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Aim. This study aimed to investigate PlayerLoad and heart rate responses of handball-based
small-sided games which specifically designed with additional field player rule. Materials and
Methods. Thirteen well-trained female handball players (2 goalkeepers, 2 pivots, 4 wings, and
5 backs) participated in this study. A total of eight Small-sided games (SSGs) on two different
training days with separated at least 48-hour were conducted. SSGs executed with the inclusion
of two each 5 vs 6 and 7 vs 6 handball specific games that mimic the numerical inferior or supe-
rior situations in game-play. PlayerLoad, acceleration, deceleration and change of direction were
established by a wearable IMUs and heart rate monitored with a chest band. Results. There was
no significant difference between PlayerLoad.,, PlayerLoadmin-1, HR,,x, HR,;, and HIE pa-
rameters during the SSGs that separated by two testing days. No significant differences were
found in PlayerLoad,,,, PlayerLoadmin-1, HR,,,x, and HR,,,, parameters attained from the main
and opponent team. Results showed no significant differences between all 5 vs 6 and 7 vs 6 SSGs.
There was a significantly lower PlayerLoad,y, in the goalkeepers than backs, wings and pivots.
The mean and maximum heart rate of back players was significantly lower than wings and pi-
vots. Conclusion. Current study set out the examiner that if tactical innovations in playing situa-
tions numerical inferiority or superiority situations 7vs6 and 5vs6, will make the difference in
players’ physical efforts. Because of the raised usage of this tactical variations, recent studies only
focused to technical variables of playing with no goalkeeper and additional field player. There-
fore, it is crucial to obtain clear knowledge how to affect the players as physically. Hence, a defi-
nite need for revision of the training demands of the goalkeepers in handball.
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Introduction

Handball is an intense team sport that in-
volves accelerations, deceleration, and change of
directions actions depended on ball or opponents’
position which demands higher levels of internal
and external loads [9, 20]. Determination of ex-
ternal load was particularly limited with the only
measure to the time motion characterize of the
players in handball likewise other indoor sports
[18]. It has been noted that lower total distance
covered and running pace than basketball and
football [17, 21]. However, it has been reported
that players performed 279 change of directions
and 485 high-intensity movements [4] and this
method clearly ignores the short high-intensity
activities in the small space such as change of
directions, jumping, throwing, tackles for the de-
fensive phase. Recently, inertial measurement
units (IMU) provide monitoring the PlayerLoad
and high-intensity events as reliable and precise
during training and math-play [13]. Several stu-
dies have determined the PlayerLoad and high-
intensity pattern by using IMU sensors in elite
team handball [13, 23]. Usage of small-sided
games is an important training concept that co-

vered requirements of high physical and technical
demands of playing handball. Previous studies
have considered to implements of handball spe-
cific small-sided games (SSGs) with different
court size [5, 6], contact or non-contact playing
rules [7, 8], and playing variations such as 3 vs 3
and 6 vs 6 [15]. Following a serial change of
rules by International Handball Federation [10],
the attacking team can play with an additional
field player after taking the goalkeeper bench
which resulted in an empty goalie. Therefore,
during the 2-min penalty teams have got an op-
portunity to tolerate numerically inferiority with
an additional field player. Almost three of four
teams have been applied to change goalkeeper
with a field player in numerical inferiority to
equilibrate against the opponent with an empty
goalie risk [19]. Also, some of the teams that
troubles in the attacking organizations and prob-
lems to scoring have gained to chance attack nu-
merically superiority with the same rule. As our
knowledge, no previous study has investigated
monitoring the physical response of additional
field player during the numerical inferiority or
superiority situations. Therefore, this study aimed
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to investigate PlayerLoad and heart rate res-
ponses of handball-based small-sided games
which specifically designed with additional field
player rule.

