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DAT VAN BE

Tam véc con ngudi phan anh chit luong
nguén nhan lyc va trinh dg phat trién kinh té -
x4 hoi. Chinh phu Viét Nam d3 ban hanh Dé an
641 v&i muc tiéu chién luge nang cao thé luc,
tam voc nguoi Viét Nam (2011). Trong d6, chan
doan tudi xuong (Bone Age - BA) la tru cot
khoa hoc then chét dé danh gia va du béo ting
trudng chiéu cao, phat hién sém cac r6i loan
tang truong (VO Tuong Kha, 2025).

Phuong phap atlas Greulich & Pyle (G&P)
van dugc sir dung rong rai nhung tdn tai nhiéu
bat cap: tinh chu quan, tdn thoi gian va sy khong
tuong thich vé chung toc va thoi dai do dugc
xay dung tir dit liéu tré em da tring tir nhiing
nam 1930-1950 (Greulich & Pyle, 1959; Van
Rl_]l’l & Thodberg, 2013). Cung voi do, su khan
hiém chuyén gia tai cac tuyen co s¢ cang lam
trAm trong thém bai toan tam soat dién rong.

Trong bdi canh chuyén doi s6 nganh Y té,
viéc phat trién va ung dung cac giai thudt hoc

sau nham tu dong hoa chan doan hinh anh dang
tré thanh xu thé (He et al., 2017). Tuy nhién,
mot gidi thudt Al chuyén sau cho chan doéan tudi
xuong, dugc huén luyén trén dir li€u quy mo 16n
va tich hop dac diém nhan trac hoc dic thu cua
tré em Viét Nam van con 1a khoang trong.
Nghién ctru nay phat trién, dé xuét tng dung
gii thuat hoc sdu VietBA-Net dé giai quyét cac
thach thirc néu trén trong thyc tién.

PHUGNG PHAP NGHIEN CUU

Thiét ké nghién ctru va quan thé

Nghién ciru mé ta ct ngang trén tré em Viét
Nam (1 thang - 18 tudi). Tiéu chuan lya chon:
tré¢ khoe manh, ban tay trdi khong co chan
thuong, di tat. Tiéu chuén loai trir: mic bénh ly
toan than anh hudng chuyén hoa xuwong.

C& mau va chién llmc lay mau

Ap dung 1dy mau ngiu nhién phén tang theo
7 khu vuc dia Iy: Béc, Trung, Nam véi cac tiéu
vung (bang 1).

Bang 1. Phan tang theo dia dw va dic diém kinh té - xa hoi

Vung mién Khu vue dia hinh Dia danh dai dién Pic diém
Mién nii Tay Bic Son La /Lao Cai Vung cao, dan toc thiéu s
Mién Bic | Ddng bang/Thanh thi Ha Noi/Hai Phong D6 thi hoa cao
Nong thon Nam Dinh/Thai Binh Thuan nong
i Mién nti/Tay Nguyén Gia Lai/Dak Lak Tay Nam bo (Tay Nguyén)
Mién Trung - - - - -
Dong bang/Ven bién ba Nang/Nghé An Khi hau khac nghiét
‘ Thanh thi TP. H6 Chi Minh Kinh té phat trién nhat
Mién Nam - - - - -
Pong bang / Nong thon Can Tho/Bong Thap Mién Tay song nudc

Vi 29 moc tudi cho m01 gioi. tinh, yéu cau
t6i thiéu 30 mau cho mdi méc tudi tai mdi khu
vuc dé dam bao do tin cay. Cong thirc tinh tong
s6 mau tbi thiéu nhu sau: N_total = 29 (mbc
tu6i) x 7 (khu vuc) x 30 (mau/mbe) x 2 (gidi
tinh) = 12,180 mau.

Thu thap va tién xtr Iy dit liéu

Thu thap anh X-quang ban tay trai tu thé PA
duoc thu thap, luu trir dinh dang s6. "Chuan

vang" (ground truth) duoc x4c dinh boi hoi dong
ba béc si chan doan hinh anh giau kinh nghiém
theo phuong phap G&P. Anh dugc tién xu 1y tur
dong: can bang histogram (CLAHE), resize vé
512x512 pixel, chuan hoa gia tri pixel. Gan
nhan: Mot hoi dong gdm ba bac si chan doan
hinh anh nhi khoa, y hoc thé thao giau kinh
nghiém (trén 10 nam) tién hanh danh gid BA
doc 1ap cho timg anh bang phuong phap G&P
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(Greulich & Pyle, 1959). Tién xir Iy anh: Toan
bo anh dau vao duoc chuan héa qua mot quy
trinh ty dong: (1) Can bang histogram thich tmg
(CLAHE) dé tang cuong d6 twong phan, dic
biét 1am rd cac diém c6t héa nho va mo; (2)
Resize vé kich thudc cb dinh phu hop cho dau
vao ciia mang (512x512 pixel); (3) Chuan hoa
gia tri pixel vé khoang [0, 1].

