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Performance factors in women’s team handball. Physal and physiological aspects

— A review.

Team handball is an Olympic sport played professignn many European
countries. Nevertheless, scientific knowledge reégarwomen'’s elite team handball
demands is limited. Thus, the purpose of this larti@as to review a series of studies
(n=33) on physical characteristics, physiologidailautes, physical attributes, throwing
velocity and on-court performances of women'’s téemdball players..Such empirical
and practical information is essential in ordedésign and implement successful short-
term and long-term training programs for womenantehandball players.

Our review revealed that (a) players that haveghdriskill level are taller and
have a higher fat-free mass; (b) players who areeraerobically resistant are at an
advantage in international level women team-hangf@alstrength and power exercises
should be emphasized in conditioning programshey are associated with both sprint
performance and throwing velocity; (d) speed dshsuld also be implemented in
conditioning programs but after a decrease in glays$raining volume; (e) a time-
motion analysis is an effective method of quantifythe demands of team handball and
provides a conceptual framework for the specifiggatal preparation of players.

According to our results, there are only few stadia on-court performance and
time-motion analysis for women’s team handball pfay especially concerning
acceleration profiles. More studies are neededamie the effectiveness of different
training programs of women’s team handball playphs/siological and physical

attributes.

KEY WORDS: Anthropometric characteristics, sports performatim@wing velocity,

on-court performance



INTRODUCTION

In this review, we use the term “handball” to retiethe game played between
two teams, each comprising six court players agdadkeeper (51).

Since its introduction in 1972 at the Summer Olyerames (18), handball has
become more popular as a sport in general. HanigbaNery strenuous body-contact
sport characterized by highly developed motor slelich as speed, explosive power,
endurance, and strength (40). The athlete’s pedoomin high-level women’s handball
depends directly on diverse physiological attrisuta order to reach maximum player
performance in handball, it is essential to useAkaedge from various sports-related
domains, including exercise physiology and spoeslicine (51).

Anthropometric characteristics such as body siadybnass, BMI, and body fat
percentage, play a highly important role when distg sport success and results (5,
43, 47). Ball throwing velocity is also an importdactor in Handball (14, 15, 19). This
velocity depends on the player’s ability to accaterthe ball with an over arm throw,
the duration of the movement, which reduces vigxfarmation for the goalkeeper, and
the accuracy of the throw (6).

The importance of women’s handball in reasearedditre has grown
exponentially, with the most relevant articles pslid over the last five years (2, 13,
16, 17, 18, 20, 24, 26, 29, 40, 45, 46, 47, 48).a4l8e have included some of our own
unpublished data with a special focus on on-cowtement characteristics.
Nevertheless, evidence-based knowledge for traa@aissport scientists regarding
women’s elite team handball is limited, althouglessary for further developing
player’s skills and handball in general. Therefdine, first objective of this review is to

summarize the scientific knowledge in women’s hatidb



Information on training-related issues of womendizil players, such as
anthropometric measurements (e.g.16, 24), physaadbgttributes (e.g. 29, 30),
physical attributes (e.g. 17, 21), throwing velpehd accuracy (e.g.16, 19, 44, 49), and
on-court performance (e.g. 30, 33, 41), can beeatlleffectively in women’s handball

programs, especially in strength and conditioniregpams.

Thus, the current article has three aims: (agwex a series of studies (n=33)
on physical characteristics, physiological attréstthrowing velocity and accuracy, and
on-court performances of women’s handball playectuding: amateur players,
professional players, and national team playejso(summarize the status of scientific
knowledge in women handball including fields witklaar need for further studies in
order to stimulate more research and (c) to sugmestical recommendations for

women’s handball coaches.

METHODS

A review of the literature on physical and physgital aspectsef women
handball players was conductdthe reviewed articles were selected from an extensi
search of the literature in English, including nmajomputerized databases (PubMed,
Medline and SPORT Discus) and library archive deéwols. Various combinations of
keywords were used, including: handball, team, wosaevomen, physiological,
physical and player. Data from unpublished stud@slucted by the authors were also

included. Ultimately, thirty three articles werelnded in this review.



RESULTS AND DISCUSSION

In order to plan, design and implement successioitd¢erm and long-term
training programs for women handball players, gssential to gather information

about the physical characteristics and physioldgittabutes of the players.

Physical characteristics

It is well known that body size affects physicaifpemance. A taller person
would perform better in activities with a signifitastrength component. Athletes
specialized in throwing events are taller, heaar more muscularly built than non-
throwers. Body size has a strong positive effedhoawing performance and isometric
strength (43, 47).

The number of studies dealing with anthropomethnigracteristics of women
handball players is rather small in comparisorhtisé for male athletes. A summary of
the physical characteristics of women’s handbalyets across the reviewed studies is
presented in Table 1. The mean height of handbmfeps ranged from 163 = 7 cm in
181 adolescent Greek players (48) to 179.0 + O0.inceaven players of the Norwegian

national team (39).

[INSERT TABLE 1]

The study recording the lowest mean body mass &taos young players (57.5
+ 7.9 kg) (43). In contrast, the studies that régmbthe highest mean body mass
included the Norwegian national women’s team (22603 kg (39); 71.6 + 5.7 kg (21)).
Body fat percentages ranged from 19.39 + 4.5% oa@an elite players (5) to 28.4 +

3.6% for Norwegian national league players (43).



