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Background

Adolescent Idiopathic Scoliosis (AIS) is a multifaceted three-
dimensional (3D) spinal deformity characterized by lateral cur-
vature and often accompanied by a rotation of the vertebrae 
[1]. The prevalence of AIS varies between 0.47% and 5.2% glob-
ally, with regional differences, and is observed to be twice as 
common in females compared to males [2]. In Hong Kong, AIS 
affects approximately 3%–4% of the adolescents [3,4], while in 
mainland China, the prevalence is slightly higher at around 5% 
[5]. Given the immature skeletal systems of adolescents, there 
is a significant risk of disease progression [6,7]. A recent longi-
tudinal study has shown that approximately 29.1% of untreated 
AIS cases progress over time [8]. 

Accurate and quantitative assessment of scoliosis severity is 
crucial for proper diagnosis, effective treatment planning, accu-
rate prognosis, and continuous monitoring of disease progres-
sion and treatment outcomes [9]. Traditional physical examina-
tions tend to be subjective and lack quantitative precision [10]. 
The Cobb method, which relies on X-ray imaging, is considered 
the gold standard for evaluating AIS severity [11]. Typically, AIS 
patients undergo X-ray assessments every four to six months 
until they reach skeletal maturity. However, frequent exposure 
to radiation increases the risk of breast cancer in girls with sco-
liosis [12,13] and has been linked to higher rates of leukemia 
and prostate cancer in children [14]. The necessity for frequent 
X-ray scans to manage and treat AIS is thus complicated by the 
harmful effects of radiation, requiring a delicate balance be-
tween radiation exposure and effective disease monitoring.

Related Work on Radiation Reduction for AIS

To address the issue of radiation dose accumulation from 
continuous radiographic monitoring, researchers have explored 
and tested various alternatives for many years. One direct ap-
proach has been the improvement of radiographic imaging sys-
tems. A significant development in this area is the EOS low-dose 
biplanar X-ray imaging system, which employs slot-scanning 
technology [16]. This system achieves an 8 to 10-fold reduction 
in the radiation dose required for obtaining 2D spinal images 
while maintaining high image quality and diagnostic accuracy 
[17]. Despite this substantial reduction, the remaining radia-
tion risk necessitates the EOS system's installation in specially 
shielded X-ray rooms, thereby increasing implementation costs 
and limiting its widespread use.

With the development of various imaging technologies, mul-
tiple non-radiative medical imaging modalities have gradually 
been applied in the assessment and monitoring of scoliosis due 
to their safety, simplicity, and convenience compared to the 
EOS system [18]. Among these, optical and acoustic imaging 
methods are the most advanced, with relevant imaging equip-
ment already developed. Moiré topography [19,20] and raster-
stereography systems [21], based on structured light imaging 
principles, are the most valuable and widely used tools for in-
vestigating the 3D shape of the torso's back surface. Since ab-
normal torso shapes are often associated with scoliosis, these 
methods can indirectly assess the condition. Moiré topography 
projects structured light onto the back surface and analyses 
the reflected Moiré patterns to reconstruct the 3D body sur-
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face structure. Similarly, rasterstereography projects a grid 
of horizontal black lines onto the patient’s back and analyses 
the distortion of the reflected grid lines to create a 3D surface 
map of the back, such as the DIERS Formetric 4D system (DIERS 
Medical Systems, Chicago, Illinois, USA) [22]. Many research-
ers have used structured light methods to evaluate back shape 
and spinal deformity with varying degrees of success [23,24]. 
The primary issue with structured light methods is their heavy 
reliance on fringe patterns obtained from body surface reflec-
tions. Fringe patterns are highly susceptible to changes in the 
patient's position, meaning that even a slight shift can cause 
significant changes in the fringe pattern. This sensitivity greatly 
limits the robustness and accuracy of structured light methods.

Ultrasonic imaging is a contact-based, non-radiative medical 
imaging method that uses the reflection of ultrasound waves 
from the bone cortex surface to provide clear images and ana-
tomical information of the spine area [25]. Unlike structured 
light methods, ultrasonic imaging can penetrate the superficial 
layers of the back, revealing and recording partial anatomical 
and spatial morphological information of the spine. This tech-
nique primarily captures the shape of the spine near the back of 
the torso, while it is less effective in acquiring information from 
the front side of the torso.

One notable application of ultrasonic imaging for spine de-
tection is the Scolioscan system [26]. Due to its radiation-free 
nature, the Scolioscan system can be installed in less restricted 
spaces, reducing operational costs compared to the EOS system. 
However, the ultrasound system and its data are susceptible to 
electromagnetic field distortion [18], leading to system offsets, 
counteractions, or transient jitters in spatial and orientation 
data. Therefore, strict experimental environmental controls are 
required. In addition, ultrasonic equipment faces challenges 
such as being large and expensive (e.g., Scolioscan), requiring 
highly skilled operators, and being time-consuming to capture 
full spinal information. In recent years, significant advance-
ments have been made in the miniaturization and portability of 
ultrasonic imaging devices, such as the handheld Scolioscan Air 
[27]. These advancements have addressed issues of equipment 
bulkiness and mobility, reduced costs, and facilitated spine ex-
aminations in remote areas.

