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TOM TAT

Dt vin dé: Viéc doc két qua cong hudng tir trong chan dodn ton thwong ddy chang chéo
trude hién tiéu ton khd nhiéu thoi gian va phu thudc vao kinh nghiém bac si. Mang no-ron tich chdp
voi khd nang tu déng trich xudt déc trung hinh anh hita hen t6i wu héa quy trinh nay. Muc tiéu
nghién ciru: Danh gid hidu qua ciia mang no-ron tich chdp trong chan dodn ton thirong ddy chang
chéo trudc khdp goi dua trén anh cong huong tu. Doi tugng va phwong phap nghién ciru: Nghién
cltu mo ta cat ngang thuee hién trén 400 bénh nhén c6 chan thuwong ddy chang chéo truée khép goi,
diege danh gid trén hinh anh céng hieong tie (MRI) & mdt phang sagittal khéng thudc can tir 1.5
Tesla. Phdn bé dir liéu g(;m.' 341 énh hudn luyén, 31 anh kiém dinh ndi bo va 28 anh kiém dinh thuc
1é tai Bénh vién Pa khoa Trung wong Can Tho va Bénh vién Truong Pai hoc Y Dwoc Can Tho. Ba
mé hinh mang no-ron tich chdp (EfficientNet, ResNet-50, DenseNet121) duoc danh gid, doi chiéu
V6i tiéu chudn vang la két qua phau thudt néi soi khép goz Két qua: Ciac mé hinh mang no-ron tich
chdp dat hiéu sudt vuot tréi trén tap kiém dinh thiee té véi @6 chinh xdc >85% va dién tich dudi
duong cong (AUC) >0,95. Ban d6 nhiét Grad-CAM dinh vi chinh xdc, logic cdc vung ton thuong
gidi phau. Toc do suy ludn dat 4,4 - 15,8 anh/gidy, dap 1 ung 16t yéu cau phan tich dir liéu y té nhanh
chong Két lugn: Mang no-ron tich chdp la gidi phdp chan dodn dirt ddy chang chéo trede chinh
xdc, co swc manh khai quat hoa va kha nang dinh vi khoa hoc; hira hen tro thanh cong cu hé tro
dac luc cho bac st chan doan hinh anh.

Tir khéa: Mang no-ron tich chdp, CNN, tri tué nhén tao, dirt ddy chang chéo trude, MRI
khép goi.
ABSTRACT

APPLICATION OF CONVOLUTIONAL NEURAL NETWORKS IN
DIAGNOSING ANTERIOR CRUCIATE LIGAMENT INJURIES
OF THE KNEE JOINT BASED ON MAGNETIC RESONANCE IMAGING
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Background: Interpreting magnetic resonance imaging scans for diagnosing anterior

cruciate ligament injuries is currently time-consuming and highly dependent on the physician's
1


mailto:nttan@ctump.edu.vn

TAP CHi Y DU'OC HOC CAN THO - SO 98/2026

experience. Convolutional Neural Networks, with their capability for automatic image feature
extraction, hold promise in optimizing this workflow. Objective: To evaluate the performance of
convolutional neural networks in diagnosing knee anterior cruciate ligament injuries based on
magnetic resonance imaging scans. Materials and methods: A cross-sectional descriptive study was
conducted on 400 patients with knee anterior cruciate ligament injuries, evaluated on non-contrast
1.5 Tesla magnetic resonance imaging (MRI) scans in the sagittal plane. The data distribution
included: 341 training images, 31 internal validation images, and 28 real-world validation images
from Can Tho Central General Hospital and Can Tho University of Medicine and Pharmacy
Hospital. Three convolutional neural network models (EfficientNet, ResNet-50, DenseNet121) were
evaluated and benchmarked against the gold standard of knee arthroscopic surgery results. Results:
The convolutional neural network models achieved outstanding performance on the real-world
validation set, with an accuracy of >85% and an Area Under the Curve (AUC) of >0.95. Grad-
CAM heatmaps accurately and logically localized the damaged anatomical regions. The inference
speed ranged from 4.4 to 15.8 images/second, well satisfying the requirements for rapid medical
data analysis. Conclusion: Convolutional neural networks serve as an accurate diagnostic solution
for anterior cruciate ligament tears, demonstrating strong generalization capabilities and scientific
lesion localization. They hold great promise in becoming a powerful assistive tool for radiologists.
Keywords: CNN, artificial intelligence, anterior cruciate ligament tear, knee MRI.

