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BACKGROUND 

Spinal curvature (scoliosis) affects 3-6%[1] of the population. Scoliosis generally appears in children 

while they are growing. The curves can get worse both while growing and more slowly with aging. 

New scoliosis also occurs in adults (called degenerative scoliosis). Large curves are associated with 

significant problems[2-4] and may require surgery[5]. Little is known about the causes of curve 

onset, progression and prognosis. What is needed is a clinical prediction tool to decide which people 

with scoliosis are most likely to progress and need ongoing monitoring, and who can be reassured 

and discharged. However, development of a prediction tool needs large scale population-based 

research to identify predictors. This has been limited so far, because the traditional method of 

identifying scoliosis is to carry out spinal X-rays which impart a high dose of radiation[6], and are not 

ethical for screening the whole population. 

To address this, we have developed and validated a method of measuring scoliosis from standard 

total body dual energy X-ray absorptiometry (DXA) scans[7], a low-radiation technique using data 

from the Avon Longitudinal Study of Parents and Children (ALSPAC), a population-based birth 

Executive Summary 

This project aimed to develop and validate a fully automatic system to identify and measure spinal 

curvature from total body DXA scans. 

The data was split into a training, validation and test sets. The new software algorithm was developed 

from modification of an established system. Training involved prediction of segmentation masks, 

production of mid-spine maps, and final classification into scoliosis or no scoliosis based on 

suspiciousness scores. The final model was interrogated using heat maps to identify which area of the 

total body DXA scans was contributing to the classification. 

The final automated model has an accuracy of 94.2%, a sensitivity of 86.0%, a specificity of 95.8% and an 

area under the receiver operator curve value (AUC) of 0.91 (95%CI 0.87 to 0.95). Disagreement between 

the automated model and the manual annotation is likely to be explained by errors with the original 

manual annotation in at least half the cases. 

Next steps include further model development to allow quantification of curve size, clinical validation 

based on ALSPAC, assessment of the natural history of AIS at a population-level, development of a 

clinical tool to predict which people with AIS progress, and similar work on adult degenerative scoliosis 

using UK BioBank. 

One paper has been published so far, and two more are planned. A collaboration has been set up with 

Augment (a project using UK BioBank) to use the automated model on 100,000 adult DXA scans. Further 

grants are planned. 
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cohort. We have then applied our DXA Scoliosis Method (DSM) to 7000 DXA scans from the ALSPAC 

aged 9 research clinic and 5000 DXA scans from the aged 15 research clinic, and have identified 

novel associations between early life physical activity[8] and body composition[9] with onset of 

scoliosis by aged 15. However, the prevalence of scoliosis at aged 15 is relatively low (7.9% in 

ALSPAC) and to carry out appropriately powered epidemiological studies we need to combine data 

from multiple research cohorts. We have identified additional research cohorts that have total body 

DXA scans already performed (approximately 84,500 individuals). We plan to use these cohorts to 

generate a prediction tool for scoliosis onset and progression. However, our manual method for 

identifying and measuring scoliosis from DXA scans is labour intensive, and further research is not 

feasible until we automate this method. 

 

Aim of this grant 

Our grant therefore proposed development and validation of a fully automatic system to identify 

and measure spinal curvature from total body DXA scans based on our manual method. The 

engineering department at the University of Oxford has already developed a similar automated 

system for three-dimension images of the spine based on magnetic resonance imaging (MRI) scans. 

We planned to modify this system to allow automatic collection of data on spinal scoliosis from total 

body DXA scans for future research purposes. This modification process was planned to have two 

stages: (1) development of a new software algorithm to extract the required features and classify 

spinal images based on a subset of anonymised DXA images from ALSPAC; and (2) validation of the 

software on a further dataset of anonymised images from ALSPAC. 

 

METHODS  

This project was co-ordinated by Dr Emma Clark at Bristol, but the automation was developed and 

tested by the Department of Engineering at the University of Oxford. The research group met every 

2-3 months face-to-face.  

The ALSPAC DXA data at aged 9 and 15 was split into a training, a validation and a test set.  

Stage 1: Development of the new software algorithm 

Using the training set, all images were standardised to the same height keeping the aspect ratio 

(isotropic scaling using the SpineNet software). Strong labels were developed to help the model 

understand spinal anatomy (see Figure 1).  

Figure 1: Prediction of the strong labels (segmentation masks) 
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The model then produced mid-spine maps (see Figure 2) 

Figure 2: An example of the mid-spine map produced by the model 

 

The model was then trained against the manual classifier of scoliosis/no scoliosis based on the 

previously validated manual cut-off[7]. Each classification produced by the model comes with a 

score – the so-called ‘suspiciousness score’. This score ranges from 0 (normal) to 1 (scoliosis) – see 

Figure 3 

Figure 3: Scoliosis scores produced by the automated model 
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Accuracy of the model was then improved through modifications to labels, maps, and by summing 

the scoliotic classes post-softmax. To interrogate the model to identify ‘how’ it was making the 

decisions heatmaps were produced (see Figure 4). 

Figure 4: Heatmaps produced by the model indicating the site of the total body DXA scans that contributed to the decision 

that scoliosis was present 

 

 

Stage 2: Validation of the model 

Using the validation set, all images were standardised to the same height keeping the aspect ratio 

(isotropic scaling using the SpineNet software). The automation was run and accuracy of the output 

was calculated by averaging the recall obtained for the two different classes; scoliosis/no scoliosis. 

Using the test set, all images were standardised to the same height keeping the aspect ratio 

(isotropic scaling using the SpineNet software). The automation was run and the validity of the 

output was calculated by comparison with the manual DSM annotation using sensitivity, specificity 

and area under the receiver operator curve values (AUC). Test time augmentation was used for the 

prediction whereby for each scan, the average prediction is obtained by averaging the scores of the 

original score and its horizontal flip. 