Michalsik (33) found that wing players were shodad had less body mass
than back and pivot players; and Cizmek et alfdgihd that wing players had the
lowest height and weight, whereas goalkeepers ther&allest and the heaviest. These
differences could be caused because of the speetfidrements which dictate types
and structures of movements performed by playemg$\players cover the biggest
field area and perform most of the counterattattiexefore they are in need of lighter,
swift bodies with the ability of fast movement cgas and agility (5). However, no
significant differences in height and body massewerealed according to the players’
position (goalkeeper, back, centre and wing) fite dsian women handball players
(18) and elite players of the Spanish first diuis{d6).

Granados et al. (17) assessed sixteen elitddagtie Spanish women players
four times over the course of a season: durinditsieweek after the beginning of the
first preparatory period, at the beginning andehe of the first competition period, and
at the end of the second competitive period. Teearchers found no differences in
body mass during the season, however fat-free sigssicantly increased by 1.8 + 1.2
% and per cent body fat significantly decrease@.By+ 8.7 % (p<0.01) over the
season.

Granados (16) and Milanese (34) compared elite @68)amateur (AP) women
handball players. In both studies EPs were tafidrtead a higher fat-free mass than
APs. The authors concluded that taller and moregpiuly-built players have a
competitive advantage in women’s handball. SimylaBayios et al. (4) found that
athletes at higher competition levels were talkaner and heavier and were more
homogeneous in somatotype characteristics. Thakeraicompared Greek women ball
players (handball players, basketball players aniéyball players). Handball players

were found to be the shortest with the highestesln body fat, being characterized by



a great heterogeneity of their somatotype, which masomorph-endomorph (4.2-4.7-
1.8). Volleyball players’ somatotype was charaettias balanced endomorph (3.4-
2.7-2.9) and basketball players’ somatotype as meggh-endomorph (3.7-3.2-2.4).
The same researchers found differences betweeraelit amateur handball players’
somatotypes. While EPs were characterized as mepbrendomorph (4.0-4.1-1.8),
APs were characterized as endomorph-mesomorptb(d-2-8). Gholami et al. (13)
found similar characteristics for Iranian natioteelm handball players (mesomorph-
endomorph; 3.6-4.7-1.7). A higher muscle mass idezxed in the mesomorphic
component in handball players constitutes a sigguifi advantage in order to confront
the intense body contact that takes place duriganae.

In order to succeed in specific sport activitiéss bften necessary to have
certain physical characteristics. For ball'gamestiich it is essential to use one’s
hands, hand morphology and functional propertieg ptay a key role for performance
(2). Itis believed that a stable ball grip allothe athlete to accelerate the ball to a
maximum during the entire throwing movement (42)cérding to two recently
published studies, defined anthropometric chareties such as hand and arm span
seem to be the main factors which correlate tovedcity (42, 47). An older study
(22), however, did not find any correlation betwéat velocity and segmental body
lengths.

In conclusion, players with a higher skill levet¢daller and have a higher fat-
free mass (4, 16, 34, 35, 43, 47). Players witheehand can grab the ball more tightly
and this fact probably gives the player the comfa#eto accelerate the ball as much as
possible throughout the whole movement pathway2247). Maybe anthropometric
characteristics ought to be taken into accourtiéntalent identification when choosing

a playing position.



Physiological attributes

Handball is a team sport of an intermittent natuinéch requires considerable
physiological attributes such as the aerobic profN high aerobic capacity appears to
be important in order to maintain a high level effprmance over the 60 min of playing
time.

Aerobic profile

Eleven studies examined the aerobic capacity of ewosthandball players.
Seven of the studies mentioned collected maximgdex consumption (V&hay data
of players from different competition levels, whilee others focused on run velocities

corresponding to certain blood lactate concentmat(d@able 2).

[INSERT TABLE 2]

VO2max Of women'’s handball players from the Norwegiarioratl team was
55.5 + 3.9ml-kg>min™in one recent study (30) and 51.3 + tBkg ™ min™in an
earlier research (21), both conducted on a treadhhils would imply an 8 % increase
in VO,max data of a top-level team over a 10-year periodk iritrease in V@naxwas
correlated with better performance of the Norwegiational team, as can be seen in
the team’s final placement during European or WQthéimpionships and the Olympic
Games. The two lowest \\Qax values in national team handball players were 45.3
5.5ml-kg®min’in Brazilian players (36) and 47.2 + 4.5kg’*-min™ (28) in Spanish
players. Vargas et al. (45) reported values of 483 mikg™min™ in a study
conducted on a cycle ergometer in Brazilian fiestgue handball players. As noted by

Ziv and Lidor (51) a cycle ergometer test may uedemate VQmnaxvalues because



handball players are not used to cycling and tleedbcal muscular fatigue may be
responsible for general fatigue before the subygathes his or her cardiovascular
system limits. Jadach et al. (20) and Rohdal €8&). found intermediate values in
players of the Polish national team (48.8 + 3.4g#-min™) and in a Norwegian
amateur handball team (47.7  4.1kg~min™).

