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Graphical abstract

This manuscript analyzed the performance of male athletes from the Brazilian youth handball team during the National Development and 
Technical Improvement Camp.

Evaluation of Stability and Flexibility in Male Handball Athletes

OBJECTIVE
✓ To analyze the muscular 

stability and flexibility 
performance of athletes 
selected for the Brazilian 
youth handball team, who 
participated in the National 
Development and Technical 
Improvement Camp.

METHODOLOGY
EVALUATION

✓ Beginning and end of the
Camp.

TESTS CONDUCTED

✓ Shoulder Stability: Closed
kinetic chain tests.

✓ Flexibility: Sit-and-reach
test.

RESULTS
Significant improvement in
range of motion
✓ Flexibility: Increased from

35.5 cm to 39.6 cm in the
average reach.

✓ Shoulder Stability: Increased
from 31.8 to 35.4 movements,
on average.

DISCUSSION
Flexibility and stability are essential for:

✓ Motor Performance: Improvement in athletic
skills.

✓ Injury Prevention: Reduced risk of muscle and
joint injuries.

Professional Relevance

✓ Health professionals play an important role in
ensuring safe and effective training.

CONCLUSION
✓ The integration of flexibility

and stability assessments can
optimize athletic performance
and reduce the risk of injuries,
highlighting the importance of
a multidisciplinary approach in
athlete training.
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Injuries and strain in the sports world are 
caused by the rigidity of training and compe-
titions, and they are classified according to 
the mechanism and the affected region. The 
biological type of each athlete varies, and 
this can be seen through factors such as sex, 
age, flexibility, and muscle strength1. The 
competitive sports environment introduces a 
range of new responsibilities for youth athle-
tes. Moreover, there is increasing pressure 
from family, peers, and coaches for them to 
perform exceptionally. This pressure, combi-
ned with an intense physical training load, 
often leads to pain, fatigue, and exhaustion, 
which can result in musculoskeletal injuries 
and mental burnout2.

Performance, the prevention and treat-
ment of musculoskeletal injuries, as well as 
athletes' mental health, are currently some 
of the main concerns for coaches, sports 
science professionals, and the athletes them-
selves3. This concern gained visibility after 
the withdrawal of athletes such as gymnast 
Simone Biles at the Tokyo Olympics (2021) 
and tennis player Naomi Osaka, who pulled 
out of Wimbledon and Roland Garros tour-
naments in the same year4.

In elite sports, special tests for upper 
and lower limbs are used to monitor muscle 
strength reductions and serve as potential 

indicators of residual or accumulated fati-
gue. Among Olympic sports, handball ranks 
as one of those with the highest injury rates 
for athletes (82.2%)5. In this sport, shoulder 
injuries, lower limb injuries, and mental heal-
th issues are responsible for many absences 
from the court and have a high likelihood of 
recurrence6, which can even lead to athletes 
abandoning the sport. Under these circums-
tances, the abandonment of sports careers 
due to overtraining and/or overuse has a sig-
nificant impact on talent development7.

With the goal of detecting young talents 
to represent Brazilian handball, the Brazi-
lian Handball Confederation (CBHb) orga-
nizes an annual National Development and 
Technical Improvement Camp. The event 
includes regional phases that precede the 
national phase. During the Regional Camps, 
the CBHb sends specialists responsible for 
establishing technical handball standards 
across the country and identifying the most 
promising talents to participate in the Natio-
nal Camp, with the aim of selecting athletes 
to represent Brazil at the 2024 and 2028 
Olympic Games. In addition to technical and 
tactical activities, the focus is also on injury 
prevention, increasing muscle strength, and 
performing functional tests4.

Closed kinetic chain tests for the upper 

INTRODUCTION

Abstract

Injuries and strain in the sports world are caused by the rigidity of training and competitions, combined with the 
pressure for excellent performance, which can result in musculoskeletal damage. The objective of this study was to 
analyze the stability and muscle flexibility performance of athletes selected for the Brazilian youth handball team, who 
participated in the National Development and Technical Improvement Camp. The event included training sessions, 
video analysis, games, a lecture with a senior national team athlete, and activities such as the official photo and an 
outing. The athletes were evaluated upon arrival at the camp and after 10 days of immersion in sports activities. A 
total of 20 athletes, aged 13 and 14, participated, and the effect of pre- and post-training exercises was assessed 
through the modified sit-and-reach flexibility test and the upper extremity closed kinetic chain stability test. There was 
a significant improvement in range of motion in most cases, demonstrating a real gain in musculotendinous plasticity 
and an enhancement in motor performance after the exercise period. Strengthening exercises for the rotator cuff 
and stretching are crucial to maximizing these gains. Furthermore, the involvement of health professionals, such as 
physiotherapists and nutritionists, is essential to ensure safe and effective training.
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body and flexibility tests are useful for mo-
nitoring neuromuscular performance of the 
shoulder joint and lower limbs in sports that 
involve contact and overload, such as han-
dball8. This monitoring is important for the 
health of competitors, as 30% of sports in-
juries among young throwing athletes occur 
in the shoulder joint, which is the most fre-
quently injured region9,10. 

