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Abstract. [Purpose] To verify the effects of short-term plyometric training (PM) on body composition, flexibility
and muscle power output in female Futsal athletes. [Subjects and Methods] Twenty female Futsal athletes (19.5 +
1.29 years) equally and randomly divided into control and experimental groups were submitted to a sit-and-reach
flexibility test, body composition measures and horizontal jump, at baseline and one day after the final training ses-
sion. Both groups retained their training routines while only the experimental group participated in an additional 25
minutes of PM 2 times a week over 4 weeks. [Results] The experimental group showed higher values of flexibility
and muscle power and lower body fat after the intervention in comparison to the baseline and control group. In ad-
dition, the effect size within-group after intervention indicated a moderate, large and very large effect for body fat,
flexibility and muscle power, respectively. [Conclusion] These results show that plyometric training may be effec-
tive in reducing body fat and increasing flexibility and muscle power in female Futsal athletes. Thus, it may suggest
that PM can be applied in the field of preventive physical therapy.
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INTRODUCTION

Futsal is an intermittent high-intensity sport characterized by the elevated technical and tactical level of the athletes'- 2.
In addition, because Futsal is a high-intensity sport, physical requirements must be considered when implementing training
programs for athletes of this modality®). Thus, physical training for these athletes is extremely important to maintain the
competitive level in each match throughout the season®), and it is necessary to search for and apply more efficient training
methods. A widely used but less scientifically explored alternative method for Futsal athletes is plyometric training (PM).

PM develops muscle strength, maximum power, speed and explosive anaerobic power?). Furthermore, strength and
muscle power gains promoted by PM seem to be similar to those promoted by resistance training®. However, without the
need for sophisticated and expensive equipment. Making PM an interesting alternative for professional and amateur teams
with a low financial investment for those that appropriate training center often is unavailable. Moreover, added to muscle
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power improvements, this method can also be effective to improve body composition and flexibility parameters because of
the high energy expenditure and range of motion necessary to perform jumping exercises’”), which may lead to performance
improvements during the game®. It is noteworthy that the exercises used during PM are part of most of the movements during
sports itself?).

In some studies on female Futsal athletes, this method has already demonstrated to improve muscle power output, muscle
strength and speed® % '), However, compared to male athletes, few studies have investigated the effects of PM on the
parameters mentioned above. Moreover, to the best of our knowledge, there is only one study that investigated the effects
of PM on body composition in female Futsal athletes®). It is noteworthy that this parameter has been widely accepted as a
predictor of performance!> 4.

In addition, there are no studies that have investigated the effects of PM on the flexibility levels of Futsal athletes. It should
be noted that this parameter has been associated with performance enhancement and injury prevention by regaining joint
range of motion'>~!17). Therefore, the aim of this study was to verify the effects of PM on power output, body composition
and flexibility in female Futsal athletes.

SUBJECTS AND METHODS

Twenty female Futsal university athletes without any muscle, bone and/or joint limitations, no use of any drugs, had
practiced Futsal for at least 3 years and had attended at least 80% of the training sessions were included in the analysis. The
athletes were randomly and equally divided in two groups, the experimental group (EG=10) and the control group (CG=10).
The final sample size (n=20) conferred a statistic power a priori of 60% (1 — = 0.6; 0=0.05). General characteristics of the
volunteers are presented in Table 2. All procedures were carried out according to resolution 466/2012 of the National Health
Council and to the Declaration of Helsinki for experiments to be conducted on humans. This study had approval of the local
Ethics Committee for Human Research (protocol: 21306613.1.0000.0023) and obtained a written informed consent from the
volunteers.

All volunteers were instructed to maintain their dietary habits during the investigation protocol. Both groups (EG and CG)
underwent an evaluation of their body composition (skinfold and waist-to-height ratio), flexibility (sit-and-reach) and muscle
power output (horizontal jump test) at baseline and one day after the 4-week intervention period. During these 4 weeks, both
groups maintained their tactical and technical training routines with specific activities of the modality. Meanwhile, the EG
underwent PM (Table 1) twice a week for approximately 25 minutes per training session. Plyometric exercises were progres-
sive and were adapted from Bompa'®).

