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INTRODUCTION

Tendon overuse pathology is associated with
tenocyte depletion, microscopic collagen
breakdown, and failed healing.! 2 These
changes result in pain and altered function and
contribute to tearing at lower strain thresholds.
This process is defined as tendinopathy, a term
that is inclusive of both tendinosis and
tendinitis.® This correlates to a change in tendon
pathology, from angiofibroblastic hyperplasia
with disorganisation of collagen fibres to a
degenerative state characterised by cellular
depletion, collagen discontinuity and small
partial tears, eventually resulting in macroscopic
tears with bonetendon separation.* Morbidity
and disability associated with chronic
degenerative tendinopathy may last for months
or years, despite appropriate medical care.
Chronic de-generative tendinopathy has a poor
prognosis, and if left untreated there is high
probability —of progression to complete
mechanical failure and tendon rupture.>’ A
recent meta-analysis demonstrated that in the
majority of studies following conservatively
treated painful rotator cuff tears or asymptomatic
tears that are monitored at regular intervals, slow
progression of tear enlargement and muscle
degeneration over time.’

In sports medicine, rotator cuff tendinopathy and
small partial-thickness tears are difficult to treat
with considerable controversy ~ among
orthopaedic surgeons regarding the optimal
management of rotator cuff disease and there is
significant variation in the management of cuff
tears. Consistent across studies is the finding
that increasing age is associated with increased
prevalence of rotator cuff pathology as the most
common cause of shoulder disability. In patients
with chronic degenerative tendinopathy, the
current standard of care is surgery,
corticosteroid or platelet-rich plasma (PRP)
injections. Corticosteroid and PRP injections
provide short term pain relief, are minimally
invasive, do not require long work absence or
rehabilitation to maximise efficacy, and are
relatively low in cost, which makes them
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attractive to patients. However, there is no
evidence base for long-term efficacy of these
treatments, and corticosteroid injections carry a
known risk of tendon rupture that increases with
subsequent treatments.

Surgery is a clinically established treatment
modality with an evidence base for efficacy,
especially in younger active patients with acute
tears, although there is significant variability in
failure rates and full restoration of function.
Treatment of rotator cuff tears that occur in older
patients is more controversial. Many factors
including patient age, tear size, tendon
retraction, muscle degeneration, and overall
healing capacity must be taken into account. A
recent meta-analysis, examining the natural
history of rotator cuff disease and management
implications, recommended maximum
conservative treatment for patients older than 65
years as surgery is unlikely to acheive
satisfactory tendon healing and improvement in
function.” Surgery is also less attractive to
patients as it is invasive, expensive, has a higher
risk of complications, results in extended
absence from work and requires compliance
with a prescribed rehabilitation program.

Autologous tenocyte implantation (ATI) is a
minimally-invasive, bioengineered treat-ment
that is designed to address the underlying
pathology of chronic degenerative ten-dinopathy
by replenishing the local tenocyte population
with cultured autologous tenocytes. The
Australian Therapeutic Goods Administration
approved the manufacture and supply of ATI in
2010, and promising results have been obtained
in human studies of lateral epicondylitis, gluteal
tendinopathy®*? and rotator cuff tendinopathy in
elite athletes.8®

CASE PRESENTATION

A 77-year-old male presented to the clinic in
October 2015 with acute on chronic left shoulder
pain. He described a long history of chronic
shoulder pain treated by his General Practitioner
with physiotherapy, conservative care including
injection therapy (prolotherapy) but his pain had
not settled and frequently kept him awake at
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night. He had suffered an acute exacerbation
five months previously, whilst playing golf; he
was swinging a soft sand iron and felt severe
pain in his left shoulder. Since that time, he had
ongoing pain which affected his sleep, pain with
any attempts at arm elevation, difficulty with
forceful overhead activities with that arm, and
was subsequently unable to play golf. On
examination he was found to have an normal
range of motion, however had positive
impingement tests with severe pain on resisted
shoulder elevation and abduction, and pain on
long head biceps tendon (LHBT) stress testing.

MRI is a commonly used tool in the diagnosis
and evaluation of rotator cuff tears and
tendinopathies and is considered a reliable tool
for diagnosis of shoulder tendinopathy when
assessed by a well-trained radiologist.'® 4
Previous MRI of the shoulder performed July
2015 noted significant pathology, including
severe supraspinatus tendinosis with mild
muscle belly atrophy and fatty infiltration,
moderate subscapularis tendinosis,
anteromedial subluxation of the intra-articular
LHBT in keeping with a partial tear at the
subscapularis insertion, and a multiloculated
ganglion cyst with synovitis anteriorly involving
the LHBT, subdeltoid and subcoracoid bursae,

coracobrachialis and short head of biceps
muscle bellies (Figure 1). The infraspinatus
appeared relatively normal. Glenohumeral
cartilage was generally preserved throughout
the joint. Moderate-severe acromioclavicular
degeneration with under-surface spurring and
associated subacromial/subdeltoid bursitis was
also noted.