Materials and Methods

Thirteen well-trained female handball players
participated in this study. Two goalkeepers, two
pivots, four wings, and five backs members of
the same club which attend super league of na-
tional competition trained at least 90 minutes
lasted practice of 7 session/week. Volunteers
gave their written informed consent after they
notified the description of the study design. Prior
to the experiment, the study protocol approved by
the Local Ethical Committee.

A total of eight SSGs were performed on two
different training days with separated at least
48-hour (scheduled at the same time of the day).
Every training day four SSGs executed with the
inclusion of two each 5 vs 6 and 7 vs 6 handball
specific games that mimic the numerical inferior
or superior situations in game-play (+1 player
and an empty goalie). Each SSG completed as
eight minutes play with break a four-minutes
recovery similar to the previous studies [2].
The training sessions started with a 20-minute
standardized warm-up that starts a general run-
ning and stretching exercise, follows by handball
specific passes and shooting exercises. The rules
of the handball specific exercises applied as same
as the official handball games except for the quick
ball replacement after the ball thrown away by
shooting and 7-m penalty does not execute in
case of occurs a penalty situation. Substitutions
with the goalkeeper and the additional field player
were paid attention especially because of its re-
sults with 2-min suspension. Verbal encourage-
ment provided for the player's maximum effort
and maintain the playing pace high.

All players suit up a manufacturer-made vest
(Catapult Sports, Melbourne, Australia) that in-
cluded reliable IMUs (OptimEye S5, Catapult
Sports, Australia) at the posterior side of the upper
trunk [14]. Participants also wore a compatible
chest band for the monitoring heart rate (Polar
T31coded, Finland). PlayerLoad™ calculated
from the below equation which defined as the
square root of the sum of the instantaneous rate
of change in acceleration from three vectors di-
vided by a scaling factor of 100 [23].

PlayerLoad™

_ \/(ax - ax—l)z + (ay - ay—l)z + (az - az—l)z

100

All accelerations, decelerations, and change
of directions that over 2.5 m.s-1 were established
and summed from inertial movement analysis
(IMA) sensor for referring to as high-intensity
events (HIE) [13]. PlayerLoad™ split into four
bands as 0-1, 1-2, 2-3, and 3-4 as given defaulted in
manufacturer software (OpenField, Catapult Sports,
Australia). Achieved highest heart rate (HR) during
the repeated high-intensity activity considered
maximal heart rate (HR,.x) and HR zones have
taken as < 50 %, 50-70 %, 70-90 % and > 90 %
of HR,,x regarding the previous studies [5].

Statistical analysis

Acquired data statistically analyzed by using
SPSS 25 software (IBM Corp. Released 2017.
IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY). Data are presented as mean + and
standard deviation (SD) and p < 0.05 set up as
significance level. Descriptive data were generated
for all SSGs. A one-way analysis of variance
(ANOVA) was calculated on player positions’
and drills’ PlayerLoad™, heart rate parameters,
and high-intensity events (HIE) performed Bon-
ferroni posthoc test in case of significant diffe-
rences between groups. Comparisons between first
and second testing day PlayerLoad™ and heart rate
results and main team (that played with additional
field player) and the opponent team were made
using the non-parametric Mann Whitney U test.

Results

There was no significant difference between
PlayerLoad;, PlayerLoad.min™', HRy., HRgr,
and HIE parameters during the SSGs that sepa-
rated by two testing days (respectively, p = .440,
787, 482, .080, and 0.549). No significant dif-
ferences were found in PlayerLoad,,, Player
Load.min’l, HR,.x, and HR,,, parameters at-
tained from the main and opponent team (respec-
tively, p = .324, .218, .788, and .231). Table 1.
Summarized all SSGs PlayerLoad™ and heart
rate responses playing with additional field play-
er rule. Results showed no significant differences
between all 5 vs 6 and 7 vs 6 SSGs. Player-
Load™ and heart rate outcomes according to the
player positions are presented in Table 2. There was
a significantly lower PlayerLoad,y, in the goalkee-
pers than backs, wings, and pivots. The mean and
maximum heart rate of back players was signifi-
cantly lower than the wings and pivots (Table 2).