Kién trac giai thuat hoc sau VietBA-Net

Kién truc VietBA-Net két hop mang Mask R-
CNN dé phan doan chinh x4c 27 ving xuong,
sau d6 str dung mang Siamese Network dé so
khéi véi atlas s6 héa G&P. Diém d6i méi 1a tich
hop mé hinh hdi quy hiéu chinh véi cac hé sd
dua trén tudi thuc (CA), chi sé khdi co thé
(BMI) va dic diém vang mién (3).

Kién trac cua VietBA-Net 1a mot pipeline da
tac vy, bao gdm cac module tuin tu sau: 1)
Module phan doan: Str dung Mask R-CNN (He
et al., 2017) dé phan doan chinh xac 27 ving
xuong ban tay; 2) Module trich xuat dic trung
& phan loai: St dung CNN (EfficientNet-
B0/ResNet-50) dé trich xuat dic trung va phan
loai trang thai phat trién (Sun/Cét hoa/Xuong)
cho ting xuong; 3) Module so khép va chan
doan: St dung Siamese Network véi ham
Triplet Loss dé so khdp dic trung v6i atlas G&P
s6 hoa (Gilsanz & Ratib, 2012), x4c dinh BA tho
(BA_raw); 4) Module hi€u chinh dac thu Viét
Nam: Str dung mé hinh hdi quy dé hiéu chinh
két qua cudi cung:

BA final=a * BA raw + * CA+y * BMI

Trong d6, BA_final: Tudi xuong cudi cung
sau hiéu chinh; BA_raw: Tudi xuong tho do Al
du doan. CA (Chronological Age): Tudi thuc
cia tré; BMI: Chi sd& khdi co thé
(Weight/Height?); u: Hé s6 hiéu chinh do l1éch
hé thong cua Al, duoc ude luong bang hdi quy
gitta BA raw va BA ground truth (~0,85-0,95);
B: Hé sb phan anh mbi quan hé téng thé giira BA
va CA ¢ tré em Viét Nam (~0,05-0,1); y: HE )
anh huong cua thé trang dinh dudng (BMI) dén
tdc d6 cot hoa (~0,02-0,04); &: Hé s6 hiéu chinh
ving mién, 1a mot hang s duoc dé xuat dya trén
phan tich dir li€u theo tirng khu vuc (bang 3),
phan anh sy khac biét vé diéu kién kinh té-xa
hoi, dinh dudng va mdéi truong (bang 3); o
duong (+0,15 dén +0,25) - xu hudng phat trién
som, & am (-0,10 dén -0,25) - phat trién cham.

Huan luyén va danh gia mo hinh

Dit liéu duge chia 70%/15%/15% cho huan
luyén, xac thuc va kiém tra. Huin luyén trén
GPU NVIDIA A100 véi PyTorch. Banh gia hiéu
suat dua trén: Sai s tuyét ddi trung binh

MAE):
(MAE) MAE=1%2, I |yrx)|

Trong dé: n: s6 tré em tham gia nghién ctru;
i: tré thr i tham gia nghién ciru; yi: Tudi xuong
trung binh do hoi dong chuyén gia két luan; xi:
Tudi xwong do giai thuat Al chan doan; hé sb

twong quan (r): S5 e ()

r

s 2 Orprray?
Bang 2. Két qua Al nhan dién trang thai phat trién cac xwong
trén phim X-quang ban tay trai
) Status . .
Patient ID Bone Code 0/172) X Center | Y_Center | Width Height

VN HN 001| CAR Capitate 2 450 600 50 50
VN_HN 001 CAR Hamate 1 480 610 30 35
VN_HN 001 MC 1 2 300 550 40 120

Status: 0 (Sun), 1 (Cot héa), 2 (Xuwong). X, Y, Width, Height: Toa d¢ viing chiva xwong trén anh
(Bounding Box).
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Bang 3. Dé xuét hé s6 & (hé sé nhiéu) theo viing mién

