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Abstract: Painful conditions of tendons, cartilage, and nerves can be debilitating. Until recently, repeated
corticosteroid injections or surgery were the only treatment options that were considered. Degeneration of
the underlying tissue is the hallmark lesion in most of these cases. Image guided percutaneous treatment
with autologous orthobiologicals derived from blood and mesenchymal stem cells towards regeneration
and stabilisation of degenerating tissues is a new paradigm shift in the management of these conditions.
Regenerative treatment is aimed at resolving the underlying pathology by reducing inflammation, creating
an optimal chemical milieu that allows relief from painful tendons, cartilage and nerves. This article de-
scribes the most common conditions that may be treated by this new approach.
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A number of painful chronic tendon, cartilage and neural conditions are treated with manual therapy, long
term oral and or topical non steroidal anti-inflammatories (NSAIDs), opiates, corticosteroid injections and
surgery. NSAIDs and opiates are not ideal long term options due to end organ damage and addiction
respectively. A landmark meta-analysis on the use of corticosteroid injections in chronic painful
tendinopathy suggested that corticosteroid injections are ineffective in the long term (1). In addition, there
is a high risk of osteoporosis, wedge compression vertebral fractures (2) and infection (3), after repeated
corticosteroid injections. If corticosteroid injections fail, surgical treatment is considered the next step in
those with persisting symptoms. However, there is high quality evidence that contradicts this approach.
For example, Level 1 studies show no efficacy in the commonest surgical procedures of arthroscopic re-
pair for degenerative rotator cuff tears (4) and arthroscopic partial meniscectomy for degenerative menis-
cal tears (5), in comparison to sham procedures or placebo.

Painful tendon, cartilage and neural conditions constitute an unmet medial need and a significant health
care burden. Many of these patients are unable to return to a normal productive life and are at significant
risk of drug dependancy. There is an urgent need to radically change the approach to managing these
conditions.

Degeneration is the hall mark lesion in a number of painful chronic tendon, cartilage and neural condi-
tions. In tendons, ligaments, fibrocartilage and hyaline cartilage, degeneration results in poor tissue quali-
ty, loss of structure and a failure to cope with functional demand. An impaired healing response results in
a combination of poor healing and a catabolic effect with progressive tissue damage.

Regeneration or Stabilisation of Degenerated Tissue: The ideal treatment option should be minimally
invasive and be able to provide an optimal chemical milieu to ensure a normal healing response that
would regenerate or stabilise damaged tissue. Over a period of 6 to 12 weeks, an improvement in painful
dysfunction should enable graded initiation of activity that would allow optimal remodulation of neo-tis-
sue appropriate to the anatomical region and functional needs of the individual. Such a treatment should
also attract the shortest downtime with rapid return to a productive stage with a favourable cost benefit
ratio.

Autologous Biological Therapeutic Agents: Autologous Platelet Rich Plasma (PRP), Autologous Condi-
tioned Serum (ACS), Tenocyte & Chondrocyte Implantation, Mesenchymal Stem Cells are some of the au-
tologous biological agents that are now currently available for use in percutaneous regenerative interven-
tional treatment.

Of these, the most popular are autologous PRP and mesenchymal stem cells (MSC). Aside from the autol-
ogous nature and point of care delivery of treatment, the rationale for the use of PRP and MSC's is on the
basis of anti-inflammatory (6) and regenerative properties. PRP is rich in several growth factors that stimu-
late matrix gene expression proliferation and differentiation of stem cells. PRP injections in tendinosis has
been shown to be non toxic and efficacious (7). ACS has an anti-inflammatory effect due to interleukin re-
ceptor 1 antagonist activity. The author uses photo activated PRP that contains interleukin receptor 1 an-
tagonist (IL-1ra).

Percutaneous Image Guided Regeneration:

The ability to accurately diagnose and percutaneously deliver treatment to the damaged body partis an
inherent advantage with image guided radiological interventions. The ability to regenerate degenerating
painful tissues is a major leap forward in the natural evolution of the treatment paradigm of these condi-
tions.

