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Abstract
One of the most common indications in echocardiography is the evaluation of left ventricular 
function. The traditional measurement of ejection fraction is based upon tracing the left ven-
tricular borders and calculating left ventricular volumes using geometric assumptions. Now, 
with the introduction of three-dimensional echocardiography, the evaluation of left ventricu-
lar function is easier to carry out and with superior accuracy and reproducibility. However, re-
gional myocardial function is more difficult to evaluate because it relies on visual assessment 
of endocardial motion and wall thickening. Currently, new techniques like tissue Doppler 
and speckle tracking imaging allow regional and global quantification of myocardial function 
through new parameters, like deformation/strain, rotation and twist. In this regard, speckle-
tracking echocardiography (STE) has been introduced as a technique for angle-independent 
quantification of multidirectional myocardial strain and rotation. With the arrival of three-di-
mensional systems, the entire left ventricle can be evaluated with this technique, lacking the 
inherent weakness of two-dimensional and tissue Doppler methods. Three dimensional speckle 
tracking (3DST) has potential to be an ideal tool to assess not only global myocardial function 
but regional function through deformation, rotation, twist and untwisting parameters. 
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Función y mecánica del ventrículo izquierdo: de la imagen con Doppler tisular al recono-
cimiento de patrones acústicos con imágenes tridimensionales

Resumen
La evaluación de la función ventricular es una indicación común en ecocardiografía. La me-
dición de la fracción de expulsión como medida de función ventricular se basa en el trazado 
del endocardio ventricular y el cálculo de volúmenes ventriculares a través de suposiciones 
geométricas. Con el advenimiento de la tecnología tridimensional en ecocardiografía, la va-
loración de la función ventricular se puede realizar de manera más rápida, sencilla, precisa y 
reproducible. Sin embargo, la estimación de la función regional es una tarea difícil de realizar 
ya que ésta se basa en la apreciación visual del engrosamiento y movimiento del endocardio 
ventricular. Actualmente nuevas técnicas como el Doppler tisular y el reconocimiento de pa-
trones acústicos (speckle tracking) han permitido cuantificar la función ventricular regional y 
global a través del uso de parámetros de deformación, rotación y torsión. El reconocimiento 
de patrones por ecocardiografía es una técnica que no depende del ángulo de insonación del 
haz de ultrasonido y que permite la cuantificación multidireccional de la deformación y la 
rotación del miocardio. Hoy en día, la aplicación de esta técnica a los sistemas de ecocar-
diografía tridimensional ha permitido una mejor estimación de la función ventricular sin los 
inconvenientes de la ecocardiografía Doppler y bidimensional. El seguimiento de patrones por 
ecocardiografía tridimensional tiene el potencial de ser una herramienta ideal para la cuan-
tificación de la función ventricular global y regional a través de parámetros de deformación, 
rotación y torsión. 

Introduction
One of the most common indications in echocardiogra-
phy is the evaluation of left ventricular function. It has 
traditionally been evaluated as left ventricular ejection 
fraction and left ventricular end-systolic volume, both re-
maining as the simplest and most widely used parameters 
for global assessment of left ventricular function.1

Traditionally, two-dimensional echocardiography has 
been routinely used in clinical practice to measure left 
ventricle (LV) dimensions, wall thickness, and function, 
the latter focused in the measurement of ejection frac-
tion which is based upon tracing the left ventricular bor-
ders and calculating left ventricular volumes using geo-
metric assumptions.2 The use of these assumptions may 
introduce considerable miscalculations, particularly for 
patients with odd-shaped ventricles and wall-motion ab-
normalities. Besides, the inadvertent use of foreshorte-
ned views can raise its inaccuracy and low reproducibili-
ty. Alternatively, LV function can be assessed by Doppler 
techniques through the measurements of stroke volume 
using the continuity equation. However, calculations of 
stroke volume by Doppler are dependent on the accuracy 
of left ventricle outflow tract measurement (LVOT); errors 
in the measurement, which are squared in the calculation 
of the LVOT area, limit the reliability of this parameter.3,4 

In search of a method to quantify LV volumes and left 
ventricle ejection fraction, real-time three-dimensional 
echocardiography is an important step forward in cardiac 
ultrasound. Multiple studies have demonstrated the su-
perior accuracy and reproducibility of real-time three-di-
mensional echocardiography over two-dimensional echo-
cardiography for assessment of cardiac function.5,6 

