
 

 

 University of Groningen

Monitoring scoliosis progression
Dewi, Dyah Ekashanti Octorina

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2011

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Dewi, D. E. O. (2011). Monitoring scoliosis progression: optimizing positioning and ultrasound imaging. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/ce1a33c1-e96f-4aca-a5e5-6aa6db86f799




CHAPTER 10 

138 

10.1 General Discussion  

Frequent observation to define the best time in scoliosis treatment needs to be 

performed in an accurate, reproducible, and safe way to obtain reliable 

information about the scoliosis progression rate. Spinal X-ray radiography, as the 

gold standard for scoliosis imaging, is considered to provide satisfactory 

information about the spinal deformity. However, the use of such an imaging 

modality is limited by a number of restrictive factors which may degrade the 

reliability of the measurement. The most obvious limiting factor is the detrimental 

radiation exposure of X-ray radiography, which has been suspected to contribute 

to the incidence of breast cancer when the body is exposed in a repetitive long 

term manner. The other concern is the 2D representation of conventional X-ray 

radiography. Although both LA- and AP- view of X-rays have provided 

important parameters, like vertebral curvature and rotation, the actual 3D spinal 

deformity is still difficult to portray. Posture reproducibility is another important 

issue in scoliosis measurement, because the observation requires comparison of a 

series of spinal X-ray radiographs acquired in periods of time.  

The use of 3DUS imaging, as previously introduced to quantify the normal 

human spine by [1] is considered to be a promising framework as an alternative to 

monitor scoliosis progression in the phase to define the most apt treatment. Based 

on the requirements of an accurate, reproducible, and safe scoliosis monitoring 

scheme, the aim of this thesis is to improve that framework for frequent 

monitoring of scoliosis progression by means of 3D ultrasound imaging with the 

focus on the adaptation of two essential points:  

Postural reproducibility in standing position and 

Quality of the 3D ultrasound images of scoliotic patients. 

The result of this PhD-study is the framework, as illustrated in Figure. 10.1. Note 

that research on some parts are still ongoing. A scoliotic patient will undergo a 

series of observations, starting from the school screening to the period in which 

the orthopedic surgeon monitors the scoliosis progression and decides the best 

treatment. This framework is assumed to be the ideal situation and is proposed to 

replace the current framework to follow scoliosis progression as given in Chapter 

2. In the school screening period, a school child undertakes a simple physical 

examination, which leads to referral to the general practitioner when the child is 

suspected to have scoliosis. When the observation of early scoliosis is confirmed 

by the general practitioner, a recommendation to the orthopedic clinic is made. In 

the first visit to the orthopedic clinic, two conventional biplanar X-rays, LA and 

AP images, are made. Recently, a better alternative, the EOS system, has become 

available. The EOS system has two X-ray systems that simultaneously take 

biplanar X-ray radiographs, LA and AP images, resulting in two X-ray images of 

exactly the same posture. Then, a 3D spinal template is adapted to fit the two X-

ray images. The advantage of this spinal image result is that it offers a better 

visualization of the deformed spine. Furthermore, the system also provides the 

Cobb-angle. Due to its reduced radiation dosage by 90%, it is an ideal tool for the 

first scoliotic screening. However, its high price and limited application will most 

probably restrict its availability to selected hospitals. 
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Figure. 10.1 A framework to monitor scoliosis progression 

 

In view of the fact that free standing may introduce variability, a reproducible 

posture needs to be specified. A balancing plate, the BalancAid, was developed to 

force the subject to stand upright and balanced, as well as to position the subject 

in a reproducible position during spinal X-ray radiography. This has been 

investigated on healthy volunteers as explained in Chapter 3. This study resulted 

in a minimized variability of standing posture and therefore it is a prospective 

tool to acquire good posture reproducibility [1].  

In addition, while the subject is standing on the BalancAid, both arms need to be 

positioned in a certain way so that the glenohumeral disturbance and the influence 

of the arm positions on the posture reproducibility is minimal. However, the 

optimal arm position is not well prescribed. In this regard, a study on selecting the 

best arm position was performed. This investigation resulted in an arm position 

‘holding a stick with fists on clavicles’ that produced the best position for a 

reproducible posture during spinal X-ray radiography of the spine, as described in 

Chapter 4.  