I. PAT VAN PE

Tén thuong dy ching chéo trude (DCCT) la chén thuo*ng khop gbi pho bién. Mic du
hinh anh chyp cong huong tir (MRI) la ti€u chuan vang dé chan doan truéc mod, nhung viée
doc MRI bang phuong phap truyén thong lai tén nhiéu thoi gian va phu thudc 16n vao kinh
nghiém chil quan ctia ngudi doc, dé dan dén su sai sot trong chén doan gitra cac bac si[1], [2].

Pé khéc phuc han ché nay, mang no-ron tich chap (CNN) thudc Iinh vuc hoc sau
dang duoc tmg dung manh m&. Uu diém cua ching 1a kha ning ty dong hoc hoi va trich
xuét cac dic trung hinh anh phirc tap mot cach khach quan, gitip phén tich hinh anh nhanh
chong, chinh x4c, tir d6 hd tro dac luc cho quyét dinh cua bac si [3]. Tuy nhién, thach thic
nghién ciru hién nay 1a cac mo hinh Al van gip khé khin 16n vé kha ning nhan dién cac dir
lidu tr cac co sd y té khac nhau, kho mang lai tdc dong thuc té trén 1am sang néu thiéu céac
quy trinh kiém chimg [4].

Do d6 nghién ciru dugc thyc hién v6i muyc ti€u: Danh gia hiéu qua cua mang CNN
trong chan doan dit DCCT khop gbi dua trén anh cong hudng tir, hudng tdi viée cung cp
bang chimg khoa hoc dé dua Al tré thanh cong cu hd tro déng tin cdy trong thuc hanh 1am
sang.

I1. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Pdi twong nghién ciru

Nghién ctru dugc thye hién trén 400 bénh nhan c6 chan thuong day chéng chéo trudce
khop gdi, dugc danh gia trén hinh dnh cong huong tir (MRI) & mit phang sagittal khong
thudc can tir 1.5 Tesla.

- B§ dit liéu chuin: 341 hinh anh MRI (bao gém 102 ca dut day chang chéo trudc),
duogc thu thap tr b dir li¢u da dugc cong bd cua Trung tdm lam sang Rijeka, Croatia [5],
sir dung trong qué trinh huin luyén mé hinh. Qua trinh kiém ching co ban duoc thyuc hién
trén mot tap dir liéu nhd gém 31 anh, trong d6 c6 11 anh dut day chéng chéo trudce cling st
dung dit lidu tir ngudn nay.
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- Bo dir liéu kiém dinh & bénh vién thwe té: Hinh anh MRI khop gbi cua 28 bénh
nhan dugc kham va diéu tri tai Bénh vién Pa khoa Trung wong Can Tho va Bénh vién
Trudng Pai hoc Y Duoc Can Tho trong khoang thoi gian tir thang 08/2024 dén thang
12/2025. Trong d0, c6 22 truong hop xac dinh dit day chang chéo trude.

- Tiéu chuén chon miu:

+ Pdi voi ca binh thudng: Hinh anh MRI phai dugc xac nhan cing két qua céu trac
day chang chéo trudc hoan toan nguyén ven boi hai bac si chuyén mén, bao gom mot bac
sT chuyén khoa chin doan hinh 4nh va mét phau thuat vién chuyén noi soi khép gdi.

+ Pbi véi ca dit DCCT: Hinh anh MRI chén doan dut day chéng chéo trudc phai
hoan toan trung khop v6i két qua quan sat truc tlep trong qua trinh phau thuat noi soi khdp
g6i. Két qua ndi soi duge xem 1a "tiéu chuin vang" dé xac dinh chan doan.

- Tiéu chuin loai trir: Cac tru:0'ng hop c6 sy sai léch chan doan giita hinh anh MRI
va két qua quan sat thyuc té lic ndi soi khép goi.

