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Abstract
Background The final event in modern pentathlon, the laser run, determines the final ranking, and it is not known 
whether the athletes’ heart rates (HRs) and success rates during the shooting in the laser run are affected by 
environmental conditions. Although heart rate (HR) affects shooting performance, exercise-induced muscle fatigue 
accompanying increased HR can affect shooting speed and accuracy. The aims of this research were (a) to compare 
the HRs of pentathletes before and after fatigue, (b) to compare the shooting performance of pentathletes in the field 
vs. laboratory environment, and (c) to compare the HRs of pentathletes during successful and unsuccessful shootings.

Methods The HRs and shooting performances of the seven national team pentathletes were measured in two 
separate sessions under laboratory conditions (pre- and post-fatigue) and in the field (laser run event). Bruce protocol 
was used to create exercise-induced fatigue and the internal loads of the pentathletes were determined with the 
10-point Borg scale. The first session consisted of pre- and post-fatigue shooting in the laboratory environment, and 
the second session consisted of shooting in the laser run event in the field environment. The pentathletes’ HRs were 
monitored in all sessions.

Results The shooting accuracy of pentathletes in the laboratory is not affected by fatigue, although the HRs 
before and after the fatigue protocol differ significantly (p < .001). The unsuccessful shot count in the field was not 
significantly different between laps, and the HR decreased significantly towards the last successful shot in each lap 
(p < .001). Although shooting accuracy was not significantly different between the field and laboratory, the HRs in the 
field were significantly higher than those in the scenarios performed in the laboratory (p < .05).

Conclusion The findings revealed that HR was significantly affected by different environmental conditions and 
fatigue, but this was not accompanied by shooting accuracy, and significantly higher HR was achieved in unsuccessful 
shots compared to successful shots. We recommend that pentathletes perform running-shooting training in different 
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Introduction
The modern pentathlon consists of five different disci-
plines, including shooting, fencing, swimming, riding and 
running [1]. In addition, the laser run is the final stage 
of the modern pentathlon and consists of running and 
shooting activities combined [2]. The aim of this stage is 
to reach the finish line as quickly as possible and to make 
five successful shots to the target with a laser gun from a 
distance of 10 m [3]. The new final format implemented 
in the 2024 Paris Olympic Games starts with riding, with 
5–15  min breaks between each discipline, followed by 
the fencing bonus round and swimming, and finally, after 
every 600 m run, it is completed with a 5-lap laser run. 
Athletes shoot until they get five successful shots in each 
round or move on to the next running lap if they cannot 
reach this score within 50 s in laser run event.

Physiological changes are observed in pentathletes 
after each event [4]. One of these changes is heart rate 
variability (HRV), the variation in time between repeti-
tive heartbeats over time, mostly due to exogenous regu-
lation of heart rate (HR) [5, 6]. HRV is used extensively 
in sports sciences to monitor the physical condition of 
athletes and is assumed to be an indicator of physiologi-
cal response. It is thought that it can be an objective tool 
to measure the individual physiological state of an athlete 
before, during and after the competition [7].

Shooting is a sport that depends on a constant con-
centration. However, as in other disciplines, physical 
fitness also helps shooters perform more accurately [8]. 
HR influences shooting performance [7, 9, 10], and firing 
speed affects accuracy [11]. In addition, the HR system-
atically decreases before pulling the trigger to increase 
shooting accuracy in elite and non-elite shooters [10]. 
This decline occurs faster in elite athletes than in non-
elite athletes [12]. Laser run performance, which is the 
final stage of the modern pentathlon, significantly affects 
the success level of the athlete. It is highly recommended 
to use HR monitors to control the response of the ath-
lete’s cardiovascular system to determine the exercise 
intensity [13]. As exercise intensity increases, various 
neural mechanisms increase sympathetic tone, lead-
ing to further increases in HR, suggesting that HR may 
have significant potential as a predictor of aerobic fitness 
and exercise performance, and in monitoring exercise-
induced muscle fatigue in elite athletes [14, 15].

