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ABSTRACT

The objective of this study was to determine in amateur
handball players, the changes in fitness capacities and physio-
logical data, during a series of three consecutive matches, as
well as the rates of restoration reached after a 24-hour recovery.
The study sample included 17 senior players (23.5 = 0.7 years;
176.4 = 6.7 cm; 73.4 = 9.2 kg). They were randomly distrib-
uted in two teams A and B, to play the series of experimental
matches, 24 hours apart. The players ran a 30-m sprint and took
repeated sprint ability test, before the first and at the end of the
third match. We measured the squat and counter movement
jump heights, the physiological parameters before and just at
the end of all the matches. The performances at the 30-m sprint
and jump tests decreased non-significantly (p > 0.05) between
the beginning and the end of the three matches. The repeated

Key Words: Handball, Fatigue, Recovery, Repeated sprint ability,
Jump.
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sprint ability was reduced by 9.3% between the initial measurement and that of the
end of the 3 match. After a 24-hour recovery, the difference with the initial per-
formance was always of the same order as that of the end of the 3 match. In the
context of this study, there was no cumulated effect of the matches on the fitness
capacities measured. The results suggest that the trainers systematically integrate
in the training schedules of these handball players, physical preparation and fit-
ness work items that favour fast inter-efforts recovery.

INTRODUCTION

For two decades, team handball has become increasingly popular as well in the
world as in Africa, because of its high strong mediatisation. Except for the Maghreb,
handball is practiced on amateur level in most African countries, particularly in
those of the sub-Saharan region. In these countries, as at the international level,
most competitions are played as grouped tournaments in a preliminary round,
followed by a final phase. The matches of the preliminary round opposing three
or four teams by pool are often scheduled every 24 hours. Each team plays at
least three consecutive matches and the best ones play up to six matches during
the competition. The recovery time between the matches of the preliminary
round and those of the final phase is generally 24 or 48 hours. Consequently, the
handball trainers need to prepare the teams for a fast recovery, for achieving good
performance, in spite of fatigue (2, 5).

Handball is in fact an intermittent sport, played at high intensity corresponding
to 82-85% of the maximum heart rate of the players (13), which requests ATP-CP
anaerobic metabolism first (22). During a match lasting 60 minutes, the playing
intensity decreases from the first to the second half-time in most players, which
suggests the occurrence of a neuromuscular and/or metabolic fatigue (30, 27).
For budgetary reasons, the organizers of handball competitions usually provide for
a maximal duration of 24 hours as recovery period between matches. Therefore, it
is reasonable to think that during a series of handball matches, players, whatever
their positions on the field, are likely to find their performance capacities decreasing
gradually, if the recovery time between two consecutive matches is not appropriate.
To avoid such decrease in fitness capacities or in sports performance resulting from
repeated effort, separated by less than 48 hours, high level players use various
strategies and procedures such as inter-alia therapy, balneotherapy, massage and
dietetic techniques to accelerate recovery (7).

In spite of the possibility of using these techniques, the preparation schedule of
the handball players who aspire to elite level should include activities or sequences
aiming at developing the capacity of fast inter-efforts recovery. In the particular



FITNESS CAPACITIES AND TEAM HANDBALL MATCH PLAY IN THE SUB-SAHARAN ENVIRONMENT 3

context of tropical countries in sub-Saharan Africa like the Republic of Benin, such
preparation is not rational, since the integration of fithess capacities to the training
schedules does not constitute a major concern in junior and senior players (20). The
changes in physiological parameters and fitness capacities induced by a series of
handball matches played in hot climate sub-Saharan Africa, are not known. On the
other hand, such data were reported among European elite males (21) and females
(23), respectively engaged in handball and tennis tournaments. If such studies are
carried out in handball players from sub-Saharan Africa, they will make it possible
to define more adapted preparation strategies for the competition formulas and
context of amateur players. Since these results are not yet available, this study is
undertaken with an aim of determining in amateur handball players, the changes
in fitness capacities and physiological data during a series of three consecutive
matches, as well as the rates of restoration reached after a 24-hour recovery.

