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Strength training

Why, what and when?




Strength training

* Why?

* discussion




Strength training

Strengthens bones

Injury prevention

Strengthens tendons and tissue

Develops muscle mass

Increases metabolism

Helps maintain good posture

Lowers blood pressure

And many more




Strength training

Three types of strength training
* Hypertrophy
* Maximal strength

* General strength/Maintain

* Explosive strength
 Endurance???

Optimal strength training should include all methods and be periodized
in both types and exercises!




r?s .) Myofibrillar Hypertrophy
y : VS.

Strength training

Myofibrillar Hypertrophy  Sarcoplasmic Hypertrophy

Hypertrophy
[ J 50_85% Of 1RM stronger muscle - use?eis ,I'nsL?SCl:n
* 87 Reps
* >12reps create more neuromuscular fatigue and slower recovery, and tend to be less favorable for

strength/power qualities than heavier, lower-rep work. (Hartmann H et al. 2015 & Schoenfeld et al.
2021). Furthermore, there is no endurance transfer to the specific sport (Schoenfeld et al. 2017)

* Can be done with short rests (>1 min) up to 5 min, depending on the
program

* Variations possible (eccentric, concentric, and isometric)
* 2—4 sessions [ 4-week cycle




Strength training
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Strength training

Maximal Strength

85—100% of 1RM

1—6 reps

Neural fatigue

Long rest (3—8 min)

Variations possible (eccentric, concentric, and isometric)
2—¢4 sessions [ 4-week cycle

General strength/Maintain
* 3-8 reps, low amount of sets to reduce fatigue or crossover effects
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Strength training

* Maximal strength

@ Close relationship exists between Maximal muscle strength =
muscle size and maximal muscle strength Muscle size x Neural function
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Elbow Sexors, physical education students.

Kilde: Per Aagaard 2017




Strength training

Explosive Strength

* 60-85% of 1RM (In multi-joint sport-specific movements, the typical optimal
load varies between 30-60% of 1RM. The optimal loading in ballistic exercises is
0—50%, while 50—-90% in weightlifting exercises [Cormie et al., 2011])

Explosive lifts: 3—6 sets

3—6 reps

Neural fatigue

Long rest (1—5 min)

Variations possible (elastic bands, concentric)

Used leading up to competitions or at the end of a training period

1—-3 sessions [ 2—3 week cycle




Strength training

Explosive Strength
* Why “Explosive” Bench/Row Aren’t Truly Explosive

* You must brake the bar. Non-ballistic lifts require late deceleration (=20-40%
of ROM) so you don’t throw the bar — peak acceleration and RFD are capped.

* Short high-power window. Even with max intent, you spend little time at true
high velocity because you're preparing to stop — less power adaptation.

* Mechanical constraint > intent. Intent helps, but the constraint of "don’t
release the bar” still forces decel; ballistics keep acceleration positive end-to-
end.

* Coordination is too simple. Bench row are single-segment patterns; sprint
kayaking needs multi-segment timing (ankle—knee—hip—trunk—arm) to project
force fast in the front quadrant.




Strength training

What To Use Instead (and Why)
* Ballistic lifts (no braking — maximal RFD):

Bench throws (Smith), med-ball chest/overhead/rotational throws
Jump squat (20—40% 1RM), trap-bar jump, loaded split-jumps

— Higher peak power, faster tlme-to-peaf(, better |mpufse.
Olympic derivatives (multi-joint timing):

Mid-thigh clean pull, clean pull from blocks, jump shrug

Hang power clean/snatch _
— Train triple-extension, SSC, whole-system rate coding that transfers to start speed and front-

quadrant paddle impulse.

. Doseéguideline): 3—-5x3 reps, 20—-40% 1RM for ballistics; 3-5x2—-3 @ 60-90% 1RM for

pulls/

erivatives;

* Bottom line:
 Build max strength with bench/row, then convert with ballistics and Olympic derivatives—the

methods that keep acceleration positive through the whole movement and actually show up as
boat speed.




