
Tendons are crucial tissues of the 
body for movement. They are the 
connection between the muscle 

and the bone and withstand considerable 
tension. Despite the main function of the 
tendon to transmit force from the muscle 
to the bone, there are other functions 
which make the body movements 
flawless. For instance, they stretch, thus 
store and release elastic energy to aid 
in muscle power output amplification or 
shock absorbance for muscle protection 
from damage. Tendons also provide rapid 
mechanical feedback for stability. 

Tendons are fibrous connective tissues 
consisting of collagen; healthy tissues 
have no sensory nerves deep inside 
them, but only in the periphery. Tendon 
injuries, known as tendinopathy, happen 
very often, at a rate of almost one in every 
two sports- or occupation-related injuries. 
Nerve ingrowth is frequently observed in 
this condition which potentially triggers a 
pain response. People who are exposed 
to a high level of load on their muscles 
and tendons from repeated movements 
on a daily basis in their occupations, such 
as professional athletes like gymnastics or 
basketball players, are at an increased risk 
of tendon injury.

TREATING TENDINOPATHY 
Injuries usually happen from 

overusing or ageing of 
the tendons. The precise 
mechanisms of tendinopathy 
occurrence, however, are 
still not fully understood. 
Healing of the tendons 
varies a lot between the 
different types of tendons 
as well as across different 

individuals. People might 
be prescribed anything 
from oral medication and 
local injections, through 

abstaining from activity, to surgeries or 
shockwave therapies.

Unpredictably, tendons in some people 
are able to heal and in others are not. 
A lot of studies have addressed this 
inconsistency, but there is still no agreed 
explanation of why this is happening. 
Moreover, scientists still do not fully 
understand how chronic tendinopathy 
affects tissue function and integrity and 
what consequences tendinopathy has on 
different sports and activities.

Dr Hans-Peter Wiesinger from the 
University of Salzburg, Austria, and 
his team of researchers have taken 
up the difficult task to investigate the 
underlying mechanism of tendinopathy 
and suggest a novel method for 
treating the condition – the whole body 
vibration training. They are working 
with world-class sports players in vivo, 
such as volleyball and water polo 
players, ski jumpers, and runners, to 
study the short- and long-term changes 
in the mechanical, morphological, and 
material properties of the tendons 
used the most in these sports. The 
research team focus predominantly on 
the patellar and the Achilles tendons as 
models, taking into account the whole 
muscle-tendon unit when they study 
the loading patterns and the properties 
of the tendons.

The patellar and Achilles tendons are 
two of the highest loaded tendons in 
the human body and can be relatively 
easily studied using ultrasonography. 
The patellar tendon attaches at the 
bottom of the kneecap to the top of 
the shinbone and enables the front 
thigh muscles to extend the knee for 
movements like kicking, running, or 
jumping. The Achilles tendon is the 
largest and strongest tendon in the 

Tendons – a cornerstone 
for movement
How does research help heal injuries?

Detailed understanding 
of tendon mechanical 
properties – and change 
thereof if injured – is essential 
for ensuring maximal 
performance, especially 
about key tendons such as 
the patellar and Achilles 
tendon. Dr Hans-Peter 
Wiesinger and his research 
team from the University of 
Salzburg, Austria, look at the 
effects of tendinopathy on 
the mechanical properties 
of injured tendon tissues to 
improve treatment methods. 
They also find that long-term 
training influences tendon 
viscoelastic properties as the 
healthy tendon adapts to 
different stress scenarios to 
preserve an ultimate strength 
and to better resist fatigue. 
This is particularly important 
for sport-specific contexts. 

body, and it helps when the calf muscle 
flexes to pull the heel for movements 
such as walking, running and jumping.

TENDON PROPERTIES
Tendon properties include morphological, 
mechanical and material properties. 
Hence, Dr Wiesinger and his team 
measured the cross-sectional area (CSA) 
of the patellar and Achilles tendon (the 

transverse section through the tendon) as 
well as the stiffness (how much the tissue 
elongates under a given load), hysteresis 
(how much elastic energy can be used) 
and Young’s modulus (which characterises 
material properties as a measure of 
stiffness when tendon dimensions are 
taken into account). Additionally, they 
related the tendon properties to the 
corresponding muscle architecture to 
characterise whole muscle-tendon units. 

