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Sammendrag

Bakgrunn: Feedback under hastighetsbasert styrketrening gis vanligvis ved konsentrisk
hastighetsfeedback for & maksimere hastighet, eller feedback pé hastighetstap mellom
repetisjoner som fokuserer pd & motvirke fall i repetisjonshastighet. Ingen tidligere studie har
sammenlignet effekten av de to vanligste feedbacktypene. Hensikt: Denne studien hadde som
mal 4 sammenligne effekten av 4 trene kneboy med prosent hastighetstap med fargekodede
varsler (TL: Trafikk lys gruppe) vs. konsentrisk hastighetsfeedback (HF gruppe) pa
treningsvolum, endringer i styrke, power, hopp og muskelsterrelse hos ishockeyspillere i
deres konkurransesesong. Metode: En 10-ukers randomisert kontrollert studie inkluderte 35
semiprofesjonelle ishockeyspillere som ble tildelt TL eller HF. Pre- og post-
intervensjonsmaélinger inkluderte 1RM kneboy, isometrisk mid-thigh pull, Keiser benpress
maksimal styrke og kraft, countermovement jump, og vastus lateralis muskeltykkelse.
Resultater: TL-gruppen fullforte betydelig flere repetisjoner med et gjennomsnitt pa 7+1,

6+1 og 6+1 reps 1 sett 1-3 per kneboy okt, sammenlignet med et gjennomsnitt pa 5+1, 5+1 og
5+1 reps 1 HF-gruppen (alle sett p<0,001). TL viste betydelig storre forbedringer enn HF-
gruppen i 1RM kneboy (5,9 + 3,3% vs. 3,1 +4,1%, p = 0,042, henholdsvis) og CMJ heyde
(11,1 £7,2% vs. 5,2 + 7,6%, p = 0,034, henholdsvis). Ingen gruppeforskjeller ble observert i
mid-thigh pull, benpress styrke og kraft, eller endringer i muskeltykkelse. Konklusjon:
Feedback som bruker prosent hastighetstap med fargekodede varsler kan forbedre prestasjon i
styrketrening, samt styrke og kraftendringer i underekstremiteter hos godt trente idrettsutavere
i sesong. Videre forskning er nedvendig for & utforske effektene av denne type feedback under

en styrketreningsperiode der treningsvolumet er likestilt for gruppene.

Nekkelord: Ishockey, prosent hastighetstap feedback, hastighetsfeedback. Farge feedback,

maksimal styrke og power, kneboy



Abstract

Background: Feedback during velocity-based strength training is traditionally given by
concentric velocity feedback to maximize speed, or feedback on velocity loss between
repetitions that focus on counteracting drops in repetition speed. However, no previous study
has compared the effect of the two most common feedback types. Purpose: The present study
aimed to compare the effect of training back squats with percent velocity loss and color-coded
alerts feedback (TL: “Traffic light group”) vs. concentric velocity feedback (VF) on training
volume, changes in strength, power, jump performance, and muscle size in ice hockey players
during their competitive season. Method: A 10-week randomized controlled trial included 35
semi-professional ice hockey players assigned to TL or VF. Pre- and post-intervention
measures included 1RM back squat, isometric mid-thigh pull, Keiser leg press maximal force
and power, countermovement jump, and vastus lateralis muscle thickness.

Results: The TL group completed significantly more repetitions with an average of 7+1, 6+£1,
and 6%1 reps in sets 1-3 per back squat session, compared to an average of 5+1, 5£1, and 5+1
reps in the VF group (all sets p<0.001). TL showed significantly greater improvements than
the VL group in 1RM back squat (5.9 + 3.3% vs. 3.1 £ 4.1%, p = 0.042, respectively) and
CMIJ height (11.1 +7.2% vs. 5.2 = 7.6%, p = 0.034, respectively). No group differences were
observed in mid-thigh pull, leg press strength and power, or muscle thickness changes.
Conclusion: Feedback using percent velocity loss with color-coded alerts can improve
strength training performance, as well as strength and power changes of the lower limbs in
well-trained athletes during the competitive season. Further research is needed to explore the

feedback effects during a strength training period in training volume equated groups.

Keywords: Ice hockey, Percent velocity loss feedback, Velocity feedback, Color feedback,

maximal strength and power, Back squat



Abbreviations:

NHL National Hockey League

VBST Velocity-based strength training

M/S Meter per second

KG Kilograms

CM Centimeter

MM Millimeter

W Watt

N Newton

RCT Randomized controlled trial

TL Traffic light and velocity loss feedback group
VF Velocity feedback group

CMJ Countermovement jump

MVIC Maximum voluntary isometric contraction
1RM One repetition maximum

Fmax Maximal force in Keiser leg press, extrapolated from a theoretical force-

velocity curve

Pmax Maximal power output in Keiser leg press, extrapolated from a theoretical

force-velocity curve

SD Standard deviation
EMG Electromyography
Cv Coefficient of variation
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Abstract

Background: Feedback during velocity-based strength training is traditionally given by
concentric velocity feedback to maximize speed, or feedback on velocity loss between
repetitions that focus on counteracting drops in repetition speed. However, no previous study
has compared the effect of the two most common feedback types. Purpose: The present study
aimed to compare the effect of training back squats based on percent velocity loss with color-
coded alerts feedback (TL: “Traffic light group™) vs. concentric velocity feedback (VF) on
training volume, changes in strength, power, jump performance, and muscle size in ice
hockey players during their competitive season. Method: A 10-week randomized controlled
trial included 35 semi-professional ice hockey players assigned to TL or VF. Pre- and post-
intervention measures included 1RM back squat, isometric mid-thigh pull, Keiser leg press
maximal force and power, countermovement jump, and vastus lateralis muscle thickness.
Results: The TL group completed significantly more repetitions with an average of 7+1, 6+£1,
and 6%1 reps in sets 1-3 per back squat session, compared to an average of 5+1, 5£1, and 5+1
reps in the VF group (all sets p<0.001). TL showed significantly greater improvements than
the VL group in 1RM back squat (5.9 + 3.3% vs. 3.1 £ 4.1%, p = 0.042, respectively) and
CMIJ height (11.1 +7.2% vs. 5.2 = 7.6%, p = 0.034, respectively). No group differences were
observed in mid-thigh pull, leg press strength and power, or muscle thickness changes.
Conclusion: Feedback using percent velocity loss with color-coded alerts can improve
strength training performance, as well as strength and power changes of the lower limbs in
well-trained athletes during the competitive season. Further research is needed to explore the

feedback effects during a strength training period in training volume equated groups.

Keywords: Ice hockey, Percent velocity loss feedback, Velocity feedback, Color feedback,

maximal strength and power, Back squat



Introduction

The origin of modern ice hockey can be traced back to Montreal, Canada, where the game
was first played almost 150 years ago and ultimately earned its place in the Olympic Games
in 1920 (Vigh-Larsen & Mohr, 2024). Today, the International Ice Hockey Federation
includes 83 nations, showcasing its significant growth as an international sport (International
Ice Hockey Federation, 2024). Ice hockey is characterized as a high-intensity team sport and
is often described as the fastest sport on the planet played on two feet. (Cox et al., 1995; Vigh-
Larsen & Mohr, 2024) A typical work interval, lasting from 45 to 60 seconds and comprising
5-7 high-energy actions, is followed by a recovery phase of 2 to 5 minutes before embarking
on the subsequent interval. (Brockie et al., 2018; Wagner et al., 2021). Physical actions
including enduring body checks, pressing opponents away from contested areas, and
competing for the puck underscore the game's inherently physical character (Twist & Rhodes,
1993). This structure demands that top-level ice hockey players possess a wide range of
physical capabilities, including significant muscle strength and power. (Cox et al., 1995;
Johannesen et al., 1989). In addition, Burr et al. (2008) points out the critical role of strength
and power in ice hockey, highlighting how these attributes significantly influence player

selection within the National Hockey League (NHL).

Velocity-based strength training (VBST) has emerged as a popular training method with
objective feedback measurements to assist in designing resistance training programs (Banyard
et al., 2018). To improve athletic performance, VBST primarily employs two methods:
prescribing loads through designated velocity zones and managing fatigue via velocity loss
thresholds (Thompson et al., 2023). Velocity zones involve targeting specific velocities per lift
or maintaining lifts within a present velocity zone (Wlodarczyk et al., 2021). Velocity loss, on
the other hand, monitors the decline in the speed of the concentric phase of a lift across
within-set repetitions, indicating fatigue from repetition to repetition and thereby the intensity
of the workout by choosing a velocity loss threshold. Despite huge individual variations in the
degree of fatigue at a given velocity loss threshold (Jukic et al., 2023), these methods have
been shown to enhance athletic performance, as evidenced by recent research (Zhang et al.,
2022; Weakley et al., 2023). VBST thus has the potential to influence training quality in form
of repetition performance, not only by guiding exercises toward set velocity goals or

managing fatigue but also through ongoing feedback during the session itself.



Implementing these methods effectively relies on the critical role of feedback, with real-time
feedback shown to significantly improve barbell velocity within a training set (Weakley et al.,
2019). Moreover, providing high-frequency feedback, offering clear and immediate responses
after each repetition, rather than waiting until after a set is completed, significantly enhances
effort (Nagata et al., 2020). Such feedback is crucial in VBST, where the focus on maximal
speed execution is beneficial for enhancing resistance training outcomes such as strength and
power development (Dolezal et al., 2016). Indeed, a recent review from Weakley et al. (2023)
concluded that providing feedback during resistance training can improve both immediate
performance and long-term progress. Furthermore, Weakley et al. (2020) examined the effect
of different types of feedback, specifically verbal kinematic feedback, visual kinematic
feedback, and verbal encouragement on barbell velocity during a back squat exercise. They
found that all three feedback methods led to enhancements in barbell velocity. However,
Weakley et al. (2023) highlighted that although both verbal and visual feedback significantly
outperformed the absence of feedback, visual feedback led to significantly better performance

improvements compared to verbal feedback.

However, to the author's knowledge, no previous study has compared the effect of visual
feedback on the velocity loss per se (% velocity loss in concentric velocities from repetition-
to-repetition concomitant with increasing fatigue), vs. visual feedback on just the actual
velocity during the concentric part of the lift (e.g. m/s in each rep of back squat). Historically,
the most conventional approach has been to receive feedback on the velocity performed, with
an aim to perform with the highest possible speed in each repetition. However, it could be
speculated that feedback regarding velocity loss could potentially serve as a stronger
motivator for individuals to maintain velocity in subsequent within-set repetitions. Improved
overall repetition performance, especially in the later repetitions during each set, would also
allow more repetitions performed before a given velocity-loss threshold, and possibly lead to
better improvements in training outcomes such as strength and power development.
Therefore, the present study aimed to compare the effect of a back squat program based on
percent velocity loss feedback with color-coded alerts, vs. feedback by solely the concentric
back squat velocity, on strength training volume performed before given velocity-loss
thresholds, and changes in maximal strength, power, jumping performance and hypertrophy

during 10 weeks of strength training.
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Methods

Subjects

For this study, two semi-professional ice hockey teams with a total of 42 players were
recruited. These teams included one consisting of 23 players under the age of 20 (U20) and 19
players under the age of 18 (U18). During the course of the study, four participants had to
withdraw due to injuries. Furthermore, three additional participants were excluded from the

data analysis due to limited participation below the determined cut-off set at 80% attendance.

