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Rapid Wrist Fracture Detection Based on Improved YOLO11

ZHANG Peng-Tao, HU Nai-Ping
(School of Information Science and Technology, Qingdao University of Science and Technology, Qingdao 266061, China)

Abstract: To address the issues of insufficient detection accuracy and low model inference efficiency in wrist fracture
detection for medical image analysis in emergency scenarios, this study proposes a lightweight wrist fracture detection
algorithm based on the improved YOLO11, named MDM-YOLO. First, a multi-scale feature extraction module is
designed to address the multi-scale representation challenges of complex fracture shapes by extracting information at
different scales through multiple parallel branches. Second, a mixed spatial local attention mechanism is proposed, which
combines local and global features to significantly enhance the attention to subtle fractures. Finally, a dynamic depthwise
separable convolution (DDSConv) is designed to reduce computational complexity and accelerate inference speed while
maintaining detection accuracy, thus making the model more lightweight. Experiments show that MDM-YOLO achieves
an precision of 92.6%, a recall rate of 88.1%, and an mAP50 of 95.1% on the GRAZPEDWRI-DX dataset, representing
improvements of 1.7%, 2.5%, and 1.5%, respectively, compared with the original model. Under the same hardware
conditions, the detection speed increases by 37%, and the number of parameters is only 73.3% of the original model,
verifying the effectiveness of the lightweight design. This provides an efficient solution for rapid wrist fracture diagnosis
in emergency scenarios.
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# 1 AJA YOLOL A1 SE50 S 800 HE
Model Depth  Width mAP50 (%) Params (M) FPS (f/s)
YOLOlIn 0.33 0.25 85.4 2.4 141.8
YOLOlls  0.33 0.50 93.6 3.0 101.4
YOLOllm 0.67  0.75 93.8 20.2 83.4
YOLOI11l  1.00 1.00 94.4 252 60.7
YOLOl1x  1.00 1.25 94.0 56.8 47.6
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F) G Rk 5 HLAF A B8 5 UG ARR I 102 18] 548 3R 40 5
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BENLTF2 (£10%) BENLAE AL (0.9-1.1 fF). (5 F AL H:
BEHL I % EAZ O L RE (B Ya ] [0.8, 1.2]). X 677 f
FERFIRNGRIENR R BN S, B8 T AEE A
MR 2 FEE.

(c) e

(d) Hi

FIF-H5HE FE 4118 (mean average precision, mAP) A7 A
TR FROAGE I 14 ..

*K3 YESH

it (batchsize) 8
RA2S SGD
IERUCEL (epoch) 100
WAE R R 640x640
WIAE 5> % 0.01
FE 0.937

i e
CPU i5-12600KF
GPU GeForce RTX 3070 12 GB
BIERSG Windows 11
Pythonhit A 3.7.11
CUDARRA 12.0
PyTorchiR A< 1.9.1
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AR F RS (precision, P). A A% (recall, R)

AR A R AT 7 TR 3T P T A RT3 L 4 [
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o SR I 3 R e 8 S R 1 R B

PAHEER TR 3R, AT RS B/ 21 TN 6 SR 0 i 24 A6
T RE RO TR 2 4 rhe\ Rric AR LE RS R it £ S
FEATISCER. B AR B A S S S X B A E Y
SRR, XS EEAS [F] 256 2H 55 0f B 4 2 1R P e 22
A S 1 P 1L VPl g A 0Bt SRS ot A TR P i ) 3R T
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X4 HUFMIAE GRAZPEDWRI-DX #44 F (131 b s i
Model YOLOI11s T 25 S ek MSFE MLSA DDSConv P (%) R (%) mAP50 (%) Params (M) FPS (f/s)
1 v N — — — 90.9 85.6 93.6 3.0 101.9
2 v — — — — 90.8 85.3 93.4 3.0 101.3
3 v v v — — 91.6 86.4 94.2 29 105.8
4 v v v — 92.1 86.6 94.3 2.8 107.6
5 v v — — N 91.9 85.3 93.5 24 133.6
6 v v v v — 92.5 86.3 94.8 2.7 113.5
7 v v v — N 924 87.3 94.1 2.6 134.9
8 RN v — v N 92.2 86.4 94.3 2.3 1354
9 v v v N N 92.6 88.1 95.1 22 138.7

B 4 T, ALY 1 (BT ZR SR B, 1T 7% R
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DT 5% v 1 BB M Al 122055 8 FRRS A 2 0 4 [ 6 3l
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(R B T 235 R A I S B 1 E AR, TR B T R (]
(A T, @R 5N T 4 R PR A A DU
St T JICHE

T B S MDM-YOLO A5 7 ) 4 it 6 30,
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fracture 0.8
fracture 0.7

fiaéture 0.6" 07

fracture 0.7
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B9 MDM-YOLO R Tl 45 5 &

2.6 XTEEIIE
2.6.1 ARSI B RT L S

N TR — P IR P B B R, A i
tt YOLOv5s!', yoLoX!"". YOLOv8n"*, YOLO-
v10s'"”, Hyper-YOLO™. YOLO11s"”"#I RT-DETR™”
X 7 FkS I 92 4E GRAZPEDWRI-DX ids S 46l 2%
R, N T PRIER B I SRR I — B0, BT X L 25 34
FERERAH [R] PR B R HEAT . SRE0 45 SR a6 5 R,

