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INTRODUCTION 

The elite child athletes are one who has superior athletic talent. Monofin (a single surface swim fin) swimming already proved to be the most efficient method of swimming for human being (1). Little is know about the influence of child monofin training on cardiac adaptation following long – term monofin training (LTMT).

METHODS 

14 elite monofin children aged 11.95 years (± 1.09 yr) , height (Ht) (153.07 ± 4.2 cm ) , weight (wt) ( 52.4 ± 3.7 kg ), took part in ( LTMT ) for 36 weeks , 6 session per week , 90 min per session . All subjects underwent two-dimension, M-mode, and Doppler echocardiography before and after (LTMT) to evaluate cardiac dimensions and function, septal and posterior wall thickness. Statistical methods of SPSS, means ± SD and paired t test, percentage of improvement were used.

RESULTS

There was significant difference (P<0.01) and percentage improvement for all echocardiography parameter after (LTMT). Inter ventricular septal thickness in diastole (IVSd) and in systole (Ivss) increased by 27.9 % and 42.75 %. Left ventricular end systolic dimension (lvesd) and diastole (lvedd) increased by 16.81 % and 42.7 % respectively. Posterior wall thickness in systole (pwts) very highly increased by 283.3 % and in diastole (pwtd) increased by 51.78 %. Left ventricular mass in diastole (Lvd mass) and in systole (Lvs mass) increased by 44.8 % and 40.1 % respectively. Stroke volume (sv) and resting heart rate (HR) significant changed (SV) 25 %, (HR) 14.7 %.

DISCUSSION 
Monofin training is an effective sport to enhance "Heart athletes" for children, because the unique swim fin tool and create propulsion and overcome resistance.

Further researches are needed to determine the effects of monofin training on right ventricular in child athletes 
Key Words: Monofin Training; Heart athlete's, Elite child athlete, Echocardiography 

Introduction 

The number of children participating in sports at early ages is higher than ever before-while it is important for children and young adults to engage in athletic activities, it is equally important to closely monitor their preparations for conditioning training. Sport provides a positive environment that may enhance the physical growth and physiological development of children. The study of training effects on the child cardiac structure and function has become of great interest among scientists of exercise physiology, and elite child athlete has become one of scientific topics that bring out discussion and dose more studies and researches. Here many of the studies agree that regular training programs make morphological changes in the heart muscle and those changes vary according to the kind of spots activity (Abouzeid Magdy 2007). Regular exercise is necessary to develop and maintain an optimal level of health, performance, and appearance. The spectacular development in athletic performance aroused considerable interest in the morphological qualities that characterize successful athletes. the elite child athletes is one who has superior athletic talent , and requires appropriate training , coaching and completion that ensure a safe and healthy athletic career  and promote future well – being . Despite the increasing involvement of child athletes in intensive training, little is known about the influence of child monofin training on myocardial assessment in pre-pubertal children. The cardiopulmonary system is challenged during surface and under water exercise due to increased hydrostatic pressure and breathing resistance. To be competitive at a high level requires training regimens for children that could be considered extreme even for adults. The long-term health consequences of intense training in young athletic need to be further investigated. There appear to be increasing number of children who specialize in a sport at an early age, train year – round for a sport, and or compete on an "elite" level. The successes of young athletes can serve as powerful inducement for others to follow. 
Monofin swimming is swimming with an aid of a single-bladed swim fin, first introduced in 1972 at the fin swimming championship in Moscow. The primary movement in monofin swimming is the undulation forwards of the hip and descendant impulse of the legs. The main source of power derives from the swimmer's midsection, involving the lower abdominal and back muscles, buttocks and quadriceps. Monofin swimmers extend the arms forward, and lock their hands together, blocking the head between the biceps. The undulating movement starts in the shoulders, with maximum amplitude towards the hips; the legs almost do not bend to transfer the movement of the movement. This technique is called dolphin kick. Improvement in the underwater dolphin kick and streamlining is one of the greatest recent changes in the history of training monofin. 
Monofin swimming events:
Monofin swimming has four swimming events, namely surface, apnea or breath – holding, immersion or scuba, and long distance. surface is an event wherein the swimmer's body or breathing equipment always emerges at the surface of the water right after the 15 – meter mark . Apnea is where a swimmer must remain underwater for the entire distance of 50-meter pool. Immersion is where a swimmer carries compressed air with breathing apparatus for the entire distance. Finally, the long distance, this swimming event is conducted in an open water setting wherein swimmer are not allowed to bring breathing apparatus similar to the immersion event 
· surface event of 

50, 100, 200, 400, 800, 1500, 4×100, 4×200m. 