The patient underwent review by a sport and
exercise physician and had screening blood
tests to exclude significant disease which may
have compromised or contraindicated ATI.
Sterile biopsy of his left patella tendon was
performed and sent for culture. In February 2016
the patient underwent ATI reimplantation under
aseptic conditions. Half of the cultured cells were
injected into the biceps tendon and the
remainder injected into the supraspinatus under
ultrasound guidance. The patient experienced
very little discomfort from the procedure.

At the six-week post-implantation review, the
patient was pleased with his progress. He had
increased his levels of activity without significant
shoulder pain and was able to work in his 11-
acre garden with marginal discomfort. He was
referred to physiotherapy for a strength-based
exercise program focusing on shoulder girdle
and rotator cuff strength.

Figure 1. Pre-treatment shoulder MRI
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Figure 2. Post-treatment shoulder MRI

Eight months post-implantation (October 2016)
the patient was still progressing well. He had
returned to sleeping normally without pain, was
able to do everything in his garden again and
had returned to playing 3-4 holes of golf and
hitting well. The patient continued to have
symptomatic impingement pain from his ACJ
spurring however this was not concerning him
and he did not wish to proceed with operative
intervention to resolve this.

Repeat MRI in May 2017 demonstrated a
reduction in the extensive subdeltoid bursitis
previously seen, and resolution of the
intramuscular oedema within the supraspinatus
muscle (Figure 2). Diffuse marked hyperintensity
throughout the supraspinatus and infraspinatus
consistent with moderate tendinosis was noted,
with  minor muscle belly atrophy of the
supraspinatus. Minor increased signal intensity
of the intra-articular LHBT consistent with minor
tendinosis was reported, along with minor
insertional tendinosis without tear demonstrated
in subscapularis with minor fatty infiltration seen
in the inferior muscle belly. ACJ degeneration
and subacromial spur were again noted.

Final review more than 12 months following ATI
(April 2017) found the patient to be completely
symptom-free. He had a complete range of

movement, had returned to playing golf without
limitation, and was even able to do 30 push-ups
every day without concern.

DISCUSSION

Tendons are hypocellular, collagenous
connective tissues which connect muscle to
bone, and are integral to the function of the
musculoskeletal system through the
transmission of force to generate joint
movement.> They are complex structures
composed of tenocytes embedded within a
dense extracellular matrix (ECM).*> Healthy
tendon has a high proportion of type | collagen
(synthesised by tenocytes) arranged in a
hierarchical structure which bestows great
tensile strength to the tissue and reduced stress
exertion during muscle contraction.'®> Tendons
are poorly vascularised and principally utilise
anaerobic energy systems which results in poor

regeneration and healing potential after injury.*>
17

Tendon overuse pathology is associated with
tenocyte depletion, microscopic collagen
breakdown, and failed healing.! 2 These
changes result in pain and altered function and
contribute to tearing at lower strain thresholds.
This process is defined as tendinopathy, a term
that is inclusive of both tendinosis and
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tendinitis.® Rotator cuff disease is multifactorial,
and includes Dbiologic and mechanical
influences. Recent studies have also suggested
a strong genetic influence on disease
development.” 1820 Degenerative rotator cuff
disease is commonly associated with ageing
and is often asymptomatic. Pathological studies
have demonstrated rotator cuff tenocyte
depletion and dysfunction.*

Initial management of tendinopathy is
conservative and usually prolonged, with a high
relapse rate.® '® Rest, physiotherapy, non-
steroidal anti-inflammatory drugs (NSAIDs), and
injection therapy have formed the mainstay of
treatment for rotator cuff tendinopathy. There is
moderate evidence to support the role of
exercise rehabilitation in tendinopathy, but
limited evidence of efficacy for any of the other
non-operative treatments.??® Conflicting and
inconsistent evidence exists regarding the
clinical efficacy of injection therapies (i.e.
corticosteroids and Platelet-Rich Plasma (PRP))
in tendinopathy.® Whilst corticosteroid injection
therapy studies have demonstrated short-term
benefits of pain relief and improved function,
long-term study results tend to report a return of
pain, worsening of symptoms, and tendon
atrophy and even rupture.?? ¢ Regenerative
approaches for tendinopathy include treatment
with autologous blood, plasma, or cells (such as
autologous mesenchymal stem cells, skin
fibroblasts, or tenocytes).® Meta-analysis of the
use of PRP for shoulder tendinopathy suggested
that PRP fails to enhance clinical outcomes or
re-tear rates in the tendon.?® Meta-analysis
demonstrated that in the majority of
conservatively treated painful rotator cuff tears
or asymptomatic tears that are monitored at
regular intervals, slow progression of tear with
enlargement and muscle degeneration occurs
over time.”