To the best of the authors’ knowledge, such a study 
examining HR changes and shooting accuracy in modern 
pentathletes under different environmental conditions 
and fatigue scenarios has not been reported previously 

in the literature. Therefore, the success of the shots (hit 
the target) made at high HR in this stage is a matter of 
curiosity. At the same time, it is possible that the athletes 
are affected by environmental factors and their shooting 
concentration is lost. For this reason, the laboratory envi-
ronment, where environmental factors are not variable, 
and the effects of shootings made under field conditions, 
where these factors are variable, on HR and success rates 
are also unknown. Although it is known that modern 
pentathletes shoot after running in the laser run event, 
athletes sometimes only practice shooting. This presents 
different physiological stress and environmental condi-
tions. Thus, this current research focuses on the question 
“Do fatigue and different environmental conditions have 
an effect on heart rate and shooting accuracy during the 
laser run event in elite modern pentathletes?“. Therefore, 
the aims of this research were (a) to compare the HRs of 
pentathletes before and after fatigue, (b) to compare the 
shooting performance of pentathletes in the field vs. lab-
oratory environment, and (c) to compare the HRs of pen-
tathletes during successful and unsuccessful shootings.

Methods
Participants
Seven modern pentathlon national team athletes (one 
2020 Olympic Games 5th, 2024 Olympic Games 6th & 
World 3rd, one World 3rd &, Olympian at 2024 Olym-
pic Games, one World 4th, one 3rd European junior 
team, two World and European U24 finalists, one World 
Championship participant, mean and SD, respectively: 
age = 21.1 ± 3.6 years, experience = 13.6 ± 3.9 years, body 
height = 169.7 ± 8.9  cm, body mass = 59.0 ± 10.8  kg, body 
fat = 16.3 ± 2.3%) voluntarily participated in the research. 
According to the 2023 data on the official website of the 
Union Internationale de Pentathlon Moderne, the num-
ber of competitors in the world is 194 for women and 
216 for men, and with the participants we reached in our 
research, we included 2.6% of the population in women 
and 1% in men and 1.7% in total.

The study proposal was presented to the participants, 
and the possible risks and benefits were explained before 
their participation. Each athlete signed an informed con-
sent form to confirm their voluntary participation and 
approved the use and disclosure of their information for 
research purposes. The inclusion criteria were (a) actively 
competing in the modern pentathlon discipline and being 
a national athlete, (b) training at least 6 days a week, and 
(c) having been trained in the modern pentathlon disci-
pline for at least 8 years. The exclusion criteria were (a) 

weather and field conditions before the competition to adapt to different environments, especially during the 
competition seasons, instead of shooting in a polygon or laboratory.
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having any musculoskeletal injury or operation in the 
last six months, (b) having any cardiovascular disease, or 
(c) not completing any of the protocols. The participants 
were asked to rest before the measurement days, not to 
consume stimulants or alcohol 24 h before the measure-
ment, to stop eating for the last 2  h, to stop consum-
ing water for the last half hour, and to return to sleep at 
23:00 the day before the measurement. The research was 

conducted in accordance with the Declaration of Helsinki 
and was approved by the local ethics committee.

Study design
The two experiments were separated by at least a 3-day 
interval and were completed within a one-week period 
(Fig.  1). The resting HR was taken after the charac-
teristics of the athletes (age, body height, body mass, 
BMI) were measured on the first measurement day. A 

Fig. 1 Study design
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stadiometer (SECA 217, Seca Ltd., Vogel & Halke, Ham-
burg, Germany) was used to measure body height, and a 
bioelectrical impedance analyser (Tanita BC 418, Tanita, 
Japan) was used to measure body mass, BMI and body 
fat. HR was monitored continuously during all labora-
tory and field measurements through the use of a Polar 
V800 HRM (Polar Electro OY, Kempele, Finland) with 
a Polar H9 HR Sensor chest strap (henceforth, V800). 
Afterwards, the athletes were asked for a 15-minute self-
selected warm-up protocol, consisting of pre-fatigue 
shot, a warm-up protocol on the treadmill (h/p/Cosmos 
Saturn 4.0, Germany) and a fatigue protocol, which was 
performed immediately after the shot.

