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7.1. Introduction 

This in-vivo study discusses a series of procedures that are necessary to image the 

spine by means of a 3D ultrasound imaging system. The goal of this in-vivo study 

is to select the optimum procedures, specifically : 

• To acquire 2D ultrasound frame of the spine with the optimal 

parameters. 

• To extract position information out of acquired ultrasound frames. 

• To build a qualified 3D ultrasound volumetric data set out of 2D 

ultrasound frames and positional coordinates. 

3D Ultrasound imaging in medical application has brought a new perspective in 

reviewing the anatomy and pathology of interests of patients. a 3D ultrasound 

system scans throughout volume of interest by the combination of 2D ultrasound 

frames and position information in 3D space. With rendering, rotation, and 

zooming techniques, a volumetric representation of the 3D ultrasound image 

enables analysis and quantification of localized features in a better visual and a 

more flexible, interactive, and integrated manner [1-4].  

The general feature of a 3D ultrasound system, as illustrated in Figure.7.1 [2], is 

composed of: 

• Ultrasound imager (signal generator) 

• Ultrasound transducer (probe) 

• 3D position sensors (transmitter and receiver) 

• Processing modules (for frame-position synchronization and 3D 

reconstruction)  

 

 
 

Figure. 7.1 The general scheme of the 3D ultrasound system 
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A number of techniques have been proposed to develop 3D ultrasound imaging 

based on ultrasound positioning flexibility and acquisition speed [1-3]. In the 

previous study [5], a 3D system was studied for scanning the spine of scoliotic 

patients. Some issues and parameters which determine the quality of the 

ultrasound image have also been studied. Such parameters include image 

resolution, image quality improvement (focusing and time gain compensation), 

reflection issues, captured anatomical parts, protocols, and acquisition errors were 

discussed. In this study we continued the strategy as used by [5] to improve the 

3D Ultrasound image quality, using a new 3D ultrasound set-up that was present 

in the University Medical Center Groningen (and described below).  

However, since the protocol in [5] was only applied to one healthy volunteer, we 

investigated other important aspects, which improve the performance of the 3D 

ultrasound imaging in generating an accurate 3D ultrasound image of the spine 

for scoliosis measurement in this study. Additionally, as the hardware 

configuration in our study was different from that in [5], some new adaptations 

were required.  

To optimize the system to get the best possible 3D volume quality, in this chapter, 

we concentrated on optimization of the following three aspects: 

• subject positioning,  

• operator management,  

• 3D ultrasound system setting.  

We first performed an in-vivo study on healthy volunteers, and second, an in-vivo 

study on scoliotic patients. The study on healthy volunteers was aimed at finding 

the optimal settings regarding 3D ultrasound system setting, operator 

management, and subject positioning. The study involves a series of preparation 

steps, which needs to be performed to ensure that the 3D ultrasound acquisition is 

carried out in a reproducible and accurate manner and has optimum quality 

results. This study was performed on 3 healthy volunteers from a university 

student population (female, 22-28 years old, 160-170 cm height, 38-65 kg 

weight). The recruitment of these healthy volunteers in this study has been 

approved by the medical ethical committee (Medisch Ethische 

Toetsingscommissie - METc) of the UMCG.  

The study on scoliotic patients was performed to check, if these optimal values 

were also optimal for scoliotic patients. This study has been performed on 5 

scoliotic patients from orthopedic outpatient clinic. The patients had a mean age 

of 13.4 ± 0.55 [13 - 14] (average±standard deviation [range]) years old, weight of 

45.50 ± 11.37 [33 - 64] kg and height of 1.58 ± 0.07 [1.50 - 1.65] m. The 

recruitment of these scoliotic patients in this study has also been approved by the 

METc of the UMCG. 

 

7.2. 3D Ultrasound System Overview 

The 3D ultrasound system was composed of a standard 2D ultrasound machine 

that produces 2D slices and a position tracker that generates the 3D coordinates in 
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freehand mode. The image acquisition using freehand 3DUS system requires 

synchronized position information on each captured 2DUS frame. To obtain the 

3D volume, the freehand system employs the POM (Position & Orientation 

Measurement) devices attached to the transducer. In this study, we currently use a 

series of 2DUS frames acquired using the GE LogiQ9 ultrasound scanner (GE 

Healthcare, Chalfont St. Giles, UK) with a high resolution multi-frequency 2D 

probe (linear matrix array 10L with a frequency range of 3.5 – 9.5 MHz) allowing 

for a spatial resolution of 0.1-0.5 mm.  