As follow up, further study was performed on scoliotic patients to find out 

whether the BalancAid and the arm position can be applied for scoliotic patients 

who need to take a spinal X-ray radiograph. The investigation on young female 

scoliotic patients, as given in Chapter 5, have indicated that such posture 

reproducibility scheme with standing on the BalancAid creates more consistent 
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and accurate posture reproducibility, due to a decreased variability of the free 

standing posture. This will increase the accuracy of Cobb-angle measurements for 

patients with early scoliosis. Applying the selected arm position ‘holding a stick 

with fists on the clavicles’ during standing on the BalancAid contributes to this 

improved reproducibility in early stage scoliosis.  

When we compare the posture reproducibility results on healthy volunteers with 

those of young scoliotic patients, it can be seen that healthy volunteers are 

capable of generating a more reproducible posture than scoliotic patients. This 

can be caused by several factors : 

• Scoliotic patients have an imbalance in their body due to the spinal 

deformities. Compensating this could be difficult.  

• The cause of scoliosis is not known. It is most likely multifactorial and could 

include an imbalance in muscle strength. Muscle impairment could affect the 

ability to balance in a proper way.  

• Scoliosis often is present in slender girls that have a disbalance between 

muscle strength and inertia, caused by their length. This could affect their 

balancing capacity. 

The previous study [2] performed the 3D ultrasound measurement in prone 

position.  Realizing that the standing posture is the best position to represent the 

deformity of the spine, the 3D ultrasound imaging also needs to be performed in 

standing position. It is expected that the measurement variability can be 

diminished and the accuracy as well as consistence can be obtained with the use 

of the BalancAid.  

During ultrasound scanning the arms do not disturb the ultrasound imaging on the 

spine at all. However, to ensure optimal reproducibility between two visits and 

between ultrasound scanning and X-ray scanning we will prescribe the selected 

arm positioning, ‘holding a stick with fists on the clavicle’. 

The only differences between X-ray radiography and ultrasound imaging are the 

use of an ultrasound probe, breath holding, and the extended measurement time 

which all may disturb the balance capability, however, in Chapter 6 we found out 

that it did not interfere in a negative way. Thus, the BalancAid and the prescribed 

arm position are beneficial for ultrasound imaging as well.  

In the application of the BalancAid for 3D ultrasound imaging of the spine in 

standing position, there is one complicating factor: Although the procedure 

guarantees a good balance position, it does not guarantee a good ultrasound 

volume reconstruction. The slight trunk movement that was present was not big 

enough to disturb balance, but was big enough to disturb the ultrasound volume 

reconstruction. To compensate for this drawback, a shoulder stabilizer was 

designed. 

The combination of the BalancAid and shoulder stabilizer appeared to be capable 

of generating a better quality, consistent, 3D ultrasound volume reconstruction of 

the spine  as described in the in-vivo test for ultrasound imaging of the spine with 

the posture reproducibility on young female scoliotic patients in Chapter 7. We 

expect that the reproducibility is also good, since it is realised by the Balancaid.  
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To obtain the best images in terms of the best bone surface reflection several 

factors,  like ultrasound setting, area of sweeping, and probe positioning, were 

studied. In Chapter 7 we found out that scanning the spine with the setting of the 

GE LogiQ 9 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 6.3-10 MHz), B-mode scan with the frequency of 10 MHz 

using an SMP (Small Parts) ultrasound application with Musculoskeletal (MSK) 

exam study, imaging depth set at 7 cm with 3.5-5 cm of multiple focusing in a 

virtual convex feature to widen the FOV, perform the best. 