Height was measured with the volunteer in a standing position and barefoot, with the ankles, calves, buttocks, scapulas
and head leaning against the wall. The head was positioned according to Frankfurt’s plan, and stature was measured at the
moment of inhaling air. Body mass was measured while the participants wore light clothes. Body mass index (BMI) was
calculated as weight (kg) - height (m2).

Relative body fat was estimated by the sum of four skinfolds (subscapular; triceps; suprailiac; abdominal) using a skinfold
caliper (Sanny®™) and applying the equation and protocol proposed by Falkner!®). The skinfolds were collected at each point
in rotational sequence, beginning on the right side of the body, and the median value was recorded (Table 2).

Flexibility of the hamstrings and lower back muscles was evaluated by the sit-and-reach test?”). Individuals were placed
in a seated position with legs straight and slightly parted, feet flat on the wall of the wooden box (Well’s Bench), elbows
extended and upper limbs flexed in the sagittal plane. From this position, individuals were instructed to stretch forward over
the box and attempt to reach with their hands as far as possible on a graduated scale in centimeters at the top of the box. The
largest absolute value over three attempts constituted the measurement of flexibility.

Participants began the test with both feet parallel on a marked line and were instructed to perform three maximum jumps to
cover the greatest horizontal distance possible. Using a floor mounted tape measure, the distance covered by each jump was
determined from the start line to the where the heel closest to the start line landed. We recorded the best jump performance
value?D.

After assessing the normality and homogeneity of the data through the Shapiro-Wilk and Levene’s test, respectively, the
data were presented as the mean and standard deviation (£). In order to compare the characteristics of the groups, Student’s
t-test for independent samples was applied. Between and within-group comparisons were carried out using split-plot ANOVA
(Mixed ANOVA). When any of the dependent variables did not show sphericity in Mauchly’s test, the epsilon of Greenhouse-
Geisser was used to analyze the F statistic. Because there were only two groups, a post hoc test was unable to locate the
differences; it is necessary to apply a parallel test called pairwise comparisons. Thus, a paired Student’s t-test was used to
compare the values at baseline and after the intervention period. The effect size within (baseline vs. post) and between groups
(EG vs. CG) was calculated using Cohen’s d?%. Pearson’s correlation coefficient was applied to test for associations between
the variables. For the sample size calculation, was used the statistical power (1-f) a priori using the comparison analysis ap-
plied (ANOVA for repeated measures), an effect size of /=0.35 and, significance level set at 5% (p<0.05) to all procedures. All
procedures were carried out using the Statistical Package for the Social Sciences (SPSS 20.0) and G*Power (version 3.1.9.2).
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RESULTS

At baseline, the groups (EG and CG) presented no statistical differences among the variables of characterization, with the
exception of body fat, that showed lower values for the EG (Table 2). In contrast, both groups were classified in the same
stratum (excellent) for body fat, taking into account sex and age®®). The within-group comparisons indicated a significant
reduction in the body fat and an improvement in flexibility and muscle power output for the EG (p<0.05). Furthermore, the
between-group comparison indicated that the EG had significantly lower post-intervention values for body fat and signifi-
cantly higher values for power and flexibility (Table 3).

The within-group comparison of the effect size showed that the CG values did not change significantly in all of the inves-
tigated variables; meanwhile, the EG displayed effects of moderate, large and very large standards for body fat, flexibility and
muscle power, respectively. In the between-group comparison of the effect size, only the waist-to-height ratio (WHR) had no
effect (d=0.16), while there was a large effect for the body fat (d=—1.11), and a very large effect for flexibility (¢=2.09) and
for muscle power (d=2.55) (Table 3).

