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ARTICLE INFO ABSTRACT

Affic{e history: Injuries to the superficial digital flexor tendon (SDFT) are an important cause of morbidity
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inflammation in tendinopathy has been contentious in the literature. This article reviews
Accepted 6 January 2014

the processes involved in the healing of tendon injuries in natural disease and experimental
models. The importance of inflammatory processes known to be active in tendon disease
is discussed with particular focus on recent findings related specifically to the horse.

Keywords:
Tejrlldon Whilst inflammation is necessary for debridement after injury, persistent inflammation
Injury is thought to drive fibrosis, a perceived adverse consequence of tendon healing. There-
Tendinopathy fore the ability to resolve inflammation by the resident cell populations in tendons at an
Pathogenesis appropriate time would be crucial for successful outcome. This review summarises new
Inflammation evidence for the importance of resolution of inflammation after tendon injury. Given that
Resolution many anti-inflammatory drugs suppress both inflammatory and resolving components of
the inflammatory response, prolonged use of these drugs may be contraindicated as a ther-
apeutic approach. We propose that these findings have profound implications not only for
current treatment strategies but also for the possibility of developing novel therapeutic

approaches involving modulation of the inflammatory process.
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1. Introduction

Pathologic changes in tendons due to repetitive use
are a significant cause of morbidity in athletic humans
and horses (Avella et al., 2009; Kujala et al., 2005; Thorpe
et al,, 2010). The importance of inflammation in both the
pathogenesis of tendon injury and the healing process has
been contentious in recent years and is poorly understood.
Equine clinicians are familiar with the clinical signs of
inflammation immediately after a tendon injury occurs, but
these signs are not so evident during the chronic phase
of injury. Overstrain injury in humans is generally con-
sidered to result from a primarily degenerative condition
where clinical signs of inflammation and invading inflam-
matory cells are rarely observed (Alfredson and Lorentzon,
2002; Astrom and Rausing, 1995; Jarvinen et al., 1997;
Jozsa et al., 1990; Kannus and Jozsa, 1991; Webbon, 1978).
However, this lack of perceived clinical inflammation may
be attributable to factors such as the later presentation
of human patients, frequently with recurrent injury and
the availability of tissues for analysis at different times
after injury. Furthermore, the absence of clinically evident
inflammation does not preclude an integral role for inflam-
matory mediators during the pathogenesis and healing
of tendon injuries at a cellular level. Current controversy
regarding the role of inflammation in tendon injury and
healing is similar to that previously debated in joint disease.
Use of the term ‘arthritis’ with its emphasis on inflam-
mation, has generally replaced the term ‘arthrosis’ when
referring to a wide variety of joint disease conditions (Attur
et al., 2002). This change in terminology reflects the fact
that inflammatory cytokines have recently been shown to
play a pivotal role in the development of joint disease even
when clinical signs of inflammation may not be detected.
Terminology commonly used to refer to tendon pathology
is further described in Box 1.

Several laboratory animal models have been used to
investigate tendon injury; however, these induced injury
models do not accurately reproduce the naturally occur-
ring conditions that are detected in human and equine
patients (Lui et al., 2011). Horses, on the other hand suf-
fer a high frequency of clinical overstrain injury involving
a wide spectrum of tendons and ligaments. Therefore the
horse presents an attractive large animal model not only
for equine related studies but also as a relevant model of
human injury due to the shared characteristics of aging
phenotypes (Dudhia et al., 2007; Strocchi et al., 1991), elas-
tic energy storing function common to the weight-bearing
tendons of both species (Ker et al.,2000; Wilsonetal.,2001)
and injury induced by natural athletic activity. Equine
tendon healing processes are traditionally classified into
three distinct but overlapping phases in naturally occurring
injury; the acute inflammatory phase occurs immediately
after the initial trauma lasting only a few days, followed
by the sub-acute reparative phase (peaking at 3-6 weeks
but lasting several months and chronic remodelling phase
(>3 months after injury) (Dowling et al., 2000). Whilst
this temporally coordinated but overlapping sequence of
events describes very well the clinical progression of SDFT
lesions and other injuries such as some suspensory branch
desmopathies in the horse, injuries to the human Achilles

tendon manifest differently with less well defined phases
characterised by persistent pain and ‘failed healing’ (Longo
et al., 2009). These clinical descriptions of the healing
phases suggest that inflammation drives acute and chronic
phases of injury. However recent insights into the under-
lying molecular events suggest that some components of
the inflammatory cascade are necessary for resolution of
injury. This review will discuss the inflammatory mediators
relevant to tendon disease and illustrate that in addition to
pro-inflammatory roles, inflammation triggers important
resolution processes, which can potentially be harnessed
for beneficial therapeutic effect.

2. Inflammation related mediators in tendon health
and disease

2.1. Cytokines in tendinopathy

Cytokines are small proteins with the ability to influ-
ence the biological activities of cells and operate in an
autocrine/paracrine manner. They are highly potent and
exert their effects at picomolar concentrations. The inter-
action between a cytokine and its receptor triggers a series
of intracellular signalling events culminating in a physio-
logical response (Evans, 1999). Cytokines are reported to
have important roles in tendon and ligament homeostasis
by regulating cellular differentiation and activity (Evans,
1999; Lin et al., 2006; Molloy et al., 2003) and the syn-
thesis of tendon matrix (Millar et al., 2009; Riley, 2005;
Sun et al., 2008). However, samples of injured equine SDFT
stain positively for pro-inflammatory cytokines IL-1«, IL-
1B, TNF-a and IFN-y which were not found in normal
tendons (Hosaka et al., 2002). Hence in conjunction with

Box 1: Terminology

The terms below are used commonly in a variety of
clinical scenarios but have not been well defined. For
the purposes of this review, we have attempted to clar-
ify what would be considered the most appropriate use
of these terms.

‘Tendinopathy’ is used to describe disorders affect-
ing tendons, including tendon rupture and chronic
pain. This term does not assume any knowledge about
the underlying pathology.

‘Tendonitis’ is used to describe a painful tendon
and implies that tendon injury is accompanied by an
inflammatory response.

‘Tendinosis’ is used to describe a painful tendon and
implies that tendon injury develops as a consequence
of a degenerative process and implies absence of
inflammation.

‘Tendon disease’ implies that injury develops as
a consequence of repetitive cyclic loading and the
effects of ageing resulting in cumulative micro-
damage. Often exacerbated by overstrain injury, the
most common manifestation in the horse is a central
core lesion.

‘Tendon injury’ encompassing tendon disease but
also occurs as a consequence of traumatic injury when
the tendon is lacerated after cutaneous injury.
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