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Introduction: The Mixed-Team-Relay (MTR) triathlon is an original race format
present on the international scene since 2009, which became an Olympic event
at the Tokyo 2020 Games. The aim of this study was to define the probabilities
of reaching a victory, a podium, or a finalist rank in a relay triathlon, according
to the position of any of the four relayers (Women/Men/Women/Men) during
each of the four segments (leg) of the race.
Methods: All MTR results from the World Series, Continental Championships,
World Championships from 2009 to 2021 and Tokyo 2020 Olympics have been
collected. We calculated the set of probability frequencies of reaching a given
final state, according to any transient state during the race. All results are
compared with a V’ Cramer method.
Results: The frequency of winning is similar at the end of Leg 1 for TOP1 (first
position) and TOP2-3 (second and third positions). Then, a difference in the
winning-associated frequencies is first observed after the Bike stage of Leg 2,
where 47% of TOP1 athletes will win, vs 13% of the TOP2-3.
Discussion: This difference continually increases until the end of the race. Legs 2
and 3 are preponderant on the outcome of the race, the position obtained by each
triathlete, especially in swimming and cycling, greatly influences the final
performance of the team. Leg 1 allows to maintain contact with the head of
the race, while Leg 4 sets in stone the position obtained by the rest of the team.
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1. Introduction

Triathlon mixed team relay (MTR) is the newest format of triathlon, which consists of a

consecutive sequence of swimming, biking, running, and two transition phases on a

supersprint format (250–300 m swimming, 5–8 km cycling, and 1.5–2 km running) (1),

which is carried out consecutively by the four relay triathletes (women/men/women/men).

World Triathlon has defined this as being the relay order until 2021. The MTR format is

present in the calendar of the International Federation with a World Championship since

2009 and is included for the first time in the program of the Summer Olympic Games of

Tokyo 2020. Furthermore, the recent increase in the number of MTR races in the World

Triathlon Championship Series (WTCS) has offered more possibilities to analyze more

races. The stakes of this format are important as they allow athletes who qualify for the

Olympic Games on the relay to also participate in the individual race. Nations can

strategically concentrate on having strong relay teams in the Olympic qualification period,

as qualifying a team would automatically send their four athletes to the individual race (1).
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Several studies have highlighted optimal strategies to reduce the

energy cost during the race and increase the winning probabilities,

with a correlation between exiting the water in the first positions

and victory, in Olympic distance (2, 3). Cycling is likely to be

influenced by drafting, as it relates to the difference in energy

cost of riding in a peloton vs. riding alone (4). Drafting also

reduces the energy expenditure for the rest of the event (5). In

addition, maintaining one’s position in the first pack is a

determining factor in the final performance (6). The running leg

strong affects final performance, where we observe a maximal

effort of the athletes in the initial and final phases, a pattern

called “Parabolic pacing” (7, 8). However, it was found that the

influence of each split depends on the length of the triathlon and

that the shorter the distance, the more swimming correlates with

the outcome of the race (9). These authors highlight that

triathletes in leading positions going into the run could have a

psychological advantage over the chasing athletes, allowing them

to perform better (3, 9). To date, only a few articles (10, 11) have

studied the MTR race format. They have mainly focused on the

physiological requirements of this format, bringing practical

applications to help coaches plan and execute race tactics or

develop training strategies. The frequent high-intensity bursts

observed in all three disciplines and the positive pacing strategies

are well-developed anaerobic qualities in elite triathletes (10).

Recently, authors have shown how specific the skills of each

relayer need to be (11); in particular, triathletes skilled in racing

in a group seem like a better choice for Legs 1 and 2, while

those who are good at pacing themselves and skilled in racing in

nondrafting situations seem to be better suited for Legs 3 and 4.

The aim of this study was to define the probabilities of reaching

a victory, podium, or finalist rank in a relay triathlon according to

the position during each segment of the race. This study was

designed to bring practical suggestions to the coaches and

technical staff to form a successful MTR team by composing

each leg to weigh on the race dynamics.
2. Methods

2.1. Data collection

This analysis included data from elite national teams

competing from 2009 to 2021. All performances in World

Triathlon races were collected: WTCS, World Championship

(WChamp), Continental Championship (ConChamp), and

Olympic Games (OG) on the MTR. Within 38 MTR races, 394

different teams have finished the race, representing 1,576

performances realized by 2,924 male and female athletes. The

ITU race data are publicly available and extracted from the

World Triathlon database (www.triathlon.org). All the data were

downloaded using a script on R querying by a public API (12).
2.2. Data analysis

All race times were collected (swim, bike, run, and transition)

to track the positions of each triathlete during the relays.
Frontiers in Sports and Active Living 02
Nonfinishers (DNF, DSQ) were considered to finish last,

classified in the order of the teams’ withdrawal from the race.