Nevertheless, segmental wall motion has been more diffi-
cult to evaluate. Regional myocardial function by echocar-
diography is usually evaluated by visual assessment of endo-
cardial motion and wall thickening using two-dimensional  

echocardiography. This approach, however, suffers from 
being subjective providing only semi- quantitative data 
and is limited by huge intra- and inter-observer variabi-
lity. Visual assessment has limited ability to detect more 
subtle changes in function and in timing of myocardial 
motion throughout systole and diastole. Recently, echo-
cardiographic modalities for objective quantification of 
global and regional function have been developed such as 
tissue Doppler and speckle tracking imaging. 

In this article, we review in a concise manner the 
methodology behind the development, usefulness, and 
shortcomings of these echocardiographic techniques.

Deformation – strain
In cardiac muscle physiology, strain is a measurement of 
deformation representing shortening or stretching of the 
tissue or myocardial fibers. The Greek letter epsilon (ε) 
is commonly used as a symbol for strain. The strain value is  
dimensionless and can be represented as a fractional 
number or as a percentage change from an object’s ori-
ginal dimension (Figure 1). As the ventricle contracts, 
muscle shortens in the circumferential and longitudinal 
dimensions (a negative strain) and thickens in the radial and 
transversal direction (a positive strain). As a result, for 
the left ventricle, three normal strain values (longitudi-
nal, circumferential, radial/transversal) are used to des-
cribe LV deformation in three dimensions (Figure 2).

Theoretically, strain values are not affected by the 
uniform translational motion of the heart and, as a con-
sequence, they offer a clear advantage over velocity 
and displacement to assess the local functionality of the 
myocardium.7,8 The superiority of deformation parame-
ters for assessing cardiac function compared to motion/
velocity/displacement parameters is related to the basic 
strain-algorithm, which subtracts the motion due to the 
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contraction of neighboring segments (tethering effects  
and translational motion). Completely passive segments can  
show motion relative to the transducer due to tethering, 
but without any deformation, making velocity and displa-
cement information completely unreliable for the cha-
racterization of such regions. Strain parameters, on the  
other hand, are referred to as motion-deformation bet-
ween two points in the myocardial wall, which is unrela-
ted to the motion towards the transducer, and this fact 
discriminates the actual passive movement from true con-
traction in any myocardial region (Figure 3).9 

Strain rate (SR) is the rate at which deformation oc-
curs, i.e., change of strain per unit of time. By definition 
it is the temporal derivative of strain and expresses the 
rate of shortening or lengthening of a part of the heart. As 
strain rate describes the velocity of deformation, its unit 
of measurement is 1/s (Figure 4).

Currently, the principal strain vectors and their velo-
city derivatives (Strain Rate) can be assessed by tissue 
Doppler and speckle tracking echocardiography.

Tissue Doppler imaging
Rather than assessing the rapid velocity blood pool as with 
conventional Doppler, uses filters to remove these signals 
to concentrate solely on the lower velocity myocardial 
motion. Velocities in the myocardial wall are much lower 
than that of the blood pool and are typically less than 15 
cm/s. Tissue Doppler imaging allows a quantitative analy-
sis of the motion pattern of the cardiac walls. Some pu-
blished studies have suggested that tissue velocity, strain, 
and strain rate by tissue Doppler are more accurate me-
thods for evaluation of global and regional function10-12 

when compared with conventional echocardiographic 
methods (Figure 5). Several groups of investigators have 
demonstrated that strain analysis of a broader area is pro-
bably superior to tissue velocity data at one site and wall 
motion score for tracking local systolic function.13-17

Clinical applications: Tissue Doppler Imaging (TDI) has 
been evaluated in several experimental and clinical stu-
dies. One of the most important clinical applications of 
TDI is the quantification of global LV systolic function; this 
can be done by measuring the myocardial peak systolic 

velocities of the mitral valve annulus at several locations 
and to derive an average of them. Gulati et al, reported an 
excellent correlation between systolic mitral annulus ve-
locity Sm averaged from the apical views and LV ejection 
fraction.18,19 Others have shown a good correlation bet-
ween Sm and peak positive dP/dt in patients with dilated 
cardiomyopathy and hypertensive heart disease.20 In addi-
tion, this parameter was found to be the strongest inde-
pendent echocardiographic predictor of prognosis in pa-
tients with chronic heart failure.21 Moreover, TDI permits 
quantification of individual LV segments by measuring the 
velocities, strain and strain rate of various LV segments.