High intensity events and PlayerLoads ac-
cording to four bands with different intensities for
all players’ positions demonstrated in the Figure 1.

The back players exposed the most HIE when
compared with all other playing positions. How-
ever, they also produced significantly high rate

56

Human. Sport. Medicine
2020, vol. 20, no. S1, pp. 55-61



romrow X., FreHyoany Ox.

Pacyem uzpoeoli Haepy3Ku u cepleyHbIX COKpaujeHull
80 8peMsi u2p HernoJIHbLIM COCMagoM C 3JIeMeHmamMu 2aHdboa...

Table 1
Internal and external load of SSGs during numerical superiority and inferiority with additional field player rule
Day 1 Day2
1st5:6 | 2nd 5:6 | 1st7:6 | 2nd 7:6 | 3rd5:6 | 4th5:6 | 3rd7:6 | 4th 7:6
(+1 addi- | (+1 addi- | (+1 addi- | (+1 addi- | (+1 addi- | (+1 addi- | (+1 addi- | (+1 addi-
tional tional tional tional tional tional tional tional
player) | player) | player) | player) | player) | player) | player) | player)
PlayerLoad, 60.60+ | 6599+ | 56.63+ | 62.09+ | 67.284+ | 64.73+ | 58.12+ | 66.20+
o 6.32 10.42 8.21 8.75 9.27 14.56 10.75 7.29
PlayerLoad-min_l 7.64 8.36 £ 6.88 + 7.50 £ 8.25 + 7.80 £ 6.95 + 8.10
+0.73 1.51 1.00 1.06 1.14 1.75 1.29 0.89
HR,,, (beat.min™") 1815+ | 191.00+ | 18737+ | 184.12+ | 182.85+ | 184.71+ | 180.25+ | 186.12 +
max 10.09 12.04 13.88 17.22 12.20 22.97 19.37 17.83
HR,,, (beat min’l) 156.59+ | 170.77 £ | 162.45+ | 164.68 £ | 155.85+ | 157.59+ | 153.24 + | 159.86 &
ave . 10.38 15.54 12.21 17.37 10.03 16.74 20.00 17.71
Heart Rate,,, (%) 7979+ | 88.16+ | 8295+ | 8370+ | 78.63+ | 7800+ | 76.10+ | 78.99 +
max 6.87 4.38 7.48 7.30 5.50 4.09 9.21 5.13
Table 2

Internal and external load of SSGs according to the player positions

Backs (n = 33)

Wings (n = 29)

Pivots (n = 12)

Goalkeepers (n = 8)

PlayerLoad 60.98 + 16.81 62.24 + 14.45 63.56 + 8.82 52.05+7.39 *
PlayerLoad-min™ 7.48 +2.08 758+ 1.77 779+ 1.16 6.34+0.89 *
HR,. (beat.min™) | 178.09+19.18 ** | 188.06+ 19.43 190.16 + 9.30 185.87 + 6.49
HR,, (beat.min™) | 154.88+21.51** | 165.12+18.25 166.83 + 13.33 161.09 = 7.07
Heart Rate,,, (%) 79.89 +10.23 80.89 +9.38 79.20 +10.21 82.86 + 4.39

* Significantly lower than Backs, Wings and Pivots; ** Significantly lower than Wings, Pivots and Goalkeepers.
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Fig. 1. High-intensity events and distributions of PlayerLoad™

HIE
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bands according to the player positions.

The mean difference is significant at the 0.05 level. * significantly higher than wings, pivots, and goalkeepers;
# significantly higher than wings, and goalkeepers; £ significantly higher than goalkeepers; 3 significantly higher
than pivots; t significantly higher than backs, and goalkeepers
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of PlayerLoad in the lowest PLband compared to
wings and goalkeepers. Efforts of the pivots for
PLband 3 and PLband4 were significantly lower
than all other playing positions (Figure 1).