Each racer is an iteration of a supersprint triathlon; they were

coded as Legrelayer number—sport. The transition phases were

excluded from the analysis because the position changes are an

information redundancy with the previous phase. Indeed, in our

dataset, all the transitions did not bring any change to the

ranking between the entry and exit of the transition phase. The

relay teams were divided into four groups according to their

positions throughout the race (state), the first (TOP1), second

and third (TOP2–3), fourth to eighth (TOP4–8) positions, and

teams above the eighth place (overTOP8). The fourth to eighth

(TOP4–8) positions express the possible transitional state to the

finalist position. It represents the team’s potential medalist;

considering them allows us to visualize whether they have a

probability of reaching the podium. The final states observed

were the “Winner” (1st rank), “Medalist” (1st to 3rd rank), and

“Finalist” (1st to 8th rank).
2.3. Statistical analysis

The frequency is expressed with a 95%confidence interval. This

represents the number of teams that reached the final state in this

transient state. A Student’s t-test was used to compare the time,

ranking, and time difference at the head of each leg, and the

results are expressed as means and standard deviations. A

chi-square test of adequacy was performed at each section of the

race to test Hypotheses H0: “rank has no influence on final

ranking” and H1: “position is determinant of final ranking.” In

addition, the result is supplemented with an effect size value

Cramer’s V (13–15) to express the magnitude of the probability

of reaching the final states. The level of statistical significance

was set at p≤ 0.05, and the V values were considered as small

≤ 0.06, medium≤ 0.17, large≤ 0.29, and very large effect > 0.29.

The chi-square test of adequacy does not meet all the conditions

of application, in particular, because the theoretical number of

participants is fewer than 5. We will express this difference

between the groups with only the effect size and 95% CI. All the

data were processed and analyzed using R v.1.4.1106.
3. Results

3.1. Position and time at the head of the
race

The average differential times (difference in time from the time

of the first triathlete in that segment) for each classification

category and each race component are presented in Table 1. For

example, the 1st relay runners (Leg 1) of the winning teams in

the race recorded a significantly faster time (333.45 ± 45.24) than

the first runner of the Finalist teams (347.59 ± 53.77) and the

Finisher teams (366.27 ± 98.64) (Table 1). This is verified by the

average rankings, which follow the same trend (Table 1). For

example, in Leg 2, athletes competing in the Winner teams
frontiersin.org

http://www.triathlon.org
https://doi.org/10.3389/fspor.2023.1096272
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


T
A
B
LE

1
A
ve

ra
g
e
ra
n
ks
,
ti
m
e
s,

an
d
d
if
fe
re
n
ti
al

ti
m
e
s
in

e
ac

h
co

m
p
o
n
e
n
t
o
f
th
e
re
la
y
fo
r
th
e
w
in
n
e
r,
m
e
d
al
is
t,
fi
n
al
is
t,
an

d
fi
n
is
h
e
r
st
at
e
s
(a
n
d
st
an

d
ar
d
d
e
vi
at
io
n
).

Le
g
1

Le
g
2

Le
g
3

Le
g
4

Sw
im

Bi
ke

Ru
n

Sw
im

Bi
ke

Ru
n

Sw
im

Bi
ke

Ru
n

Sw
im

Bi
ke

Ru
n

W
in
ne
r

R
an
k

5.
55

±
4.
33

(c
,d
)

3.
45

±
3.
22

(c
,d
)

3.
18

±
2.
86

(c
,d
)

3.
08

±
2.
64

(c
,d
)

2.
58

±
2.
11

(c
,d
)

2.
21

±
1.
68

(b
,c
,d
)

2.
16

±
1.
55

(b
,c
,d
)

1.
74

±
1.
37

(b
,c
,d
)

1.
47

±
0.
98

(b
,c
,d
)

1.
39

±
0.
68

(b
,c
,d
)

1.
26

±
0.
5

(b
,c
,d
)

1
±
0

(b
,c
,d
)

T
im

e
24
0
±
38
.8
6

(d
)

62
5
±
70
.5
4

33
3.
45

±
45
.2
4

(d
)

22
5.
09

±
25
.4
7

(d
)

57
4.
52

±
66
.4
9

(d
)

29
6.
55

±
37
.3
2

(d
)

24
7.
82

±
26
.9
4

(d
)

62
9.
18

±
74
.2
7

(d
)

33
4.
58

±
40
.6

(c
,d
)

22
7.
73

±
23
.9
2

(d
)

58
2.
39

±
64
.9
5

(d
)

30
0.
7
±
46
.2
4

D
iff
.
1s
t.

