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AB S TRAC T
Background: Left ventricular (LV) torsion angle is a key parameter of cardiac performance but is difficult to measure. The purpose of this study is to describe a noninvasive
imaging method for the assessment of these complex cardiac motions.
Objectives: In this study, left ventricular torsion angle and normalized torsion angle
were estimated in the short axis view for healthy persons.
Patients and Methods: We acquired basal and apical short axis left ventricular LV images in the short axis view for 14 healthy men to estimate LV torsion angle by echo tracking under a block-matching (BM) algorithm. By extracting the instantaneous changes
in total displacement vector in the short axis view throughout a cardiac cycle, we calculated the instantaneous rotation and torsion angles in the short axis view. To account for
differences in heart size, normalized torsion was calculated based on the radius of both
the apical and basal slices in the end diastolic frame.
Results: Apical and basal rotation was measured from short axis images by automatic
frame-to-frame tracking of grayscale echo patterns. The vertical and horizontal displacements of the apical level were more than those of the basal level. All data are expressed
as mean ± standard deviation (SD). Data was tested for normal distribution and homogeneity of variance by the Kolmogorov-Smirnov test (K-S) and Levene’s test respectively.
The peak rotation angles of the basal and apical levels and LV torsion angle in the short
axis view were 8.0 ± 1.6°, 9.5 ± 1.8°, and 17.3 ± 2.5°, respectively. The normalized torsion was
calculated as 7.8 ± 1.3°, based on the basal maximum radius, the apical maximum radius,
and the distance between the apical and basal levels.
Conclusions: We conclude that the normalized torsion angle is an important biomechanical parameter, because it is independent of heart size and distorted geometries in
pathological ventricles.
Copyright c 2011 Kowsar Corp. All rights reserved.

Implication for health policy/practice/research/medical education:
The importance of measuring LV rotation lies in its potential for early detection of pathology and the ability of torsion techniques
to provide regional information. In this study, a non invasive imaging method available for the assessment of these complex cardiac
motions was described.
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1. Background
Through recent developments in echocardiography,
we can quantify myocardial motion and deformation (1).
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Heart torsion is one of the biomechanical parameters
that are sensitive to changes in regional and global left
ventricular function (2). Left ventricular (LV) torsion
occurs because cardiac myocytes branch and interconnect with neighboring myocytes in axial tracts, which
are longitudinal strands supported within a matrix of
fibrous tissue. These grains spiral from the apex to the
base about the LV in helical arrangements, resulting in
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a complicated, 3D twisting motion during systole and
an unwinding motion during early diastole. This structural arrangement is believed to be both energetically
optimal and important for equal redistribution of LV
stresses and strains. In LV torsion, the motion of the apex
and base is described conventionally from an apex-tobase view down the longitudinal axis of the left ventricle,
with clockwise rotations measured in negative degrees
and counterclockwise rotations measured in positive
degrees. When isovolumic contraction (IVC) begins, the
apex initially rotates clockwise as the subendocardial
myofibers shorten, but then, apical rotation reverses and
becomes counterclockwise for the duration of systole
as forces that are generated by subepicardial myofibers
predominate. The magnitude of basal rotation is significantly less than that of apical rotation. When IVC begins,
the base undergoes a brief counterclockwise motion due
to subendocardial fiber shortening, which is followed by
a sustained clockwise rotation for the rest of systole as
subepicardial myofibers predominate. LV torsion is the
sum of the magnitude of apical and basal rotations during systole, expressed in degrees or radians (3-5).
Left ventricular torsion during systole stores potential energy, causes uniform distribution of stress, and
equilibrates myocardial fiber shortening. Systolic twist
keeps the high intraventricular systolic pressure to a
minimum; therefore, myocardial energy consumption
will be limited (6). Different methods, such as implanted
radiopaque markers, biplane cine angiography, sonomicrometry, optical devices, magnetic resonance imaging,
and echocardiography, have been used to measure left
ventricular torsion in the short axis view (2, 7-9).
Motion profile can be achieved by tracking echo patterns, frame by frame, in the cardiac cycle. Speckle tracking imaging, which is based on a BM (block-matching ) algorithm, is one of the approaches for estimating motion
in cardiac muscles. In a block-matching algorithm, it is
assumed that the pixels within the compact block have
similar motions and that the motion vectors that are assigned to the compact block are the average of motion
vectors of pixels within the block (10-13). The purpose of
this study is to describe a noninvasive imaging method
to assess these complex cardiac motions.

