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TOM TAT

Bai bdo nghién curu viéc ndng cao hiéu qua phan loai murc do
thodi héa khép goi tir dnh X-quang bdang mang no-ron tich
chdp (CNN) trong diéu kién dir liéu mdt can bang. Céc phwong
phap hoc chuyén giao trén nhitng mé hinh CNN dién hinh gom
VGG16, ResNet50 va EfficientNet-B0 dwoc sw dung va danh
gid trén bé dir liéu chudn Osteoarthritis Initiative (OAI). Chién
luoc gan trong 56 [6p duoc su dung nham cdai thién kha nang
nhan dién cac mirc do thodi hoa trung binh va nang.

Két qua cho thay hiéu ndng phan logi diege cdi thién dang ké, trong
d6 EfficientNet-B0 dat két qua tot nhat (macro-Fi = 68%).

Két qua cho thdy hoc chuyén giao két hop xir Iy mdt cin bang
dit lidu 6 tiém nang nang cao kha nang nhdan dién cdac mirc do
thodi héa khép goi, gép phan hé tro danh gid X-quang trong
thuc hanh lam sang.

ABSTRACT

This study evaluates several convolutional neural network
(CNN) architectures for classifying knee osteoarthritis severity
from X-ray images under class-imbalanced conditions.
Transfer learning is employed using pre-trained CNN models,
including VGGI16, ResNet50, and EfficientNet-B0O, on the
publicly available Osteoarthritis Initiative (OAl) dataset. To
address class imbalance, a class-weighted training strategy is
adopted to improve the recognition of moderate and severe
osteoarthritis cases.

Experimental results show improved classification performance
when imbalance handling is applied, with EfficientNet-B0
achieving the best performance and a macro-F; of 68%.

These findings suggest that CNN-based approaches have the
potential to support clinical assessment of knee
osteoarthritis severity.
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1. MO DAU

Theo bao céo cta dich t& hoc & Hoa Ky, thoai hoa khép (osteoarthritis, OA) la
dang r6i loan khép phd bién nhét [1]. Thoai hoa khop gdi giy dau va la nguyén nhan
hang dau dan dén suy giam kha ning thuc hién cac hoat dong sinh hoat hing ngay nhu
di bd va leo cau thang [2]. Ngoai ra, bénh c6 mdi lién quan chit ché véi tudi tac [3] va
duoc dic trung boi su suy giam thé tich & sun khép [4]. Mic du c6 ¥ nghia 16n ddi véi
sttc khoe cong dong, hién nay van chua c6 bién phap can thiép nao c6 thé didu chinh
hiéu qua tién trinh bénh OA [5]. M6t trong nhitng nguyén nhan 1a sy thiéu hut cac chi
déu sinh hoc dang tin cdy phuc vu phat hién va theo dai tién trién cia OA.

Trong khoang mdt thdp ky tré lai day, su ra doi cia mang no-ron tich chép
(Convolutional Neural Networks - CNN) d4 mé& ra hudng tiép can manh mé cho bai
toan phan loai anh y sinh [6]. Tuy nhién, mot thach thirc 16n khi &p dung hoc sau cho
dr liéu anh y sinh la mét can ba‘“mg 16p: sb luong mau cho mét sé muc do bénh (vi du
murc ndng) thuong it hon nhiéu so v&i murc nhe hodc binh thuong, din dén hién tuong
mo hinh bi thién 1éch va giam hiéu qua phén loai cho céc 16p thiéu s6 [7].

Xuét phat tir cac thach thirc va két qua da dat dugc trong cac nghién ciu trude,
bai bao nay tap trung khao sat va danh gia hiéu ning cua nhiéu kién trac CNN khac
nhau trong bai toan phan loai mirc d thoai hoa khdp gbi tir anh X-quang, dong thoi ap
dung chién lugc xtr Iy mét can bang dir liéu va ting cuong dir liéu dé cai thién kha
nang nhan dang chinh xac cac mic do bénh khac nhau. Muc tiéu cta nghién ciru 13 dé
xuat mot phuong phép tong thé hiéu qua hon cho nhiém vy phan loai murc d¢ thoai hoa
khop gbi dya trén mo hinh CNN.