18
.1
2
±
54
.4
2

(d
)

7.
55

±
11
.8
1

(c
,d
)

12
.9
4
±
15
.7
5

(c
,d
)

10
.6
4
±
10
.5
7

(c
,d
)

7.
45

±
11
.5
3

(b
,c
,d
)

8.
73

±
11
.9
7

(b
,c
,d
)

6.
64

±
9.
47

(b
,c
,d
)

3.
85

±
8.
97

(b
,c
,d
)

4.
79

±
9.
25

(b
,c
,d
)

3.
48

±
7.
01

(b
,c
,d
)

0.
64

±
1.
27

(b
,c
,d
)

0
±
0

(b
,c
,d
)

M
ed
al
is
t

R
an
k

5.
03

±
3.
72

(c
,d
)

3.
7
±
2.
64

(c
,d
)

3.
28

±
2.
02

(c
,d
)

3.
38

±
2.
41

(c
,d
)

3.
21

±
1.
95

(c
,d
)

3.
2
±
1.
95

(a
,c
,d
)

2.
8
±
1.
78

(a
,c
,d
)

2.
93

±
1.
59

(a
,c
,d
)

2.
67

±
1.
05

(a
,c
,d
)

2.
63

±
1.
08

(a
,c
,d
)

2.
54

±
0.
96

(a
,c
,d
)

2.
5
±
0.
5

(a
,c
,d
)

T
im

e
23
8.
57

±
40
.0
7

(d
)

62
8.
26

±
68
.7
8

33
4.
76

±
43
.9
1

(d
)

22
4.
53

±
25
.7
2

(d
)

57
9.
39

±
63
.5
8

(d
)

30
0.
35

±
39
.4

(d
)

24
8.
42

±
28
.2
1

(d
)

63
5.
73

±
71
.6
6

(d
)

34
1.
24

±
49
.0
1

(d
)

22
7.
26

±
24
.2
3

(d
)

58
9.
61

±
71
.0
2

(d
)

30
2.
52

±
44
.4
7

D
iff
.
1s
t.

16
.6
9
±
53
.9
3

(d
)

9.
58

±
13
.2
3

(c
,d
)

17
±
18
.9
4

(c
,d
)

14
.1
4
±
17
.9
6

(c
,d
)

15
.5
3
±
24
.2
9

(a
,c
,d
)

20
.5
9
±
25
.9
7

(a
,c
,d
)

19
.1
1
±
27

(a
,c
,d
)

23
.0
5
±
32
.7
8

(a
,c
,d
)

31
.4
1
±
36
.7
5

(a
,c
,d
)

29
.6
4
±
37
.1
8

(a
,c
,d
)

33
.9
4
±
46
.1
8

(a
,c
,d
)

36
.1
4
±
37
.1
9

(a
,c
,d
)

Fi
na
lis
t

R
an
k

7.
55

±
4.
4

(a
,b
,d
)

6.
85

±
3.
41

(a
,b
,d
)

6.
75

±
3.
23

(a
,b
,d
)

6.
46

±
2.
96

(a
,b
,d
)

6.
3
±
2.
73

(a
,b
,d
)

6.
21

±
2.
59

(a
,b
,d
)

6.
27

±
2.
42

(a
,b
,d
)

6.
08

±
2.
29

(a
,b
,d
)

6.
16

±
2.
13

(a
,b
,d
)

6.
14

±
2.
04

(a
,b
,d
)

6.
04

±
1.
69

(a
,b
,d
)

6
±
1.
42

(a
,b
,d
)

T
im

e
24
3.
87

±
41
.6
6

(d
)

63
7.
79

±
73
.8
8

34
7.
59

±
53
.7
7

(d
)

22
6.
48

±
25
.6
2

(d
)

58
7.
06

±
65
.9
6

(d
)

30
7.
08

±
42
.2
1

25
6.
78

±
32
.7

(d
)

65
4.
13

±
79
.1
3

(d
)

35
3.
68

±
53
.2
2

(a
,d
)

23
2.
36

±
27
.0
9

(d
)

59
7.
73

±
65
.8
4

(d
)

31
1.
49

±
46
.8
6

D
iff
.
1s
t.

