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TOM TAT

Muc tiéu nghién ciru: M6 ta dic diém hinh anh
chén thuong khop gbi ¢6 sir dung Deep Resolve va
danh gia hiéu qua cta phin mém nay trong viéc cai
thién chat luong hinh anh chén thuong khép gdi trén
may cong hudng tir (MRI) 0.55 Tesla.

Poi twong va phuong phap nghién ciru: Nghién
ctlru cit ngang mo ta, so sanh hinh anh trudc va sau xir
Iy. Trén 42 ngudi bénh >18 tudi ¢6 chi dinh chup MRI
do chan thwong khop gbi tai Bénh vién Pa khoa tinh
Quéng Ninh.

Két qua: Chi s6 ty 1 tin hiéu trén nhidu (SNR) sau
khi sir dung Deep Resolve tang dang ké: 59,9% trén
xung T1W Coronal, 46,9% trén T2W Sagittal va 58,5%
trén PD FatSat Axial (p < 0,001). Chi sé ty 18 tuong
phan trén nhiéu (CNR) ting lan luot 58,7% (TIW
Coronal), 59,7% (T2W Sagittal) va 69,2% (PD Axial
Fatsat) (p < 0,001). Cac bac si déu nhan dinh hinh anh
¢6 tmg dung Deep Resolve it nhiéu hon, sic nét hon va
c6 chat lugng tong thé vuot troi (p < 0,001). Mirc do
ddng thuin chin doan gitra hai bac si dat muc rat cao
v6i chi s6 Kappa Cohen 13 0,876.

Két luan: Ung dung Deep Resolve ning cao dang
ké chit lwong hinh anh trén hé thdng MRI tir trudng
thap 0.55T trén cé tiéu chi khach quan (SNR, CNR) va
chu quan tir nhén dinh cua bac si.

Tir khéa: Cong huong tir; Deep Resolve; Chan
thuong khép gbi; 0.55 Tesla; Chat luvong hinh anh.
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SUMMARY

IMPACT OF DEEP RESOLVE TECHNOLOGY ON
0.55T MRI IMAGE QUALITY IN KNEE TRAUMA
PATIENTS AT QUANG NINH PROVINCIAL
GENERAL HOSPITAL

Objectives: To describe the imaging characteristics
of knee joint injuries using Deep Resolve and to
evaluate the efficacy of this software in improving
image quality of knee injuries on a 0.55 Tesla magnetic
resonance imaging (MRI) system.

Subjects and Methods: A descriptive cross-sectional
study with paired pre- and post-processing image
comparisons was conducted. The study included 42
patients aged 18 years who were indicated for knee MRI
due to trauma at Quang Ninh Provincial General Hospital.

Results: Following the application of Deep Resolve,
the signal-to-noise ratio (SNR) significantly increased
by 59,9% on T1W Coronal, 46,9% on T2W Sagittal, and
58.5% on PD FatSat Axial sequences (p < 0,001). The
contrast-to-noise ratio (CNR) demonstrated respective
improvements of 58,7% (T1W Coronal), 59,7% (T2W
Sagittal), and 69,2% (PD FatSat Axial) (p < 0,001).
Radiologists consistently evaluated the Deep Resolve-
reconstructed images as having reduced image noise,
enhanced sharpness, and superior overall diagnostic
quality (p < 0,001). The inter-observer diagnostic
agreement between the two radiologists was almost
perfect, with a Cohen’s Kappa coefficient of 0,876.

Conclusion: The application of Deep Resolve
significantly enhances image quality on a low-field
0.55T MRI system, demonstrated by improvements
in both objective metrics (SNR, CNR) and subjective
radiologist assessments.

