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3D CNN, Knee Thodi héa khdp goi la mét trong nhitng bénh Iy co xuwong

Osteoarthritis, 3D khép phé bién, gdy anh huéng dang ké dén vin déng va chat

MRI. luwong cudc so”'ng. Mac du mang no-ron tich chdap (CNN)
dwoc ung dung rong rdi trong phdn tich anh y hoc, cdc
nghién civru phan logi thodi héa khép géi chii yéu dwa trén
kién triic 2D va dnh X-quang, chia khai thac ddy di thong
tin khéng gian ba chiéu cia anh cong hwong tiv (MRI).
Nghién ciru nay dé xudt sir dung mang no-ron tich chdp ba
chiéu (3D CNN) dé phan tich chudi anh MRI khép goi va tw
dong phdn loai murc do thodi hoa theo thang do Kellgren—
Lawrence tir mikc 0 dén mikc 4.
Két qua thiee nghiém cho thdy mé hinh 3D CNN c6 khd néing
khai thdc ddc trung khong gian giita cdc lat cat MRI va dat
hiéu qua phan loai tét hon mé hinh CNN 2D truyén thong.
Két qua cho thdy 3D CNN két hop MRI ¢6 tiém néing hé tro
danh gid t dong mike 6 thodi héa khdp goi, gop phan ndng
cao hiéu qua phan tich hinh dnh y khoa va hé tro béc si trong
thwc hanh lam sang.

Keywords: ABSTRACT

3D CNN, Knee Knee osteoarthritis (KOA) is one of the most common

Osteoarthritis, 3D musculoskeletal disorders, significantly affecting mobility

MRI. and quality of life. Although convolutional neural networks
(CNNs) have been widely applied to medical image analysis,
previous studies on KOA severity classification have mainly
relied on two-dimensional (2D) CNN architectures and X-
ray images, which may not fully exploit the three-
dimensional spatial information available in magnetic
resonance imaging (MRI). This study proposes a three-
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dimensional convolutional neural network (3D CNN) for
analyzing knee MRI sequences and automatically classifying
KOA severity according to the Kellgren—Lawrence (KL)
grading scale from grade 0 to grade 4.

Experimental results show that the 3D CNN can effectively
extract spatial features across multiple MRI slices and
achieves  better classification performance than the
conventional 2D CNN model.

These findings demonstrate the potential of combining MRI
with 3D CNNs for the automated assessment of KOA
severity, which may improve medical image analysis and
support clinicians in clinical practice.

1. MO bAU

Theo bao céo cia dich té hoc & Hoa Ky, thoai hoa khdp (osteoarthritis, OA) 1 dang
11 loan khép phd bién nhit [1]. Thoai hoa khop gbi gay dau va la nguyén nhan hang dau
dan dén suy giam kha ning thuc hién cac hoat dong sinh hoat hiang ngay nhu di bo va leo
cau thang [2]. Ngoai ra, bénh c6 mdi lién quan chit ché vai tudi tac [3] va duoc dic trung
boi su suy giam thé tich & sun khép [4]. Mic di ¢6 ¥ nghia 16n ddi véi stc khoe cong
déng, hién nay van chua c6 bién phap can thiép nao co thé diéu chinh hiéu qua tién trinh
bénh OA [5]. Nguyén nhan c6 thé ké t6i nhur sy thiéu hut cac chi dau sinh hoc hitu ich dé
phat hién va theo doi tién trién cia OA dugc xem 13 rao can cong nghé quan trong dbi voi
viée phat trién cac phuong phap diéu tri va phong ngira thoai hoa khép gi.

Chup X-quang thong thudng thuong duge sir dung dé kiém tra OA khop gbi dinh
ky. Hinh anh X-quang ctia mot khdp bi thoai hoa khop thuong cho thiy sy thu hep
khoang cach giita cac xwong ctia khp gbi noi sun da bi mon. Tuy nhién, cac triéu chimg
ctia OA khép gdi c6 thé xuat hién trudce khi ton thuong co thé dugc nhin thay trén phim
X-quang tiéu chuan. Vi du, trong cong trinh cua nhom tac gia Roemer [6] dd mo ta cach
X-quang khong thé hién thi mot sé kiéu hinh cu trac cua OA va khong thé phat hién
mot s6 dau hiéu bat loi ¢6 thé cho thiy nguy co mac bénh tién trlen nhanh chong.

