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Conventionally, measurement of ultrasonic marker, nuchal translucency or NT is accomplished by 

manual assessment in two dimensional ultrasound images for trisomy 21 early detection. Nonetheless, 

the efficiency of 2D measurement depends heavily on the image position and any deviation will prompt 

inaccurate measurement. Therefore, in this paper we proposed the reconstruction, visualization and 

measurement of nuchal translucency using three dimensional approaches for real time computation. 

Open-source visualization toolkit VTK was implemented for 3D interactive graphics supports. The 

methodology entails the virtual slider cutting plane to explicit the internal structure of ultrasound 

marker. It is concluded in our findings that 3D measurements of nuchal translucency provide higher 

accuracy and consistency of thickness measurement. 
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INTRODUCTION  
 
With continuous improvement of ultrasound equipment 
and innovative technology in current research and 
development, real-time three-dimensional (3D) ultra-
sound technology has been widely used in clinical 
research and diagnosis, particularly in prenatal care 
aspects. In late 1980's, 3D ultrasound imaging becomes 
reality due to the rapid development of computing 
technology in terms of both hardware and software. There 
are three different 3D ultrasound imaging formation, 
which includes surface rendering, transparent volumetric 
rendering and multi-planar imaging. Never-theless, the 
formations of these 3D ultrasound imaging are still heavily 
influenced by quality of the 2D image. Besides, the 
visualization techniques of 3D ultrasound imaging also 
include static  3D  ultrasound,  dynamic  3D Ultrasound  
and   real-time   3D   ultrasound.    Static   3D   ultrasound 
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is the formation with spatial resolution based on multiple 
2D image slices. Dynamic 3D ultrasound is the static 3D 
ultrasound intersection with time resolution. Real-time 3D 
ultrasound visualization can be achieved through a series 
of techniques. The common existing method is applying 
mechanical rotation of 2D transducer planar array, where 
the ultrasonic probe remained static and accesses the 3D 
volume data of subject interest directly. Nevertheless, the 
practical engineering of 2D planar array involves large 
number of array elements, each array element requires 
configuration to appropriate channels.Therefore, various 
issues remained unsolved in terms of technical 
complexity and the tradeoff of system cost.3D ultrasound 
technologies have been developed rapidly and gradually 
entering the clinical utility stage over the last decades. In 
early clinical studies, it focuses more on obstetrics and 
gynecology diseases; this is due to the unique anatomical 
and physiological characteristics in gynecological 
pathology.   In   present   study,   we   have   proposed    a  
3D     ultrasound      reconstruction     and       visualization 



  

 

 

 
 
 
 
for a specific ultrasound marker, namely nuchal 
translucency or NT, which is the important measurement 
parameter to assess the risk of trisomy 21 in early 
pregnancy. Measurements of NT were conducted in 3D 
spaces through the proposed state-of-art computerized 
algorithms. The proposed method has encountered the 
difficulty of current manual assessment method on using 
conventional B mode ultrasonic images. 3D visualization 
and measurement of ultrasound marker NT will improve 
the findings accuracy and consistency. The paper is 
organized as follows. Study of trisomy 21 and the specific 
ultrasound marker implemented in current studies were 
reviewed. Then we describe the proposed open-source 
visualization toolkit, VTK and its implementation on 3D 
ultrasound marker reconstruction and visualization. 
Followed by the performance of developed algorithms in 
3D volumetric modeling and NT measurement. Finally, 
we summarize with the conclusions of the study. 
 
 

Background 
 
Trisomy 21, also known as Down’s syndrome, is a 
congenital defect caused by an extra copy of 
chromosome 21 as compare to normal pair of 
chromosome. It was firstly reported (Down, 1866) and it is 
name after him as Down syndrome. The main 
characteristics of this syndrome are severe mental 
retardation, with a unique facial and body deformities 
(Wee and Supriyanto, 2010; Supriyanto et al., 2010; Wee 
et al., 2010a, 2010b). In actual life, patient with trisomy 21 
requires life-long care and supports from their families, 
which will definitely cause heavy burden in both mental 
and economic wise.  

