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Abstract

Background The long-term monitoring of internal and external training load is crucial for the training effectiveness
of athletes. This study aims to quantify the internal and external training loads of collegiate male volleyball players
during the competitive season. The internal and external training load variables were analyzed across mesocycles and
playing positions.

Methods Fourteen participants with age of 20.2+ 1.3 years, height of 1.81+0.05 m, and body weight of 70.8+5.9 kg
were recruited. The data were collected over a 29-week period that was divided into four mesocycles: preparation 1
(P1, weeks 1-7), competition 1 (C1, weeks 8-14, including a 5-day tournament in week 14), preparation 2 (P2, weeks
15-23), and competition 2 (C2, weeks 24-29, including a 6-day tournament in week 29). Each participant wore an
inertial measurement unit and reported the rating of perceived exertion in each training session. The internal training
load variables included weekly session rating of perceived exertion, acute: chronic workload ratio, and training
monotony and strain. The external training load variables included jump count and height and the percentage of
jumps exceeding 80% of maximal height.

Results C2 had the highest average weekly internal training load (3022 + 849 AU), whereas P2 had the highest
average weekly acute: chronic workload ratio (1.46+0.13 AU). The number of weekly jumps in C1 (466.0+176.8) was
significantly higher than in other mesocycles. Weekly jump height was significantly higher in C1, P2, and C2. Internal
training load was positively correlated with jump count (p=0.477, p<0.001). Jump count was negatively correlated
with jump height (p = —0.089, p=0.006) and the percentage of jumps exceeding 80% of maximal height (o = —0.388,
p<0.001). The internal and external training load variables were similar among different playing positions.
Conclusion The participants exhibited significantly higher internal training load in C2 and higher jump height after

P1. A high jump count was associated with higher internal training load and lower jump height. Excessive jumps may
result in fatigue and reduce height.
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Background

The long-term monitoring of training load is crucial
for the training effectiveness of elite athletes. Sufficient
intensity and volume are required to reach the optimal
training outcomes. However, exceeding the training
threshold excessively can result in overtraining, which
can reduce athletic performance and increase the risk of
injury [1]. Each athlete may have a unique response to a
given training load. Consequently, long-term monitor-
ing of training load and response in individual athletes is
essential for manipulating training intensity and volume
to elicit a positive response while allowing for adequate
recovery [2]. External and internal variables may be used
to assess the training load. The external training load is
the physical stimulus imposed on the athletes, such as
jump count and height, movement speed and distance,
or the weight used in resistance training. Internal train-
ing load reflects the psychophysiological stress caused
by external training load [3]. The methods for quantify-
ing training load should be sensitive to the specific sport
while being convenient enough to be used frequently.

One of the most practical and commonly used methods
to estimate internal training load is session rating of per-
ceived exertion (sRPE). This simple subjective evaluation
correlates strongly with objective indicators of training
load, such as heart rate reserve percentage and blood lac-
tate concentration [4]. Additional variables derived from
sRPE, such as acute: chronic workload ratio (ACWR),
training monotony, and training strain, can provide addi-
tional insight into both positive and negative training
outcomes [5].

ACWR, the ratio of weekly internal training load and
rolling average of weekly internal training load in the
preceding four weeks, represents the relative changes in
the internal training load in the present week compared
to the previous month. In numerous sports, including
professional volleyball, an ACWR greater than 1.5 arbi-
trary unit (AU) has been associated with an increased
risk of injury [1]. An ACWR between 1.00 and 1.49 AU
posed the lowest risk for injury, compared to lower or
higher levels, during a professional basketball season [6].
Another study found that an ACWR value greater than
1.5 AU was associated with an increased risk of injury in
elite rugby league players, particularly when combined
with an increased workload [7]. Similar outcomes were
discovered for athletes in other sports [8, 9]. Therefore,
the International Olympic Committee consensus state-
ment recommends that weekly increases in training load
should not exceed 10% to avoid negative effects [10].

