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Development of Performance,
Physiological and Technical
Capacities During a Six-Month
Cross-Country Skiing Talent Transfer
Program in Endurance Athletes

Rune Kjeson Talsnes '?, Tor-Arne Hetland ', Xudan Cai** and @yvind Sandbakk
" avitne g Sehoo, Tandakg County Counce, ek, Nomay, ? Dapar Sports Scnen

Purpose: To axamine the development of performance, physiclogical and technical
capacilios as well as tho affect of sport background among nunners, kayakors and rowors
when transfemed lo cross-country (XC) skding over a 6-maonth training perod.

Methods: Twanty-four endurance athletes (15 runners and 9 rowers/kayakers; 15 men
and 9 womaen) warn lesled lor pedormance, physiological and lechnical capacilies during
treadmill running and roller-ski skating, doutse-poling ergometry, as well as upper-body,
one-repetition madmum-strength (1 RM) at baseline (pre) after three (mid) and 6-months
{post) of XC ski-spacific training.

Results: Poeak treadmil speed when roller-skl skating improved significantly (13%,
P = 0.01) from pra-post, with a larger improvement in runners than in kayakers/rowers.
{16 vs, 0%, P < 0,05), whareas peak speed in running was unchanged. Average power
output during 5-min and 30-s ergometer double-poling lests improved by 8% and 5%
(both P < 0.01), with improvement found only in runners on the 30-s test (8 vs, —2% In
kayakers/rowers, P < 0.01). Paak oxygen uptake (VOppe) in running and double-poling
aergomalry did nol improve, wheras VOgpeek in roller-ski skaling improved by 5% in
runners (P < 0.05), Submaximal gross efficiency increased by 0L6%-point and cycke
langth by 13%, whareas 1 BM in saated pull-down and tficops press increasad by 12
and 11%, respectively (all ? < 0.04),

Conclusion: Sh-months of XC ski-specilic training induced large improvemeants in
sport-specific parformance which wene associated with betier skiing efficiency, longer
cycle length, and grealer 1AM uppar-body strength in a group of endurance athleles
Transtering to XC skiing. Furthermore, larger sport-specilic. development was Tound in
runners compared (o kayakers/fowers,
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Comparison of High- vs.
Low-Responders Following a
6-Month XC Ski-Specific Training
Period: A Multidisciplinary Approach

Rune Kjesen Talsnes '*, Roland van den Tillaar®, Xudan Cai™ and @yvind Sancibakk *

At g Sehool, Tancklg Counfy Counc, Stk Moy, * Dapanmont of Spors Scionce and Physcal Fucalin,

ot sy, Bocks, Norway, * School of Piystal Eoucation ane Sport g, Shangtal Uniersly of Sport, Shanghal,

i, * OYIENG Gamas Prosaation ONce, S Ol Commition, Bejng, Ching, * Confra ior £l Sports Resch,
Seknce,  of Scince and gy, Tonam, Norwary

Individual training msponses amaong endurance alhietes are delermined by a complox
Interplay between tralning load, recovery and genetic influence. The present study
used a multidisciplinary approach to compare high- and low-responders following a
B-month training period in endurance alhleles transkeming o cross-country (XC) skiing.
Twenity-three endurance-trained athlstes (14 runners and 9 rowers/kayakens: 14 men
and 9 woman) were classiied as high (7 = 9) or low-responders (n = 11) based on
pre- o post changes in treadmill running, roller-ski skaling and double-poling ergometny
perfonmances following 6-months of standardized XC ski-spacific training. Physislogical
and technical capacities during these same modes were monltored pre and post. In
addition, training volume, intensity, mode and session rating of porcolved exertion (sRPE)
training load were quantiied daily. Finally, qualitative interdews of the athlete's personal
coaches were performed after the Intervention. There were no diferences batween
groups with respect to physiclogical baseline charactaristics. High-responders improved
maximum oxygen uplake (VO in treadmill running (5.5 4 7.0% change from pre- 1o
post) as wall as paak oxygen uptake MOppea; 7.9 + 7.0%) and power oulput at 4
mmol-L 1 [37.7 -+ 28.29%) treadmill roller-ski skating which difiered from a commesponding
non-significant change in low-responders (~1.2 4+ 3.6%, -2.7 + 3./% and 8.2 4
12.5%; all P = 0.06), VOzpaak In double-poling ergometry did not change in any group,
whereas gross efficiency and cycle length in roller-ski skating improved in both groups.
High-responders performed groater training loads (woekly load: 3825 4 1013 vs. 3228
+.748 and load/volume ratio: 4.9 + 0.6 ve. 4.2 + 0.5; both P = 0.05) and had lower
Incident of injury/iness (5 + 3vs. 10 4 5 days; P = 0.07), Their coaches highlighted high
motivation to train and compaele, logaethor with the ability 1o bulld a strong coach-athiele
relationship, 1o separate high- from low-responders. In conclusion, high-responders to
&-months of standardized XC ski-speciiic training demonsirates greater improvement in
maximal/peak aerobic capacity, which was coincided by higher training loads, greater