Keywords: Magnetic Resonance Imaging, Deep
Resolve, Knee Injuries, 0.55 Tesla, Image Quality.
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I. DAT VAN DE

Cong hudng tir (MRI - Magnetic Resonance
Imaging) 1a mot k¥ thuat chan doan hinh anh
khong xam l4n, s dung tir truong va song
v tuyén dé tao ra hinh anh chi tiét cia cac
co quan va ciu tric trong co thé. MRI ¢6 do
nhay va d¢ dac hi¢u cao, dic biét hitu ich
trong danh gia cau triic xuong, sun chém, day
chang va ciac mé mém xung quanh khop goi.
Theo tac gia Bang Thi Ngoc Anh, Vii Long va
cong su (2020) nghién ctru tai Bénh vién Da
khoa Pirc Giang két luan rang MRI déng vai
trd quan trong trong chan doan va danh gia
mirc d6 t6n thuong khép gbi do chin thuong
v6i ton thuong ddy chang chéo trudc chiém
94,9%, ton thuong day chang chéo sau chiém
5,1%, trong khi ton thuong sun chém trong va
ngoai 1an lugt chiém 45,9% va 25,5% [1].

Hé théng MRI tir truong thap ngdy cang
duoc sir dung rong rai tai cac co sO'y té do
chi phi dau tu thap, d& dang van hanh va bao
dudng. Tuy nhién, mot trong nhitng han ché
chinh ciia MRI tir trudng thap 1a d6 phan giai
thip, kém chi tiét, thoi gian chup dai hon so
v&1 MRI tr truong cao (>1.5 Tesla)

Cong nghé xtr ly hinh anh c6 tich hgp tri
tu¢ nhan tao Al da dugc ung dung nham khéc
phuc nhitng han ché trén. Cong nghé Deep
Resolve sir dung cac thuat toan hoc sau dé loc
nhidu, cai thién do sic nét va tang d6 phan
giai cua hinh dnh. Cong ngh¢ nay dac biét hiru
ich trong MRI tir trudng thap, noi chat lugng
hinh anh thudng bi han ché do nhiéu cao va do
phan giai thap.

Nghién cttu ciia Lopez Schmidt va cong su
(2023) da so sanh chat lugng hinh anh giita
may MRI 0.55T str dung Deep Resolve va
may MRI 1.5T trong chup khop gbi. Két qua
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cho thay, hinh anh tir may 0.55T sau khi ap
dung Deep Resolve dat chat luong chan doan
twong duong voi may 1.5T. Ngoai ra, nghién
ctru cua S. Kiryu va cong su (2022) da danh
gia tdc dong ctuia Deep Resolve trén hinh anh
MRI 1.5T ciia khép goi. Két qua viéc ap dung
Deep Resolve gitip cai thién chat lwong hinh
anh, giup ting cuong do sic nét va giam nhiéu,
ho trg bac si trong viéc phat hién va dénh gia
cac ton thuong mot cach chinh xac hon [2, 3].

Hién nay, trong nudc chua c6 nghién ciu
nao danh gid hi¢u qua cua cong nghé Deep
Resolve trong viéc cai thién chét luong MRI
tr & may tir trudng thip trén bénh 1y chan
thuong khép gdi. Viée danh gia hiéu qua cua
Deep Resolve trong ning cao chat lugng hinh
anh MRI tir truong thap s& giup ting cudng
kha ning phat hién tén thuong, hd tro bac si
trong chan doan chinh xac hon.

Nhim dénh gia tac dong cta cong nghé
Deep Resolve 1én chat lugng hinh anh, cai
thién kha nang chan doan 1am sang. Chiing toi
thuc hién nhiém vu khoa hoc va cong nghé
“Pdnh gid hiéu qua cdi thién chat heong hinh
anh cua cong nghé Deep Resolve trén mady
cong hieong tir 0.55 Tesla & nguoi bénh chan
thwong khép goi tai Bénh vién Pa khoa tinh
Quang Ninh” v&i muc tiéu:

1. M6 ta dic diém hinh anh chan thuong
khop gbi co st dung Deep Resolve.

2. PBanh gid hi¢u qua cta Deep Resolve
trong cai thién chat lwong hinh anh chan
thuong khép gdi trén may MRI 0.55 Tesla.

I. DOl TUGNG VA PHUONG PHAP
2.1. P6i twong nghién ctru: 42 ngudi bénh

¢6 chi dinh chup MRI khép gdi do chin thuong
tai Bénh vién Pa khoa tinh Quang Ninh tir
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01/03/2025 dén 30/09/2025. Tiéu chuan lya
chon nguoi bénh dugce chan doan chin thuong
khép gdi va co chi dinh chup MRI khép géi.
Loai trir nguoi bénh co6 chéng chi dinh MRI,
hinh anh khong du gia tri chan doan, da phau
thut hodc co bénh 1y bam sinh.