A training monotony greater than 2 AU, indicating
less variation among training loads in sessions, has been
suggested to significantly increase the risk of injury and
overtraining [11]. Higher training monotony was also
linked to increased muscle soreness, stress, fatigue, sleep
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disturbances, and decreased perception of recovery and
peak power in the lower limbs in male professional vol-
leyball players [12—14]. Training strain denotes the
cumulative stress induced by the workload throughout
the week [11]. Elevated training strain has been associ-
ated with muscle soreness and a diminished sense of
recovery in elite volleyball players [13, 14].

Volleyball is distinguished by its high-intensity and
intermittent movements, with jumping being the primary
offensive and defensive technique [15]. Consequently,
the majority of research and practical applications
on external training load and volleyball performance
focus on jump count and height. In recent years, wear-
able inertial measurement devices have enabled coaches
and researchers to collect real-time data on the vertical
displacement of volleyball players during training and
competition [16, 17]. The variations in jump demand in
training and matches have also been explored in differ-
ent playing positions with distinct offensive and defensive
roles [18].

The combination of internal and external training
load variables is required to comprehensively monitor
the training response of individual athletes. However,
research on volleyball players’ internal and external train-
ing loads throughout an entire competitive season is
limited. Furthermore, the relationships among internal
and external training load variables are still unclear in
volleyball players. This study aims to quantify the inter-
nal and external training loads using sRPE and wearable
devices, respectively, of collegiate male volleyball players
during a competitive season. We hypothesized that (1)
internal and external training load variables are different
across four mesocycles; (2) participants of different play-
ing positions have different internal and external train-
ing load; and (3) internal and external training load are
correlated.

Methods

Study design

The study utilized an observational cohort study design.
Internal and external training load data in each tactical
training session were collected during a 29-week com-
petitive season.

Participants

Sixteen male athletes from a Division I university vol-
leyball team in Taichung, Taiwan, were initially recruited
through convenient sampling. Two participants with-
drew from the study for personal reasons. The final data
included 14 participants who were 20.2+1.3 years old,
1.81£0.05 m tall, and 70.8+5.9 kg in weight. The par-
ticipants were separated into three groups according to
their primary playing positions, hitters (outside hitters
and opposite, n=7), middle blockers (n=5), and setters
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(n=2). Exclusion criteria included inability to train due
to injuries or illness, cardiovascular or metabolic dis-
ease, or participation in fewer than two training sessions
per week. Liberos were also excluded from the study
because the jumping requirement is low in their primary
defensive role. The study protocol was approved by the
Research Ethics Committee, Jen-Ai Hospital, Taichung,
Taiwan (110-03). Participants or legal guardians signed
the informed consent document.

Procedures

The data of internal and external load were collected
during a 29-week competitive season from September,
2021 to March, 2022. The season was divided into four
mesocycles: preparation 1 (P1, weeks 1-7), competition
1 (C1, weeks 8-14, with a 5-day tournament in week 14),
preparation 2 (P2, weeks 15-23), and competition 2 (C2,
weeks 24-29, with a 6-day tournament in week 30). The
final day of data collection occurred one day before the
second tournament. The team usually held 3 to 4 tacti-
cal and technical training session per week throughout
the season. A total of 78 training sessions were recorded.
Weight training sessions, typically held 1 to 2 times per
week depending on the mesocycles, were scheduled on
different days than tactical and technical training. Data
on these weight training sessions were not collected.

Internal training load

All players rated their effort on a 10-point scale approxi-
mately 15 min after each training session [19]. The sRPE
was calculated by multiplying the RPE by the duration
(in min) of the session. Subsequently, the following vari-
ables were calculated: (1) the internal training load, the
sum of sRPE throughout the week; (2) ACWR, the ratio
of weekly internal training load and rolling average of
weekly internal training load in the preceding 4 weeks; (3)
the training monotony, determined by dividing the mean
sRPE achieved across all training sessions of the week by
the standard deviation; and (4) the training strain, deter-
mined by multiplying internal training load by training
monotony [11]. Throughout the duration of the study, all
variables were computed on a weekly basis.