2. PHUONG PHAP NGHIEN CUU
2.1. Phuwong phap tién tién hién nay

Trong thuc hanh 1am sang va nghién ciru dich t& hoc, mirc d6 thodi hoa khép gbi
thuong duge danh gia dya trén hé thong phan loai Kellgren-Lawrence (KL), mot thang do
tiéu chuin phan anh mirc d6 t6n thuong ciu trac cia khép [8]. Hinh 1 minh hoa cac mirc
d6 thoai hoa khop gdi theo thang do KL. Thang KL chia bénh thanh nam mirc do tir 0 dén
4, twong mg v6i mirc d6 ton thuong khép tang dan, tir khdp binh thuong (d6 0) dén thoai
hoa ning véi hep khe khop nghiém trong, gai xuong 16n va bién dang khép rd rét (4o 4).

Hinh 1. Minh hoa mtrc d9 thoai hoa khép gdi theo thang do KL
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Nhitng tién bo gén day trong hoc sau, dac biét la mang CNN, da cho théy tiém nang
dang ké trong phan loai thoai hoa khop gdi. Cac tac gia trong [9] thuc nghiém trén sdu mo
hinh CNN (VGG16, VGG19, ResNetl0l, MobileNetV2, InceptionResNetV2, va
DenseNet121) vé6i két qua bao cao do chinh xac dat 69% cho mé hinh ResNet101. Két qua
tuong tu cho mo hinh ResNet152 véi do chinh xéc 56.75% ciing dugc bdo céo trong [10].
Mot cach nang cao hiéu suit phan loai KL bang viéc tong hop dic trung boi nhidu mé hinh
CNN (ResNet-34, VGG-19, DenseNet 121, va DenseNet 161) dwoc dé xuat trong [11].
Qua thuc nghlem [9][10][11], cac mo hinh nhe, méi hon nhu ResNet da ching minh hi¢u
qua trong nhiéu nhiém vu, bao gom ca phan loai hinh anh y té.

Bén canh do, khi duoc tdi wu hoa ding cach, caic mo hinh CNN c6 thé dat duoc hiéu
suét tot hon so v&i cac mod hinh CNN gbe. Cac tac gia trong [12], d& xuit mot mé hinh ti
dong do tim d6i twong va phan loai mirc d6 thoai hoa khép gdi. Trong d6, mot mo-dun két
ndi dac trung anh st dung Transformer da dugc tich hgp trén bd khung cua mo hinh
ResNet50, nham cai thién thém do chinh x4c 2.5% so v6i mo hinh ResNet50 géc.

Tuong ty mdé hinh CNN 2D, tiém ning cua cac mo hinh 3D CNN trong viéc khai
thac thong tin thé tich tir dit liéu anh chup cong hudng tur dé cai thién do chinh x4c chan
doan duoc khao sat va danh gia & [13]. Tuy nhién, nghién ciru ciing chi ra rang viéc xay
dung cac md hinh 3D CNN c6 d6 chinh x4c cao va hiéu qua tinh toan van 1a mot thach
thirc va la hudng nghién ctiru mo.

2.2. Co s6 dir liéu thir nghiém

B dit liéu duoc sir dung trong nghién ciru nay duoc lay tir co sé dir liéu cong khai
Osteoarthritis Initiative (OAI)'. T4t ca cac anh trong bd dit liéu da dugc tién xur Iy va
chuén hoa vé kich thudc 224 x 224 pixel. Bang 1 thong ké chi tiét s6 lugng mau twong tmg
voi1 muce do thoai hod co trong bd co s¢ dir li¢u nay.

