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Correspondence of Myocardial Strain with Torrent-Guasp’s Theory.
Contributions of New Echocardiographic Parameters

Correspondencia de la deformaciéon miocardica con la teoria de Torrent-Guasp. Aporte de
nuevos parametros ecocardiograficos
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ABSTRACT

Background: Strain, assessed by speckle tracking echocardiography, may be used to evaluate left ventricular mechanics and could
establish reference values together with new indices of myocardial function.

Objective: The aim of this study was to demonstrate the correspondence of echocardiographic strain values with Torrent-Guasp’s
single band theory.

Methods: A prospective observational study was conducted in 54 healthy volunteers. The three apical projections were used to de-
termine longitudinal strain. Radial strain, circumferential strain and rotation were assessed in transverse planes at the level of the
mitral valve, the papillary muscles and the apex.

Results: Mean age was 52+10.1 years. Global left ventricular longitudinal strain was -20.8%+2.4%. Post-systolic longitudinal strain
mainly affects interventricular septal segments. Radial strain was 36.5%+10.7%, with basal values prevailing over apical ones,
extending its duration to the early phase of diastole. Circumferential strain was -20.8%=*3.8%, with larger values towards the apex.
Twist was 18.42+69, torsion 2.22+0.8%cm and the torsion index (twist/mitral annular plane systolic excursion) 13.12+4.4%cm. The
combined strain index includes the “strain product” (-3872+1472 X %), and the “strain index” (-0.92+0.3%/%) calculated as twist X
longitudinal strain and twist/longitudinal strain, respectively.

Conclusions: New strain parameters may be useful in the study of ventricular mechanics. The anatomical arrangement described
by the myocardial band theory is echocardiographically supported by the presence of larger radial strain at the basal-medial level
(prevalence of transverse fibers), while the variable arrangement of oblique fibers are responsible for longitudinal strain, circumfer-
ential strain and ventricular torsion.

Key words: Echocardiography/methods- Ventricular Function, Left/physiology- Myocardial Contraction/physiology - Combined
Strain Ratio

RESUMEN

Introduccion: El strain, o deformacion, evaluado mediante ecocardiografia speckle tracking, puede utilizarse para estudiar la mecani-
ca del ventriculo izquierdo y permitiria establecer valores de referencia junto con nuevos indices de funcién miocardica.

Objetivo: Demostrar la correspondencia de los valores ecocardiograficos con la teoria de la banda tnica de Torrent-Guasp.

Material y métodos: Estudio prospectivo observacional de 54 voluntarios sanos. Se utilizaron las tres proyecciones apicales para
determinar el strain longitudinal. El strain radial, el strain circunferencial y la rotaciéon se determinaron en planos transversales a
nivel de la valvula mitral, los musculos papilares y el apex.

Resultados: La edad media fue de 52,5+10,1 anos. El strain longitudinal global del ventriculo izquierdo fue de -20,8% *2,4%. Una
deformacion postsistdlica en el strain longitudinal afecta fundamentalmente a segmentos del septo interventricular. El strain radial
fue de 36,5% +10,7%, con valores basales predominantes sobre los apicales, extendiendo su duracién hasta la protodiastole. El strain
circunferencial fue de -20,8% +3,8%, con valores mayores hacia el apex. El giro, o twist, fue de 18,42 +62, la torsién fue de 2,22
+0,8%cm y el indice de torsién (giro/excursion sistélica del anillo mitral) fue de 13,12 +4,4%cm. El indice combinado de deformacién
incluye el “producto de deformacion” (-3872 +1472 X %) y el “indice de deformacién” (-0,92 +0,3%%), calculados como giro X strain
longitudinal y giro/strain longitudinal, respectivamente.

Conclusiones: Nuevos parametros de deformacion pueden ser ttiles en el estudio de la mecéanica ventricular. La disposicién anatémi-
ca descripta por la teoria de la banda miocardica se ve apoyada ecocardiograficamente por la presencia de mayor strain radial a nivel
basal-medial (predominio de fibras transversales), mientras que la disposicion variable de las fibras oblicuas son las responsables del
strain longitudinal, el strain circunferencial y la torsién ventricular.

