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Abstract

Purpose The aim of this study was to analyze the within-week differences in external training intensity in different
microcycles considering different playing positions in women elite volleyball players.

Methods The training and match data were collected during the 2020-2021 season, which included 10 friendly
matches, 41 league matches and 11 champions league matches. The players’ position, training/match duration,
training/match load, local positioning system (LPS) total distance, LPS jumps, accelerations, decelerations, high
metabolic load distance (HMLD), acute and chronic (AC) mean and AC ratio calculated with the rolling average
(RA) method and the exponentially weighted moving average (EWMA) method, monotony and strain values were
analyzed.

Results All the variables except strain, Acc/Dec ratio and acute mean (RA) showed significant differences among
distance to match days. Regarding the players' positions, the only difference was found in the AC ratio (EWMA); in all
microcycles, the middle blocker player showed workload values when compared with the left hitter, setter and libero.

Conclusion Overall, the analysis revealed that the intensity of all performance indicators, except for strain, acc/dec
and acute mean load (RA), showed significant differences among distance to match day with moderate to large effect
sizes. When comparing players’ positions, the middle blocker accumulated the lowest loads. There were no significant
differences among other positions.
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Background

Gaining a competitive advantage is one of the goals of
training and studies focused on sports science [1, 2]. The
adoption of recording and monitoring the training inten-
sity has become an important tool in training, but if these
data accumulate and there is no time to critically analyze,
present and apply them, nothing will positively affect
day-to-day training [3]. In parallel with this concern and
technological advancements, several biological or physio-
logical monitoring tools of the athlete are used to identify
athletes’ responses to training demands, fatigue, recovery
rates and injury risk [3-8].

Training intensity — a term that unites the constructs
of training intensity, frequency and duration and repre-
sents the dose-response nature of the training stimulus
imposed when describing how hard somebody is exer-
cising [9] — can be considered the internal and external
training intensity related to measurable aspects occurring
internally or externally to the athlete [7]. Internal training
intensity is characterized by physiological and psycholog-
ical stress in response to training/competition intensity
(reported in units derived from the product of exercise
duration and RPE or HR) [8, 10, 11]. External training
intensity, on the other hand, can be an indirect measure
of internal intensity represented by the physical work
encountered by the athlete (i.e. the stimulus imposed). It
is not entirely representative but is practical and gives an
approximate measure of the total amount of mechanical
or locomotive stress generated by an athlete during exer-
cise regardless of internal characteristics, which can be
measured by the distances, velocity, or even as arbitrary
units derived from accelerometers [11-14].

In this sense, it is important to understand the syner-
gistic relationship between internal and external inten-
sity when planning a training session [10, 15] and how
the physical demands depend on the coach and the work
prescribed in the training plan [7] to ensure that athletes
are progressively and adequately stimulated so that their
skills improve significantly. When this data is collected,
they may be used to closely monitor physiological and
psychological demands on an individual basis during
training and competitions [16]. Furthermore, it can help
identify athletes at injury risk or nonfunctional over-
reaching 3, 17-20].

In team sports, coaches prescribe training by consid-
ering the external training intensity to provoke a desired
psychophysiological response [7, 21, 22]. For this pur-
pose, advanced technology has contributed to the devel-
opment of tools that show more detailed information
about external intensity, quantifying (de)accelerations,
distance, velocity, power and number of jumps, among
other parameters, during exercise [23-25] through
microelectromechanical systems such as global position-
ing systems (GPSs), or inertial measurement units (which
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include accelerometers, gyroscopes and magnetometers).
Some applications in team sports are related to the use
of the covered distance, speed, or acceleration/decelera-
tion intensities in soccer [5, 12, 26—28]; relative distance
covered, speed, accelerations intensities, or the relative
number of impacts in rugby [29-31]; or accelerations,
distance, speed [32-35] or total jump loads [16] in bas-
ketball. These variables are also applicable to volleyball,
which necessitates high ability of motor performance,
motion range, directions changing, and jumps [35-37].
In addition, these variables characterize the match/com-
petition demands [16].

Although volleyball is a team sport, it is particularly
different from the above-mentioned sports since it is
a net game, while the others are invasion games. This
means that volleyball is less dependent on horizontal
displacement (e.g. running) and has a greater depen-
dency on vertical displacement (e.g. jumping). Volley-
ball is an intermittent dynamic sport characterized by
different movements (jumps, sprints and game actions)
performed explosively with short rest intervals between
points (30-60 s) and sets (3 min) [36, 37]. In addition,
athletes play different roles with different types and fre-
quencies of jumps and displacements and different inten-
sities (i.e. a setter jumps an average of 179.9 times at a
height of 41.1 cm, while a middle blocker jumps 123.3
times at 48 cm and an outside hitter jumps 141.7 times
at 51.0 cm) [38]. Either way, these characteristics require
players to have high levels of oxidative capacities and cre-
atine phosphate and glycolytic energy systems [39].

