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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 

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 (mean ± standard devia-
tion (SD); age, 22 ± 0.9 years; height, 195.1 ± 7.6 cm; body 
mass, 71.4 ± 6.3 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 

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%; coefficient 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. η2values 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 

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. η2  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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MD-1, MD-4, MD-5 and MD-T cycles. This parameter 
had large effect sizes with 0.256.

Chronic Mean Load (EWMA) on the other hand 
showed limited number of differences in microcycles. 
MD-4 cycle had significant differences with MD, MD-1, 
MD-2, MD-3, MD-T and MD + 1 and MD-5 cycle had 
significant differences with MD-2 and MD-3. Chronic 
Mean Load (EWMA) had moderate effect size with 0.082.

MD in AC Ratio (EWMA) had difference with MD-1, 
MD-2, MD-3 and MD + 1. Both MD-3 and MD-2 were 
statistically differed from MD-2, MD-4, MD-T and 
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 
MD-1 and MD-5. Value of 0.526 indicated a large effect 
size for this variable.

For monotony, MD and MD-1 were different than 
MD-2, MD-3 and MD-4. Also MD-T was different from 
MD-1, MD-2, MD-3, MD-4 and MD + 1. Monotony had 
large effect size with 0.245.

For the standardized workload variable both MD, 
MD-1 and MD-T had significant differences with MD-2, 
MD-3, MD-4, and MD + 1. MD and MD-T also had sig-
nificant difference with MD-1 and MD-5. Standardized 
workload variable had large effect size with the value of 
0.695.

For standardized LPS total distance, MD and MD-1 
cycles showed significant differences with MD-3, MD-4, 
MD-5 and MD-T. Also MD + 1 cycle showed statistically 
significant differences with MD-3, MD-4 and MD-T. 
Standardized LPS total distance had large effect size with 
0.397.

Standardized LPS jumps in MD microcycle showed 
significant differences compared to MD-1 MD-3 and 
MD + 1. Also MD-3 showed significant differences com-
pared to MD-1, MD-4, MD + 1. In addition, MD-4 cycle 
was statistically different from MD-1 and MD + 1. Stan-
dardized LPS jumps had moderate effect size with 0.088.

Standardized acceleration and standardized decelera-
tion almost showed identical differences among micro-
cycles. Significant differences detected between MD 
with MD-1, MD-3, MD-4, MD-5, MD + 1. MD-3 cycle 
also showed difference with MD-1, MD-4 and MD + 1. 
Only for standardized acceleration, a significant differ-
ence between MD and MD-T was also detected. Both of 
the variables had large effect sizes with values 0.153 and 
0.150 respectively.

For standardized HMLD, MD-T cycle had difference 
from MD, MD-3, MD-4, MD-5 and MD + 1. Also MD-3 
cycle had difference from MD-1, MD-4 and MD + 1. 
Standardized HMLD had large effect sizes with 0.293.

Both cycles MD and MD-3 had significant differ-
ences from MD-1, MD-2, MD-4, MD-5, MD-T and 
MD + 1 in acceleration max. Also MD-1, MD-2, MD-4, 
MD-5, MD-T and MD + 1 had all statistically significant Va
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differences pairwise. Acceleration max had large effect 
size with value 0.964. Deceleration max had moderate 
effect size with 0.113 where only MD cycle differed from 
MD-3 and MD-4.

Max speed showed a lot of differences among cycles. 
MD cycle was different than MD-1 and MD + 1; both 
MD and MD-1 cycles were different than MD-2, MD- 
MD-4, MD-5. Also MD-4 cycle was different than MD-2 
and MD + 1. MD-T showed statistical differences from 
all cycles except MD and MD-1. MAX Speed had large 
effect size with the value 0.412.

Accumulated acceleration load also showed differences 
in pairwise comparisons. Both MD and MD-1 showed 
statistically significant differences from MD-2, MD-3, 
MD-4, MD + 1 cycles and MD-2 differed from MD-3 
and MD-4 cycle. Also MD-5 cycle differed from MD and 
MD-3 cycle and MD-T cycle showed difference from 
MD-2, MD-3, MD-4 and MD + 1 cycles. This parameter 
had large effect size with value 0.299.

In chronic mean load (RA), MD-1 cycle showed dif-
ference from MD and MD-T cycle. Also MD-5 cycle was 
different than MD, MD-4 and MD-T. This variable had 
moderate effect sizes with value 0.067.