The system, as shown in Figure. 7.2. is equipped with an electromagnetic position 

tracking system pcBIRD (Ascension Tech Corp, Burlington, VT, USA) supported 

with 3D FreeScan (Echotech 3D Imaging Systems GmbH, Germany). It measures 

the magnetic field generated by transmitter beside the patient with receiver on 

transducer. The electromagnetic position tracking system, which is attached to the 

transducer to provide position and orientation information for each image 

acquired, has a static position accuracy of 0.07" (1.8 mm) RMS and orientation 

accuracy of 0.5° RMS. It records spatial information for each captured 2D frames 

using a miniature magnetic field sensor within a transmitted pulsed magnetic 

field. In our study, the transmitter was located close to the subject with a 

maximum area range of 50 cm from the transmitter. The sensor was attached to 

the ultrasound probe bracket. By using the sensor bracket, we assume that there is 

only one movement during the scan which comes from the transducer movement. 

 

 

 (a) (b) (c) 

Figure 7.2. Hardware configuration of the 3D ultrasound imaging system 

(a) Ultrasound imager, (b) Ultrasound probe and position sensor attached, (c) Position transmitter 

 

The system uses a fixed point referencing the patient coordinate system and a 

small (<10-cm3) sensor located on the transducer. The sensor detects the 

reference point source which consists of a set of orthogonally polarized coils that 

transmit a time-coded waveform through each of 3 orthogonal coils in sequence 

to determine the magnetic field strength in 6 degree of freedom (x,y,z,θ1,θ2,θ3). 

The position and angulation in 3D space of the probe are determined by 

measuring the strength of the three components of the local magnetic field. In 

view of the fact that ferrous metals distort magnetic field, this electromagnetic 

positioning system is also sensitive to its operating environment and require a 

magnetic or metallic-free objects in the surrounding which may interfere with the 

field uniformity.  
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7.3. 3D Ultrasound System Setting 

In the ultrasound system setting, the frequency, depth, gain (brightness), focusing, 

frame rate were studied. Criteria were a good contrast, less noise and finding all 

features. These criteria were judged by visual inspection by experts.  

We found that the best setting in a B-mode ultrasound scan performed with 10L 

linear probe type at the frequency of 10 MHz is using an SMP (Small Parts) 

ultrasound application with Musculoskeletal (MSK) exam study. The imaging 

depth was set at 7 cm with 3.5-5 cm of multiple focusing (3 focuses) to reach the 

depth of the vertebral features. To widen the field of view, a virtual convex view 

was used. The frame rate is maintained in the range of 15 – 21 Hz. However, 

some adjustments were still done on each subject.  

In the position tracker setting, we applied the best setting as recommended by the 

manufacturer, therefore no specific setting was required, except that we defined 

the frame in a polygon shape and adjusted the sweep timing. The offset between 

the position sensor and the transducer is maintained to reduce the distortion and 

interference. Calibration is also adjusted to correct for the offset between the 

position sensor and the image scan plane. In Figure. 7.3 and 7.4 an impression of 

the obtained 2D Ultrasound frames is presented. They were taken in prone 

position showing different areas of vertebrae. 

 

 

Figure. 7.3 The acquired 2D ultrasound frames in the optimum setting.  

Scanning results in (top) axial and (bottom) sagittal probe positions of the body 
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      Figure 7.4. The acquired 2D ultrasound frames in the lumbar part.  

 

 

7.4. Subject Positioning 

An unstandardized posture during scanning may cause false measurement. We 

studied two horizontal positions, prone and supine, and a vertical, standing 

position. A horizontal position is required for comparing the 3D volume with the 

ground truth, provided by MRI. A vertical position is required for routine use of 

the system, since the vertical position is the standard position during diagnosis of 

scoliosis progression.  

Both an optimal horizontal and vertical positioning had to be found. Criteria for 

finding the optimal position were reproducibility, independency from breathing, 

acquisition time, stability, and response to probe pressure.  

Prone Position 

This is the most common and easiest technique to sweep the back of the subject. 

The previous study [5] also performed the scanning in this position. With this 

position, a confirmation about vertebral feature can be obtained by scanning the 

subject by MRI in the same position. To deal with breathing movement problem, 

the previous study [1] has overcome this by segmenting the area of scanning in 

which each end of area segment, an intermission was given for breathing. 