In the assessment of LV diastolic function, TDI provi-
des valuable information. In an interesting study, Sohn et 
al, were able to differentiate subjects with pseudonormal 
filling from normal by an E’ velocity < 8.5 cm/s and an 
E’/A’ ratio < 1, with a sensitivity of 88% and a specificity 
of 67%.22 Furthermore, this technique can be used in the 
non-invasive evaluation of LV filling pressure, which is as-
sessed through the ratio of transmitral early peak flow  

Deformation = Strain

Strain ( ε ) = L — Lo = (%)

Lo

Transverse

Longitudinal

Circumferential

Radial

Longitudinal Strain = -% (Shortening)
Transverse Strain = % (Thickening)

Circumferential Strain = -% (Shortening)
Radial Strain = % (Thichening)

Main strain vectors in short axis viewsMain strain vectors in apical views

Figure 1. Strain is defined as the fractional change in length of an 
element of the object when compared to its original length. 

Figure 2. Cardiac mechanics: Main left ventricle strain vectors in short axis and apical views. 
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velocity (E) over early diastolic mitral annulus velocity 
(E’) or E/E’. Nagueh et al, demonstrated that the E/E’ 
ratio correlated well with pulmonary capillary wedge 
pressure measured invasively. An E/E’ ratio > 10 detected 
a mean pulmonary capillary wedge pressure > 15 mmHg 
with a sensitivity of 97% and a specificity of 78%.23 Ommen 
et al proposed a higher cut-off value of 15 for E/E’, which 
is now commonly used.24 The different cut-off values can 
be explained by the fact that Nagueh et al, used the la-
teral mitral valve annulus whereas Ommen et al used the 
medial mitral valve annulus. 

Other applications of TDI in clinical practice comprise 
the differentiation between restrictive cardiomyopathy 
and constrictive pericarditis,25,26 the early identification 
of cardiomyopathies,27-30 detection of ischemia and eva-
luation of viability,31-35 and the study of patients with dys-
synchrony.36-37

Limitations of tissue doppler imaging: The angle 
dependency is a serious limitation of all Doppler-based  
techniques, including Doppler-derived myocardial velocities  
and strain.12 Tissue Doppler imaging is only able to esti-
mate strain along the ultrasound beam and thus cannot 
reliably measure strain in the azimuth or perpendicular 
plane. This limits the use of TDI-derived strain measure-
ments primarily to longitudinal fibers, with the inability 
to quantify deformation in the radial plane. Therefore, it 
is essential that the ultrasound beam is aligned parallel 
to the left ventricle wall in long-axis imaging to obtain 
longitudinal segmental measurements, and perpendicular 
to the wall for radial measurements in the short axis. This 
implies that strain measurements from myocardial seg-
ments close to the left ventricle apical curvature cannot 
be reliably assessed by tissue Doppler imaging.13

Two-dimensional speckle tracking echocar-
diography
Speckle-tracking echocardiography (STE) has been intro-
duced as a technique for angle-independent quantifica-
tion of multidirectional myocardial strain. Speckle trac-
king is an application of pattern-matching technology to 
ultrasound cine data. Speckles are natural acoustic mar-
kers that occur as small and bright elements in conventio-
nal gray scale ultrasound images. The speckles are back-
scattered from structures smaller than a wavelength of 
ultrasound. These speckles are distributed all through the 
myocardium on the ultrasound image.1,38 

In the speckle tracking methodology, a small area of 
the myocardium with its unique speckle pattern can be 
defined (it is called “kernel”) and tracked, following a 

Translational
movement

Same Velocity - Same Shape

Movement/motion vs Deformation/Strain

Deformation / Strain
Different Velocities
Change in Shape

Figure 3. Movement vs. Deformation: A moving object is not necessarily suffering deformation so long as every part of it moves with the 
same velocity. Deformation occurs when different elements in the same object move at different velocities so the object has to change 
shape during its movement.

