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Abstract 

The aim of this study was to compare the effects of water plyometrics and land plyometrics on Body Mass Index 
(BMI) and biomotorical variables of adolescent basketball players.                

Ninety-one adolescent basketball players (48 male, 43 female) at the age of 16±1 year were enrolled in the study. 
Athletes were randomly divided in to three groups; water plyometric group (n:31), land plyometric group (n:30) and 
control group n:30). Study period was 12 weeks. All groups had standardized basketball training. water and land groups 
also had plyometrics three times a week. BMI and biomotorical variables including; body mass index, one repetition 
maximum leg strength, 30 meter sprint, vertical jump, flexibility were measured.  

SPSS 11,5 version was used for the data analysis. ” One Way ANOVA” was used to compare pretest and post test 
findings of study groups. Differences between pretest and psottest findings of genders and groups were analyzed by 
“Two Way ANOVA For Independent Samples”. Significance was set at p<.05.  

Significant differences were detected on BMI and biomotorical variables between pretest and posttest results in both 
water and land plyometric exercise groups. But there were no statistically significant differences between groups. After 
the study period there were also statistically significant differences between control and plyometric exercise groups.  
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Introduction 

Plyometrics are a natural part of most movements, as 

evidenced knee injuries, and running economy [1-5]. 

Beside various benefits of plyometric training 
researcher also pointed that high intensity land based 
plyometrics have possible acute muscle soreness, muscle 
damage, or even musculoskeletal injuries [6-8]. Because 
of  these risks of land plyometrics, water plyometrics 
became alternative training model to improve athletic 
performance. Water plyometrics are the type of 
plyometric exercises which can perform in water. There 
were limited research investigated the effectiveness of 
water plyometrics on physical performance of adolescent 
population. On the other hand there wasn’t any research 
which was investigated the conjucton plyometrics with 
the basketball training. Therefore, the first aim of this 
study was to investigate the effects of water plyometrics 
and land plyometrics on structural and biomotorical 
features of adolescent basketball players and the second 
aim was the investigation the applicability of the performing 

the plyometrics with basketball training. 
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Methods  

Study design: 

Thi study was conducted using a pretest/posttest design. 

There were three groups: land, water and control groups. Study 

planned 12 weeks plyometric training program conjucted with 

basketball training by 3 traininig sessions per week. Plyometric 

exercises performed after low intensity technical basketball 

drills. The subjects were instructed to perform each exercise to 

their maximal ability. Each group was pretested and posttested 

on structural and biomotorical features. 

Subjects: 

Physically healty ninety-one (48 male, 43 female) adolescent 

basketball players-minimum two years licensed- at the average 

age of 16±1 year were partcipated in to study as voluteer. Study 

period was 12 weeks. All groups did standardized basketball 

training. Water and land exercise groups also did same 

plyometric exercises three times a week after the technical 

basketball training. They agreed not to modify their current 

exercise regimens throughout the course of the study. The study 

procedures and guidelines were orally presented to the subjects 

before they signed an institutionally approved consent form. 

Procedure : 

Subjects were ranomly assigned to following groups: water 

group (W) (n:31), land group (L) (n:30) and control group (C) 

(n:30). All groups performed standarized basketball training. 
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Land and water groups performed same plyometric exercises 

after basketball training. While land group performed 

plyometrics in sport saloon, water plyometric group did in 

swimming pool in knee water level. Control group did 

basketball training only. Plyometric exercises were: side to side 

jump, tuck jump, double leg jump, split squat jump and squat 

jump. Training volume designed 2 sets and 10 repetitions for 

each exercies with 2 minutes rest for the first 4 weeks, while 

the intensity of the exercises increased throughout the course of 

the training program as described by Miller et al [9]. Basketball 

trainings were: basic warm up and cooling down for 30 minutes 

total,  driblings, pasing, shooting and lay up for 40 minutes 

total. Each group was pretested and posttested on structural and 

biomotorical features including; body mass index, one 

repetition maximum (1RM) leg strength, 30 meter sprint, 

vertical jump and flexibility. 

