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ABSTRACT      
BACKGROUND: Trunk aesthetics is an important aim in treating adolescent idiopathic scoliosis (AIS). While subjective measures like the 
Scoliosis Research Society-22 questionnaire are commonly used, objective methods, such as the Trunk Aesthetic Clinical Evaluation (TRACE) 
index, are less explored. Non-invasive imaging techniques like rasterstereography (RST) have been studied to reduce radiographic exposure 
in AIS, though their correlation with Cobb angles remains weak. Notwithstanding, RST provides detailed trunk shape information that could 
enhance aesthetic evaluations.
AIM: To evaluate the correlation between aesthetic indices (TRACE and novel automated RST-based) and radiographic characteristics.
DESIGN: Cross-sectional observational controlled diagnostic study.
SETTING: Outpatient rehabilitation center for conservative treatment of spinal deformities.
POPULATION: 675 AIS subjects (age 13±2 years; Cobb angles 10-45°) with trunk photographs, RST scans, and standing radiographs within 
three months.
METHODS: Two automated RST aesthetic evaluations (l_match and l_dist) were developed based on TRACE principles, providing total and 
sub-scores for shoulders, scapulae, hemithorax, and waist. TRACE assessments on RST images and photographs were conducted by two raters, 
with intra- and inter-rater reliability tested in a subset of 28 participants. Correlations among TRACE (photographic and RST), automated RST 
evaluations, scoliosis severity, and curve type were analyzed.
RESULTS: TRACE confirmed strong intra-rater (0.73-0.96) and moderate inter-rater (0.61-0.74) reliability. Correlations between aesthetic 
measures were weak: RST and photographic TRACE (0.3 overall, 0.02-0.4 sub-scores), and RST TRACE with automated evaluations (0.27-
0.28 overall, 0.06-0.29 sub-scores). Correlations between Cobb angles and aesthetic evaluations ranged from weak to moderate: RST TRACE 
(0.35-0.42), photographic TRACE (0.13–0.53), l_match (-0.05 to -0.44), and l_dist (0.03-0.49). Waist sub-scores showed strongest correlations 
in thoracic and thoracolumbar curves, with thoracic curves yielding best results for automated RST evaluations.
CONCLUSIONS: The new automated RST-based aesthetic evaluation did not show clear superiority on TRACE. In the current absence of a gold stan-
dard, choices should prioritize reliability, validity, and clinical utility. Aesthetic and radiographic evaluations were weakly correlated but showed con-
sistent patterns across trunk areas and curve types, highlighting the multifactorial nature of scoliosis-related aesthetics warranting further exploration.
CLINICAL REHABILITATION IMPACT: While the development of robust tools to assess aesthetics beyond radiography is ongoing, TRACE 
remains a reliable and cost-effective instrument for routine clinical use.
(Cite this article as: Bassani T, Negrini A, Rampi M, Parzini M, Negrini S. Association between trunk aesthetics and underling scoliosis severity and 
curve type in adolescents: evaluation of traditional clinical scores and novel automated indices from rasterstereographic imaging. Eur J Phys Rehabil 
Med 2025;61:532-42. DOI: 10.23736/S1973-9087.25.08978-6)
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literature. We hypothesize that trunk aesthetic indices, de-
rived from RST images, correlate with the severity of spi-
nal deformity and scoliotic curve typology. To this end, we 
extracted aesthetic indices – based on asymmetry between 
the right and left sides of the back – from a dataset of 720 
AIS subjects, alongside TRACE scores, scoliosis severity 
(quantified by the Cobb angle), and curve typology.

The primary objective is to evaluate the correlation be-
tween aesthetic indices (both TRACE and novel automated 
RST-based indices) and radiographic characteristics. Spe-
cifically, we aim to: 1) evaluate the assessment of the total 
TRACE score and scores across sub-regions in RST images 
through test-retest reliability analysis; 2) compare TRACE 
scores obtained from RST images with those from photo-
graphs; 3) analyze the relationship between TRACE scores 
from RST images, scoliosis severity, and curve typology; 
and 4) evaluate the association between RST image-derived 
objective indices, TRACE score, and scoliosis severity and 
curve typology.