In the fatigue protocol, participants underwent 
a warm-up protocol including 5  min of running at 
8  km/h on the treadmill, walking for 1  min, and then a 
fatigue protocol, respectively. The standard Bruce pro-
tocol was used to create fatigue. The Bruce protocol is 
a continuous, incremental treadmill protocol consist-
ing of 7 stages, with inclines and speed increases every 
3 min. The treadmill is started at 2.74 km/h (1.7mph) & 
at an inclined gradient of 10%. After 3 min incline of the 
treadmill is increased by 2%, and the speed increases. 
In stage 7, the incline is 22% and the speed is 9.65 km/h 
(6.0 mph). The rating of perceived exertion (RPE) of all 
athletes pre-warm-up, post-warm-up on the treadmill, 
and at the end of the fatigue protocol were determined 
with the 10-point Borg scale [16]. Participants were 
familiarized with the Borg scale and were asked to only 
consider their feelings of physical exertion and not spe-
cifically offer any psychological/psychic contribution to 
these feelings [17]. All of the athletes exercised until they 
reached exhaustion and voluntarily decided to stop. The 
secondary criteria for ending the protocol were at least 
two of the following: (1) RPE: ≥9 on the Bruce protocol 
test; (2) age-predicted maximal HR (calculated with the 
following formula: 220 − age = HRmax); and (3) respira-
tory exchange ratio (RER): ≥1.10. During the protocol, 
the VO2max was determined with a Cosmed Quark CPET 
breath-by-breath gas analyser (Cosmed, Albano Laziale, 
Rome, Italy). The ambient temperature during test-
ing was 25.0 ± 0.4  °C. For shooting performance, all the 

athletes were asked to complete 5 successful shots at the 
target at a distance of 10 m in accordance with the official 
competition rules, and the HR was recorded for each suc-
cessful and unsuccessful shot.

The field performance of the athletes was measured one 
week after the laboratory measurement at the maximum. 
Athletes continued their routine training between the 
measurements, but the intensity was kept low (50–70% 
of HRmax) during training. The laser run event was per-
formed according to the modern pentathlon official com-
petition rules. The participants applied a self-selected 
warm-up for 15 min before the laser run. The laser run 
was completed as a 5 × 600 m run, and 5 successful shots 
were taken at the target at a distance of 10 m after each 
run. The HRs (including successful and unsuccessful 
shots) were recorded in all running sequences and shoot-
ing performances of the athletes.

Data analysis
The data are presented as the mean ± SD, 95% confi-
dence interval (CI), significance level (p) and effect size 
(ES). The normality of the data was tested via the Shap-
iro‒Wilk test. Repeated measures analysis of variance 
was used to compare the HR response between laps in 
the field, and paired sample t-test was used to compare 
pre- vs. post-fatigue, field vs. laboratory, and successful 
vs. unsuccessful shots between the laps, independently. 
The ES was classified using the Cohen’s d [18] according 
to the following scale in the laboratory environment in 
comparisons of pre-post-fatigue, field vs. laboratory, and 
successful vs. unsuccessful shots: trivial < 0.2, small 0.2–
0.5, moderate 0.5–0.8, and large > 0.8. Partial eta squared 
effect sizes (η2) were classified as follows in the compari-
son of repeated measurements in the field environment: 
small (0.01), moderate (0.06), and large (0.14) [19]. All the 
statistical analyses were performed using SigmaPlot 11.0 
software (from Systat Software, Inc., San Jose, California, 
USA). The significance level was set at 5%.