Su ra doi cua chup cong huong tur (MRI) hira hen giai quyet khoang trong cong
nghé quan trong bang cach cho phép dinh luong ton thuong ciu tric & cac khép. Vi ly
do nay, cac bac si tai cac bénh vién thuong su dung chup cong huong tir (MRI) nhay
hon dé phat hién sém benh thoal hoa khdp (OA). Trong cong trinh ctia nhém tac gia
Juras [7] cting chi ra rang OA can dugc phat hién som, va MRI 1a mot phuong phép
khong xam 14n dé phat hién cac dau hiéu sinh hoc sém.

Hinh anh MRI 3 chiéu s& cho phép xem khép gbi nhu mot “co quan toan dién” va
mo ta tit ca cac md ciia khép. Mic du su thoai hoa khép gdi khac c6 thé duoc phat hién
thii cong, nhung viée xir 1y thé tich hinh anh MRI 1a cong viéc rat tén thoi gian. Do do,
tu dong hoa cic quy trinh nay bang cac phuong phap hoc may 1a mot yéu cau thiét thuc.
Ngoai ra, trong khi cac phuong phap trude day sir dung mang CNN 2D dé phan tich anh
X-quang [8][9][10][11], trong nghién ctru nay, ching t6i d& xuit mot phuwong phap sir
dung mang 3D CNN va anh cdng huong tir (MRI).
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Bai béo duge cau tric cac phan nhu sau. Phan dau cung cip gidi thiéu tong quan
vé bai toan phan loai bénh thoai hoa khép gbi. K& dén, phan hai chiing t6i trinh bay vé
cac nghién ctru lién quan va dé xuat giai phap cho phép phan loai mirc d6 thoai hoa khép
khéi. Cac két qua nghién ctru duoc trinh bay & phan 3. Cubi cing 1a cac két luan va mot
s6 hudng nghién ctru trong twong lai.

2. PHUONG PHAP NGHIEN CUU

2.1. Phwong phap tién tién hién nay

Trong thuc hanh 1dm sang va nghién ctru dich té hoc, mirc d6 thoai hoa khép géi
thuong duoc danh gia dua trén hé thong phan loai Kellgren—Lawrence (KL), mot thang
do tiéu chuan phan anh mirc d6 ton thuong cdu truc cua khop [12]. Hé théng nay chia
thoai hoa khép gbi thanh nim muc do, tir do 0 dén d6 4. Hinh 1 minh hoa nim mirc do
thoai hoa khop gbi theo thang do KL. Cu thé, dd 0 bicu thi khép gbi binh thuong, khong
¢ déu hiéu thoai héa trén hinh anh chup. B9 1 su xuét hién nghi ngo ctia gai xuong va
¢6 thé kém theo hep khe khép rat nhe, chua 16 rang. Do 2 dugc xac dinh khi gai xuong
xuat hién rd rang hon, khe khdp bat dau hep nhung chua anh hudng dang ké dén truc va
hinh théi khép. B9 3 phan &nh tinh trang thoai hoa mirc d¢ trung binh véi hep khe khop
rd rét, gai xuwong phat trién, xo hoa dudi sun va cé thé kém theo bién dang nhe dau
xuong. Cudi cung, d6 4 biéu hién thoai hoa ning, dic trung bai hep khe khép nghiém
trong, gai xuong lén, xo hdéa dudi sun 1o rét va bién dang khop dang ké. Phan loai
Kellgren—Lawrence dugc stir dung rong rai nho tinh don gian, kha nang tai 1ap va gia tri
tham chiéu cao trong danh gia tién trién va mirc d6 ning ciia thoai héa khép goi.

Hinh 1. Minh hoa mtrc d9 thoai hoa khép gdi theo thang do KL

Trong khoang mdt thap ky trd lai day, dua trén phuong phéap phan loai theo do do
KL, cdc mang no-ron hoc sau da dugc phat trién dé dé xac dinh mirc do thoai hoa khép
201 [8][9][10][11]. ’