2. Objectives
In this study, left ventricular normalized torsion angle
was estimated in the short axis view in healthy persons.

3. Patients and Methods
Torsion angle (γ) is measured most easily as the maximum angle attained during systole between apical (α)
and basal (β) short axis slices rotating in opposite directions (see Figure 1):
      γ = α - β (1)
Measurement of left ventricular torsion in the short
axis view by motion detection that is based on echo tracking by BM algorithm was performed. Motion vectors in
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the cardiac cycle in the septal region were extracted by
running the BM algorithm on consecutive frames. In the
short axis view, we could extract displacement in the X
and Y directions. After detecting the center of the basal
and apical levels in the end diastolic frame and motion
vectors in the X and Y directions in the cardiac cycle, rotation angles in the short axis view at the basal and apical
levels were extracted.
The problem with this method arises from non-uniform slice selection. Therefore, it is critical to use the
same basal and apical slices when measuring and comparing torsion in the same patient on two dates.
In this work, basal and apical levels were defined in
the short axis view at the mitral valve and distal level of
Lwithout visible papillary muscles, respectively. Given
the heterogeneity in papillary muscle prominence and
apical trabeculation in humans and distorted geometries in pathological ventricles, this may not always be
possible. To solve this problem, torsion can be normalized by dividing it by the distance between the selected
apical and basal slices in the diastolic frame (h), which is
in degrees per centimeter. To account for differences in
heart size, normalized torsion can also be adjusted to include the radius of both the apical (Rapex) and basal (Rbase)
slices in the end diastolic frame as apex rotation arc and
base rotation arc:

α × Rapex - β × Rbase
h

γ=
			

(2)

ie, γ, α, and β are the torsion, apical rotation, and basal
rotation angles in degrees, respectively. In this study, we
assessed left ventricular torsion in short and long axis
planes of 14 healthy men aged 46 ± 5 years. They did not
have any history of heart disease, such as myocardial infarction, ventricular arrhythmia, and heart failure, and
they were selected based on the Framingham study (14,
15); thus, all healthy subjects had a normal physical examination, ECG, and echocardiography. Systolic and diastolic blood pressures were recorded in the left radial artery in the supine position using a semiautomatic device
(Riester 0124, Germany) prior to the echocardiographic
studies. This study was approved by the ethics committee of Tarbiat Modares University.
All echocardiography studies were performed with a Vivid7 digital ultrasound scanner (GE, Milwaukee, WI, USA),
equipped with an M3S transthoracic sector transducer
with harmonic capability (1.5-4.0 MHz). The images were
acquired with the subjects at rest and lying in the lateral
decubitus position. Two-dimensional ECG images were
superimposed on the images, and end diastole was considered at the peak R-wave of the ECG. The left ventricular
end diastolic/systolic volumes (VED/VES), the distance between the selected apical and basal slices in the diastolic
frame (h), and the radius of both the apical (Rapex) and basal (Rbase) slices in the end diastolic frame were measured
in the short and long axis views of LV, and left ventricular
ejection fraction (LVEF) was calculated using Simpson’s
biplane method by measuring end diastolic and end
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systolic volumes in 2D images. 2D echocardiography
was performed using the standard parasternal short axis
view according to the guidelines of the American Society
of Echocardiography (ASE) (16, 17).
For each subject, we scanned basal and apical levels in
the short axis view using a high-frame-rate (60 frame/s)
harmonic B-mode with transmitted and received frequency of 1.7 MHz and 3.4 MHz, respectively. Then, echocardiographic images of the short axis view at the mitral
valve and apex planes were scanned throughout the four
cardiac cycles and stored digitally in cine loop format in
the memory of the scanner and transferred to a PC for
postprocessing.
In this study, echo tracking in the consecutive frames
was estimated by BM algorithm (17, 18). In the BM algorithm, given a block of pixels or reference block in the
current frame, matching comprises finding the block in
the next frames that best matches the block in the reference frame. The displacement vector is estimated by
matching the information content of a measurement
window with that of a corresponding measurement
window within a search area, placed in the previous
frame. The data were then exported to MATLAB for image
processing in MATLAB, version 7.0.1 (Math Software Co.,
Mathworks, USA). Pixel size in the digitized ultrasound
image was 0.4 mm. The algorithm mentioned above was
run to measure the instantaneous changes in the septal
myocardial wall at the basal and apical levels relative to
the probe in the short axis view for 10 runs. A repeatable
error of less than 10% was accepted.

