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Abstract

Guimaraes, MP, Foresti, YF, Papoti, M, and de Azevedo, PHSM. Neuromuscular adaptations, performance, and monitoring of
endurance training within moderate domain intensities. J Strength Cond Res XX(X): 000-000, 2026—This study aims to find
whether training at the upper limit of the moderate domain or below it (10-15%) differently affects neuromuscular and psycho-
physiological responses and performance. A total of 20 trained amateur runners participated in this 12-week study. In the first
4 weeks, subjects underwent familiarization with the tests and training. Then the subjects were divided into 2 groups (1 = 10 per
group, with 6 men and 4 women in each group): VL; and <VL4, in which they were expected to train at the upper limit of the
moderate domain and 10-15% below it for 6 weeks, respectively. The training was designed to be volume-equated between
groups. Body composition, neuromuscular adaptations, and performance were evaluated, and the training and recovery sessions
were monitored for psychophysiological factors. The groups showed no significant differences in neuromuscular and performance
variables, although they improved from the pre- to post-intervention periods, except for D’, which worsened in both groups. The
psychophysiological variables differed between the groups at some times, being higher for the VL, but within acceptable limits.
Training at the upper limit of the moderate domain or 10-15% below it similarly improves trained amateur runners’ neuromuscular
variables and performance.

Key Words: aerobic training, critical speed, training load, vertical jump

used as recovery training) (14,16) can generate positive physio-
logical adaptations and improve performance.

The continuous assessment of psychophysiological response
and performance aids fine-tuning the training (54). Subjective rate
of perceived exertion (RPE) (26), total quality of recovery (TQR)
(45), the Hooper scale (36), jump height (3), and critical speed
(CS) (41) serve to organize and control training loads. In addition,
CS and countermovement jump (CM]J) and drop jump (D]J)
height, for example, positively relate to long-distance runners’
performance in 5- and 10-km races (25) and with adaptations to
training (11). However, it remains unknown whether endurance
athletes show different acute and chronic responses to these
training monitoring indices under training with the same volume
and varying relative intensity within the moderate domain or
whether this modulates performance differently.

The combined analysis of neuromuscular, performance, and
psychophysiological training variables can evince responses to
endurance training. It is unclear how these parameters behave
across different training methods within the moderate domain.
This study aims to determine whether training at the upper limit
of the moderate domain or below it affects performance and
psychophysiological and neuromuscular responses differently in

Introduction

The prescription of endurance training consists of external stimuli
structured according to the management of variables such as
training volume (kilometers or minutes), intensity (work, average
speed, pace), and frequency (7). The manipulation of these stimuli
and the control of the psychophysiological response can optimize
the process of general adaptation syndrome (35). This strategy
aims to mitigate fatigue, reduce the risk of injury, avoid over-
training, and increase sports performance (6).

However, debates persist on the optimal adjustment of volume
and intensity within training endurance (13,27). The training
intensity distribution (TID) in sports planning seems to configure
an important factor to optimize performance and establish the
physical and psychological integrity of endurance athletes (14).
Several TID division models exist (7). Training intensity distri-
bution may fall into moderate, heavy, and severe physiological
domains (37). Some TID prescribe pyramidal (13), polarized (27),
and threshold programs (23). Regardless of the model, most
training occurs in the moderate domain. However, it remains
unclear whether it is necessary to train at the upper end of mod-
erate dominance (60) or if the stress at lower intensities (usually
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trained amateur runners. This research raised the following hy-
potheses: I—both groups would improve their performance
according to the comparison between the pre- and post-
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intervention moments; II—the higher relative intensity of one
group in relation to the other would generate different neuro-
muscular, performance, and psychophysiological responses.

Methods
Experimental Approach to the Problem

Figure 1 shows a schematic of the experimental design of this
study.

This study lasted 12 weeks. At the first meeting 5 weeks before
the start of the intervention, subjects familiarized themselves with
the CS protocol and were instructed to perform all training ses-
sions (5 times a week) in the moderate domain (14). The first
4 weeks were used to ensure that all subjects were at the same
point in the training organization before the intervention started,
thus avoiding possible interferences from individual annual
planning. All subjects had experience with all the variables of this
study. Thus, intensity was controlled by momentary RPE and the
predicted speed in the 3200-m time trial test (64). Training ses-
sions were conducted within the proposed parameters and con-
trolled by an evaluator. During these 4 weeks, subjects
familiarized themselves with the gas analyzer mask, the jump test,
the GPS watch, effort and recovery scales, acquisition of retro-
spective volume data, and how to report training information.

After the 4-week equalization period, subjects attended an in-
formational session detailing the subsequent study phases. After
this, they were allocated into 2 groups based on their average
weekly training volume: VL; and <VL,. This allocation was
a predetermined criterion of the study design to examine the re-
lationship between training volume and performance. Thus, the
20 individual average weekly volumes were listed (individual 1:
62.4 km; individual 2: 62.1 km; individual 3: 60.3 km; individual
4: 60.3 km; individual 5: 54.7 km; individual 6: 54.6 km; in-
dividual 7: 51.8 km; individual 8: 51.4 km; individual 9: 49.2 km;
individual 10: 48.9 km; individual 11: 47.3 km; individual 12:
47.0 km; individual 13: 44.5 km; individual 14: 44.5 km; in-
dividual 15: 42.7 km; individual 16: 42.6 km; individual 17: 41.8
km; individual 18: 41.4 km; individual 19: 37.7 km; individual
20:36.1 km) based on the previous year of training. Odd numbers
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were allocated to VL; and even numbers to <VL,, except for
numbers 19 and 20, who were swapped so the groups were ho-
mogeneous regarding previous training volume and performance.
The following 8 weeks were divided as follows: 1 week of
testing (within the pre-intervention period); 6 weeks of training
(intervention); and 1 week of retesting (post-intervention).

Pre-intervention. This moment comprised the 5 weeks before the
start of the 6 weeks of training. The first 4 weeks were used to
equalize the groups regarding initial performance, familiariza-
tion, and randomization. The pretesting moment began in the
week after these 4 weeks, in which the following evaluations were
made: on the first Sunday morning, the anthropometric evalua-
tion and jump tests (CMJ, SJ, and DJ) were carried out in this
sequence. On Wednesday, at individual times and according to
subjects’ availability, the maximal progressive treadmill test was
performed to determine their vVo,max,VL;, and VL,. Finally,
tests were carried out on Saturday to determine D’ and CS. In all
the tests, the temperature ranged from 16 to 22 °C, with a relative
humidity varying from 40 to 65%.

Intervention. Intervention took place during the 6 weeks of
training, which consisted of 5 sessions a week, totaling 30 ses-
sions. Subjects sent their individual responses to the effort and
recovery scales (session RPE, TQR, and Hooper scales) by mes-
saging applications daily. They also sent GPS-recorded volume
and intensity data. Subjects had to complete more than 90% of
the prescribed sessions (15,54).

