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Abstract
Purpose. The purpose of the study was to examine the physiological performance profiles and recovery status in a men 
futsal team during a short-term overseas training camp.
Methods. Among 11 Chinese Taipei men national futsal players, we determined the average heart rate (HR), the natural 
log of the square root of the mean sum of the squared differences between R-R intervals (LnrMSSD), and activity profiles, 
as well as applied a wellness questionnaire and a recovery scoring guide during a 5-day overseas training camp with 2 
training matches.
Results. For activity profiles, speed zone 2 (5.0–7.9 km ∙ h–1, p = 0.01), zone 3 (8.0–11.9 km ∙ h–1, p < 0.01), zone 4 
(12.0–17.9 km ∙ h–1, p = 0.01), and deceleration zone 2 (1.0–1.99 m ∙ s–2, p = 0.01) on the 2nd match day were significantly 
larger than those on the 1st match day. The 2nd match day showed a smaller percentage of HR zone 1 (50–59% of HRmax, 
p = 0.04) than the 1st match day. The wellness questionnaire, recovery scoring guide, resting HR, and LnrMSSD presented no 
significant difference across the training camp (p > 0.05).
Conclusions. The absence of fluctuation in the recovery status and resting cardiac responses is not associated with changes 
in training and match loads. The players’ recovery status and intensity of running patterns during an overseas futsal training 
camp were not influenced by the accumulation of training loads in a short-term period.
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SCIENCE IN SOCCER  
and futsal

Introduction

Futsal is a high-intensity indoor sport, character-
ized by a similar nature of physical activities and 
game principles as football [1]. The game is usually 
played with team members of 4 outfield players and 
1 goalkeeper in indoor sport facility. It requires the 
outfield players to move around the pitch with high 
frequency change in the defence, offense, and transi-
tion phases [2]. Most often, futsal players need to fa-
cilitate rotation of movement or combination of play 
in attempt to create space during offensive and tran-

sition phases. The nature of the sport makes players 
perform high-intensity exertion of multiple-direction 
running in short distance, and acceleration and de-
celeration of body movement; it also demands per-
ceptual skills [3, 4].

Futsal players physically require anaerobic and 
aerobic components to match the demand of the game. 
In terms of anaerobic performance, locomotion ac-
tivities changed in every 8–9 seconds, indicating the 
nature of intermittent exercise in futsal [5]. Futsal 
players perform high speed running and sprint in 
about 22.5% of total covering distance during a regu-
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lar competition [6]. In terms of aerobic performance, 
the maximum oxygen uptake of professional futsal 
players is around 60 ml ∙ kg–1 ∙ min–1 [7]. The players 
spend the majority of match time with over 85% of 
maximum heart rate (HRmax) and the intensity range 
of physical exertion of heart rate (HR) responses of 
170–190 beats ∙ min–1 [3, 6]. Therefore, the physical 
demand during a futsal match is relatively high, with 
aerobic and anaerobic metabolisms.

Monitoring training intensity and workloads has 
been received as a great opportunity to enhance exer-
cise performance and to prevent injuries in athletes [8]. 
Adjustment of training loads (TL) in various time points 
is essential to optimize physiological and psychological 
conditions for competition [9]. For the external TL, 
methods for measuring speed, acceleration, time-mo-
tion analysis have been extensively used to assess the 
quantification of movement patterns [10]. In addition, 
recording internal load can provide information re-
garding physiological and psychological characteris-
tics in relation to acute and chronic training adapta-
tion. One of the methods to quantify the internal TL is 
to record the session rating of perceived exertion (sRPE) 
[11]. This simple tool provides subjective information 
on the accumulation of physical exertion, based upon 
weekly/monthly/seasonal/annual periods. For example, 
Miloski et al. [12] observed futsal players’ TL with sRPE 
over a 37-week season. The results revealed higher 
TL during the preparation period than in the compe-
tition period. Fluctuation of TL, aiming to fit the fixture 
of matches, was also observed during the competition 
period. Another method to record the internal TL is to 
measure HR responses and the variability of cardiac 
patterns (HR variability, HRV). Sports practitioners 
now commonly observe changes in the vagal-related 
HRV index: the natural log of the square root of the 
mean sum of the squared differences between R-R 
intervals (LnrMSSD) in a series of time periods. This 
measurement can be used to understand the autonom-
ic modulation as related to training adaptation [13]. 
For example, Nakamura et al. [14] applied LnrMSSD to 
compare the HRV in professional futsal players during 
a pre-season training. The results revealed a decrease 
in coefficient variation of LnrMSSD as a result of phys-
iological adaptation at the end of 5-week pre-season 
training.

