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Executive Summary

DeepXray™— Al-powered bone mineral density analysis from standard plain X-rays, enabling
precision opportunistic osteoporosis screening without dedicated DXA equipment.

ACCURACY

r=0.901

Pearson rvs. DXA gold standard

Retrospective

FRACTURE PREDICTION
Equivalent 1o DXA

All-site fracture AUC:

Al 0.699 vs DXA 0.677

MULTI-SITE EVIDENCE

10+

conference presentations

Japan, Taiwan, Vietnam

95.1% accuracy | 100% specificity
6-year follow-up (n=540) )
3 abstracts: IOF Poster Guided Tour,

Prospective Tokyo 2026

AUC 0.969 | 100% PPV / specificity

ESCEO-IOF Young Investigator IOF Tokyo, JOS, TOA, WCO, RSNA

Award, WCO-IOF-ESCEO 2026,
Prague

Tohoku University Hospital, Japan
J. Clinical Densitometry (ISCD), 2025

Frontiers in Endocrinology. 2026

100+ clinical sites deployed — Taiwan - Japan - Vietnam

Regulatory Clearances & Submissions

I@A\ US FDA 510(k)

PMDA Japan Q‘F%A Taiwan FDA

) Vietham MOH

CLEARED (in progress) C

DeepXray™ Spina K253192
DeepXray™ (Genu) K223621

DeepXray™ Spina MOHW-MD-008246 DeepXray™ Spina 250000092/PCBB-HCM
DeepXray™ Coxa MOHW-MD-007975 DeepXray™ Coxa 240000792/PCBB-HCM
DeepXray™ (Genu) MOHW-MD-007907 DeepXray™ (Genu) 240000568/PCBB-HCM

Clinical Evidence & Recognition at a Glance

P Peer-Reviewed Publications (Tier 1)
e Taiwan University Hospital (Taiwan) — Osteoporosis International (IOF), 2026
e Tohoku University (Japan) — J. Clinical Densitometry (ISCD), 2025
¢ Hue Central Hospital (Vietham) — Osteoporosis & Sarcopenia (AFOS), 2026

P Awards & Recognition (Tier 2)
% ESCEO-IOF Young Investigator Award — WCO-IOF-ESCEOQ 2026, Prague (Oral 0C24)
r 3 abstracts — IOF Poster Guided Tour, 9th Asia-Pacific Bone Health Conf., Tokyo 2026
¢ 2" Place ITEM of the Year Expert Recommendation Award 2025, Japan
¢ National Innovation Award (IBMI) — 20t 2023 / 22" 2025, Taiwan

P Multi-Site Supporting Evidence (Tier 3)

¢ 10+ conference presentations: WCO-IOF-ESCEO 2026, I0F Tokyo 2026, JOS 2025,
TOA 2025, WCO-IOF-ESCEO 2024, RSNA 2024
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Index

Osteoporosis International

Al-derived bone mineral density from standard radiographs
compared with DXA for fracture prediction in a 10-year real-world

cohort study

Tzu-Hao Tseng, Tseng Ti Huang, Jing En Huang, Shi-Chien Tzeng, Yu-Chen Wang,
Pei-Chen Tsao, Chih-Chien Hung, Chia-Che Lee, Jui-Yo Hsu, Hung-Kuan Yen,
Chih-Hsing Wu, Chung-Yi Li, Chen-Yu Wang, Shau-Huai Fu

Journal of Clinical Densitometry

Osteoporosis prediction from Frontal Lumbar Spine X-rays
Ryusei Inamori, Tomoya Kobayashi, Eichi Takaya, Junya lwazaki, Carlos, Makoto Miyauchi,
Saori Ikumi, Yoshikazu Okamoto, Cheng Wei Lin, Sheng Che Hsiao, Qingzong Tseng,

Shinya Sonobe

Osteoporosis and Sarcopenia

Artificial intelligence-assisted screening reveals high prevalence
of osteoporosis in Viethamese adults using pelvic and hip
radiographs

Dat Minh Nguyen, Chih-Hsing Wu, Tuan Van Nguyen, Lan T. Ho-Pham, Kim Thi Hoang Dang,
Hy Van Nguyen, Sung-Yen Lin, Chung-Hwan Chen, Ta-Wei Tai

Frontiers in Endocrinology

Comprehensive opportunistic osteoporosis screening with Al:
retrospective development and prospective validation of dual-

site BMD prediction from a single radiograph
Hsuan-Yin Lin, Jyh-Wen Chai, Qingzong Tseng, Cheng-Wei Lin, Kuan-Jung Pan, Kai-Wei Liu,
Ya-Chu Shih

Awards & Recognition

WCO-IOF-ESCEO 2026 World Congress on Osteoporosis, Prague
Fracture Risk Prediction Using DXA-measured BMD Versus Al-
predicted BMD from Spinal Radiographs: A Multicenter

Retrospective Study in Hospital and Community Settings
Tseng TH, Fu SH, Hsu JY, et al. (incl. AIM)

€ ESCEO-IOF Young Investigator Award — WCO-IOF-ESCEO 2026, P.12



------------------------------------------------------------------------------ % Selected for the poster guided tour
|OF Tokyo 2026

International Osteoporosis Foundation Regional 9th Asia-Pacific Bone Health Conference
PI: Fu, Shau-Huai

Dept. of Orthopedics, National Taiwan Univ. Hospital Yun-Lin Branch. Taiwan

Two-stage Osteoporosis Screening Using Al from Lumbar Spine, Pelvic, and Chest
Radiographs Combined with OSTA: A Retrospective Study

(‘a Selected for the poster guided tour

IOF Tokyo 2026
International Osteoporosis Foundation Regional 9th Asia-Pacific Bone Health Conference
Pl: 1114 %% Noriaki Yamamoto

Niigata Rehabilitation Hospital, Japan

Prediction of Bone Mineral Density from Radiographic of Lumbar and Hip Joint
in Japanese Females Using Artificial Intelligence

""""""""""""""""""""""""""""""""""""""""""""""
IOF Tokyo 2026

International Osteoporosis Foundation Regional 9th Asia-Pacific Bone Health Conference
PI: Fu, Shau-Huai

Dept. of Orthopedics, National Taiwan Univ. Hospital Yun-Lin Branch. Taiwan

Fracture Risk Prediction Using DXA-measured BMD Versus Al-predicted BMD

from Spinal Radiographs: A Multicenter Retrospective Study in Hospital and

Community Settings P.15

P.13

P.14

Research Highlights and Conference Abstracts

IOF Tokyo 2026

International Osteoporosis Foundation Regional 9th Asia-Pacific Bone Health Conference
Pl: Fu, Shau-Huai

Dept. of Orthopedics, National Taiwan Univ. Hospital Yun-Lin Branch. Taiwan
Feasibility of an Al-based Algorithm Using Spinal Radiographs to Predict
Longitudinal Changes In Bone Mineral Density: A Multicenter Study in
Hospital and Community Settings

IOF Tokyo 2026

International Osteoporosis Foundation Regional 9th Asia-Pacific Bone Health Conference
PI: Fu, Shau-Huai

Dept. of Orthopedics, National Taiwan Univ. Hospital Yun-Lin Branch. Taiwan
Diagnostic Performance of Al-based X-ray Analysis versus Traditional
Questionnaires for Predicting Bone Mineral Density in the Community

IOF Tokyo 2026

International Osteoporosis Foundation Regional 9th Asia-Pacific Bone Health Conference
Pl: Ta-Wei Tai

Dept. of Orthopedics, National Cheng Kung University Hospital, Tainan, Taiwan
Artificial Intelligence-Based Remote Screening Reveals Risk Factors for
Osteoporosis and Hip Fractures in Viethnam
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IOF Tokyo 2026

International Osteoporosis Foundation Regional 9th Asia-Pacific Bone Health Conference
Pl: Y.L.Liu

Min Sheng General Hospital, Taoyuan, Taiwan

Al-assisted Hip Bone Mineral Density Screening in Taiwanese Community

2025 Taiwanese Osteoporosis Association Annual Meeting

Pl: Fu, Shau-Huai

Dept. of Orthopedics, National Taiwan Univ. Hospital Yun-Lin Branch. Taiwan

Exploring the Feasibility and Clinical Validation of X-ray Imaging Combined with

Al-based Smart Healthcare Analysis as a Replacement for Bone Mineral Density

Testing P.21

2025 Taiwanese Osteoporosis Association Annual Meeting

PI: Tai, Ta-Wei

Department of Orthopaedics, National Cheng Kung University Hospital, Taiwan

Al-Driven Radiographic Screening Across Borders: A Real-World Model of Remote

Collaboration for Osteoporosis Detection in Vietham pP.22

2025 Japan Osteoporosis Society Annual Meeting

Pl: L1 %458 Noriaki Yamamoto

Niigata Rehabilitation Hospital, Japan

Al Software for Osteoporosis Diagnosis Using Hip X-Ray Images

AlY 7 b7 T T & % BREIETXIRER O BAESRE W P.23

2025 Japan Osteoporosis Society Annual Meeting

PI: [E]%f E 4L Shinya Sonobe

Tohoku University Hospital AlLab, Tohoku University Graduate School of Medicine. Japan

Predicting Bone Density from Lumbar X-Ray Images Using Al

A% FI - B B IEXIRE R > D BEE T P.25

WCO-IOF-ESCEO 2024 Annual Meeting

World Congress on Osteoporosis, Osteoarthritis and Musculoskeletal Diseases
Pl: Fu, Shau-Huai

Dept. of Orthopedics, National Taiwan Univ. Hospital Yun-Lin Branch.

