13

PHAT HIEN LOANG XUONG DUATREN ANH X-RAY COT SONG
SU DUNG HQC SAU KET HQP THONG TIN LAM SANG

Vil Xuan Hanh', Vil Thién Vinh2, D4 Duy Trinh', Ngo Vin Son!
Email: hanhvx@hou.edu.vn, ORCID: 0000-0002-6739-1494

Ngay toa soan nhan duogc bai bao: 05/12/2025. Ngay phan bién danh gia: 05/06/2026.
Ngay bai bao dugc duyét dang: 23/06/2026.
DOI: 10.59266/houjs.2026.1333

Tém tit: Lodng xwong lam ting nguy co gay xwong va thuong dwoc chan dodn bang
DXA (Dual-energy X-ray Absorptiometry), tuy nhién thiét bi nay cé chi phi cao va chua phé
bién tai nhiéu co s6'y té tuyén duwdi. Nghién cieu ndy dé xudt quy trinh sang loc lodng xwong hai
budre, khong sir dung cdc bién DXA ¢ dau vao, dwa trén anh X-ray cét song thdt lung két hop
théng tin lam sang. Quy trinh dwoc danh gid trén tdp X-ray cia b dir lieu LUMOS gom 803
bénh nhdn va 1.620 anh. O bude dau, OsteoNet va FCoTNet duoc dung dé trich xudt vector
ddc trung 128 chiéu tir anh X-ray. Budc tiép theo, vector nay diege két hop véi cdc nhém ddic
trung lam sang va dira vao XGBoost dé phan loai ba nhém: Binh thwong, Giam mdt do xwong
va Lodng xwong. Két qua cho thdy cdc t6 hop chita bién DXA nhw mdt d6 loang xwong (Bone
Mineral Density - BMD) hodc T-score déu dat AUC = 1,000 do nhan dwoc dinh nghia truc
tiép tir T-score, phan dnh ro ri nhan va khéng cé y nghia lam sang. Sau khi logi bé bién DXA,
baseline chi dung thong tin lam sang dat AUC = 0,709, trong khi OsteoNet + Demo+Morph
dat AUC = 0,761. Kiém dinh DeLong cho thdy cdi thién cé ¥ nghia so véi chi ding embedding
anh (p = 0,0002) va 6 mikc cdn bién so véi baseline lam sang thudn (p = 0,050).

Tir khoa: lodng xuong, hoc sdu, X-Ray cot séng, vector embedding, XGBoost, LUMOS,
DelLong test

I. Pit vin dé (Dual-energy  X-ray  Absorptiometry,
phuong phéap do hip thy tia X ning luong
kép) < —2.5 do léch chuan, tirc muc do

chénh Iéch mat d6 xuwong cua bénh nhan

Loang xuong la bénh 1y ddc trung
boi sy suy giam mat d6 khoang chit
trong xuong, khién xuong tré nén gion
va dé gy. Theo Johnell va Kanis (2006),
bénh anh hudng dén hon 200 triéu nguoi

so vOi nguoi tré khoe manh cung ching
toc va gidi tinh.

trén thé gidi va gdy ra hon 8.9 triéu ca
gy xuong mdi nam. T chirc Y té Thé
gidi (World Health Organization, 2003)
dinh nghia lodng xuong dugc xac dinh
khi chi sé T-score do bing miy DXA

"' Truong Pai hoc Mé Ha No6i, Ha Noi, Viét Nam

May DXA thuong duoc sir dung dé
chan doan, nhung c6 hai van dé 16n: (i) chi
phi déu tu may rat cao (50,000-200,000
USD/may), (ii) khong phai bénh vién
nao cling c6 (Kanis va cong su, 2019).

2 Bénh vién da khoa Y hoc c¢d truyén Ha Noéi, Ha N1, Viét Nam
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Nguoc lai, anh X-ray cot séng dugc chup
thudng quy tai hau hét cac bénh vién voi
chi phi thdp hon dang ké. Tuy nhién, viéc
doc X-ray bang mit thuong dé chan doan
lodng xuong c¢6 do chinh xac han ché va
phu thudc nhiéu vao kinh nghiém ciia bac
si (Genant & cOng sy, 1993).

Gan day, hoc siu di chimg minh
kha nang trich xuét thong tin vé mat do
xuong tur anh X-Ray (Yamamoto & cdng
su, 2020); (Hsieh & cong su, 2021). Tuy
nhién, mot van dé quan trong thuong bi
bod qua trong cac nghién cliru nay la viéc
dua tryc tiép két qua do DXA (BMD,
T-score) vao dic trung dau vao, trong khi
nhan phan loai lai dugc xac dinh chinh tir
nhitng gia tri d6, dan dén hién twong 10 ri
nhan (label leakage).