Palabras clave: Ecocardiografia/métodos - Funcién ventricular izquierda/fisiologia - Contraccién miocardica - Parametro combinado
de deformacién
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Abbreviations

(& Circumferential strain

ECG Electrocardiogram

LS Longitudinal strain

Lv Left Ventricular

MAPSE Mitral annular plane systolic excursion

INTRODUCTION

Left ventricular (LV) function is the result of contrac-
tion and relaxation of a complex myocardial fiber ar-
chitecture producing changes in the shape and size of
the left ventricle. (1, 2)

Strain, obtained from speckle tracking echocardi-
ography (STEc) allows the quantification of regional
myocardial function. (3, 4) Speckle tracking echo-
cardiography enables the estimation of myocardial
longitudinal strain (LS), radial strain (RS) and cir-
cumferential strain (CS), independently of the image
acquisition angle, and evaluates LV rotational me-
chanics. (5, 6) Its accuracy has been validated with so-
nomicrometry and magnetic resonance imaging. (7-9)

Two of the most controversial approaches to de-
scribe cardiac myofibrillar architecture and function
are the myocardial network proposed by Anderson
et al. (10, 11) and Torrent-Guasp’s ventricular myo-
cardial band. (12, 13) The myocardial network model
postulates a longitudinal and radial myocyte arrange-
ment, with varying angles according to myocardial
depth. Torrent-Guasp et al. (12-14) described the heli-
cal myofiber orientation as a single double helix myo-
cardial band that forms two loops, a basal transverse

NT-ProBNP N-terminal pro B-type natriuretic peptide

PSS Post-systolic strain
RS Radial Strain
STEc Speckle Tracking Echocardiography

loop and an apical oblique loop with a descending and
an ascending component. The transverse fibers of the
basal loop enclose the apical loop including the upper
two-thirds and to a lesser degree the inferior or apical
third (Figure 1).

The aim of this study was to obtain reference
strain values using two-dimensional STEc, together
with new indices of myocardial function, and to ana-
lyze the correspondence of strain with the muscular
arrangement described by Torrent-Guasp’s myocar-
dial band theory.

METHODS

Study population

An observational, prospective study was designed includ-
ing 54 healthy volunteers. Inclusion criteria were: age >18
years, absence of cardiovascular disease, and normal physi-
cal and electrocardiographic examinations. Exclusion crite-
ria were sports training, pregnancy and presence of cardio-
vascular risk factors.

Echocardiography

A Vivid E9 ultrasound system (GE, Healthcare Medical Sys-
tems, Norway) equipped with 2.5 MHz tranducer was used.
Two-dimensional projections were obtained from the apical

Left
Segment

Descending
Segment

Right
Segment

Pulmonary
artery

Fig. 1. The figure shows the de-
scending segment fibers. A cleav-
age plane was obtained in the
ascending segment to observe
how the fibers spiral (from hori-
zontal to vertical) to achieve the
mechanical effect of ventricular
torsion. Dissection performed by
Drs. Jorge and Alejandro Trainini.

Ascending

Segment .
Aorta
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plane (four and two chamber, and long axis views) to calcu-
late LS, and parasternal projections (transverse projections
at the mitral valve, papillary muscle and apical levels) to cal-
culate RS, CS and rotation parameters. All images were ob-
tained at a frequency of 50-80 frames/second. The moment
of aortic valve closure was determined in the long-axis apical
projection. All studies were transferred to a workstation for
analysis with a software program (EchoPAC GE Healthcare
software version 112.0.0).

The LV endocardial border was traced slightly inside the
myocardium. Then, a larger second concentric circle was
automatically generated near the epicardium to include all
the myocardium. The program automatically divided each
projection into six equal segments and performed frame by
frame speckle tracking, providing automatized tracking con-
firmation (verified by the operator) and generating strain
values, expressed as percentage.

Rotation is the transverse angular shift of a myocardial
segment around the LV longitudinal axis. (15) Counterclock-
wise apical systolic rotation is expressed in degrees with pos-
itive values seen from the apex, and clockwise basal rotation
with negative values. Twist is the net difference between
apical and basal rotation.

The occurrence and type of post-systolic strain (PSS)
was analyzed from the LS (Figure 2A). Systolic and post-
systolic “strain duration” was estimated as the time elapsed
from QRS onset in the ECG to maximum LS, and the differ-
ence between both. (16)

The distance between the base and the apex was assessed

in end-diastole at QRS onset. Left ventricular longitudinal
shortening was estimated from the mitral annular plane sys-
tolic excursion (MAPSE) in the four-chamber apical plane by
placing the M-mode pointer at the septal and lateral annular
level, and averaging both values. (17)

The following parameters were evaluated to assess LV
myocardial function:
a) Torsion: Twist/apex-base distance (degrees/cm).
b) Torsion Index: Twist/MAPSE (degrees/cm).
¢) Combined strain parameter:
- Strain product: Twist X LS (degrees X %).
- Strain index: Twist/LS (degrees/LS).