The past decade has seen an explosion in the availability of biologics. These range from point of care
products on one end of the spectrum, to complex products that undergo processing in dedicated labora-



tories prior to use. Percutaneous delivery of biologicals under imaging guidance has opened up a new
paradigm in the management of a number of conditions. The following article will summarise the com-
mon conditions that may be treated in this manner.

During percutaneous infiltration of biologicals a tenotomy of the tissue allows the opening up of col-
lapsed tears and these are filled with the biological agent. In some cases tenotomy should be performed
down to the base of the foot print of the tendon to ensure optimal treatment of the fibrocartilage interface
at the enthesis.

Rotator Cuff Tears:

There is currently no optimal treatment option for degenerative rotator cuff tears. Percutaneous tenotomy
and infiltration of PRP is an emerging alternative option to surgery. Application of PRP in treating degen-
erative rotator cuff lesions is on the basis of its role in regulation of matrix gene expression and cell prolif-
eration (8). Neo tendon tissue due to regeneration has been shown in a patient with a full thickness foot
print rotator cuff tear after PRP under ultrasound guidance with excellent clinical outcome at two years (9)
(see figure 1). A trial comparing corticosteroid injection and PRP injection into the subacromial space for
subacromial impingement has been completed and results are awaited (10). Rha et al showed that pa-
tients undergoing needling and PRP of the rotator cuff, did better, compared to needling alone in those
with a partial tear less than 1cm thus suggesting that PRP resulted in a better outcome (11).

Intraoperative PRP during surgical rotator cuff reconstruction has not been shown to be beneficial (12, 13, 14).
However it has to be noted that such papers only highlight the diversity in various PRP products e.g: liquid ver-
sus semisolid versus gel PRP, the concentration of platelets, and should not be used to judge a product with in-
herent natural diversity. However, there is the urgent need for a more stringent approach to standardising the
type of PRP product used.

Osteoarthritis (OA):

There is no treatment to cure OA. Aside from pain, a major concern from OA is progressive deterioration
in overall health from reduced levels of activity resulting in increased risk of poor diabetic control, hyper-
tension and coronary or cerebrovascular disease. Patients with severe pain are left with either joint arthro-
plasty with its attendant risks from peri-operative and post surgical complications, failure or risk of long
term medications. Image guided percutaneous treatment using PRP, ACS, mesenchymal stem cells have
emerged as available options in the management of OA that may enable patients the option to mobilise
better without highly invasive joint replacement.

PRP exerts an anti-inflammatory effect on osteoarthritic chondrocytes in hyaline cartilage (6) and regener-
ates meniscal fibrocartilage in vitro (15). A randomised control trial showed statistically significant im-
provement in knee function after PRP, when patients with OA of the knees were randomly assigned to
treatment with PRP or with placebo (16). Jo et al showed that intra-articular injection of 1.0x10 (8) autolo-
gous adipose derived mesenchymal stem cells into the osteoarthritic knee improved function and pain of
the knee joint without causing adverse events and reduced cartilage defects by regeneration of hyaline-
like articular cartilage. They used second look arthroscopy and histological analysis in their study (17).In a
level 4 study, adipose-derived mesenchymal stem cell therapy for elderly patients with knee OA was effec-
tive in cartilage healing, reducing pain, and improving function out to two years (18).

Osteoarthritis of the thumb carpometacarpal and triscaphoid joints occurs in conjunction with degenera-
tion of the flexor carpi radialis. Percutaneous autologous PRP of the joints and tendons provides pain re-
lief, neotissue regeneration and restoration of function (see figure 2).



Degenerative Labral Tears of the Shoulder and Hip:

Shoulder and hip labral degenerative tears are similar to meniscal fibrocartilage degenerative tears in
that, they are pain generators with risk of progressing to OA after surgical removal of the labrum or by
natural progression. The typical lesion is the superior labral anterior to posterior (SLAP) degenerative tear.
Ultrasound guided labral treatment with PRP (19) and or mesenchymal stem cells offer a viable alternative
to surgical removal. Labral tears stabilise after PRP treatment under ultrasound guidance thus allowing
preservation of the labrum. Any alteration in the risk of progressive degenerative arthritis following PRP is
unknown (see figure 4 & 5).