Four of the articles on aerobic performance in wahbandball included
values of run velocities corresponding to either 2 mmol/I* blood lactate (yor v,,
respectively) determined in an incremental run @sanados et al. (16) examined
endurance capacity in a four-stage sub-maximabdtstuous progressive run test at
velocities of 8.5, 10.0, 11.5 and 13.0 kihih women'’s elite and amateur players. The
authors found lower blood lactate concentratiortslawer mean heart rates in EPs as
compared to APs during the first three run velesiths was 13% higher in EPs than in
APs, indicating a higher aerobic performance of. EBRaddition, the same elite team
was tested again when they reached an internatievell (5 years after the first study).
Vsincreased by 7 % during these 5 years (15) indigat higher need for aerobic
performance in international level women’s handbHilese results for women'’s players
differ from results for male players (14) in whicb significant differences were found
between the endurance capacity of elite and amptayers. Surprisingly these authors
concluded that endurance is not an important pedoce factor in male handball.

After conducting a Mader test, Manchado et al. @&9,found v values of 3.34
+0.31 m.§ and 3.65 + 0.25 ni’sfor the German national team and a German first
league team, respectively, indicating that the Germomen national players at that
time had a slightly lower aerobic performance coragdo the players of the first

league team.



In one study that simultaneously analyzed charatites and physiological
reactions in international women'’s team handbadnkhado et al. (30) found that
individual endurance capacity determined individdeinands and run performance
during the matches. Players with a high level obySwere able to run faster
compared to players with a lower level of M@ with the same level of cardiac loads
(no differences in heart rates). At the same tipheyers with a higher V& .xmainly
stayed in individual aerobic metabolic run inteysiategories during the match.
Furthermore, Manchado et al. (29) described a Wigiginificant positive correlation
between y and the percentage of maximal heart rate usedglthie matches of the
German national team at an international tournanidrgse two in-field studies clearly
highlight the necessity of a highly developed ba&sidurance capacity to reduce cardiac
demands and to likely optimize handball-specifid@anance during international
matches.

Two further studies examined changes in aerobiaagpthroughout the
competition phase or the season in women'’s hanglaglérs. In the first study of
sixteen players, Granados et al. (17) found noifssgnt changes during the season in
endurance capacity4) measured four times during a 45-week seasomtaiom
August to May. In the other study (21), handbadlyelrs (n=8) slightly increased their
VOamaxfrom 51.3 + 2.3 to 53.8 + 2.7 ml.Kgnin™ in the period when endurance
training had priority and 2-3 weekly endurancenirag sessions were performed for six
weeks.

In women'’s basketball players, Ziv and Lidor (5@sdribed similar V@nax
values as those described in handball playersifrgritpm 44.0 to 54.0 ml.Kgmin™).

In a study comparable to handball, Rodriguez-Alostsal. (38) reported higher 4«

values for basketball players participating atraarnational level as compared to those



at a national level. In volleyball Lidor and ZivARdescribed V@nax values ranging
from 41.7 to 49.9 ml.KY.min™ which are slightly lower than the values repoffed
basketball and handball players, indicating a fiygbwer importance of well-

developed aerobic performance in this ball spodcespared to the other two sports.

Physical attributes

Modern style handball involves intense physicaltaonthroughout the entire
match in defense, counterattack and positionatlat@nly players with high physical
capacities can effectively satisfy such requireméd®). Thus, physical attributes such
as power and strength, running speed, and throwétagity are important factors for
success in competitive women'’s handball. Therefibese capacities are now discussed

for women handball players.

Power and strength

Muscle strength is an important factor in handpatformance (23). Most
researchers agree that higher maximal power aedgitr may be associated with an
advantage in blocking, hitting, pushing (16) antl thmowing velocity (3, 10, 22, 31).
Nevertheless, little is known about changes in pama strength with regard to
training in women’s handball players. Only two sasithat examined changes in power
and strength with training were found. In one stu@yanados et al. (17) found
significant increases in one-repetition maximumNDRench press from the beginning
of the preparation phase;jTo the end of the first competition phase)(With a 6.4 %
increase of maximal values (from 45.8 £ 5.7 kg@®4+ 6.5 kg). At the end of the

second competitive period )T the increase was 11.3 % (51.6 + 6.7 kg) compaidd



T1. Moreover, muscle power output of the lower exitgmwas 7-13% higher atsTand
T3 compared with T(p<0.05). In the other study, Jensen et al. (@lpé maximal
isometric strength increasing gradually frontd Ts (154.6 + 25.7 N at1[ 160.5 =
24.8 N at B, and 168.9 + 26.8 N ats,Trespectively). In contrast to the previous study
(17), however, Jensen et al. (21) reported thaimexsometric strength tended to
decrease again i, Tompared to & The authors concluded that increasing maximal
isometric strength in women’s handball playersmyia season is possible, even though
many handball sessions are held in addition toipatrength training sessions.
Differences in power and strength have been shovae trelatively marked
between elite and amateur players. Bench press WBRWR3 % higher in EPs (47.9+6.2
kg) than APs (36.7+4.6 kg) (16). Power output @ tipper extremities at all loads was
also significantly higher in EPs. Similarly, aveeggower output of the lower
extremities at all loads examined was 12% highé&Rs than in APs. These findings
suggest that high absolute values of maximal streagd muscle power are required
for successful performance in elite women’s harildbiavas also found that when
muscle power output during half-squat at sub-maklo®ds was expressed relative to
body mass kilograms, the differences observed letlee two groups in their ability
to rapidly move different relative loads were regldicand disappeared when sub-
maximal loads were expressed relative to kilografrfat-free mass (16). This has also
been observed in elite male handball players (b4)rder to explain this fact the
authors (16) suggest that 1) neural activatiorepastand/or twitch tension per muscle
mass under sub-maximal concentric half-squat ast@wa rather similar between EPs
and APs, and 2) differences in fat-free mass atmugd account for the differences
observed in strength and muscle power. Howevemdeamal power and strength of

EPs compared to APs will give them a clear advamtag many of the handball skills



such as hitting, blocking, pushing and holding remjauperior absolute strength and

muscle power.