Discussion

In this study, we investigated whether addi-
tional field player plays a role in the internal and
external load associated with numerical inferiority
or superiority. This is the first study to undertake
the physical analysis of the additional field player
rule from the perspective of handball specific
games. Our results show that PlayerLoad™ and
HR responses differed neither 5 vs 6 nor 7 vs 6
SSGs whereas finding significant changes de-
pending on the player positions.

The findings from this study indicated that
no significant differences between PlayerLoad
and heart rate response of the handball specific
drills. The similar effects of both numerical infe-
riority and superiority situations suggested that
learning is not an affecting factor and player
group has proper readiness to these tactical varia-
tions. However, no control group played with
6vs6, so the findings of the present study could
not compare. The pacing strategy and tactics of
playing routine 6 vs 6 have possibly resulted
in different internal and external loads.

Previous studies have provided important in-
formation on the relation between SSGs and
PlayerLoad in handball. It has been reported that
different court sizes affect the PlayerLoad by in-
creased distance covered in the larger playground
during SSGs [5]. The study investigated that con-
tact and non-contact SSGs, Iacono et al., have
been demonstrated that both designed SSGs re-
sulted in similar heart rate responses however
non-contact SSG enables sprint and higher run-
ning pace than contact SSG [8]. As a training
regimen, it was found SSGs have beneficial in-
season physical improvements on agility and
standing throwing velocity [5]. Buchheit et al.,
has found similar positive effects of handball
specific games and repeated sprint training to the
physical performance [3]. However, handball
specific games may be considered as the pre-
ferred training approach for improving technical
variables besides fitness.

Although to performed repeatedly sprint
running to the substitution area, goalkeepers
showed significantly lower PlayerLoad™ when
compare to the other three playing positions.
Nevertheless, similar heart rate responses of
the goalkeepers revealed that increased internal
loads. Also, HRy.x % results of all playing posi-
tions were almost equivalent regardless of aero-

bic endurance, physical and body composition
divergent of the players’ positions conflicting
with the previous study which measured lowest
heart rate response in the goalkeepers [16]. Dif-
ferent from the findings presented here Corvino
et al., showed that higher HR response by per-
forming 4vs4 SSGs in different court sizes [6].
The observed increase in HR could be attributed
to players have to be active in a vigorous place
than their originally played space. However, our
HR results reflect those of Povoas et al., who also
showed a similar hear rate response (82 + 9.3 % of
HR.x) during the match-play [21]. Interestingly,
a recent study conducted by Luteberget et al., have
found that external load (PlayerLoad.min') was
significantly higher in backs and goalkeepers
showed the lowest one [13]. However, they col-
lected the data from the whole game whereas our
study performed 8-min SSGs. Sibila et al., also
found the lowest distance covered and long-
standing time during the match play [22]. Most of
the researchers underestimated to PlayerLoad™
of goalkeepers by exclusion during the study de-
spite the highest average field time. Goalkeepers
do not play in a particular zone; they have to
sprint to the sideline for immediate substitutions.
Hence, unsteady numerically attacking forma-
tions may result in the difference PlayerLoad ™
according to the player positions. Supporting
findings of this explanation by Korte and Lames
have observed that attacking without goalkeeper
such as 7 vs 6 and 5 vs 6 (with additional field
player) significantly longer offense time and
more passes when compared to 6 vs 6 [11].