It is important to note that a congested schedule of 
training sessions or competitions can serve as a heavy 
burden to players’ physiological and psychological 
status [15]. Most studies use exercise HR responses 
and activity profiles (e.g. motion profile) to assess the 
training and match intensities for short- and long-

term adaptations owing to convenience and practical 
considerations [16–18]. However, the efficient methods 
to monitor external and internal loads during congested 
matches are controversial. Rabbani et al. [19] reported 
that Hooper index had higher sensitivity to associate 
exercise workload (sRPE) than HRV indices during 4 
consecutive days of a football tournament. Whether 
monitor tools for assessing TL are related to recovery 
status during a congested schedule of a short-term 
overseas futsal training camp is not fully clear. In 
this study, we investigated external loads (activity 
profiles) and internal loads (HR and sRPE), and the 
recovery status of futsal players during a short-term 
overseas camp. The aims of the study were: (1) to 
examine the external training/match load during 
a short-term overseas camp; (2) to examine the internal 
training/match load and recovery status during a short-
term overseas camp.

Material and methods

Participants

Overall, 11 male futsal players from Chinese Taipei 
(Taiwan) national futsal team were recruited in the 
present study. Goalkeepers were excluded as their po-
sition performance and training are absolutely dif-
ferent than in the case of outfield players. The 1st day of 
the overseas training camp was a travelling day. Body 
height, weight, and composition were measured, respec-
tively, with a stadiometer (Seca 213, Seca, Germany), 
electrical weight scales (Xyfwt382, TECO, Taiwan), 
and a skinfold caliper (Lange Skinfold Caliper, Beta 
Technology, USA). The anthropometric characteristics 
(Table 1) were determined in the hotel prior to travel-
ling. One outfield player missed the anthropometric 
measurements and was not included in data analysis. 
Four skinfold thicknesses were used to assess the per-
centage of body fat by a sports trainer. The percentage 
of body fat was obtained with the use of the following 
formula [20]:

5.783 + 0.153 * (the sum of triceps, subscapular, 
suprailiac, abdominal skinfolds) / 100

Fat mass was determined with the equation:

body fact percentage * body weight * 100–1

The percentage of muscle mass was established with 
the formula:

muscle mass * 100 * total body mass–1
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Muscle mass was calculated with the use of Matieg-
ka’s formula [21]:

body weight – (fat weight + bone weight +  
residual weight)

Bone weight was obtained from Rocha’s equation 
[22]:

bone mass (kg) = 3.02 * [height (m)2 * wrist breadth 
(m) * femur breadth (m) * 400] * 0.712

The calculation of residual weight followed the for-
mula [23]:

total body mass * 24.1 * 100–1

One more formula applied was as follows:

bone percentage (%) = bone weight * 100 *  
total body mass–1

Experimental procedures

The team schedule consisted of 3 training sessions 
and 2 training matches with the Thailand profession-
al futsal teams in Bangkok. The 1st day was a travel-
ling day, it included one 2-hour training session at 4 p.m. 
On the 2nd and 4th days, there were training matches 
with Highways Futsal Club at 5 p.m. and Royal Thai 
Navy Futsal Club at 3 p.m., respectively. The 3rd day 
consisted of two 2-hour training sessions: at 10 a.m. 
and 4 p.m. The 5th day was a travelling day without 
any training or match load. A qualified sports trainer 
recorded all the players’ recovery status and resting 
HR between 7:00 to 9:00 a.m. All players were in-
formed about the time to sleep at 10 p.m. during the 
camp. HR zone, activity profile, and sRPE were recorded 
during the training sessions and training matches.

Training and match loads

To monitor the training and match workloads, we 
used a telemetry device with a team HR monitor system 
(Polar Team Pro, Polar, Finland) that recorded the HR 
responses and activity profiles.