2.2. Phuwong phap nghién ciru

- Thiét ké nghién ciru: Nghién ctru mo ta, xdy dung va danh gia hiéu suat mo hinh
hoc may trén dit li¢u hinh anh.

- M6 hinh phén tich: Nghién ciru s& tién hanh xay dung va danh gia hiéu suit cua
ba mo hinh mang no-ron tich chdp (CNN) bao gom: EfficientNet, ResNet-50 va
DenseNetl21.

- Mdi trwdng huin luyén, ngén ngir 1ap trinh va tai nguyén: Nghién ctru nay sir
dung nén tang dién toan dam may Google Colaboratory (Google Colab). Ngén ngit 1ap trinh:
Python 3.12. Tai nguyén phan ctng dugc khai thac: CPU.

- Thong s0 danh gia: AUC, do chinh xac, d§ nhay, d¢ dac hi¢u, tién doan duong,
tién doan am, thoi gian va toc do xir 1y.

- Tién trinh thyc hién

+ Giai doan huin luyén va kiém chirg bang dir liéu chuin: Ca ba mo6 hinh
(EfficientNet, ResNet-50 va DenseNet121) s& dugc huén luyén trén b dir liéu da dugc cong
bd cta Trung tim 1am sang Rijeka, Croatia [5]. Qua trinh kiém chung co ban dugc thuc
hién trén mot tap dir liéu kiém dinh nho cung nguoén v6i tap huan luyén.

+ Giai doan kiém dinh thyc té: Pua cic mé hinh dd dugc huin luyén vao kiém
dinh trén bd dit liéu bénh nhan dugc kham va diéu trj tai Bénh vién Da khoa Trung wong
Can Tho va Bénh vién Trudong Pai hoc Y Dugce Can Tho dé danh gia tinh kha thi va do
chinh x4c ctia md hinh trong diéu kién 1am sang thuc té.

- Pao dirc trong nghién ciru: Nghién ctru dugc thyc hién thong qua Hoi déng dao
dtre trong nghién ctru y sinh ciia Trudng Pai hoc Y Dugce Can Tho v6i sé phiéu chp thuan:
24.345.HV/PCT-HDbDD.

III. KET QUA NGHIEN CUU
3.1. Tong quan bd dir li¢u nghién ciru
Bang 1. Phan bd dit liéu nghién ctru

Hinh anh Hinh anh 2 £ A 1A
DCCT lanh DCCT dit Tong so | Ty 1€ lanh: dut
Tap huafln luyén 239 102 341 ~2,3:1
Tap kiém dinh 20 11 31 ~1,8:1
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Hinh anh Hinh anh 2 ; Ay
DCCT lanh | DCCTdgt | 1ongso | Tylélanh: dit
Tap kiém dinh hinh anh & ) '
bénh vién thyc té 6 22 28 0,27:1

Nhan xét: 400 hinh anh lat cat MRI khop gbi & mit phang sagittal duge chia 1am ba
tép riéng biét. O hai tép sir dung bd dir liéu chuan tir Trung tdm Lam sang Rijeka, Croatia,
ty 1& lanh/dut dao dong tir 1,8:1 - 2,3:1. Nguoc lai, & tép kiém dinh 14y hinh anh MRI tir
Bénh vién Da khoa Trung vwong Can Tho va Bénh vién Truong Pai hoc Y Dugce Can Tho
c6 su dao nguoc phan bd (0,27:1), vi sd ca dat hon lanh nhiéu 1an.

3.2. Két qua danh gia d9 hiéu qua ciia mé hinh

Béang 2. Banh gia d¢ hiéu qua cua cdc md hinh

Do chinh AUC va khoang bo b6 dac | Tién doan Tién
Xac tin cdy 95% nhay hi¢u duong doan am
Tap kiém dinh

Efficientnet BO 0,871 0,955 (0,87-1,00) | 0,727 | 0,950 0,889 0,864
ResNet-50 0,871 0,969 (0,90-1,00) | 0,636 1,00 1,00 0,833
Densenet121 0,742 0,982 (0,93-1,00) | 0,273 1,00 1,00 0,714