Research on the external intensity training in volley-
ball has focused on quantifying the number and height
of jumps and displacements. Lima et al. [11] verified the
relationship by evaluating intra-weekly changes in elite
male professional volleyball players using an inertial
measurement unit (Vert® Classic, MyVert, Florida, USA)
to measure the number and height of jumps as external
intensity. The results revealed a strategy for reducing the
external load before a match such that differences within
a week would show significantly more jumps two days
before the match than one day before. Lima et al. [38]
aimed to assess the jump-training intensity of different
playing positions (middle blockers, setters and outside
hitters) in male professional volleyball players during
regular competitive microcycles. The jump heights and
jump moments were recorded using an inertial measure-
ment device (Vert® Classic, MyVert, Florida, USA). No
significant differences were found in the jump intensity
based on the players’ positions or the day of the microcy-
cle. However, the setter jumped significantly more often
than the other players. Sanders et al. [40] quantified vol-
leyball athlete accelerometer-based workloads and used
the neuromuscular fatigue jump test to assess on-court
performance throughout a competitive season for each
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practice and competitive game using a validated wear-
able microsensor device (Catapult Sports). The results
indicate that low-intensity decelerations, moderate and
high-intensity accelerations and low and high intensity
jumps accounted for 91.7% of the differences in weekly
relative power. This difference should be monitored, as
excessive high-intensity jumps in practice can potentially
influence on-court performance. Furthermore, only high-
intensity jumps were significantly different between prac-
tices that occurred prior to winning and losing games.
Hank et al. [41] evaluated the directional properties of
women elite volleyball players’ movements through a 3D
kinematic analysis of movement by software TEMA Bio
v2.3. (Image Systems Ltd., Sweden). Middle-blockers and
the libero participated the most in total rallies; forward
and right movement direction and lengths from 0.7 to
2 m were predominant in the results. Therefore, the stud-
ies highlight the importance of controlling intensity to
provide a necessary measure for the accurate perception
of the impact of training stimuli on players and reduc-
ing the jumping training intensity on the day before the
competition.

The organization, quality and quantity of a training
plan determine the external training, which is defined as
the physical work prescribed in the training plan [23, 42].
However, this theme still remains scarce in women’s vol-
leyball, especially regarding intra-weekly differences con-
sidering the different athletes’ roles. Therefore, this study
aimed to analyze the within-week differences in exter-
nal training intensity in different microcycles consider-
ing different playing positions in women’s elite volleyball
players.

Methods

Participants

This study included 14 top elite female club world cham-
pion volleyball league players (meanztstandard devia-
tion (SD); age, 2210.9 years; height, 195.1+£7.6 cm; body
mass, 71.416.3 kg)). Volleyball players in this team par-
ticipated in the competitions organized by the Turkish
Volleyball Federation (TVF) and the Fédération Interna-
tionale de Volleyball (FIVB). The study was conducted
in accordance with the Declaration of Helsinki. Before
the study began, the players signed informed consent
to participate in this study, which was approved by the
Gazi University Review Board (GURB Approval Number:
2021-795).

Study Design

The athlete group of this study consisted of very high-
level athletes. These players were playing for a top elite
women’s volleyball team competing in championships
around the world and in Europe. An observational cohort
study was conducted on this professional volleyball team
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for one season (2020/2021). In this study, both inter-
nal and external training load data were recorded dur-
ing training sessions and matches. The internal training
loads of the athletes were obtained by multiplying the
perceived effort (RPE) degree by duration (in minutes).
External loads in training sessions and competitions were
recorded with LPS [KINEXON, GMBH, Precision Tech-
nologies, KINEXON ONE Munich, Germany] technol-
ogy. In all training sessions and competitions, the players
wore the LPS units in a specially positioned vest between
the shoulder blades.

Data

The data consisted of training and match data from
the 2020-2021 season for a woman volleyball team of
14 players. During the season, 10 friendly matches, 41
league matches and 11 champions league matches were
played.

The data contained players’ position, training/match
duration, training/match load, LPS [KINEXON, GMBH,
Precision Technologies, KINEXON ONE Munich, Ger-
many] total distance, LPS Jumps, accelerations, decelera-
tions, high metabolic load distance (HMLD), acute and
chronic mean and AC ratio calculated with the rolling
average (RA) method and the exponentially weighted
moving average (EWMA) method, monotony and strain
values. Firmware versions and application versions were
always up-to-date when LPS data were received. The
installation and calibration of the system were guided
by the manufacturer’s technicians. Calibration was per-
formed at the local measurement area during the LPS
setup using a millimeter-accurate Tachymeter. This cali-
bration was important for obtaining the exact 3D posi-
tions of all antennas. A total of 12 antennas were placed
at different locations and distances of the field.

There are several studies [43—46] examining the validity
and reliability of KINEXON LPS. In the study of Fleureau
et al,,[44] the validity of KINEXON LPS technology was
compared to the gold standard (i.e. the VICON motion
capture system). According to the results, the standard-
ized typical error of the prediction values was low (0.06),
the standardized bias ranged from 0.01 to 2.85, and
all Pearson coefficient values were reported to be high
(>0.90). In the study[46] examining the validity and reli-
ability of the validity and reliability parameters of the
KINEXON LPS technology, the KINEXON LPS showed
a high degree of validity and reliability (typical estimation
error: 1.0-6.0%; coeflicient of variation: 0.7%). —5.0% typi-
cal estimation error: 2.1-9.2%; coefficient of variation:
1.6-7.3%.

Possible positions for the players were left hitter (LH),
right hitter (RH), middle blocker (MB), setter (S) and
libero (L). The data also contained a variable called
microcycle, which indicated the number of days until
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the next game, with possible values of five days before
the match day (MD-5) (n=107, number of sessions=7),
four days before the match day (MD-4) (n=225, number
of sessions=14), three days before the match day (MD-
3) (n=436, number of sessions=18), two days before the
match day (MD-2) (n=517, number of sessions=28),
one day before the match day (MD-1) (n=940, number
of sessions=56), the match day (MD) (n=811, num-
ber of sessions=63), a match day with training on the
same day (MD-T) (n=391, number of sessions=39) and
the day after the match (MD+1) (n=391, number of
sessions=22).