Measuring structural features;  
Body weight was measured to the nearest 0.2 kg (Weight 

Tronix, New York, New York) and body height was measured  

to the nearest 0.5 cm using a stadiometer (Holtain, Crynych, 

Wales). From these two measurements, BMI was calculated 

(weight in kilograms divided by height in meters squared) 

(kg/m2). 

 

Measuring biomotorical features;  

30 meter sprint was performed in a saloon and measured by 

stopwatch (Protech 8376R-USA) three times with two minutes 

rest. Best performance was recorded.  

Vertical jump was measured by jumpmeter 

(Takei-TAK004-JAPAN) three times with 1 minutes rest and best 

performance was recorded.  

Flexibility was measured by sit and reach test by using sit and 

reach box (Sit and reach box-Acuflex-USA) two times with 2 

minutes rest and best performance was recorded.  

1 Repetition Maximum (1RM) leg strength was measured in  

the gym by using leg press machine (Profitness - USA). After 15 

minutes warming and 5 minutes streching, players tried to push 

the weight with starting 40kg for females, 60kg for male. If player 

succeded  pushing the weight more than 10 times, 2,5 kg added 

on weight till players couldn’t push the weight more than 10 

repetition. Given four minutes to players for rest when weight 

adding. Maximum 10 repetition performance of players put in to 

the 1RM formula (1 RM = weight/(1,0278-(0,0278 x repetition)) 

to find 1RM. [10] 

Results 

Table 1. Demographic variables of groups 

 
Land Group 

(n: 30) 

Water Group 

(n: 31) 

Control Group 

(n: 30) 

Total 

(n: 91) 

Age (year) 16,3± 1,2 15,8± 0,7 16± 1 16± 1 

Sport age (year) 2,7±0,8 2,7±1,2 2,3±1 2,6±1 

Height (cm) 176,2 ± 12,4 172,9±9,8 171,7±10,1 173,5±10,9 

Weight (kg) 69,3 ± 15,1 65,8±14,8 66,5±18,2 67,2±16 

    No significant diferences between groups. All are mean (X) ± standart devition (SD) 

 

Table 2. Pretest- Postest Comparison of  groups. 

 

Land Group Water Group Control Group 

Variables Pretest 

x±ss 

Posttest 

x±ss 

Pretest 

x±ss 

Posttest 

x±ss 

Pretest 

x±ss 

Posttest 

x±ss 

1RM (kg) 134,5±41 197,5±51,3* 135,7±44,9 200,7±45,7* 126,5±56,3 159,1±73** 

Vertical Jump (cm)  48±9,3 52,6±8,8* 47,2±5,2 51,7±5,2* 43,7±8,2 45,3±8,8** 

Flexibility (cm)  20,7±5,5 24,5±4,7* 21,2±7,5 25±7,5* 20,3±5,7 22±5,2** 

30 m Speed (sn) 4,9±0,6 4,8±0,5* 5±0,5 4,9±0,5* 5±0,7 5±0,7** 

BMI (kg/m2) 22,2±3,5 21,3±3,1* 21,8±3,6 21,1±3,5* 22,2±4,2 22,5±4,1** 

*: Signifcant difference between pretest-posttest (p<0.05) 

**: Significant difference with the Control group and  others according to pretest-posttest (p<0.05) 
 

Demographic features of groups were shown on Table 1. Table 

1 show us that; totally 91 athletes who had 16± 1year average 

age,  2,6±1 year average sport age, 173,5±10,9 cm body 

height and 67,2±16 kg body weight, participated in to the study. 

Athletes divided in to the three groups (L,W,C) and ANOVA 

showed that there wasn’t significant differences between 

groups according to demographic features. 

Findings about pretest- postest comparison of structural and 

biomotorical features of groups were shown on Table 2. 