Nhom tac gia Anthony va cong su da st dung kién tric mang no-ron tich chap VGG-
16 ¢6 dién két hop véi k¥ thuat hoc chuyén giao trén anh X-quang dé xac dinh mtrc do
nang ctia thoai hoa khép gbi [8]. Cac anh dau vao duoc tién xtr Iy biang phuong phap vecto
hd trg va bd phat hién bién Sobel nham dinh vi ving khdp gbi. Nghién ctru st dung dit
liéu anh X-quang tur bo co s¢ dir liéu OAL voi tong cong 4 446 anh, twong img 8 892 khdp
gdi. Khi thyc hién phan loai theo nam murc 46 KL, phuong phap dat d9 chinh xac 59,6%.
Trong mdt nghién ctru tiép theo, cung nhom tac gia da cai tién budc tién xir 1y bang cach
ap dung mang no-ron tich chép day du dé xac dinh khung bao cua ving khop gdi. Phuong
phép cai tién cho thay do chinh xac cao trong viéc xac dinh viing quan tam, va khi két hop
voi CNN cho budce phan loai, do chinh xac dat dugc 1a 61,9% [9].
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Khac véi cac bude xir 1y hai giai doan dugc dé xuét trong [8][9], mot nghién ctru
gan ddy [10] da gidi thiéu kién tric CNN dang dau - cudi (end-to-end) dé danh gia mirc
d6 thoai hoa khép gbi ma khong can sir dung mang no-ron cho budc tién xir ly. Phuong
phép nay tich hop cac nhanh trong CNN, duoc goi 1a cac “md-dun chil ¥, cho phép xac
dinh ving quan tim trén dnh X-quang mot cach khong giam sat. Mot hudng tiép can
khac da b sung budc phan loai bing mang Long Short-Term Memory - LSTM sau cac
16p CNN [11]. Do dic tinh cia LSTM trong xir 1y dir liéu tuan tw, nhom tac gia da tao
thém cac anh trong budc tién xur Iy bang cach cit mot ving quan tim cb dinh va xoay
anh da cit véi cac goc 5°, 10°, —5° va —10°. Anh gdc va cac anh ting cudng duoc xép
chdng, tao ra khoang 4 600 anh dung cho huin luyén va khoang 480 anh cho kiém thir.
Nghién ctru nay ciing st dung dir li¢u tir OAI va dat d¢ chinh xéc 75,28% trong bai toan
phan loai nam murc d§ KL.

Qua khao sat cac phuong phép tién tién, chung toi nhan thay rang, viéc ap dung
tryc tiép mo hinh mang no-ron nhéan chép 3 chiéu (3D CNN) cho bai toan phan loai mirc
d6 thoai hoa khép gbi van con rat han ché. Phan 16n cac nghién ciru hién nay tap trung
vao khai thac anh X-quang hai chiéu két hop véi cac kién trac 2D CNN, hodc chi sir
dung 3D CNN cho c4c nhiém vu lién quan nhu phan doan hay du dodn nguy co tién trién
bénh, thay vi phan loai mirc d¢ thoai hoa theo cac thang do 1am sang. Do do, van ton tai
mot khoang tréng nghién ctru trong viéc tan dung day du thong tin khong gian ba chiéu
tir anh cong huong tir dé danh gia muc d6 niang cua thoai hoa khép gdi bang 3D CNN.

Nham giai quyét nhimg thach thirc néu trén, bai bao dé xuat mot phuong phap
phan loai mirc d6 thoai héa khdp gdi dyua trén mang 3D CNN, khai thac hiéu qua dic
trung thé tich cta dit liéu MRI, qua do ky vong cai thién dg chinh x4c va tinh tin cdy so
v6i cac phuong phép dua trén mang no-ron nhan chdp va anh hai chiéu truée day.

2.2. Giai phap dé xuit

Anh cong hudng tir khép gdi tao ra mot biéu dién ba chiéu ciia ciu triic khop thong
qua mdt chudi cac lat cat hai chiéu dugc thu nhan theo phuwong ngang doc theo khép gbi.
Véi ban chat dit liéu mang tinh khong gian ba chiéu ctua anh MRI, viéc sir dung mang
no-ron tich chép ba chiéu (3D CNN) mang lai nhiéu loi thé trong viéc danh gia toan bo
chudi anh nhu mot thé thong nhat. Thong qua viée ap dung cac nhan tich chap ba chiéu,
thong tin gitra cac 14t cit 1an can c6 thé duge tich hop mdt cach hi¢u qua. Nho do, céac
dic trung khong gian ba chiéu - nhitng dic trung c6 thé kho hodc khong thé phat hién
bang cac md hinh 2D CNN - ¢6 kha ning dugc khai thac va biéu dién day du hon.