A total of 35 male participants (age 17.2 + 1.0 years; height 181.1 £ 6.2 cm; weight 77.4 £+ 8.1
kg) completed the study and were included in the data analysis. Each of the participants had a
minimum of one year experience with heavy resistance training. All participants provided
their written consent prior to their involvement in the study. Ethical approval for the study
was granted by the ethical board at the University of Adger's Faculty of Health and Sport
Science (Appendix 1) and by the Norwegian Centre for Research Data (Appendix 2). The
research was carried out in accordance with the ethical standards established by the

Declaration of Helsinki.
Design

The present study was conducted as a randomized controlled trial (RCT) and compared the
effects of two visual feedback modalities during 10 weeks of back squat training (Appendix 6
& 7). Subjects were randomly allocated into one of two groups using an online service
(randomizer.org). The “Velocity loss with traffic light feedback group” (TL) (n=17) received a
digital display showing a percentage drop relative to the subject's fastest repetition
accompanied by color-coded signals. The color-coded signals shifted from green to yellow as
a preemptive alert. When the velocity decreased to the predetermined threshold from the
fastest repetition (20% and 30%), the screen first switched to yellow (10 or 15% velocity
loss), and then red (20 or 30% velocity loss), indicating the completion of the set. The second
group, the “Velocity feedback group” (VF) (n=18), was provided with a display showing only
the velocity in meters per second (m/s) for each lift, omitting the percentage drop and color
indicators. Two weekly strength training workouts were spaced out by at least 48 hours during
the 10-week intervention period. The study was carried out during the athletes' competitive
season, and they participated in 4 to 5 weekly on-ice training sessions in addition to an
average of two matches per week during the 10-week intervention. Two distinct sessions of

pre-and post-tests were conducted before and after the intervention. Countermovement-jump
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(CMJ) height, midthigh-pull maximum voluntary isometric contraction (MVIC), and one
repetition maximum (1RM) back squats were all part of the first testing session. In the second
session, subjects measured muscle thickness of vastus lateralis and maximal power and force

with a Keiser pneumatic leg press machine.
Training intervention

All participants followed the same 10-week training program, the only difference between
groups was the type of feedback provided during the back squat exercise. The back squat was
the primary exercise in the subject's training routine during the intervention and was
consistently performed first in every session. Subjects completed three sets of back squats
twice weekly. The first session each week involved squats at 80% of their IRM with a
velocity loss threshold of 30%, and the second session involved 70% of 1RM to a 20%
velocity loss. The TL group received automatic feedback from the screen in front of them to
end their sets at the reached velocity threshold (at the velocity loss threshold), while the VF
group was told to continue lifting until the researchers instructed them to end the set (at the
same velocity loss thresholds, but the participants in the VF group were not aware of these VL
thresholds). Importantly, all participants in both groups were instructed to lift with maximal
mobilization and velocity during the concentric phase of all back squat repetitions. The
second session each week involved a lower load and velocity threshold to ensure that the
subjects would not be overly fatigued during their weekend matches. In week five, weights
were increased by 2.5 kg, and then an additional 2.5 kg in week eight, aligning with the

subject's expected progression in the back squat exercise.

Each session began with an approximately 15-minute warm-up routine, starting with cycling
and moving on to dynamic flexibility exercises for the core and lower body. Then, all subjects
performed two CMJ and squat jumps, followed by a reactive strength index (RSI) test
consisting of ten consecutive jumps, which were part of another master thesis conducted
simultaneously within the same overarching research project. Although these jumps were not
the primary focus of the study, they were included in the warm-up and training routine prior to
the back squat exercise. Thereafter, subjects gradually increased the weights on the barbell,
reaching up to 80% and 70% of their IRM. All subjects completed three to four warm-up sets
prior to achieving the target weight. During the first three repetitions, verbal encouragement
was provided to ensure maximal lifting velocity. Every set was performed on Alphatek’s force
platform (AlphatekPWR, Stavanger, Norway), (Appendix 8) which offered feedback on
movement velocity, estimated from changes in the center of mass. Following the back squat,
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the subjects completed 3-4 additional exercises, part of their strength training program

developed by their physical coach (Appendix 5).

Table 1 Back squat training program

Session 1, week 1

Session 2, week 1

Session 3, week 2

Session 4, week 2

3 sets at 80% 1RM,
30% velocity loss

3 sets at 70% 1RM,
20% velocity loss

3 sets at 80% 1RM,
30% velocity loss

3 sets at 70% 1RM,
20% velocity loss

Session 5 was not
completed.

Session 6, week 3

Session 7, week 4

Session 8, week 4

3 sets at 80% 1RM,
30% velocity loss

3setsat 70% 1 RM
20% velocity loss

3 sets at 80% 1RM,
30% velocity loss

3 sets at 70% 1RM,
20% velocity loss

Session 9, week 5

Session 10, week 5

Session 11, week 6

Session 12, week 6

3 sets at 80% 1RM,
30% velocity loss

3 sets at 70% 1 RM,
20% velocity loss

3 sets at 80% 1RM,
30% velocity loss
+ 2,5kg

3 sets at 70% 1RM,
Velocity loss
+ 2,5kg

Session 13, week 7

Session 14, week 7

Session 15, week 8

Session 16, week 8

3 sets at 80% 1RM,
30% velocity loss
+ 2,5kg

3 sets at 70% 1 RM,
20% velocity loss
+ 2,5kg

3 sets at 80% 1RM,
30% velocity loss
+ 2,5kg

3 sets at 70% 1RM,
20% velocity loss
+2,5kg

Session 17, week 9

Session 18, week 9

Session 19, week
10

Session 20, week
10

3 sets at 80% 1RM,
30% velocity loss
+ 5kg

3 setsat 70% 1 RM,
20% velocity loss
+ 5kg

3 sets at 80% 1RM,
30% velocity loss
+ 5kg

3 sets at 70% 1RM,
20% velocity loss
+ 5kg

Table 1 presents the 10-week back squat training program the subjects did. From week 6 - 8

subjects increased their back squat weights with 2.5 kg, and from week 9 — 10 subjects

increased their weight with a further 2.5 kg. abbreviations: 1RM = 1 repetition maximum.

Measurements

Pre- and post-tests on CMJ height, Mid-thigh pull MVIC, 1RM back squat, leg press strength

and power (Fmax and Pmax), and muscle thickness of vastus lateralis were performed to

assess differences between the TL and VL group.
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Countermovement jump height

The subjects performed the countermovement jump on a force plate provided by Alphatek.
They were instructed to start from a stationary position and then quickly move downwards,
followed by an immediate upward jump. Subjects kept their hands on their hips throughout
the jJump and could choose their own squat depth with the instruction to jump as high as
possible. The correct technique was demonstrated to each participant before testing and all
participants were familiarized with the technique before initiating the study. Each subject
performed three maximal effort jJumps with at least 30 seconds between each jump to ensure
consistent trial performance. The mean score from the two best jumps was recorded for

further analysis.
Mid-thigh pull

The mid-thigh pull test was performed using dual handles attached to a force plate (Alphatek)
to measure peak isometric force during the measurement. Subjects began upright, placing
their feet at shoulder width and securing the handles at mid-thigh level with an overhand grip.
Subjects were given liquid chalk to enhance their grip to prevent the handles from slipping.
They were then instructed to perform a maximal vertical pull with extended arms while
maintaining a stationary semi-squat posture. All trials were conducted with verbal
encouragement to provide elicit maximal effort. The peak force achieved for each subject was
recorded for further analysis.

1 RM back squat

A 1RM back squat test was conducted following the CMJ and mid-thigh pull tests. Before the
test, subjects engaged in a 10-minute dynamic warmup. Post-warm-up, the subjects initiated
the 1RM testing protocol by starting with an unloaded barbell. The weight on the barbell was
progressively increased with 10-20 kg per set. As the load increased, the number of
repetitions was reduced, allowing the subjects to focus on single repetitions as they neared
their potential 1RM. As the weight approached the subject's maximum lifting capacity, the
increments were adjusted to smaller weights of 2.5-5 kg. When the subjects approached what
they perceived to be their 1RM, they attempted the lift under observation. A practitioner was

present to ensure that the 1RM test was performed correctly with the proper technique.

Subjects performed the 1RM test in an upright position, positioning the barbell on the upper
back, like a high bar squat. They selected their own stance witch, typically around the
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shoulder-width. At the chosen squat depth (femur at a 90-degree angle parallel to the floor), a
practitioner or the physical coach provided verbal feedback to initiate the concentric phase of
the lift back to an upright position. If the 1RM repetition was completed, weights were
increased by 2.5 kg until it became too challenging for the subject to complete a successful
repetition. Conversely, if the 1RM test was unsuccessful, weights were reduced by 2.5 kg

until a successful 1RM test could be performed.
Keiser leg press Fmax and Pmax

The Keiser leg press (Keiser A300 model 2531, Keiser, Co. Inc., Fresno, California, USA)
assessed the lower extremities' maximal force and power output. Subjects were instructed to
position their feet firmly on both foot pedals, with seat adjustments made to ensure a 90-
degree angle in the knee joint. The maximum load was determined by adding the subject's
individual 1RM and an additional 100 kg, establishing the set weight. The leg press exercise
required subjects to extend their knees fully with maximum effort. Force-velocity values were
captured using the Keiser A420 software during the manufacturer's standard protocol of 10

repetitions with progressively increasing loads.

Prior to the 10-repetition test, subjects engaged in a brief familiarization exercise, performing
no more than five reps, to acquaint themselves with the procedure. Thereafter, subjects
completed a sequence of 10 repetitions, beginning at 15% of the predetermined maximal
resistance and increasing to 100% by the final repetition. The load increments ranged from
20-30 kg for each repetition, with a rest period of 10-20 seconds following each of the initial
five repetitions, which was increased to 20-40 seconds for the remaining five repetitions.
After the 10" repetition, the test was considered finished. Theoretical maximal force and

power were extrapolated from the force-velocity profile.
Muscle size

Ultrasonography (LogicScan 128 CEXT-1Z REV; B, Telemed, Vilnius, LT, Lithuania) was
used to measure the muscle thickness of the vastus lateralis in the axial plane. Ultrasound
transmission gel (Aquasonic 100) was applied to a linear probe with a width of 40mm at a
9MHz excitation frequency. The probe was positioned halfway between the hip joint socket
and the kneecap. All measurements were taken from the right leg, and all subjects maintained
a partially supine position on the research table, with both knees fully extended during the

procedure. Ultrasound settings, such as adjusting the focal depth (depth of ultrasound

15



penetration) and image depth, were personalized for each subject to enhance the clarity of the
final images. When a clear image of the vastus lateralis was displayed on the Echo Wave
4.1.0 program next to the practitioner, waterproof eyeliner (Isadora waterproof black eyeliner)
was applied to mark both ends of the probe placement. To ensure precise probe placement
from pre- to post-test, a transparent sheet was positioned on the subject's leg, aligning with the
practitioner's probe markings and any notable skin features (birthmarks, moles, scars, etc.)
Finally, the practitioner proceeded to mark these skin features on the sheet.

During the post-test procedure, the practitioner made small incisions in the transparent sheet
where the probe was marked for each subject. The practitioner placed the transparent sheet
over the subject's skin, aligning it with its pre-marked skin features. Following this, the
practitioner used waterproof eyeliner to mark the precise points where the incisions were
made. An iPhone was also positioned alongside the laptop, displaying the pre-test images to
ensure a similar position between pre- and post-images for each subject. The practitioner
marked three points on the final image on both pre and post-test of the vastus lateralis and
drew a vertical line to measure muscle thickness. The average of these three points was used
for further analysis.

Data analysis

Baseline characteristics were summarized using descriptive statistics, including the mean and
standard deviation. Data distribution was assessed through mean, median, kurtosis, and
skewness measures, indicating normality in the data. Within-group changes from pre- to post-
tests were evaluated using a paired sample t-test. Between-group changes from pre- to post-
tests were examined using an independent sample t-test. Results were displayed in terms of
mean values, standard deviation, percentage mean change and p-values. Statistical analysis
was carried out in Microsoft Excel version 2311, where the significance level was set at

<0.05, with a confidence interval of 95.
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Results

No significant group differences were observed at baseline in any measurement outcome.
Adherence to training did not differ significantly between the “Traffic Light and Velocity loss
feedback™ (TL) group (88.2 &+ 7.7%) vs. the Velocity Feedback (VF) group (86.8 + 7.4%, p =
0,612). The TL group performed back squats with an average of 29% percent more repetitions
per training session, compared to the VL group (19.4 reps vs. 15.0 reps, p = 0.001). The
training volume also differed at all three sets per session, where the TL group performed
significantly more repetitions than the VF group at the first (6.61 =0.77 vs. 5.12 £ 0.75, p =
0.001), second (6.49 £ 0.94 vs. 4.98 + 0.67, p = 0.001) and third set (6.30 £ 0.77 vs. 5.06 +

0.68, p =0.001). The average back squat training volume per session is illustrated in Figure 1.

Figure 1 Back squat volumes between both groups.
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Fig. 1 presents the mean (+ SD) of completed repetitions per set and the overall average for each set and both
groups during the 10-week training period. A marked asterisk (*) highlights a significant difference between the
groups (p <0.05). Key abbreviations: TL = Traffic Light Feedback Group, VF = Velocity Feedback Group. SD =

standard deviation.