Bang 1. Phin bo dir li¢u trong co s& dir liéu OAI

Mirc @6 thoai hoa Huan luyén Xac thue Kiém thir
Miic 0 2 286 328 639
Mirc 1 1 046 153 296
Miic 2 1516 212 447
Miic 3 757 106 223
Muic 4 173 27 51
Tong 5778 826 1656

Tuy nhién, két qua trong Bang 1 cho théy bo dit liéu OAI ton tai hién tuong mét can
bang 10p rd rét giita cac mirc d6 thoai hoa khép gbi. Trong tap hudn luyén gom 5 778 anh,
cac mau thude mirc d thoai hoa nhe va trung binh (mirc 0, mirc 1 va mirc 2) chiém ty 1¢ 4p
déo, voi lan luot 2 286, 1 046 va 1 516 anh. Nguoc lai, s6 luong mau & cac muc do ning
giam manh, dic biét 1a muc 4 chi c6 173 anh, chiém mot ty 18 rat nho so véi tong s mau.
Xu hudng phéan bd twong tu ciing duoc quan sat trong tap xac thuc va tap kiém thir, trong
do sb lugng anh & muc 4 lan luot chi 1a 27 va 51 anh.

' Bo dit liéu OAL: https://nda.nih.gov/oai
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Su chénh 1éch dang ké giita cac 10p ndy phan anh dic diém thyc té cta dir liéu lam
sang, nhung déng thoi dat ra thach thure 16n cho qua trinh huén luyén mo6 hinh hoc sau. Do
do6, viéc ap dung cac k¥ thuat xtr Iy mat can bang dit liéu 1a can thiét nhdm ning cao hiéu
qua phan loai trén toan bd cac mirc do bénh.

2.3. Xir Iy mét can bang dir liéu

Pé xur Iy hién tugng mit can bang dir liéu trong bo dir liéu OAI, chung toi sir dung
phuong phap gan trong s 16p dwa trén phan bd mau cua tap hudn luyén. Phuong phap nay
da dugc chiing minh tinh hi¢u qua vé1 cdc mo hinh hoc sau nhu trong tai liéu [14][15].

Trong s6 cta mdi 16p duge tinh theo cong thirc nghich dao tan suit, nham dam bao
céc 16p c6 s6 lwong mau it hon s& c¢6 anh hudng 16n hon trong qua trinh t6i vu ham mat
mat. Cu thé, trong s6 cua 16p i duoc xac dinh theo cong thirc dudi day:

N
K x n;

Wi
Trong do:
N 14 tong s6 mau trong tap huan luyén,
K 12 tong s6 16p (trong nghién ctiru nay K = 5),
n; 12 s lugng mau thude 16p i.

Bang 2. Bang trong sb cho tirng 16p

Mirc d6 thoai hoa S6 mau n; Trong s6 16p (wi)
Miic 0 2286 0.51
Mic 1 1 046 1.10
Miic 2 1516 0.76
Mirc 3 757 1.53
Miic 4 173 6.67

Bang 2 trinh bay céc trong s6 dugc gan cu thé cho timg 16p. C6 thé nhan thay rang
16p muc 4 - 16p ¢6 s6 lugng mau it nhat - duoc gan trong sé cao hon 13 va 8 1an so véi cac
16p chiém wu thé nhu mirc 0 va mirc 2. Céc trong s6 nay duge tich hop truc tiép vao ham
muc tiéu trong qua trinh huin luyén mé hinh CNN, qua d6 1am ting muc phat dbi véi cac
16i phan loai thudc cac 16p thiéu sd. Viéc ap dung co ché trong s6 16p gitip mo hinh giam
xu hudng thién 1éch vé cac 16p phd bién, dong thoi cai thién kha ning hoc va phén biét cac
muc d0 thoai hoa trung binh va nang.