Mién Khu vue dia ly Pic diém nhan triac hoc dy kién I);If ; t6 (g)é
Thanh thi (HN, HP...) Dinh dudng cao, nguy co day thi soém tang. 0.15
Bic Nong thon Phat trién tiém can mc chuan trung binh. 0
Mién nbi Thiéu hut vi chat, ¢t hoa xuong cham hon. -0.25
Thanh thi (Pa Ning, Hué...)| Phat trién 6n dinh, dinh dudng tdt. 0.1
Trung| Nong thén/Ven bién Chiu anh hudng thoi tiét, dinh dudng trung binh.| -0.05
Mién nii (Tay Nguyén) Dic thu di truyén va van dong nhiéu. -0.15
Thanh thi (HCM, Can Tho) Toc do phat trién nhanh nhét ca nuéc. 0.25
Nam | Nong thon (Mién Tay) Dinh dudng doi dao & méi trudng song nude. 0.05
Mién nti/Ving sau Diéu kién y té han ché hon thanh thj. -0.1

Trong do: khi r =1: Al va bac s hoan toan
déng nhat; khi r>0,9: Tuong quan rat manh (dat
chuan dé tmg dung 1am sang); khi r<0,7: Tuong
quan yéu, giai thuat can duoc huin luyén lai; do
chinh xac phan doan (Dice Coefficient):

Dice =
| BA|+| BA_final

Trong d6: |BANBA_final|: phan dién tich
chdng lap giira ving bac si v& va ving Al dy
doan; |A|+|B|: 1a tong dién tich ctia ca hai ving;
va thot gian xu ly.

Pao duac nghién cuu

Nghién ctru duoc thong qua boi Hoi dong
Dao dtric, tuan thu Tuyén ngdn Helsinki. Thong
tin ca nhén, dugc ma hoa va bao mat.

KET QUA NGHIEN CUU VA BAN LUAN

1. Két qua nghién ctru

1.1. Pic diém bé div lidu

B6 dir liéu cudi cung bao gém 12,180 anh X-
quang ban tay trai, cAn bang giita hai gi6i tinh
va phan bd déu trén 29 mée tudi va 7 khu vuc
dia ly. Phan tich so bd cho thy sy khac biét vé
tbc do phat trién xuong gitta cac ving. Tré em
tai cac do thi Io6n nhu Ha No6i1 va TP.HCM co6
tudi xwong trung binh cao hon tir 0,3 dén 0,5

nam so voi tudi xwong dy doan boi atlas G&P
gbc cho ciing do tudi, ciing cb cho gia thuyét vé
su phat trién sém ¢ nhom nay.

1.2. Higu sudt phén doan

M6 hinh Mask R-CNN dat dugc do chinh
xac phan doan rat cao. Chi sé Dice Coefficient
trung binh cho 27 16p xwong trén tap kiém tra la
0,94 + 0,03, ching t6 kha nang c6 1ap chinh xac
céc ving quan tdm tir anh gdc.

1.3. Hiéu sudt chin dodn tudi xwong

Trén tap kiém tra thu dugc (n=1,827),
VietBA-Net thé hién hiéu suit 4n tuong: Sai )
tuyét d6i trung binh (MAE): 0,42 nim (twong
duong khoang 5 thang). Con s6 nay thap hon
dang ké so véi MAE clia mot bac si tré it kinh
nghiém (dugc do dac song song, MAE = 0,82
nim) va tuong dwong véi sai s6 ndi tai giita cac
chuyén gia giau kinh nghiém. Hé s6 Tuong quan
(r): 0,98 (p < 0,001), cho thdy sy dong thuan rat
manh gitta du doan ctia Al va ground truth tur
hoi dong chuyén gia. Mot hé s6 r > 0,9 thuong
dugc coi 1a dat chuan dé tmg dung 1am sang
(Van Rijn & Thodberg, 2013). Phan tich Bland-
Altman cho thdy hau hét cac chénh 1éch nam
trong gidi han £1,96 SD, khong c6 xu hudng sai
s6 hé thong rd rang.

1.4. Anh hwéng ciia module higu chinh

Viéc ap dung Module hi¢u chinh déc thu Viét
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Chéan doan tuéi xwong giup xac dinh mirc phat trién sinh hoc, tir dé diéu chinh huan

Srlid

luyén phu hop va han ché chan thwong

Nam da cai thién dang ké do chinh x4c trén cc
nhom con dac thu. Trén nhom tré tir khu vuc
mién nai phia Bac, MAE giam tir 0,68 nam (khi
chi ding BA_raw) xudng con 0,45 nam sau khi
ap dung hé sb6 & =-0,25. Tuong tu, ddi véi tré
thira cdn/béo phi (BMI cao), hé sb y giup diéu
chinh xu huéng doc gia hon thyc té ciia mé hinh.