Tap kiém dinh hinh anh bénh vién thuc té
Efficientnet BO 0,893 0,955 (0,84-1,00) | 0,955 | 0,667 0,913 0,800
ResNet-50 0,893 0,977 (0,90-1,00) | 0,864 1,00 1,00 0,667
Densenet121 0,964 0,970 (0,88-1,00) | 0,955 1,00 1,00 0,857

Nhan xét: O trén tap kiém dinh, tuy d6 nhay bi han ché (tham chi dat ngudng rat
thdp ctia mot mo hinh nhu Densenet: 27,3%), nhung lai cho thay hiéu qua chan doan dung
rat cao ¢ nhitng ca lanh (95%-100% & ba mé hinh). Trén tap kiém dinh thyc té & hai bénh
vién, d6 chinh xac cac mé hinh déu 16n hon 85%. Dién tich dudi dudng cong AUC déu >
0,95, véi khoang tin cay tur 0,84 - 1,00.

3.3. Két qua danh gia md hinh thong qua Grad-CAM

Grad-CAM (Gradient-weighted Class Activation Mapping) 1a mot k§ thuét thu¢e linh
vuc tri tu¢ nhan tao. N6 tinh toan dao ham cua nhéan dy doan dut day ching chéo trudc dbi
véi cac ban do dic trung & 16p tich chap cudi cing cua mang no-ron, tir d tao ra mot ban )
nhiét lam ndi bat cac ving hinh anh déng vai trd quyét dinh nhat dén két qua chan doan [6].

A. (a)

(b) (©) (d)  B.(a) (b) (©) (d)

Hinh 1. Ban d6 nhiét thé hién Grad-CAM ciia ba m6 hinh. A,B. Lan luot thé hién biéu

d6 nhiét minh hoa cho hinh anh kiém dinh thtr 8 va 12 trong tap kiém dinh hinh anh &

bénh vién thuc té. (a) Hinh anh MRI gbc, (b) trén md hinh Efficientnet BO, (c) trén mo
hinh Resnet50, (d) trén mo hinh Densenet121.
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Nhan xét: O hinh anh kiém dinh thr 8, Efficientnet dang c6 goc nhin chudn xac nhét,
tap trung ding vao vung trung tdm cua khop gdi va day chang, trong khi hai mo hinh con
lai tép trung tim kiém cac dau hiéu gian tlep nhu ¢ vang xuong chay hodc mat trude g01 O
hinh anh kiém dinh thir 12 lai cho thdy diéu nguoc lai, Resnet tap trung tryc tiép tai 10i cau
dui va day chang chéo trudc. Con Efficientnet di tim cac dau hiéu & dau dudi xwong dui va
mit sau gdi, Densenet thi di tim ddu hiéu gian tiép ¢ banh ché va mit trudc xwong dui.

3.4. Két qua téc d xir Iy hinh anh ciia mé hinh
Bang 3. Két qua tdc d6 xir 1y hinh anh ctia mé hinh

Thoi gian x1r 1y anh trung binh Tdc do trung binh
(mili-giay) (dnh/gidy)

Tap kiém dinh

Efficientnet BO 66,4 + 8,48 15,1
ResNet-50 179,3 +4,92 5,6
Densenetl21 167,0 + 32,93 6,0

Tap kiém dinh hinh anh bénh vién thuc té

Efficientnet BO 63,1 3,57 15,8
ResNet-50 226,2 + 45,68 4.4
Densenetl21 150,5 +£ 6,28 6,6

Nhan xét: Danh gia vé thoi gian suy luan cia ca ba mé hinh thi Efficient ¢ toc do
xir Iy anh nhanh nhét (15,1 -15,8 anh/gidy). Trong khi d6 & hai “gi khong 16” vé6i nhiéu
mang ludi no-ron sau va rong hon, thi thoi gian xir 1y anh 1au hon (Resnet mat 179,3 —226,2
ms/anh, con Densenet tén 150,5 — 179,3 ms/anh).