Nghién ctru ndy c6 bén déng gop
chinh: (i) d& xudt quy trinh hai budc
gém: mang hoc sdu trich xut dic trung
va XGBoost phan loai st dung thong tin
1am sang; (ii) so sanh hai kién tric hoc sau
OsteoNet va FCoTNet dé xac dinh md hinh
phtl hop nhét cho bai toan; (iii) phan tich
va dinh lugng muc d anh hudng cia tirng
nhém dic trung DXA dén két qua phan
loai; (iv) x4c dinh 17 dic trung nhan tric
va hinh thai d6t séng 1a t6 hop thong tin
1am sang t6i uu, khong yéu cau do DXA.

II. Phwong phap nghién ciru
2.1. B¢ dir ligu LUMOS

Nghién ctu st dung bo dir liu
LUMOS duogc Shi va cong sy (2025)
cong bd. Bo dit liéu gdm 803 bénh nhan
ngudi Chau A véi: anh X-Ray cot séng
thit lung chup tir hai gbc (nhin thang AP
va nhin ngang LAT), tong cong 1,620
anh; anh CT cho 280 bénh nhén; va
bang thong tin 1am sang v&i 49 chi sé
mdi ngudi.

Mbi bénh nhan dugc phan vao mot
trong ba nhom dua trén chi sé T-score
do tir DXA theo tiéu chuan WHO: Binh
thuong (T > —1.0; 289 nguoi), Giam mat
do xuong (2.5 < T < —1.0; 291 nguoi),
va Loang xuong (T < —2.5; 223 nguoi).
Dt li¢u dugc chia theo ty 1€ 70/15/15 cho
cac tap huin luyén, kiém dinh va kiém
tra, dam bao mdi bénh nhan chi xuét hién
trong ding mot tap.

Tuy nhién, nghién ctu nay chi su
dung anh X-Ray vi: (i) tap con CT chi
chiém 35% tong s6 bénh nhan, dan dén
tap kiém tra CT chi c¢6 34 miu, qua nho
dé dua ra két luan thong ké dang tin cay;
(ii) muc tiéu cta nghién ctu la dé& xuat
quy trinh sang loc thuc té tai cac co so' y
té tuyén dudi, noi X-Ray sin co phd bién
hon nhiéu so véi CT.

Bang 1. Thong ké phdn chia dir liéu bé dir liéu LUMOS

Tap dir liéu Tong Binh thwong Gidm mat d¢ Loing xwong
Huén luyén 560 202 204 154
Kiém dinh 120 43 44 33
Kiém tra 123 44 43 36

2.2. Tién xi¢ ly anh

Anh X-Ray dugc luu dudi
dang tép DICOM (Digital Imaging
Communications in Medicine). Quy trinh
tién xtr Iy gdm 4 budce: (1) Poc gia tri pixel

tir DICOM va 4p dung hé sé hiéu chinh
theo thong s6 thiét bi chup; (2) Piéu chinh
d6 twong phan theo thong sb ctra sb sang
¢6 sin trong file DICOM; néu thong s6 nay
khong c6 thi dung phuong phap kéo cang



biéu d6 mirc xam tir phan trim tha 1 dén
99; (3) Bém anh v¢é hinh vudng bang cach
thém vién mau xam trung tinh, gitp gitt

(1) Anh géc

(2) VoI LT (3) CLAHE
= -
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ti 18 anh gbc khi thay déi kich thuédc; (4)
Thay d6i kich thuéc vé 320%x320 pixel
bang thuat toan Lanczos4.

(5) ROI Crop

Hinh 1. Minh hoa quy trinh xu [y X-Ray

Tang cuong dit lidu: D& han ché hién
tuong qua khép (overfitting), mdi anh dua
vao huan luyén duogc bién d6i ngiu nhién
thong qua cac phép: 1at ngang, xoay +5°,
dich chuyén vi tri +5%, thay déi nhe do
sang/twong phan, thém nhiéu Gaussian
nhe, va che ngau nhién 1-4 ving nho.