AC Ratio (RA) had large effect sizes with the value 
0.213. For AC Ratio (RA), MD cycle differed from MD-1 
and MD-3 and MD + 1. MD-4 cycle differed from MD-1, 
MD-3 and MD + 1. Also MD-T differed from MD-1 and 
MD + 1.

Table 2 and supplementary tables gave mean and stan-
dard deviation values among positions for all the data 
and for each microcycles separately. SEM values are 
also reported in Table 2. Generally speaking, all the vari-
ables have lower SEM values than most of the standard 
deviations. It can be observed that a certain reliability is 
achieved in the dataset. SEM values of the parameters: 
Workload (A.U) SEM: 302,34; LPS Total Distance (m) 
SEM:836,95; LPS Jumps (N) SEM:32,85; Acceleration 
(m/s− 2) SEM: 31,93; Deceleration (m/s− 2) SEM: 29,84; 
HMLD (m) SEM: 283,58; Acute Mean Load (EWMA) 
SEM: 185,59; Chronic Mean Load (EWMA) SEM: 115,9; 
AC Ratio (EWMA) SEM: 0,17; Monotony (A.U) SEM: 
0,41; Strain (A.U) SEM: 3628,6; Stand_ Workload (A.U) 
SEM: 1,6; Stand_LPS Total Distance (m/min) SEM: 19,89; 
Stand_LPS Jumps (N/min) SEM: 0,57; Stand_Accelera-
tion (N/min) SEM: 0,76; Stand_ Deceleration (N/min) 
SEM: 0,65; Stand_ HMLD (m/min) SEM: 6,96; Accel Max 
(m/s− 2) SEM: 0,37; Decel Max (m/s− 2) SEM: 0,44; Max 
Speed(m/s− 1) SEM: 2,03; Acc/ Dec (m/s− 2) SEM: 0,14; 
Accum Acce Load (A.U) SEM: 116,74; Acute Mean Load 
(RA) SEM: 192,6; Chronic Mean Load (RA) SEM: 142,55; 
AC Ratio (RA) SEM: 0,3.

One way ANOVA with Bonferroni multiple com-
parison results and η2  effect sizes were also reported in 
Table 2 and in supplementary tables.Va
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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 

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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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 

Fig. 1 Plots of the training load metrics across different microcycles and positions [from 1 to 5 variables]
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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.

Fig. 2 Plots of the training load metrics across different microcycles and positions [from 6 to 10 variables]

 



Page 17 of 23Akyildiz et al. BMC Sports Science, Medicine and Rehabilitation          (2022) 14:188 

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 

Fig. 3 Plots of the training load metrics across different microcycles and positions [from 11 to 15 variables]
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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 

Fig. 4 Plots of the training load metrics across different microcycles and positions [from 16 to 20 variables]
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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 

Fig. 5 Plots of the training load metrics across different microcycles and positions [from 21 to 25 variables]
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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. 

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.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13102-022-00568-1.

Supplementary Material 1

Acknowledgements
We thank the participants and the coaches of the team for their cooperation 
in this study.

Author contributions:
Conceptualization, Z.A. and F.M.C.; methodology, E.Ç., CP, L.L. and E.A.; formal 
analysis, Z.A., L.L. and F.M.C.; data curation, C.A., G.G. and G.M.; data analysis, 
E.Ç., and C.P. writing—original draft preparation, Z.A., H. O.C., F.M.C., E.Ç., and 
C.P.; writing—review and editing, A.F.S. and H.N.; supervision, Z.A. and F.M.C. All 
authors have read and agreed to the published version of the manuscript.

Funding
This work had no funding.

Data availability
The data presented in this study are available on website: https://osf.io/6BRF4/ 
with Identifier: DOI https://doi.org/10.17605/OSF.IO/6BRF4.

Declarations

Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration of 
Helsinki and approved by the Gazi University Review Board (GURB Approval 
Number: 2021 − 795). Written informed consent was obtained from the 
participants to publish this paper.

Consent for publication
No individual or indemnifiable data is being published as part of this 
manuscript.

Conflict of interest
The authors declare no conflict of interest.

Received: 23 February 2022 / Accepted: 12 September 2022

References
1. Garganta J. Trends of tactical performance analysis in team sports: bridging 

the gap between research, training and competition. Rev Port Ciências do 
Desporto. 2009;9:81–9.

