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* Competition and coaching experience in skiing and running

Johanna K. Ihalainen, Anthony C. Hackney, Jarmo Piirainen,
Vera Salmi, Ida Lofberg, Oona Kettunen, Heikki Peltonen, Maarit
Valtonen, Katja Mjosund, Kirsty Eliott-Sale, Kathryn E. Ackerman,
Ida Heikura, Guro Strgm Solli, Ari Nummela, Juha Peltonen, Antti
Leppavuori, Kerry McGawley, Simon Walker, Marja Kokkonen,
Heikki Kyrolainen, Keijo Hiakkinen & several other PhD students,
Master’s and Bachelor’s students! <3
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Sports technology T

Sports technology seeks solutions to use technological
knowledge for the enhancement of physical activity and health.

Application areas include: elite sports, health enhancing
exercise and physical activity, as well as rehabilitation.

Development targets in sports technology can include analysing
softwares and assistive technology.
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Vuokatti Sports Technology Unit
wWho are we? E—

 Education and Research Unit
 Founded in 2004
* Director:

* Professor Vesa Linnamo
« Staff: 17 employees
* Facilites: Snowpolis

e Setups “in the field”
 Budget 2022: 1,2 M€

* University of Jyvaskyla, Faculty of Sport and Health Sciences

Since 1863. I 14.4.2022 I 6




Research

Multidisciplinary and applied
research in biology of physical
activity in three main areas:
o Biomechanics
o Exercise physiology
o Science of sport coaching and
fitness testing

Strong emphasis on applied
research in Nordic skiing sports
o Technology application and

development
o From science to practice
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-

14.4.2022

| 7



Vuokatti Sports Technology Unit
in Numbers:

87  Master’s of Science

6 Defended dissertations (10 projects in progress)
108 Peer-reviewed scientific articles

43 Books or book chapters

180 Congress abstracts

8 Hosted international conferences or seminars
81  Invited lectures (53 international)
124  Jobs

16 Businesses
63 Business partners
30 Organizations as partners

~14 M€ Project funding/stipends

JYU SINCE 1863. 14.4.2022 8
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International co-operation

Universities:

University of Mid Sweden

University of Gothenburg, Sweden
Politecnico di Torino, Italy

Katholieke Universiteit Leuven, Belgium
University of Salzburg, Austria
University of Zurich, Switzerland
Beijing Sport University, China

Networks:

Scandinavian Network for Elite Sports
ClusSport
EPSI

Since 1863. I
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Regional and national co-operation
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Research and testing environments T
in Vuokatti
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Degree programs

* * %
* *
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Liikuntateknologian
Koulutuspolku Urheilijoille

LiikU

insinoori/tradenomi AMK + _
— liikuntatieteiden maisteri

= tulevaisuuden osaaja?

Opinto-oikeus
Kajaanin ammattikorkeakouluun

Opinto-oikeus Jyvaskylan yliopiston
lilkkuntatieteelliseen tiedekuntaan

Seuraava Jasenyys Vuokatti-Ruka
erillishaku Urheiluakatemiaan
kevaalla

2022!

liikuntateknologia.fi

Liikuntateknologian koulutuspolku huippu-urheilijoille Kainuussa -hanke 2019-2022

¢
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Fl :[ta " Flnkene. ikene- 12 Opetus- ja kulttuuriministerio |
ympe PSKUS JYVASKYLAN YLIOPIS'

o
nunioni  2014—2020 UNIVERSITY OF JYVASKYLA  of Aot omentts

Dual career program

Degrees from the Kajaani University
of Applied Sciences (BSc) and
University of Jyvaskyla (MSc)

Started in 2020
Accepting applications

Next planned application period
2024

Duration of studies: approx. 7 years
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12 student-athletes
L) >874 credits (KAMK + JYU)

viestintitekniikan  Rakennus- ja
opiskelijaa yhdyskunta-

- 6 sports represented
LiikU ; P P

Koulutuspaolku Urheilijoille .

I Nordic and alpine skiing,
coikellen biathlon, ski orienteering,
. hockey, and baseball.

