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Abstract: Problem statement: Establishment of upper normal limits of physiological hypertrophy in
response to physical training is important in the differentiation of physiological and pathological left
ventricular hypertrophy. The goal of our study was to investigate the normal upper limits of cardiac
dimensions in elite athletes in Jordan in different types of sports (8 soccer players, 8 sprinters, 8 long
distance runners, 6 weight lifters, 6 body builders). Approach: A total of 36 male athletes age 25±5 years
of age, representing various sports were examined using standard two-dimensional guided M-mode
and Doppler echocardiography to evaluate cardiac dimensions. Results: Results showed that 36 male
athletes, 24 (66.6%) presented with LVEDD ≥50 mm with an upper limits of 53.4 mm sd 3.15, only
12 subjects (33.3%) presented with wall thickness values ≥11 mm, sd 0.53. None were found to have
maximum wall thickness greater than 13 mm. There was a significant difference (p<0.05) between
investigated sports in the left ventricular mass and left ventricular mass index in favor of endurance
athletes. Systolic and diastolic blood pressure function was within normal limits for all athletes. Results
from the present study suggested that upper normal limits for LV wall thickness and LV mass are 11.0
mm and 235.4 g m for elite male Jordanian athletes. Conclusion: There is a sport-specific left ventricular
adaptation, the endurance heart differ significantly from the rest of the athletes investigated heart.
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INTRODUCTION
The adaptation of the heart to long-term regular
physical training leads to cardiac morphological
changes, including increased left ventricular cavity and
wall thickness, (LV) end-diastolic cavity diameter, LV
end-systolic Diameter and LV mass, described as
athlete’s heart (Pluim et al., 2000; Spirito et al., 1994;
Pelliccia et al., 1996; Dorn and Force, 2005;
Sakamoto et al., 2006; Urhausen and Wilfried, 1999).
Cardiac hypertrophy induced by training was associated
with better systolic and diastolic function and with less
cardiac fibrosis suggesting that the adaptive
mechanisms may exist in exercise-induced hypertrophy
(Sakamoto et al., 2006; Urhausen and Wilfried, 1999).
Sport-specific adaptations and differentiation of an
athlete’s heart were described 100 years ago
(Morganroth et al., 1975; Landry et al., 1985;
Hoogsteen et al., 2004). Several studies suggested that
the precise alterations in cardiac structure associated
with training may differ depending on the type of
athletic activity (Pluim et al., 2000; Pelliccia et al.,

1996; Landry et al., 1985; George et al., 1991;
Pearson et al., 1986).
Athletes involved in predominately static
exercise, such as bodybuilders, have been found to
have more concentric hypertrophy (in which wall
thickness is increased in proportion to internal
diameter (McDougall et al., 1985; Karjalainen et al.,
1997). Whereas those involved in dynamic exercise,
such as long distance runners, have more eccentric
hypertrophy (Pelliccia et al., 1996; Landry et al.,
1985; Schaier et al., 1992; Shapiro, 1992; Levine et al.,
1991) (in which wall thickness is proportional to
internal diastolic diameter). The morphological concept
of the athlete heart have been enhanced and clarified
over the last 10 years by echocardiography (Sahn et al.,
1978). The development and use of echocardiography
allowed a more detailed interrogation of cardiac
structure and function.
A standard Doppler echocardiography has proved
to be an important tool to examine structural and
functional adaptation of the heart in many intensive
sport’s training (Lauer et al., 1992; Mockel and Stork,
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1996; Maista et al., 2001; Longhurst et al., 1980;
Bekaer et al., 1981; Makan et al., 2005) its probably the
best available noninvasive method to determine cardiac
structure (Whyte et al., 2004; Feigenbaam et al., 1968;
Murray et al., 1972; Pavlik et al., 2005; DuBois and
DuBois, 1915; Sahn et al., 1978; Lapido, et al., 1980;
Leonardis De and Cinelli, 1986). To our knowledge
there is now studies have addressed the upper normal
limits of cardiac dimensions in elite athletes in Jordan
in different types of sports, in this study we investigated
five groups of highly trained athletes to establish
possible differences in left ventricular adaptation.
The purpose of this study was to examine, by
echocardiography, the upper limits cardiac dimensions
in elite athletes in Jordan in different types of sports to
establish possible differences in cardiac adaptation.
MATERIALS AND METHODS
All subjects were recruited through advertisements
and flyers distributed at the training sites. Subjects in
this study were 36 athletes aged 25±5 years old
representing various sports: 8 soccer players, 8
sprinters, 8 long distance runners, 6 weight lifters, 6
body builders, the mean years of training in all athletes
were 10.2±2.8 years.
Height, weight and Body Surface Area (BSA) were
determined for each athlete BSA were defined as height
0.725*weight 0.425*0.007184 (LeVy et al., 1987). All
subjects were elite competitors represented their
country at international level, with ten years training
experience. Subjects were free of cardiovascular
disease according to the medical history and physical
examination and 12 lead resting electrocardiograms
taken at Jordan University hospital. All subjects gave
informed consent and study protocol was approved by
Jordan University and the Hospital of Jordan University
and was performed in accordance with the ethical
standards of the 1964 Declaration of Helsinki.
None of the subjects were taking any medication
that might affect cardiac morphology. Table 1 shows
the physical characteristics of the subjects.