Statistical analysis

Continuous variables are expressed as mean and standard
deviation. Strain values between men and women and be-
tween regions were compared using Student’s t test and
analysis of variance (ANOVA) as appropriate. A p value
<0.05 was considered as statistically significant.

The intraclass correlation coefficient (ICC) was used to
evaluate intraobserver and interobserver reproducibility of
continuous variables, according to a random sample of 10
cases, with masking and measurements performed at differ-
ent moments. Graphical representation was analyzed using
the Bland-Altman method. The Saphiro-Wilk test was used
to assess normal parameter distribution.

Statistical analyses were performed using IBM SPSS
Statistics v.19.0.0329 software package.

Fig. 2. A: Representation of mor-
phologic types of longitudinal
strain observed in healthy subjects A
(mentioning only morphology, in-
dependently of amplitude). a: Du- S
ration of systolic strain. b: Duration
of post-systolic strain. B. Interven-
tricular septum medial (light blue)
and basal (yellow) post-systolic
strain and basolateral post-systolic
strain (red).C. Basal radial strain.
See color image in the website.

Systolic

PSS type 1

AoVC: Aortic valve closure. PSS:
Post-systolic strain.

PSS type 2

PSS type 3
PSS type 4
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Ethical considerations

The study was approved by the hospital Ethics Committee
and written informed consent was obtained from all study
participants.

RESULTS
Table 1 details population characteristics. Global LV
LS amplitude was -20.8%+2.4% (Table 2), with re-
gional values that increase from the LV base to the
apex. A more frequent PSS was observed in the inter-
ventricular septal segments, and in the basal segments
of the adjacent anterior and inferior walls (Figures 2B
and 3). Mean systolic and post-systolic strain duration
were 35930 ms and 447+28 ms, respectively, with a
difference between both of 88+7.1 ms (see Table 2).
Radial strain was predominantly found at basal
and medial levels compared with apical levels (see Ta-
ble 2). Its duration extends to the first phase of dias-
tole, being more evident at the basal level (Figure 2C).
Global LV CS showed progressively larger amplitude
values from the base to the apex (see Table 2).

Left ventricular rotation, twist and torsion

At the beginning of rotation, a movement contrary to
the regional dominant one is characteristic both at ba-
sal and apical levels (Figure 4). Mean apical and basal
rotation values at the moment of maximum LV sys-
tolic twist are shown in Table 2. Net twist was 18.42
+62, and maximum torsion 2.22 +0.8%cm.

The torsion index, calculated as the ratio between
twist and MAPSE was 132.1+4.4%cm.

The combined strain parameter is used as a more
complete overall and sensitive estimation of myocar-
dial function (strain product: -3872+1472 X %), and
the type of its alteration (strain index: -0.92+0.3%%)
(see Table 2). Intraobserver and interobserver vari-
ability was suitable (Table 3), with intraclass correla-
tion coefficients >0.75. Compared with subjects <50
years, in those with ages >50 years, twist (19.52+6.1¢

1.72+0.62; p=0.01), and the torsion index (14.22+4.5°2
vs. 10.69%+3.0% p=0.001) were higher. The strain
product showed no differences with age, whereas in
subjects aged >50 years the strain index was greater
(-0.92+0.32vs. 0.72+£0.12; p=0.01). Gender differences
in strain parameters and rotational mechanics are
shown in Table 2.

DISCUSSION

Left ventricular myocardial strain and rotational mechanics
We present LV strain and rotational mechanics val-
ues in an adult healthy population, together with new
parameters that can be useful in the evaluation of LV
function.

A predominant RS was observed in the basal re-
gion and a dominant CS in the apical region, whereas
LS showed more uniform regional values increasing
towards the apex. According to a recent meta-analysis
(18) including 2,597 subjects (age 47=11 years; 51%
men), normal LS values range between -15.9% and
-22.1%, CS between -20.9% and -27.8%, and RS be-
tween 35.1% and 59%, with larger values of LS and
CR increasing towards the apex.