External training load

Jump count and height in each training session were
measured by inertial measurement units (VERT wear-
able jump monitor, VERT COACH, Fort Lauderdale, FL,
USA). Throughout each training session, the unit was
secured to the participant’s posterior superior iliac spine
with a belt. The data were wirelessly transmitted via Blue-
tooth to the iPad application for the VERT COACH Sys-
tem. The jump count and average height were calculated
for each training session.
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One week prior to the start of week 1, the maximal
attack jump height was measured for each participant
using VERT. Each participant performed three attack
jumps with greatest effort, and the highest result was
recorded as their maximal jump height. The height of
each jump during all training sessions was manually
extracted from the VERT COACH System and divided
by the respective participant’s maximal jump height. The
percentage of jumps exceeding 80% of their maximal
jump height was then calculated.

Good inter-device reliability allows the VERT unit to
record 99.3% of the jumps performed during volleyball
practice and competition [17]. Although VERT overesti-
mated jump height by an average of 5.5 cm, it is a con-
venient and acceptable measure of on-court jump count
and height [17].

Statistical analysis

The average weekly internal and external training load
variables in each mesocycle was used for analysis. The
data were presented as the meanzstandard deviation
format. As indicated by the Shapiro—Wilk test, the data
were not normally distributed. Therefore, the Friedman
test was used to compare internal and external training
load variables across the four mesocycles. In the pres-
ence of a significant time effect, Wilcoxon post-hoc com-
parisons were conducted. Using the Kruskal-Wallis test,
differences in internal and external load variables among
participants of different playing positions were analyzed,
followed by Wilcoxon tests for post-hoc comparisons if
significant effects were observed. Spearman’s rank cor-
relation coefficient was used to analyze the correlation
between internal training load, jump count and height,
and the percentage of jumps exceeding 80% of maximal
height. The significance level was set at a=0.05, whereas
the significance level in post-hoc tests was set at p<0.05
divided by the number of pairwise comparisons [20].
Effect sizes were measured using Kendall’s W. Kendall’s
W values of 0.1 to <0.3 indicate a small effect, 0.3 to <0.5
indicate a moderate effect, and values>0.5 represent a
large effect size [21]. Based on the sample size of 14, the
effect size of 0.85 can be detected with the power of 0.8,
as estimated using the software G*Power 3.1. The soft-
ware SPSS for Windows version 23.0 (IBM, Armonk, NY,
USA) was used for statistical analysis.

Results

Table 1 presents the internal training load variables for
all participants and different positions across the four
mesocycles. C2 exhibited the highest average weekly
internal training load, which was significantly higher
than that in P1 (p=0.011, Kendall's W=0.327) and C1
(p=0.001, Kendall's W=0.735). Meanwhile, P2 had the
highest weekly average ACWR, which was significantly
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Table 1 The weekly internal training load variables in participants of different playing positions during the four mesocycles

Position Preparation 1 Competition 1 Preparation 2 Competition 2
Internal training load (AU)
All 2205+534 24264583 2652+643 3022+849™
Hitter 2088+ 555 2276+619 2262+687 2567 +861
Middle blocker 2122+444 24214463 29944231 3426+ 564
Setter 2846+333 2961+733 3160+413 3604+ 846
ACWR? (AV)
Al 1.25+0.44 0.99+0.10 146+0.13" 111£0.16
Hitter 1.26+0.37 0.98+0.11 143+0.17 1.07+0.06
Middle blocker 131061 1.00+£0.11 1.50+£091 1.08+0.09
Setter 1.03+0.03 0.96+0.64 146+0.13 1.08+0.09
Training monotony (AU)
All 0.93+0.24 1.07+0.12 0.94+0.10 0.97+£0.06
Hitter 0.93+0.27 1.06+0.16 092+0.14 0.94+0.07
Middle blocker 0.90+0.26 1.06+0.10 0.97+0.06 0.98+0.03
Setter 1.00+£0.12 1.10+£0.01 0.94+0.10 1.02+034
Training strain (AU)
All 23414722 29194837 31411904 3020+933
Hitter 2270+834 2780+977 2680+1027 2528+949
Middle blocker 2204+ 668 2868+ 681 3551+433 34254584
Setter 29334294 3534+787 37324729 372841020