IV. BAN LUAN
4.1. Téng quan bj dir liéu nghién ciru

Su mat can bang dir liéu va sy dich chuyén dit liéu 14 hai thach thic kinh dién khi
tmg dung hoc may vao y t&. O bo dit liéu chudn ding dé huan luyén va kiém dinh noi bo
(dugc cong b boi Stajduhar va cong sy [5] tai Trung tdm Lam sang Rijeka, Croatia), ty 1¢
ca lanh/dut dao dong tur 1,8:1 dén 2,3:1. Pay laty 1é phan anh ding xu hudng dir li¢u quan
thé chung, noi sd luong ca lanh thudng chiém da sb. Nguoc lai, tép kiém dinh ngoai
(External Validation) thu thap tir hai bénh vién Pa khoa Trung wong Can Tho va Trudng
Dai hoc Y Duoc Can Tho lai ghi nhan sy dao ngugc phan bd véi ty 18 0,27:1 (s6 ca dut ap
d40). Theo Zech va cong su [7], cac md hinh hoc sau rat d& bi "danh lira" boi xac suat nhin
cua tap huén luyén va cac nhiéu dic thu cua may chup. Viéc danh gia mo hinh trén mét tap
dit lidu co sy "dao nguoc phan bd" nay dong vai trd nhu mot bai kiém tra hiéu qua mé hinh
cuc ky nghiém ngit. Kha ning duy tri hidu suit chan doan trén tap dir liéu kiém dinh ngoai
da chimg minh cac thuat toan ctia ching toi khong “hoc vet” trong luc huén luyén, dap ting
duoc tiéu chudn khét khe vé tinh khai quat hoa ma Kelly va cong su [4] d& dé ra d6i voi mo
hinh y té tri tué nhén tao.

4.2. Két qua danh gia d9 hiéu qua ciia mé hinh

Két qua danh gia trén tap kiém dinh tir bo dit liéu chuan cho thiy cdc mé hinh c6 do
didc hiéu rat cao (95%-100%), tuy nhién d nhay lai bi han ché, dic biét 1a sy sut giam
nghiém trong ctia DenseNet121 (chi dat 27,3%). Sy bat 6n nay c6 thé bat ngudn tir co ché
két nbi day dac cua DenseNet (Huang va cong su [8]), khién mang tai st dung sy dac trung
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quéa mirc ctia hinh anh ton thuong va d& bi nhiu boi cac yéu td bién thién nhu: do phoi sang,
goc do chup anh... Tuy nhién, bude nhay vot vé hiéu suit dugc thé hién rd trén tap kiém dinh
thyc té tai bénh vién, noi cac chi sé danh gia déu vuot troi. Cu thé, ResNet-50 vuon 1én try
thanh kién trac t6i wu nhit voi chi s6 AUC dat 0,977, d6 nhay 86,4% va bao toan dugc do
dac hiéu tuyét ddi 100%. Strc manh ctia ResNet-50 den tur cac kh01 mang ludi tich chép sau
nhiéu 16p (He va cong su [9]), gitip m6 hinh giai quyét triét dé van dé triét tiéu cac yéu td
gay nhiéu khi huan luyén sau, mang lai 6 6n dinh viing chic. Nghién ctru ctia Bien va cong
su [2] trén tap dir liéu MRNet (Pai hoc Stanford) dat AUC 0,96 trong phan loai dut day
ching chéo trudc. Nghién ciru cta Liu va cong sy [3] khi sir dung ResNet va VGG16 ciing
bao cao AUC dao dong tir 0,96 - 0,98. Tham chi, khi so sanh véi cac kién trac 3D-CNN
phirc tap phan tich da mét phang ctia Namiri va cong su [1] (AUC 0,98), phuong phap 2D-
CNN trén mat phiang sagittal cia chung t6i van cho thdy sirc manh chin doan tuong duong
nhung lai tiét kiém tai nguyén tinh toan hon. Viéc ResNet-50 duy tri do déc hiéu 100% c6
¥ nghia sdng con trong thyc hanh chan thuong chinh hinh, gitp loai b6 hoan toan cac canh
bao du:ong tinh gia, giam thiéu cac chi dinh noi soi chan doan khong can thiét. Tuy nhién,
han ché cua nghién ciru chung t6i 13 bo dit liéu dé hudn luyén va kiém dinh con nho, chua
du dé khai quat hoa, nhung day 1a két qua budc dau tmg dung tri tu¢ nhan tao trong chan
doan hinh anh tai Cén Tho dang duogc ghi nhan.
4.3. Két qua danh gia md hinh thong qua Grad-CAM