Strength training

Explosive strength VELOCITY [M/S] POWER [W]
PEAK POWER (30%-80% 1RM)

Force velocity curve

P=F xV

P=Power
F=Force
V= Velocity

The explosive strenght is improved with both
FogV!

FORCE [N



Strength training

Explosive strength

Before Training
------- After Heavy Resistance Training

Velocity (m/s)

Force (N)

Ficure 2. Effects of heavy resistance training on force-
velocity curve.

Kawamori and Haff 2004

—— Before Training
------- After Explosive Resistance Training

Velocity (m/s)

Force (N}

Ficure 3. Effects of explosive-type resistance training on
force-velocity curve.




Strength training
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Method Load (% of 1RM) | Reps Fatigue Type Rest Variations Typical Cycle
Eccentric, 24 sessions |
Hypertrophy 50—-85% 8-12+ Muscular fatigue | 1-5 min concentric, wel;ks 4
isometric
Maximal Eccentric, 2—4 sessions |
85—100% 1-6 Neutral fatigue 3-8 min concentric, 4 4
Strength . . weeks
isometric
60-85% (optimal
load varies: 30—
60% multi-joint,
Explosive 0-50% ballistic, . . . 1-3 sessions [ 2—3
Strength 0—-90% 3—-6 Neural fatigue 1-5 min concentric weeks
weightlifting
[Cormieetal.,

2011])

&




Linear strength periodization

Cycle
Weeks 1 2 3 4 5 6 7 8 9 10 1 12
Weeks Sets/Reps 3x8 3x10 3x10 3x10 3x5 3x5 3x5 3x5 3x3 3x3 3x3 3x3
Emphasis Hypertrophy Basic Strength Strength
Exercises below are a only examples Select exercises that will lead you to your goal)
Exercises Day 1 Day 2 Day 3 Day 4 Day 1 Day 2 Day 3 Day 4 Day 1 Day 2 Day 3 Day 4
Incline Incline Incline Incline Incline Incline
h h h h h h
Upper push | Bench Benc Bench Bent Bench Benic Bench Benc Bench Bend Bench Genc
Press Press Press Press Press Press
Press Press Press Press Press Press
Bent Bent over Bent over
Seated 1Arm over Seated 1Arm DB Seated 1Arm DB
Upper pull Row Pull Up DBRow  barbell Row Pull Up Row barbell Row Pull Up Row barbell
row row
row
Front Back Walking Front Back Walking Front Back Walking
Lotikr pish Squat Squat Lunges Step Ups Squat Squat Lunges Steplips Squat Squat Lunges Step tips
St Hamstring Good Stiff Suft Hamstring Good StHf Suff Hamstring Good Stff
Lower pull | legged curl mornin; legged legged curl morninj legged legged curl mornin, legged
deadlift € deadiift | deadlift € deadlift | deadlift B deadlift
A Double i Double i
Midsection Double leg Welghted Barbell Bird dog | leg let WElghled Barbell Bird dog leg let Welghted Barbell Bird dog
let down situp Roll out situp Roll out sit up Roll out
down down
Anything else
you want A