21
.9
9
±
55
.0
4

(d
)

24
.9
1
±
31
.5
8

(a
,b
,d
)

45
.3
6
±
50
.7
4

(a
,b
,d
)

44
.4
4
±
53
.2
6

(a
,b
,d
)

53
.6
4
±
65
.6
2

(a
,b
,d
)

66
.1
4
±
74
.3

(a
,b
,d
)

73
.0
1
±
83
.0
5

(a
,b
,d
)

96
.0
9
±
10
3.
79

(a
,b
,d
)

11
8.
47

±
12
3.
06

(a
,b
,d
)

12
1.
8
±
13
0.
65

(a
,b
,d
)

13
4.
85

±
14
4.
65

(a
,b
,d
)

14
6.
48

±
14
7.
83

(a
,b
,d
)

Fi
ni
sh
er

R
an
k

11
.6
6
±
5.
74

(a
,b
,c
)

12
.6
7
±
5.
19

(a
,b
,c
)

12
.8
7
±
5.
04

(a
,b
,c
)

13
.0
4
±
4.
91

(a
,b
,c
)

13
.2
4
±
4.
72

(a
,b
,c
)

13
.3
4
±
4.
6

(a
,b
,c
)

13
.4
±
4.
5

(a
,b
,c
)

13
.5
4
±
4.
31

(a
,b
,c
)

13
.5
9
±
4.
25

(a
,b
,c
)

13
.6
2
±
4.
2

(a
,b
,c
)

13
.7
2
±
4.
09

(a
,b
,c
)

13
.7
9
±
4

(a
,b
,c
)

T
im

e
25
8.
53

±
51
.4
5

(a
,b
,c
)

64
6.
52

±
83
.4
3
IC
I
pa
s
ab
c

36
6.
27

±
98
.6
4

(a
,b
,c
)

23
7
±
26
.3
7

(a
,b
,c
)

60
2.
07

±
77
.9
5

(a
,b
,c
)

31
9.
62

±
92
.9
9

(a
,b
)

26
6.
45

±
34
.5
5

(a
,b
,c
)

67
0.
8
±
85
.2
7

(a
,b
,c
)

35
9.
2
±
51
.2
7

(a
,b
)

24
4.
09

±
32
.4
7

(a
,b
,c
)

61
0.
25

±
79
.3
1

(a
,b
,c
)

31
1.
92

±
46

D
iff
.
1s
t.

40
.0
7
±
83
.3
3

(a
,b
,c
)

50
.7
1
±
49
.5

(a
,b
,c
)

94
.9
6
±
12
7.
52

(a
,b
,c
)

10
1.
98

±
12
3.
33

(a
,b
,c
)

13
5.
13

±
14
4.
48

(a
,b
,c
)

17
0.
46

±
24
9.
62

(a
,b
,c
)

18
4.
58

±
24
8.
06

(a
,b
,c
)

22
6.
34

±
23
9.
79

(a
,b
,c
)

25
0.
73

±
18
8.
64

(a
,b
,c
)

26
0.
77

±
19
8.
51

(a
,b
,c
)

28
7.
31

±
23
3.
84

(a
,b
,c
)

30
4.
49

±
23
7.
67

(a
,b
,c
)

D
iff
e
re
n
ti
al
ti
m
e
is
d
e
fi
n
e
d
as

th
e
d
iff
e
re
n
ce

b
e
tw

e
e
n
an

in
d
iv
id
u
al
’s
sp

lit
ti
m
e
fo
r
a
co

m
p
o
n
e
n
t
o
f
th
e
ra
ce

an
d
th
e
h
e
ad

o
f
th
e
ra
ce

fo
r
th
at

co
m
p
o
n
e
n
t
in

th
e
sa
m
e
ra
ce

.S
ig
n
ifi
ca

n
ce

t-
te
st
w
e
re

p
e
rf
o
rm

e
d
fo
r
th
e
th
re
e
va
ri
ab

le
s.
Le

tt
e
rs

a–
d

in
d
ic
at
e
st
at
is
ti
ca

lly
si
g
n
ifi
ca

n
t
d
iff
e
re
n
ce

s
(p
-v
al
u
e
<
0
.0
5
):
(a
)
W
in
n
e
r,
(b
)
m
e
d
al
is
t,
(c
)
fi
n
al
is
t,
an

d
(d
)
fi
n
is
h
e
r.