2.3. Phdn nhom thong tin ldm sang

B6 dir liéu LUMOS cung cip 49
chi s6 1am sang mdi bénh nhan, duoc
chia thanh 4 nhém nhu Bang 2. Can luu
y ring nhian phan loai (Binh thuong/

Giam mat d¢/Loang xuong) duogc xac
dinh truc tiép tir chi sé T-score DXA (T
<-2.5 — Loang xuong). Do d6, néu dua
T-score hoic BMD vao dic trung dau
vao, mO hinh khong thuc sy hoc cach
nhan biét lodng xwong tir anh, ma chi
doc lai gid tri T-score dé suy ra nhan,
dan dén két qua danh gia rit cao nhung
khong c6 gia tri thuc tién. Nhém dic
trung hinh thai dét séng 1a két qua do
tha cong cua chuyén gia X-ray, cong bd
cung bd dir licu LUMOS, khong phai
output cua thuat toan tu dong.

Bdng 2. Phén nhém 49 ddc trung lam sang theo nguon goc

Nhom il(‘)lfna; Céac dic trung va y nghia Ngudn gbc
Thong tin ¢ nhan 5 Tudi (ndm), Gidi tinh (M/F), Chiéu cao (cm), Can Hoi bénh/ ’
(Demo) nang (kg), BMI (kg/m?) do nhan tric
Hinh thai dt song 1 avgh Lx-Ly: chié‘u cao trung binh d(‘)t’sén’g (mm) Do tir anh
(Morph) avgw Lx-Ly: chiéu rong trung binh dot song (mm) | X-Ray

A g bmd: mat d§ khodng xuong (g/cm?) s
gﬁ%‘-}gﬁf&g PEAL 13 [bmd Lx-Ly: BVD tai timg cap L1-L4 5}2 bgl)% R
bmc Lx-Ly: lugng khodng chat xuong (g) Y
T-score / T_Lx-Ly: d6 léch chuan so v6i ngudi tré
Piém s6 DXA 19 (nhan dugc dinh ngh?a tur day) q Tinh tir két
(T/Z/Area) Z-score: d§ léch chuan so v6i nguoi cung tudi qua DXA
Dién tich chiéu xuong (cm?)

2.4. Trich xudt diic trung hinh dnh
s dung hoc sdu

Thay vi dé mang hoc sau vura trich
xudt dic trung vira dua ra quyét dinh
phan loai cudi cing trong mot md hinh

end-to-end, nghién clru nay tach bai toan
thanh hai budc doc 1ap (Hinh 2). O budc
thir nhat, mang hoc sau dugc huin luyén
nhim chuyén d6i anh X-ray thanh mot
vector dic trung sb co kich thude cb dinh
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(embedding), déng vai trd biéu dién thong
tin hinh anh & muc triru tugng. O bude thir
hai, cac vector nay dugc két hop véi thong
tin 1am sang cua bénh nhan va dua vao
mo hinh XGBoost dé thuc hién phén loai.

Thiét ké nay gitip tach riéng qué trinh hoc
biéu dién anh va qua trinh danh gia dong
gop cia timg nhém dic trung, dong thoi
cho phép thir nghiém nhiéu t6 hop dau vao
ma khong can huan luyén lai mang hoc sau.

Ghép ndi: emb (128) + Demo (5)

I
. i St - -
Giai doan 1 — Hoc sau: trich xuat vecto déc trung ! o d ol .2 ; e &
] ghép noi va XGBoost
I
FIRTN Vector 1 —_
f]]):\ll’ h?“ Tién xir Iy Mang hoc siu dic trung E TP e i Phén loai
au vao (128-d) | am sang
s B 6 D 2y | (@ B
ok
FCoTNet ' | 17 bien — Khong | | XGBoost Classifier
! dung DXA e o 3
X-quang AP Sl o .| ResNet-50 backbone | emb_xray EN Diu vao: vector 145 chiéu
Nhin th i i i | 128chidu | |
in thang X-quang Weighted Fusion chieu ! Demo (5 bién)
Contextual Transformer | Il 7
DICOM — I | Tudi, gidi tinh, chiéu cao, Binh thuong
ChuinhéaVOILUTH — ! cin njng, BMI
( ) . )\ ! e
Pad vuéng — OsteoNet | - e |
Resize 320x320px (M hinh 82 xud) " i | Morph (12 bién) Gm;; ?ngg @ |
2 emb_xra B\ B |
R o VGG-16 backbone X8V |1 Chi can + chiéu rong - .
Nhin ngang 128 chieu | dot song L1-L4
CBAM-AP + CBAM-LAT (dExut) || -
RO | Loang xuong
Trong so dic lap 1.
- iy O J = | . J
E
I

