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Introduction 
Contractile dysfunctions (McKenzie and May 2000) are 
not uncommon findings in patients with non-spinal mus-
culoskeletal conditions. Contractile dysfunctions appear 
to account for about a third of mechanical syndrome 
classifications consistently across a number of patient 
surveys of non-spinal musculoskeletal conditions (May 
2006). 

Those of you who were at the 2006 McKenzie Confer-
ence of Americas would have heard the exciting pres-
entations by Dr Karim Khan about his and other re-
search groups’ work related to tendinopathy. In these 
he both presented a contemporary understanding of 
the pathophysiology of tendon problems, but also the 
possible mechanism by which progressive loading is 
effective in the management of these conditions. This 
paper presents a brief summary of some of this work 
under the following headings, which will include some 
speculative clinical commentary seeking to explain 
some of the responses seen in these patients: 

� terminology 
� aetiology 
� pathophysiology 
� mechanotransduction 
� management 
� conclusion 

Terminology–’time to abandon the tendonitis myth’  
Tendonitis, with the suffix ‘itis’ denoting inflammation, is 
clearly a misnomer. No inflammatory cells have been 
found in affected tendons with chronic symptoms. Ani-
mal models have demonstrated some inflammatory cell 
presence in the first 2 weeks of acute injury only. But 
histopathological studies have never demonstrated in-
flammatory cells in persistent tendon problems, nor 
have studies from a range of sites demonstrated the 
presence of the inflammatory mediator prostaglandin 
E2. 

Tendon pathologies should instead be referred to as 
tendinopathy or tendinosis, and clearly fit the definition 
of structural impairment in contractile dysfunction in the 
Mechanical Diagnosis and Therapy (MDT) system
(Khan et al 1999, Astrom and Rausing 1995, Alme-
kinders and Temple 1998, Kraushaar and Nirschl 1999, 
Zeisig et al 2006, Rees et al 2006). 

At present there appears to be more commonalities 
between tendinopathy at different sites than differ-
ences. It appears likely that the pathophysiology and 
the most effective management for tendon problems 
are very similar, whether tennis elbow, rotator cuff le-
sion, adductor lesion, Achilles tendinopathy, patellar 
tendon lesion etc. (Chard et al 1994, Khan et al 1999, 

2000, Jonsson et al 2006, Rees et al 2006, Zeisig et al 
2006, Brukner and Khan 2007). 

Aetiology of tendinopathy 
Aetiology of tendinopathy is uncertain, but appears to 
be a complex interaction of mechanical, vascular and 
other factors; and genetic predisposition has also been 
proposed. Mechanical factors include questions about 
the role of ‘under use’ as well as ‘overuse’ of a tendon 
and its insertion, and the failure of a repair mechanism 
once the tendon integrity becomes compromised by 
one of these processes. The mechanical theory pro-
poses that tendinopathy occurs with repeated loading, 
which is within physiological limits but over time leads 
to tendon fatigue and then failure. This would explain 
why tendinopathy is commonly found in the tendons of 
older individuals. However there are certain aspects of 
tendinopathy that are not explained by the mechanical 
theory – for instance why are some areas of particular 
tendons prone to tendinopathy, and why tendinopathy 
sometimes is painful and sometimes is asymptomatic. 
Also it seems rather unlikely that loading within the 
physiological range could actually harm the tendon, 
and if this is the case then why do exercises also con-
fer a therapeutic benefit (Rees et al 2006)? 

The vascular theory asserts that as metabolically active 
tissue tendons can be susceptible to vascular compro-
mise at certain sites that can lead to degeneration. For 
instance there is some evidence of a region of reduced 
vascularity in the Achilles tendon in the area most sus-
ceptible to degenerative changes. But again there is 
controversy over this theory, and it is not completely 
accepted by all (Rees et al 2006). It does not explain 
why exercises can heal tendons, nor the recent find-
ings of neovascularisation in symptomatic tendons.  