2.2 Thiét ké nghién ciu va ¢& miu:
Nghién ctru cit ngang mo ta, két hop phén tich
so sanh hinh anh trudc va sau khi xir Iy bang
cong nghé Deep Resolve.
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Cong thtrc dugc tinh theo cong thiuc so

sanh hai trung binh c6 mdi lién hé (paired
t-test). Trong do:

-n: C& mau can thiét.

- Z(1-0/2) = 1,96 1a hé sb tin cay, tuong
ung 95%.

- Z(1-B) = 0,84 13 hé s6 cong suat nghién
clru, v6i cong sudt 1-p=80%

- od: D6 léch chuén cua sy khac biét gitra
hai nhom.

SNR =

Trong d6: Cuong do tin hi€u tr ving md
quan tam (S), d6 1éch chuan (N) cta nhiéu
trong vung anh khong c6 tin hiéu.

- A: Mitc chénh 1éch mong mudn gira.

- Thay vao cong thuc, n = 32 nguoi bénh.
Du phong mat mau 10% 1a 36 ngudi bénh.
Thue té, chung t6i khao sat trén 42 nguoi bénh.

2.3. Phuong tién va cong cu: Hé thong
may chup MRI Free Star 0.55 Tesla hang
Siemens c6 tich hop phan mém Deep Resolve.

2.4. Thong s6 ky thuat: Cac chudi xung
khao sat TIW Coronal, T2W Sagittal, PD
FatSat Axial. Thong s6 cac chudi xung TIW
Coronal (TR 400-600 ms, TE 15-20 ms,
FOV 160-170 mm, ma tran 304x288), T2W
Sagittal (TR 3000-4000 ms, TE 100-120 ms,
FOV 160-170 mm, ma tran 320x320), PD
FatSat Axial (TR 3000-4000 ms, TE 15-20
ms, FOV 150-160 mm, ma tran 320%320) va
c6 d6 day lat cat 3,0 mm, khoang cach lat ct
10% (0,3 mm), goc lat 130°-150° va NEX =
2. Hai phuong phap tai tao hinh anh so sanh:
Tai tao tiéu chuan (Standard Reconstruction)
va tai tao ng dung Al (Deep Resolve).

2.5 Phuong phap thu thap dir liéu.

2.5.1. Danh gia dinh lwgng: Tinh ty I¢
tin hiéu trén nhiéu (SNR) va tuong phan trén
nhiéu (CNR). Cong thirc tinh gia tri SNR va
CNR

S, -S
CNR = 15,5, |

Trong d6: Gié tri trung binh ctia tin hi¢u tir mo6
thir nhat (, mo tht hai (, d6 1éch chuan (N) ciia
nhiéu trong ving anh khong c6 tin hidu.
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Phuwong phap do lwong SNR/CNR: Thuc
hién do ROI (Region of Interest) tai mo6 khao
sat dé 14y gia tri S, S1, S2 va N lam dit kién dé
tinh gia tri SNR va CNR. Ddi v6i MRI khép
gdi, 1an luot do ROI ¢ 3 huéng vé6i 3 chudi
xung khac nhau lan luot 1a: TIW Coronal,

T2W Sagittal va PD Fatsat Axial trén may
MRI 0.55T st dung 02 phuong phép tai
tao tiéu chuin Standard Reconstruction va
phuong phap Deep Resolve. Cac vi tri do ROI
cu thé theo bang:

. Vi tri do
Chuéi Xung
S S1 S2 N
N Ving nén canh sun
T1W Coronal Sun chém trong N
PO PO chém trong
Lo1 cau trong Lo61 cau trong

T2W Sagittal xuong dui xuong dui Day chang banh ché Ving nén canh
PD Fatsat Axial Déu trong co byng chan ~ Xuong banh che

Dién tich ROI 8+ 1 mm?