Intensity

v

Hypertrophy —_— Strength  ———>  Power




Block strength periodization

: ool i Macrocycle 1 Macrocycle 1 Macrocycle 1
o Exercise M Week2 | Week3 |week(Deload) Block 1 Block 2 Block 3
4 Sets Reps Load|Sels Reps Load| sets Reps Load|Sets Reps Load|
5 | Back Squat 3 6 (120 4 6 120|]5 6 1201 2 6 120 Duration: 2-4 weeks | Duration: 2-4 weeks | Duration: 1-2 weeks
5 Bench Press (Barbell) 3 10 8|4 10 s|s 10 so|2 10 s0 Sj:g;":n“::nsa“m
7| Leg Extension 3 10 | 40 4 10 40 5 10 40 2 10 a0 Accumulation Transmutation Realization at compet'rtion
8 | Dumbbell Overhead Press | 3 12 20 4 12 20 5 12- 20 2 12 20
el Triceps Pushdown Concentrated loading | Normal training load | Peaking/Unloading
10 V Up _
1 Day 2
12| i Week 1 Week2 |  week3 |weeka (peload)
13 Sets Reps Load|Sets Reps Load|Sets Reps Load|Sets Reps Load|
14| pull Ups Residual training —
15| RDL effects
16 | Seated Cable Row
17 Hamstrings Curl
18 prpetpe e | | A Y I (N N L L N e O e O S
1 Calf Raise
20 Day 3
21| s Week 1 Week 2 Week3  |week4 (Deload)
22 Sets Reps Load|Sets Reps Load|Sets Reps Load|sets Reps Load|
23 . Bench Press (Barbell) 3 6 100]| 4 6 100| 5 6 100]| 2 6 100
24 Back Squat 3 8 110 4 g8 110| 5 8 110) 2 g8 110
25 | Dumbbell Overhead Press | 3 10 25 4 0 | 25 o 10 25 2 10 25
26 Leg Extension 3 12 3014 212 30|5 12 30| 2 12 30
27 Triceps Pushdown
28 | vV Up
volume Per Muscle Group Block 1 Block 2 +




Undulating strength periodization

Daily Undulating Periodisation (DUP)

Day Volume Intensity (Approximate Percentage of 1-
‘ _ Repetition Maximum (1RM)

Day 1 Week 1 4 sets x 10-12 repetitions 75 - 67% of 1RM

Day 2 Week 1 4 sets x 8 -10 repetitions 80 - 75% of 1RM

Day 3 Week 1 4 sets x 6-8 repetitions 85 - 80% of 1RM

Day 1 Week 2 4 sets x 8 -10 repetitions 80 - 75% of 1RM

Day 2 Week 2 4 sets x 6-8 repetitions 85 - 80% of 1RM

Day 3 Week 2 4 sets x 4-6 repetitions 90 - 95% of 1RM

Day 1 Week 3 4 sets x 6-8 repetitions . 85 - 80% of 1RM

Day 2 Week 3 4 sets x 4-6 repetitions 90 - 85% of 1RM Weekly Undulating Periodization Example

Day 3 Week 3 4 sets x 2-4 repetitions 95 - 90% of 1RM 125 = Yolume
Day 1 Week 4 (De-load) 2 sets x 4-6 repetitions 67 - 65% of 1RM o e (ntensity
Day 2 Week 4 (De-load) 2 sets x 4-6 repetitions 67 - 65% of 1RM

Day 3 Week 4 (De-load) 2 sets x 4-6 repetitions 67 - 65% of 1RM 18

W]




From theory to practice

* Strength Training: Objectives & Principles

* Objectives:
* Raise max (1RM) — bigger submax capacity at race pace
* Convert to power/RFD — greater paddle impulse
* Protect tissue (shoulder/scap, trunk, hips) for season durability
* Transfer gains to the boat (lock—pivot—run)

* Principles:
» Dynamic correspondence: match force direction, ROM,
contraction speed, time-to-peak
* Quality > fatigue: avoid fallure,- use RIR 1—3 on main lifts

* Minimal interference: hard water + heavy gym same day; next
day easy

* Progressive overload: small, planned load/volume steps;
deload before peaks




From theory to practice

* Weekly Structure & Exercise Menu
 3-day template (concurrent with paddling):

Day 1 — Power/Max: Bench/bench-pull 3-5x3-4 @ 85-92% 1RM +
ballistic micro-dose (throws/jump shrug 3x3)
Day 2 - Power/Max: Bench/bench-pull[3-5x3-4 @ 85-92% 1RM +
ballistic micro-dose (throws/jump shrug 3x3)
Day 3 - Light H pertroph_y[burablllty: 3—4x8-12 @ 60-70% (RIR
2-3) + cufﬁscap anti-rotation
* Key lifts:
* Press/Pull: Bench press; bench-pull, Dips and chins/pull ups
* Lower/hip: Trap-bar deadlift/RDL; split-squat variants
* Power: Mid-thigh clean pull, jump shrug, med-ball chest/rotational throws,
jump squat
* Trunk: Anti-rotation/extension (Pallof, dead bug progressions, cable
chops)
» Kayak-specific bridge (finisher 15-25 min): Catch ISO — flywheel
one-arm pulls — med-ball throws — gs erg/standing starts