Post-intervention. Post-intervention comprised the week after the
intervention. Test organization followed the pre-intervention
structure.

Subjects

A total of 20 trained amateur runners (15,54), divided into VL,
group (6 men and 4 women; mean = SD: age = 35.2 *+ 6.8 years
[from 26 to 50], height = 1.71 %= 0.08 m, body mass = 70.1 *
7.69 kg, fat percentage = 16.1 * 1.71%, training time = 6.2 =

I Pre-intervention ” Intervention ” Post-intervention |
I 4 Weeks I 1 Week I 6 Weeks I 1 Week I >
! l | l I l I l |
Equalization, Pre-tests Training period Post-tests
Familiarization and
Randomization

PRE AND POST-TESTING MOMENTS

CMLI, S, DJ, CS, D', Vertical Stiffness, Elastic Index.
* vWO2max, VL1, VL2 (only at pre-tests moment)

DAILY

RPE of the session, TQR, Hooper Scale and GPS data (stride frequency, speed, time
and distance).

Figure 1. Schematic presentation of the study’s experimental design. CMJ = countermovement jump;
SJ = squat jump; DJ = drop jump; CS = critical speed; D’ = maximum distance associated with anaerobic
work capacity; RPE = rate of perceived exertion; TQR = total quality of recovery; WWo,max = minimum
speed associated with maximum oxygen consumption; VL4 = velocity of the first physiological threshold;
VL, = speed of the second physiological threshold.
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1.7 years, and a mean weekly frequency = 5.0 = 0.4 days)
and <VL, group (6 men and 4 women; mean * SD:age = 37.0 =
7.9 years [from 25 to 48], height = 1.70 = 0.10 m, body mass =
70.5 = 7.21 kg, fat percentage = 16.2 = 1.50%, training time =
6.1 = 1.8 years, and a mean weekly frequency = 5.1 = 0.5 days),
were recruited intentionally or by convenience from running
teams and clubs. This number is in line with previous studies
(15,59) that compared the performance of amateur runners be-
tween and within groups over time. Moreover, the Bayesian
factor analysis in this study suffered little influence from sample
size (50). Subjects inclusion criteria consisted of (a) men and
women with a 10-km race time under 55 minutes; (b) having
taken part in competitions in recent years; (c) having over 4 years
of uninterrupted specific training in street or track running at
distances ranging from 5 to 42.195 km; (d) having a weekly at-
tendance of 5 training sessions in the last 3 months; and (e) having
an age from 20 to 50 years. The adopted exclusion criteria were
use of ergogenic substances and having cardiovascular and or-
thopedic pathologies. This project was submitted and approved
by a Research Ethics Committee under number 3.183.845. All
volunteers were informed about the research risks and signed an
informed consent form before participating in this research.

Procedures

Anthropometric Evaluation. Sample characterization determined
the height and body mass of subjects by a scale with a stadiometer
(110 FF; Welmy, Santa Barbara d’Oeste, Brazil). Body fat was
estimated by a bioimpedance device (Quantum BIA-II; RJL Sys-
tems, Clinton Township). Data collection used tetrapolar elec-
trodes (Bio Tetronic, Sanny, Sdo Bernardo do Campo, Brazil).
Subjects were instructed to abstain from alcoholic and/or caf-
feinated beverages and vigorous physical activity for at least
24 hours before the evaluation. Volunteers had to urinate
30 minutes before the assessment and rest for 5 minutes. All data
were collected in the morning from euhydrated fasted subjects.
Then, they were given a standard breakfast (black coffee, bread,
butter, and bananas—runners’ basic breakfast).

Vertical Jump Tests. Subjects completed a standard 10-minute
warm-up consisting of running (5 minutes at the training speed of
the previous 4 weeks, i.e., moderate dominance), dynamic lower-
body stretches [~4 minutes for 30 seconds for each unilateral
limb consisting of 4 exercises performed standing and starting
from the anatomical position: (a) hip flexion with an extended
knee trying to reach the foot with short movements (closed ki-
nematic chain); (b) hip flexion and extension with the knee ex-
tended and wide movements—*“kick forward and kick” (open
kinematic chain); (c) flexion and extension of the knees with wide
movements—touch the heel to the glutes (open kinematic chain);
and (d) plantar flexion and ankle dorsiflexion with the knee ex-
tended and the help of a step (closed kinematic chain), and vertical
jumps (1 of each type—CM], SJ, and D]—with a 20-second break
between them). Then, subjects performed 3 SJ, 3 CM], and three
40-cm DJ. The average value of the 3 attempts in all jumps was
used for analysis (19). All jumps were performed with hands on
hips. Takeoff and landing were standardized for full knee and
ankle extension in the same location. Subjects were verbally
instructed to jump as high as possible in all jumps. In the D], they
were instructed to spend as little time as possible with their feet on
the ground. Each jump was separated by a 2-minute passive rest
period, whereas 5 minutes separated each type of jump. The lo-
gistics of the 10 individuals meant that the times were respected.
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The application My Jump 2 was used for the calculations (10,34).
The jumps were video recorded from about 1.5 m away from
subjects. The length and height of the leg with the knees bent at
about 90° were measured with a tape measure with a 0.1-cm
accuracy. Lower limb length was measured from the anterior iliac
spine to the tip of the feet in the lying position. Height at 90° was
measured vertically from the anterior iliac spine to the ground in
an optimal jumping performance position (the angle of about 90°)
(10). The application also tracks vertical “stiffness” in DJ. After
evaluating the CMJ and S]J, the elastic index (EI) of the groups was
calculated, and the difference between the CMJ and S] was cal-
culated by the formula:

EI = (CMJ — SJ) X 100/S].

vVoamax, VL,, and VL, Determination. vVo,max, VL, and
VL, were measured by a maximum incremental protocol on
a treadmill (Super ATL Inbrasport and Lion Fitness model X4).
Before starting it, subjects performed a specific 5-minute warm-
up at 65% of the average speed of their 10-km race. After a 3-
minute recovery break, the test began at 65% of their average 10-
km race speed (20). From this initial speed, an increase of 1
km-h™! occurred at each 3-minute stage at a 1% incline (40).
During the test, subjects received verbal encouragement from the
lead researcher—such as “let’s go” and “it’s going great”—while
they ran up to voluntary exhaustion (20). Oxygen uptake (V0,)
was measured breath-by-breath using 2 gas analyzers (COSMED
K4b?, Rome, Italy, and COSMED QUARK CPET, Rome, Italy)
and converted into 30-second averages. Half of the sample from
each group was assessed with 1 analyzer and the other half of each
group with the other analyzer, before and after the intervention.
Before each test, we calibrated the gas analyzers according to the
manufacturer’s specifications using ambient air and a gas of
known composition containing 12% O, and 5% CO,. Vo,max
was determined using a software (https://exercisethresholds.com/
) (44). vWo,max evaluated the minimum speed at which subjects
were running during Vo,max (8). Vo, at the first physiological
threshold and its respective intensity were determined by in-
creased ventilatory oxygen equivalent (VE/VO;) and end-
expiratory oxygen pressure (PETO,) without a concomitant in-
crease in ventilatory carbon dioxide equivalent (VE/Vco,)
(18,63). Vo, at the second physiological threshold and its re-
spective intensity were determined by an increase in VE/Vo, and
VE/Vco, and a decrease in PETCO, (22,63). For these analyses, 2
experienced and independent researchers measured these varia-
bles. If the 2 disagreed, a third party would be called to give their
opinion (which did not occur).