From Pixels to Prevention: Al-Powered Digital Radiogrammetry Democratizes
Osteoporosis Diagnosis

2024 RSNA Annual Meeting

The Radiological Society of North America

Pl: H.Lin

Taichung Veterans General Hospital, Taichung, Taiwan

Al-Enabled Radiogrammetry for Opportunistic Osteoporosis Screening: P.28
A Real-World Feasibility Study
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AIM White Paper

DeepXray™ Coxa

P.30
Al-Powered Rapid Screening for Osteoporosis
™ H
DeepXray'™ Spina 532
Al-Powered Precision Diagnosis for Osteoporosis
™
DeepXray'™ Genu Y

Al-Powered Precision Diagnosis for Osteoarthritis
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Al-derived bone mineral density from standard
radiographs compared with DXA for fracture
prediction in a 10-year real-world cohort study

Tzu-Hao Tseng, Tseng Ti Huang, Jing En Huang, Shi-Chien Tzeng, Yu-Chen Wang, Pei-Chen Tsao, Chih Chien
Hung, Chia-Che Lee, Jui-Yo Hsu, Hung-Kuan Yen, Chih-Hsing Wu, Chung-YiLi, Chen-YuWang, Shau-Huai Fu

Abstract

Al-derived bone mineral density from routine radiographs showed strong agreement with DXA
and comparable ability to predict incident fractures. This opportunistic approach may support
osteoporosis screening and early identification of high-risk individuals without reliance on
dedicated DXA examinations.

Introduction

Osteoporosis is a major cause of fragility fractures, yet limited access to DXA leads to
underdiagnosis and delayed treatment. Recent advances in artificial intelligence enable
extraction of bone structural information from routine radiographs, providing a potential tool
for opportunistic osteoporosis screening. Whether Al-derived BMD can approximate DXA and
predict real-world fracture risk remains unclear.

Methods

Adults aged = 20 years who underwent both lumbar DXA and radiographic examinations
(lumbosacral or kidney-ureter-bladder) within six months between January 2014 and
December 2024 were retrospectively analyzed. Lumbar BMD was estimated using DeepXray
Spina and compared with DXA using Pearson correlation, intraclass correlation coefficient
(ICC), and Bland-Altman analysis. Diagnostic performance for osteoporosis (T-score < - 2.5)
and fracture prediction was evaluated using receiver operating characteristic (ROC) analysis,
Cohen's k, and logistic regression.

Results

Among 540 participants (73.9% female; mean age 57.0 years; mean follow-up 6.4 years), Al-
and DXA-derived BMD showed strong agreement (r = 0.943; ICC = 0.934). For osteoporosis
diagnosis, Al-derived T-scores achieved an AUC of 0.959, k = 0.74, and 90% accuracy. Al- and
DXA-derived BMD showed comparable performance for predicting vertebral (AUC 0.704 vs.
0.678) and hip fractures (0.716 vs. 0.678). For all-site fractures, Al-derived BMD showed a
modestly higher AUC than DXA-derived BMD (AUC, 0.699 vs 0.677; P = 0.042). Lower Al-
derived BMD was independently associated with higher fracture risk.

Conclusions Wt e
Al-derived BMD from routine radiographs closely |NTERNFLTFGM:L
correlates with DXA and demonstrates comparable aicddinstin e
fracture prediction. This approach may support
opportunistic osteoporosis screening without
reliance on DXA.

https://pubmed.ncbi.nlm.nih.gov/42313179/
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Osteoporosis prediction from Frontal Lumbar Spine
X-rays

Ryusei Inamori, Tomoya Kobayashi, Eichi Takaya, Junya lwazaki, Carlos, Makoto Miyauchi,
Saori lkumi, Yoshikazu Okamoto, Cheng Wei Lin, Sheng Che Hsiao, Qingzong Tseng,

Shinya Sonobe
Abstract

Background

This study aimed to evaluate the performance of DeepXray™ Spina, a software that estimates
bone mineral density (BMD) and T-scores from frontal lumbar spine X-ray (FLS-X), in predicting
osteoporosis.

Methodology

Patients from a Japanese cohort who underwent both FLS-X and dual-energy X-ray
absorptiometry (DXA) using Hologic systems within 30 days at Tohoku University Hospital
(May 2014-April 2024) were included. BMD was estimated from FLS-X using DeepXray™ Spina,
which was developed using dataset from a Taiwanese Cohort. BMD assessed by DXA
(observed BMD) and BMD estimated from FLS-X by DeepXray™ Spina (estimated BMD) were
compared using Pearson’s correlation coefficient (PCC) and normalized root mean square
error (NRMSE). T-scores were converted to osteoporosis classifications as normal,
osteopenia, or osteoporosis following the World Health Organization criteria. Classification
performance was evaluated by accuracy, sensitivity, specificity, Cohen’s kappa, and
quadratic-weighted Cohen’s kappa.

Results

The correlation between estimated and observed BMD was strong, with a PCC of 0.901 and an
NRMSE of 0.070. For osteoporosis classification, the accuracy, sensitivity, specificity, and
Cohen’s kappa were as follows: 0.902, 1.000, 0.842, and 0.803 for normal; 0.854, 0.729, 0.924,
and 0.673 for osteopenia; 0.951, 0.810, 1.000, and 0.863 for osteoporosis. The quadratic-
weighted Cohen’s kappa was 0.884.

Conclusion

This study evaluated the performance of Deep Xray™ Spina in predicting osteoporosis from
FLS-X. The software is a practical and reliable tool for predicting osteoporosis, with high
performance and robustness.

https://www.sciencedirect.com/science/article/pii/S1094695025001180

]
Journal of About the Journal Journal of Clinical Densitometry
Clinical

Densitometry?®

The official journal of the International Society for Clinical Densitometry (ISCD),

the Journal of Clinical Densitometry: Assessment and Management of Musculo-Skeletal
Health publishes the latest clinical research on the uses of bone mass and density
measurements in medical practice, as well as state-of-the-art review articles on critical
topics.
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Artificial intelligence-assisted screening reveals high
prevalence of osteoporosis in Viethamese adults
using pelvic and hip radiographs

Dat Minh Nguyen, Chih-Hsing Wu, Tuan Van Nguyen, Lan T. Ho-Pham, Kim Thi Hoang Dang, Hy Van Nguyen,
Sung-Yen Lin, Chung-Hwan Chen, Ta-Wei Tai

Abstract

Objectives

Osteoporosis is a silent disease with low screening rates in many developing countries. This
study aimed to evaluate the feasibility of using an artificial intelligence (Al)-based system to
screen osteoporosis from pelvic and hip radiographs in Vietnam.

Methods

We conducted a cross-sectional study at a tertiary medical center in Central Vietnam in 2023.
A total of 2000 consecutive pelvic and hip radiographs from patients aged = 40 years were
collected. After excluding poor-quality images, 1987 radiographs were analyzed using an Al-
based software designed to estimate bone mineral density (BMD) from plain radiographs and
derive T-scores. Osteoporosis was defined as a T-score < —-2.5. Patient characteristics,
radiographic findings, and risk factors for osteoporosis were analyzed.

Results

Among 1987 patients (mean age 66.4 = 15.1 years; 41.3% men), osteoporosis was identified in
872 patients (43.9%). The prevalence increased with age and was higher in women than in
men (58.7% vs 22.8%, P <0.001). Osteoporosis was associated with femoral neck (OR = 3.8,
95% CI: 2.7-5.2) and intertrochanteric fractures (OR = 7.0, 95% ClI: 4.5-11.0). Patients with
lower T-scores had a higher risk of hip fractures, especially those with T-scores < -3.0
(OR=11.5,95% CI: 5.5-24.5).

Conclusions

Al-based analysis of pelvic and hip radiographs is a feasible and effective tool for osteoporosis
screening in Vietham. The prevalence of osteoporosis in this hospital-based setting was high,
particularly among elderly women. Al-assisted screening may offer an accessible strategy for
early detection of osteoporosis in resource-limited settings.

https://www.sciencedirect.com/science/article/pii/S2405525526000026

Sarcopenia

" Osteoporosis and Sarcopenia is the official, peer-reviewed open-access journal
gy’ L | ofthe Asian Federation of Osteoporosis Societies (AFOS). The journal aims to
T & Y further research in the areas of osteoporosis, fracture, sarcopenia, frailty,
K metabolic bone diseases, mineral metabolism, as well as biology, physiology,
and pathology of bone and muscle with a specific focus on Asian uniqueness in
A

genetic, ethnic, social, and environmental differences. Despite the journal's Asian
focus, we welcome appropriate submissions from all over the world.
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Comprehensive opportunistic osteoporosis
screening with Al: retrospective development and
prospective validation of dual-site BMD prediction
from a single radiograph

Hsuan-Yin Lin, Jyh-Wen Chai, Qingzong Tseng, Cheng-Wei Lin, Kuan-Jung Pan, Kai-Wei Liu, Ya-Chu Shih
Abstract

Purpose

To develop and validate an Al algorithm that enables dual-site (spine and hip) BMD
assessment for opportunistic osteoporosis screening using a single kidney-ureter-bladder
(KUB) radiograph.