Pearson’s correlation coefficient indicated a positive and significant (p<0.05) association between baseline values of
flexibility and post-intervention horizontal jump and flexibility. In addition, the results showed a negative and significant
association between baseline flexibility and post-intervention body fat. Furthermore, a negative and significant association
was found between baseline body fat and post intervention horizontal jump and flexibility (Table 4).

Table 1. Description of the plyometric training exercises performed

Planning . Number of series and
(training session) Description repetitions (reps)
Week 1 . Alternate leg bounding; unilateral squat jump; power skipping 4 x (15 reps) in each exercise
(= 25 minutes)
Week 2. Power skipping; squat jump; alternate leg bounding 3 x (8—15 reps) in each exercise
(= 20 minutes)
Week 3. Squat jump; repeated long jumps; unilateral squat jump; static tuck 3 % (8-15 reps) in each exercise
(= 15 minutes) jumps
Week 4 Progressive power skipping; rhytm skips; jump rope (30 seconds); 2-3 series: circuit with 90
(= 15 minutes) unilateral squat jump; diagonal obstacle jump; repeated tuck jumps seconds interval
Table 2. Sample characteristics Table 3. Within- and between-group comparisons of waist-to-
- — height ratio, body fat, sit-and-reach and horizontal jump
Control Plyometric training
(n=10) (n=10) Control Plyometric
Age (years) 19.5+ 1.4 194+13 training
Height (cm) 165.1 £5.8 161.1 £ 9.6 Waist-to-  Baseline 0.44+0.03 0.44+0.10
Body mass (kg) 62.5+8.8 50.8+ 8.7 height ratio  Post-training 0.44 +0.01 0.45+0.10
BMI (kgm2) 23.5+27 221409 Effect size 0.1 0.1
Body fat (%) 165+ 1.8 15.1+3.2 * Body fat Baseline 16.5+1.8 15.1+3.2
WHR 0.44 + 0.0 0.44 + 0.1 (%) Post-training 16.5+1.8 139+£29*
Data expressed as mean and (£) SD Effect size —0.02 -0.39
BMI: body mass index; WHR: waist-to-height ratio; *Sta- Flexibility —Baseline 249 +37 31.6+5.1
tistical difference (p<0.05) (cm) Post-training ~ 25.0 3.7 35.6+ 4.6 *t
Effect size 0.01 1.99
Horizontal Baseline 133.1+£224 151.1 + 8.8
jump (cm)  Post-training 132.9+23.0 1704 + 10.5 *¥
Effect size 0.02 0.81

Within-group comparisons’ effect size estimated by Cohen’s d.
Data expressed in mean and standard deviation.

*Within-group statistical difference (p<0.05); "Between-group
statistical difference for the same moment (p<0.05).
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DISCUSSION

The aim of this study was to investigate the effects of four-week-long PM on physical fitness parameters. The main finding
was that, in addition to muscle power, PM was also effective to promote an increase in flexibility levels and reduce body fat
in young female Futsal players.

The high-intensity stretch-shortening cycles performed during PM may cause several peripheral adaptations, such as
muscle hypertrophy. Malisoux et al.”) submitted eight trained men to eight weeks of PM and reported a significant increase
(p<0.01) in the cross-sectional area of muscle fibers type I and Ila of the vastuslateralis. An increase in muscle mass may lead
to a higher resting metabolic rate and promote higher energy expenditure at rest, which may lead to other changes in body
composition over the medium and long term, such as a decrease in body fat?®). Similarly, it was observed in the present results
(p<0.05), which showed a moderate and large effect in the comparisons within-groups (baseline vs. post) according to the
Cohen’s standard??. It is important to emphasize that an improvement in body composition parameters can be fundamental
for the performance of athletes during the match, especially Futsal, since this sport involves rapid movements and jumps and
the direction changes continuously; any excess body weight or fat may influence the athletes’ general performance?).