Table 1 HRs, VO2max, and shooting performance of elite modern pentathletes before and after fatigue protocol in the laboratory
mean ± SD min max 95% CI

Laboratory Resting HR (bpm) 73.1 ± 6.5 64 82 68.3–77.9
Post-warm-up HR (bpm) 91.0 ± 12.9 77 108 81.4-100.6
Post-warm-up on treadmill HR (bpm) 128.4 ± 12.8 108 144 118.9-137.9
HRmax during the fatigue protocol (bpm) 188.7 ± 6.3 180 198 184.0-193.4

Field Running time (sec) 130.7 ± 10.7 114.4 139.2 122.8-138.6
Running speed (m/sec) 4.62 ± 0.41 4.31 5.25 4.32–4.92
Shooting time (sec) 14.5 ± 3.1 11.8 21.0 12.2–16.8
HRmean during running (bpm) 166.1 ± 1.2 164 167.2 165.2–167.0

Data are presented as mean ± SD. min: minimum, max: maximum, CI: confidence interval, HR: Heart rate
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Results
In laboratory measurements, the RPEs of modern pen-
tathletes before and after the warm-up and pre- and post-
fatigue protocol were 0, 0.3 ± 0.8, 1.0 ± 1.0, and 9.3 ± 0.8, 
respectively. RPE after fatigue protocol was significantly 
higher than that before the protocol (p < .001). The maxi-
mum HR was reached after the fatigue protocol (Table 1), 
and the mean VO2max of modern pentathletes was 
55.4  ml. kg. min− 1 (minimum = 50.3, maximum = 60.3, 
95% CI = 51.5–59.3  ml. kg. min− 1). Pentathletes’ mean 
laser run time, running speed, shooting time, HRmean, 
and HRmax in the field measurements during the laser run 
are presented in Table 1. HRmax during a laser run event 
is lower than HRmax during the fatigue protocol.

There was no significant difference in the unsuccess-
ful shots (p = .395) and shooting accuracy (p = .424) of 
the pentathletes between pre- and the post-fatigue pro-
tocol applied in the laboratory. There was no significant 
difference between laps in either unsuccessful shots or 
shooting accuracy in the laser run event (Fig.  2). The 
unsuccessful shot count per lap averaged 3.3 ± 1.4, and 
the shooting accuracy averaged 63.4 ± 8.9% in the field 
conditions. However, there was no significant difference 
in shooting accuracy between the field and laboratory 
environments (field vs. pre-fatigue, p = .498; field vs. post-
fatigue, p = .640).

In the laboratory, the pre-fatigue HR of pentathletes 
was significantly lower than the post-fatigue HR (pre- and 

Fig. 2 Unsuccessful shoots (a) and shooting accuracy (b) of elite modern pentathletes in the laboratory and field conditions. The “count” refers to how 
many times the shot occurred. The “%” is the ratio obtained by dividing successful shots by total shots
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post-fatigue HR = 72.0 ± 6.8 vs. 140.5 ± 16.0 bpm, p < .001, 
ES = 5.572 “large” in successful shots, 75.0 ± 7.9 vs. 
143.7 ± 17.0  bpm, p < .001, ES = 5.183 “large” in unsuc-
cessful shots; (Fig.  3)). The participants’ pre-fatigue 
HR was significantly higher in unsuccessful shots than 
for successful shots (HR in successful vs. unsuccessful 
shots = 72.0 ± 6.8 vs. 75.0 ± 7.9  bpm, p = .015, ES = 0.407 
“small”, respectively). Although the post-fatigue HR in 
unsuccessful shots was quantitatively higher than the 
HR in successful shots, this difference was not signifi-
cant (successful vs. unsuccessful = 143.7 ± 17.0  bpm vs. 
140.5 ± 16.0 bpm, respectively).

In the field, the HRs of pentathletes were not signifi-
cantly different between successful shots and unsuccess-
ful shots on each lap (Fig. 4). For all laps, the HRmean for 
successful shots was 162.0 ± 10.0 bpm, and the HRmean for 
unsuccessful shots was 162.5 ± 9.7 bpm.