2.5.2 Danh gia dinh tinh: Hai bac si chuyén
khoa cép I chan doan hinh anh c6 9 nim va
17 ndm kinh nghiém chdm diém doc lap vé do
nhifu, d nét, cht luong tong thé theo thang
diém Likert 5 mtc do. Chét luong hinh anh
MRI dugc danh gia theo thang Likert 5 muc
6 tiéu chi thang diém Likert 5 muc do (1: rét
kém; 2: dudi trung binh; 3: dat yéu cAu chan
doan; 4: tot; 5: rat tét) trén ba ti€u chi: muc do
nhiéu (tir rat nhiéu dén khong co), do sic nét
(tir khong thé dén dé dang xac dinh ton thuong)
va chét lugng hinh anh tong thé (tir khong thé
dén hd tro chin doan i wru). Piém s6 cang cao
phan anh hinh anh cang it nhidu, do nét tot va
gi tri chan doan cang cao. An thong tin nguoi
bénh, phuong phép téi tao, x40 tron ngau nhién
thur tu ca chup, tht tu doc anh T1W Coronal,
T2W Sagittal, PD FatSat Axial.

2.6. Phwong phap xir Iy so li¢u: bang
SPSS 26.0. Cac thuat toan va kiém dinh thong
ké ap dung (Paired t-test, Wilcoxon signed-
rank test, hé s6 Cohen’s Kappa) va gi tri gia
tri p< 0,05 ¢ ¥ nghia thong ké.
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Pé tai dugc thong qua va phé duyét boi
Hoi déng Pao duc tai Bénh vién Pa khoa tinh
Quang Ninh.

. KET QUA

3.1. Pic diém hinh
khép gbi

anh chin thwong

B T thiromg déy
chang

8 160 throne syn
chém

® Tén thuone xwrong

Tim thnromg géin cor

Biéu do 1. Cic dang ton thuwong khép goi

Nhdn xét: Trong chan thuong khop gbi thi
t6n thwong hay gip nhat 1a ton thuong diy
chang véi 38 ca chiém (90,5%). Ton thuong
xuong dimg thr hai v6i 25 ca chiém (59,5%),
t6n thuong sun chém it hon t6n thuong xuong
10 ca chiém (35,7%). Ton thuong gan co hiém
khi xudt hién véi 1 ca chiém (2,4%).
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Bdng 1. Phdn loai mirc d¢ ton thuong ddy chang

Loai diy ching Pung dap Pt ban phin Dut hoan toan Tong
Day chéng chéo trudc 19 5 2 26
Day ching bén chay 7 1 0 8
DAy chang bén mac 4 0 0 4
Tong 30 6 2 38

Nhdn xét: Pung gidp diy chiang bén mac véi 4 ca chiém (100%), ddy chang bén chay 14 7 ca
chiém (87,5%), day ching chéo trudc vdi 19 ca chiém (73,1%). Put ban phan day chang chéo
trudc voi 5 ca chiém (19,2%) va day chang bén chay vai 1 ca chiém (12,5%), khong ghi nhan
ca ndo & dy chang bén mac.

3.2. Yéu t6 lién quan dén chit lwong hinh anh

Bdng 2. Danh gid chat legng hinh anh theo chi s6 SNR va CNR

2. . X Tdi tao thwong qui Deep Resolve Mikc cdi thién "
Chuoi xung Chi so (Mean + SD) (Mean + SD) (%) D
SNR 60,1 +17,3 96,1 + 19,8 +59,9% < 0,001
T1W Coronal
CNR 51,1 £14,3 81,1 £20,5 +58,7% < 0,001
SNR 61,2+ 16,5 89,9 +£22,1 +46,9% < 0,001
T2W Sagittal
CNR 56,3+ 15,0 89,9+ 19,0 +59,7% < 0,001
SNR 18,8 4,0 29,8 £ 8,0 +58,5% <0,001
PD FatSat Axial
CNR 25,0+ 7,0 42,3+ 13,0 +69,2% <0,001

* Kiém dinh Paired t-test.