With regard to WHR, the results demonstrate that it remained unchanged after PM in both groups, which may be because
young athletes, such as those used in this study, have absolute mean values of this index below the average and median
compared to reference values for this age?®). Thus, are not very susceptible to a reduction along with other body composition
parameters.

Flexibility improvement for Futsal athletes after PM is an important finding because the deficit of this physical fitness
component has been postulated as being responsible for muscle and joint injuries in the lower limbs in athletes and recre-
ational players?”). Thus, alternative training methods that may reduce the risk of injury may be of interest to teams, coaches
and athletes?®. O’Sullivan et al.?%, reported evidence that a training method focused on eccentric contractions can raise
flexibility levels in the lower limbs and suggests that the most likely mechanism involved may be the increase of sarcomeres,
a phenomenon already observed in animal models®?. Therefore, the flexibility gains in this study may be explained on ac-
count of PM having a large eccentric component in its repeated high-intensity stretch-shortening cycles”, promoting similar
adaptations to those suggested above.

Regarding to PM, studies have focused on analyzing the effects on the injury prevention of first time non-contact anterior
cruciate ligament (ACL) injury. The result indicates that PM can enhance neuromuscular control in all three planes, which
will reduce stress on the ACL transferring to the muscles, tendons and bones, allowing a greater dispersion of force resulting
in lower torque applied directly to the knee?! 3.

The primary focus of PM is commonly associated with muscle power improvement, which may be occasioned for several
of factors. The increase in muscle power can be explained in part by the fact that PM increases the muscular tension reducing
the energy dissipated by the tendon, by an improvement in tensile strength®>). Moreover, a simple increase in motor skills to
perform horizontal jumps may be one a factor improving jump performance because this movement-jump is classified as a
slow shortening-stretching cycle with high range of motion®® and has been suggested as being the most responsive to PM37),

In addition, the reduction in body fat and increase inflexibility levels could also be responsible for higher muscle efficiency
and range of motion, respectively. Increasing the ability of athletes to have a higher power output and achieve better results
in the horizontal jump test. The association results may reinforce this because the increase in muscle power after intervention
was negatively associated with body fat reduction and positively associated with increased flexibility. Furthermore, PM has
shown improvements in muscle power of the lower limbs for athletes in several sports>®), including Futsal. Almeida and
Rogatto!" demonstrated a 10% increase of muscle power in female Futsal athletes, similarly to the present study, which
demonstrated an increase of 12%.

Studies suggest that an increase in muscle strength and flexibility may significantly reduce the likelihood of injury
Furthermore, the excess weight has been considered a risk factor for lower limb injuries in sports>’4%-47)_ Thus, the results of

39-45)

Table 4. Matrix correlation between baseline and post intervention values of body fat, horizontal jump (power) and
flexibility of the experimental group

Baseline Post intervention
Power Flexibility Body fat Power Flexibility
Baseline Body fat -0.3 -0.6 % 0.9 * -0.7 * -0.8 *
Power - 0.2 -0.2 0.7 * 0.2
Flexibility - - -0.7 * 0.6 * 0.9 *
Post Body fat - - - -0.7 * —0.8 *
intervention Power - - - - 0.7 *

Data expressed as Pearson’s coefficient » (p value).
*Significant correlation (p<0.05).
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this research may suggest that PM can be applied in the field of preventive physical therapy.

Further, the results may still be relevant for teams and coaches who seek simple, low-cost and efficient methods to
optimize the physical training of their athletes and may even be an alternative to resistance training, which can be costly
for professional and amateur teams with a low financial budget and who have no access to sophisticated equipment. In this
regard, MacDonald et al.®) submitted 30 trained men to six weeks of PM or two different methods of resistance training, and,
although improvement was reported in all groups for anthropometric measurements (thigh and calf circumference, body fat)
and strength (Romanian deadlift; standing calf-press) in the within-group comparison, there were no differences between the
groups, suggesting similar adaptations of plyometric and resistance training.