Materials and methods

In this institutional review board approved prospective study, we developed the SHield
pipeline for opportunistic osteoporosis screening. From an initial dataset of 15,175 KUB
images, a final cohort of 4,436 patients (mean age 69.0 = 12.2 years) was included for model
development after exclusions for suboptimal quality or incomplete region of interests. The
pipeline analyzes both the spine and hip regions on a single KUB to predict site-specific BMD
values. Finally, it integrates these dual-site predictions to determine the lowest T-score,
mimicking the standard clinical DXA reporting protocol which evaluates both the lumbar spine
and proximal femur.

Results

On the internal test set (628 patients), the hip and spine Al models demonstrated Pearson
correlation coefficients of 0.887 and 0.921 and RMSEs of 0.057 and 0.062, respectively,
compared to DXA-measured BMD, achieving AUCs of 0.894 and 0.956 for predicting T-scores
<-2.5.In a subsequent prospective feasibility study (51 patients), we employed a conservative
detection threshold of T, -score <-2.8 to minimize false positives and unnecessary referrals.
The final Al pipeline achieved a Pearson correlation of 0.959, an AUC of 0.969, 100% PPV,
100% specificity, and 83.8% NPV.

Conclusion

This paper presents the first Al pipeline that enables gold-standard-aligned, dual-site BMD
estimation and opportunistic osteoporosis screening from a single KUB radiograph. Validated
prospectively, its high accuracy and specificity confirm its potential to significantly increase
early detection rates without overwhelming clinical workflows.

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2026.1906679/full

The world's most cited endocrinology and metabolism journal, advancing
understanding and treatment of hormonal disorders impacting health worldwide.
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Awards & Recognition

Validated by the world’s leading osteoporosis organizations

ESCEO-IOF Young IOF Poster Guided

Investigator Award Tour x3
WCO-IOF-ESCEO 2026, Prague 9th Asia-Pacific Conf., Tokyo 2026

2AIM
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Awards & Recognition

® ESCEO-IOF Young Investigator Award — WCO-IOF-ESCEO 2026, Prague

Fracture Risk Prediction Using DXA-measured BMD Versus Al-predicted BMD from Spinal
Radiographs: A Multicenter Retrospective Study in Hospital and Community Settings

Tseng TH, Fu SH, et al. (incl. AIM). Oral Presentation OC24. Awardee: Jui-Yo Hsu, National Taiwan University Hospital.

Study Design Fracture Prediction (6-Year Follow-up)
Multicenter retrospective cohort Endpoint AIAUC DXAAUC »p

n =540 adults Vertebral Fracture 0.704 0.678 0.086

(399 women; mean age 57.0 = 12.4 yrs) Hip Fracture 0.716 0.678 0.078

PEIERE 2202 All-site Fracture 0.699  0.677 0.042%

76.5-month fracture follow-up
» Statistically significant: Al on par with DXA for all-

Cross-Sectional Accuracy site fracture prediction

Pearsonr (Al vs DXA) 0.943 Why This Matters

ICC 0.934 (p <0.001)

Bland-Altman mean diff. 0.005 g/cm2 This answers the most critical clinical question: can
AUC for osteoporosis 0.959 Al T-scores from plain X-ray support the same
Optimal T-score cutoff: T=-2.27 treatment decisions as DXA?

(Sens. 86.7%, Spec. 92.1%)
For all-site fractures, DeepXray™ Al was statistically

superior. The most prestigious global recognition in
osteoporosis research — awarded by ESCEO-IOF at
the World Congress on Osteoporosis 2026.

| Fracture Prediction over 6 Years

Can Al-EMDY pradest incidant Irackuneg

Werbral fracturs
Hig freciure {3l ] 0.5H

AL-gks frastures 0B o.eTr

- Al pradicts vertobeal mnd hip fraciiorss ¢ ompem biby 1o DA
H Al predicts all-site fractures comparably to DXA [AUC 0,699 vs 8.677)

. Lenwenl ALBMD consistently associstos with hignar fractuie fisk

[ PN,

| Cross-sectional Accuracy

T I Pt o Bepris | did @42 b L

Poarsonr=0.843 - (CC=0.034
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Two-stage Osteoporosis Screening Using Al from Lumbar Spine, Pelvic, and Chest

Radiographs Combined with OSTA: A Retrospective Study

LY. Hsu ', 5.-H. Fu?, C-H. Wu 2 C. Li4, ¥.-C. Lu®, N.-H. Sie &, C.-Y. Wang ®
' Deparimam of Crihopedic Sumary; Nationel Tebsan Univarsity Hospital, Toipel, Tabwan,
* Departmert of Drthopedics, Mationsl Tassan Linversity Hasgitol Yun-Ln Broach. Dol
' Dopartmont of Famedy Medicine, Matonol Cheng kung Unveraity Hospitol, College of Medicing, National Sneng Kung Ursormty, Ininon, Taewan,
* Insfitutn of Allind Health Sciences, College of Maedicine, Matioaad Cheng Kung Liniversity, Tninan, Taksan,
*Matlonal Carmer for Genisuics and Webare Research, Natlonal Health Regearch Ingtitunes, Huwel, Tabvan

The Problem Exsting Tooks A M Dpportunily

11 AATHAGE W LTI DA Erp qtiOnnae 000 ol T At Poabgenos (N oy

LHPTTY, B [ieel e -Sag Dateopoecels Tall-Aserivest Todl  esimale Bore Wirery Devaity (801

SORERIG. S s ok 1 for Aaterrs [0S TA) as wany b depicy Brom rasio radog apes (B e,

IS my Saen- TR W the 0 B iregrcs [, o MATRE kT X-riry ] [

HehuTil Bader. T BT SRS BB
OO SR g

Can combining the simplicity of DSTA with the specificity of Al
crante & superior screaning strategy?

Souty Oijective
To Evaluate a Novel Two-Stage Screening Strategy
for Osteoporosis

We aimed to compare the diagnostic performance of:

1 The0sTA questionnaire alone.

2 Two distinet Al madels that snabyre routine radiographs.

3 Three differemt strategies combining OSTA and Al (serinl, parailel, and an
optimized rule).

Study Design & Popuiation Screening Tools Assessed

: Htr cohort 1 Qreestionnaine: CSTA [Dslevporodis
W2, oo remspectne conortsuay Seff-Assessmert Tool fo Asians).
;5 Population: 119 adults whe had both
ek scans and radiographs avalabie =3 A Model Lt Deepiiray [Analyres
ol lumbue spine and peiic eadingraghsl.

Kl! Demographics: Mean sge 505 yeri;
E5.7% wamen.
A Model 2: Veriostoo [Analyzes

chest radiograghs - CXRL

@ Fhedu R
cefined a5 (he lowest T-scove 5 =25 al
ther bumbar spine, total Rip, or femearal

reck, The prevalence in Bhis cohort was
14.5% (17 of 118 patents],

Comparing Four Distinct Screening Pathways

I Patiana Cohoet tn=119) with Radiopraphs and [XA I

A " B + c # B ;

OSTA £-1 AND O5TAS-108
T
O5TA Seade + "_':'m’;w’:: Deepitray s -15 Deepdray= 1%
Hefer for DA g -1 [P & Reder fur BXA = Riefer bor DEA
[T r——— g M ey

AR 30020001 OPUREEND SIREDEEY Was darid Dy SySIemanc By Wsnng dfeay
itk W OSTA anad Dewpibray i0 fine Tl best Babance of perfarmance

Rl <ivis [ coocticiy Ry | are L soor J ot oo J ot eterr e

2AIM

Total porticipants: 119 (69.7% women),
*  Onwverall csteoporosis prevelence (any sitel: 14.4%,
Men werns significantly older snd heed higdner Baseliog BMD e wonmess,

Individual Screening Tools Show a Clear Performance Trade-Off

OSTA Achemves modarate sensitivity (S8.8%) but suffers from low apecificty
{28.6%), leading to & high DA referral rate of 35.3%0.
*  DeepXray Spina Delvas excellent spacificity (S0.0%) but has very limited
sensitivity [ 28.4%),
How the Optimal Thresholds Were Determined

1 Bt Oyt o P Pt

By 1)

LB e » Asyiterutic grid wanch wan
peecioimed o evahiate the F1
sooiw [ veasune of ol
arouracy acros all posalle

1 coemianation of OSTA and
Dwpliray hesihold.

# Theeotimal poled, marked By
Ehe star, was oo fied af

A OSTA <-5.0 DR Despkray T-

| sores-18,

e

= = This conmhinstion manimiss the
model's ability to conectly
clamaly borh poslzive and
Al LA

Optimized Al+0STA Strategy Outperforms All Other Approaches
Diagnostic Perfermance of Individual and Camibined Screening Strategies

EanEvly i) Spaancy Bl ) MEGESv Irdctve Vil

-

alance: iphee sreinty
|\](\p1b-l'\'rd'u'|' v eroelent

DA Dewgtoy Wt S
e T 1

Conclusions

A High-Performance, Low-Burden Pathwayr for
Osteoporosis Screening _

Integrating Al-derived BMD estimates from routine lumbar spine and pelvic
radiographs with DSTA enables a superior two- stage sl:win:r pathway.