As a sport involving intense physical con-
tact, handball requires agility, speed, cons-
tant jumping, sudden changes of direction 
by the athletes, as well as throwing and blo-
cking the opponents' actions. The intense 
physical demands require players to have 
the ability to handle these challenges during 

training11 and to adapt quickly and unpredic-
tably. As a result, players become vulnerable 
to physical and psychological strain caused 
by these physical demands and the high le-
vels of anxiety and tension, which can lead 
to extreme stress12.

In this context, examining flexibility and 
evaluating athletes' performance can be be-
neficial for planning health promotion and 
injury prevention actions at the grassroots 
level of sports. Therefore, this study aimed 
to analyze the stability and muscle flexibility 
performance of athletes selected for the Bra-
zilian youth handball team, who participated 
in the National Development and Technical 
Improvement Camp.

METHODOLOGY

This is a before-and-after cross-sectional 
study conducted with 20 youth athletes (13 
and 14 years old) who were selected to join 
the Brazilian men's handball team after par-
ticipating in an immersion period at the Na-
tional Handball Development and Technical 
Improvement Camp, located in São Bernar-
do do Campo, São Paulo, in 2018. 

The Development and Technical Improve-
ment Camp, organized annually by the Brazi-
lian Handball Confederation (CBHb), aims to 
select athletes to join the Brazilian handball 
teams. This event follows the regional stages, 
in which the most talented athletes are no-
minated to participate in the National Camp. 
During the 10-day camp, participants engage 
in training sessions, video analysis sessions, 
and games. One day is dedicated to a lectu-
re, usually given by a senior national team 
athlete, in addition to an official photo ses-
sion and an afternoon outing13.

Upon arrival at the National Handball De-
velopment Center Prof. José Maria Passos, 
in the city of São Bernardo do Campo, the 
athletes were evaluated. This evaluation was 
repeated at the end of the event, after 10 
days of participation in the National Camp 

activities. Data were collected using an ins-
trument that included sociodemographic 
and professional information about the athle-
tes, as well as data from the shoulder stabili-
ty and flexibility tests.

To assess shoulder joint stability, the clo-
sed kinetic chain upper extremity stability test 
(CKCUES test), adapted by Roush et al.14, was 
used. This test does not require advanced tech-
nology and can be performed in sports or cli-
nical settings15. Despite reliable and validated 
results in the adult population16,17, the CKCUES 
test is still rarely used in the youth population18.

Para To perform the test, two strips of 
adhesive tape were placed parallel on the 
ground, 90 centimeters apart. The test be-
gan with the athletes assuming a push-up 
position, with elbows fully extended and 
hands positioned on each of the strips, using 
the third finger as a reference point (Figure 
1-A)14. The athletes were instructed to touch 
the opposite hand and return to the initial su-
pport position with both hands (Figure 1-B)19.

The athletes performed the same move-
ment with the other hand, alternating as qui-
ckly as possible for a period of 15 seconds. 
During this period, the movements were cou-
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Figure 1 - Athletes' position for the closed kinetic chain upper extremity stability test (CKCUES test).

Flexibility was assessed using the modified si-
t-and-reach test without Wells' bench20. To per-
form this test, a measuring tape was extended 
on the floor, and a 30 cm piece of adhesive tape 
was placed perpendicularly at the 38 cm mark 
of the measuring tape, securing it to the floor. 
The athletes were positioned barefoot, with 
their heels touching the adhesive tape at the 38 
cm mark, and their feet 30 cm apart. With knees 
extended and hands overlapping one another, 

the athletes slowly leaned forward, extending 
their hands as far as possible, holding the ex-
tended position long enough for the distance 
reached to be recorded (Figure 2)20. Two con-
secutive attempts were made, with a 30-second 
rest between them and no warm-up before the 
test. The distance reached by the athletes was 
measured in centimeters, with one decimal pla-
ce, and the highest value obtained in the two 
attempts was used for evaluation.

nted and considered valid for measuring per-
formance in the test. Each athlete completed 
a warm-up test followed by a valid test, with 
a 45-second rest period between tests.