The instantaneous myocardial wall changes were extracted by calculating the difference between instantaneous changes of the septal wall between end diastolic
phase with end systolic phase with a temporal resolution
of 17 ms. Motion vector (Cartesian coordinates according to frame number) of the ROI in the horizontal and
vertical directions was obtained. Total myocardial wall
displacement was calculated based on displacements in
the horizontal and vertical directions. According to the
recorded electrocardiogram and motion vectorswhich
were accessed through the BM algorithm, the end diastole frame was extracted. Then, the center of the left
ventricular in the short axis view was determined. In this
study, we assumed that the central displacement in the
cardiac cycle between the consecutive frames was ignorable. All data were expressed as mean ± SD (standard deviation ). After verifying the normality and homogeneity
of the variables, the paired sample t-test was performed
with a 95% confidence interval (P <0.05). Comparison of
differences in the values was performed by paired samples t-test. Results were considered significant when the
probability value was < 0.05. To evaluate the method, the
percentage of the coefficient of variation was calculated.

4. Results
The demographic and echocardiographic measures of
14 subjects (46 ± 5 yr) are given in Table 1 as mean ± SD.
The subjects were comparable with regard to age, heart
rate, body mass index (BMI), systolic and diastolic blood

Table 1. Mean ± SD of Demographic and Echocardiographic Measures of the Subjects

Variables

Amounts, mean ± SD

BMI: Body mass index, kg/m2

25 ± 2

Heart rate, beats/min

72 ± 8

Diastolic blood pressure, mmHg

80 ± 10

Systolic blood pressure, mmHg

113 ± 10

Interventricular septal diastole thickness, mm

11.9± 0.8

Posterior wall thickness, mm

11.1 ± 1.1

End systolic volume, mL

30.7 ± 7.4

End diastolic volume, mL

80.0 ± 14.7

Stroke volume, mL

49.2 ± 9.5

Fractional shortening, FS%

37.0 ± 6.3

Cardiac output, mL/min

3339.1 ± 759.0

Left ventricular ejection fraction, LVEF%

61.6± 5.6

Table 2. The Mean and Standard Deviation of the Basal Maximum Radius, the Apical Maximum Radius, the Distance Between Apical and Basal Levels (LV
Length), Rotation Angles of Basal and Apical Levels and so LV Normalized Torsion Angle (Degree) in Short Axis View

Basal Radius,
mm

Apical Radius,
mm

LV Length ,
mm

Basal Rotation Angle,
degree

Apical Rotation Angle,
degree

Normalized Torsion Angle,
degree

21.59 ± 1.06

17.73 ± 2.08

88.45 ± 7.35

7.96 ± 1.57

9.49 ± 1.71

7.80 ± 1.27
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pressure, left ventricular end diastolic/systolic volumes,
interventricular septal diastole thickness, and posterior
wall thickness measured in the long axis view of the left
ventricle. Also, left ventricular ejection fraction (LVEF
%) was calculated using Simpson’s biplane method by
measuring end diastolic and end systolic volumes in 2D
images. The global echocardiography parameter values—
stroke volume, fractional shortening, cardiac output,
and left ventricular ejection fraction—suggested that

Figure 3. Mean and Standard Deviation of the Vertical and Horizontal
Displacements (mm) of LV Myocardial Septal Wall in Basal and Apical Levels at Short Axis View for Healthy Subjects.