Running speed

Running speed is an important prerequisite fact@ompetitive handball (10).
Sprint performances over 5 m and 15 m were repdrye@ranados et al. (16) to be
different between elite and amateur women’s hangieyers. EPs exhibited 4 % lower
maximal sprint running time for 5 m than APs (1#10.05 s and 1.14 + 0.03 s for EPs
and APs, respectively (p<0.05)). Similarly, EPsibitlad 3 % lower maximal sprint
running time for 15 m than APs (2.64 + 0.09 s ard 2 0.08 s for EPs and APs,
respectively (p<0.05)). No changes in sprint peniance were observed in elite
women'’s players throughout the entire competite@sen (17). According to the
authors of the latter study, the progressive irgea training volume during the
season, as well as the short time (less than MBthe total time) dedicated to sprint
training, might explain the absence of changesrebsgéan sprint running performance
7).

In contrast to the previous study, Jensen et &).r&ported that maximal
running velocity increased 2.2 % during the seasaight elite women’s handball
players. However, during the period with the hestvégrength training, the mean
maximal running velocity tended to decrease, algholr2 sprint training sessions were
performed each week. According to the authors,rdsslt may indicate that a decrease
in physical training volume is important in orderibhcrease sprint performance (21).

The power of the lower extremities and the maximurming speed are
significantly correlated with ball throwing velogi{16, 31, 49). This is supported by the

fact that the main factor affecting ball velocisythe effective energy transition from the



ground to the lower extremities and through theskiatic chain to the throwing upper
limb (3, 22). The correlation of running speed vitil throwing velocity indicates that
as long as the ability of attaining maximum speexaases, the ball throwing velocity
also increases (47). This correlation may be aiteith to the percentage of fast-twitch

muscle fibers (8) and neural aspects such as symehtion and recruitment of motor

units (51). In high velocity movements like throgjrfast motor units are recruited

preferentially (19).

Throwing velocity and accuracy

Throwing ability is one of the most vital skills mndball and a very important
aspect for success (16). For a throw to be effecthe highest velocity at ball release in
combination with aiming accuracy is required (Id)e faster the ball is thrown at the
goal, the less time the defenders and the goalkd®pe to save the shot.

A summary of studies examining throwing velocitgatcuracy in women’s
handball players is presented in Table 3. These sfaduld be interpreted with care,
because there are very few studies, the method@sagied are different (radar gun,

photogrammetry, photocell gates) and sample lexagig as well.

[INSERT TABLE 3]

Differences in throwing velocity between elite aadateur players were
reported by Granados et al. (16). EPs threw thddxskr in the standing throw and the
three-step running throw than APs (an 11 % diffeeep < 0.01). In both groups, the
average handball velocity with three-step runnhmgw was higher (8 % and 7 %; p <
0.01 for EPs and APs respectively) than in theditepnthrow. In both groups, the

individual one-repetition maximum bench press valo@rrelated positively with the



individual standing throw velocity values (r =0.&d4d 0.69, p < 0.05,n=16 and n =11
for EPs and APs, respectively). In the group of,ERs individual three-step running
throw velocity values correlated with the individlvalues of concentric velocity
production at the load of 30 % of 1RM (r = 0.55; p.05, n = 16). Furthermore, the
individual three-step running throw velocity valuesrelated significantly with the
individual maximal 1RM values in APs (r = 0.81, 901, n = 11).

The effectiveness of the throwing skill depend$oth ball velocity and
accuracy. Therefore, players should maintain thigility in both parameters throughout
the game. However, the effort players exert dutirggame can potentially reduce the
effectiveness in throwing skill over the coursdhe game, either in velocity or in
accuracy (49). The influence of simulated gamevdiets in throwing effectiveness (ball
velocity and accuracy) in women’s handball playees examined by Zapartidis et al.
(47). Sixteen women handball players participatesimulated game activities which
included distinctive handball activities for 60 ngihhalves of 30 min). For testing ball
velocity and accuracy, subjects performed thre¢sstio the spot towards a target from
7 m distance every 10 min. Throwing effectivenesas wignificantly affected by time,
as aiming accuracy gradually decreased. Howevérydlacity remained stable.

A number of studies have assessed the contribafitiaining to increasing
throwing velocity in handball players. One study)(#xamined changes in throwing
velocity over a handball season in elite womenéyets and found significant increases
in standing and three-step running throws at tliecérhe first preparatory period, the
end of the first competitive period and at endhef $econd competitive period
compared with the beginning of the season. In amgisignificant correlations were
observed from the beginning to the end of the sehstween throwing velocity

changes and relative changes in physical performanc



A study examining the effects of maximum strengéining on throwing
velocity (19) found that after nine weeks of maximprogressive training using bench
press and regular handball training, players hade@ease of 18 % in the standing-
throw velocity from pre-test to post-test and &4 hcrease in velocity in throwing
with a 3-step run-in. However, control group playtrat participated only in regular
handball training, also had an increase of 15 %henstanding-throw velocity from pre-
test to post-test and a 9 % increase in velocithriowing with a 3-step run-in,
indicating that additional bench press training waseffective in increasing throwing
velocity.