Ledanois et al 10.3389/fspor.2023.1096272

Frontiers in Sports and Active Living 03 frontiersin.org

https://doi.org/10.3389/fspor.2023.1096272
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Ledanois et al 10.3389/fspor.2023.1096272
already show lower ranks in swim, bike, and run (3.08 ± 2.64;

2.58 ± 2.11; 2.21 ± 1.68) than their Finalist (6.46 ± 2.96; 6.3 ± 2.73;

6.21 ± 2.59) and Finisher (13.04 ± 4.91; 13.24 ± 4.72; 13.34 ± 4.6)

counterparts, respectively (Table 1). The position in the rankings

during the race is significantly different between the Winners

and Medalists vs. Finalists vs. Finishers. The difference in rank

during the race becomes significant between Winners and

Medalists at the third relay, and this will be observed in the rest

of the race (Table 1). If we only observe the raw times, it should

be noted that the times on each segment do not differ

significantly between the Winner, Medalist, and Finalist groups

but each of these three groups has a significantly different time

from the Finisher group on each segment of the relay (Table 1).
3.2. Positions and frequencies for winners

The frequencies of winning at the end of the race converge

between TOP1 and TOP2–3 until Leg 2—bike. After this step,

the frequencies differ between the two groups (Figure 1A). In

addition, the 95% CI does not merge anymore. TOP4–8 and

overTOP8 have a decreasing trend from Leg 1—swim with,

respectively, 8% and 6% probability of finishing 1st (Figure 1A).

Furthermore, the effect size shows a high increase in the

difference in probabilities of achieving victory with the first time

at Leg 2—bike (V > 0.06) and a second strong increase after Leg

3—bike (V > 0.13) (Figure 2).
3.3. Positions and frequencies for medalists

The observed frequencies of reaching the podium for TOP1

and TOP2–3 on each segment of the race are similar with an

overlapping 95% CI except for Leg 2—bike, Leg 3—run, and Leg

4—bike (Figure 1B). The TOP2–3 and TOP4–8 transient states

differ, with respective increases and decreases in the likelihood of

reaching the podium at the end of the race after the Leg 1—bike

segment (Figure 1B). On the other hand, the Cramer’s V

method reveals a trend that increases the difference in the
FIGURE 1

Frequency of reaching a Winner (A), Medalist (B), or Finalist (C) state dependin
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frequency of reaching the podium according to the group to

which one belongs, notably with a strong increase after Leg 1—

bike. The frequencies of winning at the end of the race converge

between TOP1 and TOP3 until Leg 2—bike. After this step, the

frequencies differ between the two groups (Figure 1A).

The probabilities of achieving the final state “Finisher” are the

same for groups TOP1, TOP2–3, and TOP4–8 and strongly

different for the overTOP8 group (Figure 1C). Furthermore, the

teams in transient states overTOP8 have a declining observed

frequency of reaching the final state “Winner,” “Medalist,” and

“Finalist” as the race goes on (Figures 1A–C).
4. Discussion

The objective of this study was to analyze the contribution of

each segment of the mixed relay triathlon to overall performance

since the introduction of this format to the international

calendar. The main idea was to find out whether there was a

major moment in the outcome of the race along the relay.
4.1. Dynamic of races

The differences between the Winner, Medalist, Finalist, or

Finisher teams are apparent throughout the race. Considering

only the raw times achieved in each segment, no differences

between the Winner, Medalist, and Finalist teams could be

observed. Only the Finisher group differs from their better

counterparts in rank and time since the beginning of the race. It

can be noticed that the Winner and Medalist teams place

themselves more in front than the Finalist teams from the first

segment, with rapid differences. This strategy would aim not to

create a chronometric difference but to place themselves near the

head of the race, just like what was observed on the swimming

course in the standard format, where swimming is a precursor

for placing triathletes (16). In a second time, the difference in

rank is created between the head of the race and the finalist and
g on the state obtained during the MTR.
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finisher on the second bike segment (Leg 2—bike). Then, once this

difference is generated, there is real security by increasing and

stabilizing the gap (Table 1). Indeed, it is only in Leg 3 that the

average rank of the Winners differs from the other competitors,

KG. Thompson refers to this phenomenon of temporization

when the gap is created with the chasers on the individual

triathlon, in particular, for conserving energy (17). The key

information is that the first two triathletes must be able to move

within the group and that once the gap is made, the third runner

takes the lead on a solitary effort.
4.2. Legs 2 and 3 as tipping points

A major finding of this study is the observed strong increase in

the frequency of victory for the team of the leading athlete on Leg 2

—bike and on Leg 3—bike. These two parts of the race are thus

crucial to focus on in team strategies to reach final victory

(Figure 1A), notably because they are the segments with the

most time spent racing and therefore exposure to create a gap

(10). Moreover, the probability of winning with an athlete in the

lead in these games increases after these two segments,

respectively, with a strength of association expressed by Cramer’s

V that increases (Figure 2). These results provide practical

applications to compose an MTR team according to the

objectives defined beforehand by analyzing the results of all the

major competitions of the last Olympic period.
4.3. Positions and frequencies for medalists