Advancement and Benefits of Optical Sensing Technique

Recently, an emerging active imaging technology known as 
optical sensing has gained traction in the fields of robotic vi-
sion and navigation [28]. This technique utilizes time-of-flight 
imaging principles, where lasers or modulated light are emitted 
into the environment, and the time taken for the light to reflect 
back to the receiver is recorded to determine the distance to 
various objects. Compared to traditional structured light tech-
nology, optical sensing offers greater robustness in object po-
sitioning and superior resistance to ambient light interference. 
Additionally, optical sensing effectively simulates the process by 
which experienced physicians visually examine the backs of AIS 
patients. This capability allows the technology to be seamlessly 
integrated into AIS clinical workflows, enhancing the accuracy 
of diagnoses and increasing clinical interpretability. As a result, 
this technology is being increasingly applied in clinical applica-
tions [11,29]. 

Compared to traditional structured light and ultrasound im-
aging, optical sensing technology offers unique advantages in 
clinical spinal applications. First, the simplicity of its imaging 
principle and the compact size of key imaging modules pro-

vide significant benefits in terms of device miniaturization and 
portability. Second, optical sensing technology is highly robust 
to external environmental factors, making it less susceptible 
to variations in light distribution, electromagnetic fields, and 
patient posture. This leads to theoretically more accurate and 
consistent detection results. Furthermore, optical sensing en-
ables rapid, non-contact 3D imaging, which can enhance clinical 
efficiency and improve patient compliance. Several studies have 
already applied optical sensing technology to clinical spinal 
health assessments [30-32]. These applications typically involve 
using depth cameras to capture geometric information of the 
patient's back and analysing this data to assess spinal morphol-
ogy. For example, Liang et al. [32]. utilized the iPhone LIDAR to 
gather back surface information, constructing a statistical shape 
model of the spine for morphological analysis. Similarly, Meng 
et al. [30] employed the Azure Kinect camera to capture high-
precision RGBD images of the back. They used generative AI to 
synthesize radiographs from these RGBD images, which were 
then used to assess scoliosis.

Limitation of Optical Sensing Assessment Method

While optical sensing technology offers numerous advantag-
es in spinal health monitoring and morphological assessment, 
it also faces several challenges. Primarily, due to its imaging 
principles, optical sensing can only detect information from the 
body surface, estimating the health of the spine based on sur-
face morphology without directly capturing anatomical details 
of the spine. This necessitates further reconstruction of spinal 
morphology or anatomical information. Since reconstruction 
techniques are based on the assumption that back surface con-
tours correlate with the spine's internal anatomy, the resulting 
internal spine alignment may not be entirely accurate. On the 
other hand, current methods typically utilize a single RGBD im-
age of the back, capturing only the posterior geometry of the 
torso in the posteroanterior direction. This approach neglects 
the geometric information from the front and sides of the torso, 
further limiting the accuracy of the assessment.

Future Directions

To address the challenges faced by optical sensing technol-
ogy in spinal health detection and assessment, future research 
should focus on enhancing the accuracy of spinal morphology 
and anatomical information reconstruction, as well as incor-
porating multi-view data. With the continuous advancements 
in artificial intelligence, deep learning methods have achieved 
unprecedented precision in computer vision and 3D geometric 
reconstruction, providing powerful tools for accurately recon-
structing the spine's 3D alignment [33,34]. Additionally, optical 
sensing should collect data from multiple views to capture com-
prehensive information about the torso. This includes acquiring 
360-degree data or light field information [35,36] around the 
torso to provide more precise geometric data for subsequent 
analysis. Future analytical techniques will also need to leverage 
multi-view vision and light field reconstruction [37-40] technol-
ogies to improve accuracy and effectiveness.

Conclusion

In summary, optical sensing technology offers unique ad-
vantages in spinal health detection and assessment. Compared 
to existing non-radiative evaluation techniques, it boasts high 
sensing accuracy, strong resistance to environmental interfer-
ence, low cost, and portability. With the integration of LIDAR 
sensors in smartphones, this technology holds significant po-
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tential for widespread use in daily life, enabling individuals to 
monitor their spinal health with a simple smartphone. This is 
particularly impactful for adolescent spinal health. As optical 
sensing technology and analytical techniques continue to ad-
vance, we can anticipate that this technology will increasingly 
benefit society, providing accessible and accurate spinal health 
monitoring for all.
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