Trong bai bao nay, chiing toi d& xuat mot mo hinh 3D CNN dé phan loai mic do
thodi hoa khép gbi, 6 tén 1a OA-Net. Kién trac mo hinh OA-Net duoc minh hoa trong
Hinh 2. M6 hinh OA-Net dugc 14y cam htng tir mé hinh ctia nhém tac gia [13]. Su khac
biét quan trong nhat giita mang 3D CNN va mang 2D CNN nam & cach thte xir 1y dir
liéu dau vao. Cu thé, 3D CNN sir dung cac nhan tich chap ba chiéu dé xur 1y cac khéi dix
liéu thé tich ctia anh quét, trong khi 2D CNN chi xur 1y dit liéu trén mot mit phang giai
phau don 1é. Cac phép nhan tich chap ba chiéu cho phép tich hop thong tin tir cac lat cét
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lan can, nho d6 co kha ning trich xudt cic dic trung khong gian ba chiéu ma cic mo
hinh 2D CNN khéng thé phat hién duoc. Nhu minh hoa trong Hinh 2, mé hinh 3D CNN
duoc dé xuat bao gdm ba giai doan xur 1y chinh trude khi di dén 16p phan loai cudi cung.
Céc chi tiét cu thé ciia m6 hinh s& duogc trinh by dudi day.

.....................................................................

Output

Conv3D
Activation
Dropout
Soﬂmax

Dropout
|
| Global Max Polling 3D|

-----

Conv3D
Conv3D
Conv3D
Conv3D
Conv3D
Conv3D
Activation

E
=
[=]}
4
=
O
=
@©
[as]

Batch Norm
Activation

c
(]
=
5]
2
=
3]
<

Batch Norm
Batch Norm
Activation

Batch Norm

c
o
=
5]
2
=
Q
<

Batch Norm

Conv3D

Hinh 2. Kién tric mé hinh OA-Net

Giai doan 1 ctia md hinh bét dau v6i mot 16p tich chap gdm 32 nhan c6 kich thudce
7 x 7 x 7 vabudc trugt 2 x 2 x 2. Tiép theo 12 16p chuan hoa theo 16 (batch normalization)
va 16p kich hoat sur dung ham ReLU. Sau d6, mot 16p gdp cuc dai (max-pooling) duoc
thém vao voi kich thude cira s6 2 x 2 x 2 va bude trugt 2 x 2 x 2. Cudi cing, mot 16p
dropout dugc dit trude khi bat dau cac khdi du (residual blocks). Trong mé hinh 3D
CNN nay, céc 16p dropout duge sir dung & mdi giai doan nham giam hién tugng qua
khop (overfitting). Madi 16p dropout duoc thiét lap voi ty 1€ 0,5, nghia la moi niit ¢6 xac
suat 50% bi dua vé gid tri 0 trong qua trinh huan luyén.

Giai doan tht hai ctia mo hmh bao gdm mot chu01 sau khéi du (residual blocks).
Mai khéi du déu co mot két ndi tat tir dau vao truc tlep t6i dau ra. Nhu minh hoa trong
Hinh 2, m6 hinh st dung hai loai khdi du khac nhau. Khéi tich chap (convolutional
block) c6 thém mét 16p tich chap trong nhanh nbi tat, duge sir dung trong truong hop
kich thudc ctia dau vao thay doi. Nguogc lai, khdi ddng nhét (identity block) khong bao
gdm 16p nao trong nhanh nbi tit va duoc ap dung khi kich thudc dau vao va dau ra 1a
tuong duong. Giai doan nay ciing két thic bang mot 16p dropout.