Critical Speed and D'. Each subjects completed 3 time trial runs
on a flat 2-km track with an asphalt surface covering the distances
of 3,600, 2,400, and 1,200 m in that order for all sessions. Sub-
jects were instructed to complete each trial in the shortest time
possible, and runs were manually timed (S141; Seiko, Tokyo,
Japan) to the nearest second. All races were held on the same day
with a 30-minute rest between them. No feedback was given on
the subjects’ performance. All volunteers performed the test in-
dividually (31). Critical speed was calculated as the linear re-
lationship between the 3 distances and running times,
corresponding to the slope of the linear regression line, in which
D’ (maximum distance that can be achieved when running just
above CS) corresponded to the intercept of this line. The linear
distance-time model is represented by: d = (CS.t) + D’ in which:
d = distance covered and ¢ = running time (30,31,41).
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Psychophysiological Response. The session RPE was obtained
approximately 30 minutes after the training session ended to rate
the global intensity of each session, in which volunteers answered
the following question: “How was your workout?” (26), the
answer to which was given by subjects based on the RPE scale
(CR-10) (28). After classification, the internal training load was
calculated by multiplying the RPE score of the session (0-10) by
the total duration (min) of the training session, the data of which
are shown in arbitrary units (AU) (26). Total weekly training load
(sum of the daily loads of all training days), monotony (division of
the average weekly load by the SD of the individual training
sessions), and strain (multiplication of the total weekly training
load by monotony) were calculated (57). The Hooper and TQR
scales were always answered when individuals woke up. The
Hooper scale comprises perceived sleep quality, stress, and mus-
cle fatigue and soreness and is used to collect data from self-
reported subjective measures of well-being. Each question was
scored on a 7-point scale in which “1” and “7” represented “very,
very good” and “very, very poor” well-being ratings, re-
spectively. (36). The TQR scale is a scale that goes from 6 to 20, in
which 6 is very, very poorly recovered and 20 is very, very well
recovered (45). Weekly averages were used for these variables,
which enabled comparisons of the groups in each week
throughout the intervention.

Training Prescription. Figure 2 illustrates individuals’ 6-week
training. VL, was instructed to follow the upper limit speed of the
moderate domain and <VL,, to follow 10-15% below it (this
being the only difference between groups). We individually
equalized training volumes according to kilometer history and
weekly training time. Because of the time available for each session
and the previous prescription model, training time was adopted as
the daily volume. From the previous time and speed, we calculated
the distance to equalize the groups. The first 2 weeks had lower
volume than weeks 3 and 4, which were the most voluminous.
Week 5 was planned to have similar volumes to the first 2 weeks,
and the last week was planned to have the lowest volume. All
training sessions were monitored by a Garmin Forerunner 235 GPS
watch, which has been scientifically validated for this purpose
(39,54). We also collected stride frequency data from this equip-
ment. Each subjects had their own watch. The pyramidal TID in
this study included ~70% of the total weekly volume in the
moderate domain (VL or below it) (61), ~17% of the total weekly
training volume in the heavy domain (between VL, and VL,) (7),
and ~13% of the total weekly volume in the severe domain (be-
tween CS and vVo,max) (14,29,37). The 6-week intervention and
each training sessions were organized based on previous studies
(61). Throughout this study, subjects undertook no other com-
plementary training (e.g., strength training or stretching). All
moderate domain training sessions were done individually.
Training times followed subjects’ availability and habits, most of
which took place in the early morning. In all tests, the temperature
ranged from 16 to 22 °C and the relative humidity, from 40 to
65%. Because data collection was divided into 2 stages (half of the
sample from each group in the first stage and the other half of each
group in the second stage), care was taken to ensure that both were
performed in the same seasonal phase.

Statistical Analyses

A descriptive analysis was performed, the values of which are
shown as mean values and SDs. To test the reliability of the CM],
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SJ, and D] jump data, we analyzed the intraclass correlation co-
efficient (ICC) and coefficient of variation (CV) from the 3 jumps
at each time point. To verify the (Time + Group + Time X
Group) interaction of the study variables, we performed
a Bayesian repeated-measures ANOVA for: body weight, body
fat, volume interaction in the first and sixth weeks, CS, 3600 m
test, D', CMJ, SJ, DJ, vertical stiffness, and EI. To verify the
interaction of the group factor with the variables average volume
6 weeks in kilometers and minutes, and average volume 6 weeks
stride frequency, we used the Bayesian Independent Samples
T-Test. Finally, to verify the interaction of the group factor, in
each of the weeks, with the variables monotony, strain, TQR
scale, RPE session, and the sleep, stress, fatigue, and muscle
soreness scales, we also used the Bayesian Independent Samples
T-Test. The Bayesian factor tests the probability of the same
results being repeated in the future (i.e., the magnitude of the
evidence). Subsequent probabilities were corrected for multiple
testing by setting the prior probability that the null hypothesis
would hold across all comparisons to 0.5 (55). Pairwise com-
parisons were based on the standard # test with a previous Cauchy
(0, r = 1/sqrt (2)). The “U” in the Bayes factor denotes that it is
uncorrected (55). Outcomes were classified as anecdotal (BFo =
1 to 3), moderate (3-10), strong (10-30), very strong (30-100),
and extreme (>100) favoring the alternative hypothesis or as
anecdotal (BFy; = 1 to 0.33), moderate (0.33-0.1), strong
(0.1-0.03), very strong (0.03-0.01), and extreme (<0.01), fa-
voring the null hypothesis (Lee and Wagenmakers classification)
(47,56). To calculate the probability of finding the same results,
the actual value of BF o was divided by BF; + 1. All analyses were
performed on the free software JAMOVL

Results

Table 1 presents the mean * SD of anthropometric variables, the
average volume of the 6 weeks of training and interaction in the
first and sixth weeks, stride frequency, performance, and neuro-
muscular variables for each group at each time point. Further-
more, it demonstrates intragroup and intergroup interactions
(Time + Group + Time X Group) through BF, values and dif-
ference chance.