MATERIALS AND METHODS

Experimental approach of the research

We undertook this study, using a before and after intervention design, during
which handball players were subjected to measurements and fitness tests, before,
just at the end and 24 hours after a series of three consecutive matches separated
each by a 24-hour recovery. One week before the matches, all the players took a
30-15 intermittent fitness test (30-15 IFT), followed 48 hours later by anthropometric
measurements, 30-m sprint and repeated sprint ability (RSA) tests. On the day of
each match, we drew in all the players 5 mL of blood from the alnar fold of the left
elbow, 45 to 40 min before warm up, then just at the end of the match, for glucose
assessment. The players took the jump tests (squat and counter movement) at least
10 minutes before the beginning of each of the three matches. Before, just at the
end of each match and 24 hours after the third one, we measured rectal temperature
(Trec). We collected the urine for urinary specific gravity (USG) assessment and to
appreciate the hydric status of the players. The heart rate (HR) was also measured
at rest and just at the end of the match, to calculate the physiological strain index
(PSI) suggested in the literature (18) according to the formula: PSI = 5 (Trec, -
Trecg x (39.5 — Trecg-* + 5 (HR1 - HRg x (180 - HRg-1) in which Trecg and
Trecq, are respectively the rectal temperature before and at the end of the match;
HR1 and HRO, are the heart rate before and at the end of the match. We used
the PSI estimation scale proposed by the authors of the formula (18) to determine
the level of thermal strain in the players during matches. During the matches, we
evaluated the total distance covered by each player. The players drank as much
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water they like from bottles that were marked with their names and the quantity
drunk was measured. At the end of the 2"® and the 3 matches and 24 hours later,
the players agreed to take the 30-m sprint and the RSA tests. They also took the
squat and counter movement jump tests at the end of the three matches, then after
the 24-hour recovery.

Participants

We constituted the study sample with 17 Division 1 (D1) male senior handball
players, of which nine took part in the 2011 World Junior championship (Greece)
or the 2012 World Challenge Trophy (India). We randomly divided the front and the
back players in two teams A (n = 8) and B (n = 9) for the experimental matches.
They trained three to five times per week and each session was made up of
traditional specific handball drills (warm up, skill and/or tactical drills, topic game
all over the ground). To be included in the sample, the players had to: hold a valid
sporting licence as a member of a D1 team; be between 18 and 34 years old; have
a seniority of at least five years in the practice of competition handball and a weekly
training duration (WTD) of six hours or more. Those who had suffered from a fever
or debilitating disease during the 15 days preceding the start of the study were
rejected. All the players gave their informed written consents to take part in this
study which was approved by the Scientific Committee of the Physical Activities
and Sports Sciences and Techniques named CSS/STAPS, of the University of
Abomey-Calavi, sitting as Ethics committee.

Materials and techniques

We used FT4 heart rate monitors (Polar, Finland) to measure the resting heart
rate and that reached during matches, as well as the total distance covered by
player. We used a spectrophotometer RT-9200 (Rayto®, Germany) to assess
glycaemia by the method in final point. A clinical Sur-Ne refractometer (Atago,
Japan) permitted to determine the urine specific gravity (USG). The lactate (La)
was assessed after blood micro-sampling of 5 pyL from the fingertip, using a
lactatometer (Lactate Pro, Urkray, Japan). We measured rectal temperature with
MT 101R electronic thermometers (Hangzou Sejoy, China), the 30-m sprint time
and the repeated sprint ability (RSA) with photo cells (Brower Timing System,
USA). We used the OptoJump Next system (Microgate, Italia) to measure the jump
heights, then a DVD/CD tape recorder and a pre-recorded protocol of the 30-15
IFT test (5) to estimate VO,max on the field.
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Matches and tests

The participants played all the matches outdoors in Porto-Novo, according to
the official match-play time (12) between 4 and 5.30 pm, in an ambient temperature
of 33.4 °C - 35.6 °C, and a relative humidity of 67% - 70%.

The players performed the squat and counter movement jump tests one after
the other, with at least 3 minutes of post-match recovery and we recorded the best
height (in cm) out of five. They ran the three 30-m sprints separated each by 30 s
recovery and we recorded the best time (in seconds). The test of repeated sprint
ability (RSA) used in this study consists in performing six shuttle-sprints at maximal
speed, on a distance of 15 m x 2, with 14 s of active recovery between two sprints
(25). The performance criterion was the mean running time of the six sprints (Tm)
expressed in seconds i.e. the time cumulated at the six sequences of 15 m x 2
shuttle divided by six. The 30-15 IFT used for estimation of the VO,max is an
intermittent and maximal field test, currently used in handball (5).

30-15IFT’

Statistical analysis

The descriptive data are presented as mean value (m) * standard deviation (s).
We used a one-way analysis of variance (ANOVA) followed, according to the case,
by the Tukey HSD post hoc test, to compare measurements at different times. The
data were processed using the Statistica software (Stat Soft Inc., Version 5.5). The
level of significance of the statistical tests was set at p < 0.05.