Van Muijen et al. (44) took an in-depth look at #féect of training with
underweight and overweight balls on throwing perfance. Players were trained
during 8 weeks with a frequency of two sessionsyek. They were randomly divided
into three groups of fifteen subjects each: (19r@tiol group (CG) with regular training,
using regular handballs (approximately 400 g)a®eavy training group (HTG)
exercising with a heavy ball (approximately 500ag)d (3) a light training group (LTG)
exercising with a light ball (approximately 300 ty).the two experimental groups, the
players completed a specific throwing session an2&imal over-arm throws in
addition to the regular training. After eight weekractice, there was a significant
increase in ball velocity of 0.4-81 in LTG and no change in the CG and HTG,
respectively. The authors concluded that the higbree for throwing needed by HTG

reduced the velocity of the arm movement execugsalting in lower ball velocities.



On-court performances

Generally, it is interesting and useful for spaitstists and professional sport
disciplines to learn more about the movements paéd by players in sport games.
Detailed information on the movements like, theatises covered by players, the
velocities of their movements and position in tworeinsional space during a game
provides comprehensive assessment of the demamdsngietition and assists in
developing specific training regimes (7).

Continuous measurement of heart rates (HR) allowar analysis of individual
physiological demands during intermittent exerciseluding team sports (32), because
variations in HR during exercise correlate witmzal time delay with alterations in
exercise intensities (1). Only four studies examil& during handball matches and
among these studies, only one regarding women4etogd handball players during an
official tournament (29). This study examined sexm®iches of the German women’s
national team (n = 14) during the European Changbignin 2004 in Hungary. The
study reported a mean HR of 85.8 % of maximum hedet(HR..) with a broad
variation between players from 74.7 % to 91.7 %rdi@gulmonary demands were very
high for most of the players in all matches, sh@mnde periods close to individual
HRmax As indicated above, the authors demonstratedhleatorse the individual basic
endurance, the higher the individual loads durimg highly demanding tournament.
This clearly demonstrates the necessity of basiammce training and the development
of a high maximum oxygen uptake in internationg-tevel handball. However, as no
time-motion analysis was carried out during thatlgf no interrelations between

movement patterns and physiological demands caulesbablished.



In a more recent study, Manchado et al. (30) cotedliime-motion analysis
during matches of the German and Norwegian wommaati®nal teams. Eleven players
from Germany and fourteen players from Norway #edent positions (3 goalkeepers,
12 back, 10 wing and pivot) agreed to participage( 25.2 + 2.8 years; height: 175.2 +
6.3 cm; weight: 67.8 + 4.9 kg.; @ 53.1 + 4.8 ml.kg.min™; HRyax 194.8 £ 5.2
b.min?, v 3.62 + 0.25 m:$). The study used the computerized SAGIT matchyaisl
system. Mean HR during the match was approxima@I%o of HRya, and for more
than 90 % of playing time, it was higher than 8®E4Rya With the exception of the
goalkeepers, who had lower values, no positionifpelfferences could be detected.
During the second half of the match, players stagddgher intensities with mean HR
higher than 95 % of HRx for a longer time period as compared to the figdt of the
match. Mean running distance during the match v@d¢l4n and varied widely between
goalkeepers (2066 m) and field players (5251 motdingly, mean running distance
per minute also varied between goalkeepers (31n@intl) and field players (69.7
m.min%). No significant differences could be detectedueein field players of different
positions. Running distance per min was lower dutire second half of the match
(65.1 + 18.0 m.mitl) compared to the first half (71.5 + 17.2 m.fjinThe authors
summarized that endurance capacity, being measyrattans of V@yaxand v4,
determines the individual demands during a handbatth: players with a high level of
VOzmaxare able to execute activities with a higher isign(measured as running
distance per minute) as compared to players wibhvdevel of VOymay With the same
level of cardiac load (no differences could be deetg in mean HR and % HR). At
the same time, players with higher M mainly stay in aerobic metabolic intensity

categories during the match.



In addition, horizontal sprint accelerations of ghayers were also analyzed
during the same match (Manchado et al., submitiéalues for the different
acceleration categories were: Al < -4.5mA2>-45<-3m%&; A3>-3<-1.5m5%;
A4>-15<0mEA5>0<1.5m% A6>15<3m% A7>3<45m% A8>45
m.s2 One acceleration was counted whenever the ptiygrged from one acceleration
category to another. The authors found the totalber of accelerations per minute to
be high (nearly 200.min-1). Significant negativeretations were described between
individual VO,nmax values and the number of accelerations per minutearly all
acceleration categories, including the total nundfexccelerations per minute. In
contrast, significant positive correlations betw®&ypmaxand the duration of the
acceleration and the covered distance in all acatabe categories except for the
highest and lowest categories (A1 and A8) weredatiede In this study, the authors
could demonstrate for the first time that acceleraprofiles of horizontal movements
in women'’s top level handball players depend oolaierperformance. The fitter the
players were, the fewer number of acceleratioroastthey performed, but the longer
they performed in all but the fastest of the déf@racceleration categories.