The fact that we have not investigated the mechanisms that may be involved in the improvement of the investigated
variables (muscle power, body composition and flexibility) and that there was no nutritional control, can be considered
limitations of this research. Nevertheless, all volunteers were instructed to retain their food intake patterns throughout the
study. Furthermore, the fact of body fat have shown significant difference between groups at baseline, can also be configured
as a limitation. However, it is noteworthy that both groups were classified in the same stratum (excellent) for body fat,
considering the gender and age®®). Moreover, relative small sample size may also characterize a limitation. Thus, we suggest
that the findings of this study should be interpreted with some caution.

Therefore, in addition to muscle power and strength improvements that PM may promote, this simple and low-cost
method can also be effective in improving other parameters of physical fitness and can be an alternative for athletes and
coaches during physical preparation. In summary, these results concluded that PM seems to be effective to reduce body fat
and raise flexibility and muscle power levels in female Futsal athletes.

REFERENCES

1)  Beato M, Coratella G, Schena F: Brief review of the state of art in futsal. J Sports Med Phys Fitness, 2016, 56: 428—432. [Medline]

2)  Boullosa DA, Tonello L, Ramos I, et al.: Relationship between aerobic capacity and yo-yo IR1 performance in brazilian professional futsal players. Asian J
Sports Med, 2013, 4: 230-234. [Medline]

3)  Moore R, Bullough S, Goldsmith S, et al.: A systematic review of futsal literature. Am J Sports Sci Med, 2014, 2: 108—116. [CrossRef]

4)  OliveiraRS, Leicht AS, Bishop D, et al.: Seasonal changes in physical performance and heart rate variability in high level futsal players. Int J Sports Med, 2013,
34: 424-430. [Medline]

5)  Gokhan I, Aktas Y: Plyometric exercises’ effect on some particular physical and physiological parameters in volleyball players. Int Educ J, 2013, 2: 8—14.

6)  MacDonald CJ, Lamont HS, Garner JC: A comparison of the effects of 6 weeks of traditional resistance training, plyometric training, and complex training on
measures of strength and anthropometrics. J Strength Cond Res, 2012, 26: 422-431. [Medline] [CrossRef]

7)  Malisoux L, Francaux M, Nielens H, et al.: Stretch-shortening cycle exercises: an effective training paradigm to enhance power output of human single muscle
fibers. J Appl Physiol 1985, 2006, 100: 771-779. [Medline] [CrossRef]

8)  Sedano Campo S, Vaeyens R, Philippaerts RM, et al.: Effects of lower-limb plyometric training on body composition, explosive strength, and kicking speed
in female soccer players. J Strength Cond Res, 2009, 23: 1714—-1722. [Medline] [CrossRef]

9)  Saez-Saez de Villarreal E, Requena B, Newton RU: Does plyometric training improve strength performance? A meta-analysis. J Sci Med Sport, 2010, 13:
513-522. [Medline] [CrossRef]

10) Karavelioglu MB: Detection of the effects of sodium bicarbonate supplement on blood lactate and heart rate values of female futsal players before and after
Yo-Yo/l test. Anthropologist, 2014, 18: 745-749.

11) Almeida GT, Rogatto GP: Efeitos do método pliométrico de treinamento sobre a forga explosiva, agilidade e velocidade de deslocamento de jogadoras de futsal.
Revista Brasileira de Educagao Fisica, Esporte, Lazer E Danga, 2007, 2: 23-38.

