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evaluating the impact of ultra-endurance running: 
an imaging-based research project 
One of the most extreme mountain ultra-marathon 
events in the world takes place every year in the 
Val d’ Aoste in the Alps. 

The Tor des Géants is a 330-kilometre race which 
involves a total vertical ascension of 24,000 metres 
and which has to be completed in less than 150 
hours. Behind this extreme event a medico-scientific 
project, the MUST project, has been set up with 
the objective of better understanding the impact of 
ultra-endurance on the human body, using the most 
sophisticated medical imaging equipment available. 

We talked to Dr Pierre Croisille, Professor of Radiology 
at the University Hospital of St Etienne, France and 
scientific coordinator of the MUST Project. 

Q  Before we get into the MUST research project, please 
tell us a bit about the Tor des Géants race itself. 

As you indicated, it is indeed one of the world’s ultimate 
endurance races. Basically the route starts at Courmayeur, 
goes along one side of the Val d’Aoste and comes back along 
the other side, finishing back in Courmayeur. The 336 km 
long route goes up and down the mountains surrounding the 
Val d’Aoste and involves a total climb of 24 000 metres, so 
several times higher than Mount Everest. The runners cross 
34 municipalities, 25 mountain passes over 2000 metres, 30 
alpine lakes and 2 natural parks. Due to the difference between 
the highest point and the lowest point, climatic conditions can 
be changeable so that competitors can encounter all weather 
conditions from sun, rain, wind right through to snow.

And if that’s not tough enough, the regulations of the race stip-
ulate that the trail must be completed in a maximum of 150 hours.

 This year the race took place between the 7th and 14th 
September, under relatively mild climatic conditions. There 
were more than 700 entrants for the race. 

The participants came from all over Europe, mostly male 
but also including a proportion of women. They came from 
all walks of life and professions, ranging from purely seden-
tary occupations to physically demanding activities. About 
the only common feature among the participants is their 
devotion to extreme endurance events. 

This year there were 444 finishers and the outright winner 
was the Italian Franco Colle who completed the course is an 
amazing 71 h 49 minutes. 

And while a common reaction for those who actually 
cross the finishing line is to say “never again” it’s amazing 

that, after a couple of days, most people are ready to sign up 
for the next year. 

In fact this year we even had 15 people — we call them 
the “senators” — who have taken part in every Tor des Géants 
race since it was started five years ago. 

Q  It all sounds very exhausting so let’s quickly move 
on to the MUST project that you coordinate, with 
its objective of evaluating the impact of such ultra-
endurance events on the body. 

First of all, let’s get one thing clear. The Tor des Géants 
is an ultra - endurance event which, almost by definition, 
means that it attracts only highly motivated individuals with 
a particular passion for pushing themselves and their bodies 
to the limits.

For common mortals, who don’t — or can’t — aspire to 
taking part in races like the Tor des Géants, this does not at all 
mean that they should abandon any form of exercise. 

The coordinator of the MuST project is Professor Pierre 
Croisille,  MD, PhD. 
Pierre Croisille has been involved in various European 
projects in cardiac MR imaging and now has more than 
20 years of experience in the field. Prof. Croisille is the 
head of the radiology department in the Saint-Etienne 
university Hospital and is Director of the Creatis lab for 
Medical Imaging Research in the university of Lyon. 
email: croisille@creatis.insa-lyon.fr
Further details of the MuST project can be found at www.
creatis.insa-lyon.fr/MuST
Prof.  Croisille  is a keen cross-country skier. 

Considered one of the toughest  of all endurance events, the Tor des Géants takes 
place every year in Val d’Aoste in the Alps. The runners cross 34 municipalities, 25 
mountain passes over 2000 metres, 30 alpine lakes and 2 natural parks.
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On the contrary, it is now well-estab-
lished that even a little exercise has a bene-
ficial effect. There are many publications on 
this subject but a recently published report 
from an American research group is note-
worthy if only because of the sheer num-
bers of subjects included and the length of 
the follow-up period of their study (Lee et 
al. Leisure-time running reduces all-cause 
and Cardiovascular Mortality Risk. J Am 
Coll Cardiol 2014; 64: 472 - 81). 

The group analyzed a cohort of no 
fewer than 55000 adults for a mean follow-
up of 15 years. The conclusion was clear: 
there was “consistent long-term mortality 
benefits of leisure time running. Running 
even at relatively low doses (5 to 10 min/day, 
so below the current minimum guideline of 
vigorous -intensity aerobic activity) was suf-
ficient for substantial mortality benefits”. 