Materials and methods

Dataset

This cross-sectional, observational, single-center study 
was based on a dataset acquired by enrolling consecutive 
AIS patients from 2020 to 2023 by a tertiary referral outpa-
tient institute specializing in conservative treatment of spi-
nal deformities (ISICO - Italian Scientific Spine Institute, 
Milan, Italy). The study was approved by the Local Ethics 
Committee of Ospedale Maggiore Policlinico, Milan, Italy 
(Milano Area 2; registry number: 306_2023bis). Assent 
from the subjects and parental permission to participate 
in the study and to use anonymized data were obtained 
through informed consent. The inclusion criteria involved 
subjects aged 8 to 18 years who underwent radiographic 
examination (at different hospitals) in the coronal plane 
within a 3-month timeframe before or after the consulta-
tion (Figure 1A). Exclusion criteria included the presence 
of other vertebral deformities or underwent operative cor-
rection, secondary scoliosis due to neuropathic or myo-
pathic conditions, congenital or infantile scoliosis, obesity, 
and pregnancy. Subjects wearing a brace at the time of the 
consultation were also excluded. During the consultation, 
an RST posterior-anterior scan was performed using the 
Formetric4D device (DIERS Biomedical Solutions, Sch-
langenbad, Germany) (Figure 1B). The subject was posi-
tioned standing, with the back exposed, including the start 
of the gluteal fold, hair tied, and no necklace worn. A pos-
terior-anterior photograph was also acquired (Figure 1C).

Adolescent idiopathic scoliosis (AIS) is a three-dimen-
sional deformity of the spine that manifests in children 

and adolescents, typically during the growth spurt.1, 2 Char-
acterized by an abnormal lateral curvature of the spine, AIS 
can progress rapidly during periods of growth, particularly 
around puberty. Beyond physical health concerns, the aes-
thetic impact of scoliosis is a major issue for adolescents, as 
spinal asymmetries can lead to visible deformities in areas 
such as the shoulders, scapulae, and waist, which can af-
fect body image and self-esteem.3 The relationship between 
scoliosis severity and aesthetics is complex; even mild cur-
vatures can result in significant body asymmetry, and this 
asymmetry may not always correlate with the measured 
severity of the spinal deformity. Previous studies demon-
strated that the traditional radiographic parameters could 
only partially reflect the trunk aesthetics appearances,4-7 and 
that self-evaluation of trunk aesthetics and quality of life do 
not depend on the severity of scoliosis.8-11 In the clinical 
context, although aesthetics is recognized as a key outcome 
in scoliosis treatment, there is no standardized criterion for 
physicians’ evaluation.12-14 Currently, subjective experience 
(questionnaires: e.g. Scoliosis Research Society 22 [SRS-
22] and Trunk Appearance Perception Scale [TAPS]) is ex-
plored more than objective situations (indexes: e.g. Trunk 
Aesthetic Clinical Evaluation [TRACE] and Posterior 
Trunk Symmetricity Index [POTSI]).15, 16 Aesthetic indices 
such as the TRACE score have been developed to quantify 
visible asymmetry in AIS patients.17-21 Based on visual eval-
uation of back photo, TRACE offers a systematic approach 
to rating body asymmetry across different areas (shoulders, 
scapulae, hemithorax, and waist) using a 12-point scale. 
However, its relationship with deformity severity and scoli-
otic curve typology has yet to be investigated.

In this regard, the severity of scoliosis is clinically as-
sessed through radiographic imaging, with the Cobb angle 
serving as the standard metric to quantify spinal curvature 
in the coronal plane. In an effort to reduce radiation expo-
sure, non-invasive imaging techniques like rasterstereog-
raphy (RST) have been explored as alternatives.22-27 RST 
projects light grids onto the patient’s back to generate a de-
tailed surface topography of the torso, capturing valuable 
information about the shape and alignment of the back. 
While RST has not proven to be a fully valid substitute 
for radiographic exams in clinical diagnosis, it has shown 
promise for screening purposes and for extracting detailed 
shape information from various regions of the back.28, 29 In 
this study, we investigate the potential for automating and 
objectifying aesthetic evaluations through RST image pro-
cessing, a topic that remains underexplored in the existing 
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is categorized as slight (1), moderate (2), or severe (3). 
For the scapulae, asymmetry is classified as slight (1) or 
severe (2). The hemithorax item ranges from slight (1) to 
severe (2) and complements the scapulae assessment, as it 
accounts for rib prominence even when scapular asymme-
try is absent. The waist sub-scale measures asymmetry as 
very slight (1), mild (2), significant but not complete (3), 
or total (4), with the latter representing cases where one 
flank is straight, or there is lateral decompensation of the 
trunk. Two expert physiotherapists served as raters, with 
each blindly assessing half of the subjects, who were ran-
domly assigned. Each rater evaluated the TRACE score 
in both photographs and RST images. Two subsets, each 
comprising 28 randomly selected subjects (one for pho-
tographs and one for RST images), were assessed twice, 
with a one-week interval between assessments, by each 
rater to evaluate test-retest reliability.