During the test, athletes needed to keep 
their backs straight and aligned, with their 
hands and shoulders positioned perpendicu-
larly to ensure that body weight was evenly 

distributed across the upper limbs. The kne-
es could not touch the ground. If an athlete 
reported pain, they would be excluded from 
the study. Before starting the test, the athle-
tes were allowed to familiarize themselves 
with the procedures, which were demonstra-
ted by the evaluator, who also provided a 
clear explanation of the test method.

Source: Roush et al., 2007, p. 16114

Source: Adapted from Barbosa et al., 2021, p. 619
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Figure 2 - Flexibility assessment using the modified sit-and-reach test without Wells' bench. Source: Gaya 
and Gaya, 2016. p. 820.

The data were analyzed using SPSS ver-
sion 24.0 and were statistically processed to 
evaluate differences in stability and flexibili-
ty before and after the camp, as well as the 
relationship between these variables. The 
normality test ensured the appropriateness 
of the parametric tests applied.

The Kolmogorov-Smirnov test was applied 
to confirm the normality of the data distribu-
tion. To analyze shoulder joint stability and 
flexibility in the pre- and post-camp periods, 
the t-test for dependent samples was applied. 
Cohen's d test was used to analyze the effect 
size of the differences found. The variance 
of the results obtained by the athletes in 

the pre- and post-camp tests was evaluated 
using Levene's test. Finally, the correlation 
between shoulder stability and flexibility, in 
the pre- and post-camp periods, was analy-
zed using Pearson's correlation coefficient 
(r). A significance level of 5% (p≤0.05) was 
adopted for all analyses.

The study was approved by the Resear-
ch Ethics Committee of the São José do Rio 
Preto Medical School (FAMERP), under the 
Certificate of Presentation for Ethical Consi-
deration No. 04111418.0.0000.5415. Prior 
to data collection, informed assent from the 
participants and consent from their guar-
dians were obtained.

Twenty male youth athletes were evalua-
ted, aged between 13 (85%) and 14 (15%) 
years, with an average height of 1.8 meters 
(± 0.1), an average body mass of 76.0 kg (± 
13.2), and an arm span of 1.9 meters (± 0.1). 

The athletes predominantly came from 
the Southeast (70%) and South (20%) re-
gions of Brazil. Most athletes identified as 
white (75%), did not have paid employment 
(75%), and were supported by both parents 
(70%). All were students, with 80% atten-

ding the ninth grade of elementary school; 
65% studied in private schools, with or wi-
thout scholarships.

Regarding handball practice, 90% of the 
athletes trained for six to ten hours per week; 
70% practiced at city clubs and/or school 
and were not paid; 20% trained at handball 
clubs and received a salary. Two athletes 
(10%) reported lower limb pain, with one of 
them using an elastic ankle brace; the others 
did not report any history of muscle injury 

RESULTS
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Table 1 - Analyses of shoulder stability and flexibility during the pre- and post-evaluations of the Development 
and Technical Improvement Camp.

Variables Median Standard Deviation CI95% p-value* Effect Size**

Shoulder Stability
Pre-camp  31.8 6.2 28.9 – 34.6
Post-camp 35.4 5.8 32.7 – 38.0
Flexibility
Pre-camp  35.5 12.3 29.7 – 41.2
Post-camp 39.6 10.9 34.5 – 44.6

 
*t-test. ** Cohen d-test. † Moderate. ‡ Weak.

0.064 0.6†

0.272 0.4‡

As shown in Figure 3, one athlete expe-
rienced a decrease in shoulder stability du-
ring the camp activities; this was the athle-
te who reported lower limb pain and used 
an elastic ankle brace. The other athletes 
showed an increase in shoulder stability by 
the end of the camp compared to the initial 

evaluation upon their arrival at the National 
Development and Technical Improvement 
Camp. Statistical analysis revealed a signifi-
cant difference in the variance of pre- and 
post-camp measurements, indicating that the 
athletes' performance was not homogeneous 
(F: 0.277; p=0.602).

Figure 3 - Athletes' Shoulder Stability Test Results in Pre- and Post-Camp Evaluations.

and did not undergo regular medical and/or 
physical therapy treatment in the three mon-
ths prior to the camp.

