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Abstract 
This Article provides simplified, easy-to-understand descriptions of the 
echocardiographic software used in conjunction with different echocardiography 
machines, such as those from Toshiba, Philips, GE, and Siemens, and explains how 
these sophisticated systems can best be used to exploit fully their ability to deliver more 
precise diagnoses and assist in treatment choice and follow-up. A variety of 
applications are covered, with presentation of algorithms and highlighting of tips and 
tricks. It will be of value for cardiologists, other interested clinicians, those pursuing 
fellowships in echocardiography, and sonographers; it will also be highly relevant for 
biomedical engineers, bio-mathematicians, computer scientists, and researchers in 
medical physics. There would be enormous clinical benefits of any non-invasive 
technique to estimate the true level of wall abnormal motions. Strain and strain rate are 
deformation measures. If different components of an object have different velocities, 
the object shape may be changed. In this article, we mentioned the left ventricular 2-
dimensional strain in normal hearts for each different type of strain methods from 5 
echocardiography machines and we have also introduced MATLAB software as an 
echocardiography desk.. 
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INTRODUCTION

Mathematics has made contributions to many fields, 
such as physics, engineering, computer science, 
medicine and economics. If we could provide a 
methodology that could have the ability to accurately 
predict the magnitude of myocardial diseases similar to 
the exactitude of more invasive methods, then it would 
certainly say that we have a winner application. Using 
non-invasive (and less expensive) procedures to make 
such critical diagnoses would be of huge relevance. 
There would be enormous clinical benefits of any non-
invasive method to estimate the true level of wall 
abnormal motions (like ischemic heart diseases), such 
as avoiding an invasive study like cardiac catheterization 
with all its risks, the ability to repeat it on demand (serial 
measurements every 6 months or 1 year) which cannot 
be done with a cardiac catheterization and expenses 
(probably the most important) for an outpatient would 
be extremely low. 
The parameter "strain" can be calculate via altered 
mathematical techniques, for example tissue Doppler 
imaging (TDI) joint with velocity gradient (VG), 
Speckle tracking- end 7 points, speckle tracking (ST), 

Speckle tracking collective with TDI, 2-dimentional 
(2D) base strain (Speckle tracking united with velocity 
vector imaging (VVI)) and left ventricular (LV) 
modeling as a polygon shape combined with Speckle 
tracking and even simple M-mode is able to quantity a 
special kind of strain. Therefore the value of strain be 
governed by on how one processes the strain and what 
thoughtful of strain is meant (Longitudinal, Radial, 
Circumferential strain etc.). The following review 
provides a general overview of the currently available 
imaging techniques that enable strain measurements 
based on the available literature and on-going works [1-
3]. This manuscript also introduces a reference value for 
strain, in healthy subjects, which is worthwhile in future 
basic and clinical research by the 5 specified software 
packages and MATLAB environment. 
Different mathematical algorithms to quantify LV 2D 
strains: 
1- Tissue Doppler imaging algorithm based on 
ultrasound method combined with velocity gradient 
(TDI-VG) [4]: 
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- Echocardiographic images are acquired from LV short 
axis and apical views. 

- The region of interest 𝐿1 in the left ventricular 

myocardium is manually tracked with velocity 𝑉1 

- After passing time t the search region  𝐿2 is detected by 

speckle tracking software with velocity  𝑉2 (Fig 1). 

- Let 𝐿 be the distance between 𝐿1 and 𝐿2 then strain 

rate (𝜀′ ) of 𝐿1 at time t is formulated using TDI-VG 
method by the following way: 

𝜀′(𝐿1, 𝑡) =
𝑉2(𝑡) − 𝑉1

𝐿(𝑡)
 

- The strain magnitude of the region of interest 𝐿1 at 
time t is: 

𝜀(𝐿1, 𝑡) = ∫ 𝜀′(𝐿1, 𝑢) 𝑑𝑢
𝑡

0

 

 

 
Figure 1: The TDI-VG based Method to obtain Strain by Time 

Integrating the Strain Rate Curve. 𝑉1, Velocity at the Region of 

Interest 1; 𝑉2, Velocity at the Search Region 2; L, Distance between 1 

and 2 Regions. 