Automated indices

The 1024x1280 grayscale RST images were pre-processed 
by contrast enhancement (saturation of the bottom 1% and 

Scoliosis severity

The Cobb angle was manually measured on the radio-
graphic images by experienced clinicians. A curve with 
a Cobb angle greater than 10° was considered scoliotic. 
Curves were classified as main thoracic (T, with apex be-
tween T1T2 and T11T12), thoracolumbar (TL, apex at 
T12L1), and lumbar (L, apex between L1L2 and L5). The 
presence of two or more curves was defined when the dif-
ference between the corresponding Cobb angles was less 
than 10°. In the case of two thoracic curves, we added 
a proximal thoracic (TP) to the distal curve, still named 
thoracic. Subjects were categorized as ‘non-scoliotic’ (ab-
sence of scoliotic curves) or into one of the following sco-
liotic curve types: one curve (T, TL, and L), two curves 
(T+TL/L, and T+TP), and three curves.

Objective aesthetic index

TRACE score is a 12-point scale based on four sub-scales: 
shoulders (0-3 points), scapulae (0-2), hemithorax (0-2), 
and waist (0-4) (Figure 2).12, 17, 18 A score of 0 indicates no 
asymmetry across all items. For the shoulders, asymmetry 

Figure 1.—Coronal radiographic image (A), RST image (B), and photographic image (C) of the same subject.

A B C
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center of the waist, defined as the most caudal point verti-
cally aligned with the start of the gluteal fold while avoid-
ing any lateral obstruction by clothing; the center of the 
most cranial fully visible neckline (avoiding any obstruc-
tion of overlapping hair); and the two axillary fossae. The 
width of the left and right cropped images was defined as 

the top 1% of all pixel values) to improve the visual qual-
ity and enhance the details. In-house MATLAB routines 
(MathWorks Inc., Natick, MA, USA) were used to manu-
ally define the bounding box of the back and identify the 
left and right sides relative to the central vertical axis of 
the waist (Figure 3A). Four landmarks were selected: the 

Figure 2.—Back sub-regions for evaluating TRACE sub-scores: shoulders (A), scapulae (B), hemithorax (C), and waist (D).

Figure 3.—Flow chart of aesthetic 
index computation in RST imaging. 
Original image with bounding box 
selection and left-right side determi-
nation (A); cropping of original (B) 
and adjusted (E) binary images with 
back region boundaries indicated by 
horizontal green lines; similarity indi-
ces l_match (C, F) with lateral bands 
representing index values in grayscale 
from 0 (black) to 1 (white), and l_dist 
(D, G), in overlapped images repre-
sentation.
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Based on this approach, two similarity indices were 
defined for each distinct line shared between the left and 
right images in an overlapped image representation: the 
line matching percentage (l_match, expressed in normal-
ized units ranging from 0 to 1), calculated as the ratio of 
overlapping pixels to the larger number of pixels defining 
the line on either the left or right side (Figure 3C, F); and 
the Euclidean distance between the lateral endpoints of 
the line (l_dist, expressed in pixels) (Figure 3D, G). The 
overall and regional values of the l_match and l_dist indi-
ces were obtained by averaging the respective line values 
both across the image and within each specific region.

Statistical analysis

For the TRACE score, Kendall’s tau was used to assess 
intra-rater and inter-rater reliability for ordinal data in 
the subset of 28 subjects, as well as to measure the as-
sociation between scores obtained from RST images and 
photographs in the complete dataset. Spearman’s rank cor-
relation coefficient (denoted as r) was used to compute 
the association between numerical and ordinal data in the 
complete dataset in the following cases: between aesthetic 
indices calculated in the back regions from RST (for both 
the original and adjusted image pairs) and the TRACE to-
tal score and sub-scores in the back regions; between aes-
thetic indices from RST and scoliosis severity (measured 
by the largest Cobb angle in cases with two curves) across 
the different scoliotic types; and between the TRACE to-
tal score, sub-scores, and scoliosis severity/type. For both 
Kendall’s tau and Spearman’s rank, a value of 0 indicates 
no linear correlation, while values of -1 and 1 represent 
complete negative and positive correlations, respectively. 
A permutation distribution test was used to assess the sta-
tistical significance of the coefficient differing from zero, 
with a significance level (alpha) of 0.05. All analyses were 
performed using MATLAB software. No missing data 
were anticipated.