Liiketalouden
opiskelija

Koulutuspolun seuraava erillishaku

16.-30.3.2022

6 lajia
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. ampumahiihto,
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jadkiekko ja pesdpallo
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Z
Sports Technology Master’s Degree Program 1

Sports Technology ——/\ ——

Vuokatti  Since 2004

Background studies (120 credits)

* Accepting applications
Biology of physical activity (120 credits)

‘ ‘ ‘  You must have a bachelor’s

Biomechanics Excercise Science of Sport Coaching degree 1nclud1ng at least 50

Physiology Fitnesasr}[‘désting credits from “technical” studies

For more information:

'armo.m.iirainen@'u.ﬁ

Study language: Finnish (with English language literature)

STCREC N 14.4.2022 | s
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PhD Program (since 2005)

Physical load of the conscript, AV

Balance control of elderly, , 2014

Arm swing in XC-skiing, , University of Salzburg, 2017

Technical determinants of superior rifle shooting technique, , KIHU 2018
Skating XC-skiing, , 2019

Para sit-skiing, , Politecnico di Torino; 2019

since 1863. | 14.4.2022 | 10



PhD Program (since 2005)

*Physical load of young athletes,

SKki friction and ski testing ,

*‘Movement analysis in XC-skiing,

*Energy balance of female skier,

*Frequency In cross-country classic skiing technique,
Practical testing methods for alpine and freeski,
Biathlon tests,

*Motor control of the athlete,

*Endogenous androgens and endurance training in females,

Endurance training, endogenous sex hormones, energy balance and body
composition in women,
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Main goals and principles

Special emphasis on developing solutions for athlete testing and sport coaching

* Monitoring of performance > sensor integrations, instant feedback, motion analysis

* Active dialogue with coaches = Vuokatti Sports Academy, Olympic Training Center
Vuokatti-Ruka

* Co-operation with the Finnish sports and wellbeing technology industry

* Educating students from diverse backgrounds (engineering and marketing)

From science +o practice

JYU.



Coachtech
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Virtual environments

* Possible to “get to know” race-courses from “anywhere” in the world from the lab

* Changes in elevation can be simulated




Automated motion analysis

 Utilization of computer vision and pose estimation
* For automatic recognition/calculation of joint angles

* Treadmill skiing, biathlon shooting, dynamic balance




Current projects

(Ritva’s highlights)




Altitude living / training

Korkean paikan harjoittelun tutkimus- ja investointihankkeet Vuokatti (KohatuVu)

JYU. Since 1863. | 14.4.2022 | 20



Research questions

imitaztion responses and adaptations are
b-elite athletes?

 How can we maintain (or prolong) the hypoxia adaptation after returning to
sea level?

* How many hypoxic training sessions or nights in an altitude house/tent may be needed?

Since 1863. I 14.4.2022 I 30




Relative HB-mass changes

Relative HB-mass g/kg

16
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Female physiology
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Female physiology

* Endogenous hormonal millieus (also those influenced by
exogenous hormones) training responses, training
adaptations, performance, recovery... what don’t we know?

* Several multidiciplinary projects (data collection completed, in
progress, and to be colllected later this year)
* 'Two female physiology related reviews (7 progress)

Target population: Athletes (individual and team sport) AND
physically active females
/ Funding for high-performance research is sparse
/ Projects manipulating training logical to ”pilot” in
physically active females (including overweight)

@RituTM

v @jokasten

PhD students:
Essi Ahokas
Oona Kettunen
Anuliisa Lahitie
Ida Lofberg
Suvi Ravi
Vera Salmi
Eero Savolainen



mailto:ritva.taipale@kamk.fi
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UNIVERSITY OF JYVASKYLA

Thank you!

www.]yu.fli/en

www.]yu.fi/sport/fi/liikuntateknologia
f facebook.com/liikuntateknologia/
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21-24 March: Modern Coach - A seminar for young coaches
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JYVASKYLAN YLIOPISTO
UNIVERSITY OF JYVASKYLA

Coaching women
Are they just small men?