Surgical repair or reconstruction is typically
reserved for large partial and full thickness
tears,® or in situations where the normal healing
processes cannot occur such as unstable
apposition of the free ends.® Trials of surgical

rotator cuff repairs augmented with PRP?627 and
stem cells?® during open or arthroscopic surgery
have previously been published, however the
outcome benefits have not been scientifically
proven. Treatment of atraumatic degenerative
rotator cuff tears that occur with advancing age
Is controversial, and many factors including
patient age, tendon retraction, muscle degen-
eration, and overall healing capacity must been
taken into account.” Meta-analysis has
demonstrated that surgery is not an effective
option and that conservative treatment needs to
be maximised in patients where successful
tendon healing is unlikely. This groups includes
older patients (>65-70 years), patients with
chronic full-thickness tears (retracted tears of
any size with advanced muscle degeneration),
and tears associated with fixed proximal
humeral head migration (signs of chronic
mechanical contact of the greater tuberosity and
acromium).’

Ortho-ATl is a Class 3 Biological ATI product
manufactured in Australia by OrthoCell since
2008. 1t is intended for homologous and
autologous use only. ATl was approved by the
Australian Therapeutic Goods Administration in
2010 for treatment of tendon pathology® as it
was deemed safe for human interventions as
tenocytes are homologous mature cells that
have been previously shown to maintain their
cellular phenotype in in vitro culture.1°2

ATI procedure involves a biopsy of a small piece
of tissue from a healthy tendon, typically the
patellar tendon. The biopsied tendon is
screened under ultrasound for abnormality prior
to harvesting, and screening tests for
consistency of cell morphology are undertaken.
Mandatory venous blood sampling is also
performed to screen for infection, syphilis,
hepatitis, and human immunodeficiency virus
prior to the patient being accepted for
treatment.® Tendon cells are cultured over 4-5
weeks in a scaffold medium and stored until
implantation is carried out via ultrasound guided
injection into the affected tendon area.®
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ATI is seen as a less invasive technique to use
before resorting to operative intervention.8 It
attempts to restore cellular density and
counteract the slow rate of healing in tendon
injuries by injecting the patient’s own cultured
tenocyte cells back into the damaged tendon.9
29 It is designed to improve tendon regeneration
rather than repair in tendinopathy and tears.®8
ATI attempts to disrupt the process of tendon
injury (disorganisation of collagen fibres,
variation in collagen type, fibroblast proliferation
and neovascularisation) and  stimulate
production of interleukins, growth factors, and
ordered collagen fibres to create a better healing
response.?® Animal studies have shown
increased type 1 collagen synthesis following
ATl injection, and tendon healing with
regeneration of a normal tendon structure in
acute and chronic rotator cuff lesions.?9 30

Previous studies wusing ATl have shown
promising results for the treatment of lateral
elbow, gluteal, and shoulder tendinopathy, with
improvement noted in pain, strength, and
function in both human and animal studies.®!!
Whilst not all studies demonstrated MRI
changes following ATI injection,° ! one recent
study demonstrated both improved clinical and
radiological outcomes in patients with rotator
cuff injuries following ATI.®

Whilst the patient in our study made excellent
clinical improvements following ATI, there are
several limitations to this case report. One major
limitation is the inability to exclude other
intervention  variables and  categorically
determine their contribution to the outcome. The
improvement in  tendinopathy by the
commencement of a physiotherapy program, or
simply the natural history of tendon injury
healing could have contributed but this patient
had had more than three years of symptoms
prior as well as previous physiotherapy in that
time, so he could be regarded as having natural
history resistant disease, which makes it less
likely it was the post ATI rehabilitation.

Following the success of cases like this, further
high-level research is planned regarding the role

and effect of ATl. An RCT of Ortho-ATI versus
corticosteroid injection for treatment of rotator
cuff tendinopathy and tear is registered with
ANZCTR (ACTRN12617000684325) and
currently recruiting patients in Australia. Another
trial (ACTRN12616000458437) is currently
recruiting patients with severe chronic resistant
lateral epicondylitis for a randomised study
comparing Ortho-ATl with surgery. With the
completion of multiple high yield randomised
studies in the next few years, further reliable
data regarding the efficacy of ATl will be
available for future clinical management of
patients.

CONCLUSIONS

. ATl is an easy, relatively non-invasive,
low-risk intervention that has the
potential to change the way chronic
tendinopathies are managed.

. ATI appears to be a good option for
conservative management of
tendinopathy, especially in the
populations who do not want/are at
high risk from complications of
surgery.

. ATI may produce better results when
combined with physiotherapy,
compared to just ATl or physiotherapy
alone. This requires further research.

. Whilst ATl shows promising results in
case reports and animal studies,
further research with RCTs is required
to explore the role ATI has in the
treatment of tendinopathy in hu-mans.

PATIENT’S PERSPECTIVE

"My shoulder is now functional for all tasks
that | require eg: gardening, golf, push-ups
etc. Before the treatment | was restricted to
approximately 20%. | could not play golf or
do push-ups at all"
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