Transfer to kayaking

* Example:

* 1: Hypertrophy focus 4-6 weeks
* +8reps

* 2: Maximal strength 6-8 weeks
* <breps

* 3: Explosive 6-8 weeks
* 3-6reps

* 4: Maintaince
* High intensity but low volume




Transfer to kayaking

How is the kayaking
movement?




Transfer to kayaking

Transferring the Gym to On-Water: Principles

1. Goal: Turn higher 1RM/RFD into greater paddle impulse at race SR.

2. How transfer happens: Specificity (high impulse, clean catch),
dynamic correspondence (force direction, joint speeds), and timing.

3. Key rules:

1. Pair gym heavy/power with water force-focused work (same day, long buffer).
2. Use contrast: resisted reps — immediate free-speed reps.
3. Protect technique (Nikonorov: Lock — Pivot — drive); low arms, clean exit.




Transfer to kayaking

* Example:
* 1: SAM focus 4-6 weeks
* Coupled with heavy strength

* 2: Resistance paddling 6-8 weeks
* Coupled with heavy strength

* 3: Power paddling 6-8 weeks
* Coupled with heavy strength and explosive strength

* 4: Race pace work
* Coupled with explosive strength

* Bottom line:
* Increase movement speed over speed




How We Train in the Gym

* Be on time, know the plan. Skim today’s lifts, targets,
and RIR.

* Warm up properly. 5—10 min general + movement prep;
do ramp-up sets before work sets.

* Technique first. Full ROM, controlled eccentrics, fast
intent on the way up.

 Safety every relp. Collars on; spotters for bench/squat;
clear the lifting [ane.

* Load with control. Main lifts at RIR 1-3; no failure; cap
power sets at <15-20% velocity loss.

* Progress small, consistently. Add weight only when
movement quafity stays high.

* Tell the coach if you feel sharp pain, dizziness, or form
collapse.




How We Train in the Gym

* Respect the room. Share racks, communicate, eyes
up when others lift.

* Care for kit. Re-rack plates, strip bars, wipe
benches, chalk lightly.

* Phones smartly. Film sets only for feedback;
otherwise pocket between sets.

* Log your work. Weights, sets/reps, RIR, quick
notes—every session.

* Fuel & hydrate. Bring water; post-lift protein +
carbs; sleep 7—9 h.

» Ego stays outside. Ask for help, spot teammates,
celebrate good reps.




Research and sprint kayak




Research strength and paddling

« Strength (1RM and explosive) have been related to sprint

performance < 200m. (Kristiansen et al., 2022; Pickett et al., 2017; Romagnoli
et al., 2022; Uali et al., 2012a).

« Absolut lean body mass has been linked to increased velocity
on water. (Akca & Muniroglu, 2008; Bishop, 2000)

« Bench pull (TRM) and total lean body mass have been
shown to be closely correlated with 500m K1 performance.

» Klitgaard et al., 2025 (in review)




Old saying in the Danish kayak
federation:

“We need to be as light as possible but
as strong as possible”

As long as the extra body mass is
lean, no problem with extra mass in
the boat

Correlation from Klitgaard et al. 2024 on 100m
and 200m

Body mass:-0.290
Body fat: 0.526
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Research strength and paddling

Overall, in the litterateur:

Lean body mass shows the highest correlated «iitgaard et al., 2025 (in review), Akca & Muniroglu,
2008; Bishop, 2000
Mainly focus on 1RM strength in training, but also other strength qualities.
* 1RM Bench press shows a causal relationship to sprint performance kristiansen
et al., 2022 & Pickett et al., 2017
Bench pull and bench press both show moderate to high correlation to
performance at or below 500m ualiet al., 2012a, Kiitgaard et al., 2025 (in review),

MAP (Maximal aerobic power) is better correlated with 1000m performance
than Vo2max. van someren & Howatson 2008

Don't focus on red ucing bOdy IMASS Van someren & Howatson 2008 Klitgaard et al., 2025 (in review)




Research strength and paddling
Strength as a driver in kayak?