Statistical analysis

Before conducting the statistical analysis, LPS total dis-
tance, LPS jumps, acceleration, deceleration, HMLD and
training/match load were normalized by dividing each
variable into training or match duration to eliminate the
effect of time. The other variables were not normalized;
normalizing them would not be beneficial due to their
definitions since they were defined as percentages. All
the statistical analyses were conducted both with stan-
dardized and unstandardized variables.

First, the mean and standard deviation for variables
were reported separately for each microcycle. After-
ward, the mean values of the variables for each player in
each microcycle were calculated to eliminate the differ-
ent number of games that players were involved in. The
Shapiro-Wilks normality test was conducted with the
p-value set to 0.05 for all the variables. The results of this
test indicated that the data were distributed normally.
The differences between load and LPS variables among
microcycles were revealed by a repeated ANOVA, and
the differences between load and LPS variables among
positions were revealed with an ANOVA. If any signifi-
cant result was detected after the ANOVA or repeated
ANOVA, Tukey’s HSD and Bonferroni’s posthoc tests
were conducted for multiple comparisons of microcycles
and positions, respectively. Standard error of measure-
ment (SEM) values were calculated for each variable. As
SEM values increase, the reliability between observers
would decrease. More precisely, if the reliability is zero
then the SEM would be equal to the standard devia-
tion of the observed test scores and if the reliability is 1
then the SEM value would be 0. Eta squared values were
also reported for the effect sizes. n?values in the range
0-0.009 were considered insignificant effect sizes, 0.01-
0.0588 were considered small effect sizes, 0.0589-0.1379
were considered medium effect sizes, and values greater
than 0.1379 were large effect sizes [47]. Data visualiza-
tion techniques were employed to explain the differ-
ences among microcycles and among positions. All data
processing steps and analyses were conducted with the
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R programming language. All p-values lower than 0.05
were considered significant.

Results

Table 1 contained the mean and standard deviation val-
ues for all the variables for all the microcycles as well as
the repeated ANOVA test results. n? effect sizes were
also given in Table 1. All the variables except for the
strain, Acc/Dec ratio and acute mean (RA) showed signif-
icant differences among distance to match days. Source
of difference column summarized Tukey HSD multiple
comparison results for the significant pair of variables.

For the training / match workload both MD and MD-1
had significant differences with MD-2, MD-3, MD-4,
MD-5, MD-T and MD+1. The average load statistically
differed for every pairwise combination between MD-2,
MD-3, MD-4, MD-T. Also further statistical differences
were detected between comparisons for MD-4, MD-T
and MD+1. MD-5 and MD+1 also had significant differ-
ence in terms of workload. Total workload variable had
large effect size with the value of 0.800.

For LPS total distance, all pairwise comparisons of MD,
MD-1, MD-2, MD-3, MD-4 and MD+1 showed statis-
tically significant differences. Also LPS total distance
values had significant differences between MD-5 and
MD, MD-1, MD-4 and also MD-T had significant dif-
ferences compared to MD-2, MD-3, MD-4, MD-5 and
MD+1. LPS Total Distance had large effect size with
0.604. LPS Jumps in MD microcycle showed significant
differences compared to MD-1 and MD-5. Also MD and
MD-1 showed significant differences compared to MD-2,
MD-3, MD-4, MD+1. In addition, MD-T had significant
differences with MD-2, MD-3 and MD-4. LPS jumps had
moderate effect size with 0.123.

Acceleration and deceleration almost showed identical
differences among microcycles. Significant differences
detected between MD with MD-1 and MD-5; MD-1 with
MD-2, MD-3, MD-4 and MD+1; MD-T with MD-2,
MD-3, MD-4, MD-5 and MD+1. Only for acceleration, a
significant difference between MD-3 and MD+1 was also
detected. Both of the variables had large effect sizes with
values 0.227 and 0.229 respectively.

For HMLD, both MD and MD-1 showed significant
differences with MD-2, MD-3, MD-4 and MD-5. MD+1
had difference compared to MD-1, MD-2, MD-3 and
MD-4. Lastly MD-4 was statistically differed in terms
of HMLD from MD-3 and MD-T. HMLD had moderate
effect sizes with 0.084.