SR = Vel A — Vel B
d

SR = Δ Vel = 1/s

SR = Δ Strain

d

Δ Time

Strain rate

Figure 4. Strain rate describes the velocity of deformation.
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search algorithm based on optical flow method, trying to 
recognize the most similar speckle pattern from one fra-
me to another. The algorithm searches for an area with 

the smallest difference in the total sum of pixel values, 
which is the smallest sum of absolute differences39 (Figu-
re 6).

Figure 5. Examples of Tissue Doppler imaging measurements: A) myocardial longitudinal segmental velocity in four regions of the anterior 
and inferior LV walls; B) myocardial longitudinal segmental strain in lateral and septal LV walls; C) myocardial longitudinal segmental strain 
rate in two regions in the lateral wall demonstrating some decrease in the velocity of deformation in the region represented by the yellow line; 
D) myocardial longitudinal tissue displacement.

Figure 6. Speckle tracking technology: A) speckles are acoustic markers in conventional grayscale ultrasound images, they form small areas 
or patterns called “kernel”; B) a speckle pattern is defined and tracked frame by frame based on block-matching-optical flow method.



From tissue Doppler imaging to three dimensional speckle tracking of left ventricle 119

For accurate speckle tracking, a high frame rate is im-
portant. Speckle patterns change over the course of the 
cardiac cycle because of deformation of the heart and 
out-of-plane motion. A high frame rate decreases the 
speckle change between frames, allowing better trac-
king.40-41 Currently there are different programs available 
that have the ability to assess myocardial strain, strain 
rate, velocities and displacement from these speckles. 
Measurements can be done simultaneously from multiple 
regions of interest within an image plane from conven-
tional gray-scale B-mode recordings. The distance bet-
ween selected speckles is measured within a predefined 
myocardial area as a function of time, and parameters  
of myocardial deformation can be calculated. This is in con-
trast to Doppler-based measurements where the sample 
volume is a fixed area in space and all measurements are 
done with reference to an external point (the transducer).  
Strain measurements from the speckle-tracking technique 
are therefore direct measures of myocardial deformation 
while tissue Doppler imaging calculates strain by integra-
ting strain rate. Another important advantage by using 
the new technique is independence from insonation angle 
and cardiac translation.42-44

In the short-axis view, radial strain and circumferen-
tial strain can be calculated. These values are not inde-
pendent, one is positive (wall thickening) when the other 
is negative (segment shortening) in a normal heart. In 
the apical four-, three-, and two-chamber views, trans-
versal strain and longitudinal strain can be calculated45 
(Figure 7).

For these reasons, speckle tracking echocardiography 
provides a direct measure of myocardial deformation and 
appears to be a more robust method than Doppler-based 
strain imaging, which estimates strain as the time integral 
of spatial velocity gradients (Table 1).

Clinical applications: The potential of 2D speckle trac-
king echocardiography has been investigated in numerous 
experimental and clinical studies for exploration of systo-
lic and diastolic ventricular function, assessing ischemia, 
dyssynchrony, and other cardiac conditions,46 some of 
which will be cited representatively in this review. In ini-
tial studies, Becker et al, used 2D speckle tracking imaging 
to assess regional LV function. They compared a healthy 
group with a group of patients with previous myocar-
dial infarction. They assessed radial and circumferential 
strains, and tried to distinguish between normokinesis,  

Figure 7. Assessment of the main principal strain axes by two-dimensional speckle tracking in a healthy volunteer: A) radial, B) circumfer-
ential, and C) longitudinal axis. The first column represents measurement of strain in each main principal strain axis; the second column 
represents measurements of strain rate, and the third column tissue velocity. 
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hypokinesis, and akinesis based on the 16-segment Ame-
rican Heart Association model. All subjects underwent 
cardiac magnetic resonance imaging (CMRI). They found 
excellent correlation between the values obtained for 
peak radial and circumferential strains and the visual 
assessment of the MRI images. The sensitivity and spe-
cificity of this technique in the detection of dyssynergy 
were 83.5%. Furthermore, they demonstrated that this 
technique had good inter- and intra-observer variability 
when both measurements were performed using the same 
cardiac cycle.47 Even in acute clinical settings, such as 
myocardial infarction, this technique seemed to be of va-
lue in detection of transmurality and infarct size, systolic 
recovery after reperfusion, and diastolic dysfunction.48-49 
Other groups centered their attention on ventricular tor-
sion mechanics and compared it with tagged magnetic 
resonance imaging (MRI). The results of these studies de-
monstrated concordance in the estimation of LV torsion 
between speckle tracking and tagged MRI and made the 
assessment of LV rotation and torsion available in clinical 
cardiology.50,51 Furthermore, some groups have investiga-
ted its utility in evaluating diastolic dysfunction in diffe-
rent clinical settings.52,53 Additionally, two-dimensional 
speckle tracking enables the assessment of LV dyssynchrony 
and is a valuable tool to identify potential responders to 
cardiac resynchronization therapy.54