As shown in Table 1, at the end of the 

Development and Technical Improvement 
Camp, the athletes demonstrated an increase 
in the average score for shoulder stability and 
flexibility compared to the initial evaluation.

Post-campPre-camp
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As observed in Figure 4, the athletes 
showed an increase in flexibility at the end 
of the camp compared to the first evaluation, 
conducted at the beginning of the National 
Development and Technical Improvement 

Camp. Similar to the shoulder stability test, 
the variance between pre- and post-camp 
measurements was different, suggesting that 
the athletes' performance was not uniform (F: 
0.410; p=0.526).

Figure 4 - Athletes' Flexibility Evaluation Using the Sit-and-Reach Test in Pre- and Post-Camp Assessments. 

The analysis of the correlation between 
shoulder stability and flexibility variables, in 
the pre- and post-camp periods (Table 2), in-
dicates a strong positive correlation between 
pre-camp flexibility and post-camp shoulder 
stability (r = 0.700; p = 0.001), showing that 
athletes with greater flexibility before the 
camp tend to exhibit greater shoulder sta-
bility at the end of the camp. Additionally, 
the extremely strong correlation between 
pre- and post-camp flexibility (r = 0.918; p 

< 0.001) suggests that the level of flexibility 
athletes have before the camp is a strong pre-
dictor of the flexibility they will demonstrate 
at the end of the Development and Techni-
cal Improvement Camp. The correlations be-
tween shoulder stability and flexibility in the 
pre-camp period (r = 0.087; p = 0.716) and 
between shoulder stability and flexibility in 
the post-camp period (r = -0.120; p = 0.616) 
did not show a clear relationship between 
these variables.

Pre-camp Post-camp
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Table 2 - Analysis of the correlation (r) between shoulder stability and flexibility in the pre- and post-camp 
periods of the Development and Technical Improvement Camp.

Variables Post-camp Shoulder Stability Pre-camp Flexibility Post-camp Flexibility

Pre-camp Shoulder Stability
r
(p-value)

0.700**
(0.001)

0.087
(0.716)

0.073
(0.760)

Post-camp Shoulder Stability
r
(p-value) - -0.120

(0.616)
-0.137
(0.565)

Pre-camp Flexibility
r
(p-value) - - 0.918**

(<0.001)
 
**Correlation at the 0.01 level (two-tailed).

Flexibility is one of the factors that di-
rectly influences athletic performance across 
a wide variety of sports21. In this context, 
the improvement in motor performance of 
the handball athletes evaluated in this study 
represents significant gains for their level of 
competitiveness, as physical-motor ability is 
directly related to the performance potential 
of young athletes22.

Adequate functional stability during limb 
movement requires muscle strength and 
endurance, which are essential to maintain 
joint integrity and support. Muscle streng-
th is necessary to optimize power capacity 
and provide the static and dynamic stability 
required to withstand torques and overlo-
ads, while muscle endurance helps prevent 
fatigue and maintain joint control. Therefo-
re, the interaction between muscle strength 
and endurance is vital for injury prevention 
and to ensure efficient and stable joint mo-
vement23,24. 

Moreover, the increase in flexibility and 
stability for athletes performing aerial move-
ments in sports such as handball requires hi-
ghly skilled mobility to execute movements 
at high speeds without the risk of injury. The-
refore, it is necessary for athletes to develop 
good levels of flexibility, muscle strength, 
stability, coordination, synchronicity, and 
neuromuscular control in the shoulder com-
plex25.

Flexibility training is widely used across 
various fitness-related capacities, with the 
goal of increasing joint range of motion, pre-
venting contractures, and alleviating injuries. 
This training can be performed actively, pas-
sively, or in a combined manner26,27. In active 
training, the athlete performs the movement 
alone, while in passive training, they use ins-
truments/equipment or the assistance of a 
qualified professional. The type of training 
applied can vary depending on the sport and 
the characteristics of the athletes.

Stretching exercises can be used to in-
crease range of motion and improve muscle 
performance in healthy individuals or those 
in rehabilitation. However, while static stre-
tching training induces increases in muscle 
fascicle length, results vary depending on the 
volume and intensity of the stretching. The 
literature highlights the need for high volu-
mes and intensities of stretching to provoke 
significant increases in fascicle length and, in 
some cases, muscle thickness. Thus, to achie-
ve relevant morphological changes, such as 
longitudinal fascicle growth, the application 
of more intense and prolonged stretching 
protocols is necessary, which can have im-
plications for sports practice and rehabilita-
tion27,28,29. Additionally, there are differences 
in gains between male and female athletes, 
as well as greater demands on different body 
parts depending on the sport.