Ventricular Internal Diameter during Systole, (LVIDS)
and Left Ventricular Posterior Free Wall during Diastole
(LVPWT). All measures were taken in accordance with
the guidelines set by the American Society of
Echocardiography (Hidick-Smith and Shapiro, 2001).
Three to five consecutive measures were made and the
average was taken by a single, experienced sonographer.
Left Ventricular Mass (LVM) was calculated using a
previously validated (Finkelhor et al., 1986), formula:
{LVM (g) = [1.04[ (LVID+LVPWT+IVSD)3-LVIDS 3x0.8

and left ventricular mass index by dividing LV mass by
body surface area.
Echocardiography was performed using 7.5 MHz
transducer to assess diastolic function. A two
dimensional apical four-chamber view was imaged,
taking care to maximize the diameter of the mitral valve
annulus. Pulsed wave Doppler interrogation of mitral
valve inflow velocity was performed with the alignment
of the sample volume cursor parallel to the flow at the
level of the mitral annulus. The Doppler velocity curves
of the three to five consecutive cardiac cycles were
digitized through the darkest grey scale and the
parameter obtained were averaged. Peak early filling (E
wave) and peak late filling (A wave) velocities were
measured and the ratio of early to late diastolic filling
(E, A) was calculated.
In the present study, to assure accuracy in
interpreting echocardiographic data, the data were
scrutinized by a cardiologist and where discrepancies
existed the echo was re-evaluated. Intra-observer
coefficients of variation of IVSD, LVIDD, LVPWT and
LVM were 3.4, 2.8, 4.9, 2.8 and 4.9% respectively.
These results are similar to those reported in previous
studies and represent ~1 mm for all cardiac structures
measured (DuBois and DuBois, 1915; Douglas et al.,
1986; Fagard, 1996).
Statistical analysis: Statistical analysis was carried out
using SPSS package, a descriptive statistic (mean, std.
deviation, kurtosis, skewness, minimum and maximum
and pearson product moment) and analytic statistic( test
of homogeneity of variance, one way ANOVA, non
parametric test, kruskal-wallist test, dunnett post hoc
test) were performed. A value of (p<0.05) was
considered statistically significant.

Echocardiography: Echocardiography was performed
in all subjects using an 7.5 MHz liner array transducer
and ultrasound system (Sonos 2000 Hewlett Packard and
over, MA) with simultaneous ECG recording. Subjects
were instructed to lie in the left lateral position and
Table 1: Demographic characteristics
standard
two-dimensional
guided
M-mode
Sport
N
Age (years) Weight (kg)
echocardiography was used to evaluate cardiac
Soccer
8 25.20
76.32
sprinters
8 26.75
64.62
dimensions. M-mode images at the tips of the mitral
Long distance 8 25.87
60.62
valve leaflets were used to measure the following
(endurance)
echocardiographic parameters, Inter-Ventricular Septal
Weight lifting 8 23.66
77.66
thickness during Diastole (IVSD), Left Ventricular
Bodybuilding 6 24.66
77.83
Group means 36 25.41
70.72
Internal Diameter during Diastole, (LVIDD), Left
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Height (cm)

BSA (m2)

1.79
1.70
1.72

1.94
1.87
1.72

1.70
1.79
1.74

1.91
1.96
1.85
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RESULTS
Table 2 gives means and standard deviations of the
measured values of LVIDD, LVIDS, LVM, LVMI,
LVPWT and IVSD.
Mean cardiac dimensions:
L ventricular mass: The endurance players had mean
values of LV mass higher than the rest of the players in
other groups. Values ranged from 206-259 g m (mean
235037 g m). The values were statistically significant
for all groups ranged from 148-259 g m. When all
groups were considered together the L ventricular mass
was statistically significant.
Interventricular septum: The mean value for IVSP
for endurance group was higher than the rest of the
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 significant,
values ranged from 76-137.9 g m−² with the endurance
players have the highest values, there values ranged
from 112-159 g m−² with mean values 137.87 g m−².
LV posterior wall: The mean value of the left
ventricular posterior wall thickness for endurance
athletes was significantly higher than that of athletes of
other sports in the study, the mean values ranged from
11 -12 mm.
Left Ventricular end-Diastolic Diameter (LVIDD):
The mean values for the Left ventricular end-diastolic
diameter for each group of sports were ranged from 47-