2. Nevill A, Atkinson G, Hughes M. Twenty-five years of sport performance 
research in the Journal of Sports Sciences. J Sports Sci. 2008;26:413–26. 
doi:https://doi.org/10.1080/02640410701714589.

3. Williams S, Trewartha G, Cross MJ, Kemp SPT, Stokes KA. Monitoring What 
Matters: A Systematic Process for Selecting Training-Load Measures. Int 
J Sports Physiol Perform. 2017;12:2–101. doi:https://doi.org/10.1123/
ijspp.2016-0337.

4. Harper DJ, Carling C, Kiely J. High-Intensity Acceleration and Deceleration 
Demands in Elite Team Sports Competitive Match Play: A Systematic Review 
and Meta-Analysis of Observational Studies. Sport Med. 2019;49:1923–47. 
doi:https://doi.org/10.1007/s40279-019-01170-1.

5. Bartlett JD, O’Connor F, Pitchford N, Torres-Ronda L, Robertson SJ. Relation-
ships Between Internal and External Training Load in Team-Sport Athletes: 
Evidence for an Individualized Approach. Int J Sports Physiol Perform. 
2017;12:230–4. doi:https://doi.org/10.1123/ijspp.2015-0791.

6. Fox JL, Stanton R, Sargent C, Wintour S-A, Scanlan AT. The Association 
Between Training Load and Performance in Team Sports: A System-
atic Review. Sport Med. 2018;48:2743–74. doi:https://doi.org/10.1007/
s40279-018-0982-5.

7. Impellizzeri FM, Marcora SM, Coutts AJ. Internal and External Training Load: 
15 Years On. Int J Sports Physiol Perform. 2019;14:270–3. doi:https://doi.
org/10.1123/ijspp.2018-0935.

8. Coutts AJ. In the Age of Technology, Occam’s Razor Still Applies. Int J Sports 
Physiol Perform. 2014;9:741. doi:https://doi.org/10.1123/ijspp.2014-0353.

http://dx.doi.org/10.1186/s13102-022-00568-1
http://dx.doi.org/10.1186/s13102-022-00568-1
https://osf.io/6BRF4/
http://dx.doi.org/10.17605/OSF.IO/6BRF4
http://dx.doi.org/10.1080/02640410701714589
http://dx.doi.org/10.1123/ijspp.2016-0337
http://dx.doi.org/10.1123/ijspp.2016-0337
http://dx.doi.org/10.1007/s40279-019-01170-1
http://dx.doi.org/10.1123/ijspp.2015-0791
http://dx.doi.org/10.1007/s40279-018-0982-5
http://dx.doi.org/10.1007/s40279-018-0982-5
http://dx.doi.org/10.1123/ijspp.2018-0935
http://dx.doi.org/10.1123/ijspp.2018-0935
http://dx.doi.org/10.1123/ijspp.2014-0353


Page 22 of 23Akyildiz et al. BMC Sports Science, Medicine and Rehabilitation          (2022) 14:188 

9. Staunton CA, Abt G, Weaving D, Wundersitz DWT. Misuse of the term ‘load’ in 
sport and exercise science. J Sci Med Sport. 2022;25:439–44. doi:https://doi.
org/10.1016/j.jsams.2021.08.013.

10. Freitas VH, Nakamura FY, Miloski B, Samulski D, Bara-Filho MG. Sensitivity 
of physiological and psychological markers to training load intensifica-
tion in volleyball players. J Sports Sci Med. 2014;13:571–9. /pmc/articles/
PMC4126294/. Erişim 25 Kasım 2021.

11. Lima RF, Silva A, Afonso J, Castro H, Clemente FM. External and internal 
Load and their Effects on Professional Volleyball Training. Int J Sports Med. 
2020;41:468–74. doi:https://doi.org/10.1055/a-1087-2183.

12. Scott BR, Lockie RG, Knight TJ, Clark AC, Janse de Jonge XAK. A Comparison of 
Methods to Quantify the In-Season Training Load of Professional Soccer Play-
ers. Int J Sports Physiol Perform. 2013;8:195–202. doi:https://doi.org/10.1123/
ijspp.8.2.195.

13. Halson SL. Monitoring Training Load to Understand Fatigue in Athletes. Sport 
Med. 2014;44:139–47. doi:https://doi.org/10.1007/s40279-014-0253-z.