* Contact information
= b90401045@Egmail.com (Shau-Huai Fu M.D, Ph.D)
* yhsu@ntu.edutw (Jui-Yo Hsu M.D)
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IOF REGIOMAL TORYO 2025, 3™ ASIA-PACIFIC BONE HEALTH CONFERENCE, P79

PREDICTION OF BONE MINERAL DENSITY FROM RADIOGRAPHIC OF LUMBAR

AND HIP JOINT IN JAPANESE FEMALES USING ARTIFICIAL INTELLIGENCE e
K. Nishino *®, N. Yamamoto ®, M. Muramatsu ®, N. Kodama®, Q. Tseng ¢
* Uonuma Institute of Community Medicine, Niigata University, Japan, * Niigata Rehabilitation Hospital, Japan et o

* Niigata University of Health and Welfare, Japan, * Alpha Intelligence Manifolds, Inc., Taiwan

Backurouml

Bone mineral density (BMD) detected from dual energy x-ray absorpliomatry (DXA) is used worldwide as

pold standard in osleoporosis diagnosis_ In recent years, a naw mathod has been developad fo estimate

Bhli.‘.L umng lﬂﬁﬂj‘ &\lalrabla X my 1magua: wulh Ih! aasm'lancu o‘famfclarmtganca {AI} mmlun u.\lsqu
IO [ !

(A} Lumbsar (B Hip joint
Lumnbar L2 to L4 {L-spine)
can site Eeomoral ek Fig.1 Al solution sysiam
Hipjoint |7 220 hip
Inclusive Lumbar 1,364 females
(1) DXA Horizon® System QDR series (Hologic, Inc., USA) T True BMD Hipjoint. 1,232 females
# Fronlal X-ray imaging =+ Exclusive: Physical factors
Test AnroDR SYSTEM (KONIKA MINOLTA, Inc,, Japan) * Inberval beteann teo tests | 181 ) =180 days
(1) X-ray&al [~ Al solution system (Fig.1) + With implant on spine )
DeepXray™ Spina, Coxa (&lpha Intelligenca Manifolds, inc., Tabwan) § VN nplnor o bethy miien of Tip ghint
I:> Estimated BMD 1¥ gcroening  Lumbar 1,140 females
1,001 fi L
Period 57 manths (June 2020 o March 2025) ERnC 1001 et
- Japanese females with aged 230 years = Exclusive: Technical lactons relative to
Participants Inclusive = Undensent bwa tests an lurbar andior hip join mllt?:lﬂt}? for region of
[IFig-2)  Interval bebween ben lasts (1S10) =180 days * Severe bone defonmily
Exclusive |- With irmplant on spine, with implants on both sides of hip jaint § * PoacK-ray imaging
= Sovere bone deformity & Poor X-ray image Firsd Lumiber. 926 lemskes
= Correlation analysis between true and estimated BMDS (o =5%) Hip point 574 femakes
tatistics - Accuracy of regression modal mean absoluts erer (MAE)
|~ Predictive accuracy for osteoparesis using ROC cune Fig.2 Flowchar o final subjact

Final subjects for the analysis were 929 females (Age. T4.0£13.7 [73.1-74.9 95%CI] years) in lumbar and 974 females (757 % 13,9 [74.8-76.6] years) in hip joint,
The femoral neck had the lowest correlation among the three scan sites, yel il demonstrated a strong relaticaship {r =0.871). Across all scan sites, the MAE
beltween true and estimated BMDs ranged from 0.047 1o 0.063. The regression siopes were also consislent, ranging from 0.633 to 0.82. (Fig.3). The AUCs in all
scan sites ranged from 0.534 to 0.967 (Table 1).

12 Table 1 Predictive accuracy for cstecporosis
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Feasihility of an Al-based Algorithm Using Spinal Radiographs to Predict
Longitudinal Changes In Bone Mineral Density: A Multicenter Study in Hospital and Community Settings
S-H.Fu', LY. Hsu ® Q. Tseng ?, ¥.-C. Wang 9, C.-¥. Li 5, C.-¥. Wang s

' Deapar bl of Ciihopedics, Meitonal Tamwan Lrssasisily Hospeisl Yon-Lin Biarch, Douliu, Taiwan,
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" Dapontmaont of Public Health, Cellege of Modicine, Natioral Chaengg Kung Unversity, Tainon, Tamen,
*Mational Cartel 1od Gedialiics ard Weltare Feseanch, Notioral Health Resaanch Institutes, Howsl, Tahaan
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This Study Validates an Al Algorithm for Both The Al Algorithm Demonstrates Excellent Cross-Sectional
Snapshot Screening and Longitudinal Monitoring of Agreement with DXA Measurements
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Diagnostic Performance of Al-based X-ray Analysis versus Traditional Questionnaires For

Predicting Bone Mineral Density in the Community
S.-H. Fu’, LY. Hsw 2, Y-C Wang #, CAY. L4, Q. Tsengg ®, C.-Y. Wang®

" Evepaas oo o Covthaopatiees, blationued Tabsen Lnshmesey ospltal Yo fanch, Do, Tevar,
‘I o Drihegede Sorgery b | Tawnn Linlversity Haspeal, Teigel, Takvar,
4 Departnont of Med:es imaging, Notionn; Tetwan Uiy Hosgital Yanin Banch., Coulal, Lniwan,
*Departrent of Pubiic Heatth, College of Medioine, Motiona. Cheng Kung Univers By, Tninas, laiwan,
" Atpha Inteiligance Merdfolos, inc., hew Talpel City, Tasan,
* Patacrisd Cunviih Bow (el Stric e fendl Vielfare Ratlanci Mabiona| bealih Retssnch insiutak, Howsl Tabsan

. ' ] ' ] Correlation with DXA
Osteoporosis screening remains underutilized, leaving many DeepXray: r = 0.882, P < .001

at-nisk indihiduals undiagnosed, Artificial intelligence (Al) VeriOsteo: r = 0.633, F <.001
applied to routine radiographs offers a promising approach
for cpportunistic bone mineral density (BMD) estimation.
Traditional screening tools—OSTA, OSTAI, and MOSTAI—arc
widely used but frequently generate false positives, especially
in older adults.

This study compared the diagnostic performance of two Al-
based tools (DeepXray and VeriOsteo) with three traditicnal
guestionnaires for identifying lumbar spine ostecporosis, using ) | |
dual-energy X-ray absorptiometry (DXA) as the reference ¥ — LR O

standard. ) : o s i e

We prozpectively analyzed 357 community-dwelling adults duidd
{248 women, 108 men; mean age 60.9 £ 10.8 years) who
underaent both plain radiography (chest, lumbar spine, or | — —tn i 5 S
pelvis) and DX, e . e I et

Al-based prediction
DeepXray and VeriOsteo estimated lumbar BMD from X-rays.

Diagnostic accuracy for lumbar spine asteoporosis

Predictions were calibrated to Hologic-equivalent values, e — T e
leegxiiay B5I% Lo XY (<Lt ]
Traditional questionnaires e —— A e oew
OSTA, O5TAI, MOSTAI were calculated from demographic
variablns. as1a 33.29%, Bl
OSTAMDETA 4675 T11% L.
Reference standard
Lumbar spine DX&; osteoparosis defined as T-score = -2.5, -
Conclusions
Outcome measuras
Pearson comrelation with DXA 1. Al tools demonstrated excellent spﬂdﬁchy{ﬁ@%} and very high

Sensitivity, specificity AUC, indicating strong discriminative Bh“ﬂf
Area under the ROC curve (AUC)

Error pattern evaluation (false positives / false negatives) £ Tachtionwl tacs.3 highe: fy buit very

specificity, leading to subermrat mrdlnmaﬂ.