The cause of trisomy 21 with an extra copy of 
chromosome is still unknown, but early researches have 
proved that it is highly associated with the ages of 
pregnant women. Unfortunately, there are no effective 
prevention and treatment measures for this disease until 
now. In recent years, ultrasound screening in first 
trimester of pregnancy provides the most effective way of 
chromosomal abnormalities screening. The application of 
ultrasound imaging to detect fetal abnormalities in early 
pregnancy has aroused great attention of genetic 
workers. Previous researches show that assessment of 
particular ultrasound markers offer promising non-
invasive method for fetal abnormalities detection, such as 
nuchal translucency, nasal bone, long bone biometry, 
maxillary length, cardiac echogenic focus and ductus 
venous (Nicolaides et al., 1999) (Figure 1). So far, 
measurement of NT thickness in the first trimester of  
pregnancy has been screening for trisomy 21, 18 and 
13(Snijders et al., 1998). However, the drawback of 
current   ultrasound    manual    measurement   technique 
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is restricted with inter and intra-observer variability and 
inconsistency of results (Chai et al., 2011a, 2011b, 2011c; 
Abuhamad, 2006; Pandya et al., 1995). Therefore, the 
proposed methods are aimed to encounter all the 
restriction earlier mention. The term nuchal translucency 
was coined by Niclaides and colleagues to describe the 
collection of fluid that is normally present behind the neck 
of the first trimester fetus. The stagnant fluids are 
obviously seen during 10 to 14 weeks gestation age, and 
then it will gradually decrease after 20 weeks and while 
making it difficult to detect the presence of key fold 
thickness.Fold thickness is a vital key marker to assess 
trisomy 21 of early pregnancy. 5 MHz or 3.5 MHz 
abdominal ultrasound probe was used to scan the 
abdomen of pregnant women, where distance between 
fetal neck and the membrane cervical spine soft tissue in 
sagittal plane were measured as NT thickness. It should 
be essentially careful not to confuse the amniotic 
membrane as the layer of NT. According to fetal medicine 
foundation (FMF), NT measures considered abnormal 
were 3 mm and above and with 64% sensitivity for 
trisomy 21 (Nicolaides, 1992). 

Based on the past research in Harris Birthright research 
centre for fetal medicine (Snijders et al., 1998), have 
coordinated the largest study to assess NT accuracy. It 
was conducted at 22 ultrasound centres in England on 
96,127 women who were 10 weeks to 14 weeks 
pregnant. The risk for trisomy 21 was calculated by 
multiplying the NT probability ratio by the prevalence of 
this trisomy at different maternal and gestational ages. 
The test was positive for 5% of the population which 
included 77% of the trisomy 21 cases (Kagan et al., 
2009). It has been proved that NT is the most powerful 
marker for trisomy 21 screening (Snijders, 1998). The 
importance of measuring NT as a screening tool can be 
evaluated from the fact that all over Europe, America and 
UK, NT measurement is included in their prenatal 
screening programs. 

According to national institute of health and clinical 
excellence (NICE) guideline the combined test, (NT, beta 
human chorionic gonadotropins and pregnancy 
associated plasma protein-A) should be offered to screen 
Down syndrome between 11 weeks and 13 weeks + 6 
days to all pregnant women (NICE, 2008). Besides, 
Cicero et al. (2003a, b) published the first large 
prospective trial of nasal bone assessment in a high risk 
population undergoing CVS to assess for trisomy 21. 
They deter-mined that absence of nasal bone during first 
trimester was associated with Down syndrome. Because 
of high likelihood ratio for Down syndrome with an absent 
nasal bone and similarly low negative likelihood ratio when 
nasal bone is present, the authors estimated that 
assessment of nasal bone would significantly improve the 
performance of first  trimester  ultrasonography  for  Down 
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Figure 1. Comparison of NT measurements with normal and abnormal fetal: (a) abnormal fetal 2.9 mm (b) normal fetal 1.7 
mm.  

 
 
 

syndrome (Rosen et al., 2005). Also, Kagan et al. (2009) 
have proved that assessment of fetal nasal bone 
improves the performance of first trimester screening for 
trismoy 21. Has et al. (2008) had reported that the 
absence of fetal nasal bone has a high positive likelihood 
ratio for Down syndrome in the first trimester screening, 
and the presence of nasal bone may potentially lower the 
need for invasive testing. Orlandi et al. (2003) concluded 
that absence of the nasal bone can be used as a marker 
for abnormalities screening and they have demonstrated 
inclusion of nasal bone in current screening protocol 
along with nuchal translucency, free beta-hCG and PAPP-
A, can achieve high detection at a very low false-positive 
rate (Larose et al., 2003). In most studies that assess 
nasal bone at 11 to 13 weeks plus 6 days of gestation 
findings from trisomy postnatal were confirmed; the nasal 
bone was not visualized in 60 to 80% of cases (Cicero et 
al., 2001; Otano et al., 2002; Zoppi et al., 2003; Malone et 
al., 2004). From the medical researches earlier mention, it 
is known that trisomy 21 characteristic can be extracted 
from fetal ultrasound image with measuring of nuchal 
translucency and nasal bone. However, manual 
ultrasound measurement indicated that assessment may 
have been hampered either by poor magnification, 
unfavorable section, unfavorable scanned plane, or by 
untrained operator. Reproducibility studies suggest that 
reproducibility of measurement is variable among groups 
and poor in some studies (Kanellopoulos et al., 2003; 
Bekker et al., 2004). It is possible that learning curve for 
this measurement is much longer for NT measurement 
(Cicero et al., 2003a, b).  
 