Maximal strength and hypertrophy

Table 2 Pre and post-test measurements of back squat 1RM, mid-thigh pull MVIC, and
Vastus lateral muscle thickness.
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p-value Group X

TL group VF group time interactions
Back Squat 1RM
Pre (kg) 130.3+20.1 128.1 +20.5
Post (kg) 137.6 £ 20.1 131.5+ 235
0.042*
Change (kg) 73+3.7 34+54
Change (%) 59+33 31+x4.1
Baseline
comparison p- 0.001# 0.006#
value
Mid-thigh pull
MVIC
Pre (kg) 261.5+28.7 250.1 +37.9
Post (kg) 289.9 + 40.1 266 + 43.3
Change (kg) 28.4 +21.7 15.9 + 21.0 0.197
0,
Change (%) 107 +8.4 6.5+9.1
Baseline
comparison p- 0.001# 0.008#
value
Vastus lateralis
thickness
Pre (mm) 299+4.2 28.8+ 3.6
Post (mm) 30.7+4.2 29.3+35
0.078
Change (mm) 0.8+0.6 05+0.2
Change (%) 27+18 1.8+0.5
Baseline 0.001# 0.001#
comparison p-
value

Table 2 presents pre and post-test measurements for the TL and VL Group, detailing changes in back squat

1RM, mid-thigh pull MVIC, and vastus lateralis muscle thickness. Results are presented as means with standard

deviations (+ SD). (#) indicate significant within-group changes from pre- to post-test, while (*) indicates

significant between-group differences in changes from pre- to post-test (p<0.05). Abbreviations: TL = Traffic

Light Group. VF = Velocity Feedback Group. 1RM = one repetition maximum. MVIC = maximal voluntary

isometric contraction. Kg = kilograms. mm = millimeters.



The TL group increased back squat IRM (5.9 + 3.3% mean + SD) significantly more than the
VF group (3.1 £ 4.1%, p = 0.042). Mid-thigh pull MVIC was improved by 10.7 + 8.4% (p =
0.001) in the TL group and by 6.5 = 9.1% (p = 0.008) in the VF group compared to baseline,
but no significant between-group difference was detected (p = 0.197). Vastus lateralis muscle
thickness increased from baseline by 2.7 = 1.8% (p = 0.001) in the TL group and 1.8 = 0.5%
(»p =0.001) in the VF group, with no significant between-group difference in the training-
induced changes (p = 0.078). Changes in maximal strength and muscle thickness are shown in

Figure 2.

Figure 2 Pre to post changes in back squat IRM, mid-thigh pull MVIC and muscle size.

Muscle Strenght

# #
22 T o lo)
20 + . o
o
= 0
= 16 T
= # #
g 14 +
S 124 8
o o
® 10+ # #
= o
o 8T o (0]
3 6 + B
ge) o
3 41 8 }
o 27T l o
T 0 O
o 4T o 8
A 64
5 gl
o
(=]
= a0 4
12 4
o
14 L1
Back squat 1RM Mid tigh pull MVC Muscle size

B TL Group O VF Group

Fig. 2 Data are presented as mean * Standard deviation. TL = Traffic Light Group, VF = Velocity Feedback
group. 1RM = One repetition maximum. MVIC = maximal voluntary isometric contraction. Muscle size =
muscle thickness of vastus lateralis. (#) indicate significant within-group changes from pre- to post-test, while

(*) indicates significant between-group differences in changes from pre- to post-test (p < 0.05).
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Leqg press maximal force and power, and jump height

Table 2 Pre-posttest changes in leg press P-max, leg press F-max, and CMJ height.

p-value Group X

TL group VF group time interactions
Leg press P-max
Pre (W) 2245 + 521. 2259 + 446.3
Post (W) 2422 + 426 2324 +516.2
0.221
Change (W) 176 + 426 65 + 173
Change (%) 907+124 44+48
Baseline
comparison p- 0.046# 0.167
value
Leg press F-max
Pre (N) 347 + 425 352 +56.6
Post (N) 354 + 48.6 342 +59.2
0.339
Change (N) 7+41 10 + 38
Change (%) 2.4+8.6 -24+10.8
Baseline 0.595 0.300
comparison p-
value
CMJ height
Pre (cm) 41.2+3.6 40.8+5.44
Post (cm) 457+ 4.6 429 +6.3
0.034*
Change (cm) 45+29 21+29
Change (%) 11.1+7.2 52+76
Baseline 0.001# 0.010#

comparison p-
value

Table 2 presents pre and post-test measurements for the TL and VVF groups, and detailing changes in leg press P-

max, leg press F-max, and CMJ height. Results are presented as means with standard deviation (SD ) (#) indicates

significant changes within groups from pre- to post-test, while (*) indicates significant between-group differences

in changes from pre- to post-test (p<0.05). Abbreviations: TL = Traffic light group. VF = Velocity Feedback

Group. CMJ = countermovement jump. P-max = Peak power output, extrapolated across the force-velocity profile.

F-max = Maximum force capability, extrapolated across the force-velocity profile. W = watt. N = newton.



Leg press F-max did not increase significantly in the TL group (2.4 + 8.6%, p = 0.595) or VF
group (-2.4% + 10.8, p = 0.300) compared to baseline, and no significant differences between
groups were detected. No significant group differences were detected in leg press P-max
changes (p = 0.221), however, only the TL group improved leg press P-max compared to
baseline (TL: 9.7 + 12.4%, p = 0.046, and VF 4.4 +£4.8%, p=0.167). The TL group increased
CMIJ height (11.1 + 7.2%) significantly more than the VF group (5.2 = 7.6, p =0.034). Changes
in leg press strength and power and CMJ height are shown in Figure 3.

Figure 3 Pre to post changes in CMJ, F-max, and P-max on Keiser leg press.
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Fig. 3 Data are presented as mean + Standard deviation. TL = Traffic Light Group. VF = velocity feedback Group.
P-max = Peak power output, extrapolated across the force-velocity profile. F-max = Maximum force capability,
extrapolated across the force-velocity profile. (#) indicates significant changes within groups from pre- to post-

test, while (*) indicates significant between-group differences in changes from pre- to post-test (p < 0.05).
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Discussion

The current study compared the effects of a back squat training approach utilizing feedback
on in-set percent velocity loss with color-coded alerts, and the other focusing solely on
feedback based on the velocity of the concentric movement in each repetition. The study
compared the effects acutely on back squat training volume per session performed within the
given velocity loss thresholds, and on training-induced changes of 1RM back squat, isometric
mid-thigh pull, leg press maximal power and force, jumping performance, and muscle

hypertrophy between the training groups.

The velocity loss with color-coded alerts feedback group (TL) performed significantly more
repetitions before hitting the velocity loss cut-off within each set and increased back squat
I1RM and CMJ more during the training period than the velocity feedback group. No
significant between-group differences were observed in changes of leg press maximal power
and force, isometric mid-thigh pull or vastus lateralis muscle thickness from pre to post-test.
Overall, however, the TL group seemed to induce higher relative changes in most tests,
indicating that incorporating feedback based on velocity loss and color-coded alerts may
enhance power training performance within training sessions, and training-induced changes in

performance outcomes.
Effect of Feedback on velocity-based strength training

Both groups followed the same training program with identical velocity loss thresholds (30%
or 20%), with the only difference being the types of feedback provided. However, the TL
group performed back squat with an average of 29% more repetitions per session than the VF
group (19.4 reps vs. 15.0 reps), which highlights the impact of feedback mechanisms in
enhancing training volume within a velocity loss threshold and, subsequently, training
outcomes. Notably, both feedback groups demonstrated significant within-group
improvements from pre to post-test in IRM back squat, IMPT, CMJ and muscle thickness in
the vastus lateralis during the competitive season where strength and power performance
often just is maintained or even decreases (Astorino et al., 2004). Although we did not
compare the responses to a group not receiving feedback, these observations align with the
systematic review by Weakley et al. (2023), highlighting beneficial improvements of real-time
feedback on both short-term performance and greater chronic adaptions. Notably, recent
studies observed that the greatest benefits are when feedback is provided with high frequency,

specifically after every repetition, and potentially when kinematic feedback is provided
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visually (Nagata et al., 2020; Perez-Castilla et al., 2020; Weakley et al., 2023). Both groups in
the present study received real-time frequent feedback with each repetition performed.
However, it seems like the TL group feedback motivated the participants better at subsequent
repetitions, as they kept their repetition performance higher for longer, and thereby achieved

more repetitions before they reached the velocity loss threshold.
Effect of training volume

The observed group differences in training-induced changes between the TL and VF group are
likely explained by the differences in training volume prompted by their respective feedback
methods, but also the higher repetition performance during each repetition within the TL
group. As highlighted by Schoenfeld et al. (2017), training volume plays a key role in muscle
adaption and muscle hypertrophy, suggesting that training volume is one of the important
causes of the observed differences in training outcomes between the groups. Moreover, Grgic
et al. (2018) observed a strong relationship between training volume and muscle strength,
implying that higher training volumes may lead to increased strength levels. In line with this,
the TL group demonstrated a significant increased back squat 1RM significantly more than
the VL group (6% vs. 3%, respectively), and although not significantly different, the relative
increases in isometric mid-thigh pull were slightly higher in the TF group (11% vs. 7% in
VL). The TL group’s notably larger improvement in back squat 1RM, compared to the VF
group, suggests that increased training volume may be a significant factor in the maximal
strength enhancements. This hypothesis aligns with the findings by Shoenfeld (2010), that
higher training volume can amplify mechanical tension and neuromuscular stimulus — both

critical stimuli for muscle adaptions and strength progression.

The TL group demonstrated significantly better improvements in CMJ performance than the
VL group (11% vs. 5%, respectively), and although not significantly different, the relative
increases in leg press maximal power also favored the TF group (10% vs. 4% in VL). These
improvements in maximal power and jumping performance are in line with the TL group's
superior progress in maximal strength measurements. There exists a strong relationship
between strength and power capabilities, given that power (work/time) is derived from force
development per unit of time at a given load (Cormie et al., 2011). In addition, improving
maximal strength will often also improve maximal force development at higher
velocities/lower loads as they are dependent on many of the same physiological mechanisms,
and therefore contribute to the progressive enhancement of power development at a variety of
loads (Cormie et al., 2011). The significant improvements in leg press maximal power and
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CMJ performance observed in the TL group can therefore be connected to the relationship
between power and maximal strength, and the neuromuscular adaptations obtained during

high-load maximal effort strength training.
Effect of Lifting Velocity

Although the training volume differed significantly between the groups, it is likely that the
group differences in training-induced outcomes was not solely explained by the differences in
training volume. Additionally, it is worth considering that the enhanced efforts and lifting
velocity during the repetitions may have played a role in influencing the results. Gonzalez-
Badillo et al. (2014) suggested that training with higher concentric velocities may contribute
to greater strength gains by enhancing efferent neural drive, leading to changes in motor unit
recruitment and firing frequencies. Although speculative, the TL group likely trained some
repetitions with higher motor unit recruitment and/or firing rates (rate coding) compared to
the VL group when they performed repetitions with faster velocities derived from that they
performed more repetitions before hitting the velocity thresholds and thereby terminating the
sets. Moreover, intramuscular EMG studies have shown training-induced increases in motor
unit firing frequencies during maximal contractions compared to submaximal efforts (Patten
et al., 2001; Kamen & Knight, 2004). Taken together these observations can support the
hypothesis that the larger training-induced changes in strength and power of the TL group, can
partly be explained by performing their back squats with higher efforts and repetition

velocities, and possibly enhanced improvements in motor unit recruitment and/or firing rates.

In further support of this speculation, studies conducted by Gonzalez-Badillo et al. (2014) and
Pareja-Blanco et al. (2014) suggest that the velocity at which loads are lifted significantly
impacts the resulting training effect. Pareja-Blanco et al. (2014) compared the effect of two
resistance training programs differing only in repetition velocity: maximal intended velocity
(MaxV) and half-maximal velocity (HalfV) at loads of 60 — 80 % of 1RM. Over six weeks,
MaxV training was more beneficial than HalfV for improving squat performance, showing
greater increases in maximal strength (ES: 0.94 vs. 0.54) and countermovement jump (CMJ)
height (ES: 0.63 vs. 0.15). Similarly, Gonzalez-Badillo et al. (2014) compared a MaxV and
HalfV group during a six-week bench press training program at loads of 60 — 80 % of 1RM.
The study found that the MaxV group achieved significantly larger gains in 1RM strength,
showing an 18.2% improvement compared to 9.7% in the HalfV group. These findings imply
that strength and power gains can be maximized when repetitions are performed with
maximal intended velocity, which supports the hypothesis that the better improvements in the
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TL group were induced by a combination of higher training volumes and performing back

squat repetitions with higher efforts.
Color feedback

Another potential important and influential factor for the TL group achieving a significantly
higher training volume induced by faster lifting velocities during the sets, could be related to
the provision of novel color based visual feedback throughout their working sets. This
approach, featuring alerts in green at the initiation of the set within 0 to 1/2 of their velocity
loss threshold (e.g up to 15% loss in velocity with a 30% velocity loss threshold), and then
subsequently shifting to yellow and alerting the participants to re-focus and keep the velocity
as high as possible so that the sets would not be ended. This kind of feedback could
potentially have played a pivotal role in maintaining or enhancing the subject's motivation and
focus, thereby contributing to improved performance during the back squat repetitions.
Therefore, the color-coded feedback likely served to re-engage the subject's interest and
focus, contributing to a sustained or even elevated effort throughout the training session.
According to Wulf and Lewthwaite (2016), feedback mechanisms that encourage an external
focus of attention, by steering the subject's concentration toward achieving clear and defined
goals are advantageous for better performance. The color-coded feedback used in the TL
group can be an example of a clearly defined external focus mechanism. This feedback
method did not just provide numbers and data of the lifting velocity in front of the participants
as in the VF group in the present study. Instead, it visually directed the subject's attention
toward re-engaging and achieving specific performance goals as they hit 1/2 of their velocity

loss thresholds, represented through different colors.