Giai doan cudi cling ctia mé hinh sir dung 16p gdp cuc dai toan cuc (global max
pooling), tiép theo 13 mot 16p két ndi day du (fully connected) véi kich thude 1024 va
mot 16p dropout. Lép cudi cling ciia mé hinh 4p dung ham kich hoat softmax, cho ra xac
suat mau dir lidu thudc vé timg 16p phan loai.
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3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. B{ dir liéu va tién xir Iy

B& dir li¢u dugc st dung trong nghién ctru nay dugc léy tir co s¢ dir ligu cong khai
Osteoarthritis Initiative (OAI)'. Phan 16n cac mau bénh nhan trong bo dit liéu OAI co
kém theo anh X-quang; tuy nhién, nhiéu trudng hop khong c6 chudi anh cong hudng tir
(MRI) tuong ng. Trong nghién ciru nay, ching to1 sir dung mot tap con cua dir liu OAI
gom 1100 khép goi, trong d6 mdi khop goi deu co day du ca anh MRI va anh X-quang.
Dir liéu MRI DESS ba chiéu ciia mdi khép gbi bao gdm mét chudi 160 anh hai chiéu,
trong khi mdi bénh nhan chi c6 mot anh X- -quang chira ddng thoi ca hai khop gbi. Tap
dir liéu duoc lwa chon sao cho phén bd can bang giita cic mirc d6 niang khac nhau cua
thoai hoa khép gdi (tir 0 dén 4) theo thang do Kellgren—Lawrence (KL).

Pé tién hanh huan luyén va danh gid mé hinh, bd dir liéu duoc x40 tron ngiu nhién
va chia thanh ba tap gom tap hudn luyén, tip xac thuc va tap kiém thir, twong Gmg 800,
200 va 100 khép gdi. Viéc phan chia dugc thuc hién trén cac mau khép gbi va bao dam
su can bang twong ddi gitta nim mirc d6 Kellgren—Lawrence. Do dir liéu OAI c6 thé bao
goém nhiéu mau lién quan dén cting mot bénh nhan, kha ning twrong quan giita cic mau
trong qua trinh phéan chia 1a mot han ché can duogc luu ¥ khi dién giai két qua. Cac nghién
ctru tiép theo nén thyc hién phan chia dit liéu & cap bénh nhan dé loai trir hoan toan nguy
co 10 ri dit liéu. Chung t6i thuc hién cat anh nhur mot bude tién xir Iy nham giir lai ving
sun khép trong khi loai bo cac khu vyc it mang thong tin cho bai toan phan loai thoai hoa
khop gbi. Anh ban dau co kich thudc 384 x 384 dugc cit tir ving trung tdm véi ca clra s6
hinh vuéng va hinh chir nhat. Thong qua nhiéu thir nghiém, chiing t6i nhan thiy rang kich
thude cira s6 160x160 mang lai gia tri F-measure cao nhat. Vi thé trong céc thi nghiém,
ching t6i bao cio két qua v6i anh dau vao dugce cit chinh & kich thude 160x160.

Mobi mau trong co s& dit licu bao gém mot chudi 160 anh MRI. Sau khi cét anh,
kich thudc dau vao 160 x 160 x 160 van con rat 1on. Dé tiép tuc giam sé chiéu cua di
liéu dau vao, chung t6i loai béd mot sb lat cat & phﬁn dau, phﬁn gifra va ph?m cudi cua
chudi anh. Viéc loai bo mot sb 14t cét ban dau va két thuc 1a do cac 14t cit nay khong
chira thong tin vé xwong hodc sun, nén kho co kha nang mang thong tin lién quan dén
thodi hoa khop. Trong khi d6, cac lat cat & ving giira chudi thuong co vung sun khong
dugc xac dinh rd rang va ranh giéi xuong bi mo, do qué trinh chuyen tiép gilia phan
trong va phan ngoai cia xuwong xdy ra trong khoang nay. Cu thé, dbi v6i mdi chudi
anh, chung t6i loai bo 10 14t cat dau (1-10), 20 lat cit & giita (71-90) va 10 lat cat cubi
(151-160). 120 14t cit con lai (11-70 va 91-150) trong tong sé 160 lat cit dugc dua vao
mo hinh 3D CNN. Cac lat cat 11-70 va 91-150 dugc giit nguyén thi tuy xuat hién trong
chudi MRI gbc va duoc ghép thanh tensor dau vao gdm 120 lat. Viéc loai bo céc lat
71-90 dugc thuc hién nham gidm kich thudce dir liéu va loai bé vung anh c¢o it thong
tin lién quan dén cdu triic xwong va sun. Do d6, 14t 70 va lat 91 14 hai lat ké tiép nhau
trong tensor ddu vao nhung khong phai 1a hai lat lién ké trong chudi MRI ban dau. Mo
hinh 3D CNN xtur Iy céc lat nay theo thi tu trong tensor da tién xu ly; day 1a mot dic
diém cta chién luoc tién xtr Iy duoc sir dung trong nghién ctru.