Anthropometric variables showed no significant changes in
both groups over time. There were no significant differences be-
tween the prior volume used for randomization of the groups and
the average volume in kilometers of the 6 training weeks and in
each of them between the groups. There was also no significant
difference between the groups in the average training time in
minutes, in the 6 training weeks and between each of them.
However, despite not finding significance in this comparison, it is
evident thatindividuals in the <VL; group trained for longer than
those in the VL, group in the moderate domain sessions. This fact
justifies the equalization of the groups by distance. Furthermore,
there was no significant difference in stride frequency between the
groups. Stride frequency data from 6 moderate-intensity training
sessions in each group were analyzed, with 1 training session per
week. The individual averages for the 6 weeks were used for
group comparison. In all training sessions, the average steps per
minute of individuals in both groups ranged from 158 to 167.

After the 6 weeks of training, the analysis of the average speeds
of each session, individual, and group showed that the VL; had
the distribution of 70.28% in VL, of 16.71% between VL, and
VL,, and 13.01% between CS and vVo,max; whereas <VL; had
the distribution of 70.34% below VL, of 16.63% between VL,
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TRAINING PRESCRIPTION
NAME:
DAYS: 5x per week | [
VL1: 10,2 km/h VL2: 12,2 km/h  CS: 13,2 km/h  vwWO2max: 14,0 km/h
Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday
20’ of training on \ ;
the flat at VL1 + ::e%f;t'?r:“;‘ff:
1st Week o 45' of training 35. orining 7 = 45" of training on
60" of training on 3 being: 50% of |45 of training on i
3 on the flatin |_ : Day-off a slight and flat Day-off
the flat in VL1 Tiim between CS| the flat in VL1 S
VL1 slope and incline,
and WO2max for|
; between VL1 and
50% of Tlim cs
below VL1
20' of training on . .
- 35' of training i
- 45’ of training ; s 45' of training on
60" of training on : being: 50% of |45 of training on ;
2nd Week [ o inyir | e fatin o etween CS| the flatin VL1 Devilt, | 2siht and fat Dayof
VL1 slope and incline,
and WO2max for
: between VL1 and
50% of Tlim cs
below VL1
f:e :;ttr:nltnsjliof 15" of training on
the flat in VL1
45" of training 40 of fraining SU?ofatr;?mng 0:1
65" of training on ? being: 50% of |45' of training on : :
3rd Week | . g1 iqyir | OVthefatin | etween CS| the fiatin VL1 Dayiofi: | aslightand fat Day o
WL d W02 fo slope and incline,
a aited between VL1 and
50% of Tlim cs
below VL1
20’ of training on 1 i
the flat at VL1 + ::;;::?:S&of
i iy 40' of training wi
i 45" of training A s 50’ of training on
65 of training on : being: 50% of |45' of training on ;
4th Week | ooinvir | e 2tin [ nim between Cs| the fatinvLy | D2¥f | @shghtandfat Pay-at
and WO2max for| B :
; between VL1 and
50% of Tlim cs
below VL1
f:e ;:;:':;ET 15" of training on
i the flat in VL1 +
60" of training on ASiol traking t?:iln(;;f' t;;:’;ngf 45' of training on 45 b {lning on
Sth Week | o inyir | Onthefiatin | eiween cs| the fiat in VL1 Py | aslight and fst Do
WL slope and incline,
and WO2max for|
: between VL1 and
50% of Tim cs
below VL1
20' of training on i S
the flat at VL1 + ?:e:]f;t“?l'j"::a“:
itk 30" of training i
: o 45' of training : ; i 20" of training on
55 of training on ; being: 50% of |45 of training on :
6th Week | painvis | the fatn | im between CS| the fiatin vi1 [ @ SHONtand fat) - Day-of Day-off
and WO2max for| . Bope
i incline, between
50% of Tlim VL1 and CS
below VL1 &

Figure 2. Example of an individual’s training. VL4 = speed at the first physiological threshold; VL, = speed at the second
physiological threshold; CS = critical speed; T;,, = time limit; and vWo,max = lower speed associated with maximum

oxygen uptake.

and VL,, and 13.03% between CS and vVo,max. Thus, TID
achieved its goal. The speeds of the moderate sessions followed
the criterion of =0.3 km-h™! for VL; and 10-15% below VL,
for <VL,. This study adopted the average speed of the session,
and more than 98% of the data from the VL, remained within
acceptable limits. The mean speed in <VL; equaled 12.06% <
VL, with sessions ranging from 10.21 to 14.73% below VL.
The performance variables (CS, 3600 m test and D’) and
neuromuscular variables (CM], S], D], vertical stiffness, and EI)
presented in Table 1 showed that the interactions of the time
factor (pre and post) within the group had a 99% chance of mean
improvement, except for the D' variable, which showed a 96%

chance of mean decrease. However, when analyzing the inter-
actions between the groups for these same variables, we found
a low chance of difference. For the CM], SJ, and D] variables, in
the pre- and post-intervention periods, the ICC and CV values
were, respectively, all above 0.970 (0.963-0.990) and all below
3.0 (1.2-2.9).

Table 2 shows mean * SD of variables: monotony; strain;
TQR scale, RPE session; and the sleep, stress, fatigue, and muscle
soreness scales. This study compared the groups at each of the
6 weeks of training. The following interactions between the
groups over the 6 weeks were found: For the monotony variable,
week 3 showed a 78% mean probability of the VL group having
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Intragroup and intergroup comparison of the results of anthropometric, average volume of the 6 weeks of training, performance, and