Furthermore, visual feedback with colors has been demonstrated to have a distinct
psychological impact that can influence both behavior and motivation (Elliot & Maier, 2012;
Weib et al., 2022). Early research by Pellegrini et al. (1980) and O’Connell et al. (1985) also
highlights how color can impact physical performance. Pellegrini et al. (1980) found that
quadriceps extension strength in 60 male participants was significantly higher after viewing
blue stimuli compared to pink. Similarly, O’Connell (1985) showed that 40 male students
exhibited greater grip strength when exposed to red compared to green, indicating that the
stimulating effects of red increased grip strength. The present study also used color stimuli in
a squat program to provide real-time feedback. Although different colors were used compared
to Pellegrini et al. (1980) and O’Connell et al. (1985), both prior studies investigated the
impact of specific colors on muscle strength. This study supports their findings by further
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demonstrating that visual stimuli can improve performance in training programs through the
use of color cues. The interplay between color associations, as well as the introduction to
“new”” motivational cues within a set, likely played an important role in the TL group
achieving higher training volumes, contributing to their notable performance improvements.
However, as discussed in Weib et al. (2022) empirical research on color and human behavior

in sports remains limited.
Percentage velocity loss vs. velocity feedback

Percent velocity loss-based feedback can be argued to provide a clearer indication of
performance loss relative to the subject's fastest repetition, compared to velocity feedback
only (e.g. average meters per second (ms) of the concentric phase in each lift). The
percentage-based form of relative measurement may be easier to interpret for the athletes than
absolute velocity feedback where they have to interpret when the m/s. data is starting to
decline. For instance, understanding a 15% reduction in velocity directly conveys the extent
of performance decline, which is more straightforward than interpreting specific velocity
numbers that may require greater cognitive effort to analyze. As highlighted by Sweller’s
(1998) in the cognitive load theory, the effect can be augmented by minimizing the cognitive
load associated with processing the feedback, and percent-based feedback may therefore
enable athletes to adjust their performance during the set more efficiently, which can

potentially lead to better training outcomes during the training period as observed in the TL
group.

Muscle hypertrophy

Both groups experienced significant within-group change from baseline, and the TL group
had a slightly higher but not significant (p = 0.078) relative increase in VL thickness with 2.7
+ 1.8%, compared to the VF group's increase of 1.8 + 0.5. However, it’s important to
acknowledge the wider range of individual variations, as reflected by the larger standard
deviation. The only difference in the intervention treatment between the TL and VF group was
the feedback types, resulting in the TL group achieving a 29% higher training volume per
session. If the training volume had been equal between the groups, it can be speculated that
there would likely not be any group differences in muscle hypertrophy measurements.
However, since we did equate for training volumes as that was one of the aims of the study to
compare (i.e. how many reps the participants achieved before hitting the velocity loss

thresholds), it is conceivable that group differences in training volume led to the differences in
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muscle hypertrophy. Consistent with the findings of this study, training protocols with higher
training volumes have been shown to be more beneficial for muscle hypertrophy (Schoenfeld,
2010). In addition, Grgic et al. (2022) discuss that as individuals near their genetic limit for
muscular adaptions (i.e. higher strength training status), a greater intensity of effort (i.e.
training closer to failure) seems to be beneficial to stimulate further gains. The participants in
the present study were well strength-trained individuals, and it is plausible that since the TL
group performed each of the back squat sets with more repetitions and therefore fatiguing the

muscle to a larger degree, that factor ultimately induced more muscle growth.
Strengths and limitations

The strengths of the study include the participation of highly strength-trained and high-level
ice-hockey athletes, suggesting that the findings may be relevant for advanced training
regimens in strength-trained populations. All sessions in the present study were supervised,
which guaranteed adherence to the two feedback training protocols and accurate data
collection. Additionally, the study benefited from high attendance rates and numerous training
sessions (2 times per week for 10 weeks) conducted during the competitive season, allowing

for a comprehensive evaluation of the training intervention groups.

One of the main limitations of this study was the inability to clearly differentiate between the
effects of training volume vs. the increase in repetition velocity per se. A fixed number of
repetitions across all sets in each of the two groups would have facilitated a more precise
assessment of the impact of maintaining higher repetition velocity performance induced by a
more effective feedback strategy. However, velocity loss thresholds as applied in the present
study are frequently used in research and by athletes in practice (Hernandez-Belmonte &
Pallarés, 2022). Thus, one of the main aims of the present study was to assess the effect of the
two feedback strategies on strength training volume obtained before hitting the given velocity
thresholds, by maintaining higher velocities in subsequent within-set repetitions. Another
limitation may have been having all participants in the same training room, which in theory
could have induced a placebo or nocebo effect, where individuals perceive better or less
benefit from their specific feedback type compared to others (Hurst et al., 2019). Nonetheless,
the highly strength-trained athletes were used to training with differing strength training
regimes between the individuals and frequently reported during the present study that they
were satisfied with each of their respective feedback type, and were quite engaged in a
competitive atmosphere, with most participants in both groups stating that they believed their
feedback method would be the most effective. Finally, the present study could not assess
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whether the performance improvements from the feedback in the TL group were due to color-
coded alert feedback on velocity drops (the screen turned yellow mid-set as the velocity drop
increased) vs. the feedback in percent velocity drop (numbers of %-velocity loss on the
screen). The combination of these two types of visual feedback (color-coded and numbers) in
the present study makes it impossible to distinguish their individual impacts, highlighting a
need for future research to isolate and specifically examine each feedback type's influence on

training outcomes.
Conclusion

The TL group showed greater improvements in 1RM back squat and CMJ performance
compared to the VF group. Therefore, the present study suggests that implementing feedback
on percent velocity loss with color-coded alerts during back squat training regimes can
enhance the performance outcomes of maximal strength and power among semi-professional
ice hockey players during the competitive season. These results indicate that immediate and
dynamic feedback mechanisms, such as velocity loss with color-coded alerts between
repetitions within a set, are more effective in motivating athletes to increase their efforts
during training sessions. Given these findings, future research should investigate the
effectiveness of percent velocity loss feedback vs. color-coded alerts for velocity loss
feedback separately, and across different sports and training contexts. In addition, future
research should investigate the effectiveness of a training period with the different feedback

types in training volume-equated groups.
Practical implications

This study introduces novel feedback comparisons, with velocity loss feedback and color-
coded alerts, which to the author’s knowledge have not been previously explored in resistance
training context. The use of visual color-coded velocity loss feedback provides athletes and
coaches with real-time data about changes in execution speeds, enabling dynamic adjustments
in effort to attempt to refrain from further decrease in performance within a working set. This
immediate, visually engaging feedback could help athletes re-engage mid-set, thereby
potentially increasing effort and enhancing overall training effectiveness. Taken together,
these feedback types can probably significantly improve strength and power training protocols
by providing precise real-time insight into performance. They offer practical ways to enhance

athletes' engagement and ensure consistent training intensity during a workout.
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1.0 Theory

1.1Physical demands in ice hockey

Ice hockey consists of intense skating sessions requiring quick changes in speed and direction,
along with significant physical contact and the need to execute complex maneuvers (Cox et
al., 1995; Flik et al., 2005; Green. 1979; Molsa et al: 2003). Players typically engage in shifts
lasting from 45 to 60 seconds, during which they perform five to seven intense activities.
After each shift, they have a rest period of 2 to 5 minutes before starting their next shift
(Brocherie et al., 2018; Vigh-Larsen et al., 2020; Wagner et al., 2021).

Due to the intense physical nature of ice hockey, players must possess several crucial
physiological attributes (Cox et al., 1995; Twist & Rhodes, 1993). Success at the highest
levels requires significant strength and power (Cox et al., 1995; Twist & Rhodes, 1993). Such
key attributes significantly contribute to the success in the NHL, widely regarded as the top
hockey league worldwide (Burr et al., 2008). Notably, in the last decades, the size, speed, and
strength of the players have increased, emphasizing the growing importance of physical

attributes in enhancing performance on ice (Quinney et al., 2008).

1.2 Muscle strength

Strength can be defined as the ability to produce force (Stone, 1993). Moreover, muscle
strength can be defined as the greatest amount of force that an athlete's neuromuscular system
can generate in a single voluntary contraction, carried out in a particular movement at a
specified rate (Knuttgen & Kraemer, 1987; Kumar, 2004). According to Warneke et al. (2023)
achieving high maximal strength is vital for attaining top-level performance across numerous
sports. Because of its importance, maximum strength is often included in performance
monitoring programs to assess training progression (Lum et al., 2020). Multiple approaches
have been employed to assess maximal strength including maximal voluntary isometric
contraction (MVIC) and dynamic testing methods using the one repetition maximum (1RM)
(Beckham et al., 2013; Buckner et al., 2016). MVIC is considered a simple and time-saving
test (Mcguigan et al., 2010), which can maintain consistent test conditions with high test-
retest reliability (Lynch et al., 2021; Drake et al., 2017). However, dynamic strength
assessments using the 1RM test are still favored, as they don’t require expensive equipment

like force plates or strain gauges (McMaster et al., 2014). The 1RM represents the maximum
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weight an individual can lift a single repetition with the correct form, representing their peak

strength for a given exercise (Seo et al., 2012).

1.3 Power

Mechanical power is commonly defined as the rate at which work is performed (Knudson,
2009) and can be calculated by multiplying force by velocity (Newton & Kraemer, 1994).
Based on the equation for calculating mechanical power, it becomes clear that two key factors
significantly influence an athlete’s ability to produce high power outputs. First, athletes need
the capability to rapidly apply high levels of force, and second, they must be able to achieve
high speeds during muscle contractions, meaning they need to maintain force even as the
speed of their movement increases (Kawamori & Haff, 2004). Therefore, it can be said that
maximal power is achieved when optimal levels of force and velocity are applied to a
movement. According to Haff and Nimphius (2012), producing high power outputs is
essential for excelling in various activities, such as jumping, throwing and changing direction.
Additionally, Stone et al. (2002) indicated that the capacity to rapidly develop force and

generate high power outputs is crucial for achieving success in a wide range of sports.

1.4 Relationship between muscle strength and power

Strength is recognized as an essential foundation for power development (Baker, 2001;
Minetti, 2002; Zamparo et al., 2002). Research shows that athletes who possess higher
strength levels tend to achieve greater power outputs (Baker, 2001; Stone et al., 2002).
Typically, younger and less trained athletes lack the strength necessary to generate high power
outputs (Haff & Nimphius, 2012). Thus, for these groups, merely enhancing strength levels
can lead to significant increases in power output and overall athletic performance (Cormie et

al., 2010a; Hakkinen & Komi, 1985; Stone et al., 2002).

Once an athlete achieves a sufficient level of strength, they can fully exploit the benefits of
incorporating specialized training designed to enhance power development. Stronger athletes
typically show higher responsiveness to specialized training focused on increasing power,
such as explosive or plyometric training exercises (Cormie et al., 2010b). However,
determining when an athlete has reached sufficient strength levels to transition to power-
focused training can be challenging. Research indicates that athletes who can squat at least 2x
their body weight tend to produce higher power outputs, especially in vertical and horizontal
jumps, compared to those squatting 1.7 or 1.4 times their body mass (Barker et al., 1993;

Ruben et al., 2010; Stone et al., 2002) Wisloff et al. (2004) indicate that athletes who squat
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>2.0x body mass perform significantly better in terms of speed and jumping abilities
compared to those who squat <2.0x body mass. Additionally, Keiner et al. (2012) suggest that
with proper training programs, youth athletes aged 16 to 19 can typically reach and exceed a

back squat of twice their body mass.