« Twenty-four talent transfer athletes (15 runners and 9
kayakers/rowers)

« Performance, physiological and technical capacities
« Training characteristics and training load
« Qualitative assessments of their Norwegian coaches

General mode Sport-specific mode
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TABLE 3 | Performance, physiclogical and technical capecities (mean 4 S0 in treadmill roller-ski skating, double-poling ergometry and treadmill running as well as
upper-body 1EM strength in 24 endurance ransler athleles dung pre-, mid- and post-lests of a 6-month X5 ski-spedlic raining period.

Pre-test Mid-test Post-test Pre-post
Body mass (kg) G54 £ 00 G54 +£03 65695 0.02
TREADMILL ROLLER-SKI SKATING ES*
Wieak (Mes1) 385+ 028 419 + 035" 4,85 +0.37 156
h.ﬂ-'um 1.r|.lﬁ A4 AL DA a A DO AT 104
WOpoa (Lmin 1} 3.93 + 075 A07 + 03¢ 402 +0.73 012
WOk (MLmin kg ) 600 4+ 61 621+ 7.4% 613472 0.19
T TGN e ATy GO T T T 00 TI0 & O TIT T 006G X
Maximum blood kactate fmmeol-L-1) 86+ 21 9818 10.0 +2.2* 0.65
Piak hear rale (beats-min—') 189+ 9 192 + 8 191 + 7 0.24
Poak RPE (1-10) 65+ 1.4 85+ 15" 8.7 4 1.6 1.41
Submaximal power 4 mmol-L -1 (W) 140 + 36 138 + 42 165 + 35 0.70
Submaximal Oz -cost (L-min- ') 286 + 044 283+ 04 274 +0.4* 0.28
Submaximal O -cost (mlmin kg 1) 438+ 40 433+ 34 42,0 + 3.0 051
Submaximal respiratory exchange ratio 0,95 + 0.05 0,05 + 0.04 092 + 0.04* 022
Subrmaximal hesrt rate (beats.min '} 164 4 12 163 413 57 4 11* 06t
| Submasimal blood lactate (mmaold 1) a4410 42409 25 08" 124
Submasximeal BPE (1-10) 34 4+ 0.7 3308 29408 0.66
Submaximal gross efficiency (5) 128+11 128+10 13.4 + 09" 0.58
Submaximal cycle length (m) 510 + 040 560 + 048" 5.76 4+ 061" 1.44
Submeaimal cycle rate (Hz) 0.49 + 0.04 0.44 & D04 0.44 -+ 0.04* 1.25
DOUBLE-POLING ERGOMETRY
Power output S-min performance test (W) 196 + 43 207 + 43 211 + 45 0.34
Poak power 5-min parformance test (W) 2665 + 5O 276 + 50 273 + 56 044
Power cutput 30-s Wingate tast (W) 392 + 86 342 + 84 304 + 1000 0.66
Peak powes output 30-s Wingate tast (W) 3 4 100 434 & 147 AZ5 4127 0.27
WOpeak (Lmnin 1) 3,76 4 083 3834078 386 4 076 042
WOk (mLmin"-kg ) Si3+ 83 583+ 85 BF 472 018
Maxirmum respiratory cxchange ratio 1.03 + 0.05 1.06 + 0.04 1.08 4+ 0.04 0.00
Maximum blood lactate fmmal-L ) 126+10 130+ 26 127 +26 0.09
Poak heart rate (beats-min ') 181 + 10 183+ 8 181 +7 0.00
Poak RPE (1-10) 7i+18 8415 86+ 09 063
TREADMILL RUNNING
Veak (M:51) 406 + 043 418 + 037 416 +0.35 0.28
L' e P — 472 4 0.84 4,34 + 0.84Y A4.26 4 0.76 005
WOl iIL-min kg 1) 644 475 66.3 + 7.4¢ BLO T3 0.08
Maxirmum respiratory exchange ratio 1.13 £ 0.04 116 £ 003 1.13 +£ 004 0.00
Maxirmum blood lactate fmmal-L ") 102 + 2.7 1M12+186 M4+19 051
Maximurm heart rate (beats.min 1) 19349 194 £ 9 104 + 8 012
Maxirmum RPE (1-10) B0+17 80+12 BT +12 0.47
Submaximal speed 4 mmal-L -1 fms- 1) 268 4+ 029 267 & 025¢ 270 +0.28 0.07
1RM UPPER-BODY STRENGTH
Seated pull-down exarcise (kq) AT A+ 114 623+ 120" 642 + 117+ 056
Tricaps-press exercise (k) 605 4 114 65,4 4+ 11.3™ B66 - 11.6™ 053