However, there was a decrease in HR from the first suc-
cessful shots to the end when the HRs was compared by 
separating the performances of 5 successful shots in 4 
shooting intervals (e.g., 1st successful shot, 2nd success-
ful shot, etc.). The HR of the athletes in the 1st success-
ful shots was significantly higher than the HR in the 4th 
(p < .001, “large” F = 6.01, η2 = 0.461) and 5th successful 
shots (p < .001, “large” F = 6.00, η2 = 0.450), and the HR in 
the 2nd successful shots was significantly higher than the 

HR in the 5th successful shots (p < .001, “large” F = 6.01, 
η2 = 0.451) (Fig. 5). The HR reduction between the 1st and 
5th shots is 12.0%. Athletes started their shooting per-
formance with an average HR of 172.8 ± 3.0 bpm and the 
next running lap with an average HR of 152.0 ± 6.6 bpm.

There was a significant difference in all the param-
eters between the HRs of pentathletes in the field and 
those in the laboratory (Table 2). The pre-fatigue HR of 
the pentathletes in the laboratory was significantly lower 
than the HR in the field (mean and max) in both success-
ful and unsuccessful shots. In all of the shots (successful 
and unsuccessful shots) of the pentathletes in the field 
competition protocols, significantly higher HRs were 
obtained from the scenarios realized in the laboratory.

Discussion
The aim of this study was to compare the HRs of pen-
tathletes before and after the fatigue protocol. Further-
more, this study investigated the shooting performance 
of pentathletes in a field environment vs. a laboratory 
environment and compared the HRs of pentathletes dur-
ing successful and unsuccessful shootings. One of the 
main findings of the current study was that the shooting 
performance of pentathletes in the laboratory was not 
affected by fatigue, although the pre- and post-fatigue 
HRs differed significantly. Furthermore, the unsuccessful 

Fig. 3 The HR responses of elite modern pentathletes pre- vs. post-fatigue protocol, and successful vs. unsuccessful shots in the laboratory (p < .05)

 



Page 7 of 11Ünver et al. BMC Sports Science, Medicine and Rehabilitation           (2025) 17:51 

Fig. 5 The HR responses of elite modern pentathletes during successful shots in the field (p < .05)

 

Fig. 4 The HR responses of elite modern pentathletes in laser run shooting performance by laps in the field
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shot count in the field was not significantly different 
between laps, and the HR decreased significantly towards 
the last successful shots in each lap. Although shooting 
accuracy was not significantly different in the field and 
laboratory comparisons (shooting accuracy in the field 
increased quantitatively with each lap, and the last two 
laps were higher than the laboratory conditions), the HRs 
in the field environment were significantly higher than 
those in the scenarios performed in the laboratory.

The effect of fatigue
Although there was no significant difference in the 
unsuccessful shot count (p = .395), and shooting accu-
racy (p = .424) between the pre- and post-fatigue proto-
col in the laboratory of pentathetes, the post-fatigue HRs 
for successful and unsuccessful shots were significantly 
higher than the pre-fatigue HRs (pre- vs. post-fatigue 
HRs = 72.0 ± 6.8 vs. 140.5 ± 16.0  bpm, p < .001, ES = 5.572 
“large” for successful shots; 75.0 ± 7.9 vs. 143.7 ± 17.0 bpm, 
p < .001, ES = 5.183 “large” for unsuccessful shots). In 
addition, although there was no significant difference in 
the unsuccessful shot count and shooting accuracy of the 
pentathletes with high HRs after fatigue compared with 
the pre-fatigue protocol, a decrease in the unsuccessful 
shot count and a quantitative increase in the shooting 
accuracy were obtained. Although high HR in the cardio-
vascular system can increase breathing frequency, which 
may affect postural sway [10, 12, 20–24], pentathletes are 
accustomed to high-pulse shooting performance in the 
laser run, and this physiological stress is different from 
that in disciplines that shoot without running during 
competition because they carry out similarly with high 
HR after fatigue. This finding was evaluated as a result 
of the pentathletes combining their long-term shoot-
ing performance with different endurance training dur-
ing the preparation period for the competition. For this 
reason, in our study, we observed that pentathletes shot 
more accurately at high HRs in the field, and the fact that 
the athletes exhibited increasing shooting accuracy with 
each lap during the laser run event at a higher HR com-
pared with laboratory measurements also supports this 
finding. To improve performance in laser shooting, it is 