Moreover, we can notice a difference in the frequency of

reaching the podium between TOP2–3 and TOP4–8 from Leg 1

(Figure 1B). This completes the conclusion of Quagliarotti (11),

who claims that relays 3 and 4 are the most predictive of the

final result, and for this reason, the frequency of winning and
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reaching the podium is strongly in favor of the TOP1 and

TOP2–3 positions after Leg 2 (Figure 2). It is important to

mention that teams positioned beyond the ninth place as soon as

Leg 1 show a low frequency of coming back and a small

probability of winning the race, which decreases all along the

race (Figure 1C). We can see that it is important to maintain a

position at the front of the race (TOP1—TOP2–3) and that a

poor first leg is a major hindrance to victory and reaching the

podium. This makes it an elimination race “from the rear.” This

increase in adequacy after Leg 2 is mainly due to the formation

of small packs or even the isolation of individual triathletes,

which leads to the removal of the drafting effect, i.e., making

athletes perform a time trial-type effort, that increases the energy

cost to bridge the gap created by teammates in previous legs

(18–20). The strategic characteristics of each relay bring into play

physiological and psychological demands that are specific to

MTR and to each leg of the relay, in addition to the particular

demands of the shorter duration of the supersprint format (11).

This is particularly true for the first two runners for whom the

effort is close to one of an individual supersprint paired with the

promiscuity of the other athletes, as well as the repetitions of

high-intensity bursts (18, 21).
4.4. Consequences for relayers profiles

This leads us to believe that it is necessary to put triathletes

who have the most technical skills in these two first legs (11) or

executue precise movements with strong space–time constraints,

such as for the transitions of a sprint or a standard distance (20).

In contrast, the efforts of relayers 3 and 4 have the aim of

grounding and securing the position given to them by their

teammates. The adequacy test, which highlights the differences of

probability to reaching the podium for TOP4–8 vs. TOP1–

TOP2–3 (Figure 2), suggests that as the gaps are already created

and as triathletes become isolated from one another, the effort of

the 3rd and 4th relayers would be smoother in intensity (11) and

would be closer to an individual time trial effort. The results of

this study suggest that the MTR is not an addition of the

performances of four supersprints but a concordance of the

composition of the relay according to the capacity of each relayer

to correspond to the dynamics of their respective start order.

This means that it is important to have a good idea of the skills

of each relayer, in particular, their power output on the bike,

their technical ability, and their capacity to open gaps, all

elements that, paired with the right leg of the race, will lead to a

victory or a podium. However, in terms of regulations, the

composition of the relay teams is linked to the start list of the

individual format of the Olympic event (1). This brings into play

strategic choices on the objectives of each nation for the

individual and team race, at the risk of not having a profile of

athletes that do not meet a format. Regarding the composition of

the relay teams, Leg 2 and 3 athletes must have a strong

swimming ability to keep the team in contact with the race

leader, considering the average positions of the “Winner “and

“Medalist” (Table 1). This is confirmed by the ability to create a
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gap at this moment (Table 1) and by increasing the magnitude of

the Cramer’s V on the Leg 2—bike and Leg 3—bike. For these

positions, it would be required to have specific “swimming—

riding” skills.
4.5. Limitations

One of the limitations of this study is the small number of

events over an Olympiad, which explains the use of the effect

size to have a quantitative index from transient states to final states.

Finally, it was noted that this study takes into account the

results of the MTR of the 2021 Olympiad, while the international

federation made a choice to change the starting order for 2022/

2024 (1) (men/women/men/women). This does not undermine

the previous conclusions but could change the race dynamics by

delaying the creation of gaps between teams.