Data availability

The data associated with the paper are not publicly avail-
able but are available from the corresponding author on 
reasonable request.

Results

A dataset of 720 consecutively enrolled subjects was ana-
lyzed. Forty-five subjects were excluded due to postural 
factors in the RST images, specifically partial axial rotation 
of the trunk, which prevented accurate TRACE scoring and 

the shortest horizontal distance between the axillary fossae 
and the selected center of the waist, while the height was 
the vertical distance between the center of the waist and 
the center of the neck line. The right image, along with 
a vertically flipped version of the left image, underwent 
edge detection using the Canny method to obtain a black-
and-white binary representation of the RST lines (Figure 
3B). An additional ‘adjusted’ pair of left and right cropped 
images, compensating for the lateral shift of the torso rela-
tive to the waist, was generated by accounting for the angle 
between the vertical axis and the line connecting the center 
of the waist to the center of the neck line (see the dashed 
lines in Figure 3A). This adjustment produced an aligned 
representation of the left and right sides (Figure 3E). The 
two images were constructed row by row, progressively 
shifting the selected image area from bottom to top while 
preserving the width.

For both the original and adjusted image pairs, the 
back regions corresponding to those used for measuring 
TRACE scores were automatically identified (green hori-
zontal lines in Figure 3B, E). Specifically, the coordinates 
of the line endpoints in the left and right images were pro-
cessed from top to bottom to identify the following re-
gions: shoulders (from the first cranial line to the most 
caudal line reaching the lateral limit), scapulae (from the 
shoulders lower limit to the most caudal line stopping at 
the lateral limit), hemithorax (from the shoulders lower 
limit to the most caudal maximum indentation of the torso 
side), and waist (from the scapulae lower limit to the most 
caudal line).

The selection of similarity indices based on the auto-
mated comparison of left and right image pairs was de-
termined following preliminary tests conducted with 
traditional similarity metrics (e.g., mean squared error, 
structural similarity index, spatial correlation coefficient, 
spectral error, and spectral angle mapper) and machine 
learning approaches. Specifically, methods explored in-
cluded principal component analysis, latent value extrac-
tion in variational autoencoders, and cosine similarity 
scores based on the classification of left and right images 
by a pre-trained and fine-tuned VGG16 network. Howev-
er, these approaches, which process the image as a whole, 
yielded highly limited results. Consequently, a region-
based, geometric-shape approach was developed to quan-
tify line matching between the left and right sides, based 
on the assumption that white lines projected by structured 
light in RST should ideally align on a flat surface, with 
misalignments progressively increasing as surface modifi-
cations occur due to spinal deformity.
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etitions (median differences between raters ranged from 
0 to -2, Table II). This trend was consistent across both 
sub-scores and total scores for assessments of RST images 
and photographs. The intra-rater correlation coefficient for 
Rater 1 ranged from 0.51 to 0.83 for RST images and from 
0.34 to 0.73 for photographs, while for Rater 2 it ranged 
from 0.78 to 0.97 and from 0.93 to 0.96, respectively. 
The inter-rater correlation coefficient ranged from 0.27 to 
0.76 for the first repetition in RST images and from 0.5 to 
0.74 for photographs, whereas for the second repetition it 
ranged from 0.06 to 0.74 for RST images and from 0.5 to 
0.71 for photographs.