In reality it is likely that the aetiology is a result of some 
interaction between mechanical, vascular and neural 
factors, as well as other factors that might have a role. 
There are other intrinsic and extrinsic factors including 
age, gender, biomechanics, training errors, and the 
environment that have been proposed to be involved in 
causation although the specific literature remains 
scarce. There is a genetic predisposition to chronic 
Achilles tendon problems (Mokone 2005), this is sup-
ported by research that sustaining an Achilles tendon 
rupture increases the risk of the other Achilles rupturing 
by 176 times (Rees et al 2006, Riley 2004). 

Pathophysiology  
In affected tendons what has been found are: disrupted 
collagen in disarray, apoptosis (cell death), and primar-
ily proliferation of ground substance and myofibro-
blasts. In other words what looks like disruption of the 
collagen structure and failed attempts to repair it. Fur-
thermore tendinopathy has variable amounts of ne-
ovascularisation that results in a profusion of abnormal 
blood vessels and nerves, which can be seen on Dop-
pler US. Some studies have suggested that this vas-
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culo-neural in-growth is the source of symptoms, being 
commonly found in symptomatic tendons, which be-
come pain free after injection of sclerosing substances 
or disappear over time in patients with positive clinical 
outcomes, but are not found in normal tendons (Zeisig 
et al 2006, Ohberg et al 2001, 2004, Weinberg et al 
1998, Khan et al 1999, Astrom and Rausing 1995, 
Almekinders and Temple 1998, Kraushaar and Nirschl 
1999, Ohberg et al 2004, Zeisig et al 2006). 

The nerves are likely to make the tissue highly sensi-
tive to stress and therefore speculatively might cause a 
temporary worsening of pain if overloaded too early in 
the rehabilitation process. Maybe in the past this has 
been mistaken as an inflammatory response, but is in 
fact more likely to be a product of peripheral sensitisa-
tion. Its lesson is the importance of achieving the right 
loading strategy during the rehabilitation process. 

Mechanotransduction – why loading is the answer? 
Loading the tendon appears to be the best clinical solu-
tion to tendon problems (see next section), but why is 
this? Dr Khan hypothesised that this was because the 
loading targets the affected cells in a positive way, and 
remarked that to cell biologists all this was patently ob-
vious. The loading and its effects is known as mecha-
notransduction. 

Loading has the following sequential effects: 
� mechanical coupling – loading physically stimulates 

the cells 
� biochemical coupling – cells are linked by gap junc-

tions 
� transmission of biochemical signal – calcium and 

protein flow through and between cells 
� tendon cell response – nucleus up-regulates pro-

tein production including collagen and proteogly-
cans 

� thus repair and remodelling are stimulated  

This somewhat hypothetical theory, but based on 
plenty of applied science from different areas, provides 
MDT practitioners with the potential science that under-
pins our management of patients with contractile dys-
functions. It is known that blood flow, oxygen demand 
and the level of collagen synthesis increase with me-
chanical loading on human tendons. The proteins of 
the extra cellular matrix are also modified by exercise; 
these changes affect the biomechanical and structural 
properties of the collagen. Mechanical loading thus re-
sults in a marked increase in growth factors that stimu-
late extra cellular proteins (Kjaer et al 2005).  

Management 
If the pathology is not an inflammatory process then 
apparently appropriate interventions, such as rest and 
ice no longer look so relevant. If tendon pathology is 
related to a failed repair process, or rather a failed re-
modelling phase of the repair process, it is the remodel-

ling that is most important. This maybe explains the 
results of some trials in which steroid injections have 
been used to produce a better quick effect than other 
interventions, but a poorer or equal long-term effect 
compared to physiotherapy, naproxen and even a wait-
and-see policy (Smidt et al 2002, Hay et al 1999). Per-
haps the injection provides pain relief, but the tendon 
has not been strengthened or remodelled – a return to 
normal use simply causes a recurrence of symptoms in 
the still weakened and disrupted tendon. 

Furthermore, studies comparing surgical to non-
surgical management of tendinopathies clearly demon-
strate the value of exploring a loading regime, often 
eccentric, before considering a surgical option. For in-
stance equal outcomes were demonstrated between 
surgery and an eccentric training programme in pa-
tients with Achilles tendinopathy and patellar tendi-
nopathy (Alfredson et al 1998, Bahr et al 2006), and 
between surgery and exercise programmes in patients 
with rotator cuff disease (Brox et al 1993, 1999, Haahr 
et al 2005). In a pilot study, of 9 patients with 
‘impingement syndrome’ awaiting surgery, 5 improved 
markedly in pain and function following an eccentric 
training programme, and withdrew from the surgery 
waiting list (Jonsson et al 2006). The programme delib-
erately provoked patient’s pain, with an increase in load 
if the exercise became painless. 