The twist values agree with results reported by
Kocabay et al., (2) lower in 36-55-year old subjects
(18.92+7.39) compared with those observed in persons
aged between 56-80-years (232+82). Both LV rotation,
especially apical, as LV torsion are determinant fac-
tors of LV function, and usually increase with age, (18,
19) as reflected by our series. Strain, torsion and the
torsion index were similar in both sexes (see Table 2),
though there is still controversy in this regard. (18-20)

Torsion is calculated as the ratio of twist/apex-base
distance at end-diastole, though the exact measure-
ment of the denominator by two-dimensional-echo
can be inaccurate to define the apical endocardium.
(21) Physiologically, the torsion index (twist/MAPSE)
may be more realistic, as both parameters express the
active movements produced simultaneously during

vs. 15.69+5.0%; p=0.03), torsion (2.42+0.82 wvs. systole “squeezing” the left ventricle.
Total Men Women P Table 1. Population characteristics
(n=54) (n=32) (n=22) (n=54), divided by sex
Age 52.5+10.1 53.0+8.9 51.7+11.8 0.65
Body surface area 1.8+0.2 1.9+0.1 1.6+0.1 0.001
Heart rate 63+10 60+11 66+9 0.04
Systolic blood pressure, mm Hg 127415 130+14 122+15 0.05
Left atrium, cm2 16+3 17+3 1442 0.01
Diastolic left ventricle, mm 46.8+4.5 48.6+4.6 44.4+2 9 0.001
Left ventricular mass 172.6+50.2 192.1+54.0 145.1+26.7 0.001
LVESV, ml 93.1+30.4 105.5+28.1 75.0+24.3 0.001
LVEDV, ml 29.8+11.7 34.6+£11.5 22.7+8.2 0.001
LVEF, % 68.2+5.1 67.4+5.3 69.5+5.3 0.13
LVESV: Left ventricular end-systolic volume. LVEDV: Left ventricular end-diastolic volume. LVEF: Left ventricular
ejection fraction.
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Table 2. Longitudinal, radial and
circumferential strain values and
rotation parameters in the total

population and divided by sex Longitudinal strain

Basal

Medial

Apical

Global

Radial strain

Basal

Medial

Apical

Global

Circumferential strain
Basal

Medial

Apical

Global

MAPSE, cm

SSD, ms

PSSD, ms

PSSD-SSD, ms

Apical rotation, degrees
Basal rotation, degrees
Twist, degrees

Torsion, degrees/cm
Torsion index, degrees/cm
Combined strain parameter
Strain product, degrees x %

Strain index, degrees/%

Table 3. Intraobserver and interobserver variability

Intraclass correlation coefficient (95% CI)

Intraohserver p
Global longitudinal strain 0.86 (0.53-0.96) <0.001
Twist 0.94 (0.65-0.98) <0.001
Torsion 0.96 (0.84-0.99) <0.001
Torsion index 0.93 (0.63-0.98) <0.001
Strain product 0.97 (0.82-0.99) <0.001
Strain index 0.85 (0.52-0.96) <0.001
Interobserver

Global longitudinal strain 0.87 (0.58-0.96) <0.001
Twist 0.85 (0.53-0.96) <0.001
Torsion 0.87 (0.59-0.96) <0.001
Torsion index 0.80(0.41-0.94) <0.001
Strain product 0.90 (0.65-0.97) <0.001
Strain index 0.77 (0.31-0.94) 0.003

Total Men Women p

(n=54) (n=32) (n=22)

-19.6x2.4 -19.2+2.3 -20.2+2.5 0.11
-21.2+2.4 -20.7+2.1 -21.9+2.7 0.08
-21.9+3.6 -21.2+3.5 -22.9+3.5 0.09
-20.8+2.4 -20.3+2.2 -21.6+2.6 0.06
44.2+18.5 44.5+22.9 43.8+18.1 0.90
41.8+16.1 42.4+18.5 41.1£12.2 0.77
23.5+16.1 23.5+12,6 23.5+20.4 0.99
36.5+10.7 36.8+10.7 36.1+11.1 0.82
-16.8+3.5 -16.5+3.5 -17.3£3.7 0.47
-19.8+5.0 -20.5+5.2 -18.9+4.7 0.26
-25.6+6.6 -25.7+7.6 -25.5+£5.2 0.89
-20.8+3.8 -20.9+3.9 -20.5+20.8 0.73
1.4+0,1 1.4+0.1 1.3+0.1 0.11
359+30 352+30 367+29 0.08
447+28 442422 453+33 0.17
88.2+7.1 90.2+9.7 85.9+2.5 0.10
12.5+4.6 12.6+4.2 12.5+5.3 0.95
-5.9+3.7 -5.5+3.7 -6.5+3.6 0.31
18.4+6.0 18.0+5.5 18.9+6.8 0.59
2.2+0.8 2.0+0.7 2.4+0.9 0.08
13.1+4.4 12.6+4.2 13.9+4.6 0.30
-387+147 -367+120 -416+178 0.23
-0.9+0.3 0.9+0.3 0.9+0.3 0.80

MAPSE: Mitral annular plane systolic excursion. SSD: Systolic strain duration. PSSD: Post-systolic strain duration.