It’s important to understand that the benchmark of reaching >2.0x body mass in the squat
exercise is only a recommended strength level aimed at maximizing power performance for
both male and female athletes (Haff & Nimphius, 2012). Continuing to build strength is not
only beneficial but often essential. Notably, if stronger athletes cease to focus on developing
strength, they tend to rapidly decrease in strength, which can ultimately lead to diminished

performance that demands high power outputs (Cormie et al., 2010b).

1.5 The critical role of strength and power in ice hockey

In ice hockey, physical demands are evident as players absorb hits, displace rivals from
strategic zones, and compete fiercely for the puck. These interactions underscore the crucial
roles of strength and power, in mastering the challenges of the game (Huard Pelletier et al.,
2021; Twist & Rhodes 1993). Electromyographic (EMG) studies have revealed that during
simulated game sprints, ice hockey players exhibit high levels of maximal-intensity muscle
contractions in the quadriceps and hamstrings (Behm et al., 2005). Additionally, research has
shown a significant relationship between maximal isokinetic force production and speed over
short distances on ice among both male and female players (Gilenstam & Thorsen, 2011;
Potteiger et al., 2010). This indicates the critical need for substantial force generation during

the acceleration stages of skating.

In a study by Preyer et al. (2011), the relationship between players' strength and their
performance was further explored. One coach subjectively categorized the players into two
groups: the top six and the bottom six, which facilitated further analysis of their preseason
performance. The study found that the top players, categorized by their coach, exhibited
stronger performance in strength tests like bench press, chin-ups, and leg press compared to
the players ranked in the bottom group. This suggests that strength can be an indicator of
better competitive abilities in ice hockey. Additionally, Hoff et al. (2005) observed that
indicators of strength can be crucial in distinguishing elite from junior ice hockey players. The
study noted that first-team players showed superior muscle mass and stronger performances in
one repetition maximum (1RM) in the bench press and squat exercise, as well as higher jump

force production, compared to the junior players. This suggests that junior athletes with higher
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strength levels and more muscle mass have a better chance of advancing to the elite first-team

level (Hoff et al., 2005).

Burr et al. (2008) analyzed physical performance data from 853 participants over eight years
of the national hockey league entry draft (NHLED). Their findings highlighted that peak
anaerobic power, measured by a 30-second Wingate test, significantly predicted draft
positions. Additionally, Burr et al. (2007) suggested utilizing leg power rankings to anticipate
the draft order of elite junior players in the NHLED. The study found significant correlations
between draft positions and performance in countermovement jumps (CMJ) (r = 0.42) and
squat jumps (r = 0.47), highlighting leg power as a critical measure for assessing the potential
of elite ice hockey players. Supporting these observations, Peterson et al. (2015) found that
division I ice hockey players exhibited significantly better performances in CMJ (p = 0.001)
and peak power in the Wingate test (p = 0.05) compared to division III players. These findings
highlight the crucial roles of strength and power and suggest that developing these physical

attributes can lead to improvements in player performance on the ice.

1.6 Autoregulation in Strength Training

Percentage-based training (PBT) is commonly used to calculate training loads, determining
relative sub-maximal weights based on an established one-repetition maximum (1RM) in a
given exercise (Fleck & Kraemer, 2014). This method has proven dependable and effective
among various populations (Dorrell et al., 2019; Rhea & Alderman, 2004). Despite this,
experience indicates that the actual IRM can shift significantly after just a few training
sessions, and often, the measured value does not accurately represent the subject's actual
maximal strength (Gonzalez-Badillo et al., 2011). If there are issues during the initial IRM
test due to performance inconsistencies or testing errors, using a percentage of IRM for
training loads can result in inappropriate training stimuli (Zourdos et al., 2016). Moreover, the
number of repetitions an athlete can perform at a given percentage of their IRM varies
significantly due to individual differences in genetics and training experience (Richens &
Cleather, 2014). Due to potential variations in performance, autoregulation has emerged as a
favored method for enhancing maximal strength (Helms et al., 2017). This method aims to
adjust key elements of resistance training, such as intensity, volume, and frequency to align
with the athlete's daily changes in fitness, fatigue levels, and readiness (Larsen et al., 2021).
According to Larsen et al. (2021), autoregulation can be divided into two types: subjective

and objective autoregulation.
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1.6.1 Subjective autoregulation

Subjective autoregulation approaches in resistance training include Borg's (1982) rating of
perceived exertion (RPE), where the athlete subjectively rates intra-set effort on a scale from
1-10. If an athlete aims to set exercise intensity using RPE on a set-to-set basis, it is important
to acknowledge its limitations. Multiple studies indicate that RPE scores are often reported
below the maximum even when they perform as many repetitions as possible with a given
weight (Hackett et al., 2012; Pritchett et al., 2009; Shimano et al., 2006). Given these
findings, Zourdos et al. (2016) explored the implementation of a 1-10 scale, where the RPE
value directly relates to the number of repetitions in reserve (RIR). On this Scale, an RPE of
10 equates to 1RIR, an RPE of 9 to 2 RIR, and so on. They concluded that an RIR-based RPE
scale was a practical method for regulating daily training load. In addition, Gramham and
Cleather (2021) compared the effects of RIR in contrast to fixed loading. They found that the
RIR group demonstrated greater improvements in both front and back squat performance
compared to the fixed loading group. However, RIR has been reported to be less reliable for
untrained individuals (Steele et al., 2017) and during sets that involve a high number of

repetitions (Hackett et al., 2017; Zourdos et al., 2021).

1.6.2 Objective autoregulation

Several authors suggest that monitoring movement velocity could provide a more precise and
objective method to measure resistance training intensity (Gonzalez-Badillo & Sanchez-
Medina, 2010; Jovanovic & Flanagan, 2014; Mann et al., 2015; Sanchez-Medina & Gonzalez-
Badillo, 2011). Research has suggested that monitoring the movement velocity could provide
a more accurate and sensitive measure of relative intensity compared to the traditional
percentage-based 1RM approach (Gonzalez-Badillo & Sanchez-Medina, 2010; Gonzalez-
Badillo et al., 2017). This is supported by the clear linear relationship between movement
velocity and %1RM across various exercises, including the back squat and leg press
(Conceicao et al., 2015; Sanchez-Medina et al., 2017). Weakley et al. (2021) describe two
primary methods for setting training intensity in velocity-based training (VBT). The first
method, velocity targets + velocity loss, involves starting the exercise with a specific velocity
target or range. The set is terminated once the velocity decreases by a predefined percentage
(Galiano et al., 2020; Pareja-Blanco et al., 2020a; Rodriguez-Rossel et al.,2020; Sanchez-
Moreno et al., 2020). The second method, set average + velocity loss thresholds, focuses on
adjusting the load to maintain a predetermined average velocity within the set. (Dorell et al.,

2019; Orange et al., 2019; Shattock & Tee, 2020). Both methods have proven effective, and
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using VBT to monitor intensity is recommended as it may be more effective than methods like
RPE and RIR-based training for increasing maximum strength (Larsen et al., 2021).
Furthermore, Larsen et al. (2021) suggest that the potential advantage of VBT could be
attributed to its ability to provide objective, augmented feedback to athletes throughout the

exercise.

1.7 Feedback

To encourage positive adaptions such as power and high-velocity strength, resistance training
must be conducted with great effort, pushing athletes to achieve high kinematic outputs
(Pareja-Blanco et al., 2017). Yet, athletes often fail to reach these maximal outputs, possibly
due to physiological factors like neuromuscular fatigue (Roe et al., 2016; Weakley et al.,
2017) or psychological issues such as low motivation (Weakley et al., 2019; Wilson et al.,
2017). Thus, identifying methods that boost these aspects could greatly benefit both coaches
and athletes. One possible way to achieve this is by providing augmented feedback, which
refers to feedback from an external source that provides information about the outcome of a
performed task (Wilchli et al., 2016). According to Weakley et al. (2023) can this type of
feedback greatly enhance kinematic and kinetic outputs, as well as the adaptations that follow,

during resistance training.

1.7.1 Effect of Different Feedback Types

The effects of different forms of feedback have been researched in the context of resistance
training, including verbal kinematic feedback, verbal encouragement, and visual kinematic
feedback (Weakley et al., 2020a). Argus et al. (2011) investigated the effect of verbal
kinematic feedback in elite rugby players during a resistance training session. Nine athletes
performed 3 sets of bench throws with 4 repetitions over four sessions, with verbal kinematic
feedback provided in two sessions and none in the other two. Results showed that receiving
verbal kinematic feedback led to an increase in peak power (1.8%) and velocity (1.3%). These
improvements were most noticeable in the second and third sets, suggesting that verbal
kinematic feedback can enhance upper body power output. Alternatively, offering verbal
encouragement is a cost-efficient way to improve performance during resistance training
(McNair et al., 1996). Previous research has demonstrated that physical adaptions and
adherence to training programs improve when a strength and conditioning coach is present
(Smart & Gill, 2013). McNair et al. (1996) investigated how verbal encouragement affected

peak force in elbow flexors during isometric contractions. Using a crossover design, 20
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subjects performed trials with and without verbal encouragement. The results indicated that
verbal encouragement led to a significant increase in mean peak force (from 296 newton to

311 newton, a 5% increase).

Recently, collecting performance data has become increasingly popular among recreational
exercises. Advancements in technology and human expertise, now allow for real-time tracking
and display of exercise data in ways previously not achievable (Wilson et al., 2018). Weakley
et al. (2019) investigated the effect of visual feedback on barbell velocity and motivation in
younger male athletes. In a randomized crossover design, feedback on mean visual barbell
velocity was either given or withheld during 10 repetitions of the back squats. The results
showed that providing feedback led to a higher mean concentric barbell velocity (0.70 + 0.04
m/s vs. 0.65 £ 0.05 m/s) and enhanced motivation. The authors suggested that offering visual
kinematic feedback can help maintain barbell velocity throughout a set, potentially improving

training outcomes.

1.7.2 Effect of feedback frequencies

Since feedback has proven to be significantly more effective compared to when no feedback
is given, questions have emerged regarding the optimal amount and frequency to maximize its
effectiveness throughout resistance training. Nagata et al. (2020) compared the effects of
various augmented feedback types and frequencies during a 4-week velocity-based training
program. 37 collegiate rugby players were divided into four groups: immediate feedback,
visual feedback, average feedback, and no feedback. Each group followed 3 sets of 5
repetitions of loaded jump squats per session. During each session, the immediate feedback
group received feedback on their lifting velocity after every repetition, while the average
feedback group received average loaded squat jump data following each set. The visual
feedback group received visual feedback via video after each set. The results indicated that
the Immediate feedback group outperformed all other groups in the loaded jump squat
exercise, with effect sizes ranging from 1.02-1.25 when compared to the no feedback group,
0.78-0.82 relative to the average feedback group, and 0.74-1.60 compared to the visual
feedback group. This study demonstrated that immediate feedback following each repetition

optimizes performance and should be considered an effective tool in velocity-based training.

Additionally, Perez-Castilla et al. (2020) investigated the effects of varying frequencies of
feedback on velocity performance in ballistic training. Fifteen men participated in four

identical training sessions (three sets of six repetitions at 30 % of their one-rep max during
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countermovement jump and bench press throw). The only difference between sessions was
the type of feedback provided; no feedback, velocity feedback after the first half of repetitions
per set, immediate feedback velocity feedback after each repetition, and feedback on the
average velocity of each set. Results showed that the immediate feedback group had the
greatest improvement in velocity performance (1.9-5.3%) compared to no feedback. This
further demonstrates that immediate velocity feedback after each repetition can significantly

increase velocity performance in resistance training.

1.7.3 Optimized Feedback Strategies for Training Performance

Even though feedback is known to be an effective tool in resistance training, the literature still
contains inconsistencies regarding the best methods of delivery. Thus, Weakley et al. (2023)
conducted a meta-analysis to determine the most effective strategies for providing feedback in
resistance training. Their analysis included 13 studies on the acute effects of providing
feedback. The results showed that providing feedback led to an 8.4% immediate increase in
concentric velocity during resistance training compared to when no feedback was given. This
occurred even though participants in all studies were instructed to exert maximal effort under
both feedback and non-feedback conditions. Moreover, adding verbal encouragement to
verbal or visual kinematic feedback does not seem to offer any extra advantage (Campenella
et al., 2000; Kimura et al., 1999). According to Weakley et al. (2023), there are no significant
differences in the effectiveness of feedback based on load intensity (above or below 50%
1RM), upper or lower body exercises, mean or peak velocity, -or the number of sets used.
However, visual kinematic feedback had a statistically better effect on velocity outcomes than
verbal feedback. These findings, along with those of Nagata et al. (2020) and Perez-Castilla et
al. (2020), provides clear insight into the potentially most effective way to implement
feedback during resistance training. Taken together, it is recommended that individuals
receive consistent, high-frequency visual feedback during their resistance training sessions

(Weakley et al., 2023)

1.7.4 Understanding why feedback improves performance.

Various mechanisms have been suggested to clarify why resistance training performance
improves when feedback is provided. For instance, heightened motivation and
competitiveness associated with visual feedback have been linked to improved velocity and
power output during resistance training (Weakley et al., 2019; Wilson et al., 2017).