1.5. Hiéu sudt tinh todn

Thoi gian xutr 1y trung binh cho toan bd
pipeline (tir khi nhan anh dau vao dén khi xuét
ra BA_final) trén phan citng GPU NVIDIA
V100 1a 8,5 gidy. Thoi gian ndy bao gdm ca cac
budc tién xur 1y, phan doan, trich xuét dic trung,
so khép va hiéu chinh, cho thiy kha ning dap
{rmg tt cho nhu cau 1am sang thyc té.

2. Ban luan

2.1. Y nghia div li¢u va tinh dqi di¢n

Nghién ctru xay dung bo ditr liéu X-quang
tudi xuong lon nhét cho tré em Viét Nam, st
dung lay mau phan ting qua 7 vang dia 1y dé
dam bao tinh dai dién da dang kinh té - x4 hoi.
Két qua cho thy tré em db thi hién nay ¢t hoa

sém hon 0,3-0,5 nidm so v6i chuan Greulich-
Pyle (G&P), phan anh xu huéng day thi sém
toan cau (Wang et al., 2021). Tuy nhién, chat
luong anh tir cac viing sdu ving xa con han ché
do thiét bi chua dong bo, anh huong dén kha
nang téng quat hoa ctia mo hinh.

2.2. Higu qud kién triic VietBA-Net

VietBA-Net sir dung cdu trac lai Mask R-
CNN va Siamese Network, cho phép phan doan
chi tiét timg ving xuong tuong tu phuong phap
Tanner-Whitehouse (Tanner & Whitehouse,
1975). So voi BoneXpert chu yéu dwa trén
xuong ban tay (Thodberg et al., 2009), VietBA-
Net tich hop thém 8 xuong co tay, giup ting do
chinh x4c cho tré dudi 6 tudi.

Diém d6i méi cot 16i 14 Module higu chinh
ddc thu, dua cac bién sb nhén tric hoc (BMI,
CA) va dia ly (8) vao vao quy trinh suy luan
cudi cung, tng dung vao cong thic hdi quy:
BA final=0a * BA raw + B * CA+vy* BMI +
0. V61 MAE dat 0,42 nam, mo hinh khong chi
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canh tranh véi cac hé thong qudc té (Thodberg
et al., 2009) ma con vuot troi hon cac bac si it
kinh nghiém (MAE = 0,82 nim), gitip chuin
hoa chan doan tai noi thiéu chuyén gia.

2.3. Han ché va dinh hwéng phit trién

Vé dit liéu 2D: trén anh X-quang chua mo
ta duoc cau tric 3D cua sun ting trudng;
hudng di twong lai c6 thé 1a MRI hodc CT liéu
thap (Gilsanz & Ratib, 2012). V& tai nguyén:
Mb hinh doi héi GPU manh, can phat trién
phién ban "Lite" hodc nén tang cloud dé trién
khai tai tuyén co sO. V& tinh dong: Pac diém
nhan trac hoc thay doi theo thoi gian, doi hoi
co ché tai huan luyén dinh ky (vi du mdi 5
niam). D& xuat mé rong: Can kiém chung trén
cac quan thé Pong Nam A khac dé danh gia
tinh khai quat hoa.

2.4. Ham y wng dung

VietBA-Net truc tiép hd trg Dé an 641 cua
Chinh phu (2011) thong qua viéc xay dung hé
thong tAm soat tim voc quéc gia. Ung dung trai
daitry té hoc duong, chan doan noi tiét nhi dén
tuyén chon van dong vién. Viéc tap trung Big
Data nhan tric hoc s& cung cip co sé khoa hoc
quan trong cho cac chinh sach y té va dinh
dudng cong dong trong twong lai.

KET LUAN

Két luan: Nghién ciru da phat trién thanh
cong giai thuat VietBA-Net cho chan doan tu
dong tudi xuong & tré em Viét Nam. Vi kién
trac két hop Mask R-CNN, Siamese Network
va module hiéu chinh dac thu, VietBA-Net dat
do chinh xac l1am sang cao (MAE = 0,42 nam, r
>(,95), tc d6 nhanh (8,5 gidy/ca) va tinh khach
quan. Pay 1a cong cu dic lyc gbp phan hién thuc
hoa muyc tiéu nang cao tim voc ngudi Viét Nam.

Kién nghi: Giai thuat VietBA-Net c6 inh uu
Vi€t cao so voi cac nghién cuu trude day, dac
bi¢t dac trung cho ngudi Viét Nam, do vay can:
1) Trién khai thi diém tai cic co sO y té; 2) Xay
dung nén tang dir liéu 16n vé tudi xwong qudc
gia; 3) Pao tao bac si sir dung cong cu Al hd tro
chan doan.
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