RESULTS
Anthropometric and physiological characteristics.
Table 1 summarizes the general characteristics of the studied handball players.

The respective mean resting heart rate and VOZmax of the players were 70 =
8 bpm and 57.2 + 3.1 mL/min/kg.

30-15IFT
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Table 1.
Biometric and sportive practice characteristics
of the studied handball players (n = 17).

m=s
Age (years) 235 +3.2
Height (cm) 176.4 = 6.7
Weight (kg) 734 +9.2
BMI (kg/m?) 235+ 23
Seniority in the practice (years) 9524
WTD (hours) 98 £25
VO,max (mL/min/kg) 57.2 + 3.1
HR (bpm) 70 £ 8

m * s: mean value + standard deviation; BMI: body mass index;
HR: heart rate; WTD: weekly training duration;
VO, max: maximum oxygen intake estimated from the results of the 30-15 IFT.

Changes recorded during the series of matches

The performance at the 30-m sprint measured before Match1 had a non-
significant difference with those recorded at the end of the two following matches
(p > 0.05). A decrease of 9.3% in the performance of the RSA test (Table 2) was
observed between the measurement before Match1 and the one at the end of
Match3 (p < 0.001). The respective reductions of 13.1% and 10.6% (the most
important of all) compared to the initial values recorded for squat and counter
movement jumps at the end of Match3 were non-significant (p > 0.05).

The changes recorded in physiological parameters from Match1 to the end of
Match3 relate to Trec, La, glycaemia and USG (Table 3).
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Table 2.
Changes in fitness capacities before and at the end
of the matches in African Division 1 amateur handball players (n = 17).

30-m sprint (s) Tm (s) SJ (cm) CMJ (cm)
m=*s m=s m=*s m=s
Match 1
Before 42 +0.1 57 *0.2 36.1 £ 4.6 41.0 £ 44
At cessation — - 31253 36.1 £ 4.4
Match 2
Before 42+ 0.1 6.1 = 0.3* 36.1 £ 4.6 39.2+44
At cessation — - 312538 36.6*= 4.6
Match 3
Before 43 0.2 6.3 = 0.3*** 35.1 3.7 39.5 + 5.1
At cessation — - 329 £ 44 36.6 4.2
After 24-H 43 = 0.1 6.3 = 0.4*** 33.1 =48 36.4 £ 55

Match 1: first match of the series; Match 2: second match of the series; Match 3; third match of the series;
***: difference significant at p < 0.001 between the value recorded before Match 1 and that of the end of
Match 3; *: difference significant at p < 0.05 between the value recorded at the end of Match2 and the
one before Match 1; ***: difference significant at p < 0.001between the value recorded 24 hours after
Match 3 and the one before Match 1; RSA: repeated sprint ability; Tm: it is the mean running time of the
six shuttle-sprints calculated for the RSA test; s: second; SJ: squat jump: CMJ: counter movement jump.

Trec and La respectively increased on average by 2.8% and 55.9% (p < 0.001)
from the end of Match1 to that of Match3. No player presented at the beginning a
Trec = 38 °C, but at the end of Match2, Trec was 40.5 °C in one of them. At the
end of the matches, La was always lower than 11 mmoles/L. In the studied group,
four players had a glycaemia value > 1.10 g/L just before Match1 and < 0.70
g/L at the end of Match2. All these four players have a family history of diabetes.
Following the data processing and fifteen days after the matches, the fasting
glycaemia measured in three among the four players who formerly presented
abnormal resting and effort values, was between 0.86 and 0.98 g/L.

Before Match1, 11 players had an USG value > 1.020, but at the end, they were
16. On the other hand, there were only six, then 10 players who had an USG value
> 1.020 respectively before and at the end of Match2.
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Changes in physiological parameters during matches
among African Division 1 amateur handball players (n = 17).

Blood lactate . Rectal
sanguin Glycaemia temperature uUsG
(9/L) o
(mmol/L) (0 m«+s
m=s m=s m=s
Match 1
Before 2.95 = 1.19 0.99 = 0.13 37.49 = 0.27 1.023 = 0.010
At cessation 428 + 1.35 0.94 + 0.08 38.84 + 0.65*** 1.029 + 0.000
Match 2
Before 3.49 + 2.48 0.77 £ 0.08 37.18 £ 0.21 1.024 = 0.010
At cessation 6.35 + 3.66 1t 0.70 + 0.08*** 38.76 + 0.75*** 1.028 + 0.000t
Match 3
Before 2.05 + 1.65 0.99 + 0.13 37.01 £ 0.30 1.018 £ 0.010
At cessation 4.60 +2.70** 0.85 + 0.10tt+ 38.54 + 0.55***  1.022 + 0.0101tt
After 24-H — — 37.05 £ 0.35 1.019 = 0.010%
recovery