That’s an important message — you 
don’t have to take part in ultra-marathons 
to benefit from physical exercise. 

However from a medical/scientific point 
of view, ultra-endurance events such as the 
Tor des Géants are also very interesting since 
they enable the effect on the body of such 
extreme events to be analyzed in detail. This 

has been described by a paper from the well-
known Lausanne, Switzerland group of Sports 
Scientists (Millet GP and Millet GY. Ultrama-
rathon is an outstanding model for the study of 
adaptive responses to extreme load and stress. 
BMC Med. 2012; 10: 77). In fact, as Grégoire 
Millet himself points out “During ultra-trail 
events, the body is pushed to its limits. The 
sport therefore allows a better understanding of 
phenomena that, from an ethical stand point, 
would be impossible to test in the laboratory.” 

Our “MUST” project analyzing the par-
ticipants of the Tor des Géants event is an 
example of this. 

Thus, you can assume that the inflam-
matory phenomena resulting from ultra-
endurance events are responsible for the 
functional disorders seen at the end of the 
race. The project could therefore allow us to 
identify and fully characterize what would 
basically be a new model of human tissue 
stress, involving inflammatory levels that 
are close to those observed in severely ill 
patients such as those in intensive care units, 
for example with multiple trauma injuries 
or after myocardial infarction. It is of course 
difficult to include such severely ill patients 
in clinical trials. However by evaluating 
innovative quantitative imaging methods 
and analyzing new serum bio-markers in 
runners under conditions close to those of 
severely ill patients, we may be able to accel-
erate the transfer and the validation of newly 
developed methodology into routine clinical 
applications. 

Q  So what exactly does the MUST 
project involve? 

In essence, the project involves following 
the runners at several time points during 
the race, namely at the start, in the middle of 

the race, immediately after the race and then 
finally a few days after the race. We carry 
out several analyses: MRI and echographic 
ultrasound examinations and we also take 
blood samples for subsequent in vitro analy-
ses of certain serum biomarkers, such as 
heat stress proteins. The MRI are princi-
pally focussed on leg muscles, the heart and 
brain. For each subject, all this takes about 
60 minutes, so from a logistical point of 
view it is impossible to examine all 700 run-
ners, especially since they are so motivated 
that the idea of missing the start of the race 
simply to enable us to carry out MRI exams 
would be unacceptable. For this reason we 
had to restrict ourselves to a sample of 50 
runners, of whom 27 actually completed 
the race (This percentage is broadly similar 
to the finishing numbers of the race over-
all where there were 380 finishers out of 
approximately 700 starters). 

Q  So in practice how did you carry 
out these exams? 

This is where we depend greatly on 
the support of our industry sponsors. 
Siemems provided us with a mobile 1.5 T 
MRI system in a truck which was parked 
at the starting (and finishing) line at Cour-
mayeur. We also had at Courmayeur two 
ultrasound elastograph systems provided 
by Supersonic Imagine. To handle all the 
resulting images we used the VUE PACS 
system from Carestream. In addition we 
took blood samples for subsequent analy-
sis by our colleagues in Liège, Belgium. 

It was gratifying that all these systems 
functioned perfectly from the technical 
point of view. The most difficult practi-
cal aspect of the project was in fact the 
scheduling of the runners. As I said before, 
they are so motivated that there is no ques-
tion of them changing their schedule just 
to suit us. Likewise, in the mid-point and 
end-of-race sampling times it is impossible 
to predict when the runners will actually 
turn up. It makes scheduling of patient 
visits in a hospital look easy. 

Q And what about the results? 
We are now starting the process of the 

analysis of this mountain of precious data, 
which is carefully and safely stored. We 
hope that we should be able to come out 
with our findings by May or April of next 
year, in any case before next year’s Tor des 
Géants race. 

ultrasound and elastographic examinations were carried out using Aixplorer systems from Supersonic Imagine. 
In addition MRI exams were carried out using a Siemens 1.5T MRI system.  All images were handled using the 
cloud-based VuE PACS platform from Carestream. 

The Must project would not have been possible  without 
support from three industrial sponsors. Siemens pro-
vided an 1.5T MRI machine in a mobile truck. Supersonic 
provided two Aixplorer ultrasound elastography systems 
and Carestream provided imaging and archiving services 
from its cloud-based VuE PACS platform. 