· under water events of 

50 m breathe hold, 100, 400, 800m scuba.
· open water ,
scuba and long distance events of these competition generally comprise distance of 3 and 8 km open water races are held in lakes and rivers , because of the cold location of these races 
Movement through water requires propulsion system and energy to drive the system , use fin is very important tools to over come water resistance and increase propulsion  , swimming with fins is only 20% as efficient as walking or running on dry land , the energy cost when swimming with fin was about 40% lower than when swimming without them ( Zamparo etal 2007 ) . Fins provide thrust to overcome drag and propel to the underwater swimmers (Pendergust etal 2003). Concerning fin swimming at the surface, Zamparo etal (2002) performed a kinematics study that quantified the efficiency of human swimming in using fin, describing the physics and physiology of fin swimming during monofin training, the inspiratory muscles must overcome resistive load to maintain ventilation. Kubiak (2005) showed that inspiratory airflows were significantly higher in swimmers who trained regularly for 7-8 years; the finding appears to be due to the effect of training on inspiratory muscles.
Our study was carried out due lack of knowledge regarding children and monofin training on cardiac adaptation. Despite the increasing involvement of child athletes in intensive training, little is known about the influence of monofin training on cardiac structure and function in prepubertal elite monofin athletes, little has been done to explore the impact of the elite-level training on children participating in monofin swimming however, our study is the first trial in the monofin training adaptation in elite children.
Material and Methods 

Subjects 14 elite monofin children ( 3 girls and 11 boys ; aged ( 11.95±10.9 years ) , ht (153.07±4.2 cm ) , wt (52.4±3.7kg),body surface area ( BSAm2 (1.48±5.6m2) , took part in (LTMT) for 36 weeks monofin training , all subjects underwent anthropometry and Echocardiography values and max Vo2 test before and after (LTMT) 
Anthropometric test: Body weight was recorded to the nearest 0.1 kg with digital weight scale (Seca 841, Seca Gmb H, Hamburg, Germany) and body height with a (Holtain, Crymyeh, Uk) to the nearest mm. body surface area (BSAm2) was determined from height (HT) and weight (WT) according Du Bois formula (7) . Body mass index is the categorized number that tell a person if they are over weight or obese based on his or height and weight, it is calculated by dividing body weight in (kg) by height in meter squared (m2) (9)

ECHOCARDIOGRAPHIC ASSESSMENT
Transthoracic echocardiography examinations were obtained in all subjects in the left lateral decubitus position using a Hewlett- Packard sons 5500 ultrasound system, with a 2.5 MH2 transducer(Hewlett- Packard INC, Andover, Massachusetts, USA) both M mode and cross sectional studies were performed. The M mode echocardiogram of the left ventricle was recorded at the level of the tips of the martial valve using the two dimensional image to obtain the optimal position and angulations of the M-mode line. Measurements of the left arterial and aortic root end systolic dimension, left ventricular end diastolic posterior wall. Dimension (LVPWd), and left ventricular end systolic internal dimension (LVIDs), left ventricular end diastolic internal dimension (LVIDd), inter ventricular septal end diastolic dimension (IVSd) were calculated in the parasternal long axis view using the recommendations of the American society of echocardiography.

Left ventricular mass was calculated by the Penn convention and the American society of echo cardiographer's convention using the following equations (5), (12).

Left ventricular mass (Penn) = 1.04 [ (LVIDd + LVPWd + IVSd) 1 – (LVIDd)3 ] – 13.6 g.

Left ventricular mass (ASE) = 1.05 [(LVIDd + LVPWd + (IVSTd)3 – (LVIDd)3 ] g.

All data were collected and analyzed by technicians who were unaware of the subjects training status.

ECG Evaluation.

Standard 12 lead surfaces ECG were obtained in all subjects when rested and in the supine position, using an analogue system (Marquette Electronics', Milwaukee, Wisconsin, USA). Resting blood pressure was measured manually by using auscultation with subjects in a supine position.