An IMU-based study showed that two-way
players (both defense and offense) perform
3,90 + 1,58 HIE/min and it differs according to
the playing positions (respectively higher backs,
pivots, wings, and goalkeepers). Interestingly,
players who only play in the offense exposed
higher PlayerLoad.min® and HIE.min"' [13].
These findings affecting the external load and
HIE may be related to repeated substitutions
during the game including 2-min penalties and
tactical variations. Despite these internal and ex-
ternal PlayerLoad variations, there was a dissi-
milar difference in the PlayerLoad bands and
HIE within playing positions. Back players
showed higher levels in the lower intensity
PlayerLoad™ band whereas wings exposed to
the higher PlayerLoad™ band categories when
compared to all other playing positions. This re-
sult may be explained by the fact that backs do-
minate the interplay and pass for playmaking op-
posite to all defense formations [11]. Another
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possible interpretation for this is that wing play-
ers frequently performed high accelerations for
the transition to attack to defense or vice versa.
In the present study, the exposition of more HIE
of wing players is likely to be related to 7 vs 6
attacking centralization which is crucial to im-
mediate substitution after the shooting. Wings are
naturally closer positions to the substitution area
that resulted in the first option the sprint back for
change with the goalkeeper. Also, it is obviously
preferable to finish the attacks from the opposite
side of the changing area therefore wings pre-
sented higher values of the PlayerLoad™ band
and HIE.

Conclusion

The current study set out the examiner that if
tactical innovations in playing situations numerical
inferiority or superiority situations 7 vs 6 and
5 vs 6, will make the difference in players' phy-
sical efforts. Because of the raised usage of these
tactical variations, recent studies only focused on
technical variables of playing with no goalkeeper
and additional field player [1, 12]. Therefore, it is
crucial to obtain a clear knowledge of how to
affects the players as physically. Hence, a defi-
nite need for revision of the training demands of
the goalkeepers in handball.

The rules give the coaches a lot of options to
prepare specific tactics concerning 2-min suspen-
sion that occurs disadvantages by numerical infe-
riority. By apply the substitution goalkeeper and
additional field player, teams can gain an advan-
tage to scoring goals in case of attacking difficul-
ties and also at the end of the half or match when
the teams needed to score a goal. However, dur-
ing the execute these tactical changes it requires
alot of precaution and readiness of immediate
substitution with sprinting to the sideline.

The major limitation of this study is the unob-
served internal and external load variables from
the opposite team of playing 7 vs 6 and 5 vs 6.
However, these results may not be comparable
with current literature because of the lacking the
evaluation of locomotion data from additional
field player tactics and 6 vs 6 formations. Further
studies need to be carried out to establish this
tactical flexibility in the match-play. Further-
more, it would be interesting to compare these
variations within performance indicators such as
scored or missed shootings taken from different
playing positions and technical errors, etc.
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PACYET UTrPOBOW HATPY3KU U CEPOEYHbIX COKPALLEHUN
BO BPEMA UIT'P HEMNOJIHBIM COCTABOM C 3JIEMEHTAMU
FAHOBOJIA C YYETOM NPABUNA OOMNOJNHUTENIbHOIO UTPOKA