Degenerative tears of the Plantar Plate:

Fore foot metatarsalgia is pain usually due to degeneration of the second metatarsal head plantar plate at
the metatarsophalangeal joint. The plantar plate is a fibrocartilagenous structure similar to meniscus of
the knee and labrum of the shoulder or hip. Percutaneous treatment with PRP under ultrasound guidance
is a viable option to alleviate symptoms and avoid surgery.

Plantar Fascitis:

Plantar fascitis is due to degeneration that occurs typically at the medial band fascial attachment into the
base of the calcaneum. The fascia degenerates and splits resulting in painful dysfunction with loading due
to the arch of the foot. Ultrasound guided percutaneous fasciotomy with simultaneous injection of PRP is
an effective non surgical option that may avoid surgical fasciotomy. PRP for plantar fascitis has been
shown to be significantly more effective than corticosteroid injections (20).

Degenerative Tendinosis including Epicondylitis and Trochanteric Bursitis

Level 1 evidence shows improved patellar tendon healing with PRP (21). At two year follow up, in a double
blind randomised controlled trial, an ongoing positive effect was observed in lateral epicondylitis treated
with PRP when compared with corticosteroid injection (22) (see figure 7).

The common condition of trochanteric bursitis may be a specific clinical presentation that may include
one or more of trochanteric bursitis, tendinosis of the gluteus tendons, and external coxa saltans. Some
others suggest ‘trochanteric bursitis' is a misnomer as there is no inflammation (23). A randomised con-
trolled trial showed corticosteroid injections showed positive effect at three months but there was no dif-
ference at 12 month followup in comparison to usual treatment in primary care (24). Any tendon with fea-
tures of tendinosis and insubstance delamination splits or tears may be considered for percutaneous
tenotomy and infiltration with biologicals. Examples include Common Flexor/Extensor tendons of the el-
bow, achilles, flexor carpi radials and triscaphoid joint, distal biceps tendon, collateral ligaments, iliopsoas
tendon amongst other tendons and ligaments.

Intervertebral Disc Degeneration (IVDD) & Annulus Fibrosus Lesions:

It is estimated that the annual medical and disability cost of LBP in the US is $100 billion per annum. One
of the commonest lesions is degeneration or derangement of the intervertebral disc (IVD). IVD is a com-
plex structure with a peripheral ligamentous annulus fibrosus (AF) composed of ‘fibroblast like’ material
similar to tendoligamentous structures elsewhere in the body. Within the boundaries of an intact AF, a gel
like nucleus pulposus (NP) composed of ‘chondrocyte like’ material and proteoglycan acts as a shock ab-
sorber. The central nucleus pulposus absorbs and transmits axial loading by movement of water mole-
cules. The peripheral annulus is attached to the adjacent bony vertebra through an enthesis or end plate
and designed to withstand shear stress and strain. The pathology of IVDD is poorly understood. There is a



complex interaction with loss of architecture, altered biochemistry and increased sensitisation of the sinu-
vertebral nerve. With degeneration of the IVD this function is lost. Degeneration, tearing or fissuring of the
annulus fibrosus together with other multiple factors contribute to progressive irreversible loss of struc-
ture and function of the IVD. There is no optimal treatment option for disc degeneration and annulus fi-
brosus lesions. Intervertebral fusion surgery is aimed at symptom relief and not restoration of function of
the affected disc. With surgery there are post surgical risks and delayed risks of adjacent segment hyper-
mobility and degeneration.

There is an urgent need for optimal management options for [VD. Animal studies using PRP in degenera-
tive discs have shown a reparative effect (25) and a protective effect if used early rather than later (26). A
preliminary clinical study in 12 patients showed intradiscal injection in IVDD to be safe and effective at
twelve months follow up (27). There are ongoing non randomised clinical trials testing intradiscal PRP and
autologous adipose derived MSC's (28) and a phase I-ll trial, prospective, randomized, blinded, and con-
trolled for the treatment IVDD using expanded bone marrow MSCs (29).

Early phase 2 trials of allogeneic mesenchymal stem cell injection into degenerate intervertebral disc have
shown some promise (30). Autologous mesenchymal stem cell injections into intervertebral discs is now
offered routinely in some clinics (31).