Michalsik (33) followed twenty four Danish womerg§te handball players over
a four-year period (2002-2006). A mean total distaaf 4.0 km was covered per match
with an average physical load corresponding to 78 %O.maxWhich has been
calculated from heart rate measurements. A gam&sted of up to 700 activity
changes with an average of 27 high intense acpensnatch. In contrast to Manchado
et al. (submitted) Michelsik (33) found distinctfdrences in the physical demands in
the various playing positions, with wing playersndgpmore high intensive work,

covering a greater run distance, and tacklingdesspared to back players.



Another recent study compared the amount and \@miaf movements in
kinematic and metabolic responses in seven elitdlel players during training
practice and official games at the end of the cditipe period (41). Average HR
during a game (165.0 + 7.9 b.rifinwas found to be similar with HR during training
practice (164.6 + 10.1 b.mifh corresponding to 90.1% and 89.9% of JdR However,
time spent below 60 % HRxwas higher, and time spent above 81 % of.iRas
lower during practice as compared to games. Furtbes, players covered greater total
distances and accounted for more high intensitpinghduring games (5133 £ 243 m
and 935 + 152 m, respectively) compared to prast{8&86 + 426 m and 443 + 95 m,
respectively). During practice, the distance coddrelow the medium intensity running
velocity was found to be higher and above thisnisity found lower than games. The
highest relative amount of time during practice.9/%) and during games (68.2 %) was
spent standing and walking. The authors conclubdatkinematic variables of training
created lower metabolic demands compared to games.

Unfortunately, we could not identify any studieattdirectly measured oxygen
consumption, blood lactate concentrations or athetabolic parameters during
handball matches. This fact, in addition to thatka information on time-motion
analyzes, prevents researchers and coaches froaugidy quantifying the
physiological demands imposed on handball playetdscanducting appropriate

training regimes accordingly.

PRACTICAL APPLICATIONS

There are important practical applications frois giudy that can be applied to

different areas of handball training:

« Physical characteristics: Body size, fat-free nazam$ percent of body fat seem



to be important factors in physical performancerewithin a rather
homogeneous group of highly skilled athletes. Rkayéth a higher skill level
are taller and have a higher fat-free mass. Playiinslarger hand can grab the
ball more tightly and this fact brings probably fflayer in a more confident
situation to shoot the ball with higher velocityhe presence of higher muscle
mass reflected in the mesomorphic component in wsrieandball players
constitutes a significant advantage in order tdroon the intense body contact
during a game. Trainers should take into accoumiesanthropometric data and
particularly the hand size during handball taleéstion because they tend to
be a requirement for future high level performance.

Endurance training: A high aerobic capacity appeatse important in order to
maintain a high level of performance over the 6 ofiplaying time. Aerobic
capacity and maximal aerobic power can distingbestwveen women handball
players of different levels: more aerobically résmn players are at a clear
advantage during international handball competiidkccording to the
reviewed studies, a highly developed basic endagraapacity seems to be
important to reduce cardio-circulatory demands tarlikely optimize handball-
specific performance during the matches. Howevaining stimuli for high-
intensity endurance training should be given métengon in the full training
season planning instead of training at low intgmsit

Strength training: Strength and power exerciseslghoe emphasized in
conditioning routines in order to improve the petoaf muscle mass and the
required levels of maximal explosive strength & tipper and lower extremity
muscles; because it should give the whole teandaargage to sustain the

forceful muscle contractions required during somediall game actions, such



as blocking, hitting, pushing, jumping, sprint mgrhance and throwing
velocity. Those characteristics have been showdifterentiate players of

different performance levels.

Running speed: The relationship between runningoitgl, muscular power of
the knee extensor muscle and throwing velocity eaazie the importance of
increasing the time dedicated to sprint trainind g muscular strength but
should be accompanied by a decrease in the totakgdhysical training volume
and be specific to the actual demands of women teardball. Women
handball coaches should design training periodinadiccordingly. The model
where strength training had priority in the firstrpof the training period,
followed by a period where sprint and endurandeitrg had priority, seems to
be able to increase both maximal oxygen uptakenza»xdmal running velocity

in women’s handball players.

Throwing velocity: ‘Regular’ handball training alemight lead to increases in
throwing velocity over time. This specific throwitigining might lead to even
greater increases in combination with traditiomaistance training. Resistance
training induces improvements in muscle velocitg power during
submaximal-load bench press and parallel squadrectin addition, specific
overloading throwing exercises using variably we&ghhandballs and/or core
stability training routines should be performed.

Time-motion analysis is an effective method of difgimg the demands of team
handball and provides a conceptual framework fergfecific physical
preparation of players. An effective and efficiemaining regime should be

based on a time-motion analysis and should incluigemittent drills in which



handball players have to perform different motianih different
paths/movements at the highest intensity posdillewed by lower intensity

periods, all according to the specific demandsacheplaying position.

Future research needs

Besides the conclusions applicable to women'’s halhgtayers training, we have

drawn some future research needs:

* There is a need for more experimental studies.rmbst part of the reviewed

studies were of descriptive nature and did nouiskelintervention programs.

* There is a lack of research on the effectiveneskfigrent types of aerobic
training regimes for the improvement of aerobid@enance in women'’s

handball.