3. Altools showed a tendency to undbrqs‘tlmm disease Mt:.r,
= Contactinformation resulting in false negatives, especially among older women.
* beab104sEgmail.com (Shau-Huai Fu M.D, Ph.D)
« phsufrtuedo oy (Jui-Yo Hsu M.D)
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Dat Minh Nguyen, Chih-Hsing Wu, Tuan Van Nguyen, Lan T Ho-Pham, Kim Thi Hoang Dang,
Sung-Yen Lin, Chung-Hwan Chen, Ta-Wei Ta*

Investigation &t Onhopaedic Centsr, Hue Central Hospital, Hue City, Vietnam and
Depariment of Crthopedics, Mational Cheng Kung University Hospital, Tainan, Taiwan

Crmmoonaing TV Se e

Introduction Table 1: Risk of Osteoporosis
. :
Winameen

Ostecporosis i3 a silent, progressive disease that increases fractura risk and e ! - — —
healthcare bursen, especially in aging populatons, In Vieinam, screening ang | | Caracteristice Odd Faiojssi )| Fvalm Odd fatio (5% 01} | P value I
diagnosis remain limited due to inadequate sccess to dual-energy X-ray B - r—
absorptiometry (DXA) and low public awareness. Artificial intelligence (Al} | 40=Age <50 1.00 { 100 J
baased software offers a novel, cost-effective methad for opportunistc 2, i g 11_,3_31:.: | oooz
screening using exsting radiograghs, This study aimed to evaluate the ot LB l ERULS NN AR PR
feasibility of using Al-assisted analysis of pelvic and hip radiographs for 805 Age <70 77(29-208) <000 | 13.0(5.8-28.4) | <0.001° I
osteoporosis detection in & hospital-based Vielnamese populati St/ : — e

el i TeApe<sd | 13148387 <00 | 3N0(138-886) | <000
Mo 205 ag0 60135039 000 | 1sE363089) 0001

Fomeral nack - fon | B

Ve conducted a cross-sectional study at a tedtiary medical center in Cenbral 232(133T) | ooz | 543585 <0 001
Vietnam between Janoary and Decamber 2023, Alotal of 2,000 pelvic and hip o 4 ¥
radiographs from adults aged 240 years were consecutively collecied. After Intertrochantoric 5 {3.4-40.1] =0.001" 8.1 (3817.7) «0.001*

excluding poor-quality images, 1,987 radiographs were analyzed using Fracture

DeepXray Coxa, a Talwan FDA-cleared Al software that estimates bone '
mineral density (BMD) and calculates T-scoros based on hip and femoral | BB F:1a] -8Bl - 80 el e T 1T
neck landmarks, T-scores ware dassficd according to WHO criteria: normal -

{#=-1.0}. osteopenia (-2.5 to -1.0), and osteaporosis (% -2.5). Demographics, Unlariate Anahysis mhultharlate Anabysis
Z 1.0 (n= 161) 100 1.00
e —
20~ 24 (= 356) :51 12'.'5-n':|_51_| a_n'm' ;a.s'n.'r—:r.i;" | noors
femaie) The pvara provelonce of cstoopetostees 43 8% sgnicanty | | | A8c28lmm3w | [tea@ezta | o siceies) ||
highesr in wornen than men (56 7% va. 22 8%, p < 0.001), BMD decreased with | 5-3.0 (n=554) [ 242 [12.1-48.3) Lot (MEES24E | <000

age in both sexes, bul women showed 2 rapid dectine starling al menopause, |

whila men expafionced a mone gradual decling, | Conclusions

Hip fractures were found in 608 patients, and 74 5% of them had ostecporosis, |
Specificaly, 72.6% of femoral neck fractures and 82.5% of intertrochanieric

fraclures ocourmed in osteoporotic patents. Comversaly, high-energy fractures This study demonstrates the feasibility and clinical utility of Al-

women. In men, the OR for celeopaorosis increased from 2.9 in those aged 50— fracture risk.
59 years to 35.6 in those aged 2B0 years. hw,mmwﬂnnﬂﬁa

WEEE MIORE COMIMG i Non-Galecporotc individuals, || assisted osteoporosis screening using routine pelvic and hip
; | radiographs in Vietnam. The prevalence of osteoporosis was
Sex-stratified multivariate analys:s demonstraied that increasing ags was notably high, particularly among elderly women, A strong
ignificantly associated with a higher risk of in both men and Z
significantly & 54 ;'Ew mmimh | assaciation was found between lower T-scores and increased hip

increased from 3.6 fo 127.8. Hip fractures remained strong independent risk Al-based radiographic assessment represents a scalable and

m:ﬂwmmm W it CE dhamarred s Wormer accessible solution for early asteoporosis detection in resource-
limited settings. These findings support the integration of Al

The risk of hip fracture strongly comelated with T-scora, Compared 1o screening toals inta clinical practice to improve osteoporosis

Individuals with T-scores 2 -1.0, those with T-scores between -2.5 and -2.9 had
an adjusted OR of 8.1 for hip fracture, while those with T-scores = -3,0 had an
| 9% DRul'ﬂﬁ!p‘BWﬂﬂathl

management and fracture prevention in Vietnam.

@ommm:mm:,

v WMMMMHMMMMMMMM
| sbationsbins with 1hir compuany and received na payments of benefits relsted to this study,
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AI-ASSISTED HIP BONE MINERAL DENSITY
SCREENING IN TAIWANESE COMMUNITIES

Y. L.Lin' E Lee® M. Yen

" adin Shémg (Ganaral Mospial Taoytsn, Tanvan
* dlpha inbeifpence Manifolds, Taoyuan, Taman

1. OBJECTIVE

3. RESULTS

Thes stisdy ams 1o ubline
Artdficial  Intelfigence (AL
misted anatysis of hip Bone
ks ol I:I:rr.}:l;g EMD ©
saluate bone  health in
ofmmunity. residents across
Taoyaran, Mantau, and
Hualienn We assessed. the
prevatence of normal Sone
mass; low bone mass, and
CEIROpOraLia,

2, METHODS

" Pesign: Cross-sectional
Sudy,

" Locations: Toyuan,
Hantow, Hualien (Tabwan)

" Participants: MW = 3,515,

I 3.1 Overall Prevalence

® Normat 2 8% (n=a7)

¥ Lows Rone Mass 66,9%
(m=2,357]

o Dsteoporosis: 30.3%
(1,055

! 3.3 Age & Gender Trends

ORI Oparosis prevalence IMCTaases SgnITanily with 3ge, partikarky
in females = 70years old

A

]

32834
STATISTICS

Gender Differences

Females had -w_]niﬁrn.r!i]r
higher prevalence than
mases [p=0.001),

FEMALE (a3 %)
A

BAALE [15.3%)

Risk Factors (Adjusted
oR)

Femiake Of =30

Adge S0-T0 ORelh

Age = 70 OR=5.7

Mean age 61,4 years. j al
d = =
Screening Toolk Al ] REFEREMCES
assizted pehic radicgraph 5
analysh ] Rl Mopryen, MG, o al, Astificial
* Clazsification: Mormal, 10 Inteligence system fer predeciing armal
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DSOpOIass. o —
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SUMMARY
High Prevalence & Al
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Taiwanese Osteoporosis Association Annual Meeting 2025
Exploring the Feasibility and Clinical Validation of X-ray Imaging Combined with Al-based
Smart Healthcare Analysis as a Replacement for Bone Mineral Density Testing

Principal Investigator

Fu, Shau-Huai, M.D., Ph.D.
Dept. of Orthopedics, National Taiwan Univ. Hospital Yun-Lin Branch. Taiwan

Abstract

Osteoporosis screening and monitoring are often limited by the availability, cost, and
reimbursement of dual-energy X-ray absorptiometry (DXA), especially in community and
primary care settings. This series of studies explored the feasibility of using routine spinal
radiographs combined with artificialintelligence (Al) analysis as an alternative to DXA for
bone mineral density (BMD) assessment and fracture risk prediction. In a multicenter
study, an Al algorithm (DeepXray Spina) demonstrated excellent cross-sectional
agreement with DXA (r=0.93; ICC = 0.90), and moderate longitudinal tracking ability (ICC =
0.52), with sensitivity and specificity of 56.5% and 68.4% for detecting significant BMD
loss. In community-based screening, Al analysis achieved an AUC of 0.97 and
outperformed traditional risk questionnaires (OSTA, OSTAi, MOSTAI) in diagnostic
accuracy. For fracture prediction, Al-predicted BMD showed excellent concordance with
DXA (ICC =0.934) and comparable vertebral fracture prediction performance (AUC: 0.712
vs. 0.705).

Overall, Al-based X-ray analysis offers a practical and accurate approach for osteoporosis
screening, diagnosis, and risk stratification, with the potential to serve as an adjunct or
alternative to DXA, particularly in resource-limited settings.

Post-Market External Validation

Demonstrating DeepXray BMD
Estimation Comparable to DXA
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Taiwanese Osteoporosis Association Annual Meeting 2025
Al-Driven Radiographic Screening Across Borders: A Real-World Model of Remote
Collaboration for Osteoporosis Detection in Vietnam

Principal Investigator

Ta-Wei Tai, M.D., Ph.D.
Department of Orthopedics and Joint Reconstruction Center, National Cheng Kung
University Hospital, Tainan, Taiwan

Abstract

Osteoporosis remains underdiagnosed in Vietnam, where access to DXA is limited. To
address this gap, we implemented a novel cross-border, Al-driven screening model that
leverages routinely obtained pelvic and hip radiographs for osteoporosis detection.
Radiographs from 1,987 adults aged =240 years, collected at Hue Central Hospitalin
Central Vietnam, were de-identified and securely transferred to Taiwan for analysis using
DeepXray Coxa (Alpha Intelligence Manifolds, Taiwan), an Al-powered software cleared by
the Taiwan FDA. This system estimates bone mineral density and T-scores from
radiographs and classifies osteoporosis according to World Health Organization criteria.

The prevalence of osteoporosis in this hospital-based cohort was strikingly high at 43.9%,
reaching 64.1% in women and 28.2% in men aged =50 years. Osteoporosis was strongly
associated with hip fractures, with adjusted odds ratios of 3.8 for femoral neck and 7.0 for
intertrochanteric fractures. Patients with T-scores < -3.0 had an 11.5-fold higher risk of hip
fracture compared with those with normal bone mass.