Furthermore, it has been shown that providing feedback during resistance training reduces the
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perceived physical demands (Weakley et al., 2019). In particular, improvements in motivation
and competitiveness have been shown to lessen the acute effects of fatigue during each set,
which allows athlete’s to perform a higher number of repetitions and achieve greater training

volume before reaching concentric failure set (Ok & Bae, 2019).

1.8 Summary

Feedback in resistance training is important and seems to enhance performance by up to 10%
during a training session. Training with such an elevated performance level is likely to result
in better training responses over time, which is consistent with existing studies (Weakley et
al., 2023). However, within the field of visual feedback during resistance training, there is still
much to learn about the most effective methods. Some methods focus on maintaining specific
speed targets, while others focus on velocity loss. Additionally, most feedback during
resistance training uses numerical data, offering precise measurements that athletes can
respond to. However, the potential to use colors as an additional form of feedback can
influence both behavior and motivation (Weib et al., 2022). Color-coded alerts might simplify
complex data, making it easier to understand and act on. Despite this potential, research on
the impact of color feedback on human behavior in sports remains limited (Weib et al., 2022).
To the author's knowledge, no previous studies have explored the effect of color-coded alerts

and percent velocity loss feedback, making it an interesting topic for future research.

2.0 Methodological discussion

2.1 Subjects

The initial sample size of the present study consisted of 42 semi-professional ice hockey
players aged 17 to 19 years. During the study, seven participants withdrew, due to injuries not
related to the present study (n=4) or not attending at least 80% of the training sessions (n=3).
According to Nagpal et al. (2021), high attendance in exercise trials is typically described as
exceeding 70% attendance. However, it's important to note that adherence is not a clear-cut
concept, but it varies widely based on individual and intervention-specific factors (Alberga et

al., 2019; Picorelli et al., 2019).

After accounting for the dropouts, the velocity loss with traffic light feedback group (TL) was
left with 17 participants, and the velocity feedback group (VF) had 18. Based on an expected
SD of 6%, we had 80% power to detect a true mean group difference of 5% in muscle

strength (1RM) with a minimum of 17 participants in each group (alpha: 0.05; two-tailed).
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Our study met these criteria, suggesting sufficient statistical power to detect a true meaningful
difference in training performance between the feedback groups. A greater difference between
groups, combined with smaller variability in each group, would require fewer participants to
identify a genuine difference in performance from pre- to post-test (Bhide et al., 2018). Given
that both the TL and VF groups were quite homogenous groups of well strength trained ice-
hockey players, this likely provides stronger evidence that the intervention was the most

likely reason for the observed differences in training outcomes.

2.2 Design

The present study was designed as a randomized controlled trial (RCT), meaning we
randomly assigned participants into two different groups. This type of study is often seen as
the gold standard in research because helps us understand if the intervention directly causes
the outcomes we observe (Bhide et al., 2018). We specifically used an active treatment-
controlled trial, a type of RCT where we compared our new intervention against an already
existing, well-established treatment (Evans & Ilstad, 2001). In particular, the VF group
received visual feedback on the concentric velocity during the lift, which is already known to
be effective (Weakley et al., 2023). On the other hand, the TL group was given a new type of
feedback that to the authors’ knowledge hasn’t been tested yet. This setup allowed us to
compare the new feedback method against the existing one to see if it provided any additional
benefits. The inclusion of an additional training group without feedback would allow us to

assess the effect of feedback per se. However, that was not the aim of the present study.

In the study design, we did not facilitate an equal training volume for the groups. The groups
differed not only in the type of feedback they received and the velocities of the repetitions but
also in training volume. This can be seen as a limitation because having different training
volumes can lead to a somewhat unfair comparison of training outcomes between the
feedback types, as we know that training volume is crucial for results (Shoenfelt et al., 2017).
However, we chose not to ensure equal training volumes between groups because one of our
main aims was to see how many repetitions they could complete before reaching the velocity
thresholds. Another potential limitation is that we could not determine whether the percentage
velocity loss in numbers or the color-coded alerts were central, or if both worked in synergy.
This can be seen as a limitation as we were unable to distinguish between these factors.
Therefore, future research should examine the effects of these feedback methods separately to

better understand their individual contributions more clearly.
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One drawback of the RCT is that the findings might not be easy to generalize to people
outside the study group (Hariton & Locascio, 2018). It is important to keep in mind that an
RCT study might only be relevant for populations like those who participated in the trial.
Given that the participants in the present study were well-trained and highly motivated it is
plausible that the results may be most relevant for individuals with similar characteristics and
training backgrounds as the participants in the study. Another potential limitation of the study
design is the introduction of the placebo and nocebo effect. A placebo effect occurs when
there is a favorable outcome due to the belief or expectation that one has received a positive
intervention (Beedie & Foad, 2009), while a nocebo effect occurs when negative expectations,
beliefs, or experiences about the treatment lead to harmful outcomes (Wartolowska, 2019).
Since it was not possible to separate the feedback groups during their training sessions, both
groups were aware of each other’s feedback types. This might have led to a placebo and
nocebo effect, with some participants possibly thinking the other group's feedback was better
or worse than their own. According to Wartolowska (2019), the nocebo effect is often
overlooked in clinical research, which is concerning as it can negatively impact the results of
treatments and trials. However, we made it clear to everyone that we had no preference or
knowledge regarding which type of feedback was superior. Additionally, we observed that
there was a competitive atmosphere, with each group reporting that their feedback was the

best.

2.3 Training intervention

The present study consisted of a 10-week velocity-based training (VBT) program where each
group received different types of feedback. Jukic et al. (2023) reviewed 19 longitudinal VBT
studies and found that the studies lasted around eight weeks on average. Since the athletes in
our study were well-trained, a 10-week program was chosen. This longer duration could
potentially help accumulate the participant's strength gains further, as it becomes harder to see
improvements when athletes are better strength trained and get closer to their genetic potential
(Grgic et al., 2022). Additionally, a systematic review by Weakley et al. (2023) found that
seven studies had investigated the effects of feedback on long-term training outcomes, with
all interventions lasting between 4-6 weeks. On average, the participant groups in these
studies consisted of 2348 participants. Given that our study lasted over 10 weeks and included
in total 35 participants, it can be considered a strength of the study, especially when compared
to the previous studies within the subject that have fewer participants and shorter duration.

Nevertheless, according to Beato (2022), there is a need for more solid RCTs in strength and
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conditioning research, which should involve more participants, have a longer duration, and

include the right type of control group.

The aim of the present study was to compare these specific feedback training regimes during
the athletes' competitive season. With a packed schedule that includes games, on-ice training,
and strength sessions, both players and coaches need to carefully manage fatigue, injuries, and
performance issues (Donaldson et al., 2014). Their training schedule included four to five on-
ice sessions, and two strength training sessions, in addition to an average of two games per
weekend. According to Neeld et al. (2018), with the heavy demands of on-ice training and
overall stress during the hockey season, off-ice training should aim to maintain strength and
power while also aiding in recovery. Given the high volume of games and training, we
hypothesized that it might be difficult to observe large pre-post improvements in training
outcomes during the intervention period. Therefore, it was crucial to design a training
program that aimed to balance both fatigue management and enhancing strength and power.
In the present study, the participants used a 30% velocity loss on Tuesdays and a 20% velocity
loss on Fridays, right before their weekend matches. Weakley et al. (2020b) recommend using
lower velocity loss thresholds, like 10% and 20%, to maximize kinematic outputs and reduce
neuromuscular fatigue. Therefore, we thought that a 20% velocity loss wouldn’t overly
fatigue the players before their games. Conversely, for the Tuesday strength sessions, we
aimed to increase the training volume and degree of fatigue somewhat more. According to
Weakley et al. (2020b), using a 30% velocity loss threshold is effective for boosting training
volume while avoiding all the way to muscular failure, making it favorable as a stimulus for

muscle hypertrophy without substantial accumulation of fatigue.

All 19 strength training sessions were supervised by two practitioners with long experience in
resistance training. Faigenbaum et al. (2009) emphasize that having an experienced strength
and conditioning coach supervise adolescent athletes during resistance training is
recommended for their safety. Furthermore, it has been shown that when sessions are directly
supervised, athletes are more likely to stick to their training program and see greater

improvements in strength (Smart & Gill, 2013).
2.4 Measurements

2.4.1 Back squat IRM

McCurdy et al. (2004) and Tagesson and Kvist (2007) both reported that one repetition
maximum (1RM) testing for squats is a highly reliable test. McCurdy et al. (2004) included 30
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untrained participants (22 women, 8 men) and 22 trained participants (12 women, 10 men),
who had at least a year of lower body training experience. Participants performed the IRM
test with a 48-hour rest between tests. A subset of 20 participants also completed a third
session of the IRM test three days after the posttest to further assess reliability. The study
found that 1RM tests were highly reliable across all groups (Trained men: r=0.98, Untrained
men: 1=0.99, Trained women: 1=0.99, Untrained women: r=0.97). Additionally, a systematic
review by Grgic et al. (2020) found that the 1RM test was reliable and reported a median
coefficient of variation (CV) of 4.2%, regardless of the participant's resistance training
background, the number of familiarization sessions, the specific exercise performed, the body
part assessed, and the sex or age of the participants. Consequently, they concluded that
practitioners could use the 1RM test as a reliable measure of muscular strength. However,
Lindberg et al. (2022) noted that the 1RM squat test showed the most variability in test-retest
results among different lower body strength tests. Taken this to consideration, the back squat
1RM might not be as consistent and could possibly produce more varied results when

repeated from pre- to post-test.

It should be noted that the squat depth was standardized, with the femur positioned at a 90-
degree angle parallel to the floor. A practitioner provided verbal feedback to signal when this
depth was achieved, allowing participants to begin the concentric phase of the lift. However,
during the pre-test, time constraints prevented us from conducting the 1RM test for all
participants simultaneously. Therefore, we had to split the group, with one subset performing
their IRM test with the physical coach. Upon entering the 1RM test room, we observed that a
few participants did not reach the standardized squat depth. To address this, we instructed all

participants to ensure that they matched their pre-test squat depth during the post-test.

2.4.2 isometric Mid-thigh pull

Using the 1RM test has been shown to effectively translate to performance and has
demonstrated its reliability (Grgic et al.,2020). However, performing a 1RM test can be tiring
and may increase the risk of injury (Comfort et al., 2019). An alternative way to measure
lower body strength is the isometric mid-thigh pull (IMTP), which has proven to be reliable
for strength testing (De Witt et al., 2018). However, a systematic review by James et al.
(2023) investigated the longitudinal associations between isometric and dynamic assessment
of maximal lower body strength and found high levels of variations (CV% = 109.27) between
the two types of strength measurements. They concluded that isometric and dynamic strength

measurements are not related over time and measure different aspects of strength. Although
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practioners might consider using the IMTP test instead of a dynamic strength test, this
approach could lead to misleading information if the goal is to assess dynamic strength
(James et al., 2023). Considering this, it raises the question of whether isometric strength is

less related to sports performance.

Additionally, we were concerned that grip strength would potentially affect the IMTP test
results. Rhodes et al. (2020) found that grip strength influences IMTP performance,
suggesting that it is important to consider this factor when using the IMTP for strength
assessments. To address this, we made sure that participants used liquid chalk to keep their
hands from slipping of the handles. This helped them maintain a better grip and potentially

helped them to demonstrate their actual lower body strength more accurately.

2.4.3 Countermovement jump

The countermovement jump (CMJ) is a popular test for measuring an athlete's explosive
lower-body power and it is widely used by coaches and researchers to get an indirect measure
of lower limb power (Dias et al., 2011). The CMJ is recognized as a reliable and valid
measure of lower body explosive power and is considered the most reliable test for assessing
lower body power when compared to other common jump tests like the squat jump, sergeant
jump, and standing long jump (Markovic et al., 2004). Furthermore, Markovic (2004)
reported a CV of 2.8% for the CMJ, while Souza et al. (2020) demonstrated a CV of 5.8% for
jump height in the CMJ test. The participants in the present study were instructed to keep both
hands on their hips during the entire test. Studies have shown that using an arm swing during
the CMJ can improve performance by about 10% or more (Cheng et al., 2008). Cheng et al.
(2008) also pointed out that since most people are used to jumping with their arms,
performing jumps without arm swing might not be optimal. However, since the participants in
the present study were familiar with the exercise, we chose to exclude the arm swing. This
decision was made to minimize potential improvements in technique and to focus solely on
measuring their true lower body power. While in the air, the participants were instructed to
maintain full extension in their hip, knee, and ankle joints to prevent them from gaining any

extra flight time by bending their legs (Markovic et al., 2004).

