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Advancements in diagnostic ultrasound imaging technology have helped improve diagnosis by 
providing immediate clinical information. Availability of instant diagnostic data has 
consequently helped reduce overall healthcare costs by replacing more expensive diagnostic 
exams. 
Over the years, the diagnostic imaging capabilities of ultrasound have spread across all clinical 
applications, from obstetrics and gynecology, orthopedics and cardiology, to emergency 
medicine, prostate cancer, breast cancer detection and so on. The speed, efficacy, cost-
effectiveness and noninvasive nature of ultrasound imaging are some of the key attributes that 
have given this technology an edge over other imaging modalities. In addition, ultrasound 
equipment is economical; even the most advanced ultrasound systems cost only about one-fifth 
of the price for a low-end magnetic resonance imaging (MRI) system. 
In terms of technology advancements, medical imaging ultrasound has roughly followed Moore’s 
Law, which relates to computing power, noting that the number of transistors on integrated 
circuits (ICs) doubles approximately every two years. Ultrasound imaging has undergone a 
similar technological evolution. Device miniaturization and Windows PC-based architecture 
have made it possible to pack increasing amounts of processing units into smaller and smaller 
medical devices. 
One significant development has been the commercialization of hand-held miniaturized devices 
by manufacturers, with advanced computational power. This trend has been adopted by more 
diagnostic ultrasound original equipment manufacturers (OEMs) with the introduction of 
portable, hand-carried ultrasound systems. 
Hand-carried ultrasounds are growing at an increasing pace and becoming more popular among 
clinicians across the globe, especially for point-of-care diagnosis. Such systems are primarily 
used for imaging internal organs, such as the abdomen, kidney, heart and peripheral vasculature. 
The integration of advanced features at point-of-care diagnosis makes these systems more 
acceptable by clinicians. 
Another significant development has been the increase of computational power in conventional 
systems. Such systems use more sophisticated and complicated computational algorithms for 
enhanced image reconstruction and display. Tissue harmonic imaging has been a significant 
development in ultrasound imaging, in which the image reconstructed from the second harmonic 
reflected from the tissue helps to remove much of the unwanted noise from the images. 
Real-Time 3-D:
The Future of Ultrasound Imaging 
Ultrasound imaging has the advantage over other imaging technologies, such as computed 
tomography (CT), MRI and others, of providing real-time imaging of anatomical structures. 
However, unlike imaging technologies such as positron emission tomography (PET), which has 
the capability of measuring functional activities of the body, ultrasound could not be used for 
functional imaging for a long time. 



Scientists therefore started exploring the potential of ultrasound imaging for measuring events as 
a function of time, such as the gradual decay of contrast agents in the body or for assessing the 
response of organs or tissues to the perfusion of a contrast agent. There were three main drivers 
pushing ultrasound imaging technology toward functional and volume imaging, namely, 
increased computational power, the trend toward cost-effective volume imaging and the 
availability of contrast agents for ultrasound imaging. 
Real-time 3-D ultrasound (3DUS) imaging or 4-D ultrasound (4DUS) imaging have quite a few 
advantages for guiding interventional medical procedures. Most important is their ability to 
visualize real-time tissues and organs in 3-D. Real-time 3DUS is preferred over 2-D ultrasound 
imaging (2DUS) for surgical tasks and complex procedures due to its accuracy and efficacy. In 
comparison to volumetric imaging alternatives, such as MRI and CT, real-time ultrasound 
imaging has a faster imaging acquisition rate of 30 volumes per second, thus enabling good 
image visualization. 
Fluoroscopy also has a faster image acquisition rate. But with its limited 2-D views, it requires 
the clinician to mentally combine 2-D images to obtain a 3-D impression of the organs. 4DUS is 
a safer procedure, and with its small probe size, it can be integrated easily into different 
procedures. Price-wise, the most high-end ultrasound devices cost far less than comparable 
imaging modalities. 
Despite the inherent benefits of 4DUS imaging, it is not frequently adopted for clinical 
procedures, and 2-D imaging is still the preferred choice. One drawback of the high-end imaging 
technology is its resolution. The image voxel size for volumetric imaging is less than 1 mm; 
however, noise and associated artifacts make it difficult to distinguish features smaller than a few 
millimeters. The 3DUS images are displayed as volume-rendered images, which are quite 
effective for distinguishing between tissues and surrounding fluids, especially in cardiology, 
gynecology and obstetrics. 
At the same time, volume-rendered images enhance the noise and distortions present in the 3-D 
image, giving rise to irregular surfaces in the image. This technique also has the disadvantage of 
visualizing the internal features of solid organs like the liver, kidney, etc., where the organs 
produce textured reflections in the final images displayed. 