This study demonstrates the feasibility of a remote Al-driven collaboration model:
radiographs acquired in Vietnam were analyzed in Taiwan using advanced software,
enabling opportunistic osteoporosis screening without additional imaging. Such cross-
border partnerships highlight how Al technology can extend diagnostic capacity to regions
with limited resources, support early identification of high-risk patients, and potentially
reduce fracture-related morbidity and mortality.

Cross-Border Clinical Validation (VN)

Demonstrating DeepXray Estimated BMD
Associated with Fracture Risk
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Al Software for Osteoporosis Diaghosis Using Hip X-Ray Images

¢ Niigata Rehabilitation Hospital Orthopedic Surgery,

* Niigata Rehabilitation Hospital Rehabilitation Department,

e Department of Radiology, Niigata Rehabilitation Hospital3, Department of Radiological Technology,
Niigata University of Health and Welfare,

* Alpha Intelligence Manifolds, Inc.

The study targeted 65 patients who visited Niigata Rehabilitation Hospital for osteoporosis and
underwent both DXA and hip X-ray examinations within three months (11 males, 54 females).

The correlation coefficient for BMD was femoral neck r=0.857 (p<0.01), proximal femur r=0.900
(p<0.01). The RMSE for BMD was femoral neck 0.133, proximal femur 0.067.

Analysis using Al software with plain hip X-ray examination in osteoporosis patients showed a
high correlation with DXA method and BMD. It is considered useful for osteoporosis screening.

Cross-Border Clinical Validation (JP)

Demonstrating DeepXray Estimated BMD
Highly Correlated with DXA
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Predicting Bone Density from Lumbar X-Ray Images Using Al

* Tohoku University Hospital AlLab, Tohoku University Graduate School of Medicine, Medical Imaging Engineering,
* Tohoku University Graduate School of Medicine, Radiological Diagnostics,

* Tohoku University Graduate School of Medicine, Advanced Neurosurgical Therapeutics,

* Tohoku University Graduate School of Medicine, Anesthesiology and Perioperative Medicine,

* Alpha Intelligence Manifolds, Inc.

) ) ) ) Predicting bone mineral density from plain
Patients at Tohoku University Hospital who L-Spine X-ray images using Al

underwent DXA bone density tests from 2014 to

2024, and had lumbar X-ray images taken within
30 days before or after the tests were included.
1.5 e
A total of 328 patients (67 males, 238 females) -~ %
were analyzed, ranging from 13 to 91 years old, E
with 292(89%) being over 50 years old. o
510
The Pearson’s correlation coefficient between the g
predicted and actual values by DeepXray Spina = _
was 0.901, and the RMSE was 0.093. w L
0.5 ** PearsonDHIBIEE : 0.901
DeepXray Spina may contribute to the early < RMSE (ZRTRTTAME) : 0093
diagnosis of osteoporosis. 0.5 1.0 15
DXA BMD (g/cm?)

Cross-Border Clinical Validation (JP)

Demonstrating DeepXray Estimated BMD
Highly Correlated with DXA

2AIM 26



OCs3 - P498

FROM PIXELS TO PREVENTION: Al-POWERED
DIGITAL RADIOGRAMMETRY DEMOCRATIZES
OSTEOPOROSIS DIAGNOSIS

E_Shau-Huai', L. Cheng Wei®, L. Chia-Hung?, J. Yu-Ming?,
T. Qingzong’, L. Yen-Jun®

'Depl. of Orthopedics, Nationzl Taiwan Univ. Hospital Yun-Lin
Branch, Douliu, *Alpha Irtelligence Manifolds, Taipel, *Radiclogy
Cept., Far-Eastemn Memaorial Hospital, Mew Taipel City, Taiwan

Objective: BMD, assessed through DXA, is the gold standard for
diagnosingosteoporosis. However, the availability of DXA remains
a challenge, especially in rural areas. This study investigates
the estimation of BMD from standard pelvic radiographs as an
alternative

Methods: The study employed deidentified data from Far Eastern
Memmorial Hospital and three primary care clinics in Taiwan,
including 2,235 patients with 2,321 paired pelvic radiograph-DXA
samples. The BMD values oltained from stancard DXA scan
within +6 months of the Xray imaging time were used as the
ground truth value for Al model training. A hip landmark model
was developed to extract radiogrammetric parameters, such as
Cortical Thickness Index and Femoral Meck Width. Testtime
intensity augmentation and ablation studies were performed o
assess feature contributions. An Al-augmented radicgrammetsic
BMD estimation model was developed based on the Regiet
nedrzl netwaork architecture while Incorporating radiogrammetric
features. The model was trained with paired Xrzy-DXA data from
85% of the patients. The remaining 15% of patient data was
reserved for model performance testing. Pearson correlation and
RMSE between model-predicted and DXA-measured BMD were
evalugted. Binary classification performance of the model for
osteaporosis was also assessed.

Resgults: In the test set of 595 hip x-ray-DXA BMD pairs (81.3%
female, mean age 61.4 v), the prevalence of osteoporosis was
24.7%. The Pearson correlation between predicted total hip BMD
and measured BMD was 0.919. Subgroup analysis for female
ard male showed correlations of 0.920 and 0.901, respectively,
Comelations remained strong across age groups. Predicted
femoral reck BMD and measured BMD correlated at 0.868. Using
a Tscore < -2.5 as the cutoff, the positive predictive value was
0.903, the negative predictive value was 0,907, and the ROC AUC
was 0.950.

Al-Estimated BMD Closely Matched
DXA Measurements (Total)
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Conclusion: The Al model estimztes BMD by radiogrammetry
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rather than absorptionmetry, providing a robust and accurate BMD
estimate that is highly correlated with DxA-measured BMD. This
correlation allows rapid classification of osteoporosis according
to established criteria. In addition, the implementation of an
apportunistic screening strategy can expand diagnostic coverage
parlicularly benefiting rural areas.
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World Congress on Osteoporosis,
Osteoarthritis and Musculoskeletal Diseases
Organized by the Committee of Scientific Advisors
of the International Osteoporosis Foundation
(IOF) and the European Society for Clinical and
Economic Aspects of Osteoporosis and
Osteoarthritis (ESCEQ), the Congress promises a
dynamic and cutting-edge scientific programme.
This world-class event will bring together leading
experts in musculoskeletal health and disease to
share the latestresearch, clinical insights, and
therapeutic advances.

2024 LONDON

WORLD CONGRESS ON
OSTEOPOROSIS. OSTEOARTHRITIS
AND MUSCULOSKELETAL DISEASES

https://2024.wco-iof-esceo.org/sites/wco_24/pdf/WCO24-AbstractBook.pdf
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Al-ENABLED RADIOGRAMMETRY FOR OPPORTUNISTIC OSTEOPOROSIS SCREENING: A REAL-WORLD FEASIBILITY STUDY

Author Block: H. Lin', Q. TSENGZ C. LIN?, S HSIAQY, J. Chai®;
Maichung Veterans General Hospital, Taichung, TAIWAN, 2Alpha Intelligence Manifolds, Inc, New Taipei City, TAIWAN, 3Alpha Intelligence Manifald Inc., New
Taipei City, TAIWAN, “New Taipei City, TAIWAN.

Abstract:

*Purpose: Osteoporosis(OP), characterized by reduced BMD and increased fragility fracture risk, is a growing epidemic due to aging populations. Despite the
potential for prevention, it remains underdiagnosed due to DXA access. Opportunistic screening, utilizing existing medical images, offers a cost-effective way for
OP identification. While Al-assisted radiogrammetry has been explored, pelvic and hip X-rays are not routinely obtained in standard health examinations and
chest X-rays lack hip BMD data - critical for assessing fracture risk. Plain abdomen X-rays (KUB), however, are routinely ordered and provide both lumbar and hip
information. This study aims to validate the use of Al to facilitate OP screening using KUB radiographs.

*Methods and Materials: The institutional review board approved this prospective study (TCVGH-IRE Mo. SF23547B). The performance of an Al software
(DeepXray Coxa, Alpha Intelligence Manifolds, Inc) was first validated using retrospectively collected data of DXA BMD values and KUB obtained at Taichung
Veterans General Hospital between 2011-2022. The study used DXA BMD measurements conducted on a Lunar iDXA (GE, Chicago, USA). After excluding images
with incomplete femur or implants on the region of interest (ROI) (n=15784), tags on the ROl (n=1577) and suboptimal quality (n=855), 3,850 paired DXA-KUB
were enrolled for further Al analysis [78% Female; mean age 71.8 = 11.8 years]. This study then employed the Al algorithm combining the feature extraction
capabilities of a convolutional neural network with established radiogrammetric principles, for prospective BMD estimation.

*Results: 34.97% of KUB are eligible for Al analysis. On the internal test set (942 hips from 365 individuals), the Al model demonstrated a root mean square
difference (RMSD) of 0.059 g/cm? and a Pearson correlation of 0.88 compared to DXA-measured BMD, achieving an AUROC of 0.924 for predicting T-scores <
-2.5 (PPV/NPV: 84%/87%, OP prevalence: 27%). In a subsequent prospective feasibility study (116 hips from 61 patients), the Al model maintained an RMSD of
0.062 g/cm? and a Pearson correlation of 0.87. To minimize false pesitives and unnecessary referrals, we employed a conservative detection threshold of T-score
< -2.8. The Al model achieved a 100% PPV and 83.6% NPV.