When analyzing the complete dataset of 675 subjects, 
the correlation between scores assessed in RST and pho-
tographic images ranged from 0.02 (scapulae region) to 
0.4 (waist region), with an overall correlation of 0.3 for 
the total TRACE score (Table III). In comparing the cor-
relation between the TRACE score and scoliosis severity 
across different curve types, groups with thoracic-primary 
plus proximal thoracic (T+TP), and three-curve configu-
rations were excluded due to the low number of subjects 
(≤10). In the non-scoliotic group, the correlation coeffi-
cient was generally negligible for both the total TRACE 
score and the sub-region scores (ranging from 0.01 to 0.12 
in absolute values), for both the RST and photographic as-
sessments (Table IV). Negligible correlations were also 

calculation of automated similarity indices. Consequently, 
675 subjects (427 females (63%) and 248 males (37%)), 
aged 9 to 18 years (mean: 13±2 years) with Cobb angles 
ranging from 1° to 45° (mean 17°±12°), were included in 
the analysis. Clinically, subjects were categorized as ‘non-
scoliotic’ (Cobb angle <10°), ‘mild scoliosis’ (Cobb angle 
10°-25°), and ‘moderate scoliosis’ (Cobb angle 25°-45°). 
Most cases were classified as mild scoliosis (49%), with 
a higher prevalence of females in both the mild and mod-
erate scoliosis groups (Table I), and similar age among 
groups. Distribution into scoliotic curve types was as fol-
lows: 170 non-scoliotic subjects, 287 with single curve (93 
T, 133 TL, and 61 L), 208 with double curve (198 T+TL/L, 
and 10 T+TP), and 10 with three curves.

When evaluating the test-retest reliability of TRACE 
scores, Rater 1 generally assigned slightly lower values 
in each sub-region compared to Rater 2 across both rep-

Table I.—��Demographic data and Cobb angle for non-scoliotic 
subjects and cases with mild and moderate scoliosis.
Parameter Non-scoliotic Mild Moderate
Subjects (N.=675) 170 (25%) 329 (49%) 176 (26%)
Age (years) 13±2 13±2 13±2
Sex (males, females) 95, 75 120, 209 33, 143
Cobb angle (degrees) 3±4 16±4 33±6
Values given as number of individuals and percentage, and mean±SD.

Table II.—��Sub-regions scores and total TRACE score assigned by two RST and photographic image raters in two repeated measure-
ments: median (interquartile range) and maximum absolute score difference between raters, and intra- and inter-rater reliability via 
Kendall’s tau coefficient (28 subjects).

Parameter
Score difference (Rater1 - Rater2) Intra-rater coefficient Inter-rater coefficient
Repetition_1 Repetition_2 Rater_1 Rater_2 Repetition_1 Repetition_2

TRACE (RST)
Shoulders -1(1), 1 -1(1), 1 0.83* 0.88* 0.76* 0.74*
Scapulae 0(1), 1 0(1), 1 0.51* 0.78* 0.27 0.06
Hemithorax -1(1), 1 -1(1), 1 0.63* 0.93* 0.32 0.47*
Waist 0(0.5), 1 0(1), 1 0.8* 0.97* 0.66* 0.74*
Total score -2(1), 3 -2(2), 4 0.82* 0.89* 0.74* 0.66*

TRACE (photograph)
Shoulders -1(1), 2 -1(1), 1 0.62* 0.93* 0.4* 0.58*
Scapulae 0(0), 1 0(0), 1 0.34 0.95* 0.59* 0.57*
Hemithorax 0(1), 1 -1(1), 1 0.62* 0.96* 0.41* 0.5*
Waist 0(1), 1 -2(1), 3 0.49* 0.96* 0.74* 0.61*
Total score -2(2), 4 -2(2), 3 0.73* 0.96* 0.61* 0.71*

*Coefficient significantly different from zero.

Table III.—��Correlation between sub-regions scores and total TRACE score assessed in RST and photographic image. N = 675 subjects.

Parameter
TRACE (photograph)

Shoulders Scapulae Hemithorax Waist Total score
TRACE (RST) 0.18* 0.02 0.15* 0.4* 0.3*
*Coefficient significantly different from zero.
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Discussion

Regarding our preliminary hypotheses, the results dis-
cussed below confirmed a complex association between 
aesthetics and scoliosis severity, with generally weak to 
moderate correlations between the aesthetic indices (both 
objective and automated) and the measurements of defor-
mity and curve typology. Moreover, the aesthetic evalua-
tion methods varied, with no clear superiority.