neuromuscular variables.*

VL, group <VL, group Time factor Group factor BFinciusion
Pre Post Pre Post Pre x post VL; X <VL, Group X time
Mean + SD Mean + SD Mean + SD Mean + SD BF;o DC(%) BF DC(%) BFo DC (%)
Body mass (kg) 7012 = 7.72 70.13 = 7.63 70.51 = 7.41 70.52 = 7.04 0.29 22 0.96 49 0.51 33
Body fat (%) 16.10 = 1.72 16.00 = 1.74 16.20 = 1.40 16.20 = 1.43 0.70 42 0.94 49 0.40 28
AVSW (km) 46.60 = 8.20 46.70 = 8.50 — — 0.39 28 — —
AVSW (min) 261.1 = 47.37 278.30 = 51.04 — — 0.49 33 — —
VIFSW (km) 4599 + 8.35 42.30 = 7.61 46.05 = 8.37 42.42 = 7.94 >200 99 0.85 45 0.38 27
VIFSW (min) 259.3 = 51.01 236.5 = 42.60 274.2 = 49.87 252.6 = 49.87 >200 99 0.85 45 0.41 29
Stride frequency 160.8 = 2.53 160.3 + 2.66 — — 0.42 29 — —
CS (km-h™") 13.30 = 1.82 13.70 = 1.83 13.30 = 1,53 13.80 = 1.55 >200 99 1.14 56 0.79 44
3600 m test () 928.31 = 100.63  917.14 £98.83  929.81 + 97.87  913.20 + 91.23 >200 99 0.85 45 0.53 34
D' (s) 202 = 65 188 =+ 64 191 + 50 166 = 59 22.32 96 0.73 42 0.61 37
CMJ (cm) 28.10 = 7.92 3131 =714 30.05 = 5.71 33.09 = 6.14 >200 99 0.86 46 0.43 30
SJ (cm) 24,97 = 6.80 26.37 = 6.83 25.81 = 4.78 27.29 = 4.90 >200 99 0.95 49 0.38 28
DJ (cm) 28.07 = 7.82 30.54 = 8.22 29.53 = 6.27 32.24 = 6.50 >200 99 0.89 47 0.47 32
VS (kN-m ™) 438 =113 482 =117 4.43 = 0.91 4.87 +0.92 >200 99 0.84 45 0.43 30
Elastic index (%) 12.81 = 2.03 19.71 = 4.31 16.44 = 3.92 21.40 = 6.11 >200 99 0.95 49 0.50 33

*BF = Bayes factor; DC = difference chance; AVSW = average volume 6 weeks; VIFSW = volume interaction in the first and sixth weeks; CS = critical speed; D' = maximum distance associated with
anaerobic work capacity; CMJ = countermovement jump; SJ = squat jump; DJ = drop jump; VS = vertical stiffness.

higher values than the <VL; group; weeks 4 and 5§ showed more
than 90% of this same mean probability; and week 6 showed
a 99% mean probability. For the strain variable, in weeks 2, 4,
and 6, there was a 92, 81, and 77% mean probability, re-
spectively, of the VL, group having higher values than the <VL,
group; The TQR variable showed no interaction in any of the
weeks; For the RPE session variable, in weeks 2, 3, 4, and 6, there
was an 84, 93,99, and 99% mean probability, respectively, of the
VL, group having higher values than the <VL, group. Finally, for
all variables included in the Hooper scale, only the fatigue vari-
able showed interaction between the groups during the weeks: In
weeks 3,4, and 6, there was a 95, 91, and 99 % mean probability,
respectively, that the VL, group had higher values than the <VL;

group.

Discussion

This study posed the following question: Will trained amateur
runners have different neuromuscular, psychophysiological, and
performance adaptations performing moderate domain training
at VL, or < VL,? How do internal training loads behave for both
groups? This study confirmed its hypothesis that both groups
would improve their performance between pre- and post-
intervention. However, how the magnitudes of these improve-
ments would behave in each group, along with the internal load,
was still unknown.

The main results of this study showed that amateur runners
trained in VL; or <VL, improved their performance with a sim-
ilar magnitude between the groups. The pyramidal TID in this
study showed proportions of about 70% in the moderate domain,
17% in the heavy one, and 13% in the severe one (54,65). Finally,
VL; had a higher internal load value and lower recovery rates
than <VL; in some training weeks. D’ worsened in both groups.

To be included in the analyses, subjects had to have had ad-
hered to more than 90% of training sessions (15,54). Only 4
subjects (2 in each group) failed to complete the 30 training ses-
sions over the 6 weeks. However, they carried out more than 90%
of the proposed training. The other 16 subjects completed 100%

of the training. Subjects also had to send all information regarding
the control of the training load; completed all initial, intermediate
(during the 6 weeks), and final tests; and showed no injuries or
complaints of signs that would make it impossible for them to
comply with training. In the end, the analysis included all subjects.
Modified anthropometric data of weight and fat percentage over
the 6 weeks could change the collected variables. As these runners
have a long history of training and the diet recommendations in
this study suggested maintaining their regular diet, athletes
showed no change in body composition.

The biggest novelty of our study involves its comparison under
controlled circumstances of the effects of intensity change within
the moderate domain in trained amateur runners. Other studies
have assessed heavy and severe domains (29,37), determined
methods and variables associated with them (14), or prescribed
training models in these more intense domains (9,12). However, it
is important to better understand the physiological adaptations
and load control in the face of training at the upper limit of the
moderate domain and below it because more than 70% of run-
ners’ training volume lies in this domain. Our results suggest that
the terms “regenerative training” or “active recovery,” frequently
used in the scientific literature (14,16) are mistaken because both
groups improved their performance and neuromuscular variables
by the same magnitude.

Another novelty of this study refers to its Bayesian statistics as
they minimize dichotomous information in the pre- and post-
intervention and intergroup analyses (whether the same or dif-
ferent), adding information on the probabilities of possible results
if the study is replicated and directly transferring information to
coaches (47,56).

Critical speed improved in both groups, with no significant
differences between them. Its improvement reflects a higher rate
of energy resynthesis by the oxidative pathway at the maximum
speed that still enables the metabolic steady state (41,43), i.e., the
upper limit of the heavy domain (29,37). Critical speed configures
an important predictor of endurance performance in 5- and 10-
km races (25,46) and marathons (42).

This study used 3 time trial tests in a single day (31). This
method saves days of testing, bringing science closer to practice.
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Other positive points of using this variable is that it is cheap and
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Vertical jump height has served as a sensitive parameter for
adaptations to training (11) and neuromuscular status in runners
(3). The reliability of the CM], S], and D] data, represented by the
ICC and CV, is in accordance with the scientific literature for the
sample in question (1,21). In addition to CM], SJ, and D], this
study evaluated vertical stiffness and EI by a scientifically tested
and validated mobile application (10,34,54).

Neuromuscular parameters can positively influence trained
amateur runners’ performance (4,49,53). This improvement
seems to be related to the lower activation of the muscles of the
lower limbs during propulsion, improvement of agonist-
antagonist co-activation of the thigh muscles, greater pre-
activation of the muscles, and greater stiffness of the lower
limbs, the latter showing a positive association with the im-
provement of running economy (49). In fact, race economy is
strongly correlated with endurance race performance (11) and
seems to suffer great influence from lower limb rigidity (4,11,49).

Our hypothesis that jump height and vertical stiffness would
improve between pre-and post-intervention agrees with some
studies (2,3,49). However, jump height in trained amateur run-
ners is contradictory. The study by Nuuttila et al. (54), for ex-
ample, evaluated recreational runners for 10 weeks and found no
differences in CM]J height. However, it analyzed 2 groups that
increased, after a base period, volume (volume group), and in-
tensity (intensity group). However, our study only changed the
intensity within the moderate domain. A possible explanation for
such differences refers to the structuring of training because the
groups in the study by Nuuttila et al. (54) progressively increased
the volume and intensity under a polarized TID, unlike our study.
However, corroborating our study, Mikkola et al. (51) found an
increase in CM]J height and performance of recreational runners
after 8 weeks of running-specific training associated with 2
strength training sessions per week.

