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AbstractThe purpose of this study was to  compare of two aerobic training methods on health-related physicalfitness in 10 to 12 years old boys. Thirty-three male students (age 11.27±0.64 year, weight 40.58±9.03kg, height 151.45±6.34 cm) were recruited from preliminary school and randomly were assigned intorope-jump training (n=12), running training (n=11) and control (n=10) groups. Due to the grouping,each for 8 weeks did the rope jumping or running. Before and after the 8-week training period, factors ofhealth-related fitness, including flexibility, muscular endurance, aerobic power and fat Percentage of thesubjects were measured. The results indicated a significant positive effect of rope-jumping training onaerobic  power,  muscular  endurance  and body composition and meaningful  improvement  of  aerobicpower and body composition by running training (P≤0.05). Due to increasing urbanization and lack ofspace in homes and schools,  rope-jump training can be a  good alternative rather  than running forphysical fitness promotion.
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INTRODUCTION 
Physical inactivity among youth and its relation to heightened incidences of  disease,such as childhood obesity and type 2 diabetes mellitus, has become a global health concern [1].Despite  increasing public  awareness  about  obesity and its  complications,  the  prevalence ofobesity in children continues to increase.  Epidemiology studies show that the prevalence ofobesity  in  children  is  about  25%  higher  than  the  prevalence  in  adults [2].  The  increasedprevalence of obesity in children in developed countries and developing has caused obesity tobecome a  global  issue.  A  study  by  the  World  Health  Organization  (WHO)  in  developingcountries,  the  statistics  of  overweight  children in  the  Middle  East  has  been  relatively highcompared to other developing countries [2,3]. Some studies have reported that regular exercise
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and better physical fitness were associated with better selective attention in healthy adolescents[3]. One potential approach to counteract childhood obesity is to increase physical activity (PA),which is associated with decreased risk factors of cardiovascular diseases (CVD) such as insulinresistance, hypertension, and adiposity [4]. Researchers in the past decade have revealed thatyoung people  are living sedentary lives  and becoming more  obese,  which may affect  theirfuture  health  and habitual  PA [5].  According to  WHO, PA refers  to any bodily movementrequiring energy utilization such as walking, swimming and doing household chores [6]. PA isa lifestyle factor with an important role on health across the lifespan. In adolescence, severalstudies have reported that high levels of PA might have a beneficial impact in both fatness andfitness.  [7]. Both  cardiorespiratory  and  muscular  fitness  have  shown to  be  associated  withtraditional  and  emerging  CVD  risk  factors.  The  available  information  suggests  that  thedeleterious consequences ascribed to high fatness could be counteracted by having high levelsof cardiorespiratory fitness. In addition, both cardiorespiratory and muscular fitness seem tohave a combined and accumulative effect on cardiovascular profile in young people [8]. Tolfreyet al concluded that the majority of intervention studies have suggested that regular aerobicexercise  has  little,  if  any,  influence  on  the  lipid  and  lipoprotein  levels  of  children  andadolescents [9].Additionally, Regular participation in PA not only benefits adolescents and children bystrengthening muscles, increasing bone mass, sustaining oxygen uptake, and reducing risk ofcardiovascular  disease  and  other  chronic  diseases,  but  also  helps  to  improve  self-esteem,increase self-consciousness and reduce anxiety and stress [10,11]. In other hand, participation inaerobic exercise improves overall cardiovascular risk and may prevent risk factor acquisitionover time [12,13,14].  Gallahue believed that physical  fitness was not limited to one kind oftalent, skill, or ability. Physical exercises can help with health improvement, the expansion ofphysical activity types, and improvements of the quality of life. In contrast, a lack of exercisewill result in the decrease of body muscle and functioning ability, in addition to being subject tochronic diseases. One can achieve a better quality of life through moderate exercises in order toimprove or maintain physical fitness [15]. If sedentary alternatives are not available most youngchildren will play or invent active ways of passing time that involve PA. Based on Janssen andLeBlanc children and youth 5-17 years of age should increase the time they spend on moderate-to vigorous intensity PA by 30 minutes per day, and over a 5 month period progress to addingan additional 90 minutes of daily PA [16]. When rope jumping, it is necessary to coordinate theupper and lower body to maintain balance and rhythm. Rope jumping can enhance the precisecoordination of multiple muscle groups, which is why it  is used widely in athletic trainingprograms  [17].  Rope  jumping  combines  the  angular  momentum  of  the  rope  and  verticaldisplacement of the body [18]. Also, rope jumping involves upper and lower synchrony (hand-foot  coordination)  where  positioning  and  timing  is  critical  [17,18].  The  ability  of  timereproduction makes it possible to reproduce specified time periods with great precision [19].Rope jumping skill involves good perception of time reproduction.
Rope jumping is a general  activity.  It  usually used in recreation, sports,  and physical