 
2- Speckle tracking combined with end-7 points 
algorithm (ST-end 7 points) [5-9]: 
- Echocardiographic images are acquired from LV short 
axis and apical views. 
- Seven known constant points are automatically traced 
in the left ventricular myocardium by speckle tracking 
software (Fig 2). 
 

 
Figure 2: The ST-end 7 Points based Method to Obtain Strain by 

Displacement Tracking of 7 Points (1-7) per a Cardiac Cycle. 

 

3- 𝑗𝑛; Search regions of the ith point at time 𝑡𝑛 in the n-
th frame (Fig 3). 

- 𝐿𝑛,𝑡𝑛
′𝑠; Distances between ith point and 𝑗𝑛 

corresponding to time 𝑡𝑛. 

- Strain value of the ith point at time 𝑡𝑛 : 

𝜀(𝑖, 𝑡𝑛) = ∑(𝐿𝑘+1, 𝑡𝑘+1, − 𝐿𝑘,𝑡𝑘  )/𝐿𝑘,𝑡𝑘 

𝑛−1

𝑘=1

 

 

 
Figure 3: The Only Speckle Tracking Method to Obtain Strain by Searching the Region of Interest Frame by Frame through a Cardiac Cycle. dX, 

Speckle Displacement from Frame n to Frame n+1 along X-Axis; dY, Speckle Displacement from Frame n to Frame n+1 along Y-Axis.  

 
4- Speckle tracking combined with TDI algorithm (Fig 
4) [10, 11]: 
- Echocardiographic images are acquired from LV short 
axis and apical views. 
- Let A is an arbitrary region of interest which is traced 
manually. 
- B to N, search points that are automatically tracked by 
the speckle tracking software. 

- 𝐿𝑛, the change of length from point A to N in the n-th 
frame. 

- 𝑇𝑖′𝑠 , time corresponding to the search points. 

- 𝐿𝐴𝑁,𝑛, the specified area corresponding to N at TDI 
velocity gradient diagram in the n-th frame. 

- Strain value of the point A at tim𝑇𝑖  is measurable by the 
following formula: 
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𝜀(𝐴, 𝑇𝑖) = ∑(𝐿𝐴𝑁,𝑛(𝑇𝑖)

𝑖

𝑛=1

− 𝐿𝐴(𝑁−1),𝑛−1(𝑇𝑖−1))

/𝐿𝐴(𝑁−1),𝑛−1(𝑇𝑖−1) 
 

 
Figure 4: The ST-TDI based Method to obtain Strain by Combining 

Speckle Displacements to TDI Displacements. A, Region of Interest; 

B to N, Search Points; 𝑇𝑖′𝑠, Time Corresponding to each Search 

Points; 𝐿1 to 𝐿𝑛, the Changes of Lengths from Point A to N; 𝐿𝐴𝐵, the 

Specified Area corresponding to 𝐿1. 

 

4- Velocity vector imaging algorithm (VVI) [12]: 
- Echocardiographic images are acquired from LV 4 
apical chamber (4C) views. 

- 𝐴1,𝑘’s; Regions of interests of the left ventricular 
myocardium that are manually divided to 13 points at 
4C (1th frame) ; k = 1,2,3,..,13 (Fig 5). 

 
Figure 5: LV Myocardial Region has been divided to 13 Points at a 4C 

View. 

 
5- Considering perpendicular lines crossing each 
divided points (k=1, 2, 3,..., 13) (Fig 6) 

 

 
Figure 6: Perpendicular Lines crossing each 13 Points 

 

 
Figure 7: Red Points are corresponding Geometrical Points to 

Material Points of LV Myocardium. Material Points are usually 

selected as Contact Points in the Myocardium. 

 
 

- 𝐴2,𝑘 ; New points are automatically identified from the 
intersection between perpendicular lines and the second 
frame (k=1, 2, 3..., 13) 

- 𝐴𝑖,𝑘; New regions by the same procedures at last steps 
for the i-th frame (from 1-th frame to ith frame). 

- 𝑇𝑖; Time corresponding to ith frame. 