+Morph (12) = 145 chiéu

Hinh 2. So d6 quy trinh hai budc: (1) mang hoc sdu trich xudt vector ddc trung tir dnh;

(2) XGBoost két hop vector véi thong tin cd nhdn dé phan loai
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Hinh 3. Kién triic FCoTNet

Mang FCoTNet: FCoTNet dugc dé
xuat boi Xue va cong su (2023). Mang
su dung ResNet-50 lam nén tang, trich
xudt ddc trung & ba mic do chi tiét khac
nhau: muec chi tiét nho (512 chiéu), mic

vira (1.024 chiéu), va muc tong thé (2.048
chiéu). Thay vi két hop ¢b dinh ba mic
nay, mang hoc trong s dong cho ting
mirc théng qua co ché két hop c6 trong sd
(Weighted Fusion, sit dung ham Softmax).



Tiép d6, mo-dun Contextual Transformer
ap dung co ché cross-attention tir mirc tong
thé xudng murc chi tiét, gitp ngir canh toan
cuc dinh huéng viéc phan tich chi tiét cuc
bd. Ca hai goc chup AP va LAT dugc xu
1y qua ciing mot bo trong sd, cho két qua
dau ra 1 vector dic trung 128 chiéu cho
mdi bénh nhan.

Mang OsteoNet: OsteoNet dugc dé
xuét boi Muzaffar va cong su (2025) 1a
kién triic cho két qua t6t nhat trong nghién
ctru ndy, sir dung VGG-16 1am nén tang.
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Diém nbi bat cuia mang 1a co ché CBAM
(Convolutional Block Attention Module),
két hop hai loai cht1 ¥: theo kénh (Channel
Attention) va theo khong gian (Spatial
Attention). Pac biét, mdi goc chup AP va
LAT duogc trang bi mot b CBAM riéng
v6i trong s6 hoan toan doc 1ap, cho phép
mang hoc cac dic trung bd sung tir ting
goc chup: AP thé hién chiéu rong ddt sdng,
trong khi LAT thé hién chiéu cao ddt song.
Két qua tir hai goc sau d6 duge ghép lai va
chiéu xudng vector dic trung 128 chiéu.

Channel Spatial GAP + GMP
X-quang VGG-16 Attention Attention Global Avg Pool
AP Backbone Squeeze-and-Excitation: 7x7 Convolution + Global Max Pool
Kénh nio quan trong? 'Ving ndo quan trong? — concat — 1024-d = =
=% 2~
o &' oo
7 Vs ss| |52
. AN ISRl emb_xra
Shared ! Trong sb doc lap — hoc dic oy ses _ Y
weights | trung riéng tlimg goc chup SSMeod 5 Vector 128 chiéu
1 = DX ER v .
* P e e+ o2 f?actnmgdal
~ 2R b B dién bénh nhan
&} § g =
Channel Spatial GAP + GMP = i5
X-quang VGG-16 Attention Attention GloniAve ool &
LAT Backbone Squeeze-and-Excitation 7x7 Convolution + Global Max Pool
Kénh nio quan trong? Viing néo quan trong? — concat — 1024-d
4

Shared weights - £

Chitié CBAM ~~~

Channel Attention
F'=F xM/(F)

Input
feature map

M, = sigmoid(MLP(AvgPool) + MLP(MaxPool)) M, =

Spatial Attention

F" = F' x My(F") F

sigmoid(Conv([AvgPool; MaxPool]))

Hinh 4. Kién triic OsteoNet

2.5. Ghép noi vector diic trung vdi
thong tin lim sang

Sau khi c6 vector dic trung tr anh
(128 chiéu), budc tiép theo 1a ghép ndi

voi thong tin [am sang cia b&nh nhan
dé tao vector dau vao cho XGBoost.
Bang 3 liét ké tat ca cac t6 hop dugc thir
nghiém.