Match 1: first match; Match 2: second match; Match 3: third match; USG: urinary specific gravity; **:
difference significant at p < 0.01 between the value recorded before Match 3 and the one at the end;
***: difference significant at p < 0.001 between the value recorded before and the one at the end of
Match1; t1: difference significant at p < 0.01 between the value recorded at the end of Match1 and
the one at the end of Match2; t11: difference significant at p < 0.001 between the value recorded at
the end of Match1 and the one at the end of Match2 and Match 3; 1: difference significant at p < 0.05
between the value recorded before Match1 and the one at the end of Match2; $: difference significant at
p < 0.05 between the value recorded at the end of Match2 and the one 24-hour recovery after Match 3.

The average distance covered and the percentage of HRmax reached by the players
(Table 4) did not vary significantly during the series of matches (p > 0.05). The
amount of water drunk by the studied handball players was more important during
Match3 (3.91 = 1.20 L; p < 0.001). The PSI recorded for Match3 was weaker than
that of the others two (3.86 = 1.11; p < 0.001). A player had a Trec value of 40.5 °C
and a PSI of 12.5 at the end of Match2, although he drank three litres of water.
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Table 4.
Changes in match data in African amateur Division 1 handball players (n = 17).

Match 1 Match 2 Match 3
Percentage of HRmax (%) 82.74 + 3.64 8490 + 4.53 83.98 +4.74
Distance covered (km) 425 *0.92 4.38 = 0.90 479 +=0.74
Water drunk (L) 1.38 + 0.41 2.55 * 0.63*** 3.91 = 1.20***
PSI 723 +1.75 740 = 1.85 3.86 £ 1.11***

Match 1: first match of the series; Match 2: second match of the series; Match 3: third match of the
series; HRmax: maximal heart rate; PSI: physiological strain index (Moran et al., 1998); ***: difference
significant at p < 0.001 between the amount of water drunk during match 1 and that of matches2 and
3; ***: difference significant at p < 0.001 between the PSI recorded during match 1 and that of match 3.

Changes recorded after 24 hours of recovery

After the 24-hour recovery, the performance in the RSA test was restored to
90.4% of the initial value, the difference of 9.5% being significant (p < 0.001). On
the other hand, the SJ and the CMJ jump heights varied non-significantly (p > 0.05).

The mean value of the USG accounted for 99.6% of the initial value and nine
players had an USG > 1.20. No player presented a Trec value > 38 °C, 24 hours
after the end of Match3.

DISCUSSION

African Division 1 amateur handball players were subjected to a series of
three matches separated each by 24 hours, in order to appreciate the impact of
associated physical load on their fitness capacities. The resting heart rate of these
players appears higher than that reported in the literature for the highly trained
athletes. Indeed, the resting heart rate reported in athletes is in general lower than
60 bpm, showing a tendency to bradycardia (24). On the other hand, the values
of VO,max recorded in this group of handball players are close to those of the
international handball elite, i.e. between 50 and 60 mL/min/kg (26, 31).

The performances at the 30-m sprint and jump tests decreased non-
significantly between the beginning and the end of the three matches. So, there
was no cumulated effect of the loads associated with the three matches on these
performances. The performance of the repeated sprint ability test was reduced by
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9.3% between the initial measurement and the one at the end of the last match.
After the 24-hour recovery, the difference with the initial performance is always of
the same order as that at the end of the third match.

The absence of change in the performance of the 30-m sprint was unexpected,
since the players’ actions during the handball match are mainly associated with short
accelerations (29). According to this author, acceleration capacity —defined as the
rate of speed change — is more significant in the realisation of a good performance
in team handball than maximum speed that cannot be reached during a match (14).
The decrease of 3.7 = 0.4% in the 20-m sprint performance in the Norwegian female
handball elite following a series of three matches confirms this position (23). This
contradicts the results of our study and reveals the distance of 20 m as the one
on which more strain is put on the players during a handball match. Although the
players reached on average 82-84% of their HRmax during matches, it is likely that
their low performances, compared to the international elite, did not enable them to
repeat a significant number of maximum sprints during these experimental matches.
In these conditions, the players were certainly unable to perform accelerations at the
rate of 2 or 3 sprints per minute during each match. In the case of such hypothesis, it
is not possible to observe a decrease in sprint performance at the end of the matches
(1), in relation with the depletion of phosphagen (ATP-PCr) and muscle glycogen
reserves (15). It is worth mentioning that the phosphagen reserves are depleted only
to a maximum of 35-55% during 6 second sprints and are very quickly restored after
exercise cessation, i.e. after a 5-min recovery (6). The 24 hours of recovery should
consequently be largely sufficient to ensure almost complete restoration of the
single sprint performance in these players during the series they run while playing.