53.37 mm with mean values 51.33 mm. In additions the
endurance group values was different than the rest of
groups 48-57 mm with mean values 53.37 mm. The
difference was not statistically significant. Endurance
runners had the largest and body builder had the
smallest LV end diastolic diameter.
Left Ventricular end-Systolic Diameter (LVISD):
The mean values for the Left ventricular end-systolic
diameter for each group of sports were ranged from 3138.62 mm. In additions the sprinters group values was
the highest, ranged from 35-43 mm with a mean of
38.62.
Of the 36 athletes none of them presented with wall
thickness values greater than 13 mm. LVIDD was less
than 60 mm in all subjects. All subjects had LVMI
under 140 g m−2 (mean 111.77 g m−2) with endurance
players 137.87 g m−2 a LVMI value equal to or greater
than 130 g m−2 was considered as a criterion for the
presence of left ventricular hypertrophy (Pelliccia and
Maron, 1997).
LV Mss and LVMI were significantly greater in
endurance players than the rest of the players in this
study, 235.37 (g m) and 137.87(g m2) respectively shown
in Fig. 1 and 2. IVSD, LVIDD, LVIDS were not
significant Fig. 3 and 4. According to Hidick-Smith and
Shapiro (2001) and Thompason (2000) Left ventricular
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.

Table 2: The echocardiographic dimensions post-training
Soccer
Speed
Long distance (endurance) Weight lifting
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
50.33
49-53
49.83
48-56
sd
sd
sd
sd
sd
1.407
2.91
3.15
1.63
3.25
LVISD (mm)
37.37
34-41
38.62
35-43
37.25
33-41
35.66
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
206-259(*) 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−2) 106.01
79-132
116.87
106-132 137.87
112-159(*) 104.16
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
9-11
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
11.0-12.0
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 Diameter, LVISD: Left Ventricular end-Systolic Diameter, LVM: Left Ventricular Mass, mass,
LVMI: Left Ventricular Mass Index, LVPWT: Left Ventricular Posterior Wall Thickness, IVSD: Inter-Ventricular Septal Thickness during
Diastole
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DISCUSSION

Fig. 1: Mean for LVMSS according to type of sport

Fig. 2: Mean for LVMI according to type of sport

Fig. 3: Mean for LVPWT and IVSD

This was the first study to specifically describe the
full range of echocardiographiaclly determined the
upper limit of the left ventricular hypertrophy in elite
athletic male in Jordan. In 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 ventricular
adaptation between athletes in our study, similar to the
finding of other researchers (Clifford et al., 1994;
Fagard et al., 1984). The majority of the subjects
exhibited abnormal geometry, significant increase was
found in the endurance athletes where, in other groups
of the study there was less pronounced increase. With
subjects involved in predominately static exercise,
bodybuilders and weight lifting, (33.4%) have been found
to have more concentric hypertrophy, whereas those
involved in dynamic exercise, (long and short distance
runners (66.6%) have more eccentric hypertrophy. The
present study is consistent with what has been described
as the “athletic heart syndrome” (Pelliccia et al., 1996;
Pavlik et al., 2001; Abernethy et al., 2003). The findings
of our study are similar to those observed in athletes in
many studies. Left ventricular mass were significantly
greater in endurance athletes than in other athletes of
different sports in this study. That’s similar to the
finding of others.
In other studies the left ventricular diastolic
diameters were larger than those of their Jordanians
counterparts. That’s probably due to more intensive and
prolonged training time (all our subjects were amateur
even though they represented there country at the
international level). However, the adaptations to
exercise in this population are more likely to reflect the
workload of training and the training season which was
lower and shorter than the workload and the training
season in other populations in other studies. Fagard et al.
(1984) have found significant variation in LV wall
thickness according to the level of exercise performed.
It has been suggested that maximum wall thickness
rarely exceeds 13 mm in athlete’s heart (Pelliccia et al.,
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 or any
other echocrdiographic evidence of cardio pathology.
The largest wall thickness values observed in our study
was for endurance athletes (11 mm) this is in agreement
with (Morganroth et al., 1975; Murray et al., 1972) and
was lower than the finding of (Pelliccia et al., 1996).

Fig. 4: Mean for LVIDD and LVIDS according to type
of sport
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Abernthy et al. (2003) found a mean septal wall
thickness of 11.2 mm in a group of professional
American Football players, where in other study he
found septal wall thicknesses of 11.1 mm in
professional cyclists competing in the Tour de France.
Pelliccia et al. (1996) reported in the largest
echocardiographic study that a mean septal thickness of
10.1 mm in a broad cross-section of Italian National
team members. All athletes demonstrated normal
diastolic and systolic function, suggesting a
physiological enlargement.
The small sample size and the lack of female
participants limit confidence in the study’s conclusions.
Future studies should explore cardiac adaptations in
female athlete in Jordan.
CONCLUSION
Results from the present study suggested that upper
limits for left ventricular mass and left ventricular mass
index are 235(g m) and 137.87(g m−2) for elite male
Jordanian. those adaptive changes were similar to those
found in athletes in other studies, However, due to
higher training standard and professionalism among
athletes of other nations the out-come of there
measurement was more profound when compared with
the Jordanian athletes. There is a sport-specific left
ventricular adaptation within athletes, the endurance
heart differ significantly from the rest of the athletes in
the study.
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