Acute Mean Load (EWMA) values in MD showed dif-
ferences with MD-3 and MD+1; values in MD-2 showed
differences with MD, MD-1, MD-4, MD-5 and MD-T.
Also differences were spotted between MD-3 and MD +1.
Both MD-3 and MD+1 were also had significantly dif-
ferent Acute Mean Load (EWMA) values compared to
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g lovs w3 (L‘E £ MD-1, MD-4, MD-5 and MD-T cycles. This parameter
i s SR N ® o 3 had large effect sizes with 0.256.
o = o o = E —_— .
. = @ ‘ s = Chronic Mean Load (EWMA) on the other hand
5 ¢ R =R S5 . =T . s = showed limited number of differences in microcycles.
s< |= % @ ‘f’ = g T§TeR 5535 MD-4 cycle had significant differences with MD, MD-1,
3E |E5525:5=5sc22=¢5F¢® MD-2, MD-3, MD-T and MD+1 and MD-5 cycle had
v S . . ) ) ] )
o 3 2 significant differences with MD-2 and MD 3.‘Chromc
a = = % & Mean Load (EWMA) had moderate effect size with 0.082.
0 ~ £ MD in AC Ratio (EWMA) had difference with MD-1,
5 < g 2 MD-2, MD-3 and MD+1. Both MD-3 and MD-2 were
w £
£s statistically differed from MD-2, MD-4, MD-T and
© © §, E MD+1. Also both MD-2 and MD+1 were different from
% % €% MD-4 and MD-T cycle and MD-3 was different from the
b L s b= MD-1 and MD-5. Value of 0.526 indicated a large effect
g R - 23 size for this variable.
§ gu For monotony, MD and MD-1 were different than
o 253 MD-2, MD-3 and MD-4. Also MD-T was different from
) s =
= " g ge MD-1, MD-2, MD-3, MD-4 and MD+ 1. Monotony had
- 3 % s té large effect size with 0.245.
g < 9 z é g For the standardized workload variable both MD,
" §° % MD-1 and MD-T had significant differences with MD-2,
" - 2 53 MD-3, MD-4, and MD+1. MD and MD-T also had sig-
N S SES nificant difference with MD-1 and MD-5. Standardized
- 2o
H g S g5 workload variable had large effect size with the value of
a o - EST 0.695.
= R ‘% '§§ For standardized LPS total distance, MD and MD-1
< - e ;% cycles showed significant differences with MD-3, MD-4,
% % o= MD-5 and MD-T. Also MD+1 cycle showed statistically
- iy = i ;é significant differences with MD-3, MD-4 and MD-T.
g % - ‘é g S Standardized LPS total distance had large effect size with
N~ < c
=<8 0.397.
= =
© e 2 g;’_g Standardized LPS jumps in MD microcycle showed
10 < 3 Eg significant differences compared to MD-1 MD-3 and
~ é 3 N g2 MD+1. Also MD-3 showed significant differences com-
g % a i é 8 pared to MD-1, MD-4, MD+1. In addition, MD-4 cycle
N~ v =
Rt was statistically different from MD-1 and MD+1. Stan-
9 3 z 5= dardized LPS jumps had moderate effect size with 0.088.
E b é ES Standardized acceleration and standardized decelera-
o g = i ; 2 tion almost showed identical differences among micro-
g A g S ;, cycles. Significant differences detected between MD
s 8¢ with MD-1, MD-3, MD-4, MD-5, MD+1. MD-3 cycle
™ 8 : m‘%% also showed difference with MD-1, MD-4 and MD+1.
E 3 E 23 Only for standardized acceleration, a significant differ-
s S < § § ?, ence between MD and MD-T was also detected. Both of
2 2 ES3 the variables had large effect sizes with values 0.153 and
T 8= 0.150 respectively.
:y ~ g é g For standardized HMLD, MD-T cycle had difference
= 5 < _,E* 5 § from MD, MD-3, MD-4, MD-5 and MD+1. Also MD-3
% w0 g = £ §§ cycle had difference from MD-1, MD-4 and MD+1.
= g § £ 3 5 Standardized HMLD had large effect sizes with 0.293.
S s 5E Both cycles MD and MD-3 had significant differ-
~— o
-8 5 g ° § %% ences from MD-1, MD-2, MD-4, MD-5, MD-T and
% 8 5 c 5 2 E g MD+1 in acceleration max. Also MD-1, MD-2, MD-4,
S| S 5¢2 Qe S ds MD-5, MD-T and MD+1 had all statistically significant
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B % differences pairwise. Acceleration max had large effect
s <:§ g 3 size with value 0.964. Deceleration max had moderate
P % effect size with 0.113 where only MD cycle differed from
%’ é § = MD-3 and MD-4.
S Max speed showed a lot of differences among cycles.
. 2 MD cycle was different than MD-1 and MD+1; both
% 5 2 MD and MD-1 cycles were different than MD-2, MD-
§ 2 5 MD-4, MD-5. Also MD-4 cycle was different than MD-2
K o g and MD+1. MD-T showed statistical differences from
[<JES B all cycles except MD and MD-1. MAX Speed had large
E o 2 effect size with the value 0.412.
Sz E Accumulated acceleration load also showed differences
alTo H in pairwise comparisons. Both MD and MD-1 showed
§ g E statistically significant differences from MD-2, MD-3,
alc o 3 MD-4, MD+1 cycles and MD-2 differed from MD-3
g 2 gu and MD-4 cycle. Also MD-5 cycle differed from MD and
A =32 MD-3 cycle and MD-T cycle showed difference from
n o Sa MD-2, MD-3, MD-4 and MD+1 cycles. This parameter
=d 3 ¢ ¢ had large effect size with value 0.299.
e ég In chronic mean load (RA), MD-1 cycle showed dif-
@ 53 ference from MD and MD-T cycle. Also MD-5 cycle was
% g2 different than MD, MD-4 and MD-T. This variable had
;r‘ Hy gg moderate effect sizes with value 0.067.
¥ =° o & AC Ratio (RA) had large effect sizes with the value
o S ;} 0.213. For AC Ratio (RA), MD cycle differed from MD-1
= W '§ 2 and MD-3 and MD+1. MD-4 cycle differed from MD-1,
ol § ol = %% MD-3 and MD+1. Also MD-T differed from MD-1 and
H £z MD+1.
- § 2 _og.g Table 2 and supplementary tables gave mean and stan-
e £ 53 dard deviation values among positions for all the data
o 4o “g Eé and for each microcycles separately. SEM values are
§ 23|35 £5 also reported in Table 2. Generally speaking, all the vari-
o % § g ables have lower SEM values than most of the standard
< § &2 deviations. It can be observed that a certain reliability is
g8 ; S o achieved in the dataset. SEM values of the parameters:
& %I Workload (A.U) SEM: 302,34; LPS Total Distance (m)
§ M g § g % SEM:836,95; LPS Jumps (N) SEM:32,85; Acceleration
S E,S (m/s™%) SEM: 31,93; Deceleration (m/s~?) SEM: 29,84;
© 2YE HMLD (m) SEM: 283,58; Acute Mean Load (EWMA)
. g g S ;, SEM: 185,59; Chronic Mean Load (EWMA) SEM: 115,9;
& 3¢ AC Ratio (EWMA) SEM: 0,17; Monotony (A.U) SEM:
e 0,41; Strain (A.U) SEM: 3628,6; Stand_ Workload (A.U)
5 oo 8% SEM: 1,6; Stand_LPS Total Distance (m/min) SEM: 19,89;
H 2 g g‘é Stand_LPS Jumps (N/min) SEM: 0,57; Stand_Accelera-
- g 2 E% tion (N/min) SEM: 0,76; Stand_ Deceleration (N/min)
| ® i g3 SEM: 0,65; Stand_ HMLD (m/min) SEM: 6,96; Accel Max
5 é g (m/s™2) SEM: 0,37; Decel Max (m/s™2) SEM: 0,44; Max
5 = :;rg g 2 Speed(m/s~!) SEM: 2,03; Acc/ Dec (m/s”2) SEM: 0,14;
§ % § g % Accum Acce Load (A.U) SEM: 116,74; Acute Mean Load
o 3 i 35 (RA) SEM: 192,6; Chronic Mean Load (RA) SEM: 142,55;
S § = |58 %’ AC Ratio (RA) SEM: 0,3.
~|3= % Z g_ £ One way ANOVA with Bonferroni multiple com-
5 § 5 2% g £ parison results and 7? effect sizes were also reported in
i8S ¥ |zug Table 2 and in supplementary tables.
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Workload variable showed statistically significant dif-
ferences between LH and MB in all cycles and in cycles
MD-1, MD-2, MD-3, MD-4 and MD-5. Also in MD-4
there was difference between MB and S and in MD-5
there was difference between MB and L. In all the cases,
players in the MB position had the lowest workload value.