However, such solution may cause unnecessary process and the intermission may 

also bring about any irreproducible position which triggers innacurate 

measurement. For that reason, we performed one sweep for the whole spine with 

around 60 second breath holding in our study. To encounter reproducibility 

problems, we applied air cushions to fixate the abdominal part of the body during 

scanning. The setting is given in Figure 7.5.  

The air cushion is a pillow-like shape with beads inside. When the air is blown 

into the air cushion, the beads are spread randomly making no shape. When the 

body presses the air cushion while the tube is open, the air is pushed out and the 

beads follow the shape of the body. To maintain this shape, the air is sucked out 

and the tube is closed. The shaped air cushion is then used to generate a similar 

position during MRI scanning in prone position.  
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Figure 7.5. The application of vacuum cushions to improve position reproducibility 

 

The equipment setting during 3D ultrasound scanning in prone position is 

illustrated in Figure. 7.6.  

 

 

Figure 7.6. 3D Ultrasound imaging setting in prone position 

Disadvantage of this position is that specific instructions must be given to the 

subject for holding the breath during probe sweeping, since the breathing 

movement may cause instability in position tracking and movement artefacts in 

the ultrasound image frame. The other main problem of this position is that it is 

difficult for a patient to hold his/her breath for 60 seconds to allow a proper probe 

sweep. Moreover, when an MRI-scan has to be performed in prone position, the 

patient tends to have breathing difficulties since the head has to be positioned 

facing the sliding bed. Furthermore, although the breathing pattern can be 

managed by means of breath gating in the MRI system, breathing in supine 

position still triggers movement in the spine which likely instigate movement 

artifact in the spine and bring about unsatisfying image results. Therefore, a 

supine position is still considered to be much better for MRI-scanning. 
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Supine Position 

This is not the common procedure in ultrasound scanning. This scanning position 

is intended to be performed for vertebral feature comparison with MRI scanning 

performed in supine position. With this position, the scanning of the spine must 

be performed below the scanning bed. To enable this scanning, a special scanning 

table with a hole along the spine has been designed and applied in the set up 

(Figure. 7.7). The advantage of this position is that breathing can continue 

without interfering with the spine position. This position requires the operator to 

perform the scanning below the table. This is feasible, but fairly difficult as this is 

not the routine procedure. Air cushions were still used to define the position and 

to be able to reproduce the same position during MRI-scanning. 

All measurements were taken by one ultrasound operator. The subject was lying 

down in supine position with his back fully exposed from below the table through 

the table hole and his arms besides the body with pronated hands (palm down). A 

fixation using vacuum cushions and side bending were used to ensure the 

repeatability of the position during 3D ultrasound and MRI. Prior to the 3D 

ultrasound scanning, ultrasound gel was applied to the skin. The subject’s 

breathing was managed in such a way that it did not disturb the imaging. 

Ultrasound markers were applied to recognize certain positions and to be matched 

with the MRI. The entire spinal 3D ultrasound in supine investigation took 

approximately 60 minutes per subject. The only drawback of this procedure is 

that the ultrasound operator need to be flexible (both literally and figuratively). 

Thus, this position is preferred for comparison with MRI-recordings.  

 

Figure 7.7. Lay out of 3D ultrasound imaging of the spine in supine position 
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Standing Position 

The routine position for 3D ultrasound scanning of the spine is the standing 

position. This is also not the common procedure in ultrasound scanning. This 

scanning position is arranged based on our previous study in Chapter 3 about 

posture reproducibility for X-ray scanning by applying the BalancAid. In 

addition, we have developed a support to compensate the force with which the 

probe is pressed against the back, see Figure. 7.8.  

 

 

Figure 7.8. Support to compensate the probe force during scanning 

 

This support was tested on 11 healthy subjects and described in the Appendix. It 

was concluded that the probe pressure did not influence the posture 

reproducibility. However, in practice, we found that the problem is not the probe 

force, but the probe movement which brings about the subject to move. This is 

likely caused by the sensibility of the back during movement of the probe, when 

it is swept over the subject’s back. Furthermore, we have noticed that maintaining 

the body to stand still while managing the balance posture on the BalancAid, 

compensating the probe movement, and holding the breath is quite demanding in 

practice. This unexpected movement introduced movement artefacts, which had 

influence on the result of the 3D ultrasound image. 

