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24Tendon injuries represent a significant clinical burden on healthcare systems worldwide. As the human popula-
25tion ages and the life expectancy increases, tendon injuries will becomemore prevalent, especially among young
26individuals with long life ahead of them. Advancements in engineering, chemistry and biology have made
27available an array of three-dimensional scaffold-based intervention strategies, natural or synthetic in origin.
28Further, functionalisation strategies, based on biophysical, biochemical and biological cues, offer control over
29cellular functions; localisation and sustained release of therapeutics/biologics; and the ability to positively
30interact with the host to promote repair and regeneration. Herein, we critically discuss current therapies and
31emerging technologies that aim to transform tendon treatments in the years to come.
32© 2014 Published by Elsevier B.V.
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62 1. Introduction

63 Tendon injuries constitute an unmet clinical need for both human
64 and equine patients. Over 30million human tendon-related procedures
65 take place annually worldwide with an estimated healthcare expendi-
66 ture in excess of €140 billion per year [1]. As the human population
67 ages and life expectancy increases, it is estimated that 25% of all adults
68 will suffer a tendon related condition that will put a further physical
69 and financial strain on healthcare systems [2,3]. Proportional is the
70 situation with equine patients: 46% of the racehorses will suffer a
71 tendon-related injury that will negatively impact the industry, which
72 is valued at €400 billion worldwide [4,5].
73 Subject to the severity of the injury, from a small sprain to a com-
74 plete rupture, numerous therapeutic strategies of variable efficacy are
75 currently available (Table 1). Unfortunately, preclinical and clinical
76 data to-date indicate, regardless of injury severity, no current therapies
77 have achieved complete pre-injury state recovery [6]. Further, severe
78 injuries are often associated with compromised function, joint instabil-
79 ity and long-term pain and disabilities, due to the inherent poor regen-
80 eration capacity of tendon [7].
81 These findings impose the need for the development of functional
82 therapies for injured tendon tissues. However, for successful tissue
83 engineered therapies, it is important to understand epidemiological data
84 of the different injuries, the function of cellular and extracellular compo-
85 nents in tendon physiology and healing, and pioneered technologies

86that have become available in recent years. Upon this knowledge, it
87is likely to revolutionise functional tendon treatments in the years to
88come.

892. Epidemiology and clinical description of human tendon injuries

90The most frequently injured tendons are the shoulder rotator cuff,
91the forearm extensor, the hand flexor, the Achilles, the tibialis posterior
92and the patellar [8,9], whilst the anterior cruciate ligament (ACL) is one
93of themost painful and debilitating of knee injuries [8,9]. Previously, the
94tendon research community recognised inflammation as the underlying
95cause of tendon injury, however, with advancements in imaging tech-
96nologies and understanding of histopathology, it is widely accepted
97that tendon injuries aremore degenerative in nature [10–14]. These de-
98generative conditions, referred to as tendinopathies, comprise of typical
99pathological changes, including islands of high cellularity and initial tis-
100sue disorganisation in mild degeneration, whilst in severe degeneration
101is accompanied by chondrocyte appearance [15]. Macroscopically, de-
102generative tissue appears to be yellow/brown due to mucoid degenera-
103tion and the loss of the highly organised appearance of collagen fibre
104bundles [14,16]. Further, microscopic changes occur within the collagen
105structure itself and fibrosis and neovascularisation are evident [17–19].
106In addition, current data suggest that the formation of additional blood
107vessels is responsible for the pain prevalent in tendinopathies [20,21],
108and not inflammatory infiltration, as previously suspected [22,23].

t1:1 Table 1
t1:2 Common injuries presented in human and equine subjects, provided along with current treatment strategies and respective limitations.

t1:3 Species Tendon injury Treatment Limitation Ref

t1:4 Human Hand extensor/flexor
tendon

Immobilisation (splint) Scar tissue leads to loss/reduction of motion. Joint stiffness is
often experienced.

[28,450,451]

t1:5 Steroid injection Serious doubts over effectiveness.
t1:6 Open surgery: Kessler stitch Re-rupture rate following surgery is as high as 4 to 18% worldwide.
t1:7 Achilles tendon (rupture) Cast immobilisation Susceptible to re-rupture at a rate of about 11%. [23,452,453]
t1:8 Functional cast Low re-rupture rate of 1–2%, but high complication rate of 12.5%.
t1:9 Open Surgery: Kessler stitch High re-rupture rate of 8% and nerve injury of 13%.
t1:10 Tissue grafts Failures seen at tissue intersect points.
t1:11 Biomaterial repair Inadequate mechanical strength and foreign body response.
t1:12 Rotator cuff (tear) Steroid injection Up to 40% failure rates have been reported. [2,454–458]
t1:13 Open surgery: Decompression and debridement Often associated with deltoid dysfunction and postoperative pain.
t1:14 Biomaterial repair Inadequate mechanical strength and foreign body response.
t1:15 Patellar tendon (tear) End-to-end suture 10 out of the 13 repairs are effective. [459]
t1:16 Tissue grafts Limited availability, pain at donor site.
t1:17 ACL (rupture) Tissue grafts Up to 13% re-rupture rate. [460]
t1:18 Equine Superficial digital flexor

tendon injury
Cold therapy & compression bandaging 23 to 67% will re-injure their tendons within 2 years of the

original injury.
[43,46]

t1:19 Immobilisation (splint) Associated with stiffness and fibrosis.
t1:20 Autologous cell therapy Questionable cell survival/localisation. [44,461,462]
t1:21 Deep digital flexor
t1:22 tendon injury

Conservative treatment (rest and reduced activity) Return to exercise is not recommended. [51,52]

t1:23 Digital extensor tendon
t1:24 laceration

Three-loop pulley tenorrhaphy technique Adhesions and septic tenosynovitis are common complications. [54]

t1:25 Suspensory ligament Conservative treatment (rest and reduced activity) Return to exercise is not recommended for several months. [463,464]
t1:26 Shock wave therapy Evidence of disorganised tissue.

Not suitable in severe cases.
[465,466]

t1:27 PRP treatment No standardised treatment protocol. [467–469]
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