There is increasingly good evidence for the use of re-
sistance training in tendinopathy, especially eccentric 
training. Obviously there is a range of strengthening 
exercises that could be used, including: isometric, dy-
namic isotonic, resisted, concentric, eccentric etc. Sev-
eral research groups are now advocating eccentric 
loading exercises for the treatment of tendon problems, 
and clinical research generally supports this approach. 
Although some of these studies use weak study de-
signs without randomisation or control groups, the re-
sults are the same in the randomised controlled trials. 
Frequently the patients are very chronic and have 
failed to respond already to a range of conservative 
treatments. Positive results to resistance training have 
been demonstrated in Achilles, rotator cuff, adductor, 
lateral epicondyle, and patellar tendon problems. 

(Alfredson et al 1998, Brox et al 1993, 1999, Fyfe and 
Stanish 1992, Holmich et al 1999, Pienimaki et al 1996, 
1998, Stanish et al 1986, Bahr et al 2006, Jonsson et al 
2006). However a recent systematic review on the 
effectiveness of eccentric exercises noted that there 
was limited evidence that they had a positive effect on 
outcomes compared to various control interventions, 
but also that there was a dearth of high quality 
research on the topic (Woodley et al 2006).  

The eccentric studies currently all tend to be modeled 
on the Alfredson approach of 3 sets of 15 repetitions, 
two times a day, seven days a week, for 12 weeks, al-
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though the exact rationale for this specific regime re-
mains anecdotal.  Furthermore, there is no consensus 
so far in the initial loading that should be used; some 
advocate loading that provokes pain, but others being 
unclear about the pain response. It is only MDT 
(McKenzie and May 2000) that clearly advocates a 
loading hierarchy based on symptom response in the 
remodelling of structural impairment in Contractile Dys-
function. From the range of potential exercises the pa-
tient should start on one exercise at the intensity that 
provokes their pain but allows it to fade away within 
minutes of completing the loading exercise, as has 
been previously advocated with management of Dys-
function Syndrome in the spine – pain is produced but 
does not remain worse as a result of the loading strat-
egy. 

As this exercise becomes easier or asymptomatic a 
further progression is incorporated with graduated load-
ing as the intensity of the exercise is increased. Pro-
gressions continue as far as they equate with the nor-
mal or desired functional requirements of the patients, 
but should guarantee full and pain free range of move-
ment. This might involve the use of a backpack (for 
lower limb exercises) or weights during the eccentric 
loading to increase the intensity to reproduce the pa-
tient’s symptoms during the exercise. Furthermore, ec-
centric loading of the patella tendon has been demon-
strated to be significantly more effective by using a de-
cline board to increase the load (Bahr et al 2006, 
Kongsgaard et al 2006). 

Rehabilitation may also involve variations in velocity of 
the exercise, and sport specific functional tasks,  par-
ticularly if the patients are returning to sport or activities 
involving high impact  or high intensity such as running, 
jumping, throwing etc 

Conclusion 
This review has considered some of the background 
evidence underpinning the management of contractile 
dysfunction, which is a commonly found mechanical 
syndrome in extremity patients. The pathophysiology is 
now understood to be non-inflammatory in nature in 
most patients, but represents more an attempt at failed 
repair with an in-growth of blood vessels and nerves 
into the disrupted collagen. Loading has the effect of 
stimulating collagen synthesis and other extra cellular 
matrix. It is hypothesised that loading affects the ten-
don both bio-chemically and bio-mechanically in such a 
way that stimulates repair and remodelling so that the 
structural properties of the tendon is improved. There-
fore not surprisingly it has been shown that loading ex-
ercises, especially eccentric loading, are an effective 
management for many patients with tendinopathy. 

Clearly there are more studies required to further refine 
specific exercise prescription and graduated loading 
strategies. 
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