In LPS Total distance variable, settlers discriminated
from all other positions for all cycles together. Also LH
separated from L and MB and L was separated from RH.
Looking at each cycle individually gave different results
though. Both LH and RH were separated from L and MB
positions in MD+1, MD, MD-1 and MD-2 and MD-3
cycles. MB and S position also showed difference for
MD-5 cycle.

LPS jumps had large effect size values for all positional
comparisons. For all cycles all positions showed statisti-
cally significant differences from each other. In MD+1,
all pairwise comparisons were significant except between
MB and RH. In MD-T, L was separated from all other
positions and RH was separated from S. In MD, L and S
was separated from LH, MB and RH and also L was dif-
ferent than S position. In MD-2, all pairwise comparisons
among positons were significant. In MD-3, all pairwise
comparisons were significant except between MB and
RH. In MD-4, LH was statistically significant from MB
and S and L was discriminated from all other positions.
Also there was difference between positions RH and S. In
MD-5, L was separated from all other positions and also
there was difference between S and LH, and S and MB.

In acceleration for all cycles, L and LH were separated
from other remaining positions and also position L dif-
fered from LH. RHs also showed statistically significant
differences compared to MB and S positions. Looking
deeper for each microcyle stated LH and RH showed
statistically significant differences from MB and L in
all microcycles. Also LH and RH differed from S in all
microcycles except MD-T. Also L and MB showed statis-
tical differences in all microcycles except MD-T, MD and
MD-5.

In deceleration for all cycles, LH and RH were sepa-
rated from other remaining positions and also position
L differed from MB and S. Lastly, S differed from MB.
Looking into microcycles, LH and RH were separated
from L, MB and S in MD+1, MD-1, MD-2, MD-3, MD-4
and MD-5. LH and RH were different from MB in MD-T
and different from MB and L in MD. S and MB positions
showed differences in MD+1, MD, MD-1, MD-2 and
MD-3.

In HMLD all pairwise comparisons among positions
showed statistically significant differences in all cycles
together and in MD-1. For the remaining microcycles,
LH and RH showed differences from L, MB and S in
MD+1, MD, MD-2, MD-3, MD-4 and MD-5. LH and RH

(2022) 14:188

Page 14 of 23

showed differences from L and S in MD-T. Also MB and
L showed differences in all cycles except MD-T.

In acute mean load (EWMA) LH and MB positions
differed from L, RH and S, and also LH and MB differed
from each other in all cycles together. Investigating each
cycle individually gave insight that MB differed from
either LH or both LH and RH in each cycle. Also MB dif-
fered from L in MD-1, MD-2 and MD-3. No significant
difference was detected among positions in MD-5.

In chronic mean load (EWMA) LH and MB positions
differed from L, RH and S, and also LH and MB differed
from each other in all cycles together. No significant
difference was detected among positions in MD-5 and
both LH and RH were statistically differed from MB in
all cycles except MD-5 and MD-4. In MD-4 only LH and
MB showed statistically significant differences. Also LH
and S differed in MD+1, MD-T, MD, MD-1 and MD-2.

AC Ratio (EWMA) did not show any statistically
significant differences among positions in any of the
microcycles.

Monotony did not show any statistically significant dif-
ferences among positions in most of the microcycles. The
exceptions were LH differed from L, MB and RH in all
data together and MB differed from L, RH and S in all the
data. Also MB and L differed in MD and MB and S dif-
fered in MD-2.

Strain did not show any statistically significant differ-
ences among positions in most of the microcycles. The
exceptions are LH differed from L, MB and S in all data
together and S and LH differed in MD.

In standardized workload no difference was found in
cycles MD and MD-3. LH showed statistical difference
with all other position in the all data together. In MD +1,
MB showed difference with LH and RH. MB showed dif-
ference with RH and S in MD-T and LH also differed
from S in MD-T. LH differed from L, MB and S cycles
and RH differed from MB in MD-1 cycle. Both LH and
RH differed from MB in MD-2 and LH also differed from
L in the same cycle. LH differed from L and MB in MD-4
and MB differed from S in the same cycle. MB differed
from LH and L in MD-5.