5 AFEREE X L
Model P (%) R (%) mAP50 (%) Params (M) FPS (f/s)

YOLOVS5s 87.6 785 88.9 7.4 65.9
YOLOX 90.8 799 89.5 7.6 66.4
YOLOv8n 87.6  70.6 83.9 2.1 145.1
YOLOv10s 91.1  83.6 92.4 3.7 91.8
Hyper-YOLO 90.5 82.9 92.5 2.6 94.1
YOLOLll1s 909 856 93.6 3.0 101.4
RT-DETR 91.6 852 93.5 6.1 91.6
MDM-YOLO 92.6 88.1 95.1 22 138.7

B 5 AN, 765 H At 2 PR 0 55025 R A ) ke b
i, MDM-YOLO # & H {08k 1) 1 B o o, RS 1l
1% J mAP50 8455 YOLOvSs. YOLOX. YOLO-
v10s AH LI AN FFR B R4 T, SO SR AE .
R R BE. 5 YOLOv8n X EL 28 1, B 4% MDM-
YOLO TEAGIIE B 5 45 L5 YOLOvSn F A b th, (HIL
FERE iy 26 A0 0] 2277 T H) K@ 5% T YOLOv8n, 2R
A IRE FE L5 R 1 M S B M % &,
R MDM-YOLO 5 Hyper-YOLO 7E S8 i N
T, FEARFFF, {5 Hyper-YOLO 1E G AR F5 4k HH 1 &
P AZ 0 4 P ) R BLH 73 AS X MDM-YOLO. % =
Fiik, 5 MDM-YOLO 53k N F B 237 5= T~ 1 F i
B HTRMAT 55 B, RE08 05 15 FCAE A RS B . HEBH o FE

10

DA S e 2 T M sR G5, RS h B, o
A R R I R, e B AR AR E B 3 s )
HURE I BRI 5 A0 S B B 1
2.6.2  FEAST-HT S HE R LL 5056

N 2 GEVEA V- RE AR B B Ren U E RS e, AR
SCHIN 3 PREAS T4 SR AT X LSRG SR F L
PEIETE . Focal Loss 51 5% B BUIMAL LA S 20 & S W . H
# 6 Al AL MR SEI 4T, KA A FIE IS T %
I REFRTL. I S 4 & S M 7 22 fif S8 0 AN~ 185 1) [
IR R A ] 38 A 0 A e

K6 AN [FEE A SIS SRS (%)

Model P R mAP50
YOLOl11s 90.7 85.4 93.2
YOLO!1 Is+54 1 5k 90.6 85.3 93.0
YOLOI1 Ist+Focal Loss 90.5 85.5 93.1
YOLO11s+40 & 5 90.9 85.6 93.6

2.6.3  ANEEE ST H gL

FINVER JIHLHI 6] HE 5258 40 #1 MSLA 73 & 714
1) T 1 T 5 A v R U AR, T S AR [ A7
%o SE’, CBAMP. CA®!, ECAPYiX 4 MNMxE H
MURISOR EE. B3R 7 BT 0, A8 [F S8 56 2% 14 F, i m
MSLA VERE AN PR AT T % 25 M Re 5 T, #
Bl A0 [ R 4 B TE 1.2% A1 1.0%, mAP50 #2 7+
0.7%, T 2477 HoAth 3= 8 10 3E = I HLA.
2.7 1REUZKIGIE

N T SRR (12 AGRE J), TN FracAtlas 4 £
VERNZ ARSI B 45 . 22 G0 M VP ik 185 280 76 AN [F) 4
IRES T IS PR E . AR S IR AR a3k 8 Fiow.

HAKIMF, /£ FracAtlas Z(#% 4 I, MDM-YOLO ]
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i H AR G N A

RUPRTE T 5.1% A1 2.1%. mAP50 i55) T 65.4%, [FI 46
TR EEEF) 135.9 f7s, LT JRBLAY (1) 89.1 f7s. SLIG 45
W], MDM-YOLO fE A [F) #4f 5 F 3 HUAs 2 35 1) vk
RESRTE, DL T L0 132 FH 14 R I B

7 ARENEE I S (%)

Model P R mAP50
YOLOLl1s 90.9 85.6 93.6
YOLOL11s+SE 91.3 85.6 93.7
YOLO11s+CBAM 90.8 85.7 93.9
YOLOI11s+CA 89.9 85.4 92.9
YOLO11s+ECA 91.9 85.8 93.9
YOLO11s+MSLA 92.1 86.6 94.3

K8 B AL

Model P (%) R (%) mAP50 (%) Params (M) FPS (f/s)
YOLOL1s 64.7 528 59.9 3.0 89.1
MDM-YOLO 69.8 549 65.4 22 135.9

3 HiWiE

AR HIFEE T MDM-YOLO 3 i 446 I 4
VRAE 22 7 T SEIL G, B R TR M AR 2 RO RRE
PR HAG 35U P 52 B YT R IE AT B 25 O ), 3% o
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