Ritva Mikkonen, PhD
Sports Technology Unit, Vuokatti
Faculty of Sport and Health Sciences

University of Jyvaskyla
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Alms:

To understand the role of menstrual cycles and hormonal contraceptives in
health and performance of female athletes.

To remind you to never make a woman/girl/person who menstruates feel
gross/guilty /uncomfortable talking about what their bodies naturally do.

38



%&i«%ﬁih

Included topics:

A couple of questions
Women are not just smaller versions of men
Unique hormonal profiles

Let’s talk about the menstrual cycle!

Hormonal contraceptives What do these mean in sport?
Ovarian steroids are not just reproductive hormones

39



% Is there a lack of sport/exercise research in women?

2014-2020
63% of publications included both women and men
31% of publications included only men only
6% of publications included women only

When analyzing participants included in all journals:
8,253,236 (66%) were men and 4,254,445 (34%) were women

(Cowley etal. 2021)

SPUTT, EXETCSE arnu UTeE TIE prooTenT or TmpIicic genaer DIds T SPort
il rptieraie ~opew b b wmankine - Cycle: where is the researc and exercise medicine

© 2021 Uni ity of North Caroli t Gi boro (UNCG
niversity of No ina at Greensboro (UNCG) _ s 234 Sheree Bekker,' Osman H Ahmed,?* Ummukulthoum Bakare,**
G Bruinvels, ** R J Burden,”*" A J McGrego Tracy A Blake,” Alison M Brooks,® Todd E Davenport,’

7T Ri 1 2,6 Luciana De Michelis Mendonga, '® Lauren V Fortington, "'
“In‘ViSible Spoﬂswomen”: The Sex Data Gap M DOO|QY, T RIChade, C Pedlar Michael Himawan_'? loanne | Kemn."® Karen Litzv.'? Roland F Loh."
in Sport and Exercise Science Research Consideration of Sex P Lipie doi.org/10.1080/17461391.2014.911354 A

ORIGINAL ARTICLE

Emma S. Cowley,’ Alyssa A. Olenick,” Kelly L. McNulty,” and Emma Z. Ross* as a Biological "
"Research Institute for Sport and Exercise Sciences, Liverpool John Moores University, Liverpool, United Kingdom; . .
2|ntegrative Cardiovascular Physiology Laboratory, Department of Kinesiology, University of Georgia, Athens, GA, US. Val’lable in NIH-
3Depariment of Sport, Exercise and Rehabilitation, Faculty of Health and Life Sciences, Northumbria University,
Newcastle upon Tyne, United Kingdom; *The Well HQ, BBE Health Lid, London, United Kingdom funded Research

Where are all the female participants in Sports and Exercise Medicine
eeeeee h?

TOSEPH T. COSTELLO'. FRANCOIS BIEUZEN’. & CHRIS M. BLEAKLEY*




/Al Is there a lack of high-quality research in women?
I

Interna(ional Journ__al of Sports Physiology and Performance, (Ahead of Print) Human Kinetics e
e ek i manwhohasitall @manwhohasitall - Oct 24 v
(Q "We never use men in our clinical trials because controlling the effects of the
Sport Science on Women, Women in Sport Science

testicles would be too difficult. So we just use normal, standard, default humans,
’ ..e. women." Caroline, scientist. Fair enough Caroline.

As [, Iiiigo Mujika, write these words, I have just completed  extra mile” (eg, monitoring their menstrual cycle and comr
the third week of an altitude training camp in Sierra Nevada, Spain  cating with researchers) to contribute.

(2320 m

to be hel

usual in m

i Several factors in research are not controlled for

camp is

OR reported

first scie

of this s = = =

i - is this behind heterogeneous results?

training &

group of u u ]

o - have we missed something important?

Compicd —Jmental

CURRENT OPINION ) MYTHS AND METHODOLOGIES WILEY w Physiology
. : . . ) - Myths and Methodologies: Reducing scientific design

Methodological Considerations for Studies in Sport and Exercise biguity in studies comparing sexes and/or menstrual eycle
Science with Women as Participants: A Working Guide for Standards i POENg Y
of Practice for Research on Women phases
Kirsty J. Elliott-Sale’ @ . Clare L. Minahan®( . Xanne A. K. Janse de Jonge®(® - Kathryn E. Ackerman®( . Stacy T. Sims* Alison K. Heather?