* There is a clear need for more research on streratting in women handball
players. Studies focusing on the effects of difiétrength training regimes on
handball specific performance factors such as nghapeed or throwing
velocity, alone or.in combination with enduranasrting programs are of

particularly great importance.

» More studies are needed to quantify physiologicati on women handball
players. These studies should use time-motion aesjyocusing on specific
handball actions such as jumping, running, walkinghrowing in combination
with on-court oxygen consumption and other metabméirameter measurements

during matches and training sessions.
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TABLES

Table 1. Summary of studies on physical charattesisf women’s team-handball
players

Table 2. Summary of studies on the aerobic profilwomen’s team-handball players;
data are given as mean * standard deviation

Table 3. Summary of cross sectional and trainitgruention studies on throwing
velocity and throwing accuracy in women’s team-Hzaildplayers; data are given as
mean = standard deviation



Table 1. A summary of studies on physical characteristicienfale team-handball players

Play position/ Age Trainin . Body mass Percent fat Fat-free
Study n par)t/igipants (ygears) (years) ’ Height (cm) (kg)y BMI (%) mass (kg)
Bayios&Bergeles (4) ~ 101~ GreekfirstNL 21.5+4.6 8.8+4.2 165.9+ 6.3 62.1+9.1 2352 25.9+3.3 48+6
121 Greek second NL
Cizmek et al (5) 37 Elite Croatian P. 24.49+4.14 174.74+6.75 698167 22.70+1.99 ~ 19-39+4.50
Filaire & Lac (9) 14 French National level 241+2.6 167.8+ 5.3 1.06t 7.5
Granados et al.(16) 16 Elite Spanish P. 23.8t4 12.7+£5 175.4+£8 8697 2055
15 Amateur players 21.4+3 104+3 165.8+4 8456 23.3+3
11 Spain NT 28.07x4.41 174.10£6.01 68.55+7.88 2219
. 16 Spain B NT 22.09+£3.33 176.55£7.93 71.13£7.77 A4281.9
Garcia et al (11) . .
14 Spain Junior NT 18.42+0.62 169.93+4.51 69.2629. 23.95+2.9
18 Spain Young NT 16.74+0.59 168.67+£16.50 70.36%32 25.73+9.7
Garcin et al. (12) 11 French League 19+0.8 168.4+25 62.0+5.2
11 Goalkeeper/Asian NT 23+2.1 175.8 £ 0.01 68.8.3 233+28  23.3%28
Hasan et al. (18) 24 Back / Asian NT 22+1.4 169.3 £ 0.02 62.2% 2. 194124 19.4+2.4
13 Center/Asian NT 23+4 171.8 +0.04 66.9+45 20.6+3
12 Wings/ Asian N.T 21+ 2 170.0 £ 0.08 63.5+£7.9 21.8+2.9 21.8£2.9
Jadach et al. (20) 15 Poland NT 26.4 173.3 68.3 22.1
Jensen et al., (21) 8 Norway NT 20.4+2.3 174.3+6.7 71.6+5.7
Leyk et al., (24) 15 Elite Germany 22.6+4.7 172.0+0.5 68.7+4.8 23.3+ 25.65.5 51.0+2.7
Lian, et al. (25) 52 Norway NT 228+ 4.3 14.91+4.2 172+ 6 68.84 8.
Manchado et al.(29) 16 Germany NT 26.6+3.8 176.0+7.4 70.446.8
Wings/Denmark NL 169.3 63.5
Michalsik (33) 24 Pivot/Denmark NL 25.7+£3.3 177.7 72.5
Back/Denmark NL 177.0 70.6
Milanese et al. (34) 26 Elite Italian P. 26.4+5.77 169.2+6.04 67.0£7.91 23.445.33 23.3+5.33
17 Amateur ltalian P. 17.3+2.25 166.0+5.10 64.44710 23.3+4.01 28.6+4.01
Ronglan et al. (39) 7 National Norway 23.7+21 179.0 £ 0.04 726.3
8 Norway NT 23.1+2.0 176.0 £ 0.05 71.2+1.8
Saeterbakken et al. (40) 24 Young Norway 16.6+3.1 8.1+1.4 1.69+7.3 63.0+£5.9
Van den Tillaar&Ettema 28.4+3.6
(43) 20 Norway NL 22.2+2.6 13.2+2.7 170.9+6.2 a8 aq
Vargas et al. (45) 20 National Brazil 18,0+2,1 170.23%6,21 64.9+7.1
Vila et al. (46) 130 Elite Spainish P. 25.74 + 4.84 14.92 £ 4.88 1.37+£7.42 67.55 = 8.06 22.97 £ 1.86
Zapartadis et al.(48) 181 Young Greece 14.12+1.09 3.41+1.67 163+7.0 57.46 21.49+2.35
Zapartidis et al.(49) 16 Greek first NL 20.5+1.9 8.5+1.8 168+0.08 62.3366