Several explanations can be given for the increases in neuro-
muscular variables in both groups because each test to assess
neuromuscular performance has specific characteristics. Coun-
termovement jump and DJ take advantage of the stretching-
shortening cycle, a neural and structural mechanism with elastic
and active components (48). However, S] first induces hysteresis,
which dissipates the energy of the elastic components into heat.
Thus, a balance between eccentric and concentric actions could
influence markers of runner performance because the eccentric
contractions that store elastic energy are less expensive than
energy-releasing concentric contractions (4). Specifically in run-
ning, the elastic energy stored during the eccentric contractions of
running contributes substantially to propulsion as the subsequent
concentric contractions release it. A higher ratio of eccentric to
concentric activity is associated with lower metabolic demand,
i.e., better running economy (4). Li et al. (48) concluded that
superior running economics in long-distance runners may be re-
lated to greater eccentric strength, elastic energy use, and stiffer
lower limbs during running but not to maximal muscle strength
per se. Cavagna et al. (17) estimated that the Vo, during running
can be 30-40% higher without contributions from elastic storage
and energy return. At higher running speeds, the return of elastic
energy prevails over the contractile machinery and accounts for
most of the work (4). Because of no differences in jump height,
vertical stiffness, and EI between the groups, we concluded that
the adaptations to training at the upper limit of the moderate
domain and below it showed the same magnitude. The difference
in speed from one group to another (even if it only totals 12%)
also increases stress or mechanical load (32), especially when
added to the weekly moderate volume.
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Although the total training volume (in kilometers) was the
same between the groups, the mechanical load profile was likely
different. The groups had different speeds in the moderate-
intensity training sessions (VL; group with an average of 10.1
kmh™! and <VL; group with an average of 9.1
km-h~'—unpublished data from our group). Thus, the VL,
group trained for less time than the <VL; group in most ses-
sions, although this difference was not significant. In addition,
we found no differences in stride frequency between the groups
during these sessions. Previous studies have shown that, at lower
speeds like ours, stride frequency was around 160 steps per
minute, corroborating our findings (33,62). Furthermore, they
found significant increases in stride length with increased speed,
suggesting that the difference between the groups may lie in this
increase. Therefore, biomechanical parameters such as ground
reaction force, ground contact time, stride length, and impulse
(the integral of the force-time curve) should also be discussed for
a better understanding of the results. When stride length
increases at different speeds while stride frequency remains
constant, ground reaction force also increases (52). However,
ground contact time is substantially shorter (33). The literature
indicates that the increase in ground reaction force exceeds the
reduction in contact time as speed increases (58). Consequently,
the impulse per contact tends to be greater at higher speeds.
Because in our study the running speeds of the groups were not
very different, the total training time was also not very different,
the stride frequencies were equalized, and the volume in kilo-
meters was equalized, we suggest that the VL, group experi-
enced a greater mechanical stimulus in sessions with these
characteristics. In fact, this greater temporal exposure may have
benefited the <VL; group, whereas the increased mechanical
stress because of the mileage covered in 70% of the training
sessions may have benefited the VL; group. This hypothesis
shows the importance of equalization by weekly kilometers.
Finally, we understand that both groups showed a similar
magnitude of improvement under different mechanisms. One
limitation of our data concerns our measurements of vertical
stiffness using an app that has only been validated for heel
height.

The transfer of the values and metrics for jump tests fails to
fully reflect the mechanisms that will be applied in the race,
configuring a limitation of this study. Jumps express only the
vertical component of the race, leaving aside the horizontal one.
However, several studies have shown the associations of jumps as
a variable to monitor and control training (3,11). These associ-
ations fail to imply a cause-and-effect relationship by themselves.
However, simply discarding some relationships in variables with
high construct validity can cause researchers and trainers to miss
an important point of information (5).

The optimal effort/recovery ratio has been described as key to
improving performance (6,35). This study equalized the total
weekly volume between groups and planned progressions. It
planned its training protocols so that the training volume would
progressively increase (54) up to the fourth week, decreasing in
the fifth week (values close to the first and second week), and
showing the lowest training volume in the sixth and last week
(65). When we compared the responses of the training load be-
tween the groups over the 6 weeks, we see that, for some variables
and in some weeks, VL; had higher load values and lower re-
covery values than <VL; (from strong to the very strong). These
data show the importance of monitoring the effort/recovery re-
lationship between the groups because they experienced different
intensities in 70% of the kilometers traveled during the 6 weeks.

Copyright © 2026 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.



Adaptation to Moderate Domain Training (2026) 00:00 Jé}ﬁrnal of Sixength and Conditioning Researchm | www.nsca.com

methods of training-intensity quantification. Int | Sports Physiol Perform
15: 319-323, 2020.
8. Billat VL, Flechet B, Petit B, Muriaux G, Koralsztein J-P. Interval training
at VO2max: Effects on aerobic performance and overtraining markers.
Med Sci Sports Exerc 31: 156-163, 1999.
Bishop DJ, Botella J, Genders AJ, et al. High-intensity exercise and mi-
tochondrial biogenesis: Current controversies and future research direc-
tions. Physiology 34: 56-70, 2019.
Bogataj S, Pajek M, Andrasic S, Trajkovi¢ N. Concurrent validity and
reliability of my jump 2 app for measuring vertical jump height in rec-
reationally active adults. Appl Sci 10: 3805, 2020.

Finally, we understand that generalizing the results should be
approached with caution because the sample size consisted of 12
men and 8 women.

We concluded that training at the upper limit of the moderate
domain or 10-15% below it similarly improves trained amateur 9.
runners’ neuromuscular variables and performance. The group
that trained at the upper limit of the moderate domain had higher
values of internal training load, which remained within tolerable
values.

10.