education programs [20].  Rope jumping,  an exercise of  continuous and  recurrent  movement
skills, is divided into the mid-air stage and the landing stage. For each hop, joints and muscles
need to be involved in different roles, so that given the proper training they will contribute to the
development of body muscles and bones.  Rope jumping requires the coordination of several
muscle groups to sustain the precisely timed and rhythmic movements that are integral to the
exercise. It is the coordination of these muscle groups that increases the athlete’s capacity for
dynamic  balance.  It  can  also  be  used  to  develop  the  coordination  of  neuromuscular  skills,
muscular  strength,  and  cardiovascular  endurance  [21,22].   Rope jumping  burns  calories  and
builds  strength  in  the  upper  and  lower  body [22].  Researcher  indicated  that  jumping  rope
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involved  the  muscles  of  the  arms  and  the  legs,  and  improved  cardiovascular  functions  and
metabolism. In addition, it helped develop coordination, balance, agility, rhythm, and speed in
the  lower  limbs,  and  built  static  and  dynamic  muscular  endurance;  which  were  especially
important for performing stable gestures and repetitive movements [23]. In general, the training
effects associated with increased physical activity in children are considered small but positive
[24], with the benefits outweighing the potential risks. It is clear that young children enjoy active
play.  Appropriate  PA is  one  of  the  main  determinants  of  fitness  [25,26].   Living  in  areas
distinguished by population size can be associated with differences in eating habits, access to
sport  facilities  and  opportunities  for  PA,  among others.  This  environmental  exposure  might
determine lifestyle behaviuor and cardiovascular risk [27,28] and it  might be associated with
fitness levels. Therefore, it is evident that a successful health intervention programme must be
initiated at an early age, continued and repeated over time [29]. Specially, rope jumping training
compared to commonly likely can accompanied by same adaptation related to physical fitness.
Based these this study was design to compare of two aerobic training methods (running vs. rope
jumping) on health-related physical fitness in 10 to 12 years old boys. 
METHODS