Where discrepancies between the automated model and manual annotations occurred, a random 

selection of images were reviewed by clinicians (Jeremy Fairbank, Ian Harding and Emma Clark) to 

identify if the manual annotations were correct or incorrect. In addition, the automated model was 

run on the aged 17 scans for the discrepancies to identify if the images were still classified as 

scoliosis by the model, and these aged 17 scans were also reviewed by the clinicians. 
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RESULTS 

The accuracy of the automated model at identifying scoliosis in the test set is 94.2% ± 2.1. Using a 

cut-off of suspiciousness score of 0.95, compared to the manual DSM, the automated model has a 

sensitivity of 86.0%, a specificity of 95.8% and an area under the receiver operator curve value (AUC) 

of 0.91 (95%CI 0.87 to 0.95) – see Table 1. 

Table 1: Automated prediction of scoliosis >6 degrees with suspiciousness score of 0.95 and above, compared to manual 

prediction of scoliosis (DSM) >6 degrees 

 Manual method  

Automation No scoliosis Scoliosis  

No scoliosis 638 13 651 

Scoliosis   28 80 108 

 666 93 759 

 

Assessment of discrepancies: no scoliosis by manual method, scoliosis by automated model 

A random sample of the 28 scans where the manual method did not identify scoliosis but the 

automated model did, were reviewed by three clinicians (two spinal surgeons and one 

rheumatologist who developed the manual method). All were unaware of the automated prediction, 

and all read the scans without knowledge of each others interpretation.  

Of the 9 scans reviewed, 5 were identified as having scoliosis (in agreement with the automated 

model) by all three clinicians, suggesting the manual annotation was incorrect in these cases. There 

was not agreement for the other 4 scans as to whether scoliosis was present or not due to small size 

of spinal abnormality and body positioning.  

Assessment of discrepancies: scoliosis by manual method, no scoliosis by automated model 

A random sample of the 13 scans where the manual method did identify scoliosis but the automated 

model did not, were reviewed by three clinicians (two spinal surgeons and one rheumatologist who 

developed the manual method). All were unaware of the automated prediction, and all read the 

scans without knowledge of each others interpretation.  

Of the 10 scans reviewed, 6 were identified as not having scoliosis (in agreement with the 

automated model) by all three clinicians, suggesting the manual annotation was incorrect in these 

cases. There was not agreement for the other 4 scans as to whether scoliosis was present or not due 

to small size of spinal abnormality and body positioning.  

Assessment discrepancies: comparison with automated model prediction on aged 17 data  

The automated model was run on the aged 17 images for those randomly selected discrepancy scans 

described above. 17 out of 19 participants had scans at aged 17. In 14/17 (82%) of participants, the 

automated model classified their spines the same at aged 15 and aged 17, thereby increasing the 

confidence that the model output is valid. 

Conclusion 

The automated model has good accuracy, sensitivity, specificity and AUC. Disagreement between 

the automated model and the manual annotation is likely to be explained by errors with the original 

manual annotation in at least half the cases. 
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NEXT STEPS 

Clinical validation 

Clinical validation is required, and this will be carried out over the next few months using ALSPAC. 

The final output of the automated model will be combined with the rest of the ALSPAC data, and 

epidemiological analyses will be undertaken to identify if similar associations already found using the 

manual DSM are also found using the automated model. This will include prevalence and gender 

distribution[7], the association with altered body composition[9], the association with reduced 

physical activity/ability[8], and the impact in terms of future back pain and time off school[10]. This, 

combined with the validation data presented above, will be published in a peer-reviewed journal, 

and we are aiming for Calcified Tissue International. 

 

Work on quantification of curve size 

The model will be developed to quantify curve size with an aim of identifying if one curve is bigger 

than another. 

 

Assessment of natural history of AIS at a population-level 

The automated model will be run on ALSPAC participants at aged 11, 13 and 17 years, and a 

descriptive analysis will be undertaken to describe the natural history of AIS in terms of progression, 

regression and stabilisation. Trajectories will be plotted with confidence intervals. We could then 

define different populations across ages 9 to 17 (for example no progression, trivial progression, 

serious progression) which would have potential practical applications. This will be published in a 

peer-reviewed journal. 

 

Development of a clinical tool to predict which people with AIS progress 

Further funding will be sought from the Medical Research Council (MRC) to run the automated 

model on other population-based birth cohorts around the world with repeated total body DXA 

measures already collected. This will give us enough power to develop a predictive model to identify 

which people progress and which stabilise. 

 

Similar work on adult degenerative scoliosis 

We are working on a collaboration with Augment led by Prof Jon Tobias at the University of Bristol to 

run the automated model on the total body DXA scans being done by UK BioBank (n=100,000). This 

will allow us to carry out one of the first population-based analyses of adult degenerative scoliosis. 

 

OUTPUTS OF THIS GRANT 

1. Jamaludin A, Kadir T, Clark EM, Zisserman A. Predicting scoliosis in DXA scans using intermediate 

representation (2018) Computational Methods and Clinical Applications for Spine Imaging, MICCAI 

Workshop  – to be published as post-proceedings in Springer’s Lecture Notes in Computer Science 

(See Appendix) 
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2. clinical validation paper – aim for CTI, using data from aged 9 and 15 (same as original manual 

paper) plus possible data from aged 11 or 13 – in preparation 

 

3. natural history/descriptive paper using data from aged 9,11,13,15 and 17 – how many people 

develop scoliosis, progress or regress. Look at known predictors already identified from ALSPAC: 

body composition, adiponectin, physical activity +/- angles and some basic descriptors – to be 

prepared 
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