It is important to differentiate myocardial func-
tion from ventricular function, the latter being a con-
sequence of the former. Longitudinal strain and twist
have been revealed as sensitive parameters to assess
myocardial function before translating into ventricu-
lar dysfunction. (22) Normal LS values have been es-
tablished, (23) whereas twist values are less typified.
We postulate using a “combined strain parameter”
to evaluate LV function, so that the “strain product
(twist X LS)” accounts for myocardial function and
the “strain index (twist/LSS)” the predominant type of
alteration. A “normal” product would translate into
globally preserved LV function, either by normality of
both parameters or by the compensation provided be-
tween them (“pseudonormal” product). A decreased
“strain product” may be due to decreased LS, twist,
or both, and would be characterized by the value of
the “strain index” (high, low or normal index, respec-
tively). Thus, this “combined strain parameter” may
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help to promptly detect, identify the type and monitor
the myocardial impairment produced in some cardio-
myopathies or oncological treatments.

Mornos et al. (24) observed the negative correla-
tion of the LV torsion X LS product, similar to the
“strain product”, with NT-proBNP values in patients
with dilated cardiomyopathy. Its isolated assessment
may conceal a pseudonormal value. However, the
“combined strain parameter” (product and index)
would provide more complete information of myocar-
dial function.

Relationship with Torrent-Guasp’s myocardial band theory
The structural muscular distribution of the left ven-
tricle according to the data provided by strain is in
agreement with Torent Guasp’s proposal (12-14) and
is useful to understand how endocardial to epicardial
activation explains LV torsion.

Muscular arrangement

The myocardial muscle mass mainly concentrates at
the LV medio-basal level where basal and apical loop
fibers meet. This supports that the maximum defor-
mation amplitude obtained with RS occurs at this
level, also extending its duration to occupy the isovo-
lumic relaxation period and part of early diastole (see
Table 2 and Figure 2C). Longitudinal strain, chiefly
related with the action of endocardial descending fib-
ers increases towards the apex. These fibers progres-
sively acquire a more oblique arrangement until they
reach the apex (translating into greater longitudinal
strain), where they reverse their arrangement form-

ing a loop before adopting an ascending direction (see
Figure 1). At the apical level, the CS is of greater am-
plitude (see Table 2), enabling apical rotation. At the
basal level, the apical loop fibers also adopt an oblique
arrangement aiding basal rotation, though of lower
amplitude (see Table 2 and Figure 4).

Longitudinal strain shows a characteristic PSS
in some myocardial segments when diastolic recov-
ery has already started (see Figure 2A and B). This
is mainly observed in septal segments and in adjacent
anterior and inferior basal segments (see Figure 3),
corresponding in time with the final part of RS, and
similarly to it, it is produced in the first phase of dias-
tole. This means that contractile activity is recorded in
the first phase of diastole, when ventricular relaxation
has already started. The segments with post-systolic
LS correspond with the anatomical position of the
ascending band described by Torrent-Guasp, present-
ing a more epicardial arrangement. The difference be-
tween systolic and post-systolic strain duration was
88.2+7.1 ms, similar to the QRS duration in our pop-
ulation of healthy subjects without intraventricular
conduction abnormalities, and would be explained by
the late activation of the myocardial band ascending
epicardial fibers involved in early diastolic ventricu-
lar suction, as pointed out by Trainini et al. (25) from
electrophysiological studies. Using three-dimensional
electroanatomic cartographic mapping they describe
the initiation of LV activation in the interventricular
septum endocardium towards the epicardium. They
detected that chamber endocardial activation ends
well before the end of the QRS, so that the latest acti-
vation would correspond to the activation of the distal

Anterior
2C

\

1 P,
e

Inferior

Fig. 3. Bull's-eye representation
of frequency (%) in the post-sys-
tolic strain localization according
to the segments.