Neuropathic Pain

Pain that originates from a pathological condition of a nerve is termed neuropathic pain. Degeneration of
the neural structure is considered the key finding in a number of neuropathic conditions. Regeneration of
damaged cavernous nerves has been shown to occur after treatment with PRP in an animal model (32).

PRP and induced MSC's promote regeneration of facial nerve after axonotomy in an animal model (33).
Pain relief from Trigeminal neuralgia has been reported after PRP to the infraorbital nerve (34).

Reflex Sympathetic Dystrophy (RSD) & Complex Regional Pain Syndrome (CRPS):

CRPS Type 1 & 2 are poorly understood conditions that occur typically after trauma to an extremity. CRPS
Type 1 is when there is no defined nerve injury and was formally referred to as Reflex Sympathetic Dystro-
phy (RSD). CRPS Type 2 is said to occur when there is a well defined neural injury. There is a rapid onset of
severe pain, episodic skin discolouration with swelling with altered sensation to touch and allodynia. It is
postulated that there is sympathetic dysregulation, inflammation, hyper sensitisation of the central ner-
vous system and cerebral cortical disorganisation. There is no optimal treatment option for RSD. Individu-
als can be left with a crippling painful condition for life. There is a case series report on the use of PRP in
CRPS Type 1 and Type 2 that has shown improvement in neuropathic pain and marked reduction in fea-
tures of sympathetic dysregulation (35).

Conclusion: Percutaneous image guided treatment of tendons, cartilage and nerves using autologous
biological agents are likely to impact substantially in the management of a number of degenerative condi-
tions traditionally injected with corticosteroids. There is an urgent need for research into autologous or-
thobiologic options to assess their efficacy in the management of these conditions as an alternative to
repeated corticosteroid injections or surgery.
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Figure 1: Pre and post liquid PRP tenotomy of a full thickness foot print tear of the supraspinatus tendon
in an elderly female patient. The patient is now two years post treatment and completely free of symptoms
with full function of the treated shoulder. Published under Creative Commons License from original pub-
lished in F1000 research of Reference 9.
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Figure 2: Full thickness tear (white arrows) of a degenerate flexor carpi radialis that occurred about 10
days after PRP to an osteoarthritic triscaphoid joint (not shown). The FCR tear occurred with forced exten-
sion of the wrist when the patient waxed a client upon returning to work as a beautician. This tear was
treated with PRP and tenotomy under ultrasound control. Followup ultrasound shows neotendon tissue

that fills the tear defect with resolution of symptoms
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Figure 4: Anterior acetabular labral tear in a 40 year old female , pre procedure sagittal ultrasound shows articu-
lar side tear (red arrow) of a mildly swollen labrum (in red margins). At 10 weeks post PRP ultrasound shows sta-
bilisation of the tear (green arrow) and mild reduction in swelling of labrum (green margin). The patient has now
avoided removal of labrum for nearly two years.

PR g

.

— ﬂ " Femoral head ==

Figure 5: a) Axial MRI of the shoulder shows a superior labral anterior to posterior (SLAP) tear (red arrow) in a
volley ball player with shoulder pains for many years; b) Posterior glenoid labral tear in another patient who had
an injury during bench pressing accident with a force impacting into the posterior shoulder; both patients had
PRP into the joints with subsequent dramatic reduction in pain and improvement in shoulder function at fol-
lowup; c) ultrasound guided infiltration of PRP and tenotomy of the anterosuperior glenoid labrum in another
patient with a degenerative SLAP tear (white hollow arrows outline the needle). Published under Creative
Commons License from original publication from F1000 research (ref 19).
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Figure 6: Lateral and medial epicondylitis are degenerative tears of the extensor and flexor tendons that attach
to the lateral and medial epicondyles respectively. a) Lateral epicondylitis in a patient with a tear of the common
extensor tendon treated with PRP and tenotomy under ultrasound guidance, b) follow up ultrasound shows
neotendon tissue in place of tear defect and patient had resolution of symptoms and returned to normal activi-
ties. a)
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