11. Brazier J, Maloney S, Bishop C, Read PJ, Turner AN. Lower extremity
stiffness: Considerations for testing, performance enhancement, and in-
Practical Applications jury risk. | Strength Cond Res 33: 11561166, 2019.
12. Buchheit M, Laursen PB. High-intensity interval training, solutions to the
Because of the same performance improvement in both groups g;‘;gr;;?}mzi%gl 3p uzzle: Part I: Cardiopulmonary emphasis. Sports Med 43:
and !ess mechanical stress. for <.V.L1’ ph).'su:al tra.lners .and 13. Burnley M, Bearden SE, Jones AM. Polarized training is not optimal for
running coaches can organize training durlng certain perlods endurance athletes. Med Sci Sports Exerc 54: 1032-1034, 2022.
thinking about goals such as less impact or mechanical stress 14. Campos Y, Casado A, Vieira JG, et al. Training-intensity distribution on
on lower limbs. Moreover, if trainers need to increase the middle- and long-distance runners: A systematic review. Int | Sports Med
weekly volume for individuals with limited training time (only 43: 305-316, 2022. . L . .
. . 15. Carnes AJ, Mahoney SE. Polarized versus high-intensity multimodal
1 hour of training per session), they can opt for the upper training in recreational runners. Int | Sports Physiol Perform 14:
moderate limit because this alternative allows for greater 105-112, 2019.
session volume and an internal load within tolerable limits. 16. Casado A, Hanley B, Santos-Concejero ], Ruiz-Pérez LM. World-class
Furthermore, future research could delve deeper into com- long-distance running performances are best predicted by volume of easy
. 5.5 runs and deliberate practice of short-interval and tempo runs. | Strength
paring other percentages below the upper limit of the mod- C
. . . . ond Res 35:2525-2531, 2021.
erate. domain, to detect possible differences in the 17. Cavagna GA, Saibene FP, Margaria R. Mechanical work in running.
physiological responses of amateur runners under their coach. T Appl Physiol 19: 249-256, 1964.
Fina]]y, it would be interesting to observe these responses in 18. Cerezuela-Espejo V, Courel-Ibafiez J, Moran-Navarro R, Martinez-Cava
a longer training program, for example, more than 10 weeks. A, Pallarés JG. The relationship between lactate and ventilatory thresholds
in runners: Validity and reliability of exercise test performance parame-
ters. Front Physiol 9: 1320, 2018.
19. Claudino JG, Cronin J, Mezéncio B, et al. The countermovement jump to
Acknowledgments monitor neuromuscular status: A meta-analysis. | Sci Med Sport 20:
. . 397-402, 2017.
No fun'dlng was provided fOIj the current work. The, autho'rs 20. Dantas JL, Doria C. Detection of the lactate threshold in runners: What is
would like to thank all the subjects who selflessly participated in the ideal speed to start an incremental test? | Hum Kinet 45: 217-224,
the study. The experimental work conforms to the highest 2015.
standards of safety and ethics, and to the laws of the country in ~ 21. Dominguez-Mufioz A, Adsuar JC, Villafaina S, Leon-Llamas JL, Domi-
which the work took place. The authors state that there is no nguez-Mufioz FJ. Test-retest reliability of ankle mobility, balance, and
. . .. . jump tests in amateur trail running athletes. Sporzs 13: 352, 2025.
conflict Of. 1nFerest. All al.lthors participated - in .the study 22. Esteve-Lanao J, Foster C, Seiler S, Lucia A. Impact of training intensity
conceptualization. M. P. Guimaraes and Y. F. Foresti managed distribution on performance in endurance athletes. | Strength Cond Res
the data collection and analysis. M. P. Guimaraes, P. H. S. M. de 21: 943-949, 2007.
Azevedo, and M. Papoti interpreted the results. M. P. Guimardes  23. Festa L, Tarperi C, Skroce K, La Torre A, Schena F. Effects of different
wrote the first draft and prepared figures and Y. F. Foresti. P. H. training intensity distribution in recreational runners. Front Sports Act
L > Living 1: 70-77, 2019.
S. M de Azevedo and M Pap.Ot.I provided feedback and 24. Figueiredo DH, Figueiredo DH, Manoel FA, Machado FA. Peak running
contributed to the manuscript revision. All authors read and velocity vs. critical speed: Which one is better to prescribe endurance
approved the final version of the manuscript. training to recreational runners? ] Strength Cond Res 37: 1783-1788,
2023.
25. Follador L, de Borba EF, da Silva SG. Relationship of critical speed derived
References from a 10-min submaximal treadmill test to 5-km and 10-km running
1. Bagchi A, Raizada S, Thapa RK, Stefanica V, Ceylan HI. Reliability and performances. Appl Physiol Nutr Metab 47: 159-164, 2022.
accuracy of portable devices for measuring countermovement jump height ~ 26. Foster C. Monitoring training in athletes with reference to overtraining
in physically active adults: A comparison of force platforms, contact mats, syndrome. Med Sci Sports Exerc 30: 1164-1168, 1998.
and video-based software. Life 14: 1394, 2024. 27. Foster C, Casado A, Esteve-Lanao J, Haugen T, Seiler S. Polarized training
2. Balsalobre-Fernandez C, Tejero-Gonzalez CM, del Campo-Vecino J. is optimal for endurance athletes. Med Sci Sports Exerc 54: 1028-1031,
Hormonal and neuromuscular responses to high-level Middle- and long- 2022.
distance competition. Int | Sports Physiol Perform 9: 839-844, 2014. 28. Foster C, Daines E, Hector L, Welsh R, Snyder AC. Athletic performance
3. Balsalobre-Fernandez C, Tejero-Gonzalez CM, del Campo-Vecino J. in relation to training load. Wis Med J 95: 370-374, 1996.
Relationships between training load, salivary cortisol responses and per- 29. Galan-Rioja MA, Gonzalez Mohino F, Poole DC, Gonzalez Ravé JM.
formance during season training in middle and long distance runners. Relative proximity of critical power and metabolic/ventilatory thresholds:
PLoS One 9: €106066, 2014. Systematic review and meta-analysis. Sports Med 50: 1771-1783, 2020.
4. Barnes KR, Kilding AE. Running economy: Measurement, norms, and 30. Galbraith A, Hopker J, Cardinale M, Cunniffe B, Passfield L. A one-year
determining factors. Sports Med Open 1: 8,2015. study of endurance runners: Training, laboratory and field tests. Int |
5. Bassett DR, Howley ET. Limiting factors for maximum oxygen uptake Sports Physiol Perform 9: 1019-1025, 2014.
and determinants of endurance performance. Med Sci Sports Exerc 32: 31. Galbraith A, Hopker J, Lelliott S, Diddams L, Passfield L. A single-visit
70-84, 2000. field test of critical speed. Int | Sports Physiol Perform 9: 931-935, 2014.
6. Bellinger P. Functional overreaching in endurance athletes: A necessity or 32. Garcia-Pinillos F, Garcia-Ramos A, Ramirez-Campillo R, Latorre-Roman

Copyright © 2026 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

cause for concern? Sports Med 50: 1059-1073, 2020.

. Bellinger P, Arnold B, Minahan C. Quantifying the training-intensity

distribution in middle-distance runners: The influence of different

9

PA, Roche-Seruendo LE. How do spatiotemporal parameters and lower-
body stiffness change with increased running velocity? A comparison
between novice and elite level runners. ] Hum Kinet 70: 25-38, 2019.


www.nsca.com

Adaptation to Moderate Domain Training (2026) 00:00

33.

34.
35.
36.
37.

38.

39.

40.