The 3D ultrasound imaging was tested on 3 healthy volunteers and 5 scoliotic 

patients as the final work in our study. Our result has strengthened the previous 

study that the 3D ultrasound imaging system is promising to be one alternative 

imaging modality to quantify the deformity of the spine. Measurement on 5 

scoliotic patients has also revealed that the proposed scheme is feasible for 

application to scoliotic patients. However, some restrictions for scoliotic patients 

exist, such as capability to maintain balance and hold breath during probe 

sweeping. Furthermore, comparison between healthy volunteers and scoliotic 

patients has shown that 3D ultrasound imaging on scoliotic patients is more 

difficult to perform than on healthy volunteers. This is on account of several 

factors as follows : 

• Every scoliotic patient is unique. Some have specific concave and convex 

back parts which require particular probe movement, some have no obvious 

deformity on the back. However, the degree of concavity and convexity 

strongly determines the difficulties in probe sweeping. An extreme hollow is 

sometimes unreachable due to probe size, while prominent convexity also 

causes empty space under the probe. The use excessive ultrasound gel may 

cause unexpected artefacts. 

• The probe movement depends on the deformity. Prominent deformity eases 

prediction the sweeping path and most likely guarantees to yield a correct 

track where the reflection of the spinous process is exactly in the upper 

middle of the ultrasound frame in the axial view. Nevertheless, the spinal 

deformity is sometimes difficult to easily recognize resulting in a less 

accurate prediction of the sweeping path. Therefore, the use of the EOS 

images and physical observation is practical to define an accurate probe 

movement and sweeping path.  

• Unnecessary body movement due to the capability of maintaining balance 

and breath holding influences the tracker in detecting the probe position. In 

this regard, the use of shoulder stabilizer plays role in minimizing the body 

movement due to probe pressure or balance capability. Although breath 

holding can be supported with the use of the shoulder stabilizer, individual 

breath holding capability of the patient is one of the main aspects in 

generating a stable and still posture during scanning.  

From the 3D ultrasound images of the spine we intend to generate a reliable 

spinal deformity measurement by identifying spinal features. With the 

combination of position information in 3D space, the 2D ultrasound frames can 

be reconstructed into 3D ultrasound image. Bin filling and hole filling techniques 
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are exploited to synchronize the ultrasound frames and the exact position in 3D 

space. Hole-filling in ultrasound volume reconstruction using freehand 3DUS is 

aimed to estimate the values for empty voxels from the unallocated voxels in the 

Bin-filling process due to inadequate sampling in the acquisition process. An 

olympic operator, as one of neighbourhood averaging filters, is used to estimate 

the empty voxel. However, this method needs improvement to generate a closer 

estimation of the empty voxels. An improved Olympic operator for the Hole-

filling algorithm was proposed to generate the volume in our 3D ultrasound 

reconstruction of the spine. In this regard, the empty voxel estimation can be 

improved by thresholding the range width of its neighbouring voxels and 

adjusting it to the average values. This has been explained in Chapter 8 [3].  

The disadvantage of ultrasound is the poor quality of the images due to the 

presence of speckle noise which degrades the image contrast, obscures edges and 

details, and reduces the visibility of the tissue structures and interfaces. 

Specifically for ultrasound imaging of the spine, a speckle reduction method is 

essential to enhance the visualization and simplify the features, therefore the 

method needs to take edge preservation into account. Implementing nonlinear 

diffusion filters for ultrasound speckle reduction have been able to show to reduce 

the speckle noise and preserve the edges. However, instability problems in such 

filters has led to inefficient operation, incomplete edge noise removal in the 

regularization improvement, blurring effects in fainter contours, smoothing 

outcome across object boundaries, and noise susceptibility in the strongly 

localized gradient estimate. The use of the viscous levelings method in the post-

processing of the nonlinear diffusion filtering has been shown to improve the 

speckle reduction, resulting in more simplified image features and accurately 

preserved edges. The detailed description is presented in Chapter 9 of this thesis. 

 

10.2. Future Directions 

When the 3D ultrasound image is reconstructed, feature extraction must be 

performed to obtain important vertebral features for scoliosis quantification. In 

the previous study of Purnama [1], the vertebral features were recognized in 

manual and semi-automatic manners. The manual technique was done by 

selecting the anatomical parts that appear prominently, placing the landmark 

points in the center of mass of the two equal vertebral features. However, due to 

unclear visibility, verification with MRI was necessary. In the semi-automatic 

technique, the selection of the vertebral features was performed by excluding the 

non-vertebral features, then localizing the vertebral features. Such work has 

confirmed that the 3D ultrasound imaging is capable of imaging the human spine. 