In standardized LPS total distance, no difference was
found among positions in MD-T, MD-4 and MD-5. LH
showed difference from L and MB, and RH showed dif-
ference from L, MB and S in all the data together. In
MD+1, LH showed difference with L and MB where in
MD and in MD-1 both LH and RH showed difference
with L and MB. In MD-1 also L and S differed. In MD-2,
RH and MB differed and in MD-3, MB differed from LH,
L and RH.

In standardized LPS jumps for all the data RH and MB
differed from the positions L, LH and S and L, LH and S
differed from each other. In MD+1, S and MB differed
from L and LH; RH differed from L and S; and L differed
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Fig. 1 Plots of the training load metrics across different microcycles and positions [from 1 to 5 variables]

from LH. In MD-T, L differed from all other positions
and LH differed from S. In MD, L and S differed from all
other positions and L differed from S. In MD-1, all posi-
tions differed from each other. In MD-2, LH and L dif-
fered from MB and RH and L differed from LH and S.
In MD-3, L differed from LH and in MD-4, L differed
from other positions and LH diverged from MB and S. In
MD-5, L differed from all other positions and LH differed
from S.

In standardized acceleration different cycles gave dif-
ferent results. RH and LH differed from L, MB and S in
MD+1, MD, MD-1, MD-3 and MD-4. Also, L diverged
from MB in MD+1, LH differed from both L and MB in
MD-T, S differed from L and MB in MD and L differed
from MB and S in MD-1. In MD-2, RH differed from
all other positions and L differed from MB in MD-3. In
MD-4, L contrasted from MB and S and in MD-5, LH dif-
fered from L, and RH differed from L, MB and S.

In standardized deceleration, RH and LH differed from
L, MB and S in MD+1, MD-1, MD-3 and MD-4. Also
RH and LH contrasted from MB in MD-T, diverged from

both MB and L in MD and MD-5. S differed from L and
MB in MD and in MD-1. RH differed from other posi-
tions in MD-2 and MB diverged from LH in the same
cycle. Also in MD-5 RH differed from S.

In standardized HMLD, RH and LH differed from L,
MB and S in MD+1, MD, MD-1, MD-3 and MD-4. MB
contrasted from L and S in MD+1 and in MD-3; and L
diverged from MB and S in MD and in MD-1. L differed
from both LH and RH in MD-T and in MD-5. Also MB
differed from S in MD-1, RH diverged from L, MB and S
in MD-2, L differed from MB and MD-4 and RH differed
from S in MD-5.

In acceleration max, no significant difference was
found in MD-T and MD-5 and MB position seemed to
be the source of difference in each cycle. MB showed dif-
ferences with LH, L, R and S in MD+1 and MD-1 and
showed differences with LH, L and S in MD, MD-2 and
MD-4, and showed differences with L and LH in MD-3.
Other than that, S showed difference in LH and RH in
MD+1, L showed difference with LH and RH in MD-1,
and showed difference with LH, RH and S in MD-2 and
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Fig. 2 Plots of the training load metrics across different microcycles and positions [from 6 to 10 variables]

in MD-3. In MD-3, LH showed difference with RH and
RH showed difference with S.

In deceleration max, RH and MB showed difference
with L, LH and S, and LH showed difference with L and
S in MD+1. S separated from MB in MD-T and MB dif-
ferentiated from LH, L and S, and L differed from RH in
MD. L diverged from all other positions in MD-1, MB dif-
fered from LH, and S differed from MB and RH in MD-1.
L differed from LH, MB and RH, and S differed from L,
MB and RH in MD-2. L differed from all other positions,
LH differed from MB and RH, and RH differed from S in
MD-3. MB and RH differed from LH, L and S, and L dif-
fered from LH in MD-4. L diverged from LH, MB and RH
from MD-5.

For max speed, MB and RH diverged from LH, L and
S, and RH differed from MB for all the data and there

was no significant difference in MD-T cycle. MB differed
from LH, L, RH and S in MD+1, contrasted from LH and
S in MD, differed from LH, L and S in MD-1, differed LH
and L in MD-2 and in MD-3, differed from LH in MD-4
and differed from L and RH in MD-5. Other than that,
RH differed from LH in MD+1, differed from L in MD-1
and diverged from LH and L in MD-3.

For Acc/Dec no significant difference was found in
MD-T, MD-3 and MD-5 cycles. S and LH differed from
L, MB and RH, and L differed from MB and RH for all
the data. L differed from RH in MD+1, MD-2 and MD-4,
disagreed from L and LH in MD-1. Other than that, MB
differed from LH, L and S in MD, L differed from MB in
MD-1, differed from LH in MD-2 and differed from LH
and MB in MD-4.,
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Fig. 3 Plots of the training load metrics across different microcycles and positions [from 11 to 15 variables]

For accumulated acceleration load no significant dif-
ference was detected in MD-T cycle and L and MB dif-
fered from LH, RH and S, and L differed from MB for all
the data. MB differed from LH, L, RH and S in MD+1,
MD-1, MD-2 and MD-3, differed from LH, RH and S in
MD, MD-4 and MD-5. Other than that, L differed from
RH in MD+1, differed from LH in MD and differed from
both RH and S in MD-5.

In acute mean load (RA), L, RH and S separated from
LH and MB, and LH differed from MB in all the data and
there was no significant difference among positions in
MD-4 and MD-5. MB differed from LH in MD +1, MD-T,
MD, MD-1, MD-2 and MD-3. LH differed from S in MD,
MB differed from L and RH, and S differed from LH in
MD-1.