To avoid this movement of the subject, we adjusted the set-up of a shoulder 

stabilizer (Figure. 7.9). It is made of a frame that fixed the shoulders of the 

subject.  With this set-up it was possible to scan the spine without movement 

artefacts. To investigate the influence of the BalancAid and the shoulder 

stabilizer, we performed scannings in this position. The settings that were found 

with the healthy volunteers resulted in good-quality images without any artefacts.  
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Figure 7.9. Shoulder stabilizer and the BalancAid for 3D ultrasound imaging of the spine 

 

 

7.5. Operator Management 

In operator management, it is important to ensure that the scanning can be 

conducted in an optimal way. A number of factors, such as lay-out-ing, probe 

holding and sweeping technique, 3D reconstruction assistance, use of supporting 

devices, and patient positioning should be taken into account. Such factors are 

essentially operator dependent and based on the existing condition. However, 

some instructions below can be beneficial to establish a 3D ultrasound imaging of 

the spine in an efficient way : 

Lay-out 

Arranging an efficient lay out is essential in the 3D ultrasound imaging of the 

spine as a number of devices are involved. In this regard, the ultrasound imager as 

the main device need to be positioned in such a way that the ultrasound probe, 

together with the position sensor attached to it, can reach the area of interest in a 

flexible way. The position transmitter needs to be located close to the patient to 

ensure that the electromagnetic signal can be transmitted properly.  



In – Vivo Study: Feasibility of Ultrasound Imaging of Scoliotic Patients 

91 

Probe holding and movement 

The probe needs to be hold in such a way that it sweeps the area of interest which 

covers the vertebral parts. It is beneficial to put markers in the body which lead 

the sweeping direction. For scoliotic patients, it is important to notice the spinal 

deformity and put markers on the body contour to obtain a proper area of 

sweeping. In this regard, the operator also needs to take into account the extreme 

concave or convex parts of the body contour which may be intricate to be reached 

by the ultrasound probe, as these areas may cause improper ultrasound signal 

penetration, which may lead to artefacts. Figure. 7.10 shows an illustration on 

performing the scanning in prone position on healthy volunteer. 

 

 

Figure 7.10. The suggested probe holdingin prone position. 

 

A number of sweeping techniques have been tested. Our investigation found that 

the most optimum technique for sweeping the probe is performed in one sweep 

along the spine in superior-inferior direction as shown in Figure. 7.10. However, 

an adaptation is necessary for scoliotic patients, due to deformation direction and 

severity variety among patients. Therefore, involving trained ultrasound operator 

is important to ensure that the scanning process can be performed properly 

resulting in an optimum image result and least artefacts. Furthermore, the use of a 

processing module for 3D reconstruction from a different workstation 

necessitates an assistant to operate the 3D ultrasound acquisition simultaneously. 

 

7.6. Study on Scoliotic Patients 

The 3D ultrasound imaging in this phase was performed using the same 3D 

ultrasound device and the best procedures and settings as described before, so in 

standing position with the BalancAid and shoulder stabilizer. The only difference 

with healthy volunteers was the deformed shape of the spine that had to be 

followed during probe sweeping. The results as demonstrated in Figure. 7.11 

show that with the combination of the BalancAid and shoulder stabilizer, the 

patient can be positioned in a reproducible and stable way, resulting in minimized 

movement artefact.  
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Figure. 7.11. The 3D ultrasound reconstruction volume of the spine of a scoliotic patient in 

(a) Standing on the ground without the shoulder holder 

(b) Standing on the ground with the shoulder holder 

(c) Standing on the BalancAid without the shoulder holder 

(d) Standing on the BalancAid with the shoulder holder 
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Some points that need attention during scanning are as follows: 

• The capability of standing properly on the BalancAid 

Although standing on the BalancAid improves the reproducibility on 

healthy volunteers and scoliotic patients, this position requires training 

to acquaint standing on this balancing device,for some scoliotic patients 

who already have balance problem. 

• The capability of holding the breath 

As it was found to be easy to hold the breath for 30 second for healthy 

volunteers, for some scoliotic patients this was found to be more 

difficult. It depends on patient’s severity. The more severe, the less the 

capability of holding the breath for 30 second.  

• The complication of the shape of the spinal deformity 

The shape of the scoliosis also plays role in the success of obtaining the 

3D ultrasound image of the spine. It is important to estimate the 

deformity visually to determine the probe sweeping path. The more 

accurate the estimation, the better the results as the vertebral features can 

be obtained in a complete way. In extreme forms of convexity and 

concavity of the spinal deformity the probe cannot reach the surface in a 

proper way, resulting in saturation artefacts due to air availability and 

incapability of determining the vertebral features correctly. 
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