12) Ackland TR, Lohman TG, Sundgot-Borgen J, et al.: Current status of body composition assessment in sport: review and position statement on behalf of the
ad hoc research working group on body composition health and performance, under the auspices of the .0.C. Medical Commission. Sports Med, 2012, 42:
227-249. [Medline] [CrossRef]

13) Malina RM: Body composition in athletes: assessment and estimated fatness. Clin Sports Med, 2007, 26: 37-68. [Medline] [CrossRef]

14) Rodriguez NR, DiMarco NM, Langley S, American Dietetic Association Dietitians of Canada American College of Sports Medicine: Nutrition and Athletic
Performance: Position of the American Dietetic Association, Dietitians of Canada, and the American College of Sports Medicine: Nutrition and athletic per-
formance. J Am Diet Assoc, 2009, 109: 509-527. [Medline] [CrossRef]

15) Hortobagyi T, Faludi J, Tihanyi J, et al.: Effects of intense “stretching”-flexibility training on the mechanical profile of the knee extensors and on the range of
motion of the hip joint. Int J Sports Med, 1985, 6: 317-321. [Medline] [CrossRef]

16) Taylor DC, Dalton JD Jr, Seaber AV, et al.: Viscoelastic properties of muscle-tendon units. The biomechanical effects of stretching. Am J Sports Med, 1990,
18:300-309. [Medline] [CrossRef]

17)  Wilson GJ, Wood GA, Elliott BC: The relationship between stiffness of the musculature and static flexibility: an alternative explanation for the occurrence of
muscular injury. Int J Sports Med, 1991, 12: 403—407. [Medline] [CrossRef]

18) Bompa TO: Treinamento de poténcia para o esporte: pliometria para o desenvolvimento maximo da poténcia. Phorte, 2004.

19) Faulkner JA: Physiology of swimming and diving. Exercise physiology, 1968.

20) Baumgartner TA, Jackson AS: Measurement for evaluation in physical education and exercise science. WCB/McGraw-Hill, 1998.

21) Wu WFE, Porter JM, Brown LE: Effect of attentional focus strategies on peak force and performance in the standing long jump. J Strength Cond Res, 2012, 26:
1226-1231. [Medline] [CrossRef]

22) Cohen J: Statistical power analysis for the behavioral sciences. Academic press, 2013.

787


http://www.ncbi.nlm.nih.gov/pubmed/25503709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24427483?dopt=Abstract
http://dx.doi.org/10.12691/ajssm-2-3-8
http://www.ncbi.nlm.nih.gov/pubmed/23143705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22240547?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e318220df79
http://www.ncbi.nlm.nih.gov/pubmed/16322375?dopt=Abstract
http://dx.doi.org/10.1152/japplphysiol.01027.2005
http://www.ncbi.nlm.nih.gov/pubmed/19675492?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3181b3f537
http://www.ncbi.nlm.nih.gov/pubmed/19897415?dopt=Abstract
http://dx.doi.org/10.1016/j.jsams.2009.08.005
http://www.ncbi.nlm.nih.gov/pubmed/22303996?dopt=Abstract
http://dx.doi.org/10.2165/11597140-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/17241914?dopt=Abstract
http://dx.doi.org/10.1016/j.csm.2006.11.004
http://www.ncbi.nlm.nih.gov/pubmed/19278045?dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2009.01.005
http://www.ncbi.nlm.nih.gov/pubmed/4077358?dopt=Abstract
http://dx.doi.org/10.1055/s-2008-1025862
http://www.ncbi.nlm.nih.gov/pubmed/2372082?dopt=Abstract
http://dx.doi.org/10.1177/036354659001800314
http://www.ncbi.nlm.nih.gov/pubmed/1917225?dopt=Abstract
http://dx.doi.org/10.1055/s-2007-1024702
http://www.ncbi.nlm.nih.gov/pubmed/22082793?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e318231ab61

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)
33)

34)

35)

36)
37)

38)

39)

40)

41)

42)

43)

44)

45)

46)
47)

Pollock ML, Wilmore JH, Fox SS: Exercise in health and disease: evaluation and prescription for prevention and rehabilitation. Saunders, 1984.