2ACWR: acute: chronic workload ratio; *p<0.05 vs. Preparation 1; fp<0.05 vs. Competition 1; 0 <0.05 vs. Competition 2

Table 2 Average weekly jump count and jump height among participants of different playing positions in each of the four

mesocycles
Position Preparation 1 Competition 1 Preparation 2 Competition 2
Jump count
All 2773+£128.1 466.0+176.8" 283.3+£99.1 2985+102.5
Hitter 2433+66.0 392.5+46.0 2454+60.6 272.7+683
Middle blocker 21391746 433.5+145.1 2804+1126 269.1+£72.1
Setter 5386+225 804.9+107.1 42334751 475541273
Jump height (cm)
All 49.82+4.58 59.29+887" 59.82+1043" 61.25+1042"
Hitter 51.40+£2.29 62.89+7.92 62.32+10.28 64.48+9.59
Middle blocker 51.13+£3.82 58.79+6.49 60.38+7.50 62.09+6.99
Setter 40.97+0.52 4790+11.30 49.70+17.46 47.81+£15.06
Jumps > 80% of max height (%)
All 4091+12.28 41.56+14.79 42.74+15.80 44.74+16.86
Hitter 47.05+4.96 46.89+6.95 4590+13.03 50.12+897
Middle blocker 4135+11.51 48.83+1.59 5251+£1.76 5393+£523
Setter 18.78+0.98 11.96+0.93 16.99+06.34 12.09+1.38

#p<0.05 vs. Preparation 1; 'p<0.05 vs. other three mesocycles

higher than that in C1 (p=0.001, Kendall's W =1.000) and
C2 (p=0.011, Kendall's W=0.735). Although these com-
parisons had Kendall’s W larger than 0.5, indicating large
effects, it is noteworthy that an effect size of 0.85 can
be detected with a power of 0.8 given this sample size.
Training monotony and strain did not differ significantly
across the four mesocycles. Internal load variables exhib-
ited consistent trends across positions, with the highest
average weekly internal training load in C2 and the high-
est ACWR in P2. Furthermore, internal load variables
did not show significant differences among participants

of different playing positions across any mesocycle.
Although it is noteworthy that setters reported a higher
average internal training load than hitters and middle
blockers in all mesocycles.

Weekly jump count and average jump height and the
percentage of jumps exceeding 80% of maximal height for
each mesocycles are presented in Table 2. C1 recorded
a significantly higher weekly jump count than the other
mesocycles (all p<0.001, Kendall's W=0.673). Setters
showed a higher average jump count than hitters and
middle blockers in every mesocycle, but the differences
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were statistically insignificant. Jump height gradually
increased from P1 to C2, reaching its peak in C2. The
jump height in C1 (p=0.002, Kendall's W=0.510), P2
(p=0.006, Kendall's W=0.327), and C2 (p=0.002, Kend-
all's W=0.735) was significantly higher than that in P1.
No statistically significant difference in average jump
height and percentage of jumps exceeding 80% of maxi-
mal height were observed among players of different
positions, although setters exhibited the lowest levels in
both categories.

A positive correlation was found between inter-
nal training load and jump count (p=0.477, p<0.001,
Fig. 1A). Following the rest in week 15, the internal train-
ing load gradually increased beginning in week 16, reach-
ing its peak in the week preceding the second tournament
(week 29, 5437+1944) (Fig. 1A). Meanwhile, the weekly
average jump count peaked in week 12 of C1 (651%278).
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correlated with the percentage of jumps exceeding 80% of
maximal height (p =—-0.141, p<0.001, Fig. 1B).

A negative correlation was identified between jump
count and jump height (p = —0.089, p=0.006, Fig. 2A).
Weekly average jump height gradually increased during
P1, plateauing from week 9 onwards. A negative corre-
lation was also found between jump count and the per-
centage of jumps exceeding 80% of maximal height (p =
—0.388, p<0.001, Fig. 2B).