2.4. M6 hinh CNN va d¢ do dé danh gia

Pé dam bao tinh nhat quan trong thiét ké thuc nghiém va cho phép so sanh khach
quan gitra cac kién trac CNN, nghién ctru nay lwa chon cac mé hinh tiéu biéu, da dugc
ching minh hiéu qua trong phéan loai anh y sinh. Cu thé, ba kién trac phd bién gom VGG
[16], ResNet [17] va EfficientNet [18] duoc sir dung, dai dién cho cac hudng tiép can khac
nhau trong thiét k& mang no-ron tich chap: tir kién tric sau tuan ty, kién trac c6 két ndi du,
dén kién truc t6i wu can bang giita do chinh xac va chi phi tinh toan. Cac phién ban dugc
lya chon 1a nhiing cAu hinh duoc st dung rdng rai trong nghién ctu vé OA, nhdm dam bao
tinh dai dién va do tin cay cho céc thi nghiém so sanh.
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Ngoai ra, phuong phap hoc chuyen giao dugc 4p dung cho tit ca mé hinh. Cac mo
hinh dugc khéi tao voi trong s6 tién hudn luyén trén tap dir liéu ImageNet, sau do tinh
chinh céac ting phén loai cudi dé phu hop véi bai toan gdm ndm muc do thoai hoa.

Qua trinh huin luyén va kiém thtr mé 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 dugc trién khai bang ngén ngit 1ap trinh
Python véi cac thu vién PyTorch, OpenCV, NumPy, va scikit-learn. Qua trinh huén luyén
va danh gia dugc gidm sat va ghi lai nhat ky dé phuc vu tinh toan d6 chinh xac va gié tri
ham muc tiéu.

Cac mo hinh duoc huin luyén trén bd dir liéu OAI c6 kich thudc anh 224 x 224
pixel véi Batch Size bang 32. Cac ky thuat ting cudng dir liéu da duoc ap dung trén tap
huin luyén gém xoay anh ngiu nhién (20°), dich chuyén ngang va doc (20%), phong
to/thu nho (20%) va 1at ngang. Qua trinh ti wu sir dung b t6i wu Adam véi toc dd hoc ban
dau 0,001 va ham muc tiéu Categorical Cross-entropy cho bai toan phan loai da 16p. Cac
md hinh dugc hudn luyén tdi da 30 epochs, dong thoi ap dung co ché luu lai mé hinh ¢
gia tri AUC trén tap xac thuc (val auc) cao nhat. Dé kiém soat hién tuong qua khép va t6i
vu hoa qua trinh hoi ty, cic co ché Early Stopping va ReduceLROnPlateau dugc 4p dung
dua trén chi s6 AUC cua val_auc. Cu thé, qua trinh huan luyén dugce dimg sém néu gia tri
val_auc khong duogc cai thién sau 10 epoch lién tiép, trong khi tbc d6 hoc duoc giam mot
nira khi chi s6 nay khong cai thién sau 5 epoch lién tiép.

Céac chi sb Accuracy, Fi-score, Precision, Recall va macro-F; dugc st dung nhim
danh gia hiéu ning ciia cac mé hinh. P chinh x4c (ACC) va Fi-score 1a cac chi s6 phd bién
dé danh gia mo hinh phan loai. Tuy nhién, d chinh xac chi thuc sy c6 y nghia khi dir li¢u
can bang, vi v6i dir liéu mét can bang (nhu da phén tich & Phan 2), gia tri ACC cao c6 thé
chu yéu dén tir 16p chiém wu thé, trong khi cac 16p it mau bi xem nhe. Do d6, Fi-score dugc
str dung nhu mét thude do bd sung quan trong, vi ddy 1a trung binh diéu hoa giita Precision
va Recall. Bén canh d6, macro-F1 dugc str dung dé danh gia hi¢u nang téng thé cua mé hinh
trén tat ca cac 16p mot cach cong bang hon trong bdi canh dit liéu mat can bang.

3. KET QUA NGHIEN CUU VA THAO LUAN

Trong muyc nay, chiing t6i phan tich cac két qua thuc nghiém nham danh gia hiéu
quéa ciia phuong phap dé xut trong bai toan phan loai mirc do thoai hoa khép gbi. Trude
hét, anh huong cia hién tuong mét can béng dit liéu dén hiéu nang mo hinh dugc xem xét.
Tiép theo, két qua phan loai cua cac kién trac CNN khac nhau duoc so sanh nham lam 16
vai trd cua tung mé hinh va muc d6 cai thién dat dugc khi &p dung céac chién lugc xir ly dir
lidu va hoc chuyén giao. Cudi cting, chung toi so sanh hiéu sut ctia phuong phap dé xuét
v6i mot s6 nghién ctru dién hinh gan day cung trén bo dir liéu OAL