 

METHODOLOGY 
 

In   this   study,   we   have   proposed   the   development    of    3D 

manipulation algorithms using VTK visualization toolkit. VTK is an 
open source, free computer graphics, image processing and 
visualization toolkit. It has excellent structure and operating 
mechanism, causing it to be widely used in the international 
visualization research area. The development kit supports multiple 
programming languages such as Tcl, Tk, Java and C++. The 
existing class libraries are organized in a hierarchical structure, 
which is similar to the Microsoft MFC. In recent years, VTK has 
becomes a popular research tool in the field of three dimensional 
image reconstruction and visualization. The open-sources C++ 
classes are developed based on OpenGL features, which provide 
rapid and efficient three dimensional graphics supports. In term of 
codes execution efficiency, it is able to run on multiple platforms 
with different language environment supports.  

In our investigation, the developed algorithm can achieve a 
variety of interactive visualization and measurement simulation by 
modifying part of VTK class, and adjusting the appropriate means of 
implementation and execution of code embedded in personalized 
coding. Since the implementation of VTK class library having high 
flexibility and efficiency in real time interactive simulation, we 
decided to use C++ programming language for the proposed 3D 
ultrasound marker investigation. 

 
 
VTK Widget event handling mechanism 

 
VTK Widget can be defined as the geometry and behavior control of 
the displayed object information. It allows the direct interaction of 
programmer with the data in three-dimensional data field 
manipulation. The widget control is depending on the mouse click 
and move triggered. It will receive the activated control of 
interactive events and generate appropriate behaviors according to 
the sign given by the users. The VTK widget features are separated 
into two parts, one part inherited from vtkAbstractWidget class for 
event handling, and the other part inherited from 
vtkWidgetRepresentation class for geometry description, as shown 
in Figure 2. It can be observed that vtk Widget Representation is 
subclass of vtkProp, and it combines with vtkAbstractWidget 
subclass to produce a 3D widget. 
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Figure 2. VTK Widget event handling description. 
 
 
 

Three dimensional reconstructions 
 
In general, there are two main principles of three-dimensional 
ultrasound reconstruction and visualization, which are surface 
rendering and volume rendering. Our previous work published (Wee 
et al., 2011) described the details of data extraction for ultrasound 
contour surface rendering using simplified marching cubes method. 
The main pipeline VTK design mechanism for volume rendering is 
very similar to surface rendering, but it is using the basic unit of 
volume data and data manipulated by ray casting techniques. The 
difference of volume rendering in present studies is to express the 
object’s internal information, in our case, we will simulate the 3D 
nuchal translucency in real-time computation. It is followed by the 
NT thickness measurement using Euclidean distance equation in 
3D formation. In the proposed study, multi frames of DICOM 
ultrasound data were collected for 3D volume reconstructions. The 
collected DICOM files are stored in 8 bit, and digital unsigned 
characteristic with the grey scale values between 0 and 255. The 
total numbers of frames stored are 150 frames with spacing value 
at 3.57 pixels. The scanned subject in the present studies is 
ultrasound marker called nuchal translucency or NT, with the 
resolution 963 × 768 pixels using trans-abdominal 3.5 MHz 
ultrasound transducer with freeze capability. Figure 3 shows the 
proposed algorithm flows of the case data to form a three 
dimensional scalar topology rendering. The vtkImageCase class 
from VTK is used to receive case data, and retrieved its 
SetDimensions function is to set the dimension of the data, 
SetSpacing function set the pixel spacing (pixels interval must be in 
strict accordance with the pixel interval of the original data set, 
otherwise it will results visual imbalance). The output of 
vtkImageCase will access vtkRayCasting, and forming 3D 
volumetric rendering. In order to show the internal structure of 
nuchal translucency explicitly, we have proposed a three 
dimensional virtual slider cutting plane, using implementation of 
vtkPlaneWidget, as shown in Figure 3. vtkPlaneWidget will be 
implemented as a grid plane with an arrow direction, which 
indicates the current position of three dimensional grid planes. The 
movement of virtual slider can be controlled through the interaction 
of mouse click and movement triggered. To perform this, the 
algorithms need an extra AddObserver on vtkPlaneWidget class, 
which specifies the interception event such as vtkCommand:: 
InteractionEvent.Whenever the position of the virtual slider was 
changed, the location information need to be updated, and 