Better integration of strength in the
training plan
No lose of strength during in season
One-two more weekly strength

tranining leading up to the
record. 1000m track

Cam McEvoy: How | Won
Gold Without Swimming
Much




Road to recovery




Neural fatigue

What is Neural Fatigue?

* Definition: A reduction in the nervous system'’s ability to drive muscle—
lower motor-unit recruitment, firing rate, and coordination.

* Where it occurs:

* Central (brain/spinal cord): reduced voluntary drive, inhibitory feedback 1

* Peripheral-neural: impaired neuromuscular transmission, motor-unit firing
patterns

* Primary drivers in strength work: Very high intensity/velocity, sets to

failure, high eccentric/ISO loads, large novelty/complexity, sleep debt &
life stress.

* Why it matters: Unlike "burn”/metabolic fatigue, neural fatigue blunts
RFD, timing, and skill, so quality drops even if muscles aren’t sore.




Neural fatigue

How Neural Fatigue Shows Up

* Performance signs (session/day-after):
* Slower bar speed at the same load; cant hit planned %1RM @ target velocity
* RFD down; “heavy” warm-ups; coordination feels off, technique drifts
* Poor start/acceleration quality; timing errors in complex lifts

* Quick field markers:

Countermovement jump or mid-thigh pull down =3-5%

Grip strength down vs baseline

sRPE mismatch (effort feels much higher than normal)

HRV suppressed [ resting HR elevated (supporting info, not sole decision)

* Time course: 24—72 h depending on dose; to-failure + heavy eccentrics
push recovery to the long end.




Neural fatigue

Managing Neural Fatigue (Programming Rules)

* Protect quality:
* Power days: cap velocity loss <2.5-5% per set; stop before grinding
* Avoid frequent failure; leave RIR 1-3 on main lifts

 Stack smart (concurrent): Hard water + heavy gym same day, next day easy —
preserves true recovery days.

* Dose & monitor: Track sSRPExduration, jump/grip trends, bar speed, and next-day
submax sets (SR/DpS if paddling). Adjust volume first, then intensity.

* Recovery priorities: 7—9 h sleep, protein ~0.3 g/kg per feeding (1.6—2.2 %[kg/day),
carbs 1-1.2 g/kg post high-intensity; creatine supports neural output; caffeine
helps acute power but don‘t use to mask fatigue.

* When to modify or deload: >2—3 markers negative for 48 h, or repeated failure to
hit speed—reduce volume 30-50% for 3—7 days; keep intensity touches to
maintain readiness.




Planning strength and paddling

Recovery

* Adaptation happens between sessions, not during

* Muscles, tendons, and nervous system need time to recover
* Overdoing strength training can reduce paddling quality

Less is more:
Strong + fresh beats strong + tired




Planning strength and paddling

Key Recovery Strategies

* Prioritize sleep (7—9 hours) = best recovery tool

* Good nutrition = fuel + rebuild (protein, carbs, fluids)

* Active recovery: light paddling, mobility, or easy cardio

* Avoid stacking too much gym work before speed sessions

Recover Hard- Paddle fast




Planning strength and paddling

Smarter Strength for Paddlers

* Quality > quantity — 2—3 well-planned sessions are enough
* Heavy lifts require 48-72h recovery before peak paddling

* Don't go to failure!!!!

* Use periodization: hard blocks balanced with lighter weeks

The goal isn't to lift more in the gym, but to go faster on the
water




DON'TGOTO
FAILURE...

..because you're
alreadg 2 i%ulure 9

Leave 1-2 reps |n fes-e'rve (RIR).
Quality > quantity.

— COACH KENT