DISCUSSION



Mundo Saúde. 2024,48:e16272024

DOI: 10.15343/0104-7809.202448e16272024I

Studies point to differences between men 
and women in flexibility assessment. Alta-
villa et al.30 describe that male athletes tend 
to have greater joint flexibility in the shoul-
ders and trunk compared to female athletes, 
while females have greater flexibility in the 
lower limbs. However, these advantages do 
not necessarily benefit both sexes equally in 
sports practice.

In some sports, flexibility is one of the 
main criteria for athletes to reach a high 
level in learning advanced techniques31. In 
handball, flexibility is a key factor for good 
performance on the court, as this ability 
enhances sports movements, making kicks 
more powerful.

In a comparative study of agility and flexi-
bility between male handball and volleyball 
players, using the sit-and-reach test, handball 
athletes showed significant differences com-
pared to volleyball athletes32. These results 
confirm that the above-average performan-
ce achieved by the studied athletes enables 
them to attain good performance on the 
court, whether in training or competitions.

The development of specific skills is im-
portant for injury prevention in high-perfor-
mance athletes across different sports. To 
this end, preventive programs can be tailo-
red to various aspects, such as improving 
flexibility, mobility, muscle strengthening, 
and proprioception, taking into account the 
characteristics of the sport and the risks of 
potential injuries33.

In this regard, the correlations between 
shoulder stability and flexibility observed in 
this study emphasize the importance of co-
aches prioritizing the incorporation of fle-
xibility exercises into training routines, as 
flexibility can positively impact athletes' per-
formance in competitions. The implementa-
tion of practices that improve stability, the 
adoption of emotional control techniques, 
and the inclusion of strengthening exercises 
can lead to more effective development and 

better competition results. Additionally, re-
gular evaluations and progress monitoring 
are essential to identify areas that need at-
tention and to adapt training programs to 
the individual needs of athletes34,35.

Thus, coaches play a crucial role in the de-
velopment process of athletes, providing su-
pport over long periods, particularly for you-
th athletes (children, cadets, and juniors)36. 
These professionals are essential for trans-
mitting technical and tactical knowledge, 
guiding the application of these skills, and 
encouraging improvement and refinement, 
so that young athletes can become exceptio-
nal professionals.

The small number of participants in this 
study and the inclusion of only one sport, in 
the male category, limit the ability to perform 
comparative analyses. Likewise, the sample, 
consisting of athletes selected through regio-
nal trials, does not allow for the generaliza-
tion of results, as it represents a select group 
of high-performance youth athletes. On the 
other hand, the study provides relevant in-
sights into the preparation and selection 
of athletes for Brazil's youth male handball 
team, fostering discussions on the impact of 
the National Development and Technical Im-
provement Camp activities on the health of 
these adolescents.

The results provide data that allow con-
sideration of the possible negative effects 
experienced by athletes during the Regio-
nal Camps that precede the National phase, 
with the aim of creating and implementing 
actions to reduce these negative impacts 
and maximize the development of future eli-
te handball athletes. Additionally, the study 
supports the development of services that 
offer technical training support and physical 
health care for these young athletes throu-
ghout their careers, with the goal of promo-
ting healthy sports involvement, high perfor-
mance, personal and professional growth, 
mental health, and overall well-being.
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CONCLUSION

The athletes selected for the Brazilian youth 
handball team demonstrated performance pro-
gression by the end of the activities conducted 
at the National Development and Technical 
Improvement Camp, as evidenced by the in-
crease in shoulder stability and flexibility.

To achieve this progression, it is essential 
to incorporate a variety of specific exercises 
that promote these abilities, such as rotator 
cuff strengthening exercises, dynamic and sta-
tic stretches, and activities that simulate game 
movements. To improve flexibility, it is advi-
sable to include static stretches and mobility 

protocols that target both the specific shoul-
der muscles and adjacent muscle groups.

Moreover, the involvement of health pro-
fessionals, such as physiotherapists, psycho-
logists, nurses, nutritionists, doctors, and 
physical educators, is crucial in the planning 
and execution of these exercises, especially 
in youth categories (children, cadets, and ju-
niors). The presence of these specialists ensu-
res that training programs are well-structured 
and tailored to the athletes' needs, promoting 
their development and performance in a safe 
and effective manner.
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