Vo, pesk fraadmill speed; Vspek, peak axygen Lptake; RPE, rating of perceived exhaustion {1-10) VOamay, maximum oxygen uptake. *Significant diferance from pre-test (P - 0.01;
P [Nl N 'J'Emda'x:y taward significart diferance lrom pra-test [P = 0.05-0.1). ®ES of pra-post changes calkalaled according o Cohans d.
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TABLE 1 | Performance, physiological and technical capacitics {mean + S0} in troadmill running, treadmill roller-ski skating and double-polng ergometry as wall as
uppar-body 1RM strendgth in high and low-responders at pre and post of a G-month XC ski-specific training period.

High-responders Low-responders Pre-post
Pre Post Pre Post ES®
Treadmill running
Ve M5 1) 415 + 050 A42 + 033 308 + 033 4.00 + 028 136
WOy (L-rmin—1) 432 + 054 452 + 0507 434 £ 104 4.26 + 0008 120
WOl (Ll kg ) 670+ 7.6 o4 + 458 63.0 4+ 6.6 622 4 658 1.23
Submavimal spead 4 mmal-L-T fma—") 2IT+024 284 +023 257 £ 027 256 + 026 054
Troadmill roller-ski skating
Wik (M5 ] 388 +0.M A5 + 028 39 £ 028 4.23 + 027 1.1
urmnwa.:w;‘gaq o e a9 FERTE e s L RT3 o 143
Wibapeak (Lmin 1) 4.00 4+ 0.39 426 4 041 4.13 &+ (.88 401 4 08772 1.84
WO:peak {mL-min Lkg ") 620+ 568 B6.3 + 6.8 602 £ 67 585 £ 5™ 1.80
= o T2 L a0 Trs £ 3T o £ 37 TEG £ 41+ T3
Submaximal Oy -cost {Lmin 1) 287 + 049 274 + 040+ 206 £ 06T 282 + 063 006
Submaximal respiralory exchange ratio 095 + 005 090 + 003 095 £ 0.04 094 + 0.06¢ 097
Submaxirmal heart rate (beats.min 1) 166 + 12 153 + 9 161 4+ 10 169 4 11* 1.25
Submaimal blood lactate fmmaol-L ') ar+14 21+ 07 32+ 00 254+ 07 0.83
Submaximal APE (1-10) 31+ 086 2700 365 £ 00 32405 0.00
Submaximal gross efficiency (%) 125 +14 13.3 + 0.6 130 £10 136 +08% 023
Submaximal cycle length (rm) 532 +0.34 G.05 + 0470 4497 + 004t LG 4+ 0.3 017
Submaximal cycle rake (He) 047 4+ 003 042 4+ 0.03™ 051 & 0.03 044 4 0.03™ 012
Double-poling ergometry
Power oulpul 5-min test (W) 193 + 22 218 + 207 208 £+ 53 212 4 40 1.58
Peaak power output 5-min test (W) 274 £ 40 207 + 40 A ET0 66 + 67 0.36
Power oulpul 30-sec lest (W) 333436 368 £ 4 352 £ 110 353 + 1068 213
Peak power output 30-sec test (W) 304 4 43 441 1 567 416 + 131 443 4 167 0.47
VO (L-min 1y 390 + 040 405 + 035 385+ 106 390 + 008 0.45
WOk (miLminThg ) 607 £ 7.3 B31 £ 66 LhE6 £ 80 565 £ 6.1 037
1RM upper-body strength
Saated pull-down exercise () L0+ 6.7 650 4+ 8.3 605 £+ 144 656 + 136™ 0.84
Tricaps-press esarcise (k) 61.3 4+ 69 GRS 4 60 63.0 4+ 1341 670 4 141" 0.78

Vioak. peak tresdmil speed, Vomg:, meximum oxygen uptake; VOpa, peak oxygen uptake; RPE, miing of parceived exertion (1-10)

t Slgrificant difference betwesn groups at baselime (pre).
*Significant pre- to post cheange within groups (P < G085, ™F < 007, "™ < 0.0017).