activating the changing of the rendering view. This interactive 
simulation requires a Callback command to response the mouse 
call event. The parent class of this Callback command is 
vtkCommand; it will obtain the latest location information by adding 
its member function vtkPlane, which acts as a pointer to record the 
vtkPlaneWidget location.  
 
 
Realization of three-dimensional nuchal translucency 
measurement 
 
VTK rendering scene can be divided into two models, operator 3D 
widget model and renderer data model. In order to update the 
control information of operator 3D widget model on renderer data 
model, Callback command is required to activate the response 
accordingly. The AddObserver acts as an external module to 
observe and reflect the real time data model status.In present 
studies, computing three dimensional measurement of nuchal 
translucency is accomplished through vtkPicker widget. Observer 
will converts the vtkPicker data into geometrical and physical 
parameters in the rendering scene. Once vtkPicker updated its 
parameters, Observer will updates the data simultaneously through 
the interface connection established. Figure 4 shows the interactive 
algorithm connection for three dimensional measurement of nuchal 
translucency. The proposed system will send mouse and keyboard 
input messages to vtkPicker through command updating.For the 
three dimensional Euclidean distance computation, two worlds 
Cartesian coordinate are required. The point picker in computer 
screen is only two dimensional coordinates which has no direct 
relation with the three dimensional objects, and therefore, 
conversion into world coordinates is necessary. The distinct 
difference between two dimensional coordinates and world 
coordinates is that the latter contains depth information, which 
reflects the depth of Z-coordinate spaces. In current studies, the 
selected two dimensional coordinates will be introduced as a 
straight line extended into Z spacing, which might penetrate the 
three dimensional rendering objects followed by acquiring the 
coordinate intersection with the surface of rendering objects. 
Straight line may intersect with more than one plane; therefore, 
several interactions are possible. The algorithms then compare the 
distance of all the intersecting point with the initial point 
coordinates. The coordinates with the shortest distance calculated 
will be selected as the three dimensional world coordinates. 
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Figure 3. Process flow for proposed algorithms. 

 
 
 

RESULTS 

 
Figure 5 shows the original two dimensional ultrasound 
images which contain the interest region, nuchal 
translucency. Figure 6 shows part of the experimental 
simulation results in three dimensional volumetric 
rendering. The resultant 3D reconstruction can be 
visualized in any orientation, where the virtual slider 
position can be altered and updating the internal view 
structure of the ultrasound volumetric images. It can be 
observed that the proposed simulation having great 
advantage as compared to conventional two dimensional 
B-mode ultrasound images in terms of its visualization, 
measurement, accuracy, flexibility and consistency. To 

examine the fold thickness of nuchal translucency, the 
user must drag the virtual slider to cover the region of 
maximum NT length, as shown in Figure 7. Figure 8 
shows the finalized three dimensional distance measure-
ment by applying Euclidean distance equation that 
follows: 
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Figure 4. Algorithm connection between vtkPicker and renderer data model. 

 
 
 

 
 

Figure 5. Two dimensional ultrasound images with ultrasound marker, 
nuchal translucency. 
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(a)                                                                  

  
 
 
(b)                                                                         (c) 

     
 

Figure 6. Experimental simulation of three dimensional ultrasound fetal images: (a) front view (b) left view 
(c) right view. 
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Conclusion  
 
We have proposed an interactive simulation of ultra-
sound marker visualization and its three dimensional ex-
pression of length measured for trisomy 21 assessment. 
We have implemented VTK widget class combining 

Observer command to realize the virtual slider scene 
corresponding to users’ mouse click and movement 
triggered. The findings show that the method is feasible. 
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(a)                                                                                  (b) 

 
 

 

Figure 7. Explicit view of internal structure ultrasound marker: (a) changed position of virtual 
slider (b) zoom visualization for clear ultrasound marker viewing. 

 

 

 

(a)                                                                                                   (b) 

  
 

Figure 8. Three dimensional NT marker measurement: (a) length of NT was displayed at 3.9417 mm (b) two world 
coordinates conversion. 
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