Dé pha v tinh “hoc vet” cua tri tu¢ nhan tao, ky thuat Grad-CAM (Selvaraju va
cong su [6]) da dugc (mg dung dé 1am nodi bt cac ving hién thi diém anh dong vai tro quyét
dinh. Phan tich hinh anh kiém dinh the 8 va thir 12 d3 hé 16 mot co ché "tu duy" hinh anh
hoc sau sic cua thuat toan. Ton thuong dut day chang chéo trudc thuong di kém véi cac
dau hiéu thir phat vo ciing dic hiéu nhu: dap xwong tay & 16i ciu ngoai xwong dui va phia
sau mam chay ngoai do co ché chin thuong xoay trong truot ra trudc, hodc diu hiéu goc
day ching chéo sau. Ghassemi va cong sy [10] timg canh bao vé su 4o tudng cua cac ban
d6 nhiét néu chung khong c6 tinh logic y khoa. Tuy nhién, trong nghién ctru ctia ching toi,
vi€c cac mang no-ron tich chép sau tu dong trich xuét va dinh vi vung cht y vao diung cac
vi tri dép xuong tiy va diém bam giai phau ching t6 mo hinh da "hiéu" duoc co ché sinh
co hoc cua chan thuong khép géi, mang lai d¢ tin cdy cuc cao cho hé¢ théng hd tro quyét
dinh lam sang.

4.4. Két qua téc d xir Iy hinh anh ciia mé hinh

Kha nang img dung thuc té cia mot mo hinh hoc siu bi chi phéi manh mé& béi toc do
suy luan va yéu cau cta phin cimg may tinh (theo van Leeuwen va cong su [11]). Panh gia
vé thoi gian, EfficientNet-B0 loi thé ciia kién tric siéu nhe véi téc d6 15,1 - 15,8 anh/gidy.
Du cham hon, ResNet-50 van dat mic 4.4 - 5,6 anh/gidy (khoang 179,3 — 226,2 mili-
gidy/anh), trong khi DenseNet121 dat 6,0 anh/gidy. Trong boi canh y hoc phat trién nhu hién
nay, viéc tich hop tri tué nhén tao vao hé thong luu trit va truyén tai hinh anh khong doi hoi
tdc do va chat luong xtr 1y hinh anh & thoi gian thuc nhu trong phau thuét ndi soi, ma chu yéu
ra soat dir lidu theo hé théng. Vi toe d clia ResNet-50, hé thong chi mat chua t6i 5 gidy dé
phan tich toan bd mot chudi xung sagittal gdm 20-25 14t cit. Nhﬁ’ng ca dut day chang chéo
truge kho hode nghi ngo s€ dugc tri tu¢ nhan tao gan nhan “luu y” va day 1én dau danh sach
chd doc cua béc si chan doan hinh anh, gitip rit ngan thoi gian chan doan, day nhanh 19 trinh
tir phong chup MRI dén phong mé cho bénh nhan chan thwong khép gbi noi chung.
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V. KET LUAN

Nghién ctru ndy cung cap bang ching thuc nghiém manh mé vé kha ning ung dung

mang no-ron tich chap nhu mot giai phap mang tinh dot pha trong viéc chan doan ton thuong
day ching chéo trude khop g01 Su két hop hoan hao giita toc d6 suy luan tinh todn cao va
kha nang dinh vi ton thuong giai phau moét cach khoa hoc dé ching minh tinh kha thi cua
cong ngh¢ nay trong méi truong y té thuc té. Tom lai, viéc trién khai cac mé hinh mang no-
ron tich chap khong nhim thay thé vai trd ctia bac si chan doan hinh anh, ma huong toi viée
kién tao mot h¢ sinh thai chan doan thong minh — noi cac chuyén gia duoc hd tro t6i da dé
dua ra cac quyét dinh can thiép nhanh chéng, an toan va chuén xac nhat.
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