14. Akubat I, Barrett S, Abt G. Integrating the Internal and External Training 
Loads in Soccer. Int J Sports Physiol Perform. 2014;9:457–62. doi:https://doi.
org/10.1123/ijspp.2012-0347.

15. Akyildiz Z, Nobari H, González-Fernández FTT, Praça GM, Sarmento H, Guler 
AH. vd. Variations in the physical demands and technical performance of pro-
fessional soccer teams over three consecutive seasons. Sci Rep. 2022;12:1–25.

16. Stone JD, Merrigan JJ, Ramadan J, Brown RS, Cheng GT, Hornsby WG. vd. Sim-
plifying External Load Data in NCAA Division-I Men’s Basketball Competitions: 
A Principal Component Analysis. Front Sport Act Living. 2022;4. doi:https://
doi.org/10.3389/fspor.2022.795897.

17. Blanch P, Gabbett TJ. Has the athlete trained enough to return to play safely? 
The acute:chronic workload ratio permits clinicians to quantify a player’s risk 
of subsequent injury. Br J Sports Med. 2016;50:471–5.

18. Martins AD, Oliveira R, Brito JP, Loureiro N, Querido SM, Nobari H. Intra-Season 
Variations in Workload Parameters in Europe’s Elite Young Soccer Players: 
A Comparative Pilot Study between Starters and Non-Starters. Healthcare. 
2021;9:977. doi:https://doi.org/10.3390/healthcare9080977.

19. Nobari H, Praça GM, Clemente FM, Pérez-Gómez J, Carlos Vivas J, Ahmadi 
M. Comparisons of new body load and metabolic power average workload 
indices between starters and non-starters: A full-season study in professional 
soccer players. Proc Inst Mech Eng Part P J Sport Eng Technol. 2021;235:105–
13. doi:https://doi.org/10.1177/1754337120974873.

20. Nobari H, Khalili SM, Zamorano AD, Bowman TG, Granacher U. Workload is 
associated with the occurrence of non-contact injuries in professional male 
soccer players: A pilot study. Front Psychol. 2022;13:1–14. doi:https://doi.
org/10.3389/fpsyg.2022.925722.

21. Nobari H, Gholizadeh R, Martins AD, Badicu G, Oliveira R. In-Season Quan-
tification and Relationship of External and Internal Intensity, Sleep Quality, 
and Psychological or Physical Stressors of Semi-Professional Soccer Players. 
Biology (Basel). 2022;11.

22. Nobari H, Alves AR, Haghighi H, Clemente FM, Carlos-Vivas J, Pérez-Gómez 
J. vd. Association between Training Load and Well-Being Measures in Young 
Soccer Players during a Season. Int J Environ Res Public Health. 2021;18:4451. 
doi:https://doi.org/10.3390/ijerph18094451.

23. Cardinale M, Varley MC. Wearable Training-Monitoring Technology: 
Applications, Challenges, and Opportunities. Int J Sports Physiol Perform. 
2017;12:S2-55-S2–62. doi:https://doi.org/10.1123/ijspp.2016-0423.

24. Nobari H, Oliveira R, Brito JP, Pérez-Gómez J, Clemente FM, Ardigò LP. 
Comparison of Running Distance Variables and Body Load in Competitions 
Based on Their Results: A Full-Season Study of Professional Soccer Players. 
Int J Environ Res Public Health. 2021;18:2077. doi:https://doi.org/10.3390/
ijerph18042077.

25. Clemente FM, Silva R, Chen Y-S, Aquino R, Praça GM, Castellano J. vd. Acceler-
ometry-Workload Indices Concerning Different Levels of Participation during 
Congested Fixture Periods in Professional Soccer: A Pilot Study Conducted 
over a Full Season. Int J Environ Res Public Health. 2021;18:1137. doi:https://
doi.org/10.3390/ijerph18031137.

26. Gallo T, Cormack S, Gabbett T, Williams M, Lorenzen C. Characteristics 
impacting on session rating of perceived exertion training load in Australian 
footballers. J Sports Sci. 2015;33:467–75.

27. Gaudino P, Iaia FM, Strudwick AJ, Hawkins RD, Alberti G, Atkinson G. vd. Fac-
tors Influencing Perception of Effort (Session Rating of Perceived Exertion) 
During Elite Soccer Training. Int J Sports Physiol Perform. 2015;10:860–4. 
doi:https://doi.org/10.1123/ijspp.2014-0518.