Subjects Thirty-three middle  school  male  students  (age  11.27±0.64  year,  weight
40.58±9.03 kg, height 151.45±6.34 cm) were recruited from pre-high school and randomly were
assigned into rope-jump training (n=12), running training (n=11) and control (n=10) groups. Due
to the grouping, each for 8 weeks did the roping or running. Before and after the 8-week training
period, factors of health-related fitness, including flexibility, muscular endurance, aerobic power
and Percentage fat of the subjects were measured. Subjects were not participating in any regular
physical  activities  except  school  physical  education  class.  Subjects  in  the  exercise  group
participated  in  jump  roping  exercise  and  running  group  participated  in  running  exercise  in
addition to regular physical education class, while the control group participated in only a regular
physical education class. Measurements  included  physical  fitness  and  body  composition,  body  mass  andpercentage  of  body  fat  calculated  from  skin-fold  thickness. Measurements  of  themusculoskeletal  system  included  abdominal  muscle  endurance  and  trunk  flexibility.  Allmeasurements were taken at the beginning of the programme and at the end of weeks 8 by thesame  examiner,  who  was  an  experienced  tester,  to  minimize  inter-tester  variability  andmeasurement error. The body flexibility test  aimed to evaluate generalized flexibility of theshoulders, trunk and hips with a flexibility test device. The examiner provided instructions tothe participants prior to the assessment. During the test, students sat on the floor with theirhead and upper body upright, and their legs placed together with full extension. Both feet wereplaced flat against the test device. Subsequently, the students inhaled and exhaled slowly whilestretching the upper body, slowly bending forwarded as much as they can and pushing themeasure guide with their middle fingers. The student maintained the full extension for a whileand  the  distance  was  recorded  from  the  measure  guide.  Each  participant  performed  theextension three times with 30 seconds' rest in between. The greatest reach distance was used torepresent. For  abdominal  muscle endurance,  the  maximum number of  sit-ups that  subjectsperformed in one minute was recorded. During the sit-up test, subjects assumed a crook lyingposition on a mat with both hands placed at the back of the neck. Their legs were stabilisedabove both ankles by the researcher. They had to raise their trunk completely off the mat until itmade a  60°  angle  with  the  floor. Body  fat  was  calculated  from the  prediction  equation  ofSlaughter et al  (1988) (percentage body fat = 0.610 x( sum of skin-fold of triceps and calf) + 5).Body mass of each subject was taken with a simple weighing scale that was calibrated before
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and after the study. The 20m shuttle run test measures cardiorespiratory fitness. Subjects wererequired to run back and forth on a 20m course and be on the 20 m line at the same time a beepis emitted from a tape, until subjects can no longer reach the line on time; the last completedstage was the test score. The maximal oxygen uptake (VO2 max) was estimated using theseresults and the equations of Léger et al. The reliability and validity of this test for determiningthe VO2 max in children and adolescents has been widely demonstrated. The rope-jump training group (RJT) and running group underwent 8 weeks training (30-60  min/d,  3  d/wk).  The  study  protocol  was  approved  by  local  authorities  of  the  schoolincluding the school director, the teacher’s committee council, the parent’s committee counciland student representative. Informed consent was obtained from the parents to allow studentsto participate in the study. 
Rope jump trainingSubjects  in  the  training  group  participated  in  supervised  interval  endurance  ropetraining three times per week, 15-50 min/d for 8 weeks. The detailed exercise training programis summarized in table 1.
Running trainingThe running training and detailed descriptions of subject’s exercise intensity have beenreported.  All  subjects  participated  in  an  8-week,  3  days/week.  Table  1  show  the  detailedexercise protocols and total exercise duration.
Statistical AnalysisNormality  of  distribution  of  data  was  evaluated  using  Kolmogorov-Smirnov  test.Descriptive statistics was used in order to report the average and the dispersion index data.Also, paired t-tests to compare data pre and post training within group and one way ANOVAwith tukey post-hoc test to compare data between three groups. Data was analyzed using SPSSversion 20 at significant level of P≤0.05. 
Table 1. Rope-Jump and running training program

Exercise detailsIntensity
Cooldown (5min)Running trainingRope jump trainingWarm up(10 min)

Intensity(HRmax%)
Intensity(jumping/min)Week

 

Stre
tch

ing

5set × 200m with 3 minrest (1000m running)65 rep × 3 min with 1.30min rest (21 min exercise)
7set × 200m with 2 minrest (1400m running)65 rep × 3 min with 1.30min rest (24 min exercise)
4set × 400m with 3 minrest (1600m running)70 rep × 4 min with 2 minrest (24 min exercise)
5set × 400m with 2 minrest 2000m running)70 rep × 5 min with 2 minrest (30 min exercise)
3set × 800m with 3 minrest (2400m running)80 rep × 6 min with 2 minrest (30 min exercise)
2set × 800m with2 minrest (1600m running)80 rep × 6 min with 1.30min rest (30 min exercise)

2set × 1200m with 3 minrest (2400m running)85 rep × 7 min with 2.30min rest (42 min exercise)
2set × 1200m with 3 minrest (2400m running)85 rep × 7 min with 2 minrest (42 min exercise)

Stre
tch

ing

60651
60652
65703
65704
70805
70806
75857
75858
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RESULTS
Thirty-three  participants  were  assessed  in  three  groups. At  baseline,  no  significantdifference was found in percentage fat, aerobic power, flexibility, muscular endurance betweengroups.  At  baseline,  no  significant  difference  was  found  in  BMI,  body fat, aerobic  power,flexibility and muscular endurance between the three groups. The 8 week rope jump trainingsignificantly  (p<0.05) improved aerobic power and  muscular endurance compared to controlgroup. The aerobic power was also significant (p<0.05) in running training group compared tocontrol group. Descriptive data (Mean±SD) is present on physical fitness in table 2.

