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Abstract: Problem statement: Establishment of upper normal limits of physioladibypertrophy in
response to physical training is important in tliféecentiation of physiological and pathologicaftle
ventricular hypertrophy. The goal of our study viadnvestigate the normal upper limits of cardiac
dimensions in elite athletes in Jordan in differspies of sports (8 soccer players, 8 sprinteteng
distance runners, 6 weight lifters, 6 body builjlekpproach: A total of 36 male athletes aget®byears

of age, representing various sports were examirsgaguwstandard two-dimensional guided M-mode
and Doppler echocardiography to evaluate cardiamedsionsResults. Results showed that 36 male
athletes, 24 (66.6%) presented with LVEBRBO mm with an upper limits of 53.4 mm sd 3.15, only
12 subjects (33.3%) presented with wall thicknessies>11 mm, sd 0.53. None were found to have
maximum wall thickness greater than 13 mm. Thers wasignificant difference (p<0.05) between
investigated sports in the left ventricular masd &ft ventricular mass index in favor of endurance
athletes. Systolic and diastolic blood pressuretfan was within normal limits for all athletes. Séts
from the present study suggested that upper ndmit$ for LV wall thickness and LV mass are 11.0
mm and 235.4 g m for elite male Jordanian athl&@esclusion: There is a sport-specific left ventricular
adaptation, the endurance heart differ signifigaintim the rest of the athletes investigated heart.
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INTRODUCTION 1996; Landryet al., 1985; Georgeet al., 1991;
Pearsoret al., 1986).

The adaptation of the heart to long-term regular  Athletes involved in predominately static
physical training leads to cardiac morphologicalexercise, such as bodybuilders, have been found to
changes, including increased left ventricular gagitd  have more concentric hypertrophy (in which wall
wall thickness, (LV) end-diastolic cavity diametél/ thickness is increased in proportion to internal
end-systolic Diameter and LV mass, described asliameter (McDougalkt al., 1985; Karjalaineret al.,
athlete’s heart (Pluinet al., 2000; Spiritoet al., 1994; 1997). Whereas those involved in dynamic exercise,
Pelliccia et al., 1996; Dorn and Force, 2005; such as long distance runners, have more eccentric
Sakamotoet al., 2006; Urhausen and Wilfried, 1999). hypertrophy (Pellicciaet al., 1996; Landryet al.,
Cardiac hypertrophy induced by training was asgedia 1985; Schaier et al., 1992; Shapiro, 1992; Lewrd .,
with better systolic and diastolic function andwiess  1991) (in which wall thickness is proportional to
cardiac fibrosis suggesting that the adaptiveinternal diastolic diameter). The morphological cept
mechanisms may exist in exercise-induced hyperirophof the athlete heart have been enhanced and ethrifi
(Sakamotoet al., 2006; Urhausen and Wilfried, 1999). over the last 10 years by echocardiography (Shhh,
Sport-specific adaptations and differentiation af a 1978). The development and use of echocardiography
athlete’s heart were described 100 vyears agallowed a more detailed interrogation of cardiac
(Morganroth et al., 1975; Landry et al., 1985; structure and function.

Hoogsteeret al., 2004). Several studies suggested that A standard Doppler echocardiography has proved
the precise alterations in cardiac structure assedi to be an important tool to examine structural and
with training may differ depending on the type of functional adaptation of the heart in many inteasiv
athletic activity (Pluimet al., 2000; Pellicciaet al., sport’s training (Laueet al., 1992; Mockel and Stork,

Corresponding Author: Mohammad Al Hnidawei, Department of Exercise Phygjg, University of Jordan, Amman, Jordan
Tel: 9626-5355000 Fax: 9626-5603448
1327



Am. J. Applied Sci., 7 (10): 1327-1333, 2010

1996; Maistaet al., 2001; Longhurstet al., 1980; Ventricular Internal Diameter during Systole, (L\8D
Bekaeret al., 1981; Makaret al., 2005) its probably the and Left Ventricular Posterior Free Wall during Si@e
best available noninvasive method to determineigard (LVPWT). All measures were taken in accordance with
structure (Whyteet al., 2004; Feigenbaamt al., 1968; the guidelines set by the American Society of
Murray et al., 1972; Pavliket al., 2005; DuBois and Echocardiography (Hidick-Smith and Shapiro, 2001).
DuBois, 1915; Sahet al., 1978; Lapidogt al., 1980; Three to five consecutive measures were made and th
Leonardis De and Cinelli, 1986). To our knowledgeaverage was taken by a single, experienced sortograp
there is now studies have addressed the upper hormizeft Ventricular Mass (LVM) was calculated using a
limits of cardiac dimensions in elite athletes axdan  previously validated (Finkelhat al., 1986), formula:

in different types of sports, in this study we istigated _ 3
five groups of highly trained athletes to establish{-VM (@) = [1.04[ (LVID+LVPWT+IVSD)3-LVIDS ~0.8

possible differences in left ventricular adaptation and left ventricular mass index by dividing LV mdss
The purpose of this study was to examine, byhody surface area.
echocardiography, the upper limits cardiac dimemsio Echocardiography was performed using 7.5 MHz
in elite athletes in Jordan in different types pbss to  transducer to assess diastolic function. A two
establish pOSSible differences in cardiac ada[:ﬂatio dimensional apica| four-chamber view was imaged,
taking care to maximize the diameter of the miale
MATERIALSAND METHODS annulus. Pulsed wave Doppler interrogation of rhitra

All subjects were recruited through advertisementy/alve inflow velocity was performed with the aligent
and flyers distributed at the training sites. Satsjgn  of the sample volume cursor parallel to the flowthet
this study were 36 athletes aged 25+5 years oldevel of the mitral annulus. The Doppler velocityrees
representing various sports: 8 soccer players, 8f the three to five consecutive cardiac cyclesewer
sprinters, 8 long distance runners, 6 weight Kt  digitized through the darkest grey scale and the
body builders, the mean years of training in atlletes  parameter obtained were averaged. Peak earlygfi{tin
were 10.2+2.8 years. wave) and peak late filling (A wave) velocities wer

Height, weight and Body Surface Area (BSA) weremeasured and the ratio of early to late diastdling
determined for each athlete BSA were defined aghitei (g, A) was calculated.
O725*W6Ight 0.425*0.007184 (LeV@t al., 1987) All In the present Study' to assure accuracy in

subjects were elite competitors represented theiyterpreting echocardiographic data, the data were
country at international level, with ten yearsniag  scrutinized by a cardiologist and where discrepssici
experience. Subjects were free of cardiovasculagxisted the echo was re-evaluated. Intra-observer
disease according to the medical history and physic coefficients of variation of IVSD, LVIDD, LVPWT and
examination and 12 lead resting electrocardiogramgym were 3.4, 2.8, 4.9, 2.8 and 4.9% respectively.
taken at Jordan University hospital. All subjeces/¢ These results are similar to those reported inipusv
informed consent and study protocol was approved b¥tudies and represent ~1 mm for all cardiac strastu

Jordan University and the Hospital of Jordan Ursitgr  measured (DuBois and DuBois, 1915; Dougias.,
and was performed in accordance with the ethicaloge: Fagard, 1996).

standards of the 1964 Declaration of Helsinki.

None of the subjects were taking any medicatiorStatistical analysis: Statistical analysis was carried out
that might affect cardiac morphology. Table 1 showsusing SPSS package, a descriptive statistic (meeln,
the physical characteristics of the subjects. deviation, kurtosis, skewness, minimum and maximum

and pearson product moment) and analytic statitt(
Echocardiography: Echocardiography was performed of homogeneity of variance, one way ANOVA, non
in all subjects using an 7.5 MHz liner array trarmset  parametric test, kruskal-wallist test, dunnett pbst
and ultrasound system (Sonos 2000 Hewlett Packard atest) were performed. A value of (p<0.05) was
over, MA) with simultaneous ECG recording. Subjectsconsidered statistically significant.

were instructed to lie in the left lateral positiamd Table 1: Demographic characteristics

standard_ two-dimensional guided M-mod_eSport N Age (years) Weight (k) Height cm) BSATm
echocardiography was used to evaluate -cardiagoccer 8 25.20 76.32 179 1.04
dimensions. M-mode images at the tips of the mitrakprinters 8 26.75 64.62 1.70 1.87
valve leaflets were used to measure the foIIowind(—O“c? d'Sta”)Ce 8 2587 60.62 1.72 1.72
H H . enaurance
eqhocardlographm parameters, Inter-VentrlcuIaerSep Weight lifing 8  23.66 7766 170 191
thickness QUrlng DlasFoIe (I_VSD), Left Ventricular godybuilding 6 24.66 77.83 1.79 1.96
Internal Diameter during Diastole, (LVIDD), Left Group means 36 25.41 70.72 1.74 1.85
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RESULTS

53.37 mm with mean values 51.33 mm. In additiomes th
endurance group values was different than the akst

Table 2 gives means and standard deviations of thgroups 48-57 mm with mean values 53.37 mm. The

measured values of LVIDD, LVIDS, LVM, LVMI,
LVPWT and IVSD.