28. Nobari H, Khalili SM, Oliveira R, Castillo-Rodríguez A, Pérez-Gómez J, Ardigò 
LP. Comparison of Official and Friendly Matches through Acceleration, 

Deceleration and Metabolic Power Measures: A Full-Season Study in 
Professional Soccer Players. Int J Environ Res Public Health. 2021;18:5980. 
doi:https://doi.org/10.3390/ijerph18115980.

29. Lovell TWJ, Sirotic AC, Impellizzeri FM, Coutts AJ. Factors Affecting Perception 
of Effort (Session Rating of Perceived Exertion) During Rugby League Train-
ing. Int J Sports Physiol Perform. 2013;8:62–9. doi:https://doi.org/10.1123/
ijspp.8.1.62.

30. Weaving D, Marshall P, Earle K, Nevill A, Abt G. Combining Internal- and 
External-Training-Load Measures in Professional Rugby League. Int J Sports 
Physiol Perform. 2014;9:905–12. doi:https://doi.org/10.1123/ijspp.2013-0444.

31. Weaving D, Jones B, Marshall P, Till K, Abt G. Multiple Measures are Needed 
to Quantify Training Loads in Professional Rugby League. Int J Sports Med. 
2017;38:735–40.

32. Scanlan AT, Wen N, Tucker PS, Dalbo VJ. The Relationships Between 
Internal and External Training Load Models During Basketball Training. 
J Strength Cond Res. 2014;28:2397–405. doi:https://doi.org/10.1519/
JSC.0000000000000458.

33. Sampaio J, McGarry T, Calleja-González J, Jiménez Sáiz S, Schelling i del 
Alcázar Balciunas X M. Exploring Game Performance in the National Basket-
ball Association Using Player Tracking Data. PLoS One. 2015;10:e0132894. 
doi:https://doi.org/10.1371/journal.pone.0132894.

34. Svilar L, Castellano J, Jukic I. Comparison of 5vs5 Training Games and Match-
Play Using Microsensor Technology in Elite Basketball. J Strength Cond Res. 
2019;33:1897–903. doi:https://doi.org/10.1519/JSC.0000000000002826.

35. Vázquez-Guerrero J, Suarez-Arrones L, Casamichana Gómez D, Rodas G. 
Comparing external total load, acceleration and deceleration outputs in 
elite basketball players across positions during match play. Kinesiology. 
2018;50:228–34. doi:https://doi.org/10.26582/k.50.2.11.

36. Sheppard JM, Newton RU. Long-Term Training Adaptations in Elite Male 
Volleyball Players. J Strength Cond Res. 2012;26:2180–4. doi:https://doi.
org/10.1519/JSC.0b013e31823c429a.

37. Debien PB, Mancini M, Coimbra DR, de Freitas DGS, Miranda R, Bara Filho 
MG. Monitoring Training Load, Recovery, and Performance of Brazilian 
Professional Volleyball Players During a Season. Int J Sports Physiol Perform. 
2018;13:1182–9. doi:https://doi.org/10.1123/ijspp.2017-0504.

38. Franco Lima R, Palao J, Castro H, Clemente F. Measuring the training external 
jump load of elite male volleyball players: an exploratory study in Portuguese 
League (Medición de la carga externa de entrenamiento de los jugadores de 
voleibol masculino de élite: un estudio exploratorio en la Liga Portug. Retos. 
2019;36:454–8. doi:https://doi.org/10.47197/retos.v36i36.68321.

39. Sheppard JM, Gabbett TJ, Stanganelli L-CR. An Analysis of Playing Positions in 
Elite Men’s Volleyball: Considerations for Competition Demands and Physi-
ologic Characteristics. J Strength Cond Res. 2009;23:1858–66. doi:https://doi.
org/10.1519/JSC.0b013e3181b45c6a.

40. Sanders J, Boos G, Shipley B, Scheadler FM, Peacock CA. C. An Accelerometer-
Based Training Load Analysis to Assess Volleyball Performance. J Exerc Nutr. 
2021;1:2–6. doi:https://doi.org/10.53520/jen2018.1034.

41. Hank M, Maly T, Zahalka F, Novotny D, Gryc T, Hrásky P. Movement direction 
analysis in elite indoor Volleyball match. Acta Kinesiol. 2019;13:22–8.