Bicycle ergo meter exercise test vo2 max

Testing was conducted in an air-conditioned laboratory with a temperature of 20 to 21.C. subjects were encourage to exercise to exhaustion while cycling in the upright position on a mechanically braked ergo meter (model 868,monark ,Stockholm. Sweden).Cycling cadence was maintained at 50 revolutions per minute. Prior to testing, seat height was adjusted to provide.
Monofin training protocols 

Altogether , 14 elite child monofin athletes , (3 girls and 11 boys ) , took part in long-term monofin training program consisting of 36 weeks of training times per week , 90 min per unit in a local pool (50 m length ) of approximately 216 sessions . The intensity of the training was always adjusted according to pulse rate. the training unit contains aerobic and anaerobic training ; the aerobic contain over distance , interval method and fartelk methods – the anaerobic training contain speed , repetition , hypoxic method ( controlled of breathing ) , with incremental work load of 75% to 90% of max heart rate . Average daily meter: 3000 – 4800 meters / practice with, energy systems 80% aerobic / 20% an aerobic. The basic goals : emphasis on building aerobic conditioning by training all four strokes and increasing meters ; learned refined race tactics , introduction to dry land ; introduction to tempo and rhythm in all strokes ; continue to develop stronger kick strength and speed . Emphasis to the five steps to monofin technique: streamline: extend arms as far as possible and overlap hands. Hunch the Neck and the Shoulders Slightly: while streamlined, slightly hunch without dropping the hands or head. Drive the legs. With heels up and knees slightly bent. Hips Forced Up: as the feet drive down, the body's undulation reaches accentuate the power of the downward kick. Hips Slide Forward Up: thrust the hips forward and more quickly for the propulsive downbeat. Educational Goals: Introduce to more nutrition that is advanced as well as energy sources; learn about the various energy systems-aerobic / lactate. Introduction to learning how to compete in travel meets; become better at repeat time and heart rate monitoring; know qualifying times and how they relate to their goals; know all swim and workout rules, understanding a concept of growth and how it can affect swimming. Dry Land Program: stretching program 2-3x / week. it will consist of : body weight circuit ( push ups / sit up / etc ..) , running games , in – water  exercise , introduce to medicine balls . Increase fitness and cardiovascular conditioning by activate the large muscle mass of the legs by kicking. Increase ankle flexibility. The aim of this study was to evaluate the peculiarities of physical development and aerobic capacity among healthy children and to estimate the effect of long- term monofin training on cardiopulmonary adaptation in elite monofin children
Results 

Results are provided in Table (1) and (2) for the physical characteristics of the monofin children and Echocardiography parameter respectively.
The characteristics of the elite monofin children are shown in table (1). 14 elite monofin children (3 girls and 11 boys). Table (1) shows the results of age, Height, Body weight, Body surface are (m2) and Body mass index (BMI.kg/m2).
Table (1) physical characteristics of elite monofin children.
	variable
	Means ± S.D

	Age ( yr ) 

Ht ( cm )

Wt ( kg )

BSA ( m2 )

BMI ( kg/m2 )
	11.95 ± 1.09

153.071 ±4.26

52.42 ± 3.73

1.48 ± 5.6 

17.11 ± 0.956


Table 2. Echocardiography differences before and after monofin training in prepubertal athletes.
	Variable
	Before training
Means ± S.D
	after training
Means ± S.D
	P < Value
	% Improvement

	Resting HR, b/min
Max HR, b/min

IVSTD
LVEDD
LVESD

LVPWTD
LVPWTS
LVmD(gm)
LVmS (gr)
SV (ml)
Max VO2 (L/min)
	69.28 ± 2.16
172.64 ± 4.79
0.809 ± 0.258
4.094 ± 0.300
2.474 ± 0.348
0.629 ± 0.078
0.342 ± 0.410
90.534 ± 25.27
59.35 ± 12.405
53.096 ± 7.995
80.57 ± 5.33
	60.35 ± 1.08
158.21 ± 4.31
1.035 ± 0.389
4.578 ± 0.285
2.890 ± 0.412
0.955 ± 0.118
1.310 ± 0.211
130.91 ± 16.448
83.205 ± 12.330
66.414 ± 11.317
107.71 ± 4.26
	<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01
	14.79

9.12

27.9
11.82
16.81
51.78
283.38
44.6
40.18
25.08
43.1


Data are expressed in means ± S.D: IVSTD: inter ventricular septal thick in diastole, LVEDD: left ventricular end diastolic dimension (cm). ,LVESD :left ventricular end systolic dimension(cm) , LVPWTD:left ventricular posterior wall thick in diastole(cm), LVPWTS:left ventricular posterior wall thick in systole(cm) ,LVmD,LVmS :left ventricular mass in diastole and systole(gr). . 