M ean cardiac dimensions:
L ventricular mass. The endurance players had mean
values of LV mass higher than the rest of the playe

difference was not statistically significant. Enalce
runners had the largest and body builder had the
smallest LV end diastolic diameter.

Left Ventricular end-Systolic Diameter (LVISD):

other groups. Values ranged from 206-259 g m (meaifhe mean values for the Left ventricular end-systol

235037 g m). The values were statistically sigaific
for all groups ranged from 148-259 g m. When all

diameter for each group of sports were ranged f8am
38.62 mm. In additions the sprinters group valueas w

groups were considered together the L ventriculassm the highest, ranged from 35-43 mm with a mean of

was statistically significant.

Interventricular septum: The mean value for IVSP
for endurance group was higher than the rest of th
groups with values ranged from 11.0-12.0 mm

L ventricular mass index: The mean of L ventricular
mass index for each group was statistically sigait,
values ranged from 76-137.9 gwith the endurance

38.62.

Of the 36 athletes none of them presented with wal
thickness values greater than 13 mm. LVIDD was less
an 60 mm in all subjects. All subjects had LVMI

under 140 g nf (mean 111.77 g ™) with endurance
players 137.87 g fha LVMI value equal to or greater
than 130 g rif was considered as a criterion for the
presence of left ventricular hypertrophy (Pelliceiad

players have the highest values, there values dangeviaron, 1997).

from 112-159 g n? with mean values 137.87 g

LV posterior wall: The mean value of the left
ventricular posterior wall thickness for endurance
athletes was significantly higher than that of etiias of
other sports in the study, the mean values ranged f
11 -12 mm.

Left Ventricular end-Diastolic Diameter (LVIDD):
The mean values for the Left ventricular end-di&sto
diameter for each group of sports were ranged #@m

Table 2: The echocardiographic dimensions postitrgi

LV Mss and LVMI were significantly greater in
endurance players than the rest of the playerdim t
study, 235.37 (g m) and 137.87(g)mespectively shown
in Fig. 1 and 2. IVSD, LVIDD, LVIDS were not
significant Fig. 3 and 4. According to Hidick-Smimd
Shapiro (2001) and Thompason (2000) Left ventricula
mass and more particularly mass index are the
benchmarks by which LV hypertrophy should be judged

The echocardiographic dimensions means and
standard deviations are shown in Table 2.

Soccer Speed Long distance (endurance) Weitihgli Bodybuilding
M Range M Range M Range M Range M Range
LVIDD (mm) 51.37 50-54 51.75 47-57 53.37 48-57 30.3 49-53 49.83 48-56
sd sd sd sd sd
1.407 291 3.15 1.63 3.25
LVISD (mm)  37.37 34-41 38.62 35-43 37.25 33-41 85.6 33-38 35.0 31-39
sd sd sd sd sd
2.72 2.77 2.71 2.25 3.74
LVM (g m) 206.75 148-263 205.25 189-222 235.37 -266(*) 200.5 152-226 184.5 149-240
sd sd sd sd sd
42.21 12.98 20.89 28.07 36.99
LVMI (g m’z) 106.01 79-132 116.87 106-132 137.87 112-159(*}4.16® 89-120 93.93 75-119
sd sd sd sd sd
20.34 9.77 17.69 12.05 15.98
LVPWT (mm) 10.50 9-12 9.75 9-11 11.0 11-12 10.33 -119 9.66
sd sd sd sd sd
1.41 0.707 0.53 0.98 1.36
IVSD (mm) 9.38 12.1-11.1 10.37 9.0-12.0 11.25 .0112.0 10.83 9.0-12 10.50 10-12
sd sd sd sd sd
3.66 1.06 0.46 0.81 0.83

Were: LVIDD: Left Ventricular end-Diastolic Diametel VISD: Left Ventricular end-Systolic DiameterVM: Left Ventricular Mass, mass,

LVMI: Left Ventricular Mass Index, LVPWT: Left Ventular Posteri
Diastole

or Wall Thickness, IVSD: Inter-Veantrlar Septal Thickness during
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Fig. 2: Mean for LVMI according to type of sport
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Fig. 4: Mean for LVIDD and LVIDS according to type
of sport