TENDON LOADING AND INJURIES
Constant tendon overloading is one of 
the main explanations scientists have 
for injuries in tendons. The group from 

Salzburg believe that injuries occur 
when a load is applied on a tendon that 
exceeds its capacity to synthesis relevant 
proteins to repair degradation processes 
after exercise. Tendon loading of high 
injury risk is usually associated with 
any activity that requires the tendon to 
store and release energy like a spring. It 
includes activities such as landing from 
stop jumping, running, or hopping. 

Other activity types such as heavy lifting, 
leg presses, or calf raises do not stress 
the tendons as much, as they apply 
different types of pressure onto the 
muscle-tendon unit.

There has been evidence, however, that 
specific types of loading could have 
beneficial long-term effects on tendons 
and might could be crucial for injury 
treatment. In one of their reviews, Dr 
Wiesinger and colleagues compared 
adaptations of some tendon properties 
to increased mechanical loading. They 
concluded that healthy tendon tissue 
adapts systematically to training. After a 

heavy workout, for example, the synthesis 
of collagen increases. The increased 
load during training acts as stress over 
the tendon and changes its morphology, 
increasing the stiffness of the tendon. 
These changes strengthen the tendon to 
maintain an efficient but safe movement 
in stressful situations.  

Moreover, Dr Wiesinger and his team 
came to the conclusion that chronic 
patellar tendinopathy did not have a 
significant effect on knee extension 
strength. Patellar tendinopathy also 
did not affect the strain, hysteresis, and 
energy storage of the tendon. However, 
the condition decreased the tendon 
stiffness, stress and Young’s modulus. 

EFFECTS OF WHOLE-BODY 
VIBRATION
The researchers looked at an alternative 
strategy for tendon recovery – the 
whole-body vibration training. Dr 
Wiesinger investigated what effects the 
whole-body vibration would have on 
the patellar tendon cross-sectional area, 
stiffness and Young’s modulus of the 
healthy tissue. They found that a single 
bout of vibration does not produce any 
changes in these properties. However, 
they showed that 8 weeks of whole-body 
vibration training remodels the tendon 
based on an anabolic response, which 
increases the tendon cross-sectional area 

Patellar tendinopathy did not affect the 
strain, hysteresis, and energy storage of 
the tendon, but it decreased the tendon 
stiffness, stress, and Young’s modulus.

Figure 1. Regional patellar tendon cross-sectional areas (CSA). (A) Sagittal magnetic resonance (MRI) scan of the patellar tendon and denoted positions 
of CSA measurements. (B) Segmented, axial MRI of patellar tendon proximal-region in one representative patient with tendinopathy. (C) Between-group 
comparisons of patellar tendon CSA. Values are mean ± 95% confidence limits. pCSA, cross-sectional area proximal; mCSA, cross-sectional area medial; 
dCSA, cross-sectional area distal; *p < 0.05, **p < 0.01, ***p < 0.001 compared with healthy control patellar tendons.
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Figure 2. Flow chart of the study population selection process and the inclusion and exclusion criteria.

water polo players still show thinner 
tendons because the impact on tendons 
and the muscle contractions are reduced 
in water environment. 

These results point to the fact that 
tendons are adaptable and change their 
properties according to load and function. 
Thinner tendons are thought to operate at 
higher stress levels having more capacity 
to store and release elastic energy, 
whereas thicker tendons usually serve for 
safety. Consequently, could specialised 
training affect the tendon’s capacity 
to store and release energy? In other 
words, can the tendons be trained? Dr 
Wiesinger’s research group investigated 
this question as well, addressing the 
energy storage, hysteresis, and strain 
energy recovery of the knee extensor and 
plantar flexor muscle-tendon units. 