3.1. Két qua anh huwéng cia viéc mat can bang dir liéu

Pé danh gia anh huong cia hién twong mat can bang dir liéu, mo hinh ResNet50
dugc lya chon 1a md hinh chinh dé trién khai vé6i chién lugc hoc chuyén giao nham phan
loai mirc d6 thoai hoa khop gbi tir anh X-quang.
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Béng 3 cho thdy két qua hudn luyén mé hinh trén dit liéu chua dugc xir Iy mat can
bang. C6 thé nhan thiy rang hiéu ning phan loai thip va khong dong déu gitra cac 16p. Do
chinh xac téng thé ACC chi dat 0.25, phan anh kha niang du doan kém ctia mé hinh. Pic
biét, cac 1op co $6 luong mau it nhu muc 3 va mirc 4 gén nhu khong dugc md hinh nhan
dién, v6i Recall 1an luot chi dat 0.03 va 0.04, dan dén Fi-score xap xi bang 0. Diéu nay cho
thdy mé hinh c6 xu hudng thién 1éch nghiém trong vé mét sé 16p nhat dinh va khéng hoc
duoc cac dac trung c6 y nghia cho cac mic do thoai hoa trung binh va nang.

Bang 3. Hiéu niing ciia ResNet50 véi dir liéu mat cin bing

Muc d6 thoai hoa Precision Recall Fi-score
Muic 0 0.34 0.21 0.26
Mirc 1 0.30 0.01 0.02
Muic 2 0.27 0.57 0.37
Miic 3 0.08 0.03 0.04
Mtic 4 0.00 0.04 0.01
Do chinh xac (ACC) 0.25

Nguoc lai, kh1 ap dung chlen luoc gan trong s6 16p, hiéu nang cia mo hinh dugc cai
thién rd rét trén tit ca cac chi sb danh gia (két qua dugc trinh bay trong Bang 4). Do chinh
xéc ting manh tir 0.25 1én 0.66, dong thoi Precision, Recall va Fi-score & cac 16p thiéu s6
(mte 3 va mirc 4) déu dat gié tri cao, v6i Fi-score 1an luot 1a 0.82 va 0.77. Su cai thién
ddng déu giira cac mirc d6 cho thdy mé hinh da hoc dugc cac dic trung phan biét hiéu qua
hon va giam dang ké hién tuong thién l1éch vé cac 16p chiém wu thé. Két qua nay khing
dinh vai tro quan trong cua viéc xtr Iy mat can bang dir liéu bang trong s6 16p trong cac bai
toan phan loai anh y sinh, dac biét dbi véi cac mirc do bénh co y nghia lam sang cao.

Bang 4. Hiéu niing ciia ResNet50 véi dir liéu ¢é trong sb 16p

Mrtrc d6 thoai hoa Precision Recall Fi-score
Murc 0 0.74 0.79 0.77
Mtrc 1 0.34 0.37 0.35
Mirc 2 0.71 0.57 0.64
Muc 3 0.81 0.83 0.82
Mtrc 4 0.69 0.89 0.77
Do chinh xac (ACC) 0.66

Tuy nhién két qua Bang 4 ciing cho thdy ResNet50 gip nhiéu khé khan trong viéc
phan loai cic mirc d6 thoai hoa khép gdi ¢ giai doan sém va trung gian, dac biét tai mic 1
v6i Fi-score chi dat 0,35. Diéu nay cho thay sy chong 1an vé ddc trung hinh anh gitta cac
mirc d6 thoai hoa van 14 thach thirc 16n d6i véi md hinh trong qua trinh phan loai.