In chronic mean load (RA) no significant difference
was found in MD-5 and L, RH and S differed from LH
and MB, and MB diverged from LH, S and RH for all the
data. MB differed from L, LH and RH in MD and MD-1,
contrasted from RH and LH in MD-2 and MD-T, and
differed from LH in MD+1, MD-3 and MD-4. Also LH

differed than S in MD-T, MD-1, MD-2 and differed from
L and S in MD.

In AC ratio (RA), no significant difference was detected
in any of the cycles.

Figures 1, 2, 3, 4 and 5 also visualized the differences
for each variable among position and every micro-
cycle. Overall, intensity of the performance indicators
decreased as less day remains until the match and signifi-
cant differences with moderate to large effect sizes were
detected (Table 1).

Discussion

The purpose of this study was to analyze the within-
week differences in external training intensity in differ-
ent microcycles among women’s elite volleyball players
while considering different playing positions. This study
reinforces the importance of using technology to monitor
athletes during training sessions and matches to improve
performance and reduce the risk of injury [48] by helping
coaches design accurate and specific training programs.
Provides an initial understanding of monitoring the
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Fig. 4 Plots of the training load metrics across different microcycles and positions [from 16 to 20 variables]

external intensity variables of elite female volleyball ath-
letes over seven microcycles of training and one match
(five days before the match: MD-5; match day: MD;
match day with training in the morning: MD-T; and one
day after the match: MD+1). The results indicate signifi-
cant differences in the variables representing the inten-
sity of performance when the total sample was evaluated
and when different playing positions were compared
throughout the microcycles of the training and match
week.

General analysis of training intensity in the different
microcycles

Overall, the analysis revealed that the intensities of all
performance indicators, except for strain, acc/dec and
acute mean load (RA), showed significant differences

(with moderate to large effect sizes) depending on the
distance to the match day.

HMLD was significantly different on MD and MD-1
when compared to MD-2, MD-3, MD-4 and MD-5; spe-
cifically, it was smaller closer to match day. Acute mean
load (EWMA) values showed a reduction when com-
paring MD with MD-3 and MD+1. However, when we
analyzed MD-3, MD-2 and MD+1, the acute mean load
(EWMA) was larger than on MD. On the other hand, the
chronic mean load (EWMA) MD-4 cycle was smaller
than MD, MD-1, MD-2, MD-3, MD-T and MD+1. In
addition, the acute mean load (EWMA) was smaller on
MD-5 than MD-2 and MD-3. The AC ratio (EWMA) was
smaller on MD than MD-1, MD-2, MD-3 and MD+1.
For monotony, MD and MD-1 had higher values than
MD-2, MD-3 and MD-4; also, this value was higher on
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Fig. 5 Plots of the training load metrics across different microcycles and positions [from 21 to 25 variables]

MD-T than MD-1, MD-2, MD-3, MD-4 and MD+1.
Debien et al. [37] conducted a study on male elite vol-
leyball athletes for one season and reported moderate
correlations between week training load and strain, as
well as a small correlation between total quality recovery
(TQR) scores and monotony across weeks. The workload
variable was significantly smaller on MD and MD-1 than
MD-2, MD-3, MD-4, MD-5, MD-T and MD+1. Our
results are similar to those presented by Kupperman et
al. [49], who studied collegiate women’s volleyball players
and reported higher workload demand during training
sessions than matches by using an accelerometer. Simi-
lar results were presented in our study based on other
indicators.

For the LPS total distance and LPS jump variables,
significant differences were detected between all com-
parisons. These values were smaller on MD and MD-T
when compared to the other microcycles. Jump load is
one variable that has been extensively studied for analyz-
ing and controlling external intensity in volleyball. Our
results demonstrated a decrease in the LPS jump when

approaching MD. In a recent study on collegiate women’s
volleyball players by Taylor et al. [50], the external load
analysis (jump count — JC, jump height — JH, maximal
jump performance - JH5 and jump load — JL) was per-
formed during the season and revealed no differences in
overall JC or JL between training sessions and matches.
The authors explained that players who played more than
90% of sets during a match were exposed to higher loads
during the match than during training. However, dif-
ferent results were presented by Taylor et al. [51], who
reported higher jump loads in training sessions than
during matches. Similar results were demonstrated in
the present study, as a decrease in jump load (here rep-
resented by the total number of jumps) was observed
throughout the week when approaching the match day
and during the match itself. Similar findings were dem-
onstrated in the study of Lima et al. [11] on elite men’s
volleyball players; they reported significantly more
jumps on MD-2 than on MD-1. It is important to high-
light that the number of jumps (according to LPS jump
data), which was used in the present study, is just one of
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the parameters used to monitor jump load in volleyball.
Other parameters, including jump height and maximal
jump performance [38, 39], can also be used. Mroczek
et al. [52] showed the relevance of the LPS total distance
analysis in volleyball. The authors demonstrated that
athletes covered 1.221+327 m in a three-set match and
1.757£462 m in a four-set match [52] (i.e. long distances
are covered in a volleyball match, and it is necessary to
evaluate and control this variable).

Our results also revealed differences in other perfor-
mance indicators. Acceleration presented the following
small significant differences: MD with MD-1 and MD-5;
MD-1 with MD-2, MD-3, MD-4 and MD+1; MD-T with
MD-2, MD-3, MD-4, MD-5 and MD +1; and MD-3 with
MD+1. The deceleration data showed similar results. In
line with these findings, Harper et al. [4] stated that elite
players need to be exposed to the demands during train-
ing sessions to ensure they are prepared for high-inten-
sity acceleration and deceleration during the match and
competitive phase. A recent study by Garcia et al. [53] on
male soccer players showed that regular weeks presented
greater acute, monotony, strain indices and workload
than congested weeks, independent of the level of partic-
ipation during matches. These results approximate ours
in part. Show that workload and monotony are higher
on training days than match days; however, no such dif-
ferences occurred for acute and strain indices. This dif-
ference may have occurred due to the specificity of the
training and modalities since soccer is an invasion sport
involving contact between opponents.