Torsion-twist: Left ventricular torsion is a critical 
component of cardiac biomechanics because it is impor-
tant for normal ejection and suction and is a feature of 
the normal spread of excitation and connections among 
fibers. The human heart has a specific helical arrange-
ment of the myofibers with a right-hand orientation from 
the base toward the apex in the endocardial layers and 
a left-hand orientation in the epicardial layers.55 In systole, 
the LV apex rotates counterclockwise (as viewed from the 
apex), whereas the base rotates clockwise, creating a  
torsional deformation originating in the dynamic inte-
raction of oppositely wound epicardial and endocardial  

myocardial fiber helices. The difference between apex 
and base in the rotation angle is called twist and contribu-
tes significantly to LV ejection, in addition to myocardial 
shortening and thickening. It also has an important role 
in diastole since it contributes to diastolic suction in the 
early phases of ventricular filling in a process called unt-
wist. Left ventricular torsion can be quantified by speckle 
tracking echocardiography. By measuring apical and basal 
rotation from LV short-axis recordings, twist has been ex-
plored in both clinical and experimental studies56,57 (Fi-
gure 8).

Three-dimensional speckle tracking echocar-
diography 
The interpretation of echocardiographic images requires 
a complex mental integration of different planes to un-
derstand anatomic structures and physiologic functions. 
Two-dimensional speckle tracking echocardiography and 
tissue Doppler imaging are limited to two-dimensional 
analysis (Figure 9).

The recent development of ultrasound systems with 
the capability to acquire real-time full volume data of the 
whole left ventricle makes it possible to perform speckle 
tracking in three dimensions, and thereby track the real 
motion of the myocardium. Instead of using two-dimen-
sional templates to view two-dimension movement, cubic 
templates allow motion analysis of the entire ventricle in 
three-dimension.58,59 As a consequence, three-dimensio-
nal speckle tracking is emerging as a new instrument that 
can be used for regional wall motion analysis of the entire 
left ventricle, allowing acquisition and evaluation of real 
three-dimensional indices and wall motion accurately.60 

Three-Dimensional speckle tracking takes into account 
the motion of the cardiac wall not only in a concrete plane 
(radial, longitudinal, circumferential, and transversal) 
but also in three dimensions. The rationale for this is that 
from only one apical position, the entire ventricle may be 

Table 1. Comparison of Tissue Doppler Imaging and Speckle Tracking Echocardiography techniques.

Tissue Doppler Imaging Speckle Tracking Echocardiography

Advantages High frame rates (good temporal resolution)
Online or Offline analysis 

Angle Independent
Deformation is evaluated in two dimensions
Regional and global strain can be assessed

Less influenced by artifacts
More reproducible

Semi-automated processing

Disadvantages Highly angle dependent
Deformation assessment in one dimension

Size and placement of sample volumes done 
manually

Strain derived from tissue velocity 
Apical segments difficult to interpret

Can only measure regional strain
No equivalent to STE’s global strain

Lower frame rates (Lower temporal resolution)
Needs excellent image quality for adequate tracking

Lower spatial resolution than TDI 
Tracking affected by out of plane cardiac motion

Lateral resolution more limited than axial resolution
Automatic tracking must be manually confirmed for each 

segment
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analyzed; a 90 × 90° triggered full volume is obtained and 
the echocardiographer does not need to change to dif-
ferent positions to obtain different planes61 (Figure 10). 
That is why the three-dimensional format more closely 
represents reality and better accuracy than the two-di-
mensional format.62

Clinical application: Three dimensional speckle track-
ing is a recent modality and its clinical application is cur-
rently being evaluated. In an early work with 3D speckle 
tracking echocardiography, Pérez de Isla et al, studied 
30 patients with different pathology (namely, coronary 
artery disease, diabetes mellitus, hypertension, and  

Figure 8. Above: Assessment of rotation by two-dimensional speckle tracking at the level of the base A) and apex, B) the figure at the right 
bottom, C) shows the rotational direction at base (red arrow) and apical (green arrow) levels of the left ventricle, and the plot, D) corresponds 
to their representation through the cardiac cycle and their relation with cardiac twist.

