G. Charles Roland, MD
Mariya Kopynets, BS

 THE SAN DIEGO KNEE CLINIC

Platelet-Rich Plasma & Hyaluronic Acid
Injections for Knee Osteoarthritis

We will be offering counseling on diet and exercise. If interested, please contact
my office and schedule a medically supervised Health and Orthopedic Fitness
assessment appointment which will include a spine and joint health assessment
evaluation. This assessment will not be covered by health insurance.

G. Charles Roland, M.D.
Director of The San Diego Knee Clinic
Orthopedic, Arthroscopic and Reconstructive Surgery
Diplomate of the American Board of Orthopedic Surgeons
Fellow of the American Academy of Orthopedic Surgeons
San Diego Knee & Sports Medicine Fellowship

Copyright G. Charles Roland, M.D., 2017
1

G. Charles Roland, MD
Mariya Kopynets, BS
Arthritis is one of the most chronic causes of joint disorder. More than 42 million people
in the United States are diagnosed with arthritis. Among the most common types of
arthritis are: osteoarthritis (OA), rheumatoid arthritis (RA), hypertrophic arthritis,
psoriatic arthritis (PsA), fibromyalgia and gout. The purpose of this paper is to
reassess THE current literature outlining the onset and available treatment options for
patients with knee arthritis pathology.
The Harvard Clinical and Translational Science Center describes osteoarthritis (OA) as
a progressive degenerative joint disorder. The normal joint articular cartilage is a
protective surface membrane found diffusely at the joint surfaces, which provides
support and lubrication for healthy knee function. In OA kinematic and biomechanical
changes affect the articular cartilage, causing subchondral bone remodeling (bone
cysts, bone collapse, etc),
degeneration of menisci and
ligaments, synovial and
osteophytic (bone) enlargement
and joint capsular hypertrophy. All
of which are associated with OA
pathogenesis (Harvard, 2017).
When the joint articular cartilage
covering the bones of the knee
knee wears away, it leaves bare
bones in contact with each other
causing mild to severe unremitting
pain and swelling.
Image 1: Normal Knee and Osteoarthritis. Harvard University Press

Rheumatoid arthritis (RA), as defined by the Mayo
Clinic team, is a chronic autoimmune disease that
causes joint inflammation, pain, stiffness and
swelling. RA can also alter the patient’s joint(s),
damage eyes, heart, lungs, and skin among other
variety of bodily systems. RA is associated with
joint deformity, and in cases of dramatic
inflammation it is linked to physical disability.
Image 2: Normal Knee and Rheumatoid Arthritis. Mayo Clinic Press
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The normal knee follows a circular hinge
motion, the bones in the upper and lower
leg move in harmony while separated by
the two shock-absorbing meniscii (semi
lunar cartilages). The joint is lubricated
with synovial fluid. The synovial fluid is
generated by the inner lining membrane,
called the synovial membrane. The
normal knee is composed of the femur
(thigh bone), patella (knee-cap), tibia
(shin bone) inclusive of the healthy
articular cartilage lining, found on the
interior surfaces of the knee. The
synovium is a soft multifunctional
vascular membrane found on the interior
surface of the interior of the knee
producing synovial fluid for joint
lubrication (see synovial fluid article).
Image 3: Normal Knee, Osteoarthritis and
Rheumatoid Arthritis. Mayo Clinic

At the initial exam a thorough knee workup is performed and includes the following: a
complete history including the date of onset, location, causation, with a detailed
description of injury. A detailed knee physical examination is performed along with
x-rays, special laxity movement studies, and potentially a MRI will lead to a diagnosis
prior to any form of treatment instituted. Occasionally, unusual diagnosis are
discovered and treated accordingly.
Nevertheless, once a correct diagnosis is made, most knee patients only need
instruction in an appropriate exercise and strengthening program with modification of
activity. Invasive procedures, including biologics injections or surgery are reserved till
conservative treatment has failed unless a severe mechanical problem is found, ie
locking, catching, giving away, and chronic swelling and pain. However, well over 50%
of knee patients will not even require an MRI unless the injury is severe or chronic.
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Osteoarthritis
The word “osteoarthritis” (OA) originates from Greek language with the following
meaning: “osteon” means “of the bone”, “arthron” meaning “joint”, and “itis” meaning
“inflammation”. OA is the most common form of arthritis affecting the aging population,
generating functional disability worldwide (Fox, 2009). Albeit cartilage collagen damage
is the hallmark of OA, bone cysts, synovitis, hypertrophy of the joint capsule contribute
to OA pathogenesis (Martel-Palletier, 2008). For knee OA treatment conservative
pharmacologic modalities are prescribed in conjunction with non-pharmacological
treatment modalities customized to individual patient’s needs. Specifically,
paracetamol, non-steroid anti-inflammatory medications such as Aspirin, Motrin,
opioids, and slow acting agents such as glucosamine and chondroitin sulfate (Ayhan,
2014). Cold packs are recommended to help reduce inflammation and pain associated
with arthritis.
The conservative treatments for knee OA and mild injuries include physical exercises,
weight reduction, walking support (crutches), analgesics, and non-steroidal
anti-inflammatory agents. In cases when the orally administered treatments are
inefficient, newer techniques of intra-joint injections (IA) are introduced, including
platelet rich plasma (PRP), viscosupplementation (HA), corticosteroids, and potentially
stem cells as final nonoperative modalities. This paper is a systematic review of PRP
and HA literature on most recent clinical trials and examples from clinical practice.