This is the first study to evaluate TRACE scoring in 
RST images. Results indicated notable variability in scor-
ing and reliability across raters. Rater 1 generally assigned 
lower score values compared to Rater 2 (median differ-
ences ranged from 0 to -2, Table II). Intra-rater reliability 
coefficients, quantifying scoring consistency within each 
rater across repetitions, were lower for Rater 1 (ranging 
from 0.51 to 0.83) than for Rater 2 (ranging from 0.78 to 
0.97). The inter-rater reliability coefficient was similar 
across repetitions, with values ranging from 0.06 to 0.76, 
indicating Rater 2 as both more consistent and stringent in 
scoring. In terms of sub-regional scoring, reliability was 
generally lower in the scapula and hemithorax regions 
than in the shoulders and waist for both raters, suggesting 
that the central trunk area is more challenging to score, 
possibly due to its lower visual alignment with the image 
frame and background references (Figure 1B).

TRACE scores derived from photographs aligned with 
findings from previous studies,17 and revealed differenc-
es in measurement and reliability coefficients similar to 
those obtained from RST images. However, correlations 
between scores assigned in RST and photographic images 
were weak or absent (ranging from 0.02 to 0.4, Table III). 
This result is not unexpected and can be attributed to per-
spective differences in image acquisition, including the 
vertical positioning of the camera (higher in RST, Figure 

observed in the shoulders region across all curve types and 
in the scapulae region, except in the case of double curve 
configurations T+TL/L, where correlations of 0.26 and 0.2 
were found for RST and photographic images, respective-
ly. Correlations were generally higher in the hemithorax 
and waist regions, ranging from 0.27 to 0.46 for RST and 
from 0.25 to 0.56 for photographic images. The correlation 
analysis between the total TRACE score and scoliosis se-
verity revealed moderate positive correlations for both the 
RST (0.37) and photographic ratings (0.38) (Figure 4A, B).

The correlation analysis between automated similarity 
indices l_match and l_dist and the TRACE score from the 
RST images demonstrated negative and positive values, 
respectively, across all regions (Table V). The correlation 
coefficients were generally low, ranging from -0.11 to -0.3 
for l_match and from 0.06 to 0.28 for l_dist, with the high-
est values observed in the hemithorax and waist regions. 
Similar trends were found when indices were computed us-
ing adjusted image pairs, with l_match values ranging from 
-0.14 to -0.28, and l_dist values ranging from 0.11 to 0.29. 
When comparing the correlation between similarity indices 
and scoliosis severity across different curve types, the co-
efficient values for the non-scoliotic group were generally 
negligible for both l_match and l_dist across all sub-regions 
and overall (ranging from 0 to 0.04 in absolute values, Ta-
ble VI). Higher values were observed for T and L groups 
compared to TL and T+TL/L, with the largest values in the 
hemithorax and waist regions (ranging from -0.29 to -0.38 
for l_match and from 0.3 to 0.43 for l_dist). In these re-
gions, the coefficient values for adjusted image pairs were 
even higher for the T group, ranging from -0.37 to -0.47 
for l_match and from 0.45 to 0.54 for l_dist. Overall, the 
correlation analysis indicated weak associations for both 
l_match (-0.18 for original images and -0.19 for adjusted 
images) and l_dist (0.18 for both cases) (Figure 4C-F).

Table IV.—��Correlation between sub-regions and total TRACE score from RST and photographic images and Cobb angle, differentiated 
by scoliosis typology.

Score Sub-region
Scoliosis typology

Non-scoliotic T TL L T+TL/L
TRACE (RST) Shoulders -0.07 0.04 0.11 0.12 0.06

Scapulae 0.02 0.2 0.03 0.15 0.26*
Hemithorax 0.02 0.27* 0.36* 0.38* 0.35*
Waist 0.02 0.46* 0.44* 0.33* 0.27*
Total score -0.02 0.4* 0.42* 0.36* 0.35*

TRACE (photograph) Shoulders 0.04 0.14 -0.03 -0.08 0.06
Scapulae -0.1 0.12 0.08 -0.11 0.2*
Hemithorax -0.01 0.47* 0.36* 0.25 0.39*
Waist -0.12 0.54* 0.56* 0.27* 0.34*
Total score -0.06 0.53* 0.39* 0.13 0.35*

*Coefficient significantly different from zero.
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tal TRACE score. Similar results were found for TRACE 
scores measured from photographs, where correlations 
reached moderate values, up to 0.56. The regression anal-
ysis confirmed weak correlation between total score and 
scoliosis severity (Figure 4A, B). Overall, these findings 

1B, C), image characteristics (line patterns in RST versus 
diffused lighting and bra clothing in photographs), and the 
presence of background reference objects (not visible in 
RST). Collectively, these results indicate that objective 
aesthetic scores can be rater-dependent and influenced by 
the type of image being evaluated.