Figure 9. Tracking in Two-dimensional images is affected by out of plane cardiac motion.



José Antonio Arias Godínez et al122

hyperlipidemia), and they found that this technique was 
able to quickly and accurately evaluate cardiac deforma-
tion in its three main vectors when it was compared with 
2D speckle tracking imaging.61 Saito and coworkers per-
formed further research measuring radial, longitudinal, 
and circumferential strain in a normal population and 
comparing it with 2D speckle tracking. They concluded 
that 3D speckle tracking “is a simple, feasible, and repro-
ducible method to measure strain”. They also reported 
differences in strain measurements and time to perform a 
complete 3DSTE analysis compared with 2D speckle tracking 
results.60 Maffessanti et al recently published work explor-
ing the utility of this technique in normal populations and 
patients with cardiac disease (dilated myocardiopathy, 
coronary artery disease, myocardiopathy secondary to 
myocarditis and valvular disease), finding superiority of 
this technique with respect to 2D STE in regards to quan-
tification of global and regional function and detection 
of regional abnormalities.63 Three-dimensional speckle 
tracking echocardiography is a promising technique that 
has the advantage of measuring real myocardial function 
compared with conventional 2D speckle tracking echocar-
diography. Currently 3D STE is being applied in the clinical 
field by several groups around the world.64,65 Examples of 
the current clinical applications of 3D speckle tracking 
are demonstrated in Figure 11.

Current limitations of speckle tracking echo-
cardiography
The dependence of speckle tracking echocardiography on 
frame-by-frame tracking of the myocardial pattern makes 

Figure 10. Using a full 3D template, the software can track the complete speckle’s movement through the cardiac cycle, avoiding out of 
plane cardiac motion.

it dependent on image factors including reverberation ar-
tifacts and attenuation; technical proficiency remains im-
portant in image processing: (1) misplacing points at the 
time of tracing endocardial borders might result in appa-
rent wall motion abnormalities and misleading outcomes 
or result in poor tracking, (2) excessive region of inter-
est width (e.g., including the pericardium) might have an 
adverse influence on tracking quality, and (3) insufficient 
region of interest width might increase the variability of 
strain by compromising the reproducibility of these mea-
surements. In three-dimensional speckle tracking, the num-
ber of beams needed in full-volume acquisition of the left 
ventricle limits its frame rate (commercial systems are 
currently able to assess full volume images of the left ven-
tricle at a rate of about 20 to 30 frames per second)46,66 

resulting in low temporal and spatial resolution (Table 1 
Advantages and Disadvantages of Speckle Tracking). Fur-
ther improvement of spatial and temporal resolution of 
3D STE is likely to overcome these drawbacks. As speckle 
tracking echocardiography evolves and becomes familiar, 
it will be mandatory to ensure standardization of termi-
nology, steps in data acquisition, and optimal training to 
increase data accuracy and reproducibility.

Conclusion
A developing body of evidence suggests that assessment 
of LV mechanics by tissue Doppler imaging and speckle 
tracking echocardiography offers valuable information 
in several clinical scenarios. Understanding such events 
could provide novel insight into the mechanisms of LV dys-
function, and may have the potential to identify subtle 

3D Speckle Tracking



From tissue Doppler imaging to three dimensional speckle tracking of left ventricle 123

changes in LV mechanics in patients with subclinical myocar-
dial dysfunction. With the advent of 3D echocardiogra-
phy, three dimensional speckle tracking is emerging as a new 
tool that combines the usefulness of myocardial motion 
tracking with a better integration of the anatomic structu-
res and physiologic function of the heart. The evidence 
for the utility of this tool is growing and offers valuable 
advantages over TDI and two dimensional speckle trac-
king echocardiography, holding the promise for a better 
understanding of the mechanisms of LV dysfunction and 
tracking the impact of current and future therapies. 
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