Platelet rich plasma (PRP)
PRP is a concentration of blood platelets and growth factors obtained from the patient’s
own blood using centrifugation techniques can be utilized immediately for clinical use.
As there is evidence that PRP may accelerate the healing of residual tendon and
meniscus tears. Platelets consist of proteins, cytokines, and other bioactive factors
located in the peripheral blood. They contribute to the regulation of homeostasis and
promote wound repair. Plasma contains clotting factors, proteins and ions. Recent
literature suggests that for an optimal therapeutic purposes physicians should use a
platelet concentration of 1 million platelets per microliter with a 3- to 5-fold increase in
growth factor concentration and cytokines” (Mehta, 2008). In the plasma, numerous
proteins are contained, such as insulin-like growth factor IGF, platelet-derived growth
factor (PDGF), platelet factor interleukin (IL), platelet-derived angiogenesis factor
(PDAF), epidermal growth factor (EGF), transforming growth factor (TGF), vascular
endothelial growth factor (VEGF), and fibronectin (Lubkowska, 2012). Such anabolic
growth factors inhibit inflammation and pain, as well as enhance the cartilage and bone
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matrix biosynthesis (Brandl, 2010). In the dense granules of platelets such bioactive
factors are also found, specifically calcium, dopamine, serotonin, histamine, and
adenosine. Such non-growth bioactive factors control inflammation, proliferation, and
remodeling in the process of wound healing (Boswell, 2012). PRP is also used in an
attempt to slow down the arthritic degeneration process, preserve chondrocytes which
are cartilage cells that line the joint. PRP also stimulates ligament, tendon tissue repair,
and meniscal healing. Italian scientist in 2010 conducted a clinical trial with 3 sets of
intra-articular PRP injections in a 21-days intervals to 115 patients with knee
osteoarthritis pathology. Statistically significant results were observed at 6- and 12
months time-period (Kon, 2010). The experiment showed that patients when receiving 3
sets of intra articular PRP injections at 21 day intervals reported best results of
improvement at 6- and 12 months of follow-up period (Kon, 2010).
Similarly, Smith and colleagues performed a Food and Drug Administration-sanctioned
clinical trial investigating the effect of intra-articular leukocyte-poor PRP autologous
conditioned plasma (ACP) and compared to saline placebo in 30 knee OA patients.
Smith discovered the PRP treated group had an overall 78% improvement compared to
7% in placebo group evaluated on WOMAC score (Smith, 2016).
In the debate whether fresh PRP versus cryopreservation (freezing at -80 C) PRP is
more effective, the literature supports fresh PRP (Blajchman, 2001). Storing/freezing
platelets may degranulate the alpha granules and as a result, lower the functional
properties of the platelets. Moreover, Roffi and his colleagues observed a decrease in
protein level in frozen thawed PRP. Nevertheless, he concluded that frozen PRP and
fresh PRP are equal in ability to produce Extra Cellular Matrix (ECM) particles in
synoviocytes and chondrocytes (Roffi, 2014).
This systematic review of the literature for PRP techniques summarizes the
effectiveness of PRP in pain management, reduction in inflammation, improvement in
joint function and potentially cartilage regeneration. PRP blood products carry large
quantities of concentrated growth factors and biologically active molecules required for
effective and affordable treatment of OA onset and progression of the disease process
(Ayhan, 2014). The low cost, safety, simple preparation technique promotes the high
acceptance of the PRP technique into the clinical realm in the treatment of OA.
Currently health insurance coverage does not pay for PRP treatment. We will discuss
various payment options to receive this treatment if it is felt to be advantageous to your
condition(s).
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❖ PRP and Meniscus repair
German and Swiss scientists confirmed that PRP percutaneous injections releases
therapeutic properties for pain relief and promote the decrease in grade 2 meniscal
lesions progression in patients over the 6 months time period (Blanke, 2015).