Badng 3. Cdc t6 hop vector ddic trung dwoc thir nghiém

STT Tén t hop Thanh phan S6 chiéu
1 | Chi embedding vector anh X-Ray (128 chiéu) 128
2 |Emb+ Thong tin cAnhan  |vector + tubi/gioi/chidu cao/can/BMI (5) 133
3 |Emb + Hinh thai d6t séng | vector + avgh+avgw (12) 140
4 |Emb + Demo+Morph vector + thong tin ca nhén (5) + hinh thai (12) 145
5 |Emb+BMD vector + mat do xuong DXA (7) 135
6 |Emb + T-score vector + diém T-score DXA (7) 135
7 |Emb + Toan b DXA vector + tat ca 32 dic trung 160
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2.6. Phuwong phdp danh gia

AUC (Area Under the ROC Curve) -
dién tich dudi duong cong ROC (Receiver
Operating Characteristic) dugc xay dung
tr mdi quan hé gitta TPR (True Positive
Rate) va FPR (False Positive Rate):

n—1
TPR;, + TPR;

i=1
TP FP
TPR=1p7fn R=fmprmv @

Trong nghién ctru nay, chiing toi su
dung AUC macro theo phuong phap one-
vs-rest vi né danh gia dong déu ca 3 nhom
bénh nhan, ké ca nhém thiéu sb.

F1 macro va F1 theo tung 16p: F1 la
trung binh diéu hoa gitra Recall (kha ning
phat hién day du cac ca bénh) va Precision
(kha nang han ché chin dodn nham).

_ 2« Precision- Recall

i c
Flmaere = I E __1Fli 4)
i=

Accuracy (D¢ chinh xéc): Ti [¢ phan
loai diing trén tong sé mau.
s6 mau du do4n diing

Acc = Z & B (5)
1ong so mau

Kiém dinh DeLong test (DeLong va
cong su, 1988): so sdnh AUC cuta hai mo
hinh trén cing mot tdp kiém tra. Do hai
AUC dugc tinh trén cung mot nhém bénh
nhan nén khong ddc 1ap voi nhau, vi vay
khong thé ap dung t-test thong thuong.
Phuong phap DeLong dua trén thong ké
U - mot 16p udce lugng théng ké dé xir 1y
dung mbi twong quan nay: thong ké kiém
dinh Z tuén theo phan phdi chuan, tir d6
tinh duoc gia tri p hai phia; gia thuyét hai
AUC bing nhau bi bac bo khi p < a.= 0,05:

Fl=
Precision+ Recall 3)
g AUC, — AUC,
v-"Va'.r'(AUfl} + Var(AUC,) — 2 - Cov(AUC,, AUCS) ©)

2.7. Giao thirc hudn luyén

TAt ca md hinh hoc sau duge huin
luyén trén GPU NVIDIA RTX 3050, su
dung bé t6i vu héa AdamW véi chién luge
tc d6 hoc phan biét: 16p cudi cung cod
LR = 1x10*, trong khi 16p backbone c6
LR = 1x10° nhim bao toan tri thic da
hoc tir tién hudn luyén. S6 epoch dugc dit
1a 50, voi tbe dd hoc giam dan theo lich
trinh cosine. Dé xir Iy mat can bang 16p,
mdi 16p duge gan trong sb ty 16 nghich véi
s6 mau: [2.78; 2.76; 3.60] tuong tng véi
cac nhém Binh thuong, Giam mat dg va
Loang xuong.

V61 XGBoost (Chen va Guestrin,
2016), chung t6i st dung t6i wu hoa Bayes

qua thu vién Optuna (Akiba va cdng su,
2019) véi 100 luot thi. Khong gian tham
s6: max_depth € [3, 9], learning_rate €
[0,01; 0,3], n_estimators € [100, 800],
subsample va colsample bytree € [0,5;
1,0], gamma € [0; 4], min_child weight
€ [1, 8], reg_alpha va reg lambda € [0;
4]. Bo tham s6 tbt nhat duoc lwa chon dwa
trén AUC trén tap val sau d6 moé hinh dugc
huén luyén lai trén tap train, val truée khi
danh gia trén tap test.

II1. Két qua va thao luin

3.1. Anh hwéng ciia cic nhém diic
trung t6i két qud phén logi

Bang 4 cho thiy rd anh hudng cua
ting nhém dic trung DXA dén két qua



phan loai. Gia tri baseline 0.608 13 két qua
AUC cua cdu hinh XGBoost chi sir dung
vector dic trung anh tir mot lan chay cu
thé, dugc dung lam mdc tham chiéu dé do
AAUC khi b6 sung timg nhém dic trung.
Khi b6 sung BMD hoic T-score, AUC dat
1.000 mot cach nhat quén, do nhan ba 16p
duoc dinh nghia truc tiép tir T-score.
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Vi vay, két qua nay phan anh ro ri
nhan thay vi nang lyc nhan dién loang
xuong tir anh X-Ray. Cac dac trung DXA
gian tiép nhu BMC va Z-score ciing lam
AUC ting manh, cho thay ching c6 tuong
quan cao vai ti€u chi gan nhan. Do d6, cac
bién DXA can dugc loai bo khoi dau vao
trong cAu hinh sang loc thuc té.