42. Aaron C, Crowcroft S, Kempton T. Sport. Recovery, and Performance. Rout-
ledge; 2017. doi:https://doi.org/10.4324/9781315268149.

43. Blauberger P, Marzilger R, Lames M. Validation of Player and Ball Tracking 
with a Local Positioning System. Sensors. 2021;21:1465. doi:https://doi.
org/10.3390/s21041465.

44. Fleureau A, Lacome M, Buchheit M, Couturier A, Rabita G. Validity of an ultra-
wideband local positioning system to assess specific movements in handball. 
Biol Sport. 2020;37:351–7. doi:https://doi.org/10.5114/biolsport.2020.96850.

45. Alt PS, Baumgart C, Ueberschär O, Freiwald J, Hoppe MW. Validity of a Local 
Positioning System during Outdoor and Indoor Conditions for Team Sports. 
Sensors. 2020;20:5733. doi:https://doi.org/10.3390/s20205733.

46. Hoppe MW, Baumgart C, Polglaze T, Freiwald J. Validity and reliability of GPS 
and LPS for measuring distances covered and sprint mechanical properties 
in team sports. PLoS ONE. 2018;13:e0192708. doi:https://doi.org/10.1371/
journal.pone.0192708.

47. Taksler GB, Keshner M, Fagerlin A, Hajizadeh N, Braithwaite 
RS. Personalized Estimates of Benefit From Preventive Care 
Guidelines. Ann Intern Med. 2013;159:161. doi:https://doi.
org/10.7326/0003-4819-159-3-201308060-00005.

48. Bourdon PC, Cardinale M, Murray A, Gastin P, Kellmann M, Varley MC. vd. 
Monitoring Athlete Training Loads: Consensus Statement. Int J Sports Physiol 
Perform. 2017;12:2–161. doi:https://doi.org/10.1123/IJSPP.2017-0208.

http://dx.doi.org/10.1016/j.jsams.2021.08.013
http://dx.doi.org/10.1016/j.jsams.2021.08.013
http://dx.doi.org/10.1055/a-1087-2183
http://dx.doi.org/10.1123/ijspp.8.2.195
http://dx.doi.org/10.1123/ijspp.8.2.195
http://dx.doi.org/10.1007/s40279-014-0253-z
http://dx.doi.org/10.1123/ijspp.2012-0347
http://dx.doi.org/10.1123/ijspp.2012-0347
http://dx.doi.org/10.3389/fspor.2022.795897
http://dx.doi.org/10.3389/fspor.2022.795897
http://dx.doi.org/10.3390/healthcare9080977
http://dx.doi.org/10.1177/1754337120974873
http://dx.doi.org/10.3389/fpsyg.2022.925722
http://dx.doi.org/10.3389/fpsyg.2022.925722
http://dx.doi.org/10.3390/ijerph18094451
http://dx.doi.org/10.1123/ijspp.2016-0423
http://dx.doi.org/10.3390/ijerph18042077
http://dx.doi.org/10.3390/ijerph18042077
http://dx.doi.org/10.3390/ijerph18031137
http://dx.doi.org/10.3390/ijerph18031137
http://dx.doi.org/10.1123/ijspp.2014-0518
http://dx.doi.org/10.3390/ijerph18115980
http://dx.doi.org/10.1123/ijspp.8.1.62
http://dx.doi.org/10.1123/ijspp.8.1.62
http://dx.doi.org/10.1123/ijspp.2013-0444
http://dx.doi.org/10.1519/JSC.0000000000000458
http://dx.doi.org/10.1519/JSC.0000000000000458
http://dx.doi.org/10.1371/journal.pone.0132894
http://dx.doi.org/10.1519/JSC.0000000000002826
http://dx.doi.org/10.26582/k.50.2.11
http://dx.doi.org/10.1519/JSC.0b013e31823c429a
http://dx.doi.org/10.1519/JSC.0b013e31823c429a
http://dx.doi.org/10.1123/ijspp.2017-0504
http://dx.doi.org/10.47197/retos.v36i36.68321
http://dx.doi.org/10.1519/JSC.0b013e3181b45c6a
http://dx.doi.org/10.1519/JSC.0b013e3181b45c6a
http://dx.doi.org/10.53520/jen2018.1034
http://dx.doi.org/10.4324/9781315268149
http://dx.doi.org/10.3390/s21041465
http://dx.doi.org/10.3390/s21041465
http://dx.doi.org/10.5114/biolsport.2020.96850
http://dx.doi.org/10.3390/s20205733
http://dx.doi.org/10.1371/journal.pone.0192708
http://dx.doi.org/10.1371/journal.pone.0192708
http://dx.doi.org/10.7326/0003-4819-159-3-201308060-00005
http://dx.doi.org/10.7326/0003-4819-159-3-201308060-00005
http://dx.doi.org/10.1123/IJSPP.2017-0208