Source: Blanke, F., Percutaneous injections of Platelet Rich Plasma for treatment of intrasubstance
meniscal lesions. Muscles, Ligaments and Tendons Journal 2015;5 (3):162-166

Another study on animals treated with PRP injections for meniscal tissue defects
revealed the potential for healing of PRP at the inner, avascular part of the meniscus.
Subjects treated with PRP showed significantly greater scores for the number of
fibro-chondrocytes and the production of extracellular matrix compared to the control
group (Ishida, 2007). Moreover, several studies suggest the additive effect of
PRP-containing growth factors for increased meniscal cell activity and produced an
augmentation of meniscal repair and healing of horizontal cleavage meniscal tears
repaired via an open surgery. A team of surgeons from France in one such study invited
17 patients for open meniscal repair surgery of horizontal tears extending into the
avascular zone--Group 1, and additional 17 patients for the same surgery with addition
of PRP injections at the end of the open meniscal repair-Group 2 (Pujol, 2014).
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Source: Griffin, J.W., et al. Platelet-rich Plasma in Meniscal Repair: Does Augmentation Improve Surgical
Outcomes? Clinical Orthopedics and Related Research. 2015. 472: 1665-1672.

The MRI results of this study demonstrated that 5 patients from Group 2 had full
disappearance of hypersignal within the repaired meniscus at the 24 months
postoperative time-frame (De Chou, 2015). Such evidence suggest the additive effect of
PRP to improve outcome results after open meniscal repair surgery. Due to patient’s
individual meniscal injury variations, PRP can be injected in the knee at the time of
surgery or fairly soon after surgery. Meta-analysis of PRP technology confirms that PRP
treatment promotes more robust healing in an attempt to preserve the meniscus tissue
and to provide faster and better healing of the residual meniscus and knee joint tissues,
including the ACL and PCL ligaments.
The use of PRP technology in musculo-skeletal conditions treatment has became more
prevalent in recent years. PRP is rich in growth factors, proteins, cytokines, and other
cellular components required for the body’s healing response to injury.
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A systematic review of the scientific literature suggests the effectiveness of PRP
injections in treating mild to moderate knee osteoarthritis, elbow ulnar collateral
ligament (UCL) tears, epicondylitis (tennis elbow), knee meniscus tear, partial rotator
cuff tears, achilles tendinopathy, and tendon injuries (Ryan, 2016).

Hyaluronic Acid (HA) Injections
❖ Viscosupplementation is a method where hyaluronic acid (HA) is injected into
the knee joint to manage OA pathology by restoring more normal joint lubrication
by improving synovial fluid viscosity.
❖ HA is also used in post-surgery cases after corrective surgery or in non-surgical
cases in an attempt to reduce arthritis-associated pain. Surgical cases include
altered joint mechanics secondary to injury that stimulate mechanical complaints
with associate stiffness, instability, locking, catching, swelling, as well as chronic
and progressive pain (Halpern, 2012).
Hyaluronate or hyaluronan is contained in cartilage and the synovial fluid. HA is a large
viscoelastic glycosaminoglycan molecule that is contained in synovial fluid and
cartilage matrix. Chondrocytes(cartilage cells), fibroblasts (collagen producing cell) and
the synovial cells all secrete HA into the joint.
The HA approved by the The Food and Drug Administration (FDA) is either generated
from bacterial fermentation in vitro or from harvested rooster combs. Such HA contains
Hylan G-F 20, sodium hyaluronate, and high-molecular weight hyaluronan (McArthur,
2012). In healthy patients the synovial fluid contains a normal HA concentration and
serves as a viscous lubricant for healthy knee movements, much like a lubricant in a
car. In OA patients the synovial inflammation contained in proteases, free radicals,
cytokines leads to the disruption of organic HA synthesis and contributes toward the
progression of OA (Brockmeier, 2006). A healthy level of HA is crucial in projecting
anti-inflammatory properties to regulate cartilage homeostasis, to slow the chondrocyte
apoptosis (ie cartilage cell death) since there is a decreased amount of HA in the
synovial fluid of OA patients (Trigkilidas, 2013).
Although there is a plethora of supporting literature of the HA injections beneficial
effect, one report published in the Annals of Internal Medicine suggested that many
patients are made worse by hyaluronic acid injections (Rutjes, 2012). The conclusion of
the study was that HA injections are often performed by non-knee fellowship-trained
physicians or physician’s assistant without extensive experience in complex knee injury
cases and little in-depth understanding of the anatomy and internal knee biomechanics
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and kinematics. Another report in the Techniques in Regional Anesthesia and Pain
Management stated that: “Complications of knee injections have been related to pain or
swelling at the site of injection: granulomatous inflammation of the synovium,
saphenous neuropathy, aseptic acute arthritis, septic arthritis, embolia cutis
medicamentosa (Nicolau Syndrome), and albicans arthritis” (Cheng, 2007).
In contrast, another report from University of Warwick, UK revealed minor yet positive
statistically significant results from several studies performed with randomised 110
participants within 3 groups: placebo, hyaluronic injections, and steroid injections. The
group treated with 20 mg triamcinolone hexacetonide (TH) steroid IA injections
exhibited superior results during the first four weeks of treatment (Jones, 1995), while
the HA group participants showed superiority during the 4-8 weeks timeframe
(Trigkilidas, 2013).
Thus the implication of both steroid injections and hyaluronic injections presented a
positive synergistic effect during the long-term treatment.
“I am hesitant in providing steroid injections intra articular since I
am concerned about the potential harmful effects of steroid
injections inside the joint. I will provide these injections in end
stage arthritic disease as an attempt to forestall the need for
artificial joint replacements. I will also use the HA injections in
more serious arthritic conditions in an attempt to decrease
symptoms prior to a total knee replacement. An extensive waiting
period after intra joint injections is required prior to performing a
total knee replacement in an attempt to avoid operative
infections”- G. Charles Roland, MD
In summary, the systematic review of current literature suggest that hyaluronic
injections exhibit a safe and at best a modest effect for the mild OA treatment up to 24
weeks (Bannuru, 2011).