Table 2. Descriptive data (Mean±SD) on three study groups
Variables Group Averange ± SD

Pre Post

Body fat (%) 
Rope-jump 21.48±4.74 *19.38±4.09 

Running 20.43±3.66 *18.34±3.09
Control 18.73±4.55 18.52±3.75

Aerobic power(ml/kg/min) 
Rope-jump 39.39±5.05 *42.52±5.17§

Running 41.11±3.47 *44.60±4.11¥
Control 44.02±3.45 43.17±2.69

Flexibility (cm) 
Rope-jump 24.33±7.01 26.00±7.72

Running 23.59±8.91 22.40±9.46
Control 19.05±7.45 18.50±7.82

Muscular endurance(repetition) 
Rope-jump 31.50±7.77 *35.33±7.80§

Running 31.27±6.23 33.81±6.27
Control 31.70±9.48 28.60±10.82

*Significant difference between Pre and Post (p<0.05); § Significant difference between rope jumping and controlgroup; ¥ Significant difference between rope jumping, running and control group.

DISCUSSION
The aim of this study was to examine the effect of aerobic training, running and ropejumping on body composition, flexibility, muscular endurance, and aerobic power in 10 to 12-years-old male student. Several randomized or clinical controlled trials have been conducted tostudy the effects of physical exercise programs on cardiorespiratory fitness and other physicalfitness components, such as muscular fitness, speed and agility. In school-aged children, theresults are consistent and show that different types of physical exercise programs (including ornot diet intervention) are successful in improving cardiorespiratory fitness, as well as muscularfitness and speed/agility.  The results showed that rope jump training significantly improveaerobic power and muscular endurance compared to control group. The aerobic power was alsoimproved significantly in  running training group compared to control  group.  This  showedpositive  effect  of  rope  training,  in  the  aerobic  power  and  muscular  endurance,  and  bodycomposition. Also, running training significantly affect on aerobic power and body compositionof the subjects. However, there was no significant difference between the effects of rope exerciseand running on physical fitness factors.  Greene and Ignico reported significant increase in the
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number of sit-ups in one minute after ten weeks of exercise training in children. The presentstudy has also demonstrated significant improvement in the number of sit-ups in one minute inthe exercise group. Although the control group had no significant improvement throughout thestudy period, there was an increase in the number of sit-ups performed in one minute. Thepresent results revealed significant difference in sit-and- reach of either group. This is similar toa  previous  study  that  demonstrated  that  ten  weeks  of  a  physical  fitness  programme  hadsignificantly improved trunk flexibility in children [30]. This could be due to the nature of thestretching  exercise,  because  the  present  study  adopted  a  general  stretching  to  the  neck,shoulder,  trunk  and  leg  muscles,  whereas  the  sit-and-reach  test  specifically  measured  thehamstrings and low back flexibility.  The stretching programme may not  have been specificenough to improve hamstrings and low back flexibility. Flexibility is joint specific and a profileof the major joints should be included in the testing. The insignificant changes in sit and- reachflexibility  did  not  preclude  the  possibility  that  flexibility  in  other  body  parts  could  haveimproved with training. The results of multiple studies show that fitness exercises, independentof its type, to improve the fitness indicators.  These findings are accordance with Chao- Chienand Yi-Chun (2012) demonstrated that the 12-week rope jumping training significantly affectson cardiovascular  endurance,  flexibility,  muscular  strength and endurance  in students  withintellectual impairment [31].  Also, our finding are consistent with previous studies reportedthat jumping rope training significantly improved balance, cardiovascular endurance, muscularstrength, body composition, and flexibility [32,33,34]. Partavi  indicate that rope jump trainingfor 7 weeks is a feasible and effective method for improving cardiovascular endurance andagility performance in  adolescent  boys [35].  