2.4.4 Keiser leg press

Redden et al. (2018) found no significant differences between consecutive tests and
demonstrated acceptable reliability of all measured strength and power variables during the

10-repetition Keiser leg press test. In the present study, we used theoretical maximal strength
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and power measures, which was extrapolated from a force-velocity curve from the 10-
repetition test. When examining the reliability between sessions, the Keiser leg press has
shown strong reliability for both the Fmax value (CV of 3.7% - 4.2%) and the Pmax value
with a CV of 4.2% (Lindberg et al., 2021). Each participant maintained the same seat position
from pre- to post-test to ensure that the knee angle (90-degree) was the same in both tests.
During the pre and post-tests, we encountered a total of seven incidents where the Keiser leg
press device shut down between repetitions 2 and 5. Each time this happened, we had to
repeat the test, which could potentially lead to fatigue for the affected participants.
Fortunately, the shutdowns occurred relatively early in the testing sequence before the hardest
repetitions. This suggests that fatigue did not significantly impact the participants'
performance. Despite these interruptions, we were able to manage the situation and continue
with the testing. Nonetheless, these incidents highlight the potential effects of unexpected

technical issues on test outcomes.

3.4.5 Muscle size

Muscle thickens of the vastus lateral was measured with ultrasound imaging from the
LogicScan 129 CEXT 1-Z REV; B, which has been commonly used in other studies (Bjornsen
et al., 2016, Bjornsen et al., 2021). We chose the real-time B-mode ultrasound because it is
user-friendly and safe, eliminating the need for invasive methods (Koppenhaver et al., 2008).
Additionally, we had the equipment readily and available. This type of measurement has been
widely researched for its reliability and validity. Betz et al. (2021) demonstrated that B-mode
ultrasound is a reliable method for assessing the size of the vastus lateralis muscle. Moreover,
a systematic review by Pretorius and Keating (2008) found that ultrasound can provide valid
measurements for skeletal muscles. Herbert et al. (2009) noted that using the average of
multiple measurements improves reliability. Based on this, we measured the thickness of the
vastus lateralis muscle at three different points and used the mean of these measurements for
our analysis. Furthermore, Herbert et al. (2009) concluded that reliability improved when
experienced examiners performed the ultrasound testing. Therefore, one practitioner
underwent 10 hours of training before the intervention started. Although this might not be a
lot of time, the practitioner received thorough guidance and practice, ensuring he was well-

prepared and comfortable performing the ultrasound measurements.
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Appendix 3: Signed written consent from the participants
Vil du delta i forskningsprosjektet eksplosiv styrketrening i sesong for ishockeyspillere?

Dette er en foresparsel til deg om a delta i et forskningsprosjekt hvor formalet er & undersgke
effekten av to hastighetsstyrte styrketreningsprogram pa fysisk prestasjonsevne hos
ishockeyspillere i sesong. | tillegg vil det undersgkes om det finnes sammenheng mellom ens
autoregulering og prestasjonen pa den hastighetsstyrte styrketreningen | dette skrivet gir vi
deg informasjon om malene for prosjektet og hva deltakelse vil innebeere for deg.

Formal

Formalet med denne studien er & undersgke effekten av eksplosiv styrketrening pa
muskelstyrke, power (effekt/eksplosivitet), muskelstarrelse hopp og sprint prestasjon under
sesong. Dere blir tilfeldig fordelt til et av to knebgy programmer som er integrert i det
eksisterende treningsprogrammet for konkurranseperioden. Det ene knebgyprogrammet vil
trene med et standardisert hastighetsfall pa 30% i hver serie. Det vil si at man lgfter knebgy sa
raskt man klarer pa vei opp, og treningserien stoppes automatisk nar skjermen foran dere lyser
rgdt, som er nar hastigheten har sunket med 30% fall fra beste repetisjon. I det andre knebgy-
programmet trener man ved a fa oppgitt selve lgftehastigheten pa skjermen, og forsgker a
lofte s& raskt man klarer pa vei opp i alle repetisjoner. En instrukter vil si ifra nar man skal
avsluttet serien i denne gruppen. Forskning har vist at begge disse programmene hver for seg
kan ha god effekt, men ingen studier har sammenlignet de direkte pa ishockeyspillere pa hayt
niva i sesong. Far treningsprogrammet startes vil dere bli testet for baseline maksimal styrke,
eksplosiv styrke og readiness i perioden for sesongstart og er integrert med treningsplanen
deres.

Problemstillinger:

« Vil det vaere forskjell mellom styrketrening med tilbakemelding pa 30% hastighetsfall,
versus styrketrening med tilbakemelding pa hastighet i hver repetisjon, pa endring i
styrke, sprint, spenst og muskelvekst prestasjon hos ishockeyspillere pa hgyt niva i
sesong?

« Vil det oppsta en autoregulering ved treningsvolum basert pa lgftehastighet og readiness
i forhold til baseline fra treningsgkt til treningsgkt ved hastighetstyrt styrketrening
blant ishockeyspillere pa hgyt niva i sesong?

Hvem er ansvarlig for forskningsprosjektet?
Universitetet i Agder (UiA) er ansvarlig for prosjektet. Prosjektansvarlig er Fgrsteamanuensis
Thomas Bjernsen (kontaktinformasjon nedenfor).

Hvorfor far du spersmal om a delta?
Du blir spurt om a delta i prosjektet da du treffer malgruppen som er mannlige
ishockeyspillere pa hgyt niva i alderen 16-20 ar med god helse.

Hva inneberer det for deg a delta?

For a delta krever det at hver deltaker oppgir navn, fadselsar og kontaktinfo. Videre innebeerer
deltakelse at hver person gjennomfarer fysiske tester ved klubbens treningslokaler i Stavanger
og ved Olympiatoppen Sgrvest (Vikinghallen). Etter forste testrunde blir man randomisert
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(tilfeldig fordelt) i en av to knebgy-program som trenes i 10 uker under kampsesong.
Tidspunkt for testing og trening er planlagt for hgsten 2023.

For & kunne delta er det gnskelig at hver deltaker:
«  Gjennomfarer fysiske tester fgr og etter treningsperioden fordelt pa totalt 2 dager
o Tester tar 2-4 timer per oppmagte

o Testene ma gjennomfares i utvilt tilstand for og etter treningsperioden. Uthvilt
tilstand betyr uten & ha gjennomfart hard anstrengende trening de siste 48
timene og unnga all uvant trening de siste 72 timene.

* Gjennomfgrer knebgy-programmet som er blitt utdelt under hele treningsperioden. Det
planlegges 2 knebgygkter per uke med cirka 4 serier per gkt.

Testene som utfares far treningsperioden og underveis i treningsperioden

For oppstarten av treningsperioden vil du utfgre baseline-testinger for svikthopp, squatjump,
kontinuerlige svikthopp (RSI), en isometrisk/statisk beingvelse og subjektiv restitusjon fra 1 —
10. Baseline testing vil skje mellom 2 — 8 gkter i ukene far treningsperiodens start/sesongstart
19. september.

| starten av hver gkt vil du, utfere 2 svikthopp, 2 squatjumps, 11 kontinuerlige hopp (RSI) og
en isometrisk/statisk beingvelse pa Alphatek sin kraftplattform, samt gi din subjektive
opplevelse av restitusjon (1 — 10).

Testene som utfares bade far og etter treningsperioden:

* Hoyde og vekt
«  Muskelstarrelse av samme larmuskulatur med ultralyd.
« En kroppsscan (Inbody) som maler din totale muskelmasse i kroppen.

Deretter er det en 10 minutters lang oppvarming etterfulgt av 3 forsgk for hver test og med 3
minutter pause mellom hvert forsgk:

« 30 meter sprint (med splittider) av og pa is.

»  Svikthopp og knebagyhopp.

» Styrke og power (effekt/eksplosivitet) tester i bein.

Treningsgruppene

Selve treningsprogrammet og antall serier i knebgy utarbeides sammen med fysisk trener
Dennis Sveum, imens maten knebgyseriene blir justert pa i begge grupper er utarbeidet i fra
tidligere forskning pa lagspillutavere for & maksimere eksplosiv prestasjon.

Deltakerne vil bli tilfeldig delt inn i to treningsgrupper. Knebgytreningen i den ene gruppa vil
besta av to gkter i uken hvor hver serie stoppes ved et hastighetsfall pa 30% som kommer opp
pa skjermen rett foran knebgystativet. Den andre gruppen vil trene de samme to gktene med
knebgy samtidig som man far oppgitt selve lgftehastigheten pa skjermen. En instrukter vil si
ifra ndr man skal avsluttet serien i denne gruppen. | begge gruppene forsgker man a lgfte sa
raskt man klarer pa vei opp i alle repetisjoner.

Begge gruppene vil trene sentrale muskelgrupper ~2 ganger per uke under hele
prosjektperioden utarbeidet sammen med fysisk trener, ved siden av lagtreninger og kamper.
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Det er frivillig a delta

Det er frivillig & delta i prosjektet. Hvis du velger a delta, kan du nar som helst trekke
samtykket tilbake uten a oppgi noen grunn. Alle dine personopplysninger vil da bli slettet. Det
vil ikke ha noen negative konsekvenser for deg hvis du ikke vil delta eller senere velger a
trekke deg.

Ditt personvern — hvordan vi oppbevarer og bruker dine opplysninger

Vi vil bare bruke opplysningene om deg til formalene vi har fortalt om i dette skrivet. Vi
behandler opplysningene konfidensielt og i samsvar med personvernregelverket. Kun
forskningsleder og masterstudenter har tilgang til koblingen mellom maleresultatene og dine
personopplysninger. Opplysningene vil anonymiseres nar prosjektet avsluttes/oppgaven er
godkjent, noe som etter planen er 31.12.2025. Det vil ikke vaere mulig & identifisere deg ut fra
maleresultatene etter opplysningene er blitt anonymisert.

Hva skjer med personopplysningene dine nar forskningsprosjektet avsluttes?

Prosjektet vil etter planen avsluttes 31.12.25 og da vil kodelisten destrueres, noe som betyr at
innsamlet informasjonen er anonymisert og ingen opplysninger kan spores tilbake til deg.
Anonymiserte resultater vil bli sendt inn til fagfellevurderte forskningsjournaler i etterkant og
er en del av masteroppgaver ved Universitetet i Stavanger. Anonymisert innsamlede data vil
bli slettet fem ar etter prosjektslutt, eller nar resultatene er publisert. Alle testresultater vil bli
behandlet uten navn og fadselsnummer eller andre direkte persongjenkjennende opplysninger.
En kode knytter deg til dine opplysninger og testresultater gjennom en navneliste. Det er kun
prosjektleder og masterstudenter som har adgang til navnelisten og som kan finne tilbake til
deg. Det vil ikke veere mulig a identifisere deg i resultatene av studien nar disse publiseres.
Deltakerne kan ogsa bli kontaktet pa et senere tidspunkt dersom det skulle bli aktuelt med
oppfalgingsstudier. De kan velge a takke nei selv om de er med i treningsintervensjonen.

Hva gir oss rett til & behandle personopplysninger om
deg? Vi behandler opplysninger om deg basert pa ditt
samtykke.

Pa oppdrag fra Universitetet i Agder (UiA) har Personverntjenester (Norsk senter for
forskningsdata) vurdert at behandlingen av personopplysninger i dette prosjektet er i samsvar
med personvernregelverket.