Figure 4. The LV Basal and Apical Rotation Angles and so Torsion Angle
(Degree)

Figure 1. Rotiation Angle in Left Ventricular Chamber

In short axis view during a cardiac cycle for one of the subject. The temporal resolution is 17 ms.

Figure 2. The Instantaneous Changes of the Vertical Displacement (Pixel) Relative to Horizontal Displacement (Pixel) of; a) Basal and, b) Apical
Levels in Short Axis View Throughout Four Cardiac Cycles for one of the
Subject; Extracted by Block Matching Algorithm.
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Figure 5. The Mean and Standard Deviation of Maximum Rotation Angles of Basal and Apical Levels and so LV Torsion Angle in Short Axis View
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subjects had healthy cardiac function without any heart
disease symptoms.
For one of the subjects, the myocardium wall displacement waveforms at each frame using block matching are
shown in Figure 2 (a, b). In this figure, the instantaneous
changes of the vertical displacement (pixel) relative to
the horizontal displacement (pixel) of the basal and apical levels in the short axis view are presented throughout
four cardiac cycles. Maximum displacement values of
left ventricular myocardial septal wall in the basal and
apical levels in the vertical and horizontal directions of
the short axis view were estimated throughout four cardiac cycles by the BM algorithm for 14 healthy subjects.
The mean and SD of the results are presented in Figure 3.
The results of the vertical and horizontal displacements of the apical level were more than the basal level
than expected, because the LV apical level had more rotation relative to the basal level. All data are expressed
as mean ± standard deviation (SD). Data was tested for
normal distribution and homogeneity of variance by the
Kolmogorov-Smirnov test (K-S) and Levene’s test respectively.
Extracting the instantaneous changes in total displacement vector in the short axis view throughout a cardiac
cycle using the BM algorithm and, thus, the center of the
desired levels in the end diastolic phase frame, we calculated the instantaneous changes in the rotation and torsion angles in the short axis view. For one of the subjects,
the LV basal and apical rotation angles and torsion angle
in the short axis view are shown in Figure 4.
The mean and standard deviation of the maximum
rotation angles of the basal and apical levels and LV torsion angle in the short axis view are shown in Figure 5 for
healthy subjects. To account for differences in heart size,
normalized torsion was calculated based on the basal
maximum radius, the apical maximum radius, and the
distance between the apical and basal levels. The results
are presented in Table 2. Torsion, as calculated in most
echocardiographic studies, does not include adjustments for maximum apical and basal radii. Therefore,
torsion measured by this method is directly related to
the circumferential-longitudinal shear angle and appeared to have distorted geometries in pathological ventricles; this parameter may be important.