The participants mounted the HR straps on the 
chest and checked the availability of data detection 
prior to the data collection. The HR zones were divided 
into 5 levels (HR zone 1: 50–59% of HRmax, HR zone 
2: 60–69% of HRmax, HR zone 3: 70–79% of HRmax, 
HR zone 4: 80–89% of HRmax, HR zone 5: 90–100% 
of HRmax). Age-predicted HR (220 – age) was used to 
determine the HRmax. The HR responses below 50% 
of HRmax were not included in data analysis.

The activity profile was recorded with Polar Team 
Pro sensors, which consisted of MEMS motion sensors 
with the frequency of 200 Hz. The measurements in-
cluded total covering distance, number of sprints, speed 
zone, acceleration, and deceleration. The threshold of 
sprint was set with 24.0 km ∙ h–1. Speed zones were 
determined as follows: zone 1: 1.0–4.9 km ∙ h–1, zone 
2: 5.0–7.9 km ∙ h–1, zone 3: 8.0–11.9 km ∙ h–1, zone 4: 
12.0–17.9 km ∙ h–1, and zone 5: ≥ 18.0 km ∙ h–1 [7]. Ac-
celeration and deceleration zones were defined as: 
zone 1: 0.50–0.99 m ∙ s–2, zone 2: 1.0–1.99 m ∙ s–2, zone 
3: 2.0–2.99 m ∙ s–2, and zone 4: 3.0–50.0 m ∙ s–2.

For the subjective TL, the Borg CR10 scale was used 
to calculate sRPE in arbitrary units [24] as RPE score 
multiplied by training or match duration. In addition, 
Dalhousie dyspnoea and perceived exertion scales 
were applied to evaluate the muscular and respiratory 
perceptions during training sessions and matches [25]. 
The response of subjective TL was reported individ-
ually within 1 hour after the training session.

Recovery status

During this overseas training camp, all players 
were required to measure the resting HR in the morn-
ing prior to the breakfast. The Polar system was used to 
measure their resting HR and HRV in a sitting posi-
tion. All players were instructed to sit for 5 minutes, 
followed by 5 minutes of data collection. The HR data 
were then exported to the Polar Team Pro web service. 
For the HRV analysis, Kubios HRV analysis software 
(Premium version 3.0, Kubios, Finland) was used to 
calculate LnrMSSD.

The recovery scoring guide and the wellness ques-
tionnaire were also applied to assess internal TL and 
recovery status. The recovery scoring guide consisted 
of a total of 20 points for nutrition, hydration, sleep, 

Table 1. The anthropometric characteristics of the futsal 
players in the present study

Baseline

Age (years) 22.8 ± 4.7
Height (cm) 171.9 ± 4.9
Weight (kg) 68.1 ± 5.2
Fat mass (kg) 7.9 ± 1.7
Muscular mass (kg) 31.2 ± 2.6
Bone mass (kg) 12.6 ± 1.2
Percent of fat (%) 11.6 ± 1.9
Percent of muscle (%) 45.8 ± 2.3
Percent of bone (%) 18.5 ± 1.3
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relaxation, stretch exercise [26]. In turn, the wellness 
questionnaire involved 5 components to assess fatigue, 
sleep quality, general muscle soreness, stress level, 
and mood. The total score of the 5 components was 
used to evaluate the general aspect of recovery condi-
tions [27].

Statistical procedures

The descriptive data of the measured variables were 
presented as mean ± standard deviation (SD). One-way 
repeated measurement of analysis of variance (ANO-
VA) was used to compare the total covering distance, 
number of sprints, and recovery status. Two-way re-
peated measurement of ANOVA (days × levels) served 
to compare the HR, speed, acceleration, and decelera-
tion zones. When a significant main effect or interac-
tion was found, a post-hoc analysis with Bonferroni 
was conducted to identify the locations of significant 
differences. The effect size (ES) was ascribed the fol-
lowing levels: small effect (ES < 0.5), moderate effect 
(0.5  ES < 0.8), and large effect (ES  0.8) [28]. An 
alpha value of 0.05 was set for significant differences 
between the means. All statistical analyses were per-
formed with the SigmaPlot software version 13 for Win-
dows (Systat Software, USA).

Ethical approval
The research related to human use has been com-

plied with all the relevant national regulations and 
institutional policies, has followed the tenets of the 
Declaration of Helsinki, and has been approved by 
the authors’ institutional review board or an equiva-
lent committee.