Nevertheless, some improvements still need to be done in the future as follows: 

• Confirmation with a more reliable ground truth 

Since not all parts of the vertebrae can be made visible in the 3D ultrasound 

image of the spine, validation with another imaging modality is crucial to 

obtain the proper vertebral template and track the rest of the vertebral 

features. A comparison between the 3D ultrasound and MRI images in the 

previous study [1] has been proven to assist in recognizing the vertebral 
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features. However, positional differences during scanning (the ultrasound 

scanning was done in prone, while the MRI scanning was acquired in supine 

position) could trigger  variabilities which cause inaccuracies in the vertebral 

feature recognition. With the developed 3D ultrasound scanning method in 

supine position (described in Chapter 7) the position during ultrasound and 

MRI scanning is identical, thus minimizing differences in the two scans.  

In addition to the abovementioned MRI scanning for this validation purpose, 

the EOS system is proposed. The EOS system can especially be used as 

ground truth for the standing position. Compared to the MRI, such biplanar 

imaging has been specified for musculoskeletal imaging purpose 

(particularly for scoliosis imaging) which brings about advantages in better 

positional correspondence and vertebral feature visibilities. Moreover, the 

EOS system has easier and faster acquisition. Additionally, we obtain the 

EOS data of the scoliotic patients as the routine procedure in our hospital 

since every scoliotic patient always accomplishes the EOS imaging for spinal 

deformity observation. Currently, limitations to access the 3D-coordinates 

prevent this validation, but will be made possible in the future. 

• Automatic feature extraction  

The semi-automatic procedure, developed in [1], is not suitable for clinical 

practice. A fully automatic version needs to be developed. This is feasible by 

focusing on the 3D shape of features and developing templates that will 

recognize the features by their 3D shape. This procedure could first be tested 

on healthy volunteers as a reference of normal vertebral features and finally 

on scoliotic patients. 

• Comparison of healthy volunteers and scoliotic patients 

Scoliotic patients have different characteristics from healthy volunteers. 

Seeing that the specific characteristics in scoliotic patients may become the 

important signs of understanding the scoliosis severity, we consider that 

comparing the features between the 3D ultrasound images of healthy 

volunteers and scoliotic patients is the way to find out the differences. In this 

regard, visual inspection is the first technique which can be done to notify the 

feature differences. Afterwards, the 3D shape of features and matched 

template can be employed to verify the scoliosis characteristics in 3D 

ultrasound images. Additionally, the use of the EOS data would be the final 

effort to validate the analysis. However, access to the 3D-coordinates of the 

EOS system must be realized before this can be done. 

• Analysis of more scoliotic patients 

The use of the BalancAid, prescribed arm position, and shoulder stabilizer in 

the 3D ultrasound imaging system has been proven to be capable of 

performing the acquisition on scoliotic patients in a good way and the 

problems, experienced during scanning of 5 scoliotic patients (structural 

vertebral shape, artefacts, incomplete features, breath and stability problem) 

could be dealt with. However, we had to limit the study to 5 scoliotic 

patients, because recruiting them took more time than expected. A series of 5 

is not representative, so in the future more patients should be included. 
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10.3. Conclusions 

The use of the BalancAid and prescribed arm position is beneficial for X-ray 

scanning. The use of the BalancAid, prescribed arm position and shoulder 

stabilizer in the 3D ultrasound imaging system has also been promising to 

perform the scoliosis measurement in a reproducible and accurate manner.  

The new hole filling procedure improves the quality of the 3D ultrasound image 

of scoliotic patients. Noise reduction by means of viscous levelings on nonlinear 

diffusion filtering also is beneficial for obtaining a high-quality 3D ultrasound 

image with preserved features.  

The use of the proposed 3D ultrasound imaging system in our study has opened 

the opportunity to follow the scoliosis progression in a safer way, so that the 

measurement can be performed more frequently, resulting in a punctual treatment 

decision.  
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