X. Nomrow, k. FeH4oany

YHusepcumem [oky3 Qdntonb, 2. amup, Typuus

Henab. [JanHOE Mccnea0BaHNE HANPABICHO HA U3YYEHHE UTPOBOM HArpy3Kd M 4acTOThI Cep-
JISUHBIX COKpAILEHUI1 B UrPaxX HEMOJIHBIM COCTaBOM C DJIEMEHTaMH raHa0oia, KoTopslie pa3pabo-
TaHbl C Yy4ETOM IIpaBUJIa JOMOJHUTEIBHOIO MOJEeBOro urpoka. Marepuanasl 1 MeToabl. B nc-
CJIeIOBAaHUY NPUHSIM yyacTre 13 mpodeccHoHanbHbIX TaHI00IMCTOK (2 BpaTtapsi, 2 LeHTPaIbHBIX
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UTPOKa, 4 Urpoka QuiaHra U 5 3aMTHUKOB). B 001IIeii CII0)KHOCTH OBUIO MPOBEICHO BOCEMb HIP
HCIIOJIHBIM COCTaBOM B JIBa Pa3HbIX TPCHUPOBOYHLIX JHA C IIEPEPLIBOM HE MCHEC 48 4JacoB. I[Be
UTPBI TIPOBOAMIIMCE B 0COO0M (hopmarte 5 mpoTuB 6 u 7 MPOTUB 6 C LEIBI0 HMUTAIINN CUTYAIHH
YHCIICHHOTO MPEBOCXOJICTBA UTPOKOB B KoMaHze. Harpy3ka Ha UTpOKa, YCKOpEHHE, 3aMEeIICHIE
¥ U3MCHEHUE HATPABJICHUS ONPEACISUINCH C MCIIOIF30BAaHHEM HHEPIHATBHOTO U3MEPUTEIIHHOTO
0JI0Ka, YacToTa CEepICYHBIX COKPAIICHHH KOHTPOJIMPOBANACH C TIOMOIIBIO0 Kapauomnosica. Pe3yib-
TtaTel. [lapamerper PlayerLoad,y,, PlayerLoadmin-1, HR.«, HR,, He mpomemoHCTpHpOBam
CTaTUCTHYECKH 3HAYMMOHN 3aBHCHMOCTH OT Harpy30K BBICOKOW WHTCHCHBHOCTH BO BpEMS HID
HEIOJHBIM COCTaBOM, Pa3[e/IeHHBIX IBYMsI THSAMH OTAbIXa. JlaHHBIE, IOTyYEeHHBIE VIS TapaMeT-
poB PlayerLoad,y,, PlayerLoadmin-1, HR,,x, HR,,; B ocHOBHO}1 KOMaH/ie U KOMaH]ie TIPOTHBHH-
Ka, He IMOKAa3aJIi CTATUCTHYECKH 3HAYNMBIX pazinndnii. CyIIecTBeHHBIX pazIHduil TakKe He ObLIO
00OHApPYXKEHO I UTP, MPOBEJICHHBIX COCTABOM 5 mpoTuB 6 u 7 npotus 6. [lokasatens Player-
Loady, y BpaTapeil ObUI 3HAYMTENBHO HIIKE, YEM Y 3all[MTHUKOB, MIPOKOB (yiaHra M IICHT-
PaJIbHBIX UTPOKOB. Cpe}lHﬂﬂ 1 MaKCHUMaJibHas 4acToTa CCPACHYHBIX COKpalU,eHl/Iﬁ Y 3allIUTHUKOB
ObLTa 3HAYHUTEIIEHO HI)KE, YeM Y UTPOKOB ()IaHTa U IICHTPAJIbHBIX UTPOKOB. BuiBoabI. [laHHOE
HCCIICZIOBAHHUE TTOKA3aJ0 3aBHCUMOCTh MEXKIY TAKTUYCCKUMH HOBOBBEICHUSMH B UTPOBBEIX CH-
TyalusX YUCIICHHOTO MPEBOCXOJICTBA (MTpa B cocTaBe 7 Ha 6 U 5 Ha 6) M PU3MUCCKUMH YCHITUS-
MU UTPOKOB. V3-32 4acTOTO MCIIONB30BaHUA JaHHBIX TAKTHUYSCKUX BapHalWi ITOCIEIHUE HCCIIe-
JIOBAaHUS TPEHMYIIECTBEHHO COCPENOTAaUYNBAINCH Ha TEXHHYECKHX 3JIEMEHTaX HWIPHl 0e3 ydeTa
(akTopa BpaTaps W IOTONHUTEIHHOTO IMOJEBOr0 Mrpoka. TakuM oOpa3oM, HEOOXOAUMO IOITy-
YHUTH YETKOE MPEICTABICHUE O TOM, KaK BO3JCHCTBOBATH HA UTPOKOB C TOUKH 3PEHUS (PH3HMIECCKOM
moAroTOBKH. VccnenoBanre Takke BBIIBMIIO MOTPEOHOCTH B IMepecMOTpe TpeOOBaHUI K TPEeHU-
POBKaM BpaTapei-rana00IuCTOR.

Kniwouegvle cnosa: nazpysku 6blcOKOU UHMEHCUBHOCTU, 2AHODON, UHEPYUATbHBIL UMEPU-
menbHblil 00K, Uepa HeNnoIHbIM COCINABOM.
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