Dine rettigheter
Sa lenge du kan identifiseres i datamaterialet, har du rett til:
- innsyn i hvilke opplysninger vi behandler om deg, og a fa utlevert en kopi av
opplysningene
- afarettet opplysninger om deg som er feil eller misvisende
- afaslettet personopplysninger om deg
- asende klage til Datatilsynet om behandlingen av dine personopplysninger

Hvis du har spersmal til studien, eller gnsker a vite mer om eller benytte deg av dine
rettigheter, ta kontakt med:
« Masterstudent Vegard Ege Bjelland, epost: ve.bjelland@stud.uis.no, tIf: 414 93 887
+ Masterstudent Henrik VVormeland Paulsen, epost: hv.paulsen@stud.uis.no, tif: 995
78 519
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- Prosjektmedarbeider og Farsteamanuensis Havard Myklebust, epost:
havard.myklebust@uis.no, tIf: 994 12 463

« Prosjektansvarlig og Fersteamanuensis Thomas Bjarnsen, epost:
thomas.bjornsen@uia.no, tIf: 986 19 299

- Kontakt vart personvernombud ved Universitetet i Agder:
o Radgiver Trond Hauso (trond.hauso@uia.no, 936 01 625)

Spersmal knyttet til Personverntjenester sin vurdering av prosjektet, kan du ta kontakt med:

- Personverntjenester pa epost (personverntjenester@sikt.no) eller pa telefon: 53 21 15
00.

Med vennlig hilsen

Vegard E. Bjelland Henrik V. Paulsen Dennis Sveum
(Masterstudent) (Masterstudent) (Fysisk trener Oilers)
Havard Myklebust Thomas Bjgrnsen

(Veileder/Fgrsteamanuensis) (Prosjektleder/Veileder/Fgrsteamanuensis)
Samtykkeerklaring

Jeg har mottatt og forstatt informasjon om prosjektet styrketrening i sesong for mannlige
hockeyspillere, og har fatt anledning til a stille spgrsmal. Jeg samtykker til:

O agjennomfare alle fysiske prestasjonstester (styrke, power, sprint, hopp)

O & gjennomfare malinger av muskelstegrrelse (ultralyd) og kroppssammensetning
(Inbody)

O & gjennomfare sparreskjemaer underveis i studien

O A gjennomfare knebgy-programmet man blir trukket til & gjare

Jeg samtykker til at mine opplysninger behandles frem til prosjektet er avsluttet

(Signert av prosjektdeltaker, dato)
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Author Guidelines

Sections

1. Submission

2. Aims and Scope

3. Manuscript Categories and Requirements
4. Preparing the Submission

5. Editorial Policies and Ethical Considerations
6

7

8

9

. Author Licensing

. Publication Process After Acceptance
. Post Publication

. Editorial Office Contact Details

=Y

. SUBMISSION

Thank you for considering Scandinavian Journal of Medicine & Science in Sports for the
publication of your research.

Due to the large number of inquires we are currently receiving, we will no longer offer
comments on the suitability of a paper prior to submission. If you believe your paper to be
within scope of the journal, we encourage you to submit so our editors can easily review
your submission and follow up with you directly if needed.

Please read carefully the following Guidelines for Authors. As a reminder, the journal aims to
publish high quality and impactful articles in the fields of orthopaedics, rehabilitation and
sports medicine, exercise physiology and biochemistry, biomechanics and motor control,
health and disease relating to sport, exercise and physical activity, as well as on the social
and behavioural aspects of sport and exercise.

Following our initial check, all manuscripts are screened by the Editorial Board for suitability
for publication; to ensure that they meet essential criteria for sending out to peer review
and, subsequently, to be read and cited and, thereby, make a contribution.

Authors should kindly note that submission implies that the content has not been published
or submitted for publication elsewhere except as a brief abstract in the proceedings of a
scientific meeting or symposium.

New submissions should be made via the Research Exchange submission

portal https://wiley.atyponrex.com/journal/SMS. For all new submissions, it is required that
you indicate which Section Specialty your manuscript falls under. The Section Specialties
Areas are used to assign manuscripts to the appropriate editor. Please choose the
appropriate Section Specialty from the list provided in this document. Should your
manuscript proceed to the revision stage, you will be directed to make your revisions via the
same submission portal. You may check the status of your submission at any time by logging
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on to submission.wiley.com and clicking the “My Submissions” button. For technical help
with the submission system, please review our FAQs or contact submissionhelp@wiley.com.

The submission system will prompt you to use an ORCiD (a unique author identifier) to help
distinguish your work from that of other researchers. Click here to find out more.

Click here for more details on how to use Research Exchange.

For help with submissions, please contact: TBEDeditorial@wiley.com

We look forward to your submission.

Free Format Submission

Scandinavian Journal of Medicine & Science in Sports now offers Free Format submission for a
simplified and streamlined submission process.

Before you submit, you will need:

e Your manuscript: this should be an editable file including text, figures, and tables, or
separate files - whichever you prefer. All required sections should be contained in
your manuscript, including abstract (which does need to be correctly styled),
introduction, methods, results, and conclusions. Figures and tables should have
legends. Figures should be uploaded in the highest resolution possible. If the figures
are not of sufficiently high quality your manuscript may be delayed.References may
be submitted in any style or format, as long as it is consistent throughout the
manuscript. Supporting information should be submitted in separate files. If the
manuscript, figures or tables are difficult for you to read, they will also be difficult for
the editors and reviewers, and the editorial office will send it back to you for revision.
Your manuscript may also be sent back to you for revision if the quality of English
language is poor.

e An ORCID ID, freely available at https://orcid.org. (Why is this important? Your article, if
accepted and published, will be attached to your ORCID profile. Institutions and funders
are increasingly requiring authors to have ORCID IDs.)

e The title page of the manuscript, including:

o Your co-author details, including affiliation and email address. (Why is this
important? We need to keep all co-authors informed of the outcome of the peer
review process.)

o Statements relating to our ethics and integrity policies, which may include any
of the following (Why are these important? We need to uphold rigorous ethical
standards for the research we consider for publication):

» data availability statement

» funding statement

= conflict of interest disclosure

» ethics approval statement

= patient consent statement

» permission to reproduce material from other sources
= clinical trial registration
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To submit, login at https://wiley.atyponrex.com/dashboard?siteName=SMS and create a new
submission. Follow the submission steps as required and submit the manuscript.

Equity, Diversity and Inclusion

Scandinavian Journal of Medicine & Science in Sports aims to foster inclusive research that
reflects the disciplinary, human, and geographic diversity of scientists, clinicians and other
health professionals working in this area. Submissions are welcomed from authors of all
ethnicities, races, colours, religions, sexes, sexual orientations, gender identities, national
origins, disabilities, ages, or other individual status.

Data Sharing and Data Availability

This journal expects data sharing. Review Wiley's Data Sharing policy where you will be able
to see and select the data availability statement that is right for your submission.

Data protection

By submitting a manuscript to or reviewing for this publication, your name, email address,
and affiliation, and other contact details the publication might require, will be used for the
regular operations of the publication, including, when necessary, sharing with the publisher
(Wiley) and partners for production and publication. The publication and the publisher
recognize the importance of protecting the personal information collected from users in the
operation of these services, and have practices in place to ensure that steps are taken to
maintain the security, integrity, and privacy of the personal data collected and processed.
You can learn more at https://authorservices.wiley.com/statements/data-protection-

policy.html.

For help with submissions, please contact: SJMSSedoffice@wiley.com

2. AIMS AND SCOPE

The Scandinavian Journal of Medicine & Science in Sports is a multidisciplinary journal
published 12 times per year under the auspices of the Scandinavian Foundation of Medicine
and Science in Sports.

It aims to publish high quality and impactful articles in the fields of orthopaedics,
rehabilitation and sports medicine, exercise physiology and biochemistry, biomechanics and
motor control, health and disease relating to sport, exercise and physical activity, as well as
on the social and behavioural aspects of sport and exercise.

3. MANUSCRIPT CATEGORIES AND REQUIREMENTS
i. Original Article
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Word limit: Page charges will apply to articles exceeding 8 pages. Please see
the Publication Process after Acceptance section.

Abstract: 250 words maximum.

Keywords: Please provide 3-8 keywords.

References: Maximum of 40 references.

Figures/Tables: A total of 8 figures and/or tables is allowed.

Main text structure: Introduction; Materials and Methods (including statement that informed
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review purposes, a wide variety of formats, sizes, and resolutions are accepted.

Click here for the basic figure requirements for figures submitted with manuscripts for initial

peer review, as well as the more detailed post-acceptance figure requirements.
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presence or absence of shared data. If you have shared data, this statement will describe
how the data can be accessed, and include a persistent identifier (e.g., a DOI for the data, or
an accession number) from the repository where you shared the data. Authors will be
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allows for self-archiving of different versions of the article under specific conditions.
Please click here for more detailed information about self-archiving definitions and policies.

Open Access fees: If you choose to publish using Open Access you will be charged a fee. A
list of Article Publication Charges for Wiley journals is available here.

Funder Open Access: Please click here for more information on Wiley's compliance with
specific Funder Open Access Policies.

7. PUBLICATION PROCESS AFTER ACCEPTANCE

Accepted article received in production
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will receive an email asking them to login or register with Wiley Author Services. The author
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Once the paper is typeset, the author will receive an email notification with full instructions
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e The author will have free access to the paper (after accepting the Terms & Conditions
of use, they can view the article).

e The corresponding author and co-authors can nominate up to ten colleagues to
receive a publication alert and free online access to the article.

Promoting the Article

To find out how to best promote an article, click here.

Article Promotion Support

Wiley Editing Services offers professional video, design, and writing services to create
shareable video abstracts, infographics, conference posters, lay summaries, and research
news stories for your research - so you can help your research get the attention it deserves.

Measuring the Impact of an Article

Wiley also helps authors measure the impact of their research through specialist
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Archiving Services

Portico and CLOCKSS are digital archiving/preservation services we use to ensure that Wiley
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such an event. Wiley has licenses with both Portico and CLOCKSS, and all journal content
gets delivered to both services as it is published on Wiley Online Library. Depending on their
integration mechanisms, and volume loads, there is always a delay between content being
delivered and showing as “preserved” in these products.
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Appendix 5: Detailed outline of the strength training program implemented during the

intervention
Weekly session 1 Weekly session 2
Exercise Sets x Exercise Sets x
Repetitions Repetitions
Week BBsq 80% 1RM 3x30% VL BBsq 70% 1RM 3x20% VL
1-5
B1. Barbell alternating 3 x 10 (5el)  B1. Barbell bench press 4%X6
step ups
B2. Lateral step up 3 X el B2. Line quick feet; 2 x 7 Seconds
jumps forward backward jump
both legs
C1. Swisshball 3x15 B3. Line quick feet; 2 X 7 Seconds

hamstring curl

C2. Landmine 3 x 10 (5el)
Cossack mobility

C3. Copenhagen plank 3 x 10ea
(partner hold)

C4. Landmine rotation 3 x 12 (6el)
(explosive)

forward backward jump
one-leg

C1. Pullups (Weighted) 3 x maximum

C2. Line quick feet; 2 X7 sec
lateral jJumps both legs

C3. Line quick feet; 2 X7 sec
lateral jumps one-
legged

D1. Band clean + press 3x10

D2. Bent over reverse 3x12
flies
D3. Line quick feet; 2 X 7 sec
forward backward
sprint

D4. Line quick feet; in 2X7sec
& out jump
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Week
6-10

Al. BBsq 80% 1RM +
2.5kg (+5kg week 9-
10)

B1. Deficit reverse
lunge

B2. Band assisted
vertical jump

B3. Depth broad jump

C1. Single leg small
hurdle hoops

C2. Single leg
Romanian deadlift

C3. Calf raise farmers
walk

3x30% VL

3x8el

3x3

3x3

3x3el

3x10el

3x 20 (10 el)

Al. BBsq 70% of IRM 3 x20% VL
+ 2.5kg (+5kg uke 9-
10)
B1. Bench press 4,4,3,2
B2. Suitcase KB march 3 x 10 + 10
C1. Single arm 3x10
landmine row
C2. Kneeling biceps 3x12
curl
C3. Weighted deadbug 3x20

BBsq = Barbell back squat., el = each leg.,ea = each arm X1,X2,X3,X4 = Sets performed as a
super/giant set back to back without rest., VL = Velocity Loss., +2.5/5kg = added load from initial

1RM
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Appendix 6: Traffic light Group feedback screen

froe fing

0.56 -

22%

That's enough!
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Appendix 8: Alphatek Product Specification

50" monitor

191.50cm

310cm
. & N

213cm

91

IEI Alphatek

Product specification sheet
AlphaPWR medium

Technical Requirements:

Electrical:
. Input Voltage: 2x AC 100-240 V (50/40 Hz)
. Maximum Power Consumption: 300W

Physical Requirements:

. Surface: Level surface with hard floor (Rubber tiles
are acceptable)

. Recommended Roof Height: 275cm

. Dimensions: Refer to the drawing on the left for
detailed physical dimensions

Internet Requirements:
. Connection: 2x Ethemet connection (CATS); Wifiis
not supported

Environmental Conditions:

. Operating Temperature: 32 °F - 104 °F (0 °C - 40 °C)
. Humidity: 10% - 80%, non-condensing



