after single injection of PRP.?

Apart from application of PRP as a conservative modality, several
studies investigated the role of PRP application in arthroscopic
rotator cuff repairs. Theoretically biological properties of PRP make
it ideal for reducing the re-tear rates and healing of bone tendon
interfaces after surgery. A randomised controlled study by Randelli
showed improvement in pain and a positive effect on tendon
healing.?’ Another cohort study failed to show improvements in re
tear rates and functional outcomes after use of PRP in surgery.”®

Type of study  No of patients Patient diagnosis

(Control/Int)

Process Conclusions

Kisekburun et al.,2013  RCT 40 (20/20) Rotator cuff tendinosis,
(PRP vs saline) partial tear

Nejati et al.,2017 (PRP vs RCT 42(20/22) Shoulder impingement
exercise) (Clinical diagnosis)

Rha et al.,2013 (PRP vs RCT 39 (20/19) Supraspinatus tendinosis,
needling) partial tear

Ilhani et al.,2015 (PRP vs RCT 62 (32/30) Partial supraspinatus tear
physical therapy)

Shams et al.,2016 (PRP  RCT 40(20/20) Partial supraspinatus tear

vs steroids)
Say et al.,2016 PRP vs
steroids

Nonrandomised 60(30/30) Rotator cuff tendinosis,

trial

Sengodan et al.,2017 Prospective 20 Partial supraspinatus tear
study
Scarpone et al.,2013 Prospective 19 Rotator cuff tendinosis,

study partial tear

partial supraspinatus tear

60 ml blood, citrate,not
activated, 5 ml inj
25 ml blood, citrate, 5 ml inj

Not superior to placebo
Not superior to exercise

25 ml blood, citrate,3 ml Superior to dry needling
15 ml blood, 6 ml PRP,
activated by calcium chloride
10 ml blood, 2.5 ml PRP,
Leucocyte reduced

30 ml blood, 2.5 ml PRP,
Activated by calcium chloride
20 ml blood, 3 ml PRP

Improvement of functional score in PRP, Rom
better in physical treatment group

Not superior at 6 months

Steroids superior

Favourable improvements

20 ml blood, 3.5 ml PRP Favourable improvements
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3. Conclusions

PRP is an excellent autologous source of concentrated bioactive
molecules with a potential to accelerate healing. Animal models
and its successful application in other chronic musculoskeletal
pathologies suggest a possible role in treatment of early rotator cuff
tendon tears and shoulder pain syndromes.?® Present literature
review concludes that PRP is a safe and effective method in
improving pain and function in patients with impingement or
partial rotator cuff tears. However, when compared to steroids or
physical therapy, evidence is conflicting. Inconsistent results may
be explained by lack of standardisation in protocols in preparation
and application of PRP. Almost all the studies reviewed had a small
sample population. None of the studies examined results in a young
adult population and its effect on return to sporting activities.
Heterogeneity in literature in respect to different methods to pre-
pare PRP, variability in number and method of injections and in-
dividual variation in constituents of PRP make it difficult to
interpret and process results conclusively. Current published liter-
ature does not address the question whether concentration of
leucocytes has any role in outcome. Future studies must clearly
state details of processing methods and quantitative data on
composition of PRP used.

Despite intensive research on PRP we hardly understand its
biology, constitution, and ideal method of delivery. However, in
principle PRP has immense potential in field of regenerative med-
icine and might offer a new possibility for efficient treatment of
shoulder tendinopathies. Further large randomised controlled trials
are necessary to establish protocols and prove its benefits in terms
of clinical outcomes.
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