*Conclusions: This paper presents an Al model that is capable of using routine KUB to estimate hip BMD, which is highly correlated with DXA measurements. A
prospective study confirms its effectiveness in opportunistic screening for high-risk OP cases in a real-world setting while minimizing false alarms.

*Clinical Relevance/Application: This Al model enables opportunistic OP screening using a widely available method, patentially facilitating early treatment and
reducing medical financial burdens.

Category (Complete): Imaging Informatics -> INMLIB - Al and Machine Learning: Image-based
Format Preference (Complete): Electronic Poster in slide-show (pptx) format
Questions (Complete):
Trainee Research Prize: Not Applicable
Disclosure of "Off-Label” usage: No, | do not intend to discuss off-label uses
IRB / IACUC Response: Human subject, and received IRB approval
If needed, please explain: : Approval No. TCWVGH-IRB No. SF23547B
Has this work been previously presented or published? No
2nd Fermat Opportunity: Yes, | would be interested if accepted to showcase my work in an additional format {2 meter Hardcopy Backboard).

Attached Files: RO| extraction, QC process and the diagnostic performance of the Al model for BMD estimation from plain abdomen radiograph (PDF, 171882
bytes)

Status: Complete
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The Radiological Society of North America (RSNA)

is a non-profit organization that represents professionals
spanning the full breadth of radiologic subspecialties in more
than 160 countries around the world.
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Alpha intelligence Manifolds Makes Al Trustable & Explainable

DeepXray™ Coxa

Al-Powered Rapid Screening for Osteoporosis

Cisteoporosis (OF) is one of the most prevalent chronic
diseases affecting 200 million patients worldwide.
According 1o the International Osteoporosis Foundation
(IOF), 1 in 3 women and 1 in 5 men aged over 50 will
experience an osteoporotic fracture!. Healthcare costs
associated with osteoporosis exceed those of heart

T-scerr [Toang Aguin’®

attack, stroke, and breast cancer in Europe and the
United States. The mertality rate within one year after a
hip fracture is more than 20%'2. With the growing T ——
aging population, early diagnosis and treatment of OP
has hecome a serious and urgent publie health issue.

The diagnosis of OF is based on the Bone Mineral
Deensity (BMD) of the hip or lumbar spine measured by
Dual Enerpy X-ray Absorptiometry ([DXA), the level of
BMD is further caiegorized as: Osteoporosis,
Osteopenia, and Mormal according to the World Health
Organization (WHO). Nevertheless, OP remains largely
underdiagnosed even in the developed countries. The
cost and limited accessibility of DXA have been major
harriers to an effective screening campaign fo-improve
paticnt awareness, Worse, because OP has no ebvious [ D
symptoms or pain prior to fracture, most patients with ] :

OP are not identified and treated atan early stage. | -

BMD Estimation from Plain Xray Radiograph f : g
DeepXray™ Coxa, developed by Alpha Intelligence 5 - f
Manifolds (AIM), is an Al-asgisted diagnostic system X
for OP(Fig.f). It performs. BMD estimation based on
interpretable  radiogmmetry  parameters and  image
texture features leamed by a convolutional neural
network (CNN), AIM's patented algorithm inelligently 21
capture image texture and signal correlation to ..
accuralely estimate BMD while minimizing the 1 Jf
influence of signal inlensity caused by diverse imaging P o
conditions. & '

Fig. 1; DeepXray™ Coxa provides osteoporosts analysis with
BMD, T-Z-zcore and disease prograssion,

QA etirnated B [gyom®)
i

The clinical validation study using data from multiple 1 1 ' t
Deep¥iray eadimated BMD (g /cm’ )

orthopedic clinics and Far Eastern Memorial Hospital in

Taiwan has shown that BMD estimated by DeepXray™ Fig. & DeepXray™ Caxa precisely estmated BMD at differont
Coxa is highly correlated with BMD measured by DXA analomical locations.

at all 4 anatomical sites of the hip. The estimation for

the total hip BMD has an RMSE less than 0.06 g/em?, Democratization of Osteoporosis Screening

and a correlation coeflicient over 0.9 (as shown in Fig 2) Based on accurate BMI) estimates comparable to the
with reference to the matching DXA measurement. This DXA measurement, DeepXray™ Coxa calculates T-

precision is comparable to the state-of-the-ar score using the NHANES database as recommended by

performance previously published?. the 1SCD guideline® and further classifies fracture risk
FEEEEEHERAS ALPHA INTELLIGENCE MANIFOLDS
www.aimfaolds.com 2F. , N0, 170, ZHONGHE RD.,

ZHONGHE DiST, NEW TAIPEI CITY
s ey 235068, TAIWAN
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calegories based on the WHO standand. Ulilizing
DeepXray™ Coxa, patients can be quickly identified and
dingnozed for early follow.p treatment before it ic too
fate.

In another independent validation study including 500
individuals conducted at Taichung Veterans Cieneral
Hospital in Taiwan, the performance of DeepXray™
Cloxa for predicting OF (DX A T=score = -2.5) reached an
AUC of 946% (Fig. 3). The positive predictive value
(PFV) is greater than 90%, which means 9 out of 10
candidate screened as positive by DeepXray™ Coxa will
also be disgnosed with OP by DXA scan, This high
predictive power enables conventional radiography to
perform rapid screening of OP on a large scale.

DeepXray™ Coxa can ilso perform opportunistic
sereening using radiographs taken for other indications,
e.g. KUB view for abdominal exams, when proper hip
feawres are detected on the Image. This capability can
significantly incregse the coverage of OP screening
without additional X-ray exposure, which in tums helps
more patients become aware of their fracture risk and
will alleviate linancial burdens on healtheare system.

Full-Specirum of Fracture Risk Assessment’ '

It is widely recognized in the clinical literature that

BMD is not the only risk factor Tor osteoporolic Tracture.
Other impertant risk factors such us hip geometry and
microstructure of bone trabeculae have been shown to
be highly correlated with bone. Hreng;lh smd fracture
risks. DeepXray™ Coxa's Al image analjrsm not only
predicts BMED, but also follews Lﬂm..j_an % image reading
practice of identifying kéf-'-anatﬂmicsl features of the
hip, and automatically calculates various structural
parameters, such a5 Femur Neck Width, Cortical Bone
Index, Neck Shaft Angle, Hip Axis Length, etc., to assist
clinical proféssionals in assessing additional fracture
risks (Fig. 4). |
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Fig. 3: Oslocoorosis prodiction by DeepXray™ Coxa
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Fig. 4: Hip structure an@lysis by DegpXray™ Coxa

Furthermore, w:th AIM's continual R&D effort,
DeepXray™ Coxa-will be able to quantify micro-
ﬂ'h.'l.lc“ll.].l'ﬁi.. Pafam.c-tm such sz Trabecular Bone Score
(TBS) by calculating porosity, fractal analysis, etc.
Tﬁéw digital image biomarkers could potentially be
“more responswe 1o therapeutic agents, thereby
amegeratmg the discovery of new drugs for the
gjgahnmt of osteoporois .

Conclusion

DeepXray™ Coxa accurately estimates BMD at the axial
skeleton from conventional X-ray using AIM's
propretary algorithm. The classification into WHO
fracture risk categories is also highly consistent with
DXA resulits. This Al-assisted diagnostic system has
demonstrated high predictive wvalue in identifying
individuals with osteoporosis. By augmenting widely
available X-ray hardware installations, DeepXray'™
Coxa can serve as an effective and efficient screening
tool to further democratize the diagnoesis of osteoporosis
and significantly increase patient awareness.
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DeepXray™ Spina
Al-Powered Precision BMD Analysis

Osteoporosis (OP) is a major public health problem,
contributing to millions of fractures worldwide and
placing a significant burden on healthcare systems!. The
lumbar spine is a critical site for assessing bone health,
reflecting early changes in bone mineral density (BMD)
and serving as a key indicator for the diagnosis of
osteoporosis. However, the standard diagnostic
modality of dual-energy x-ray absorptiometry (DXA)
remains underutilized due to limited accessibility and
cost barriers. In contrast, kidney-ureter-bladder (KUB)
and lumbar spine radiographs are among the most
commonly performed imaging studies in clinical
practice for various medical indications. Given the
widespread use of these imaging protocols, BMD
anslysis using plain radiographs offers an effective pre-
screening solution or alternative approach for
osteoporosis diagnosis, further enhancing diagnostic
coverage and facilitating early intervention.

BMD Estimation from Routine KUB and Lumbar
Spine X-rays

DeepXray™ Spina, developed by Alpha Intelligence
Manifolds, is an Al-assisted diagnostic software
designed to measure BMD using frontal KUB and L-
spine radiographs. By employing interpretable

Fig. 1: DeepXray™ Spina provides osteoporosis risk analysis
with BMD estimation, T-/Z-scores, disease progression tracking,
and allowing users to exclude vertebrae unsuitable for analysis.