Nhdn xét: Chat luong hinh anh dinh lugng dugc cai thién 10 rét trén tat ca cac chudi Xung
khao sat. Chi s6 SNR ting trung binh tir 46,9% dén 59,9%, trong d6 muc ting cao nhat ghi nhan
trén chudi xung TIW Coronal (+59,9%). Chi s6 CNR ting tir 58,7% dén 69,2%, v6i mirc cai
thién tuong phan vuot trdi nhét trén chudi xung PD FatSat Axial (+69,2%). Toan bd su khac biét
vé SNR va CNR giita hai phuong phap tai tao déu co y nghia thong ké voi p<0,001.
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Bdng 3. Pdnh gid chat lwong hinh anh theo nhdn dinh bdc st

Bacsil Bac si2
] . Khong . Khong .
Danh gia Xung chup sir dung S“’l;il‘ing o sir dung S“’];il‘img »
DR . Z DR <X
(@iém)  (di€m) @iém)  (diem)

TIW Coronal ~ 38+04 48+04 <0001 37+05 48+04 <0,001

Do nhidu T2W Sagittal ~ 4,0£03 49+03 <0,001 41+03 48+04 <0,001
PD Fatsat Axial ~ 3,4+05 4,6+0,5 <0001 35+05 45+05 <0001

TIW Coronal ~ 3,7+0,5 49+03 <0001 39+03 50+00 <0,001

Do nét T2W Sagittal ~ 3,8+04 50+00 <0001 40+04 50+00 <0,001
PD Fatsat Axial ~ 3,4+05 48+04 <0001 3,6+05 49+03 <0001
TIW Coronal ~ 39+03 48+04 <0001 40+04 49+03 <0,001
T2W Sagittal ~ 4,0£04 49+03 <0001 43+05 50+00 <0,001
PD Fatsat Axial ~ 3,8+04 4,6+0,5 <0001 40+04 48+04 <0001

* Kiém dinh Wilcoxon Signed-Rank Test.

Nhdn xét: Viéc tng dung coéng nghé Deep Resolve giup cai thién 1 rét va toan dién chat
lwong hinh anh MRI khép gdi trén tat ca cac chudi xung khao sat (T1W Coronal, T2W Sagittal,
PD Fatsat Axial). Piém sb & ca ba tiéu chi: giam nhidu, d6 sic nét va chat luong chung déu ting
tir muc trung binh/dat yéu cau (3,4-4,3) 1én murc tot va rat tot (4,5-5,0), dic biét dat muc t6i da
5,0 ¢ ti€u chi d§ nét trén xung T2W Sagittal va TIW Coronal (p <0,001).

Chit luong
hinh anh

Bdng 4. Mikc dé dong thudn trong nhdn dinh ton thuwong khép goi giita hai bdc st

. Bacsi2 ;
Tinh dong thuin - - Tong
Co ton thuong Khong c6 ton thuong
C6 ton thuong 37 0 37
Bacsil -

Khong c6 ton thuong 1 4 5
Téng 38 4 42

Chi s Cohen’s Kappa () 0,876 (p<0,001)

Ty 1¢ dong thuan chung 97,6% (41/42 ca)

Nhdn xét: Trong tong sd 42 ca chup MRI khép gdi, hai bac si c6 sy thdng nhat nhan dinh &
41 trudng hop (dat ty 18 97,6%), gdm 37 ca ciing ghi nhan ¢6 ton thuong va 4 ca khong ghi nhan
t6n thuong. Chi s6 Cohen’s Kappa dat k=0,876 (p < 0,001), cho thiy mirc d6 dong thuan rat cao
giita hai nguoi doc doc lap trudc khi tién hanh chdm diém chét luong hinh anh.
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IV. BAN LUAN

4.1. Pic diém hinh anh va co ché tén
thwong

Chan thwong gbi thuong gip la ton
thuong day chang chiém (48%), ton thuong
xuong (32%) va sun chém (19%). Trong do,
tén thuong dung dap diy ching chéo trudc
(73,1%) dGt ban phan (19,2%) va dat hoan
toan (7,7%) cao hon so voi két qua cua Dang
Thi Ngoc Anh & Vii Long chiém 65,3% dung
dap va Shelbourne (58%) va Kiryu co ty 1€
63%, ty 1¢ rach hoan toan thép hon so voi cac
nghién ctru cua Heiss & Pogarell (2023) hay
De Smet (2012) do chu yéu ddi twong nghién
ctru ciia chung t6i 1a chin thuong thé thao di
kham, mirc d6 ton thuong nhe trén 1am sang.
Nguyén nhan hay gip ton thuong dy ching
chéo trude 1a do co ché chan thuwong khi gbi
xoay dot ngdt hodc chiu lyc tdc dong lon tir
phia sau.[1, 3, 4, 5].