Page 23 of 23Akyildiz et al. BMC Sports Science, Medicine and Rehabilitation          (2022) 14:188 

49. Kupperman N, Curtis MA, Saliba SA, Hertel J. Quantification of Workload and 
Wellness Measures in a Women’s Collegiate Volleyball Season. Front Sport Act 
Living. 2021;3. doi:https://doi.org/10.3389/fspor.2021.702419.

50. Taylor JB, Barnes HC, Gombatto SP, Greenwood D, Ford KR. Quantifying 
External Load and Injury Occurrence in Women’s Collegiate Volleyball 
Players Across a Competitive Season. J Strength Cond Res. 2022;36:805–12. 
doi:https://doi.org/10.1519/JSC.0000000000004212.

51. Taylor JB, Kantor JL, Hockenjos TJ, Barnes HC, Dischiavi SL. Jump load and 
landing patterns of collegiate female volleyball players during practice and 
competition. J Sports Med Phys Fitness. 2019;59:1892–6. doi:https://doi.
org/10.23736/S0022-4707.19.09650-6.

52. Mroczek D, Januszkiewicz A, KawczyŃski AS, Borysiuk Z, Chmura J. Analysis 
of Male Volleyball Players’ Motor Activities During a Top Level Match. 
J Strength Cond Res. 2014;28:2297–305. doi:https://doi.org/10.1519/
JSC.0000000000000425.

53. Garcia GR, Gonçalves LGC, Clemente FM, Nakamura FY, Nobari H, Bedo 
BLS. vd. Effects of congested fixture and matches’ participation on internal 
and external workload indices in professional soccer players. Sci Rep. 
2022;12:1864. doi:https://doi.org/10.1038/s41598-022-05792-w.

54. Herring CH, Fukuda DH. Monitoring Competition Jump Load in Division 
I Female Collegiate Volleyball Athletes. J Sci Sport Exerc. 2022;4:221–30. 
doi:https://doi.org/10.1007/s42978-021-00152-y.

55. Ungureanu AN, Brustio PR, Boccia G, Rainoldi A, Lupo C. Effects of Presession 
Well-Being Perception on Internal Training Load in Female Volleyball Players. 
Int J Sports Physiol Perform. 2021;16:622–7. doi:https://doi.org/10.1123/
ijspp.2020-0387.

56. Lima-Alves A, Claudino J, Boullosa D, Rangel Couto C, Teixeira-Coelho F, 
Pimenta M. E. The relationship between internal and external loads as a tool 
to monitor physical fitness status of team sport athletes: a systematic review. 
Biol Sport. 2022;39:629–38.

57. Lehnert M, Stejskal P, Háp P, Miroslav V. Load intensity in volleyball game like 
drills. Acta Univ Palacki Olomuc Gymnica. 2008;38:53–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.3389/fspor.2021.702419
http://dx.doi.org/10.1519/JSC.0000000000004212
http://dx.doi.org/10.23736/S0022-4707.19.09650-6
http://dx.doi.org/10.23736/S0022-4707.19.09650-6
http://dx.doi.org/10.1519/JSC.0000000000000425
http://dx.doi.org/10.1519/JSC.0000000000000425
http://dx.doi.org/10.1038/s41598-022-05792-w
http://dx.doi.org/10.1007/s42978-021-00152-y
http://dx.doi.org/10.1123/ijspp.2020-0387
http://dx.doi.org/10.1123/ijspp.2020-0387

	Within-week differences in external training load demands in elite volleyball players
	Abstract
	Background
	Methods
	Participants
	Study Design
	Data
	Statistical analysis

	Results
	Discussion
	General analysis of training intensity in the different microcycles
	Training intensity in the different microcycles according to the playing position

	Conclusion
	References