Mean (±SD) pre- and post long-term monofin training on echocardiography values appears in Table 2. There were a significant changes were noted in the monofin children athletes .There were a percentage improvement in (IVSTD) 27.9 % , LVEDD 11.82. % , LVESD 16.81 % LVPWTD 51.785 % , LVPWTS 283.3 % , LVmD44.6 % , LVmS 40.18 % , max vo2 43.1 , SV25.08 % ., rest HR 14.79 % , max HR 9.12 % .

Results from the study showed significant difference in echocardiography parameters.
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Discussion 

There is a critical need to better understand how physical activity and fitness level in childhood may shape health status in adulthood. To our knowledge, this is the first study undertaken in population of prepubertal children to investigate Cardiac adaptation related monofin training in elite children athletes. Yet the understanding of child's capabilities for intensive training is limited. Echocardiography is the main source of information on cardiac adaptation to intense training in athletes. Long –term physical activity leads to left morphological adaptations, which vary with the kind of sport and the intensity of training. It increase with growth , and is a result of training , similarly in boys and girls before puberty regular physical training in young athletes causes adaptive structural and function changes in cardiorespitory system ( 4,6,10,15,17 ) but there limited data on monofin children players . The finding of the present study indicate that in prepubertal monofin athletes the cardiac adaptive response to intensive training includes :(a) a mild increase in left ventricular dimension with significant change in septal and posterior wall thickness, and (b) : an increase in left ventricular mass in systole and diastole . The increase in left ventricular dimensions is a common finding in studies dealing with swimmers [5, 6] and has been attributed to the higher stroke volume at each level of exercise resulting from the horizontal position of the body during monofin swimming as compared with other activities in the sitting or standing position [25].  Cardiac adaptations to monofin training in prepubertal athletes may contribute to a better understanding of the characteristics of the “athlete’s heart” in children. Increased left ventricular mass (LVM) is one of the documented adaptation in monofin children, which results from an enlarged (LV) cavity and/ or thickened (LV) wall {8} . The technique of Dolphin kick in monofin movement volume load would lead to enlargement of the left ventricular internal diameter and a proportional increase of wall thickness; this type of adaptation is termed eccentric (LVH). Increase in stroke volume (SV) accompanied by an increase in central blood volume and in chamber {8}.
 results from the present study showed significant difference ( p <0.01 ) in the max Vo2 as shown in table 2 , this results attributed to strengthening of the inspiratory muscles as they worth ageist additional resistance caused by the weight of water that compresses the thoracic cage , and the intensity and duration of the monofin training, so , force fin swimming fins are designed to concentrate the force of the blade further back on the foot , using the muscles of the whole leg , not just the lower leg . Since the greatest cardiovascular benefits come from including the highest percentage of body's muscles, add fins to the equation and the increased load they add to the legs means that as long as exertion levels remain high, the cardiovascular system gets an even more intense workout with even greater fitness benefits.
Movement trough water requires propulsion system and energy to drive the system. The mechanics of moving body trough water is achieved through the musculoskeletal system, with the skeleton providing the structural support and lever arms for muscle movement. Monofin training enhances ventilatory muscle endurance and improves aerobic capacity and breath control. During training and use of fins, all of which increase respiratory mechanical load. The physical stress imposed by the under and surface water exercise together with increased work of breathing , produces a breathing pattern characterized by high tidal volume , which is maintained for prolonged periods .. Wylegala etal (2007) reported that targeted respiratory muscle training improves respiratory muscle and under water swimming performance.
The present finding imply that monofin training may increase maximum oxygen consumption ; Vo2 max is that the limiting factor for a high capacity for oxygen delivery , and induction for cardiovascular – efficiency these finding were confirmed by Maskhulia ( 2006 ) indicated  Vo2  max is regularly used as an index of physical fitness .

Conclusions 

Monofin training is an effective sport to enhance {Heart athletes} for children, because the unique swim fin tool, create propulsion, and overcome resistance. Left ventricular mass, dimensions and functions, and septal and posterior wall thickness had increased in monifin children reflect the unique cardiac adaptation of the hearts of children to Monofin training. Our finding suggest that the (LV) filling and diastolic function in prepubertal Monofin children is affected by the duration and intensity of training and may contribute to a better understanding of the characteristics of the (heart athletes) in children.
More research is needed to fully understand the endurance trainability of young athletes. More work is still needed with regard to younger age groups, particularly during the prepubescent and pubescent years. These results raise questions about the effect of types of monofin swimming on myocardial adaptation; further researches are needed to define with more precision of the different cardiovascular functions for young athletes.
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