' Bo dit liéu OAL: https://nda.nih.gov/oai
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3.2. Thiét 1ap méi truomng

Qua trinh huén luyén va kiém thtr m6 hinh duoc thuc hién trén may tram trang bi
GPU NVIDIA RTX 2080 Ti (12GB VRAM), CPU Intel(R) Xeon(R) W-2133 i6, RAM
32GB, chay trén Ubuntu 22.04 LTS. M6 hinh duoc trién khai bang ngdn ngi 1ap trinh
Python v&i cac thu vién PyTorch, OpenCV, NumPy, va scikit-learn. Ngoai ra, ma ngudn
duoc quan 1y bang méi trudng 4o conda nhim dam bao tinh nhat quan gitta cic goi phan
mém, dit liéu luu trit trén 6 cing SSD dé t6i wu tde d6 truy cip. Qua trinh huin luyén va
danh gia dugc gidm sat va ghi lai nhat ky dé phuc vu tinh toan do chinh xac va gia tri
ham muc tiéu.

Qué trinh huén luyén mé hinh OA-Net, chung t6i sir dung céc siéu tham sé gdm:
Learning rate = le-3, Batch size = 5, s6 Epoch = 50, cting bo t6i uu Adam véi hé s6
Weight decay = 5e-4. Ngoai ra, md hinh dp dung ki thuidt Dropout = 0.4 va Early
Stopping dua trén hiéu suét tap xac thuc dé tranh qua khdp. Viéc thiét 1ap cac siéu tham
s6 theo céc tiéu chuan duoc cong b trong cac cong trinh trude giup dam bao tinh nhat
quén, kha nang tai 1ap va dg tin cdy cua két qua thuc nghiém.

3.3. Két qua

Trong nghién ctru nay, do chinh xac (Accuracy) dugc st dung 1am d6 do chinh dé
danh gié hi€u nang ctia cac mo hinh phan loai. Ddi v6i bai toan phan loai mtrc d6 thoai hoa
khop gdi gdm nam mirc theo thang do KL, d6 chinh x4c tong thé dugc tinh bang trung binh
cong cua do chinh xéc dat dugc trén timg murc do thoai héa. Cach tiép can nay nham dam
bao rang mdi mirc KL déu dugc dong gbp ngang nhau vao két qua danh gia cudi cing,
dong thoi han ché anh hudng ctia sw mét can bang dir liéu gitra cac 16p. Viée sir dung do
chinh xac trung binh theo tirng 16p gitip phan anh toan dién hon kha nang phan loai cia mo
hinh d6i véi ca cac mirc do bién va cac mic do trung gian cia thoai hoa khép goi.

Béng 1 trinh bay hiéu suét ciia mo hinh OA-Net duoc dé xuat théng qua ma tran
nham 13n gitra muc dg thuc té va muc do du doan. Quan sat cac két qua trong Bang 1
cho thay hai mutc d6 bién, cu thé 1a KL = 0 va KL = 4, twong dbi dé phan loai voi do
chinh xac 1an lugt dat 70% va 90%. Nguoc lai, cac mic do trung gian gap nhiéu kho
khin hon trong qua trinh phan loai. D6i véi mirc KL = 1, do chinh xé4c chi dat 45%; tuy
nhién, phan 16n céac truong hop bi phan loai sai (15 trong téng s6 22 truong hop) bi nham
sang muc KL = 0, tirc 1a mic d§ nhe hon. biéu nay it nghiém trong hon so vdi viéc bi
nham sang cac muc KL cao hon, bdi vé mat 1am sang, ca KL=0vaKL =1 déu dugc
xem 1a chua méc thoai héa khép. Muc KL = 2 ¢6 do chinh xac thap nhét, chi dat 37%,
va da s6 cac truong hop bi phan loai sai & mirc nay duge gan sang KL = 0 hoac KL = 1.
Diéu nay cho thay can c6 thém phan tich dé 1am rd vi sao mé hinh lai xem mirc KL =2
tuong dong hon véi nhom khong thoai hoa, trong khi vé mat 1am sang, murc nay di duoc
xép vao nhom thoai hoa khop.
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Bang 1. Két qua danh gia trén tip xac thue