3.2. Két qua véi cAc md hinh CNN khac

Sau khi ap dung xir Iy mat can bang dir lidu véi trong s6 16p trong qua trinh huén
luyén, nghién ctru tién hanh danh gia hiéu ning cta cac mo hinh CNN khac nhau nham
dam bao sy so sanh khach quan. Ba kién triic tiéu biéu gom VGGI16, ResNet50 va
EfficientNet-B0 dugc Iya chon dé thuc nghiém. Cac két qua duoc trinh bay trong Bang 5.
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Béang 5. Hiéu ning cia cac mé hinh CNN

M6 hinh ACC Precision Recall macro-Fi
VGGl6 0.604 0.650 0.510 0.457
ResNet50 0.664 0.668 0.664 0.667
EfficientNet-B0 0.667 0.670 0.667 0.680

Két qua trong Bang 5 cho thiy EfficientNet-B0 dat hiéu ning cao nhat véi ACC =
0.667 va macro-F; = 0.680, tiép theo 12 ResNet50 (ACC = 0.664, macro-F; = 0.667), trong
khi VGG16 cho két qua thip hon (ACC = 0.604, macro-F; = 0.457). Két qua cho thay cac
kién trac CNN hién dai, dac biét 1a EfficientNet-B0O va ResNet50, dat hi¢u nang phan loai
cao hon so voi VGG16 trén bd dir 1i€u nghién ctru.

3.3. Két qua so sanh véi cac phwong phap khac

Phuong phap d& xuit dugc so sanh v6i cac nghién ciru gan day [9], [10], [12], két
qua duoc trinh bay trong Bang 6.

Bang 6. So sanh hiéu suit véi cac phwong phap khac

Phuong phéap (nam) M6 hinh CNN ACC | Precision | Recall | macro-F;
[9] (2023) ResNet101 0.69 0.67 0.67 0.65
[10] (2023) ResNet101 0.57 - - -
[12](2021) YOLO+ResNet50 | 0.69 - - -
Chung t6i (2026) ResNet50 0.66 0.67 0.66 0.67
Chung t6i (2026) EfficientNet-BO | 0.66 0.67 0.67 0.68

Béng 6 cho thdy hiéu ning cua phuong phap dé xuét dat hiéu suat tuong dwong véi
cac nghién ctru trude day duge bao céo trén cung bai toan. Cu thé, nghién ciru [9] (2023) st
dung mé hinh ResNet101 dat ACC 0.69 véi Precision va Recall déu dat 0.67, trong khi
nghién ciru [10] (2023) ciing sir dung ResNet101 nhung chi dat ACC 0.57. Phuong phap két
hop YOLO va ResNet50 trong [12] (2021) dat do chinh xac 0.69. Trong nghién ctru nay, mo
hinh EfficientNet-B0O dat ACC 0.66 cung véi Precision va Recall déu dat 0.67, va macro-F;
dat 0.68. Mic du do chinh xéc thip hon so véi mot s6 nghién ctru trude, phuong phap dé
xudt van dat macro-F; cao va duy tri sy cAn bang giira Precision va Recall.

4. KET LUAN

Nghién ctru da ching minh ring viéc ap dung mang no-ron tich chap két hop voi
chién luoc xtr Iy mat can bang dir liéu 1a hudng tiép cin hiéu qua trong phan loai mtc
d6 thoai hoa khép gdi tir anh X-quang. Két qua thuc nghiém trén bo dir liéu OAI cho
thy dir liéu mat cin bang dnh hudéng nghiém trong dén hiéu niang mo hinh, dic biét &
cac muc d§ thoai hoa trung binh va ndng; tuy nhién, khi 4p dung phuong phap gan
trong ) 16p, hiéu nang phan loai dugc cai thién dang ké va d@)ng déu hon gitra céc 1op.
So sanh cac kién tric CNN cho théy ResNet50 va EfficientNet-BO vuot trdi so voi
VGG16, trong d6 EfficientNet-B0 dat hiéu ning tong thé tot nhat vi macro-Fi = 68%.
Céc két qua dat duoc khing dinh tiém niang tmg dung ctia mo hinh CNN trong hd tro
chan doan va danh gia muc do thoai hoa khdp gbi trong thyc tién 1am sang.
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