4.2. Hiéu qua cai thién chit lwong hinh
anh qua cac chi s6 khach quan

Chi s6 SNR ting c6 ¥ nghia thong ké (p <
0,001) trén cac xung TIW Coronal (59,9%),
T2W Sagittal (46,9%) va PD FatSat Axial
(58,5%). Mtic tang nay cao hon nghién ctru
cua Heiss & Pogarell (2023) (tang 25%) va
Carson (2023) (ting 35%). V& mit cong nghé,
thuat toan Deep Resolve Gain st dung dir li¢u
ban d6 nhiéu dé khir nhidu cuc bo thay vi loc
ddng loat, gitip bao toan tin hiéu gdc va ting
ty 16 tin hiéu hitu ich trén nén nhiéu [5, 6].

Chi s6 CNR tang tir 58,7% dén 69,2% (p <
0,001). Viéc triét tiéu nhiéu nén giup khuéch
dai sy chénh 1€ch tin hi€u ndi tai gitta cac mo.
Pic biét trén chudi xung PD Axial Fatsat,
ranh gidi gitra sun khop va dich viém tré nén

1 rang hon, bu dip truc tiép cho nhuoc diém
tuong phan ctia hé théng tir trudng thép.

4.3. Panh gia chit lwong hinh anh chi
quan va sy dong thuin nhan dinh ton thwong

Diém danh gia chi quan vé do nét va muc
dd giam nhiéu ting tr murc kha (3,4 - 4,0) 1én
murc rat t6t (4,5 - 5,0) (p<0,001), twong dong
v6i két qua cua Johnson (2023). Thuét toan
Deep Resolve Sharp su dung mang no-ron
sau dé ngoai suy dir liéu, giup khoi phuc cac
duong bo giai phiu, giup t6i wu chét luong
hinh 4nh. C6 su khac biét voi nghién ctru cia
tac gia Donners va cong su (2024) nhan thay
rang tat ca cac thong sd chat lwong hinh dnh
(4,92 £0,28 63T so v61 3,92 + 0,49 ¢ 0.55T)
bao gdom ca d6 nhidu, déu duoc danh gia cao
hon ¢ may 3T so v&i may 0.55T (c6d Deep
Resolve) (p < 0,017). Tuong tu véi nghién
ctru Lopez Schmidt va cong su (2023) ciing
két luan chat luong hinh anh chan doan trén
may 0.55T c6 Deep Resolve tuong duong véi
may 1.5T tiéu chudn (p > 0.05) [2, 7, 8].

Muc do d@)ng thudn trong nhan dinh ton
thuong khép gbi giita hai bac si dat ty 18 rat
cao 97,6% (41/42 ca), twong tng voi chi sb
Cohen’s Kappa véi k=0,876 (p<0,001), twong
ddng voi tac gia Lopez Schmidt (0,6 - 0,89) ¢
mirc kha dén rét cao d6i voi cac bénh 1y, qua
@6 thé hién tinh khach quan va do tin cdy viing
chic cua quy trinh doc phim ddc lap, 1am mu
thong tin du hai bac si c6 s6 nam kinh nghiém
lam sang khac nhau [2].

Su théng nhdt cao ndy ching minh hé
thdng MRI 0.55T két hop Deep Resolve gitip
cai thién cht luong hinh anh hd tro cac bac
sT tu tin hon trong ra quyét dinh du c6 kinh
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nghiém khéac nhau. Nghién ctru cling chi ra
rang viéc triét tiéu nhidu va 1am nét ranh gioi
mo da tang do phan giai hinh anh MRI khép
gdi gitip boc 16 dwoc ton thuong rd rang hon.

V. KET LUAN

Vi¢e ing dung cong nghé Deep Resolve da
gitp cai thién vuot troi chat lwong hinh anh
trén may MRI 0.55 Tesla, thé hién qua su gia
tang dang ké ctia cac chi s6 khach quan (SNR,
CNR) lan diém danh gia cha quan cho thiy
cong nghé ndy gitp cai thién chat lugng hinh
anh trén hé thong may tir truong thap.
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