The lack of variation in jump heights between the beginning and the end of the
three matches can be explained by the same arguments related to the 30-m sprint,
since they are both efforts of same nature, i.e. explosive and strongly correlated
effort (3). However, we know that after a drill of high intensity, the capacity of the
muscles to generate force-speed decreases (17). We can then assume that at the
end of the three matches, the excitation-contraction couple of lower limb muscles
preserved its contractile qualities.

This could partly justify the stability in jump performances observed in the current
study. It is however necessary to point out that a reduction of 5.2% of the jump
performance has been reported after a match, in top handball players. The decrease
observed in the counter movement jump at the end of the three-day tournament was
4-7% in the female handball players of the Norway national elite (23).

Although there was no cumulated effect, the reduction of the repeated sprint
ability was expected in spite of the relatively high level of VO,max in this study
sample. In fact, VO,max and repeated sprint ability are not strongly correlated (3),
even if a high level of VO,max allows a fast inter-efforts recovery, after a repetition
of sprints. The intervention of VO,max during recovery is rather associated with an
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increased O2 consumption supporting a fast re-synthesis of PCr, a key factor of
recovery after a repetition of sprints (16, 10). On the basis of the data collected, it
can be assumed that for each match, repeated sprint ability shows an important
decrease, that the 24-hour recovery contributes to partial restoration (23), so that
there was no more than a residual gap of 9% at the end of Match3. It is worth
mentioning that in spite of the high level of thermal strain suffered by the players
during the first two matches, the value of blood lactate remained moderate (4 — 6
mmoles/L), i.e. largely below the 11 mmoles/L reported at the end of maximum
incremental laboratory tests (11). The La concentration recorded at the end of the
match in this study is still on average lower than the 8.9 mmoles/L registered after
a 4 against 4 handball side-game (4).

The absence of complete restoration of repeated sprint ability after a 24-hour
recovery was not expected, since a high level of VO,max facilitates recovery
after high intensity and intermittent exercise (28), as is not the case in this study.
According to these authors, this is made possible by an increase in oxidative
processes, La elimination and the restoration of PCr.

The data processing revealed in the study sample, the presence of four players
having at the same time a resting hyper-glycaemia and a significant decrease
in blood glucose during the matches. This may seem all the more surprising as
the players are young, but can be explained by an association of resting hyper-
insulinism with a hyper-glucidic diet. In these conditions, the decrease recorded
in these players at the end of the match could correspond to the phenomenon of
hypo-glycaemia reaction as a result of increased insulin secretion in the blood flow,
after an important consumption of food with high glycaemic load. It is necessary
to specify that sub-Saharan African athletes, like the players in the study sample,
generally eat hyper-glucidic food such as cereals (corn, sorghum, millet) and
roots like cassava and yams (9). Such hyper-glucidic food can expose them, in
the long term, to insulin-resistance, hyper-insulinism and type 2 diabetes (19). A
periodic screening of metabolic parameters including glycaemia, as suggested in
tennis, seems to be necessary in these players so as to reduce the risk of sudden
hypoglycaemia at the beginning of exercise, i.e. at the start of warming up (8). The
glycaemia data recorded in this study underline the need for a biomedical follow-
up of the whole population of handball players who practice in the sub-Saharan
environment, throughout the sports season.

CONCLUSION

This study was undertaken on the basis of the statement that in amateur players,
a cumulated effect of physical loads, associated with three handball matches
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separated each by 24 hours, is observed on the decrease in fitness capacities.
The results recorded do not confirm this assumption for the performances of 30-m
sprint, squat and counter movement jumps. For the first time however, this study
showed that repeated sprint ability is affected during a series of three handball
matches played in the tropical climate of sub-Saharan Africa. Moreover, it revealed
in amateur players, that a 24-hour recovery following a series of three matches, are
not enough to ensure the restoration of repeated sprint ability.

The results suggest that trainers should systematically integrate physical
preparation, especially fithess sequences supporting fast recovery, in the training
schedules of handball players. The most effective way of integrating this preparation
in the training schedules of amateur-level players, who have little time for training,
must be determined beforehand by an experimental-designed study.
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