That / Du doan PO | P1 P2 P3 P4 D0 chinh xac
A0 28 7 5 0 0 70%
Al 15 18 2 5 0 45%
A2 7 10 15 7 1 37%
A3 0 2 2 24 12 60%
A4 0 0 0 4 36 90%

Dé so sanh hiéu suét ciia mé hinh OA-Net vdi cac phuong phap hoc sau phd bién,
trong nghién ctru nay chung t6i lwa chon hai kién trac mang no-ron tich chap hai chiéu
tiéu biéu 1a VGG16 va ResNet50. Hai m6 hinh nay dugc huin luyén va danh gi trén dir
liéu anh X-quang khép gbi 1dy tir cung tap dir liéu OAI duge sir dung trong nghién ctru.
Viéc sir dung anh X-quang trong cting mot ngudn dit liéu gitip dam bao tinh nhat quan
vé phan b miu, murc d6 thoai hoa theo thang do Kellgren—Lawrence va cac yéu td lam
sang lién quan. Céach thiét 1ap nay cho phép so sanh mot cach khach quan va cong bang
gitra cac mo hinh 2D CNN dya trén anh X-quang va m6 hinh OA-Net dya trén mang 3D
CNN khai thac dir liéu MRI, qua d6 lam 14 1g¢i ich cua viéc st dung thong tin khong gian
ba chiéu trong phan loai mirc d6 thoai hoa khép gbi.

Béang 2. So sanh d§ chinh xdc ciia m6 hinh dé xuat véi cac mé hinh khac

Mo hinh Tap xac thuc Tap kiém thir
VGG16 30.2% 28.5%

ResNet50 49.5% 40.0%
OA-Net 60.5% 54.0%

Két qua trinh bay trong Bang 2 cho thiy su khac biét 1 rét vé hiéu ning gitra cac
mod hinh dugc danh gié trén ca tap xac thuc va tap kiém thir. Cac mo hinh 2D CNN
truyén thong nhu VGG16 va ResNet50 cho do chinh xac twong dbi thap, trong do
VGG16 dat 30,2% trén tap xac thuc va 28,5% trén tap kiém thr, phan anh han ché cua
viéc chi khai thac thong tin hai chiéu tir dit liéu anh. ResNet50 cho két qua cai thién hon
véi do chinh xéc 1an luot 13 49,5% va 40,0%, tuy nhién hi¢u nang van suy giam dang ké
khi chuyén sang tap kiém thr, cho thdy kha nang tong quat hoa con han ché. Nguoc lai,
m6 hinh OA-Net do chung t6i dé xuét, dat do chinh xac cao nhat trén ca hai tap dir liéu,
lan luot 13 60,5% trén tap xac thuc va 54,0% trén tap kiém thu. Két qua nay cho thiy
viéc khai thac truc tiép thong tin khong gian ba chiéu tir dir liéu MRI gitip mé hinh hoc
duoc cac dic trung ciu tric quan trong cta khép gdi, qua d6 cai thién dang ké kha ning
phan loai murc d9 thoai hoa khdp gdi so véi cac md hinh 2D CNN. Diéu nay ciing khang
dinh tinh hiéu qua va tiém ning cua hudng tiép cin dya trén 3D CNN trong bai toan
danh gia mirc d6 thoai hoa khop gbi.
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4. KET LUAN

Trong bai bao nay, chiing t6i da dé xuat OA-Net, mét mo hinh mang no-ron tich

chép ba chiéu (3D CNN) két hop véi dit liéu anh cong huodng tir ba chiéu (MRI) nhim
giai quyét bai toan phan loai mirc d6 thoai hoa khop gbi. Két qua thuc nghiém cho thay
OA-Net dat do chinh xac 54,0% trong bai todn phan loai ndm mutrc d¢ theo thang do
Kellgren-Lawrence va thé hién sy cai thién rd rét so véi cac md hinh mang no-ron tich
chép hai chiéu truyén thdng st dung anh X-quang trén cing tap dit liéu bénh nhan.
Nhirng két qua nay khang dinh tiém ning cta viéc khai thac dit liéu MRI két hop véi md
hinh 3D CNN trong viéc nang cao dd chinh xac va dg tin cay cua h¢ théng hd tro chin
doan thoai hoa khop gbi, ddng thdi mé ra huéng nghién ctiru méi cho cac phuong phap
danh gid dya trén dir liéu hinh anh ba chiéu.
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