Moreover, the set of races taken does not take into account the

density, which, despite the constant level, can be variable from one

race to another.
5. Conclusion

The introduction of the triathlon mixed team relay to the

Olympic program has revealed a significant interest in increasing

knowledge of this format. The composition and order of the relay

team are the key to achieving the highest level of performance. It

seems that the dynamic is that of a race by elimination race, i.e.,

by starting the bike with a large enough lead group on Leg 1,

which will take advantage of the collaboration effects, while trying

to shed opponents from the back. The dynamics then favor

athletes that distance themselves off the front from the others on

Legs 2 and 3, with the stronger cyclists creating an advantage for

their team. Ultimately, to make the difference between being a

candidate for the podium or soloing at the head of the race, the

fourth triathlete must be able to race without the other athletes’

draft, in particular, for swimming and cycling, to secure the best

result possible for the team. The strategy is to work with the

specific skills of triathletes or to get them to develop these

competencies in training for them to specialize in a specific leg.

This reveals that it is not just four supersprints in a row but a

complementary profile combination.
6. Practical applications

According to these results, an MTR team composition must

follow these recommendations, which are associated with the

specific skills of relayers:

• Legs 1 and 2 athletes must ensure they stay as close as possible

to the front of the race.
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• Legs 3 and 4 athletes must be able to produce a solo time-

trial-type effort to maintain the lead given to them.

• Legs 2 and 3 athletes must have a strong swim and bike

combination, which is decisive for the final result.

This study reveals that MTR is not just four supersprints in a row

but a complementary profile combination. MTR composition has

to be precisely defined by the coaches to know as many MTR

compositions as possible with their global workforce before a

major event and to be able to evaluate all MTR compositions

and strategies.

Data availability statement

Publicly available datasets were analyzed in this study. These

data can be found here: https://www.triathlon.org/results.
Author contributions

IH, QL, and TL contributed to the conception and design of

the study. TL organized the database. IH, QL, and TL performed

the statistical analysis. TL wrote the first draft of the manuscript.

TL, IM, and SL wrote sections of the manuscript. AS and JT

have supervised and reviewed all the work done. All authors

contributed to the article and approved the submitted version.
Acknowledgments

The authors are grateful for the funding supplied by the
Fédération Française de Triathlon. and Cécile Lejeune for the
thorough proofreading and syntax corrections made on the paper.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
frontiersin.org

https://www.triathlon.org/results
https://doi.org/10.3389/fspor.2023.1096272
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Ledanois et al 10.3389/fspor.2023.1096272
References
1. World Triathlon Sport Competition Rules. Available at: https://www.triathlon.
org/uploads/docs/itusport_competition-rules_2020.pdf

2. Vleck VE, Bürgi A, Bentley DJ. The consequences of swim, cycle, and run
performance on overall result in elite Olympic distance triathlon. Int J Sports Med.
(2006) 27(1):43–8. doi: 10.1055/s-2005-837502

3. Landersâ GJ, Blanksbyâ BA, Acklandâ TR, Monsonâ R. Swim positioning and
its influence on triathlon outcome. Int J Exerc Sci. (2008) 1(3):96–105. PMID:
27182300.

4. McCole SD, Claney K, Conte JC, Anderson R, Hagberg JM. Energy
expenditure during bicycling. J Appl Physiol. (1990) 68(2):748–53. doi: 10.1152/
jappl.1990.68.2.748

5. Hausswirth C, Vallier JM, Lehenaff D, Brisswalter J, Smith D, Millet G, et al.
Effect of two drafting modalities in cycling on running performance. Med Sci Sports
Exercise. (2001) 33(3):485–92. doi: 10.1097/00005768-200103000-00023

6. Piacentini M, Bianchini L, Minganti C, Sias M, Di Castro A, Vleck V. Is the bike
segment of modern Olympic triathlon more a transition towards running in males
than it is in females? Sports. (2019) 7(4):76. doi: 10.3390/sports7040076

7. Le Meur Y, Bernard T, Dorel S, Abbiss CR, Honnorat G, Brisswalter J, et al.
Relationships between triathlon performance and pacing strategy during the run in
an international competition. Int J Sports Physiol Perform. (2011) 6(2):183–94.
doi: 10.1123/ijspp.6.2.183

8. Figueiredo P, Marques EA, Lepers R. Changes in contributions of swimming,
cycling, and running performances on overall triathlon performance over a 26-year
period. J Strength Cond Res. (2016) 30(9):2406–15. doi: 10.1519/JSC.
0000000000001335

9. Sousa CV, Aguiar S, Olher RR, Cunha R, Nikolaidis PT, Villiger E, et al. What is
the best discipline to predict overall triathlon performance? An analysis of sprint,
Olympic, Ironman® 70.3, and Ironman® 140.6. Front Physiol. (2021) 12:654552.
doi: 10.3389/fphys.2021.654552

10. Sharma AP, Périard JD. Physiological requirements of the different distances of
triathlon. In: Migliorini S, editor. Triathlon medicine. Cham: Springer International
Frontiers in Sports and Active Living 07
Publishing (2020). p. 5–17. Available at: http://link.springer.com/10.1007/978-3-030-
22357-1_2 (Accessed July 19, 2022).