Bdng 4. Anh huéng ciia ting nhém dic trung dén AUC phan loai

A AL s Sodac| AUC | AUC sau Mire do e
B9 thong tin trung | baseline | khi thém AAUC anh hudéng Gidi thich

Demo+Morph 17 0.608 0,705 [+0,097 | Khong |Dé xuit ding
Area 6 0.608 0.658 | +0.050 Khong | Dién tich chiéu (cm?)
Z-score 6 0.608 0.818 |+0.209 | Giantiép |Z~ T chun héa tudi
BMC 6 0.608 0.866 | +0.258 | Giantiép |Tuong quan cao BMD
BMD 7 0.608 1.000 | +0.392 | Tructiép |BMD — T-score
T-score 7 0.608 1.000 | +0.392 | Tryctiép |Bién dinh nghia nhin
BMD+T-score 14 0.608 1.000 | +0.392 | Tructiép |Nhan < T-score
Toan bo DXA 32 0.608 1.000 | +0.392 | Tructiép |C6nhom DXA

3.2. Vai tro ciia thong tin ldm sang
khi khong co dnh

D¢ dinh luong vai trd riéng cia
thong tin 1am sang, ching t6i danh gia ba
cdu hinh XGBoost khong st dung anh:
Demo, Morph, va Demo+Morph. Bang 5
cho thiy 5 dic trung Demo (AUC = 0,704)
cao hon 10 rét so voi 12 ddc trung Morph

(AUC =~ 0,59). Tudi va BMI 1a yéu t6 anh
huong tryc tiép dén lodng xwong, do do
nhém dic trung nhan khau hoc mang gia tri
tién doan manh hon cac phép do hinh hoc
d6t séng don 1¢. Cau hinh Demo+Morph dat
AUC = 0,71, qua d6 thiét 1ap ngudng tham
chiéu dé danh gia dong gop thuc sy ciia anh
X-Ray & cac phan phan tich tiép theo.

Badng 5. Két qua XGBoost chi ding thong tin ldm sang

Té hop dic trung S6 dic trung | AUC F1 macro Acc
Demo 5 0,704 0,477 0,484
Morph 12 0,589 0,348 0,379
Demo + Morph 17 0,709 0,501 0,500

3.3. Téng hop két qua

Bang 6 trinh bay két qua cac ciu
hinh két hop vector ddc trung anh va
thong tin 14m sang. CAu hinh tot nhat 1a
OsteoNet + Demo+Morph dat AUC =
0,761 va F1 macro = 0,501, cai thién
AAUC = +0,049 so véi OsteoNet Emb
only (0,712) va +0,052 so vdéi baseline
1am sang thuan. Bn quan sat chinh duoc

rutra: (i) OsteoNet vuot troi hon FCoTNet
& moi t6 hop (AAUC = +0,05); (ii) véi
OsteoNet, viéc bd sung thong tin 1am sang
luén cai thién két qua: Demo (+0,016),
Morph (+0,019), Demo+Morph (+0,049);
(ii1) v&i FCoTNet, Demo (+0,049) déng
g6p manh hon Morph (+0,020); (iv) ciu
hinh FCoTNet Emb only (0,654) thap hon
baseline 1am sang thudn (0,709), cho thiy
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embedding anh don thuan khong thé thay
thé 17 dic trung nhan khau hoc co ban.
Phan tich F1 ting 1ép cho thiy
Giam mat d6 xuong (F1-GM = 0,360-
0,500) luén 1a 16p khé nhit do ndm & ving

trung gian. Vi OsteoNet, thém Morph cai
thién F1-BT manh nhét (0,571 — 0,602).
V&1 FCoTNet, thém Demo cai thién F1-
GM manh nhét (0,382 — 0,463) vi tudi va
BMI gitp phan biét giai doan trung gian.