In the literature it  was reported that  while theskipping  with  rope  had  positive  effects  on  the  cardio-circulatory  adaptation  [36],  it  wasa remarkable application in the muscular endurance and on the construction and maintaining ofthe cardiovascular system and it developed the feet movements by helping the preparation ofthe sports discipline. The results  of  this study, demonstrated that rope jumping and running training hadsignificant effect on reducing body percentage fat and improving body composition studentsparticipating in the study, so that both groups were reduced about 2-3% of the amount of fatunder the skin of subjects respectively. The changes in percentage fat content were not observedin the control group. Evidence suggests that during the exercise, the catecholamine and growthhormone increases your rate of lipolysis  will  be increased. On the other hand,  the effect ofaerobic exercise on beta-adrenergic receptor density increased on the adipose tissue. As a result,their  sensitivity  improves the  process  of  lipolysis  [37].  Although in this  study  the  possiblemechanisms rope training on lipid profile effect has not been investigated, but in general wecan be said that the exercises  with a rope jumping could be an appropriate treatment is  toreduce  the  fat  content. Overweight  school  children  are  more  sedentary  and  perform  lessmoderate-to-vigorous PA than normal-weight ones [38]. A systematic review established a highcorrelation between lack of PA and unfavorable body composition and low physical fitness. All232 reviewed studies associated a sedentary lifestyle with risk factors for CVD and increasedhealth risks [39]. Body composition, physical fitness and PA levels are strongly associated withcardiovascular  disease  and mortality  [39,40].  Therefore,  the  identification  of  risk  groups  iscrucial  for  the  development of  intervention  strategies.  Changes  in  lifestyle  and the regularpractice  of  PA  through  parental  initiatives  and  social  support  interventions  are  importantstrategies to fight against childhood obesity and physical inactivity [41]. Early adaptation tooptimally increased PA and exercise has always prevented excessive adiposity and contributeto the optimal development of vital organs, muscle and skeletal tissue, etc [42]. Although rope jumping exercise involves different joints and muscles, but the effect ismainly in the lower limbs part;  it  has a relatively small  role in  abdominal  muscle training.
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ACSM  pointed  out  that  health-related  physical  fitness  includes  aerobic  capacity,  muscularfitness,  flexibility  and  body  composition  [43].  In  line  with  the  results  of  Aung  Sung  andcolleagues in their study on 26 obese and 14 lean boys found a 6 week period rope exercises canimprove body composition, insulin resistance index and adiponectin in their levels. Ozer et al.assessed  the  effects  of  a  12-week  "rope  jumping"  and  "weighted  rope  jumping"  trainingprograms  on  functional  parameters  including  multi-joint  coordination  and  proprioception,strength,  endurance  in  adolescent  female  volleyball  players.  They  demonstrated  significantimprovement in physical fitness variables [44]. in addition, Takai, et al., reported the 8-weekbody  mass-based squat  training (100  reps/day,  45  sessions)  significantly decreased percentbody fat (4.2%) and significantly increased the lean body mass (2.7%), muscle thickness (3.2%)and strength of the knee extensors (16.0%), compared to control group [45]. In conclusion, thecurrent findings indicate that 8 weeks rope jump training is a feasible and safe training methodfor improving cardiovascular endurance body fat and muscular endurance in middle schoolstudent boys. Chao-Chien Chen and Shih-Yen Lin indicated that 10 weeks of  rope jumpingexercise training could have a significant effect on improving the flexibility and aerobic capacityof  visually  impaired  students.  The  rope  jumping  exercise  can  help  overcome  movementrestrictions and learning limitations of visually impaired students. It is easy to carry out and notsubject to many time, space, or equipment restrictions. Researchers can also use more variety oftesting methods to investigate the rope skipping training’s results on other muscle groups.
CONCLUSSION

Based  on  the  results  of  this  study,  it  seems that  rope  jump training can  be  a goodalternative rather than running training in confined spaces. Due to the increase in urbanizationand lack of space in homes and schools rope training can be a good alternative for runningtraining  in  homes,  schools  and educational  centers  with  space  limitation  for  health-relatedphysical fitness promotion specially in childhood.
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