Clark HD, Hoffer LJ: Reappraisal of the resting metabolic rate of normal young men. Am J Clin Nutr, 1991, 53: 21-26. [Medline]

Campeiz JM, Oliveira PRD: Anélise comparativa de varidveis antropométricas e anaerdbias de futebolistas profissionais, juniores e juvenis. Movimento Per-
cepcao, 2006, 6: 58—84.

Xi B, Mi J, Zhao M, et al. Public Health Youth Collaborative and Innovative Study Group of Shandong University: Trends in abdominal obesity among U.S.
children and adolescents. Pediatrics, 2014, 134: ¢334—e339. [Medline] [CrossRef]

Murphy DF, Connolly DA, Beynnon BD: Risk factors for lower extremity injury: a review of the literature. Br J Sports Med, 2003, 37: 13-29. [Medline]
[CrossRef]

Yeung EW, Yeung SS: A systematic review of interventions to prevent lower limb soft tissue running injuries. Br J Sports Med, 2001, 35: 383-389. [Medline]
[CrossRef]

O’Sullivan K, McAuliffe S, Deburca N: The effects of eccentric training on lower limb flexibility: a systematic review. Br J Sports Med, 2012, 46: 838—845.
[Medline] [CrossRef]

Lynn R, Morgan DL: Decline running produces more sarcomeres in rat vastus intermedius muscle fibers than does incline running. J Appl Physiol 1985, 1994,
77: 1439-1444. [Medline]

Myer GD, Ford KR, McLean SG, et al.: The effects of plyometric versus dynamic stabilization and balance training on lower extremity biomechanics. Am J
Sports Med, 2006, 34: 445-455. [Medline] [CrossRef]

Ebben WP, Simenz C, Jensen RL: Evaluation of plyometric intensity using electromyography. J Strength Cond Res, 2008, 22: 861-868. [Medline] [CrossRef]
Struminger AH, Lewek MD, Goto S, et al.: Comparison of gluteal and hamstring activation during five commonly used plyometric exercises. Clin Biomech
(Bristol, Avon), 2013, 28: 783—789. [Medline] [CrossRef]

Carvalho A, Mourdo P, Abade E: Effects of strength training combined with specific plyometric exercises on body composition, vertical jump height and lower
limb strength development in elite male handball players: a case study. ] Hum Kinet, 2014, 41: 125-132. [Medline] [CrossRef]

Fouré A, Nordez A, Cornu C: Plyometric training effects on Achilles tendon stiffness and dissipative properties. J Appl Physiol 1985, 2010, 109: 849-854.
[Medline] [CrossRef]

Bobbert MF: Drop jumping as a training method for jumping ability. Sports Med, 1990, 9: 7-22. [Medline] [CrossRef]

Markovic G: Does plyometric training improve vertical jump height? A meta-analytical review. BrJ Sports Med, 2007, 41: 349-355, discussion 355. [Medline]
[CrossRef]

Jaschke C, Navarro F: Pliometria e o aumento da forga muscular explosiva dos membros inferiores em atletas das mais variadas modalidades esportivas. Rev
Bras Prescricao Fisiol Exercicio, 2008, 2: 8.

Petersen W, Braun C, Bock W, et al.: A controlled prospective case control study of a prevention training program in female team handball players: the German
experience. Arch Orthop Trauma Surg, 2005, 125: 614—621. [Medline] [CrossRef]

Mandelbaum BR, Silvers HJ, Watanabe DS, et al.: Effectiveness of a neuromuscular and proprioceptive training program in preventing anterior cruciate liga-
ment injuries in female athletes: 2-year follow-up. Am J Sports Med, 2005, 33: 1003—1010. [Medline] [CrossRef]

Shultz SJ, Schmitz RJ, Nguyen AD, et al.: ACL Research Retreat V: an update on ACL injury risk and prevention, March 25-27, 2010, Greensboro, NC. J Athl
Train, 2010, 45: 499-508. [Medline] [CrossRef]