Weekly ACWR, training monotony, and training strain
are depicted in Fig. 3A and B, and 3C, respectively. The
highest ACWR value occurred in week 17 (2.19+0.45;
Fig. 3A), primarily as a result of the decreased internal
training load in weeks 14—15. Training monotony peaked
at 1.45+0.31 in week 11, and ranged between 0.57+0.02
and 1.35+0.11 in other weeks (Fig. 3B). The final week
saw the highest training strain, at 5437 +1944 (Fig. 3C).

Additionally, internal training load was negatively
1000 A 6000
5000
800
=)
40005
600 g
—~ o
3 [ | o
=3 f 3000-Z
= 400 I T £
s
i 2000 &
5
200 |
g I g 1000
3 3
i 2MT11E
1 23456 7 8 91011121314 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Pl Cl P2 2
80 B 6000
70
5000
_ 60 [
S ~
< 4000 2
& 50 =
%) <
= 2
% w
2 40 3000-5
X 'z
o b=}
0 —
A 30 g
& 2000 8
g 5
20
I = I - 1000
10 S °
% 4
o3 o
z S
0 0
1 23456 78 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29
Pl cl P2 2

Fig. 1 (A) Weekly jump count (.) and internal training load (-@-), (B) weekly percentage of jumps exceeding 80% of maximal height (.) and internal
training load (-@-) in the four mesocycles. C1: competition 1; C2: competition 2; P1: preparation 1; P2: preparation 2
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Discussion

This study quantified the internal and external train-
ing load of collegiate male volleyball players during a
competitive season. Internal and external training load
variables did not show significant differences among
participants across various playing positions in any
mesocycle. The results revealed a significantly posi-
tive correlation between the internal training load, as
measured by sRPE, and the external training load, as
measured by jump count and the percentage of jumps
exceeding 80% of maximal height. In addition, the pres-
ence of a negative correlation between jump count and
height and the percentage of jumps exceeding 80% of
maximal height implies that a higher frequency of jumps
during training sessions may be associated with dimin-
ished jump height. Furthermore, ACWR was below 1.5

in the majority of weeks, which was likely to minimize
injury risk.

The positive correlation between internal and external
training load was consistent with a previous study that
reported a positive correlation (r=0.49) between weekly
sRPE and the number of jumps in professional male vol-
leyball players [22]. Internal training load was also a
strong predictor of heart-rate derived training impulse
in collegiate female beach volleyball players [23]. In pro-
fessional volleyball players, internal training load was
significantly correlated with fatigue, sleep quality, mus-
cle soreness, perceived recovery, psychological stress,
well-being, and creatine kinase concentration [24-26].
Furthermore, sSRPE was sensitive to the total number of
repetitions in high-intensity whole-body movements
[27]. These findings demonstrate that the convenient
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Fig. 3 (A) Acute: chronic workload ratio (ACWR), (B) training monotony,
and (C) training strain in the four mesocycles. C1: competition 1; C2: com-
petition 2; P1: preparation 1; P2: preparation 2

sRPE method was able to reflect external training load
and recovery status.

The short tournament-style competition of the colle-
giate season contrasts with the longer, fewer-games-per-
week format of the professional season. The relatively
weaker five-day tournament in week 14 served as the
qualifying round for the stronger second tournament in
week 30. The top six teams from the six-day second tour-
nament advanced to the third and final tournament. Each
consecutive day, the team played one match in the tour-
naments. Therefore, the training program’s objective was
to achieve peak performance for the second tournament
by gradually increasing the training load in P2 and C2
while maintaining a reasonable ACWR, monotony, and
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strain. The weekly internal training load in this group of
collegiate volleyball players was lower than that in profes-
sional athletes [13, 26]. Despite a packed match schedule,
the participants reported a relatively light internal train-
ing load during week 14 compared to previous weeks.
This is consistent with a previous study which found
that collegiate female volleyball players jump less during
competition than during training [28]. The high internal
training load in week 29, one week prior to the second
tournament, was somewhat unexpected given that the
total number of jumps had been reduced for the purpose
of tapering. It is possible that the psychological pressure
before the important tournament was reflected in RPE.
Unfortunately, the investigated team failed to advance
to the third and final tournament. This training program
adopted by this collegiate team is different from that in
professional volleyball seasons in which two or three
matches were played in a week for several months. Pro-
fessional teams typically had a lower training load dur-
ing competitive mesocycles than that during preparatory
mesocycles to ensure the optimal match performance
[13].