Sarianna Sipil3*T . Naama W. Constantini®® . Constance M. Lebrun”® . Anthony C. Hackney®
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Let’'s talk about the menstrual cycle




Menstrual cycle

i <. -t
2" " .2
g: ' : A [./\/\' \_,-\// sg
e ’t."="“‘°"””""‘1i L :.-o.u:ncunn¢an|‘°“
Begins at ~13 years of age , F03 , FO4 )

Ends around 50 years of age /\ ,/\\ .
Cycle length 28-35 days . AN

Menses 2-7 days 3 R FreT e,

[E1G] (ng mL")
~288s88E
.nxlkﬁxx

[PdG] (pg mL")

s - ’E
2 phases (follicular and luteal) separated G- My . /A 4/‘/\\ - &
u 9 = e \/\/\ . l = o %
by ovulation S ':qf\ff\‘/_““f’: | N P ; YN[ £
) ) .l -l"Z “NaaExn 1 » "’
Follicular and luteal phases can be ' il .

further be divided into early, mid or late
(7 phases!)

[E1G] (ng mL")
o388 883
~2s8nzfit

[PAG] (pg mL")

\
/V/\/\/ \/___’_\/_//\/\.

tuauwunan wueiy " ‘auom x..uunauuzzx’
i 2 = F13

Unfortunately

AN

’

A//\”\»\

Ololciu BB NE2 2-0.uu4u I E E R B B
.l Ba ' ‘ s b

4 Cycle .

[E1G] (ng mL")
3883883
~288sE8E

[P4G] (pg fnv)

Owvulation

org/doi/full /10.1152 /japplphysiol.00727.2011



https://journals.physiology.org/doi/full/10.1152/japplphysiol.00727.2011

Menstrual status - why should you care?

Can be influenced by several variables:

Age (puberty, perimenopause, menopause...)

Pregnancy (miscarriage) and lactation

Circadian variation (sleep)

Gynecological illnesses (e.g. PCOS, endometriosis...)



Menstrual status - why should you care?
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https://www.degruyter.com/journal/key/hmbci/html
https://doi.org/10.1515/hmbci-2015-0053

Terminology

Eumenorrhea

Primary amenorrhea

Secondary amenorrhea

Luteal phase deficiency

Oligomenorrhea

Anovulation

Polymenorrhea

Primary
dysmenorrhea

Secondary
dysmenorrhea

Menorrhagia

DEFINITION

Menstrual cycle length is 21-35 days resulting in > 9 consecutive periods per year.
There is evidence of LH surge and correct hormonal profile and no HC use 3 months

ailure to reach menarche by age 15 years when development of secondary sexua
characteristics is evident. OR Failure to reach menarche by age 14 years when no
secondary sexual characteristics are present.

Absence of more than 3 consecutive periods in non-pregnant women with past
menses that may be caused by gynecological illness or low energy availability
Menstrual cycles with <16 nmol-L-1 of progesterone based on a single luteal phase
progesterone measurement

Menstrual cycle length is > 35 days
Menstrual bleeding without ovulation

Vienstrual cycle leng days

Menstrual bleeding is accompanied by significant pain from the first menstrual
period (concomitantly other symptoms may be present such as nausea, vomiting,

diarrhea, fatigue, fever, irritability, muscle pain, dizziness and/or headache)
Previously unpainful menstrual bleeding that typically is secondary to gynecological

illness (concomitantly other symptoms may be present such as nausea, vomiting,
diarrhea, fatigue, fever, irritability, muscle pain, dizziness and/or headache)
Menstrual bleeding that is abnormally heavy (>80ml) or prolonged (> 7 days) and
negatively affects daily function




What about hormonal contraceptives?