5. Discussion
Torsion angle is one of the biomechanical parameters
that have attracted the attention of many researchers
recently. The right-handle helix of the inner layer and
the left-handle helix of the outer layer cause two torques
on the two layers. Torque differences in systolic induce
counterclockwise and clockwise rotations in the apical
and basal systems, respectively (19). LV torsion meets its
peak at the near end systolic and varies with changes in
preload, afterload, and contractility; therefore, extraction of LV torsion is a cornerstone parameter of systolic
function (6). Early strategies in measuring torsion were
invasive, such as tracking the motion of metal markers
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implanted in animals and transplanted human hearts by
biplane cine radiography (20, 21). However, more recent
studies have reported noninvasive methods based on imaging modalities that can also quantify LV torsion with a
high degree of accuracy.
Echocardiography is a safe and cost-efficient method
of assessing cardiac anatomy and function. Twist angle
was an early echo-based method, in which the motion
of anatomical landmarks, such as the papillary muscles,
was tracked over the cardiac cycle in a single short-axis
slice (22, 23). Tissue Doppler imaging (TDI) is a unidimensional approach for calculating torsion from myocardial
velocities at both the apex and base short-axis planes. Notomi et al. (24) showed that TDI can accurately measure
LV rotational velocity with higher temporal resolution
than MRI (25). As with any Doppler technique, the angle
dependency of myocardial tissue velocity data is a limitation. Therefore, 2D speckle tracking imaging (STI) was
proposed, which is independent of angle dependency
factors (13). The speckle patterns within tissues are one of
the characteristics of static B-mode echo imaging. These
speckles are the result of constructive and destructive
ultrasound interference backscatter from anatomical
structures smaller than the wavelength of ultrasound.
However, it is difficult to track the 2D motions of the
myocardium using a speckle-tracking algorithm. The reported assessment of left ventricular torsion by speckle
tracking depends on tissue motion from an isolated 2-dimensional plane, whereas myocardium has 3-dimensional motion; thus, some of the speckles might be lost from
the view by intra-planar motion, particularly at the basal
level. Then, the speckle-tracking algorithm can not trace
the desired speckle pattern. But, using an echo tracking
algorithm, it seems that we can trace motion with better
accuracy. Therefore, in this study, we used echo tracking
software that is able to use a block-matching algorithm
for detecting echo patterns of images.
The alternative method for estimating motion proposed here is based on 2-dimensional echo tracking using time domain processing, an approach that should be
independent of both cardiac translation and angle dependency. Success in the current study appears to derive
from several factors, including the use of high-quality
second-harmonic images that are acquired at high frame
rates and are stored digitally in the original raw (scan
line) format for analysis.
There are, however, several shortcomings to the current approach. The echo tracking algorithm analysis is
inherently dependent on the 2-dimensional echo image
quality. Although speckle tracking has been reported
previously (13, 24), all of these methods have inferred tissue motion from isolated 2-dimensional planes, whereas
this motion is actually 3-dimensional, which might remove some of the speckles from view by through-plane
motion, particularly at the basal level. However, we tried
to define each slice by anatomical landmarks of the LV,
with characterized echo pattern. Therefore, efforts to
combine the use of echo tracking technology with 3D
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echo are in the preliminary stages. Our study only investigated the changes in LV myocardial septal wall rotation
and torsion in the short-axis view. If the images could be
scanned with a better spatial resolution, it would be possible to study other segments of the myocardial wall. Because the frame rate in the images was not high enough,
we could not evaluate clockwise rotation of the apex or
counterclockwise rotation of the basal in the isovolumic
contraction phase. In evaluating torsion angle in the
short-axis view, we assumed that the short axis plane of
the LV had a circular geometry, but because of a curved
posterolateral wall and flat antrerior wall, the short axis
plane does not have a circular shape (11). Also, torsion
angle is a nonlinear function of ventricular length, and
thus, angle magnitude depends on the place of reference
levels; because choosing the reference levels in the same
level in all subjects in the short axis view is difficult, torsion magnitude in the short-axis view has some variance
between studies.
According to the statement above, we studied torsion
angle on the short axis view. The vertical and horizontal
displacements of the apical level are more than those of
the basal level than expected, because the LV apical level
has more rotation relative to the basal level. To account
for differences in heart size, normalized torsion was calculated based on the maximum basal radius, the apical
maximum radius, and the distance between the apical
and basal levels. The normalized torsion angle and torsion angle for healthy subjects were 7.80 ± 1.27 and 17.26
± 2.53 degrees, respectively. The percentages of the coefficient of variation (CV %) of the normalized torsion angle
and torsion angle were 16% and 15%, respectively.
Our study investigated the changes in LV myocardial
septal wall rotation and the torsion in the short axis view,
extracted with an echo pattern tracking algorithm. We
conclude that echo pattern tracking is new method for
motion detection in left ventricular to estimate torsion
and rotation angles in the short axis view. It appears that
the normalized torsion angle is a better biomechanical
parameter than torsion angle, because it is independent
of the heterogeneity in papillary muscle prominence
and apical trabeculation in humans and distorted geometries in pathological ventricles.
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