According table ANOVA analysis proved that; pretest- posttest 

performance of groups were statistically difference. After 12 

weeks plyometrics L and W groups’ biomotorical and 

structural features were significantly changed. But C group 

wasn’t. This changing wasn’t statistically difference between L 

and W groups but L and W groups’ pretest-postest perfromance 

was statistically difference with C group. L and W groups’ 

biomotorical performance was statistically more improved 

than C group, also L and W groups’ structural features 

statistically more decreased than the C group.  
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Discussion 

The aim of this study was to compare the effects of 12 weeks 

of water and land plyometrics on BMI and biomotorical 

variables of adolescent basketball players. 30 meter sprint 

speed, vertical jump, 1 RM maximum leg strength and 

flexibility perfromance were tested to analyse biomotor 

variables and BMI calculated. BMI can easily calculate and 

help to evaluate the persons structural view. The WHO [11] 

regard a BMI of less than 18.5 as underweight and may 

indicate malnutrition, an eating disorder, or other health 

problems, while a BMI greater than 25 is considered 

overweight and above 30 is considered obese. Athletes who 

participated in to this study were physically normal according 

to BMI classification (Table 2). On the other hand 12 weeks 

plyometric training statistically decreased L and W groups’ 

BMI according to pretest-posttest analysis. This changing 

wans’t statistically differ bitween L and W but statistically 

differ with C. BMI of  L and W were statistically more 

changed than the C group. It is possible say that 12 weeks 

plyometric training both on land and in water have similar 

effect but it is more effective than the basketball training alone 

on BMI. Because of the plyometrics were type of endurance 

and strength tarining models, same as the this research, past 

studies indicated that plyometrics decreasing BMI [12-14].   

On the other hand, many studies proved that plyometrics had 

positive effect to impove the biomotorical performance which 

were speed [15,16], vertical jump [1,17-21], leg strength 

[3,4,22-24] and flexibility [23]. In this study biomotical 

performance of athletes were statistically improved as noticed 

by the past studies. But there were limited studies compare 

with water and land plyometrics on biomotorical performance. 

Many of those studies proved that water plyometrics as 

effective as the land plyometrics on biomotorical performance 

and some of those were opposite. Robinson [25] and Starley 

[26] pointed that there wasn’t significant differences between 

land and water plyometrics on speed performance. Recent 

study found similar result too but Shiran [27] noticed that land 

plyometrics more effective method than the water plyometrics 

on speed performance. That finding may because of 

plyometrics performed 5 weeks.  Miller [28], Stemm [29], 

Robinson [25] showed that there wasn’t any significant 

differences between water and land plyomertic groups 

according to vertical jump performance. Recent study reached 

same result and there wasn’t any opposite findings in past 

studies. Robinson [25], Miller [28], Shiran [27] found that 

water and land plyometrics has similar effect on maximal leg 

strength performance same as the findings of recent study. But 

Starley [26] found that water plyometrics statistically more 

effective method than the land plyometrics to improve 

maximal leg strength. Recent study found that there wasn’t any 

significant difference between lad and water plyometrics on 

flexibility performance. There wasn’t any study in literature 

which was investigate the effects of land and water 

plyometrics on flexibility performance. 

Conclusion  

In terms of performing the plyometrics after the basketball 

training, this study will be the first. Also no injury observed 

during the study and all participants finished the study. This 

study showed that 12 weeks land and water plyometrics 

statistically improved biomotorical variables of adolescent 

basketball players. Beside there wasn’t any significant 

differences between land and water plyometrics groups’ 

biomotorical perfromance according to pretest and postest 

findings. But there was statistically difference found between 

control group with water and land groups. Based on these 

findings it is possible to say that 12 weeks water or land 

plyomterics with basketball training more effective method to 

improve biomotorical performance of adolescent basketball 

players than the basketball training alone. Also it is possible to 

say that plyometrics can perform after the low intensity 

asketball training without injury occur. 