The scientists found that the CSA ratio 
of muscle-to-tendon was 31-33% lower 
in the knee extensors of ski jumpers and 
runners than in water polo players. There 
was no difference in the energy storage 
between the groups. However, the 
hysteresis was about 30% lower in the ski 
jumpers and runners than in controls. This 
meant that some activities can change 
the mechanical properties of tendons, 
such as lowering the hysteresis of the 
tendons, resulting into the tendon to 
retain and utilise more elastic energy and 
adapt to the different conditions.

FINAL REMARKS
Overall, tendinopathy is a very common 
pathology on the tendons that needs to 
be addressed early, even though only 
about 4% of the people diagnosed with 
it actually develop extreme injury, such 
as a rupture. It causes persistent daily 
pain, functional limitations, or in some 
cases an ending of a sporting career. Dr 
Wiesinger and his team of researchers 
are only a few of the people who have 
dedicated their time to seek solutions 
for the condition, paying attention to 
sports-specific particularities. 

The Austrian research team are calling 
scientists all over the globe to combine 
efforts and focus on finding how differences 
in the tendon properties can be used to 
predict tendinopathy occurrence across 
disciplines. Investigating the impact of 
lower patellar stiffness on how the muscles 
function is also another key point in the 
further research that needs to be done. 

had a 21% bigger CSA of the patellar 
tendon, 13% bigger Achilles tendon 
CSA, and 11% stiffer patellar and 27% 
stiffer Achilles tendon compared to 
sedentary individuals. Runners had a 
26% increase in the cross-sectional area 
of the patellar tendon in comparison 
with the sedentary individuals. These 
sports were classified as high-intensity 
excercises and the larger CSA seen 
in sportsmen doing these activities is 
consistent with findings of other studies.

On the other hand, water polo players 
showed completely opposite results: 
their patellar and Achilles tendon 
cross-sectional areas were smaller than 
the controls with 24-28%. Despite the 
high number of loading cycles on their 
bodies, the researchers speculated that 

along with muscle strength (Rieder et al., 
2016b). The researchers, together with 
Dr Florian Rieder from the Paracelsus 
Medical University Salzburg, are 
currently investigating a course of whole-
body vibration training in patients with 
chronic patellar tendinopathy to explore 
any property, functional and pain-related 
changes as it might be the answer to 
effective treatment. 

TENDON PROPERTIES IN 
DIFFERENT SPORTS
In order to gain practicality on their 
results, Dr Wiesinger and his team 
worked with professional athletes 
to determine how particular tendon 
properties are developed in diverse 
sports. What Dr Wiesinger and 
colleagues found was that ski jumpers 

Tendons are adaptable and change their 
properties according to load and function 

for ultimate strength preservation and 
fatigue resistance.

Assessed for eligibility
Tendinopathy (n=52) Healthy (n=34)

Allocation
(n=34)

Tendinopathy group
(n=17)

Control group  
(n=17)Matching criteria

- same sport (~same experience yrs)
[football (n=12), volleyball (n=8), team handball 
(n=4), skiing (n=4), long distance running (n=2), 

American football (n=2), recreational active (n=2)]
- same level (national or international) same sex

- same anthropometrics (age, height, body mass)

Excluded (n=35)
•  declined to participate (n=2)
•  not meeting inclusion criteria (n=25)
  - VISA-P > 80 (n=9) and/or
  - not proximal (n=5)
  - no hypoechoic area (n=2)
  - no tissue thickening (<1mm; n=7)
  - pre-injury or surgery of the knee 
(n=3)
  - Osgood-Schlatter disease (n=4)
  - Tendon treatments (e.g., drug abuse, 
injection of substances…) (n=5)
•  No match to healthy control (n=8)

Excluded (n=17)
•  not meeting inclusion criteria (n=14)
  - symptomatic images (n=7)
  - pre-injury or surgery of the knee 
(n=3)
  - Osgood-Schlatter disease (n=3)
  - shoulder implant (n=1)
•  worse match (n=3)
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