necessary to increase the physical strength elements, and 
it is recommended that pentathletes should be trained 
for cardiovascular endurance [25]. The optimal shoot-
ing performance in endurance running intervals with 
high intensity and the completion of laser run at high 
HR during anaerobic training are considered as impor-
tant factors in the development of key elements such as 
physiological stress, adaptation and skill. Sadowska et al. 
[26] reported that the physical load caused by laser run-
ning affects an athlete’s balance during shooting, but it 
remains at the same level in the next series of laser shots, 
and the level of fatigue does not affect postural sway in 
the laser shooting position. In support of previous stud-
ies, we determined that the laser shooting performance 
of pentathletes at high HRs was not different from that of 
their resting HRs. This can be evaluated as the pentath-
letes’ ability to cope with high physiological stress and/
or adaptation strategies, and they do not perform dif-
ferently before and after fatigue in laser shooting in the 
laboratory environment. Whether the same strategy is 
used in the field environment is an important finding that 
needs attention, and we determined that the laser shoot-
ing accuracy of pentathletes under field conditions was 
not affected by fatigue towards the final laps and even 
increased gradually.

Comparison of successful shots and unsuccessful shots
The shooting performance of the pentathletes after the 
first lap on the field was lower than that of the others. 
This situation may also be a result of the process brought 
about by different conditions in the process called “adap-
tation” as a result of long years of training, which can 
be divided into two types: indoor and outdoor environ-
ments. These results show that although the physical 
loads arising from running may affect shooting perfor-
mance, they may be a result of the athletes’ adaptation 
to the additional physical load [27, 28]. In support of our 
findings, Park et al. [29] reported that there was a signifi-
cant difference between laps in terms of shooting accu-
racy and consistency between the 1st lap and the other 
laps, whereas there was no significant difference between 
the 2nd, 3rd and 4th laps. Perhaps the improvement in 

Table 2 Comparison of HR responses of elite modern pentathletes in the laboratory vs. in the field, during successful vs. unsuccessful 
shots

Laboratory
Pre-fatigue S shots Post-fatigue S shots Pre-fatigue US shots Post-fatigue US shots

Field S shots HRmean < 0.001 0.007 Field US shots < 0.001 0.015
HRmax < 0.001 < 0.001 < 0.001 0.001
1st lap < 0.001 0.021 < 0.001 0.029
2nd lap < 0.001 0.017 < 0.001 0.035
3rd lap < 0.001 0.005 < 0.001 0.018
4th lap < 0.001 0.007 < 0.001 0.016

Data are presented as significancy level (p). S: Successful, US: Unsuccessful, HR: Heart rate. p < .05
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the first-lap shooting performance of the athletes can give 
them an advantage over their opponents at the end of the 
competition. In fact, pentathletes have long been trained 
for the best performance in all modern pentathlon events 
under different conditions (ground, weather conditions, 
etc.). Therefore, the function of pentathletes shows that 
they can keep laser shooting performance constant to 
some extent even as physiological and physical loads con-
tinue to increase [20, 25–27, 29].