In comparing the relationship between TRACE sub-
regions, total score, and scoliosis severity across different 
curve types, as expected, correlation was negligible for 
non-scoliotic subjects (Table IV). For scoliotic subjects, 
correlations were weak in the shoulder and scapula re-
gions across both single and double curve types (ranging 
from 0.04 to 0.26 for RST images), while more favorable 
values were obtained for the hemithorax and waist regions 
(ranging from 0.27 to 0.46). The highest correlations were 
observed in the waist region for subjects with thoracic 
and thoraco-lumbar curves, which also influenced the to-

Figure 4.—Scatter plots showing 
the relationships between TRACE 
total score in RST (A) and photo-
graphic (B) images and scoliosis 
severity, and between l_match and 
l_dist indices and scoliosis severity 
for original (C, D) and adjusted (E, 
F) images. Each plot includes the 
regression line, 95% confidence 
interval, correlation coefficient, 
slope, and intercept values.

Table V.—��Correlation between automated similarity indices cal-
culated from RST images and TRACE scores assessed in RST im-
ages: matching sub-regions and overall total score comparisons.

Score Sub-region
Automated similarity indices (RST)

l_match l_dist
TRACE (RST) Shoulders -0.12/-0.14 0.12/0.29

Scapulae -0.11/-0.16 0.06/0.11
Hemithorax -0.3/-0.28 0.22/0.21
Waist -0.23/-0.25 0.28/0.25
Total score -0.27/-0.28 0.27/0.28

Results presented for original and adjusted images pairs (indicated by ‘/’).
*Coefficients >0.08 were significantly different from zero.
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cases. Consistent with the objective aesthetic scores, the 
automated indices were also slightly higher in the hemi-
thorax and waist regions for these single curve types, sug-
gesting a greater impact of deformity severity on shape 
alterations in the central and lower regions of the trunk.

The proposed automated indices, therefore, appear gen-
erally weak in representing the effect of deformity on the 
aesthetic appearance of the back surface. Although some 
relational trend patterns emerged across trunk regions and 
curve classifications, underscoring the multifactorial na-
ture of scoliosis-related aesthetics, further investigation is 
needed to corroborate the clinical utility of the RST-based 
automated indices. A subsequent development to assess 
their potential efficacy involves evaluating these indices 
in monitoring scoliosis progression, to determine whether 
they are superior to or comparable with traditional assess-
ment using the TRACE score in measuring improvements 
or worsening in aesthetics over time and with conservative 
brace treatment.

Several studies have investigated the validity of RST 
as a non-invasive alternative to radiographic examination 
for assessing AIS subjects. These studies evaluated the 
capability of RST to infer spinal curvature and compute 
the Cobb angle for diagnosing and quantifying scoliosis 
severity.26, 30, 31 In most investigations employing RST 
imaging, the Cobb angle was estimated by analyzing the 
angle between vertebral bodies reconstructed within a 
geometric model of the spine, generated by the device’s 
internal software. This reconstruction process typically 
involves fitting a reference spine model to the deforma-
tion of projected light lines on the back surface. While 
RST has shown promising results in detecting the pres-
ence of spinal deformity (Cobb angle >10°),31 it remains 
insufficiently accurate for replacing radiography in the 
assessment of moderate to severe curves. Notably, RST 

indicate that the association between objective aesthetic 
scores and deformity is generally weak, although defor-
mity severity shows moderate correlation with visual al-
terations in the central region and lower half of the trunk.

A similar trend was observed when evaluating the pro-
posed RST image-derived objective indices. Correlations 
between l_match, l_dist, and the TRACE score were gen-
erally weak, with the strongest correlations (ranging from 
0.21 to 0.3 in absolute value) observed in the hemithorax 
and waist regions (Table V). Notably, the correlation val-
ues were negative between l_match and the TRACE score, 
but positive between l_dist and the TRACE score. This 
coherent and anticipated pattern can be explained by the 
TRACE score’s role in measuring visual misalignments, 
which increase with deformity severity. As deformity 
worsens, larger mismatches arise in RST imaging between 
the projected light lines on the right and left sides. This 
effect negatively impacts the percentage of matching line 
pixels, as captured by the l_match index, in the overlapped 
left-right side representation (Figure 3C, F), while simul-
taneously increasing the Euclidean distance between line 
ends, measured by the l_dist index (Figure 3D, G). Simi-
lar results were observed between indices calculated from 
original images and those adjusted to compensate for the 
lateral shift of the torso relative to the waist (Figure 3A, B, 
E), confirming a weaker relationship between the TRACE 
score and shape variations in the upper trunk regions.