AIM White Paper

Makes Al Trustable & Explainable

radiogrammetry parameters? and advanced image
texture analysis powered by state-of-the-art AI/ML
algorithms, DeepXray™ Spina provides highly accurate
BMD estimations at individual vertebrae (L.1-L4). The
system allows users to manually exclude vertebrae
affected by artifacts or degeneration, then calculate the
lumbar spine BMD average accordingly (Fig. 1).

Clinical validation studies conducted across multiple
orthopedic clinics, Taichung Veterans General Hospital,
and Far Eastern Memorial Hospital in Taiwan have
demonstrated a high correlation between DeepXray™
Spina BMD' estimates and DXA measurements at
corresponding lumbar spine regions. The system
achieved a Pearson correlation coefficient (r) of 0.924, a
root mean square error (RMSE) of 0.061 g/cm?, and a
mean absolute error (MAE) of 0.048 g/cm? (Fig. 2).

Unlike methods that rely on inter-site BMD correlations
—such as those using chest X-rays, which provide only
partial or no lumbar vertebra visibility —DeepXray™
Spina directly matches with DXA’s measurement
regions, ensuring accuracy and precision. Such

Lumbar Spine L1-L4

Pearson's r 0,924
144 RMSE 0.061

MAE 0.048

134
1.2
114
1.0 4

0.9

0.8 4

DXA Measured BMD (g/cm?)

0.7 1

0.6 1

0.5 - + : E ; + : : !
05 06 07 08 09 10 11 12 13 14
DeepXray Spina Estimated BMD (g/cm?)

Fig. 2: DeepXray™ Spina estimates lumbar spine BMD (L1-L4)
with high correlation to DXA measurements, demonsirating
strong agreement with low residual error (Pearson’s r, RMSE,
MAE) and aligning closely with the reference diagonal line.
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anatomical region-of-interest (ROI) alignment
minimizes dependency on statistical extrapolation®,
making DeepXray™ Spina a more robust and reliable
alternative for osteoporosis screening.

Advancing Precision Diagnosis of
Osteoporosis

With BMD estimates highly consistent with DXA
measurements, DeepXray™ Spina, likewise DeepXray™
Coxa, further calculates T-scores using the NHANES
database, as recommended by ISCD guidelines®, or a
user-specified reference database. The system classifies
fracture risk based on WHO criteria and has
demonstrated an AUROC > 0.95 in predicting
osteoporosis (DXA T-score < -2.5) in both internal and
external clinical validation studies, enabling precise
identification of individuals at risk for osteoporosis.

In multiple post-market clinical studies—including
seven medical centers, three regional hospitals, and
three primary clinics in Taiwan and Japan— DeepXray™
Spina and Coxa have demonstrated excellent
correlations with DXA measurements. The systems
consistently achieved a diagnostic positive predictive
value (PPV) above 80% (Fig. 3 & 4), meaning that for
every ten people diagnosed with osteoporosis by
DeepXray™, more than eight were confirmed to have
osteoporosis by DXA.
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Fig. 3: DeepXray™ Spina & Coxa consistently exhibit high
correlation with DXA BMD across muitiple real-world clinical
studies, approaching the inter-DXA correlation range and
surpassing methods such as QUS and Chest X-ray Al.
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Fig. 42 Post-market real-world performance of DeepXray™

Spina & Coxa demonstrating consistent precision (PFV) across
varying osteoporosis prevalence rates.

Conclusion

DeepXray™ Spina and DeepXray™ Coxa measure
BMD at the lumbar spine and hip, directly matching
central DXA’s measurement sites—crucial for assessing
fracture risk. Unlike methods that infer BMD from
peripheral skeletons or chest radiograph, DeepXray™
provides direct anatomical measurement at the hip and
spine, where fractures carry the highest healthcare
burden.

By leveraging widely performed KUB and lumbar spine
X-rays, DeepXray™ Spina enables cost-effective, large-
scale, and opportunistic osteoporosis screening without
additional radiation exposure. With proven accuracy
and consistency, DeepXray™ empowers clinicians with
reliable, automated assessments to support early
diagnosis and effective patient care.
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Al-Powered Precision Diagnosis for Osteoarthritis

Radiographic diagnosis of osteoarthntis (OA) 15 based
on the Kellgren-Lawrence (KL) grading system adopted
by the World Health Organization (WHO). However,
the descriptive nature of KL grading lacks an objective
and quantitative basis. Additional disease assessments
have been developed to improve the granulanty of
grading, such as joint space narrowing (JSNj),
osteophytosis, and subchondral sclerosis as defined by
the Ostecarthritis Research Society International
(OARSI), and guantitative joint space width (ISW)
measurement, However, the need for physicians to
categorize, classify, and measure each individual feature
could significantly impact the efficiency of the
diagnostic workflow, and non-quantitative classification
is also prone to subjective bias by individual
physicians!.

Al-Enabled Disease Assessment

DeepXray™ Genu is an Al assisted diagnostic system
for knee OA. It has been developed and validated using
tens of thousands of data annotated by expert
orthopedists during the Ostecarthntis Inilatives (OAI)
multicenter climical study?, It provides overall disease
seventy of knee OA as well as agsessment for individuoal
radiographic features (IRFs), including JSN, osteophyte
and sclerosis based on the KL/OARSI grading eriteria®4.
Quantitative measurgments of ISW and Femoral-Tibaal
Angle (FTA) are also antomatically performed. This
detatled mformatiomn. allows physicians o accurately
diagmose  and omomtor disease progression.  Optimal
treatment plans and more comprehensive explanations
could be commmnicated to the patient (Fig. 1). Al
assisted diagnosis further reduces the subjective bias of
qualitative grading and improves the relialulity and
predictability of disease management.

Al-Powered Precision Diagnosis

The algorithm used by DeepXray™ Genn outperforms
imternational competitors (er. KOALA, ImageBiopay
Lab, Aunstna; RBknee, Radiobotics, Denmark) in KL
prading as well as in each [RF. The sensitivity of
DeepXray™ Genn for the diagnosis of knee OA was
92%, with a specificity of 94% (KL grade =2 or <2}, The
sensilivities and specificities for detenmimng each IRF
were also above 90% (Fig. 2), with a high degree of
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Fig. 2;: Companng the grading performance of KL &nd |RFs
betweon DeepXray™ Genn and major componiiors.

agrecment with the grading results given by the senior

orthopedists (Cohen’s kappa 0.85-0.94).

Trustable Al Based on Full Sulte QC Process

Al models are inherently limited by the data domain
used duning development and tramng, I the inpul data

ALPHA INTELLIGENCE MANIFOLDS
2F , NO. 170, ZHONGHE RD

ZHONGHE DIST, NEW TAIPEI CITY

235068, TAIWAN

34



~AIM

Alpha Intelligence Manifolds

in the real-world application deviates from the oniginal
training data, the results will degrade and produce
unexpected or even wild results. DeepXray™ Genu is
designed to [ollow the image reading practice of the
medical professionals. Tt performs guality checks on
input data and awtomatically identifies those with
abnormal and poor quality. DeepXray™ Gemu also
verifies whether the output values show an unreasonable
deviation from the existing dataset. Users are alerted to
any polential quality issues delecled throughout the
analysis pipeline.

Explainable Al for Better Disease Interpretation

In addition to semi-gquantitative severity grading and
quantitative measurements, DeepXray™ Genu also
provides users with markop images highlighted with
dizease locations or reference hines used for avtomated
measurements, These markup images further facilitate
the interpretation of the Al output and help physicians to
communicate disease conditions to patients (Fig. 3).
DeepXray™ Genu uses an ensembled regression lree

alporithm  based on multiple IEF assessments and

quantitative measurernent resulls from over 30,000

images annotated by OAl's clinical experts. By -~
leveraging image features familiar to the phy{{qans .
Genu faithfully follows the grading -

DeepXray™
principle established by Kellgren & Lawrence. It is
different from other black-box medical image Al
application, and makes it more mls;ublq m:d erplamﬂble
i climecal applications.

Figg. 3: DeopXray™ Genn provides aulomated assessments
amd diagnagis report far the kneds OA

Agrevraniyn DAl Experss (weighind kagoa)
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Diagnosis Reliability Augmented by Al

Alpha Intelligence Manifolds’ joint rescarch with the
NTU Medical School and the Far Easten Memorial
Heospital has demonstrated that the diagnostic
performance of jumor/non-specialist physicians can be
significantly improved to a level close to that of senior
specialist physicians. The diagnostic consistency among
semior  physicians  also improved with the wse of
DeepXray™ Genu (Fig. 4).
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Fig. 4: map.l'm_lrm Grenn improved diagnoshe perfomance and
constsiancy for both jumior and senior physicians,

Conclusion

DeepXray™ Genu hamesses a large amount of medical
image data, annotated by intemmational medical experts,
and combines 1t with chmcal diagnostic workflow to
build highly reliable Al models and analysis pipelines. It
provides physicians with accurate, and explainable
recommmendations  for diagnosing knee OA. This Al-
assisted system brings great elinical value by providing
precision diagnosis and tracking reports to help patients
better manage their OA disease progression.
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