41.
42,
43.
44,

45.

46.

47.

48.

49.

Copyright © 2026 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

Garcia-Pinillos F, Jerez-Mayorga D, Latorre-Roman PA, Ramirez-
Campillo R, Sanz-Lopez F, Roche-Seruendo LE. How do amateur en-
durance runners alter spatiotemporal parameters and step variability as
running velocity increases? A sex comparison. | Hum Kinet 72: 39-49,
2020.

Haynes T, Bishop C, Antrobus M, Brazier J. The validity and reliability of
the my jump 2 app for measuring the reactive strength index and drop
jump performance. | Sports Med Phys Fitness 59: 253-258, 2019.
Herring SA, Kibler WB, Putukian M, et al. Load, overload, and recovery in
the athlete: Select issues for the team physician—A consensus statement.
Med Sci Sports Exerc 18: 821-828, 2019.

Hooper SL, Mackinnon LT, Howard A, Gordon RD, Bachmann AW.
Markers for monitoring overtraining and recovery. Med Sci Sports Exerc
27:106-112, 1995.

Jamnick NA, Pettitt RW, Granata C, Pyne DB, Bishop DJ. An examina-
tion and critique of current methods to determine exercise intensity. Sports
Med 50: 1729-1756, 2020.

Jenkins DG, Quigley BM. Endurance training enhances critical power.
Med Sci Sports Exerc 24: 1283-1289, 1992.

Johansson RE, Adolph ST, Swart J, Lambert MI. Accuracy of GPS sport
watches in measuring distance in an ultramarathon running race. Int |
Sports Sci Coach 15:212-219, 2020.

Jones AM, Doust JH. A 1% treadmill grade most accurately reflects the
energetic cost of outdoor running. | Sports Sci 14: 321-327, 1996.
Jones AM, Vanhatalo A, Burnley M, Morton RH, Poole DC. Critical
power: Implications for determination of VO2max and exercise tolerance.
Med Sci Sports Exerc 42: 1876-1890, 2010.

Joyner MJ, Hunter SK, Lucia A, Jones AM. Physiology and fast mar-
athons. | Appl Physiol (1985) 128: 1065-1068, 2020.

Karsten B, Stevens L, Colpus M, Larumbe-Zabala E, Naclerio F. The
effects of sport-specific maximal strength and conditioning training on
critical velocity, anaerobic running distance, and 5-km race performance.
Int | Sports Physiol Perform 11: 80-85, 2016.

Keir DA, Iannetta D, Maturana FM, Kowalchuk JM, Murias JM. Iden-
tifcation of non-invasive exercise thresholds- methods, strategies, and an
online app. Sports Med 2: 1-19, 2021.

Kenttd G, Hassmén P. Overtraining and recovery: A conceptual model.
Sports Med 26: 1-16, 1998.

Kranenburg KJ, Smith DJ. Comparison of critical speed determined from
track running and treadmill tests in elite runners. Med Sci Sports Exerc 28:
614-618, 1996.

Lee MD, Wagenmakers E-]. Bayesian Cognitive Modeling: A Practical
Course. Cambridge: Cambridge University Press, 2013.

Li F, Newton RU, Shi Y, Sutton D, Ding H. Correlation of eccentric
strength, reactive strength, and leg stiffness with running economy in well-
trained distance runners. | Strength Cond Res 35: 1491-1499, 2021.
Liu B, Wu J, Shi Q, et al. Running economy and lower extremity stiffness
in endurance runners: A systematic review and meta-analysis. Front
Physiol 13: 1059221, 2022.

10

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

J(t)hlelmal of Snrength and Conditioning Research”

Mengersen KL, Drovandi CC, Robert CP, Pyne DB, Gore C]J. Bayesian
estimation of small effects in exercise and sports science. PLoS One 11:
e0147311, 2016.

Mikkola J, Vesterinen V, Taipale R, Capostagno B, Hikkinen K, Num-
mela A. Effect of resistance training regimens on treadmill running and
neuromuscular performance in recreational endurance runners. | Sports
Sci 29: 1359-1371, 2011.

Miltko A, Milner CE, Powell DW, Paquette MR. The influence of surface
and speed on biomechanical external loads obtained from wearable
devices in rearfoot strike runners. Sports Biomech 24: 541-555, 2025.
Moore IS. Is there an economical running technique? A review of modi-
fiable biomechanical factors affecting running economy. Sports Med 46:
793-807, 2016.

Nuuttila O-P, Nummela A, Hikkinen K, Seipajarvi S, Kyroldinen H.
Monitoring training and recovery during a period of increased intensity or
volume in recreational endurance athletes. It | Environ Res Public Health
18: 2401, 2021.

Westfall P. A Bayesian perspective on the Bonferroni adjustment. Bio-
metrika 84: 419-427,1997.

Quintana DS, Williams DR. Bayesian alternatives for common null-
hypothesis significance tests in psychiatry: A non-technical guide using
JASP. BMC Psychiatry 18: 178, 2018.

Tibana RA, Sousa NF, Prestes J. Crossfit® training load quantification
through session-rate of perceived exertion: A case study and review. Rev
Bras Ci E Mov 25: 5-13,2017.

Schache AG, Blanch PD, Dorn TW, Brown NAT, Rosemond D, Pandy
MG. Effect of running speed on lower limb joint kinetics. Med Sci Sports
Exerc 43: 1260-1271, 2011.

Schumann M, Botella J, Karavirta L, Hikkinen K. Training-load-guided
vs standardized endurance training in recreational runners. Int | Sports
Physiol Perform 12:295-303, 2017.

Sitko S, Artetxe X, Bonnevie-Svendsen M, et al. What is “Zone 2 Train-
ing”?: Experts’ viewpoint on definition, training methods, and expected
adaptations. Int | Sports Physiol Perform 20: 1614-1617, 2025.

Stoggl TL, Sperlich B. Editorial: Training intensity, volume and recovery
distribution among elite and recreational endurance athletes. Front
Physiol 10: 592, 2019.

Van Qeveren BT, De Ruiter CJ, Beek PJ, Van Dieén JH. Optimal stride
frequencies in running at different speeds. PLoS One 12:e0184273,2017.
Wasserman K, Whipp BJ, Koyl SN, Beaver WL. Anaerobic threshold and
respiratory gas exchange during exercise. | Appl Physiol 35: 236-243,
1973.

Weltman J, Seip R, Levine S, Snead D, Rogol A, Weltman A. Prediction of
lactate threshold and fixed blood lactate concentrations from 3200-rn
time trial running performance in untrained females. Int | Sports Med 10:
207-211, 1989.

Zinner C, Schifer Olstad D, Sperlich B. Mesocycles with different training
intensity distribution in recreational runners. Med Sci Sports Exerc 50:

1641-1648, 2018.