❖ PRP versus HA injections
Dai and his colleagues in China studied PRP, HA, and saline differences confirming that
intra-articular PRP injections promote greater pain relief and better functional
improvement in knee OA patients at 1 year post-injection period. During the experiment
it was discovered that HA and PRP similarly relieved pain and improved functional
activity as evaluated by the McMaster Universities Osteoarthritis Index (WOMAC) pain
and function score. Nevertheless, at 12 months postinjection PRP presented with
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superior results (Dai, 2016). Studies performed by Spakova indicate that PRP in 120
patients showed positive statistically significant results compared to the participants
receiving hyaluronic acid (HA) injections (Spakova, 2012). Another study of HA to PRP
by Say confirmed superior benefits of PRP in addition to a higher safety score and
increased affordability for OA treatment (Say, 2013).
Campbell from Chicago Medical Center published a review comparing intra-articular
injections of PRP versus HA or placebo in 3278 patient knees (Campbell, 2015). The
results of the study revealed the superior outcome in the PRP group at 2 to 12 months
postinjection. Three other Level 1 studies have verified that PRP exhibits superior
anti-inflammatory and pain relief properties when compared to HA injections (Sanches,
Cerza, 2012) or to placebo-controlled cases (Patel, 2013). Another study by Cole and
colleagues comparing the clinical and biological effects of PRP and HA injections in OA
patients confirmed the superior benefits of PRP at 24 and 52 weeks when compared to
HA intra-articular injections as evaluated on the visual analog scale (VAS).
In the same study it was determined that low Body Mass Index (BMI) (<24 kg/m^2)
notably impacted patient-reported outcomes in contrast to high BMI (>34 kg/m^2). The
team concluded that HA and PRP proved to be a superior treatment technology for low
to moderate OA patients (Cole, 2016). As defined in the Journal of Public Health, BMI is
the person’s weight (in kilograms) divided by height (in metres) squared. Since both of
the parameters are easily measured, BMI from the end of 18th century became a
popular heuristic approximation for body fatness in clinical practice (Eknoyan, 2008).
“The World Health Organization defined that according to BMI calculations individuals
are categorized as underweight (BMI < 18.5 kg/m2), normal weight (18.5–24.9 kg/m2),
overweight (25.0–29.9 kg/m2) and obese (≥30.0 kg/m2) fatness categories (World
Health Organization, 2000). Obesity and overweight results in 3 million deaths each
year, due to dramatic increase of risk factor for mortality and morbidity from incident
cancer, cardiovascular disease, type 2 diabetes, and other diseases (Sperrin, 2016).

There were many limitations identified throughout the process of reviewing the medical
literature. Specifically, the search of relevant material was limited to articles available
only in English, studies only performed primarily on humans, and articles only available
electronically. Only data already published was cited, excluding promising preliminary
studies. Another limitation is that only papers with full text available from University of
California San Diego library or Google Scholar were retrieved, cited, and analyzed.
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