DISCUSSION

This was the first study to specifically descrthe
full range of echocardiographiaclly determined the
upper limit of the left ventricular hypertrophy #alite
athletic male in Jordarin our study we compared the
myocardial adaptations of different types of sports
including long and short destines(endurance and
sprinters) runners, soccer, weight lifting and body
building. There is a sport-specific left ventriaula
adaptation between athletes in our study, simdathe
finding of other researchers (Cliffordt al., 1994;
Fagard et al., 1984). The majority of the subjects
exhibited abnormal geometry, significant increases w
found in the endurance athletes where, in otheuggo
of the study there was less pronounced increasth Wi
subjects involved in predominately static exercise,
bodybuilders and weight lifting, (33.4%) have bémmd
to have more concentric hypertrophy, whereas those
involved in dynamic exercise, (long and short dista
runners (66.6%) have more eccentric hypertrophy Th
presentstudyis consistent with what has been described
as the “athletic heaisyndrome” (Pelliccieet al., 1996;
Pavlik et al., 2001; Abernethgt al., 2003). The findings
of our study are similar to those observed in &tisléen
many studies. Left ventricular mass were signifitan
greater in endurance athletes than in other athlete
different sports in this study. That's similar thet
finding of others.

In other studies the left ventricular diastolic
diameters were larger than those of their Jordanian
counterparts. That's probably due to more intenaivé
prolonged training time (all our subjects were auat
even though they represented there country at the
international level). However, the adaptations to
exercise in this population are more likely to eeflthe
workload of training and the training season whizs
lower and shorter than the workload and the trginin
season in other populations in other studies. fagja.
(1984) have found significant variation in LV wall
thickness according to the level of exercise penéat.

It has been suggested that maximum wall thickness
rarely exceeds 13 mm in athlete’s heart (Pellieta.,
1996). And that maximum wall thickness greater than
this range is  suggestive of hypertrophic
cardiomyopathy. None of our subjects had maximal
wall thickness>11 mm. No subjects demonstrated
characteristics of hypertrophic cardiomyopathy oy a
other echocrdiographic evidence of cardio pathalogy
The largest wall thickness values observed in tudys
was for endurance athletes (11 mm) this is in agesg
with (Morganrothet al., 1975; Murrayet al., 1972) and
was lower than the finding of (Pellicca al., 1996).
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Abernthy et al. (2003) found a mean septal wall Bekaer, I., J.L. Pannler, C. Van de Weghe? Van
thickness of 11.2 mm in a group of professional Durme and D.L Clemerst al., 1981. Noninvasive
American Football players, where in other study he  evaluation of cardiac function in professional
found septal wall thicknesses of 11.1 mm in cyclists. Br. Hear. J., 45: 213-218. PMCID:

professional cyclists competing in the Tour de Eean PMC482513
Pelliccia et al. (1996) reported in the largest Clifford, P.S., B. Hanel and N.H. Secher, 1994 efil
echocardiographic study that a mean septal thickaks blood pressure response to rowing. Med. Sci.

10.1 mm in a broad cross-section of Italian Nationa Sports Exerc., 26: 715-719. PMID: 8052112
team members. All athletes demonstrated normabDorn, G.W. and T. Force, 2005. Protein kinase aesta
diastolic and systolic function, suggesting a in the regulation of cardiac hypertrophy. J. Clin.

physiological enlargement. Invest., 115: 527-53PMID: 15765134
The small sample size and the lack of femaleDouglas, P.S., M.L. O'Toole, D.B. Hiller and N. Reék
participants limit confidence in the study’s corsans. 1986. Left ventricular structure and function by
Future studies should explore cardiac adaptatinns echocardiography in ultraendurance athletes. Am.
female athlete in Jordan. J. Cardiol., 58: 805-809.
http://cat.inist.fr'?aModele=afficheN&cpsidt=795470
CONCLUSION DuBois, D. and E.F. DuBois, 1915. Measurement of

surface area in man. Arch. Int. Med., 15: 868-881.
Results from the present study suggested thatruppe  http://archinte.ama-

limits for left ventricular mass and left ventriaulmass assn.org/cgi/content/summary/XV/5_2/868
index are 235(g m) and 137.87(g°nfor elite male Fagard, R., A. Aubert, J. Statesen, E.V. Eyaoe
Jordanian. those adaptive changes were simildraset L. Vanheeset al., 1984. Cardica structure and

found in athletes in other studies, However, due to function in cyclists and runners comparative
higher training standard and professionalism among echocardiographic study. Br. Heart J., 52: 124-129.
athletes of other nations the out-come of there PMCID: PMC481600

measurement was more profound when compared withagard, R.H., 1996. Athlete’s heart: A meta-analysi

the Jordanian athletes. There is a sport-speodfit | the echocardiographic experience. Int. J. Sports
ventricular adaptation within athletes, the endoean Med., 17: 140-144. PMID: 9119534

heart differ significantly from the rest of the letles in ~ Feigenbaam, H., R.L. Popp, J.N. Chip a&d.. Haine,

the study. 1968. Left ventricular wall thickness measurement
by ultrasound. Arch. Intern. Med., 121: 391-395.
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