NT.:National Team NL: National League P: Players TBP: to be published



Table 2. A summary of studies on aerobic profile of femal@m-handball players

Study Participants Method Age Height Body mass (kg) VOomax Vs V3 FC
(years) (cm) mi/kg/min (m/s) p/m
Granados et al. (16, 17) Amateur N= 15 Submaximal 21.443 165.8+4 64.615 2.5+0.3 (V3)
Spain Progressive
Elite N=16 running test 23.1+4 175.4+8 69.8+7 3.0610.2 (V3)
Granados et al. (15) Spain Submaximal 27.043 175.7 70.3 3.24 (V3)
Elite Team Progressive
N=14 running test
Jadach (20) Poland Treadmill 26.4 173.3 68.3 48.75+3.38 190.0+7.8
National Team HRmax
Jensen et al., (21) Norway Treadmill 51.3+2.3
National Team N=8
Manchado (28) Spain Treadmill 47.2+4.5
National Team N=16
Manchadoet al.(29) Germany Mader test 26.6%£3.8 176.0+7.4 70.4+6.8 3.34x0,31)\V 161,1+ 3.3
National Team N=14 (V) HRwork
HR during 86% HRmax
matches
Manchado, et al.(30) Norway Treadmill 259+22 1759+6.4 67.5+6.4 55.5.9 3.73£0.19 (W) 194.9+4.3
National Team N=14 HRmax
Manchado, et al.(30) Germany Treadmill 245+34 1744+6.5 68.2+ 3.5 50.2.3 3.47+0,23 (V) 194.8 + 6.3
1° Division HRmax
Michalsik (33) Denmark Elite players ~ Treadmill 27.7£3.3 174.9+5.7 70.3£7.4 47.5
N=24
Nogueira et al. (36) Brazil Treadmill 25.6+3.7 173.615.4 66.4+7.7 45.315.4
National Team N=17
Rodahl et al. (37) Norway Treadmill 22.1+45 172.0+ 6.4 68.2+ 7.4 47.7% 4.
National League
Vargas et al.(45) Brazil®IDivision Cicle 18,0+2,1  170,2316,21 64,9+7,1 45,3+3,0

ergometer




Table 3. A summary of studies on throwing velocity and aecy in female team-handball players

Study Participants and Treatment Characteristicsof throw  Velocity (m.s?)
methodol ogy
Granados et Elite players (n=16) Descriptive study Standing throw: Eliteyses: 19.5+1.1 Amateur players: 17.4+1.3

al. (16)

Granados et
al. (17)

Hoff and
Almasbakk,
(19)

Van Muijen
et al., (44)

Vila et al.,
(46)

Zapartidis et
al. (49)

First Spanish League
Amateur players (n=15)
Photocell gates

Elite players (n=16)
First Spanish league
Photocell gates

Norway 2 Division
(n=16)

Aged 17 to 26 years
Photogrametry

1-2 National Level
(n=45)

Elite players (n=130)
First Spanish league

Radar gun

Greece T Division
(n=16)
Age: 20.5+1.9

Radar Gun

Three steps throw: Elite players: 21.1+1.3 Amateur players: 18.8+1.2

11% difference between elite and amateur players

8-7% difference between standing and three stepw/thiespectively.
Follow-up during a season. Standing throw: T1:19.0£0.9, T2: 19.5+1.2, T3:2X1.7, T4: 20.5£1.3
Testing at beginning of the preparation phase (TTjhree steps throw: T1: 20.0£1.3, T2: 21.1+1.3, 7B5+1.4, T4: 21.8+1.4
beginning and end of first competition phase (T2 Significant increases (p<0.01) for both types obtting at T4, T3 and T2

and T3, respectively), and end of second compared with T1

competition phase (T4)

9 weeks of training, 3 sessions per week Standing throw:

Group 1: Maximum strength bench-press trainingGroup 1: pre: 19.8+2.34, post: 23.3+1.79, improvein&.5+0.88 (18%)
+ normal handball training Group 2: pre: 18:5+1.29, post: 21.1+0.97, improvem2.7+1.64 (15%)
Group 2: Only normal handball training Three steps throw:

Group 1: pre: 23.1+2.01, post: 27.0+2.33, improvein&.9+1.12 (17%)
Group 2: pre: 22.6+1.78, post: 24.6+1.47, improvemg.0+1.53(9%)

8 weeks of training (60 throws per week) Standing throw:
Control group (CG): normal handball training No changes in CG and HT groups.
Heavy training group (HT): 500 gr. balls LT group: pre: 16.90+1.28, post 17.26+1.27, improeet: 2%
Light training group (LT): 300 gr. balls
Descriptive study. Four types of throws tested: Position n m 9m standing 9m three steps  9m jump
7m Cente 16 20.80+1.4; 21.11+1.4¢ 23.11+1.11 22.47+1.5
9m standing just behind the line Back 36 20.93+1.6f 21.05+1.5° 22.96+1.8! 22.33+1.5
9m with three step running Wing 41 20.30+1.64 20.45+1.55 22.10+1.7 21.78+1.42
9m with an upward jump Pivot 18 21.02+1.84 20.78+1.87 22.53+1.77 22.0082.0
Goalkeepe 19 19.52+0.9: 20.23+1.0. 21.75+1.6! 20.79%1.7.
Total 130 20.58+1.63 20.74+1.55 22.52+1.74 21.9621.
Descriptive study. Measurement Balbeity (m.s) Accuracy (cm)
Simulated game activities for 60 min (2 halves of Al 16.52+1.64 28.27+7.79
30 min). Ball velocity and accuracy tested every A2 16.92+1.5. 27.5547.7.
10 min. A3 16.56+1.64 31.64+8.66
3 shots on the spot from 7 m distance. Bl 16.64+1.41 29.18+7.06
B2 16.81+1.5 29.69.2.

B3 16.6+1.5! 33.14£7.3¢