Weak correlations were generally observed between the 
objective indices and scoliosis severity, overall (Figure 
4C, F) and depending on curve type (Table VI). The stron-
gest correlations, ranging from 0.3 to 0.5 in absolute value, 
were found in cases with single thoracic (T) or lumbar (L) 
curves. In particular, correlations were higher for l_match 
and l_dist when adjusted image pairs were processed in 
the T curve cases, and for original images in the L curve 

Table VI.—��Correlation between automated similarity indices calculated from RST images (by sub-regions and overall) and Cobb angle, 
differentiated by scoliosis typology.

Index Sub-region
Scoliosis typology

Non-scoliotic T TL L T+TL/L
l_match Shoulders -0.04/-0.03 -0.09/-0.34* -0.08/-0.09 -0.3*/-0.27* -0.13/0.02

Scapulae -0.03/0.03 -0.21*/-0.29* -0.02/0.09 -0.2/-0.17 -0.19*/-0.17*
Hemithorax -0.04/-0.01 -0.37*/-0.47* -0.12/-0.05 -0.36*/-0.24 -0.25*/-0.24*
Waist -0.02/-0.04 -0.29*/-0.37* -0.1/-0.1 -0.38*/-0.28* -0.16*/-0.18*
Overall -0.04/-0.04 -0.28*/-0.44* -0.08/-0.05 -0.41*/-0.32* -0.22*/-0.19*

l_dist Shoulders 0.01/0 0.03/0.26* 0.12/0.11 0.21/0.17 0.18*/0.04
Scapulae 0.02/0.01 0.29*/0.36* -0.01/-0.15 0.2/0.16 0.1/0.1
Hemithorax 0/-0.02 0.43*/0.54* 0.14/-0.04 0.3*/0.23 0.08/0.15*
Waist -0.03/-0.04 0.35*/0.45* 0.15/-0.01 0.39*/0.26* 0.1/0.16*
Overall 0/-0.01 0.32*/0.49* 0.16/0.03 0.31*/0.24 0.13/0.11

Values presented for original and adjusted images pairs (indicated by ‘/’).
*Coefficient significantly different from zero.
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RST imaging is not expected to be a limiting factor, as all 
acquisitions were performed using a standardized protocol 
in accordance with system guidelines for static image cap-
ture. These include patient positioning, distance from the 
device, field of view, visibility of the bare back surface, 
and ambient lighting conditions (lights off), all of which 
are expected to be consistent across centers employing 
this technology. In terms of the AIS population and radio-
graphic characteristics, scoliosis severity was assessed us-
ing radiographs obtained from multiple centers, support-
ing the generalizability of the patient cohort. The severity 
distribution was representative of the broader AIS popula-
tion, with a uniform spread across severity groups and a 
predominance of mild cases (49%), followed by moder-
ate cases (26%). Curve typology was similarly well rep-
resented, with more than sixty subjects included in each 
group, except for double thoracic curves, which are known 
to be rare (<3%) in AIS populations. The exclusion criteria 
used in this study – such as the presence of other vertebral 
deformities, prior surgical correction, secondary scoliosis 
of neuropathic or myopathic origin, congenital or infantile 
scoliosis, and obesity – are consistent with standard prac-
tices in AIS research. These exclusions are not expected 
to significantly limit the generalizability of the findings 
within the context of idiopathic scoliosis in adolescents.

Conclusions
Aesthetic scores can vary depending on the rater and the 
type of image being evaluated, whether RST or photo-
graphic. Given the absence of a gold standard, choices 
should prioritize reliability, validity, and clinical utility. 
The study confirmed a complex relationship between aes-
thetic assessment and scoliosis severity, demonstrating 
generally weak to moderate correlations between aesthetic 
indices (both objective and automated) and measurements 
of deformity and curve type. Some relational trend pat-
terns emerged across trunk regions and curve classifica-
tions, underscoring the multifactorial nature of scoliosis-
related aesthetics and the need for further investigation to 
corroborate the clinical utility of the RST-based automated 
indices.
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