Bdng 6. Két qua phdn logi ciia cdc cdu hinh két hop emb anh va théng tin lam sang

khong chira DXA

Kién tric | To hop dic trung AUC F1 F1-BT F1-GM F1-LX
Emb only 0,712 0,487 0,571 0,404 0,484

OstcoNet Emb + Demo 0,728 0,470 0,552 0,360 0,500
Emb + Morph 0,731 0,502 0,602 0,421 0,484
Emb + Demo+Morph 0,761 0,501 0,588 0,422 0,492
Emb only 0,654 0,423 0,473 0,382 0,414

FCoTNet Emb + Demo 0,703 0,510 0,568 0,463 0,500
Emb + Morph 0,674 0,505 0,541 0,500 0,475
Emb + Demo+Morph 0,714 0,517 0,578 0,473 0,500

Bang 7 trinh bay két qua DeLong
test cho cac so sanh AUC quan trong
nhit. Poéng goép cua thong tin lam
sing dugc kiém chimg c6 ¥ nghia
thong ké chic chin véi ca 2 kién trac:
OsteoNet Emb+Demo+Morph cai thién
AAUC = +0,049 so vé1 Emb only véip =
0,0002; FCoTNet dat AAUC =+0,061 voi
p=0,009. Khi x¢ét riéng tirng nhém, Demo
dong gop ¢ ¥ nghia thong ké véi ca hai
kién trac (p < 0,032), trong khi Morph

khi dimg mét minh khong vuot ngudng y
nghia (p > 0,071).

Dé danh gia déng goép riéng cua
anh X-Ray khi da c6 thong tin 1am sang,
OsteoNet dat AAUC = +0,056 (p = 0,050)
sat ngudng y nghia thong ké, goi ¥ c6
doéng gop nhung ¢ mau chwa du khing
dinh chic chan. FCoTNet khong cho thay
dong gop (AAUC = +0,003, p = 0,918).
Anh X-Ray chi c6 gia tri bo sung khi kién
tric khai thac tot ca hai goc AP va LAT.

Bdng 7. Kiém dinh DeLong test cho cdc so sanh AUC chinh (o = 0,05)

Kién tric So sanh AAUC | z p Két luan
Emb + Demo + Morph vs Demo + Morph | +0,056 | 1,959 | 0,050 Can bién
Emb + Demo + Morph vs Emb +0,049 | 3,777 | 0,0002 | Cé Y nghia
OsteoNet  |Emb + Demo vs Emb +0,016 | 2,146 | 0,032 | C6ynghia
Emb + Morph vs Emb +0,019 | 1,804 | 0,071 Khong
Emb vs Demo + Morph +0,007 | 0,193 | 0,847 Khong
Emb + Demo + Morph vs Demo + Morph | +0,003 | 0,103 | 0,918 Khong
Emb + Demo + Morph vs Emb +0,061 | 2,631 | 0,009 | C6ynghia
FCoTNet |Emb + Demo vs Emb +0,049 | 2,404 | 0,016 | Coy nghia
Emb + Morph vs Emb +0,020 | 1,054 | 0,292 Khong
Emb vs Demo + Morph —0,058 | —1,548 | 0,122 Khong

3.4. Thao ludn

OsteoNet vuot troi hon FCoTNet
nho st dung hai b CBAM riéng biét cho
goc AP va LAT, cho phép mang hoc dugc

cac dic trung bd sung tir mdi goc chup,
trong dong voi cac diu hiéu hinh thai
ma bac si thuong dung dé danh gia lodng
xuong trén anh X-Ray. Pong gop dac thu



ctia nghién ctru ndm & viée phan tich dinh
luong c6 hé théng ba muc d6 ro ri nhin
DXA, két hop v6i phép thir baseline khong
str dung anh dugc kiém dinh théng ké bang
DeLong test, qua do cho phép tach bach 1o
rang vai tro cua anh X-Ray va cua thong tin
lam sang trong két qua phan loai.

Nghién ctru nay con ton tai mot sb
han ché: (i) bo dir lieu LUMOS la dir liéu
don trung tam, chi thu thap trén nguoi
Chau A, nén kha niang khai quat hoa sang
cac quan thé khac chua duoc kiém chimg;
(i) quy trinh hai budc c¢6 thé chua tdi
wu bang huin luyén end-to-end; (iii) tap
kiém tra chi gdbm 120 mau khién déng gop
cua anh X-Ray chi dat muc ¥ nghia can
bién (p = 0,050), can tap dit lidu 16n hon
(> 300 mau) dé xac nhén; (iv) nhém dic
trung Morph hién duoc do thu cong, do
d6 can phat trién mot module phan doan
(segmentation) tu dong dé co6 thé trién
khai trong thyc té.