- 𝑙𝑖+1,𝑇𝑖,𝑘
; Distances between  𝐴𝑖+1,𝑘  and 𝐴𝑖,𝑘  

corresponding to 𝑇𝑖  for each k=1,2,3,…,13. 

𝐴1,𝑘,𝑇𝑖+1=𝑗=1𝑗=𝑖+1𝑙𝑗+1,𝑇𝑗+1,  𝑘−𝑙𝑗,𝑇𝑗,  
𝑘𝑙𝑗,𝑇𝑗,  𝑘−Strain value of points 𝐴1,𝑘 for each k at 

time 𝑇𝑖+1 
5- Speckle tracking combined with LV as a polygon 
shape (a 4D= 3D+1D strain which its 3D is due to left 
ventricle as the polygon modeling and 1D is over the 
time) algorithm [13]: 
- Echocardiographic images are acquired from LV short 
axis and apical views. 
- The regions of left ventricular myocardium are divided 
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to 7 points and 4 points at 4C and SX views respectively. 
- Myocardial point connections together can be realized 
by a polygon (Fig 7). 

- Speckle tracking method applied to reconstructed LV 
as a polygon (Fig 8) 

 
 

 
Figure 8: A) The Left Ventricle as a Polygon Shape Modeling. B) Speckle Tracking Method applied to LV Polygon Shape. LV, Left Ventricle. 

 
 
Table 1: Left ventricular normal global strain components at 5 different modern echocardiography systems 

  Method GLLS GLRS GLCS 
E1 TDI-VG -18.33 ± 5.66 % 36.6 ± 10.2% -21.5 ± 5.7% 
E2 ST- end 7 Points –21.3 ± 2.1% 54.6 ± 12.6% –22.8 ± 2.9% 
E3 ST-TDI –18.9 ± 2.5% 36.3 ± 8.2% –22.2 ± 3.2% 
E4 ST-VVI -20.66 ± 4.0% 52.1 ± 9.6% -31.11 ± 5.8% 
E5 ST- LV as a polygon shape –19.9 ± 2.4% 51.4 ± 8.0% –30.5 ± 3.8% 

 
 

Different Ultrasound Machines applied to 
Computations of Left Ventricular Global Strains 
Different echocardiography systems can measure LV 
strain using above mathematical algorithms (1-5):  
E1 = Vivid 7, GE Healthcare system (TDI-VG). 
E2 = Vivid E9, GE Healthcare system (ST-end 7 
points). 
E3 = iE33, Philips Medical system (ST-TDI). 
E4 = Siemens Medical system (ST-VVI). 
E5 = Artida or Aplio, Toshiba Medical Systems (ST- LV 
as a polygon shape). 

MATLAB Software as an Echocardiography Desk 
One can also calculate the deformable indices by using 
MATLAB software offline in his or her personal 
computer. MATLAB is a sophisticated technical 
computing language and interactive environment for 
algorithm progress, data visualization, data analysis, and 
numeric computation. This software can easily be 
installed to your personal computer or laptop. 
MATLAB can be employed in a wide range of 
applications, including signal and image processing, test 
and measurement. It suffices to be imported 
echocardiographic images in MATLAB environment 
and to be used personally from related tools and 
commands into strain measurements. 

The Global Strain Values in a Normal Heart 
We have reviewed explicitly the left ventricular 2D strain 
in healthy subjects for each different type of strain 
methods from 5 echocardiography machines Table 1. 
 
GLLS, global longitudinal strain; GLRS, global radial 
strain; GLCS, global circumferential strain; ST, speckle 
tracking; LV, left ventricle, TDI, tissue Doppler 
imaging; VG, velocity gradient; VVI, velocity vector 
imaging; E1, Vivid 7, GE Healthcare system; E2, Vivid 
E9, GE Healthcare system; E3, iE33, Philips Medical 
system; E4, Siemens Medical system; E5, Artida or 
Aplio, Toshiba Medical Systems. 

CONCLUSIONS 

To conclude, the emphasis is on the most recent 
advances in software and emerging benefits. In addition 
to its clinical relevance, the highlights relevant links 
between cardiology and the basic sciences and should 
assist in promoting future novel research that will 
further advance the field. 
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