Laboratory vs. field comparison
Although the HRs of pentathletes in successful and 
unsuccessful shots during laser run performances in the 
field were not significantly different, we determined that 
as the number of laps increased, the HR also increased, 
but in successful shots per lap, the HR decreased in the 
period from the 1st successful shot to the 5th successful 
shot. However, the HRs of the pentathletes obtained after 
the fatigue protocol in the laboratory environment was 
significantly lower than the HRs in the field (as HRmean 
and HRmax) in both successful and unsuccessful shots. 
In all of the shots (successful and unsuccessful shots) of 
the pentathletes in the field laser run, significantly higher 
HRs were obtained from the scenarios realized in the lab-
oratory (HRmean = 166.1 ± 1.2 bpm in the field, HRmean = 
72.0 ± 6.8 bpm pre-fatigue, 140.5 ± 16.0 bpm post-fatigue 
in the laboratory). This may be associated with the fact 
that the pentathletes may be adapted in terms of physi-
ological stress in the field, as the field environment pre-
pares for the competition in terms of concentration, 
resulting in more motivating conditioning. On the other 
hand, the fatigue protocol in our study was maximal and 
therefore different from the submaximal nature of pen-
tathlon laser running, which may have influenced the 
findings. Park et al. [29] comprehensively examined the 
relationships among accuracy, speed and consistency in 
modern pentathlon shooting events and reported that 
athletes had higher consistency and accuracy and faster 
shooting and speed in finals than in qualifying rounds. 
This result is similar to the fact that athletes renew their 
records more frequently in finals than in qualifying races; 
however, the conditions faced by athletes, pressure, stress 
and physiological response [30] can also be considered. 
Therefore, these results may reflect the psychological 
and physiological characteristics on shooting character-
istics depending on the type of competition [26]. Stud-
ies have emphasized that factors such as HR, motivation, 
self-confidence and anxiety play critical roles in reaching 
optimal performance levels [31, 32]. Considering these 
internal and external conditions affecting performance 
during the competition, it is recommended that pen-
tathletes perform running-shooting training in different 
weather and field conditions before the competition to 
adapt to different environments, especially during the 

competition seasons, instead of shooting in the polygon 
or laboratory environments in resting situations.

It is clear that shooters improve their self-regulation in 
HR as they gain more experience [7]. On the other hand, 
there are researchers who suggest that training is an impor-
tant key for athletes to reach elite performance and that it 
supports the planned training accordingly [33, 34]. In the 
modern pentathlon discipline, which requires pentathletes 
to shoot and run together with changing rules, it is impor-
tant that the training content should be determined based 
on specific demands and competition characteristics to 
achieve better performance during laser running. Brown et 
al. [35] reported that HR during laser shooting was not sig-
nificantly related to shooting accuracy or precision and sug-
gested that pentathletes should develop their own strategies 
when trying to improve shooting performance. In our study, 
there was no significant difference in HRs between success-
ful and unsuccessful shots in pre- and post-fatigue and field 
environments, but shooting at significantly higher HRs in 
the field was the most remarkable and supportive finding of 
previous studies.

Limitations
This current cross-sectional study has several limitations. 
The first of these is the sample size. However, all of the 
pentathletes in the sample are participants in international 
competitions; most of them have international rankings, 
and two are Olympians. Moreover, according to official data 
from the Union Internationale de Pentathlon Moderne, we 
reached 2.6% of the international pentathletes in the world. 
In addition, to the best of the authors’ knowledge, there is 
no previous research with this research design. With respect 
to this research, we present important findings to elite pen-
tathletes, coaches, athletes and practitioners in the modern 
pentathlon discipline. Our second limitation is that we did 
not use RPEs under field conditions, but we used RPE find-
ings as indicators of internal load to determine fatigue in the 
laboratory. Another limitation is the use of lactate measure-
ments as a more accurate predictor of fatigue under labora-
tory and field conditions.

Conclusions
The findings revealed that HR was significantly affected by 
different environmental conditions and fatigue, but this was 
not accompanied by shooting accuracy, and significantly 
higher HR was achieved in unsuccessful shots compared to 
successful shots. In conclusion, pentathletes should include 
shooting training in endurance-based training or anaerobic 
training, such as intensive intervals, instead of performing 
shooting training with resting HR or high HR scenarios in 
laboratory environments. It is thought that adding post-run 
shooting to the training process in the style of a method is 
important for adapting to laser running. Therefore, it is rec-
ommended that pentathletes perform running-shooting 
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training in different weather and field conditions before the 
competition to adapt to different environments, especially 
during the competition season, instead of shooting in poly-
gon or laboratory environments in resting situations. Due to 
different physiological stress and environmental conditions, 
it may be an important factor in improving the performance 
of modern pentathletes to combine running and shooting 
training, as in the laser run event, instead of performing an 
isolated shooting training.
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