4C

Lateral
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Fig. 4. Basal rotation (pink line),
apical rotation (blue line) and twist
(white line). Basal initial (pink ar-
row) and apical (blue arrow) sys-
tolic rotation in opposite direction
to the regional predominant one.
AVC: Aortic valve closure (vertical
dotted line). See color image in the
website.

portion of the ascending fibers, explaining the persis-
tence of contraction during the isovolumic phase of
diastole, basis of the ventricular suction mechanism.
This phenomenon corresponds in time with the dura-
tion of PSS perceived with LS at this level, and with
the prolongation of LS and RS to the first phase of
diastole observed in our study.

Cosin et al. (26) show experimentally, using in-
tramyocardial piezoelectric crystals, that during the
LV isovolumic relaxation phase, the ascending seg-
ment of the apical loop is contracting. The infiltration
of the ascending segment with formaldehyde prolongs
the duration of the isovolumic relaxation phase and
the capacity to reduce intraventricular pressure at the
beginning of diastole. The localization described for
this ascending segment corresponds with the anter-
oseptal segments where post-systolic deformation is
observed with strain.

Studies performed by Poveda et al. (27), through
the experimental analysis of tractographic reconstruc-
tions with magnetic resonance imaging reveal a con-
tinuous helicoidal organization of myocardial fibers in
accordance with the single ventricular band model.

Contractile activation and torsion mechanics

The myocardial band theory sustains the understand-
ing of an initial subendocardial activation towards the
epicardium contracting in opposite directions, and
is capable of explaining the torsion movement by its
double helix arrangement. Systolic LS and CS trans-
late into myocardial thickening registered by RS with
positive values due to this myofibrillar arrangement.
If RS were “active” by muscle shortening of fibers ar-
ranged radially, it should be coded with negative val-
ues by STEc, and this does not occur in healthy sub-

jects. Radial strain appears then as a consequence of
LS and CS.

The transmural propagation of electrical activa-
tion results in sequential shortening of subendocar-
dial to subepicardial fibers. (28-30) The subendocar-
dial descending fibers of the apical loop would initiate
contraction, subsequently propagating by transverse
and ascending fibers progressively arranged in oppo-
site directions. The greater radius of the subepicardial
region dominates the direction of rotation. (28)

During isovolumic contraction, the LV apex shows
a brief clockwise rotation that quickly reverses and
transforms into counterclockwise rotation during LV
gjection. (30, 31) This movement reverses (in clock-
wise direction) during isovolumic relaxation and early
diastole. The opposite takes place at the base of the
left ventricle, but at a lower magnitude. Strain is able
to reveal this characteristic systolic rotation (see Fig-
ure 4).

The participation of myocardial elastic proteins is
important in this process through their mechanosen-
sory function. (32) Titin, through conformational
changes, acts as a pressure sensor during contraction
and as a distension sensor during relaxation. (32-35)
The rotation of subendocardial fibers twist the muscle
matrix resulting in storage of potential energy that is
subsequently used for diastolic recoil. (28-30) The ini-
tial phase of diastole appears linked both to the action
of myocardial elastic proteins as to the final contrac-
tion of Torrent-Guasp’s apical loop ascending fibers
acting successively and jointly. Modifications produced
both in titin structure as well as at the anatomical lev-
el of the ascending fibers (26) translate into abnormal
LV filling pressures. We can see that anatomical, (12-
14) cartographic, (25) sonomicrometry, (26) magnetic
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resonance, (27) molecular (34-37) data, and those ob-
tained with STEc in the present work support the ar-
rangement of Torrent-Guasp’s myocardial band.

Limitations

Routine application of myocardial strain in clinical
practice requires the definition of normal ranges. New
parameters should demonstrate their usefulness in
different cardiac diseases.

A wide variety of parameters may potentially in-
fluence strain measurement, including patient an-
thropometric, hemodynamic and cardiac aspects and
differences in the software used to calculate strain.
However, we do not think that these limitations in-
terfere with the interpretation of the muscle band
theory. The analysis by layer (endocardial, myocardial
and epicardial) which might provide additional data
has not been performed.

CONCLUSIONS

We postulate new additional parameters to study ven-
tricular mechanics by means of STEc, which might
enable the understanding of cardiac physiology and
should demonstrate their usefulness in cardiac dis-
eases.

The data obtained from the ventricular myocar-
dium using STEc echocardiographically support the
myofibrillar arrangement described in the myocar-
dial band theory, capable of explaining the ventricular
shortening and torsion phenomena, and uphold the
participation of active muscle contraction during the
first part of diastole.
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