Hewett TE, Myer GD, Ford KR, et al.: The 2012 ABJS Nicolas Andry Award: The sequence of prevention: a systematic approach to prevent anterior cruciate
ligament injury. Clin Orthop Relat Res, 2012, 470: 2930-2940. [Medline] [CrossRef]

van Mechelen W, Hlobil H, Kemper HC: Incidence, severity, actiology and prevention of sports injuries. A review of concepts. Sports Med, 1992, 14: 82-99.
[Medline] [CrossRef]

Worrell TW: Factors associated with hamstring injuries. An approach to treatment and preventative measures. Sports Med, 1994, 17: 338-345. [Medline]
[CrossRef]

Gleim GW, McHugh MP: Flexibility and its effects on sports injury and performance. Sports Med, 1997, 24: 289-299. [Medline] [CrossRef]

McHugh MP: Oversized young athletes: a weighty concern. Br J Sports Med, 2010, 44: 45-49. [Medline] [CrossRef]

Yard E, Comstock D: Injury patterns by body mass index in US high school athletes. J Phys Act Health, 2011, 8: 182—191. [Medline] [CrossRef]

788 J. Phys. Ther. Sci. Vol. 29, No. 5, 2017


http://www.ncbi.nlm.nih.gov/pubmed/1984347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25049347?dopt=Abstract
http://dx.doi.org/10.1542/peds.2014-0970
http://www.ncbi.nlm.nih.gov/pubmed/12547739?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.37.1.13
http://www.ncbi.nlm.nih.gov/pubmed/11726471?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.35.6.383
http://www.ncbi.nlm.nih.gov/pubmed/22522590?dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2011-090835
http://www.ncbi.nlm.nih.gov/pubmed/7836150?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16282579?dopt=Abstract
http://dx.doi.org/10.1177/0363546505281241
http://www.ncbi.nlm.nih.gov/pubmed/18438229?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e31816a834b
http://www.ncbi.nlm.nih.gov/pubmed/23849979?dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2013.06.010
http://www.ncbi.nlm.nih.gov/pubmed/25114739?dopt=Abstract
http://dx.doi.org/10.2478/hukin-2014-0040
http://www.ncbi.nlm.nih.gov/pubmed/20576842?dopt=Abstract
http://dx.doi.org/10.1152/japplphysiol.01150.2009
http://www.ncbi.nlm.nih.gov/pubmed/2408119?dopt=Abstract
http://dx.doi.org/10.2165/00007256-199009010-00002
http://www.ncbi.nlm.nih.gov/pubmed/17347316?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2007.035113
http://www.ncbi.nlm.nih.gov/pubmed/15703919?dopt=Abstract
http://dx.doi.org/10.1007/s00402-005-0793-7
http://www.ncbi.nlm.nih.gov/pubmed/15888716?dopt=Abstract
http://dx.doi.org/10.1177/0363546504272261
http://www.ncbi.nlm.nih.gov/pubmed/20831398?dopt=Abstract
http://dx.doi.org/10.4085/1062-6050-45.5.499
http://www.ncbi.nlm.nih.gov/pubmed/22744203?dopt=Abstract
http://dx.doi.org/10.1007/s11999-012-2440-2
http://www.ncbi.nlm.nih.gov/pubmed/1509229?dopt=Abstract
http://dx.doi.org/10.2165/00007256-199214020-00002
http://www.ncbi.nlm.nih.gov/pubmed/8052770?dopt=Abstract
http://dx.doi.org/10.2165/00007256-199417050-00006
http://www.ncbi.nlm.nih.gov/pubmed/9368275?dopt=Abstract
http://dx.doi.org/10.2165/00007256-199724050-00001
http://www.ncbi.nlm.nih.gov/pubmed/19945974?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2009.068106
http://www.ncbi.nlm.nih.gov/pubmed/21415445?dopt=Abstract
http://dx.doi.org/10.1123/jpah.8.2.182