Referances 

[1]  Chımera, N.J., Swanık, K.A,. Swanık, C.B,  Straub, S.J. 

(2004) Effects of plyometric training on 

muscle-activation strategies and performance in female 

athletes. J. Athl. Train. 39, 24–31 

[2]  Hewett, T.E.,Stroupe, A.L,. Nance, T.A,. Noyes F.R. 

(1996) Plyometric training in female athletes. Am. J. 

Sports Med. 24,765–773 

[3]  Wılkerson,  G.B., Colston, M.A., Short, N.I., Neal, K.L., 

Hoewischer, P.E., Pıxley, J.J., (2004) Neuromuscular 

changes in female collegiate athletes resulting from a 

plyometric jump-training program. J. Athl. Train. 39, 

17–23 

[4]  Wılkerson, G.B., Colston, M.A., Short, N.I., Neal, K. L,. 

Hoewıscher, P.E,. Pıxley, J. J.(2004) Neuromuscular 

changes in female collegiate athletes resulting from a 

plyometric jump-training program. J. Athl. Train. 

39,17–23 

[5]  Wathen, D. (1993) Literature review: explosive/ 

plyometric exercises. Strength Cond., 15,(3),17-19 

[6]  Almeida, S.A., Williams, K.M. Shaffer, R.A,  Brodıne, 

S. K. (1999) Epidemiological patterns of 

musculoskeletal injuries physical training. Med. Sci. 

Sports Exerc. 31, 1176–1182  

[7]  Hakkinen, K.,  Komi, P. V., (1985)  The effect of 

explosive type strength training on electromyographic 

and force production characteristics of leg extensor 

muscles during concentric and various 

stretch-shortening cycle exercises. Scand. J. Sports Sci. 

7, 65–76  

[8]  Jamurtas, A.Z., Fatouros, L.G, Buckenmeyer P., et al. 

(2000) Effects of plyometric exercise on muscle 

soreness and plasma creatine kinase levels and its 

comparison with eccentric and concentric exercise. J. 

Strength Cond. Res. 14, 68–74 

[9]  Miller M.G., Cheatham, C.C., Porter, A.R., Ricard, M.D., 

Hennigar, D., Berry, D. C. (2007) Chest and waist deep 

aquatic plyometric training and average force, power, 

and vertical jump performance, International Journal of 

Aquatic Research and Education, 1,145-155 



International Journal of Sport and Exercise Science, Vol. 4. No.1 2012 14 

[10]  Brzycki, M. (1993) Strength testing - Predicting a one 

repetition maximum from reps-to-fatigue, The Journal 

of Physical Education, Recreation & Dance, 64, 88-90 

[11] WHO expert consultation (2004). Appropriate body-mass 

index for Asian populations and its implications for 

policy and intervention strategies. The Lancet, 157-163. 

[12] MacKelvie, K.J., Mckay, H.A., Petit, M.A., Moran, O., 

Khan, K.M, (2002) Bone mineral response to a 7-month 

randomized controlled, school-based jumping 

ıntervention in 121 prepubertal boys: associations with 

ethnicity and body mass ındex. Journal Of Bone And 

Mıneral Research, 17:5:834-844 

[13]  Colchico, K.,  Zybert, P.,  Basch, C.E., (2000) Effects 

of after-school physical activity on fitness, fatness, and 

cognitive self-perceptions: a pilot study among urban, 

minority adolescent girls. American Journal of Public 

Health, 90:6:977-978 

[14]  Witzke, K.A, Snow, C.M., (2000) Effects of plyometric 

jump training on bonemass in adolescent girls, Medicine 

& Science in Sports & Exercise, 32:1051-1057 
[15]  Rimmer, E., Gordon, S., (2000) Effects of a plyometrics 