11. Quagliarotti C, Gaiola D, Bianchini L, Vleck V, Piacentini MF. How to form a
successful team for the novel Olympic triathlon discipline: the mixed-team-relay.
J Funct Morphol Kinesiol. (2022) 7(2):46. doi: 10.3390/jfmk7020046

12. Results • World Triathlon. Available at: https://triathlon.org/results (Accessed
July 19, 2022).

13. Kim HY. Statistical notes for clinical researchers: chi-squared test and Fisher’s
Exact test. Restor Dent Endod. (2017) 42(2):152–5. doi: 10.5395/rde.2017.42.2.152

14. Tomczak M, Tomczak E. The need to report effect size estimates revisited. An
overview of some recommended measures of effect size. Trends Sport Sci. (2014) 1
(21):19–25. ISSN 2299-9590.

15. Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics for
studies in sports medicine and exercise science. Med Sci Sports Exerc. (2009) 41
(1):3–13. doi: 10.1249/MSS.0b013e31818cb278

16. Vleck VE, Bentley DJ, Millet GP, Bürgi A. Pacing during an elite Olympic
distance triathlon: comparison between male and female competitors. J Sci and Med
in Sport. (2008) 11(4):424–32. doi: 10.1016/j.jsams.2007.01.006

17. Thompson KG. Pacing: Individual strategies for optimal performance. Human
Kinetics (2014). 240.

18. Bentley DJ, Millet GP, Vleck VE, McNaughton LR. Specific aspects of
contemporary triathlon: implications for physiological analysis and performance.
Sports Medicine. (2002) 32(6):345–59. doi: 10.2165/00007256-200232060-00001

19. Chollet D, Hue O, Auclair F, Millet G, Chatard JC. The effects of drafting on
stroking variations during swimming in elite male triathletes. Eur J Appl Physiol.
(2000) 82(5–6):413–7. doi: 10.1007/s004210000233

20. Chatard JC, Lavoie JM, Lacourl JR. Analysis of determinants of swimming
economy in front crawl. Eur J Appl Physiol Occup Physiol. (1990) 61(1–2):88–92.
doi: 10.1007/BF00236699

21. Pöller S. Success factors in the 2014 Triathlon Mixed Relay World
Championships. (2015).
frontiersin.org

https://www.triathlon.org/uploads/docs/itusport_competition-rules_2020.pdf
https://www.triathlon.org/uploads/docs/itusport_competition-rules_2020.pdf
https://doi.org/10.1055/s-2005-837502
https://pubmed.ncbi.nlm.nih.gov/27182300
https://doi.org/10.1152/jappl.1990.68.2.748
https://doi.org/10.1152/jappl.1990.68.2.748
https://doi.org/10.1097/00005768-200103000-00023
https://doi.org/10.3390/sports7040076
https://doi.org/10.1123/ijspp.6.2.183
https://doi.org/10.1519/JSC.0000000000001335
https://doi.org/10.1519/JSC.0000000000001335
https://doi.org/10.3389/fphys.2021.654552
http://link.springer.com/10.1007/978-3-030-22357-1_2 (Accessed July 19, 2022).
http://link.springer.com/10.1007/978-3-030-22357-1_2 (Accessed July 19, 2022).
https://doi.org/10.3390/jfmk7020046
https://triathlon.org/results (Accessed July 19, 2022).
https://triathlon.org/results (Accessed July 19, 2022).
https://doi.org/10.5395/rde.2017.42.2.152
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1016/j.jsams.2007.01.006
https://doi.org/10.2165/00007256-200232060-00001
https://doi.org/10.1007/s004210000233
https://doi.org/10.1007/BF00236699
https://doi.org/10.3389/fspor.2023.1096272
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Cutoff value for predicting success in triathlon mixed team relay
	Introduction
	Methods
	Data collection
	Data analysis
	Statistical analysis

	Results
	Position and time at the head of the race
	Positions and frequencies for winners
	Positions and frequencies for medalists

	Discussion
	Dynamic of races
	Legs 2 and 3 as tipping points
	Positions and frequencies for medalists
	Consequences for relayers profiles
	Limitations

	Conclusion
	Practical applications
	Data availability statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