ANOTHER CHALLENGE:

Progesterone

kkkkk’\kl\}\kmkmkk Up tO 7OOA) Of athleteS llse HC (Martin, Sale, Cooper, & Elliott-Sale, 2018)

21 days 28 days

... SO Different delivery methods, doses...
PONES . B angr s g g, g bt At s W st Monophasic - constant dose for 3 weeks
But hormone profile isndt 100% “stable”
Triphasic - varying dose over 3 weeks

A
A\(4
<<

(Elliot-Sale et al 2013)

What is the reason behind HC use?

Owy of it tabe
Lovonat gt o () by ) —o— Elang el | 2y ')

i e Sims and Heather (2018) and Chidi-Ogbolu and Baar (2019)



https://www.researchgate.net/scientific-contributions/Nkechinyere-Chidi-Ogbolu-2152210836

8 Ovarian steroids are not just reproductive hormones

| I~

estrogens and progesterone,

Ovarian steroids (hormones that fluctuate during the menstrual cycle) also act on:

* TISSUES: muscle, nervous, epitheilal, and connective

* PHYSIOLOGICAL PROCESSES: metabolism, cardiovascular, pulmonary (ventilation),
autonomic, immunity, gastrointesitinal, genitourinary, cognition

It’s reasonable to hypothesize that the non-reproductive functions of ovarian steroids could
influence e.g. acute responses to exercise and perhaps even longer-term adaptations.
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8 Preliminary Naisurheilija 2.0 results (n = 885)
I

Cooperation between Univeristy of Jyvaskyla and
Research Institute for Olympic Sports (KIHU)

Johanna lhalainen
J @jokasten

YIi 800 vastausta kasassa! Kiitos mahtavat urheilijat KIITOS,
Muutama paiva jaljelld. Saa jakaa! Todella tarkea aihe #ravitsemus
#kuukautiskierto #suorituskyky #hormonaalinenehkaisy

& KIHU @KIHUFinland - 17. elok.
Naisurheilija! Vastaa elokuun aikana kyselyyn urheilusta, ravinnosta,

1 kuukautiskierrosta ja hormonaalisesta ehkaisysta. Lisatietoa nettisivuilta:

% jyu.fi/sport/fi/tutki... @KIHUFinland @JYUsport_health ja @olympiakomitea Suora
linkki kyselyyn = rjyu.fi/D2F

Alue / Piirikunnallinen taso

i
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&

Kansallinen taso %

9.39 ip. - 27. elok. 2020 - Twitter Web App

Kansainvalinen taso
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. 70 %
* 599% athletes DO NOT use hormonal contraceptives 60% — -
* 419% athletes use hormonal contraceptives o - - -
- 12% have used hormonal contraceptives sometime in the past - I
20 %
- %6 comb SRR
* Hormonal contraceptives used: 52% combined 0%
. ”» . ) . &Q e% 6 ) (2 \% © \% 00 e"v
hormonal contraceptives + 13% "mini” pill + 26% IUD F TGS
. & @0 S o2 g '&o
(hormonal or copper) + 4% capsule + 4% ring s N & &
%

E Notatall A little Somewhat A lot Very much

* 37% hormonal contraceptive users have PMS symptoms

Starting HC Using HC
* 409% non-users have PMS Symptoms decreased/increased my decreased/increased my
performance performance
100 % 100 %

50 % 50 %
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0y a @, = —
1 2 1 2

E Notatall A little Somewhat E Notatall A little Somewhat
A lot Very much A lot Very much
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0
Have you regularly
observed (more than
once) any of the following
symptoms related to your
cycle during the last year
viimeisen vuoden aikana?
No difference between

HC users and non-

users.

What can we do to
mitigate unpleasant
symptoms related to

“cycles”?




Have you experienced repeated cases of some of these side effects associated with
the menstrual cycle over the final year?