Informed consent
Informed consent has been obtained from all in-

dividuals included in this study, who were informed 
on the risk of the participation.

Results

For activity profiles, the main effects (days and levels) 
and interaction were significantly different in the speed, 
acceleration, and deceleration zones (p < 0.01). The 
results showed that speed zone 2 (p < 0.01, ES = 1.12), 
zone 3 (p < 0.01, ES = 1.42), zone 4 (p < 0.01, ES = 1.14), 
and deceleration of zone 2 (p < 0.01, ES = 1.35) on 
the 2nd match day were significantly larger than those 
on the 1st match day (Figures 1 and 2).

For the measurement of HR zone, significant dif-
ferences were found in main effects (days and levels) 
and interaction (p < 0.01). HR zone 1 on the 2nd match 

TD – total distance, S – speed; * significant difference with the baseline day; # significant difference with the 1st match; $ significant difference with the training day

Figure 1. Activity profiles in total covering distance and speed zone during the overseas training camp

Dece – deceleration, Acce – acceleration; * significant difference with the baseline day; # significant difference with the 1st match; $ significant difference with 
the training day

Figure 2. Acceleration and deceleration running patterns during the overseas training camp
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day was significantly smaller than that on baseline day 
(p < 0.01, ES = 1.20) and on the 1st match day (p < 0.01, 
ES = 0.90; Table 2). In contrast, HR zone 5 on the 2nd 
match day was significantly larger than that on base-
line day (p < 0.01, ES = 1.98) and training day (p < 0.01, 
ES = 1.93).

The results showed that a main effect (days) was 
found in RPE, respiratory RPE, muscular RPE, and sRPE. 
The post-hoc analysis revealed that the 2nd match day 
presented significantly larger values than the baseline 

day and training day in respiratory RPE and muscu-
lar RPE (p < 0.05). In addition, the RPE and sRPE on 
the 2nd match day were significantly larger than those on 
baseline day (p < 0.01, ES = 1.82; p < 0.01, ES = 1.13, 
respectively) and on the 1st match day (p < 0.01, ES = 
1.04; p < 0.01, ES = 1.56, respectively; Table 3).

General wellness, recovery scoring guide, resting HR, 
and LnrMSSD showed no significant differences in 
statistical analysis (p > 0.05; Table 4).

Table 2. The objective training load as indicated by heart rate zone during the overseas training camp

Day 1
(baseline)

Day 2
(1st match)

Day 3
(training day)

Day 4
(2nd match)

HR zone 1 (%) 26.5 ± 8.2 30.4 ± 15.2 17.6 ± 6.0*# 14.7 ± 11.2*#

HR zone 2 (%) 17.4 ± 7.6 26.3 ± 12.0* 18.5 ± 3.3# 27.3 ± 8.1*$

HR zone 3 (%) 11.8 ± 5.4 15.1 ± 7.5 13.9 ± 3.9 20.5 ± 10.0*
HR zone 4 (%) 8.0 ± 4.8 8.1 ± 2.8 11.4 ± 5.5 7.6 ± 3.3
HR zone 5 (%) 4.4 ± 4.8 13.9 ± 6.4* 4.6 ± 4.9# 17.2 ± 7.8*$

HR – heart rate; * significant difference with the baseline day; # significant difference with the 1st match;  
$ significant difference with the training day

Table 3. The subjective training load during the training camp including the rating of perceived exertion  
and the respiratory and muscular rating of perceived exertion

Day 1
(baseline)

Day 2
(1st match)

Day 3
(training day)

Day 4
(2nd match)

RPE 3.6 ± 1.0 4.7 ± 1.3 3.2 ± 0.9 6.4 ± 2.0*#$

Respiratory RPE 3.0 ± 0.9 3.7 ± 0.9 2.7 ± 0.7 4.5 ± 1.3*$

Muscular RPE 2.7 ± 1.4 3.3 ± 1.2 2.5 ± 1.1 4.2 ± 1.1*$

Session-RPE (AU) 511.2 ± 137.2 438.7 ± 124.4 563.2 ± 161.7 716.8 ± 219.0*#

RPE – rating of perceived exertion, AU – arbitrary units; * significant difference with the baseline day;  
# significant difference with the 1st match; $ significant difference with the training day