ıntervention program on sprint performance,  Journal 

of Strength and Conditioning Research, 14:295–301  

[16]  Bonetto, M.J, (1997) A Comparison of plyometric 

programs on sprint speed and vertical jump height, 

Thesis of master of science, 

[17]  Toumi, H,. Best, T.M., Martin, A., F’Guyer, S., 

Poumarat, G. (2004) Effects of eccentric phase velocity 

of plyometric training on the vertical jump, International 

Journal of Sport Medicine, 25:391-398 

[18]  Matavulj, D., Kukolj, M., Ugarkovic, D., Tihanyi, J., 

Jaric, S., (2001) Effects of plyometric training on 

jumping performance in junior basketball players, 

Journal of Sports Medicine and Physical Fitness, 41, 

159-164 

[19]  Kotzamanıdıs, C., (2006) Effect of plyometrıc traınıng 

on runnıng performance and vertıcal jumpıng ın 

prepubertal boys, Journal of Strength and Conditioning 

Research, 20, 441-445 

[20]  Kubo, K., Morımoto. M., Komuro, T., Yata, H., Tsunoda, 

N., Kanehisa, H., Fukunaga, T., (2007) Effects of 

plyometric and weight training on muscle–tendon 

complex and jump performance, Medıcıne & Scıence In 

Sports & Exercıse, 39,1801-1810 

[21] Diallo, O., Dore, E., Duche, P., Van, P.E., (2001) Effects 

of plyometric training followed by a reduced training 

programme on physical performance in prepubescent 

soccer players, Journal of Sports Medicine and Physical 

Fitness, 41 342-348 

[22] Brown, A.G., Wells, T.J., Schade, M.L., Smith, D.L., 

Fehling, P.G., (2007) Effects of plyometric training 

versus traditional weight training on strength, power, and 

aesthetic jumping ability in female collegiate dancers, 

Journal of Dance Medicine of Science,11, 38-44 

[23] Faigenbaum, A.D., McFarland, J.E., Keiper, F.B., Tevlin, 

W., Ratamess, N.A., Kang, J., Hoffman, J.R., (2007) 

Effects of a short-term plyometric and resistance training 

program on fitness performance in boys age 12 to 15 

years, Journal of Sports Science and Medicine, 6, 

519-525 

[24] Masamoto, N., Larson, R., Gates, T., Faigenbaum, A., 

(2003) Acute effects of plyometric exercise on maximum 

squat performance in male athletes, Journal of Strength 

and Conditioning Research, 17, 68-71 

[25] Robinson, L.E., Devor, S.T., Merrick, M.A., Buckworth, 

J., (2004) The effect of land vs aquatic plyometrics on 

power torque velocity and muscle soreness in women, 

Journal of Strength and Conditioning Research, 18, 

84-91  

[26] Starley, H.B., (1999) Effect of land versus water 

progressive plyometric training on running speed, 

quadriceps strength and vertical jump, Thesis of master 

of science.  

[27] Shiran, M.Y., Kordi, M.R., Ziaee, V., Ravasi, A.A., 

Mansournia, M.A., (2008) The effect of aquatic and land 

plyometric training on physical peformance and 

muscular enzymes in male wrestlers, Research Journal 

Of Biological Sciences, 3, 457-461 

[28]  Miller, M.C., Berry D.C., Buliard, S., Gilders, R., (2002) 

Comparisons of land-based and aquatic-based piyometric 

programs during an 8-week training period. J.Sport 

Rehabil,11, 268-283.  

[29]  Stemm, J.D., Jacobson, B.H., (2007) Comparıson of 

land- and aquatıc-based plyometrıc traınıng on vertıcal 

jump performance, Journal of Strength and Conditioning 

Research, 21, 568-571 

  

AUTHORS BIOGRAPHY 

 

 

 

Özhan BAVLI 
Employment 
Assistant Professor, Canakkale Onsekiz 
Mart University, Turkey. 
Degree 
PhD 
Research interests 
Training science  
E-mail : ozhanbavli@hotmail.com 

 

 