Percentage of athletes
=

» Effect of the menstrual cycle on “performance”

nstipation
\
ing
ght ge

o 140 Norwegian Nordic skiers / biathletes .
o Questionnaire: 48% TOP30 MC N “EFETERELY - 1geaglNesgzziniz e
o 70% Cycle affects peformance :
o 70% Use pain medication
o 50% Change their training plans
73|
'J&:i’ﬂf’:.’ﬂﬁff (J{Io:‘:r;;ua!!p‘;.'?gﬁ;:: sf hysiology and Performancs, (Ahead of Print) Human Kinetics V&ﬁ

LESS THAN 30% talk about their cycle and

Changes in Self-Reported Physical Fitness, Performance, and Side

symptoms with their coaches Effects Across the Phases of the Menstrual Cycle Among
Competitive Endurance Athletes

Guro S. Solli, Silvana B. Sandbakk, Dionne A. Noordhof, Johanna K. Ihalainen, and @yvind Sandbakk




% Performance

In which phase of your cycle do
you feel your "performance” is

POOR?
ja

In which phase of your cycle do

you feel your "performance” is
THE BEST?

DO NOT assume that cycles affect athletes
DO NOT make cycles a problem

60%

50%

40%

30%

20%

10%

0%

60%

50%

40%

30%

20%

10%

Non-users

e ¥
T

HC-users

best




Ei kdyta hormonaalista ehkaisya

% Performance

— - — Verymu "
C
What characteristics or skills iﬁj H H H H
associated with performance are 0% -
ff db | dh h? . . . ) e Lat g
atfected by your cycle and how much: Kiyttaa hormonaalista ehkaisya

Power, strength, (endrance, speed)

and MENTAL PEFORMANCE are affected




8 [ want you, as coaches, to understand the role of
B menstrual cycles and hormonal contraceptives in health
and performance of female athletes.

* Having a menstrual cycle is HEALTHY

* Not having a menstrual cycle (in absence of pregancy, lactation, or HC
use is cause for concern) = seek help

» HCis a good tool for multiple reasons, but can’t replace good

nutrition and recovery (sleep)

Sport - World Cup
Ending period 'taboo' gave USA
marginal gain at World Cup

» Taking note of symptoms or patterns of syptoms may be useful (for @EIOlC
athletes and coaches) :

* Anyone prescribing exercise according to the cycle is relying on a
weak base of literature




@ I want you, as coaches, to never make a woman/girl/person who menstruates feel
[ gross/guilty/uncomfortable talking about what their bodies naturally do.

€'gfs Anthony Dwayne Murray
p Lots for me to learn working in Women'’s Football.

Part of my journey in Women'’s Football is to support my players during
there Menstrual Cycle.

Whatever club I'm with next I'll be making sure players have Sanitary
Pads/Tampons available at training and match days.

BB =N N
\ S RANS Ve
A\ SR e A
W\ .
A\ el
» D \ 2 \ ¢

Pads and tampons in your glove compartment, at the gym or in your bag and the knowledge
that they are there is a good conversation starter (and these products are fantastic for first aid).
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mysportscience

Menstrual cycle and performance

Uniock the

OVULATORY B oeuwendw
PHASE .
www.mysportsmence.com
MID-LUTEAL
PHASE

™. Progesterone

Oestrogen

Oestrogen and QOestrogen levels are Oestrogen and

progesterone levels are high and progesterone  progesterone levels
low levels are low are high
QB " _—
i D Exercise performance trivially ./[I\/\" Effect of menstrual cycle
> reduced during the early follicular 0 DI]D phase on performance

phase of the menstrual cycle highly variable

McNulty ym. 2020
https://doi.org/10.1007/s40279-020-01319-3

Oral contraceptives and
performance

@ Some OC using women might have a
very small decline in performance
compared to naturally menstruating,
non-oral contraceptive using, N
sportswomen. 3

INDIVIDUAL
@ OC must be considered at an

individual level

PILL DAYS - PILL FREE DAYS
@ No performance related evidence

to warrant general guidance on oral

contraceptive pill taking days versus LT 5 )
pill free days

Elliot-Sale ym. 2020
https://doi.org/10.1007/s40279-020-01317-5

mysportscience

3 @joukendrup

www.mysportscience.com

Elliott-Sale et al. Sports Med (2020)



https://doi.org/10.1007/s40279-020-01319-3
https://doi.org/10.1007/s40279-020-01319-3
https://link.springer.com/content/pdf/10.1007/s40279-020-01317-5.pdf
https://link.springer.com/content/pdf/10.1007/s40279-020-01317-5.pdf
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