Table 4. The scores of recovery status in general wellness questionnaire, recovery scoring guide, and cardiac responses 
during the overseas training camp

Day 2
(1st match)

Day 3
(training day)

Day 4
(2nd match)

Day 5
(travelling day)

General wellness
Total score 18.6 ± 2.7 17.2 ± 2.6 18.2 ± 1.9 17.5 ± 0.7
Fatigue 3.2 ± 1.1 2.9 ± 0.9 3.2 ± 0.8 2.9 ± 0.3
Sleep 4.3 ± 0.5 4.0 ± 0.5 4.0 ± 0.5 4.0 ± 0.5
General muscle soreness 3.3 ± 1.1 2.9 ± 1.0 3.2 ± 0.8 3.2 ± 0.6
Stress level 3.4 ± 0.7 3.5 ± 0.7 3.5 ± 0.7 3.2 ± 0.6
Mood 4.4 ± 0.5 3.9 ± 0.9 4.3 ± 0.5 4.2 ± 0.4

Recovery quality
Recovery scoring guide 18.8 ± 1.0 18.9 ± 1.0 18.7 ± 0.7 18.8 ± 0.6

Cardiac responses
Resting heart rate (bpm) 56.5 ± 4.6 56.5 ± 5.7 59.1 ± 4.5 58.8 ± 6.4
LnrMSSD (ms) 4.0 ± 0.4 4.1 ± 0.4 4.0 ± 0.3 3.9 ± 0.4

LnrMSSD – natural logarithm of the root mean square differences between adjacent normal R-R intervals
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Discussion

The main findings in the present study were that 
the recovery status, resting HR, and HRV showed no 
between-day significant differences during the short-
term overseas training camp. In addition, the players 
spent a high proportion of time spent in HR zone 1 in 
the 1st match, compared with the 2nd match, whereas 
speed zone 2, zone 3, zone 4, and deceleration zone 2 
were significantly larger on the 2nd match day compared 
with the 1st match day. The study assumed that the 
match intensity measured by HR and activity profiles 
on the 2nd match day was not influenced by the accu-
mulation of TL in the short-term period.

External training/match loads

The activity profiles in the present study showed that 
the total covering distance equalled 3430.7 ± 764.8 m 
and 4642.4 ± 1219.2 m in the 1st match and the 2nd 
match, respectively. Makaje et al. [7] reported that 
the activity profiles of the Thailand professional futsal 
league included 5087 m of total covering distance. 
Compared with the study by Makaje et al., our study 
showed lower total covering distance in the training 
matches against the Thailand professional futsal team. 
Barbero-Alvarez et al. [6] reported a total covering 
distance of 5091 m in the Spanish professional futsal 
league. The covering distance close to 5000 m indi-
cated a rigorous match intensity with movement patters 
of various speed running. Moreover, deceleration zone 
2 and speed zones 2–4 were larger in the 2nd match than 
in the 1st match, indicating a high demand of perfor-
mance in medium-intensity running and change of 
speed against the match with the Thai Navy Futsal Club. 
However, we did not observe any significant change in 
the numbers of sprints, high-intensity speed running, 
acceleration, or deceleration between the matches. It 
is possible to assume that less activity performance in 
the 1st match was due to inadequate low and medium 
running performance, compared with the 2nd match. 
The tactical tasks and game strategies are potential 
factors to change the match intensity.

Internal training/match loads

The results of the present study demonstrated that 
the players spent a high proportion of time in HR zone 
1 in the 1st match compared with the 2nd match. HR 
zone 3 and HR zone 5 were higher in the 2nd match, 
although the difference did not approach statistical sig-
nificance. These findings indicate high physiological 

stress in aerobic and anaerobic conditions in the 2nd 
match. Rodrigues et al. [29] demonstrated that the 
mean match intensity in the 1st division of the Brazilian 
futsal league was around 86.4 ± 3.8% HRmax. Makaje 
et al. [7] also observed an average of 89.8% HRmax 
during matches in the Thailand professional futsal 
league. The lower average HR intensity reported in 
our study may be due to the methodological difference 
of HR recording. We recorded HR throughout the train-
ing matches, including time spent on and off pitch. 
Another factor to cause lower average HR responses 
was related to the tactical tasks and game strategies. 
Clemente and Nikolaidis [30] found that futsal players 
spent 60% of training time over the HR zones above 
70% HRmax. However, our study only observed around 
24–29% of time spent on above 70% HRmax during 
training sessions. This is because of the training tasks 
(e.g. rotation, set piece, etc.) and absence of physical 
domain of the training session prior to the training 
matches.