An ACWR between 1.00 and 1.49 posed the lowest
risk for injury, compared to lower or higher levels, dur-
ing a competitive season [6]. It appeared that the train-
ing load was effectively managed in the present study
because the average ACWR was below the 1.5 threshold
in most weeks. Due to the light internal training load in
weeks 14-16, the ACWR peaked in weeks 17 and 18.
After a week of rest, the participants were eased into P2
mesocycle.

A weekly training monotony greater than 2, indicating
a lack of variation among training loads in sessions, has
been suggested to significantly increase the risk of injury
and overtraining [11]. For example, a higher training
monotony was associated with a greater likelihood of ill-
ness and traumatic injury among soccer players [29, 30].
In the present study, training monotony ranged between
0.57 and 1.45 in most weeks, indicating a reasonable vari-
ation in intra-week training loads. Although the training
program appeared to be well-tolerated, the negative cor-
relation between jump count and jump height suggests
that elevated training load still led to fatigue in the par-
ticular session.

This study reveals that setters exhibited a trend of
higher average jump counts during training sessions
across playing positions, a pattern observed consis-
tently at both collegiate and professional levels. Previ-
ous researches showed that setters perform more jumps
during training sessions compared to middle blockers
and outside hitters in collegiate [31] and professional vol-
leyball teams [32]. The high frequency of jumps among
setters during training aligns with their performance
during collegiate [31] and professional matches [18, 32].
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However, despite their higher jump frequency during
both practice and matches, setters executed jumps with
less intensity [18, 31, 32]. This study also showed that set-
ters had only an average of 11.96—18.78% jumps exceed-
ing 80% of maximal height during training in various
mesocycles. It’'s worth noting that statistical comparisons
to analyze jump count and height among various play-
ing positions were not conducted in the aforementioned
studies due to limited sample sizes [18, 31, 32]. Similarly,
this study did not find statistically significant differences
in jump count and height and the percentage of jumps
exceeding 80% of maximal height across different playing
positions.

Our results showed that the internal training load was
comparable for players of different positions. The pri-
mary reason is that all participants followed the same
training regimen and schedule. On the contrary, it has
been shown that middle blockers experienced the highest
internal training load [33], whereas another study indi-
cated that middle blockers had lowest workload as mea-
sured by local positioning system among all positions in
elite volleyball players [34]. This disparity may be a result
of teams’ varied playing tactics.

This research has several limitations. First, data were
collected from a single team. Although it ensured that
all participants followed the same training program,
the results may not be extrapolated to other teams with
varying training levels. Second, in this group of student
athletes, RPE may be affected by factors other than vol-
leyball training, such as academic load or part-time jobs.
Third, horizontal movements were not quantified in
this research, despite their importance to performance.
Fourth, the lack of competition data could influence the
training data. Lastly, due to the small sample size of par-
ticipants and players in each playing positions, an effect
size of 0.85 can be identified with the power of 0.8. Most
comparisons had Kendall's W lower than 0.85 except for
P2 having significantly higher weekly average ACWR
than that in C1. Small sample sizes may also result in a
lack of distinction between playing positions.

In conclusion, this study revealed a positive correla-
tion between internal and external training loads in a col-
legiate team. In addition, internal and external training
load variables did not show significant differences among
participants across various playing positions in any
mesocycle. Future research may incorporate horizontal
motions to more precisely quantify the external training
load.

Practical applications

Our findings provide coaches with practical methods for
assessing internal and external training loads, facilitating
the implementation of periodization and recovery strat-
egies. Given the notable positive correlation between
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internal and external training loads, the simple sRPE
can yield valuable insights into training stress even when
inertial measurement units are unavailable. Coaches are
advised to include weekly ACWR, training monotony,
and strain assessments in their monitoring routines to
prevent injuries and overtraining. In addition, coaches
should be aware that a high jump count during a training
session may lead to the feeling of fatigue and a reduction
in jump height.
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