So véi cac nghién ctru trude, diém
chinh ciia bai bao nay khong phai la khing
dinh dat AUC cao nhit, vi cac cong trinh
khac nhau vé bo dit liéu, vi tri chup, tiéu
chi gan nhin va sd 16p phan loai. Pong
g6p ndi bat ctia nghién ctru nam & viée chi
ra va dinh lugng hién tugng 1o ri nhan tir
cac bién DXA, bé sung phép thir baseline
khong st dung anh, dong thoi ap dung
kiém dinh DeLong dé danh gia dong gop
thuc su cua anh X-Ray khi két hop voi
thong tin 1am sang khong chira DXA.

IV. Két luan

Nghién ctru da dé xudt va danh gia
mot quy trinh phat hién loang xuong hai
budc, khong yéu ciu may DXA, dya trén
anh X-Ray cot song két hop vai thong tin
lam sang. Tir két qua thuc nghiém, c6 thé
rat ra boén két luan chinh:
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(1) Nhom dac trung DXA lam sai
léch nghiém trong két qua: bat ky bo
thong tin nao chira BMD hoic T-score déu
cho AUC = 1,000, khong phai do m6 hinh
c6 hi€u nang vuot troi ma do dang doc lai
chinh dir liéu ding dé dinh nghia nhan.

(2) Thong tin 1am sang dong vai tro
quan trong va duogc kiém dinh c6 ¥ nghia
théng ké: ciu hinh Demo+Morph cai thién
10 rét so voi chi embedding anh.

(3) béng gbép cua anh X-Ray phu
thudc kién trac: OsteoNet dat AAUC =
+0,056 (p = 0,050) sat ngudng v nghia,
201 y c6 dong gbp nhung cin xac nhan véi
tap kiém tra 16n hon. FCoTNet khong cho
thdy dong gop (p = 0,918) do co ché chia
s¢ backbone gitta hai géc chup.

(4) OsteoNet voi CBAM riéng cho
hai goc chup 12 kién triic phu hop nhat, dat
AUC = 0,761 vdoi Demo+Morph, khong
st dung thong tin DXA va dugc kiém dinh
bang DeLong test.

Céc huéng nghién ctu bao gom:
(i) huan luyén end-to-end két hop dong
thoi anh va thong tin 1am sang; (ii) kiém
nghiém trén dit liéu da trung tam vai tap
kiém tra tir 300 mau tro 1én dé xac nhan
dong gop cua anh X-Ray; (ii1) tich hgp céac
phuong phéap giai thich mé hinh ty dong
nhu Grad-CAM (Gradient-weighted Class
Activation Mapping) va SHAP (SHapley
Additive exPlanations); (iv) phat trién
module phan doan (segmentation) dbt
song tu dong nham giam sy phu thude vao
viéc gan nhan thu cong cho dic trung hinh
thai dot séng (Morph).
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OSTEOPOROSIS DETECTION BASED ON LUMBAR
SPINE X-RAY USING DEEP LEARNING WITH
CLINICAL FEATURES

Vu Xuan Hanh'!, Vu Thien Vinh?, Do Duy Trinh!, Ngo Van Son!

Abstract: Osteoporosis increases fracture risk and is commonly diagnosed using
DXA, which is costly and not widely available in many lower-level healthcare facilities. This
study proposes a two-stage osteoporosis screening pipeline that does not use DXA-derived
variables as input, combining lumbar spine X-ray images with clinical features. The pipeline
was evaluated on the X-ray subset of the LUMOS dataset, including 803 patients and 1,620
images. In the first stage, OsteoNet and FCoTNet were used to extract 128-dimensional
embedding vectors from X-ray images. In the second stage, these embeddings were combined
with clinical feature groups and fed into an XGBoost classifier for three-class classification:
Normal, Osteopenia, and Osteoporosis. The results show that configurations containing
DXA-derived variables, such as BMD or T-score, achieved an AUC of 1.000 because the class
labels were directly defined by T-score, indicating label leakage and rendering such results
clinically meaningless. After excluding DXA-derived variables, the clinical-only baseline
achieved an AUC of 0.709, while the best configuration, OsteoNet + Demo~+Morph, reached
an AUC of 0.761. DeLong testing showed a statistically significant improvement over the
embedding-only configuration (p = 0.0002) and a borderline improvement over the clinical-
only baseline (p = 0.050). These findings suggest that lumbar spine X-ray images can provide
complementary value for osteoporosis screening when combined with appropriate non-DXA
clinical information.

Keywords: Osteoporosis, deep learning, lumbar spine X-ray, embedding vector, XGBoost,
LUMOS dataset, Delong test

"' Hanoi Open University, Hanoi, Vietnam
2 Hanoi Hospital of Traditional Medical, Hanoi, Vietnam