HRV is a useful tool to assess the recovery status in 
relation to autonomic modulation in sports training. 
It is suggested to use the time-domain HRV indices of 
LnrMSSD to monitor the weekly internal TL and daily 
change in the training status [31]. The results of the 
present study demonstrated no change in the morning 
cardiac responses by assessing resting HR and LnrMSSD 
in a short-term overseas training camp. Plews et al. [32] 
suggested that an increase in weekly LnrMSSD asso-
ciated with a decrease in resting HR represented the 
elevation of parasympathetic activation. In contrast, 
a decrease in weekly LnrMSSD associated with an 
increase in resting HR indicates fatigue or overtraining 
status. The reciprocal relationship between the weekly 
LnrMSSD and resting HR can be used as a physiologi-
cal indication to monitor recovery status. Nakamura 
et al. [14] compared the coefficient variation of HRV in 
10 professional futsal players during a 5-week pre-sea-
son phase. The study reported that the vagal-related 
index LnrMSSD decreased its coefficient and variation 
in the 5-week training. The physiological scenario 
behind this phenomenon was related to physiological 
adaptation in cardiac vagal activation. The advantage 
of LnrMSSD use is that the measurement is not limited 
by the respiratory factors. Buchheit [33] suggested a posi-
tive correlation of long-term training adaptation and 
modulation of weekly LnrMSSD. An increase in weekly 
LnrMSSD indicates an optimal result of training adap-
tation. However, it may not be applicable to measure 
daily morning HRV in team sports without specific 
practitioners and proper equipment.
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Recovery status

Wellness measurement is a time-efficient and easy 
tool to monitor the recovery status during sports train-
ing. Rabbani et al. [19] suggested that a general wellness 
questionnaire is a more sensitive tool to assess internal 
loads than LnrMSSD and SD of normal to normal R 
wave (SDNN) during a congested match schedule in 
collegiate football players. However, we found no dif-
ference of wellness scores associated with LnrMSSD 
across the 5-day measurement, despite accumula-
tion of training and match loads. The players in the 
present study had less stressful travelling schedule on 
the 1st day and the tactical practice during the training 
day focused on set pieces, combination play, and power 
play. In addition, comfortable living environment and 
dining service may have been potential factors to facili-
tate optimal psychometric responses and nutritional 
contents in the present study as reflected by high scores 
in the wellness questionnaire and recovery scoring 
guide. Thus, the organization of the travelling itinerary, 
living environment, accessibility of sports facilities, and 
kit management are essential factors to impact the 
recovery status.

Functional implication

It is now widely accepted to observe the training and 
match intensities by using HR zone measurement in 
team sports [17]. The information of HR patterns can 
help us to understand the internal training and match 
loads for a long-term training period or a competitive 
season [33]. Since professional futsal leagues are not as 
widespread as football ones, most countries recruit na-
tional A team players on the basis of semi-professional 
and/or amateur levels. In this case, a short-term train-
ing camp is applicable. From coaches’ point of view, im-
plantation of overseas training camps to neighbour-
hood countries is a practical solution to analyse the 
strength and weakness of team performance prior to 
a major tournament. Congested schedule is often or-
ganized by coaches owing to time limitation for game 
preparation. In this case, it is necessary to monitor 
the psychometric status and activity profiles in addi-
tion to HR responses in all players. Considerations for 
the training routine and the time allocation for a con-
gested training camp schedule should be emphasized.

Conclusions

The present study shows that changes in the RPE, 
sRPE, HR zone, and running patterns were not asso-

ciated with general wellness, recovery scoring guide, 
resting HR responses, or HRV in a short-term over-
seas training camp. The absence of fluctuations of re-
covery status and cardiac responses is not associated 
with changes in training or match loads. The players’ 
recovery status and intensity of running patterns dur-
ing an overseas training camp were not influenced 
by the accumulation of TL in a short-term period. It is 
practical to use a comprehensive assessment to moni-
tor external and internal training/match loads during 
a short-term overseas training camp.
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