Training intensity in the different microcycles according to
the playing position

In volleyball, the different tasks of athletes on the court
can influence the individual demands of each athlete [38,
49, 54, 55]. Thus, to understand this difference, all analy-
ses of training intensity were performed by separating
athletes by playing position. This analysis indicates dif-
ferences on an individual player level. Of all the perfor-
mance indicators analyzed, only the AC ratio (EWMA)
showed no differences between playing positions. Our
results indicated that the LH and MB showed a difference
in load. In addition, our results showed differences in the
workload values in all microcycles; they were lower in the
MB position than in the LH, S and L positions.

Regarding LPS total distance, the S traveled greater
distances than all other positions for all microcycles
combined. In addition, the LH and RH were different
from the L, and the LH was different from the MB. The
dynamics of the volleyball game using only one S on the
court could explain the greater distance covered by ath-
letes in this position.

In the LPS jumps analysis, for all cycles, all positions
show statistically significant differences from each other.
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In general, athletes jump more often in training microcy-
cles than on the match day, with the highest occurrence
between S and MB. These results are in agreement with
others presented in the literature. Probably, these ath-
letes jump more often than others, whether to perform a
touch, block or attack, according to the specific functions
of each action.

Evaluating the external training intensity in Italian elite
female volleyball athletes, Ungureanu et al. [55] showed
that S and MB performed the highest occurrence of
jumps in training compared to hitters and opposites. In
another study on women’s collegiate volleyball players in
different playing positions using an accelerometer, Kup-
perman et al. [49] demonstrated that the setter accu-
mulated the most jumps of any position in matches and
performed three times as many medium jumps in train-
ing sessions than in matches. Herring and Fukuda [54]
showed that outside hitters had the highest mean jump
height, followed by MB and right-side hitters. On the
other hand, middle blockers had higher jump numbers
than outside hitters and right-side hitters. In line with
these findings, Lima et al. [38] observed elite male vol-
leyball players to assess the external jump-training load
of different playing positions during regular competitive
microcycles. Their results indicated differences in the
total number, intensity and frequency of jumps for the
different playing positions per training session. Specifi-
cally, the setters did a higher amount of jumps than the
other playing positions evaluated. No differences were
found in the intensity, and significantly fewer jumps were
recorded on the day before the competition.

Furthermore, our results showed differences between
playing positions in terms of accelerations, decelerations,
HMLD, acute and chronic mean load (EWMA), monot-
ony and strain in different microcycles. These results cor-
roborate the results presented by Debien et al. [37], who
showed an undulating characteristic in the training load
dynamic over one season (36 weeks).

The adjustment between external intensity and work-
load distribution must be planned according to the phase
of the competitive season [51]. Moreover, our findings
provide coaches with information that will help them
accurately implement periodization from a short-term
perspective and adopt appropriate recovery strategies.

This study has some limitations. First, the data were
obtained from a single volleyball team. In this way, spe-
cific trends and training periodization may be unique
to this team. Second, training intensity [9] also consid-
ers the internal intensity [7] and its relationship [11, 56];
however, in this study, we intended to evaluate only the
external training intensity. Third, we did not analyze or
make comparisons with elite male athletes, which would
have allowed us to present and discuss gender differences
in training and match demands, thus contributing to the
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specific training planning. In addition, we did not con-
sider contextual factors (e.g. situational variables) such
as the importance of the match, athletes’ motivation, the
moment of the season, or the team’s status in the cham-
pionship. Considering such factors could elucidate the
differences shown and the behavior of external intensity
[53]. Finally, our study is the first to analyze this amount
of external intensity variables, which made it difficult to
discuss and compare the results of other studies. We sug-
gest that future studies analyze these variables at different
times of the season while observing players of different
skill levels, age groups and sexes. In addition, studies are
needed to verify the impact of the result and the impor-
tance of the match, daily recovery strategies and athletes’
well-being.

Our findings have practical applications and reinforce
the need to make coaches and people involved with vol-
leyball aware of the importance of controlling exter-
nal training intensity. This daily control will help head
coaches and coaching staff about a possible overload of
the need to increase the training intensity. Volleyball
training must result from the load demands while consid-
ering the specificity of the players and their specific tasks
in the match [57]. Our results are very important, as we
demonstrate that training must be monitored daily while
considering each athlete’s playing position to balance
training and match demands and avoid overload and pos-
sible injuries [3, 8, 50]. With this, the principle of individ-
uality and training overload are respected and will benefit
player performance. Another benefit of this study is that
it provides methods for analyzing and quantifying exter-
nal intensity. However, our results should be interpreted
with caution, as they are dependent on the training pro-
gram and the athletes who participated in this research.

Conclusion

The present study highlighted the importance of moni-
toring training in volleyball, thus providing information
that coaches can use to accurately implement periodiza-
tion from a short-term perspective and appropriately
adopt recovery strategies. Regarding the within-week
differences in external training intensity in different
microcycles, the intensity of all performance indicators
— except for strain, acc/dec and acute mean load (RA) —
showed significant differences depending on the distance
to the match day, with moderate to large effect sizes.
When scrutinizing by playing position, differences were
found in load, with MB presenting lower loads when
compared with other positions in the field.
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