FSignificant difference in pre- to post change batween groups (P-0.0%5).
AES of pre- 1o post change between groups calculated according to Cobens d.




TABLE 2 | Training characteristics (mean + SD) in high-

during a 6-month XC ski-specific training period.

and low-responders

High-responders Low-responders
Total training
Total (h) 363 + 11 344 + 23°
Total (sessions) 311 +£15 290 + 30
Rest (days) 22 + 1 2242
Injury/iliness (days) 543 10+5 |
Training forms
Endurance (h) 211 +6 289 +14*
Strength (h) 38 + 1 37 +2
Speed (h) 1441 14 +1
XC skiing drills (h) 40+ 6 34+9
Exercise modes
Running (h) 85+ 3 81 +5*
Roller-ski skating (h) 1141 M1+2
Roller-ski classic (h) 841 8a+2
Ski skating (h) 11143 108 £ 5
Ski classic (h) 70+ 1 66 + 7*
Endurance training time
LIT {h) 23216 223 127
MIT (h) 13 +1 12 +1*
HIT {h) 26 + 1 24 +2¢
LIT/MIT/HIT (%) 86/5/10 86/5/9
Training load
Load (sHPE/wk) 3825 + 1013 3228 + 748°
Load/Avolume ratio (sSRPE/) 494+ 06 42 + 05"

LIT, low-intensity training; MIT, moderate-intensity training; HIT, high-intensity training.

*Significant difference between groups ("P < 0.05).




TABLE 4 | Multidisciplinary overview of health, psychological and sociological related factors differentiating high- from low-responders following 6-months of XC
ski-specific training in a group of endurance transfer athletes including direct verbatim quotes from the athlete’s personal coaches.

High-responders Low-responders Verbatim quotes from coaches

Health Health “In total, there were few cases of injury or iliness among high-responders, which
+ |11} Incidents of injury and/or illness = t111 Incidents of injury and/or iliness ~ might have been crucial for their better adaptations and development.”

* Good health® days “High responders showed continuity in their work, maintained good health and

= Athletes with signs of overtraining®

Psychological* Psychological*

= Highly motivated * | ess motivation

* Sirong passion for skiing * Less passion for skiing

= Enjoyment during and between * Less enjoyment during and between
training sessions training sessions

Sociological* Sociological*

* State of well-being individually and/or in ¢ Less well-being individually and/or in the
the training group training group

= Positive coach-athlete relationship * |ess positive coach-athlete relationship

* More homesickness

found the oplimal balance between load and recovery together with their
personal coach.”

“Motivation, enjoyment and passion, together with desire and curiosity to learn and
improve... These are clear characteristics of the highest responding athletes... if
you are not happy in life and with what you are doing, then it doesn’t matter what
you do and if you have the best coaches and the best training program.... it doesn’t
matter..."”

"The best responding athletes gave things several tries and did not give
up...they responded constructively to feedback, and showed an inner drive and
interest to develop which can be hard o maintain in such a demanding project”
“strong well-being in the process of transferring to a new sport and to a new
country with different culture were important and homesickness were definitely
more present among those athletes with a low training response”

*high responding athletes communicated well with their coach and by that
developed some level of independency/trust in their own work during the training
period”

“It seems like the boys liked better staying in Norway. They were tightly
connected, had fun and spent awesome time together both during and between
sessions”™

t1 Effect size of difference between groups (t/} = tivial, t1/11 =small, +11/L 1} = moderate, tt11/11 11 = large).

*Based on qualitative assessments of the athlete’s personal coaches.



Practical and scientific experiences

Systematic training process

Detailed monitoring of adaptations and performance
development

Multidisciplinary approach to optimize all training and
recovery routines

Provided simultaneously a unique opportunity to
scientifically examine a talent transfer process

Describing the factors underlying successful talent
transfer in XC skiing.
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