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Diagnosis of chronic lumbar multifidus muscle injury based on a three-dimensional ultrasound
deep learning model *
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Abstract Objective: The multifidus muscle is the core muscle group for maintaining spinal stability, and its
chronic degeneration is the key pathological factor causing low back pain. The aim of this study is to analyze
the spatial texture features of the multifidus muscle by three-dimensional ultrasound imaging technology, and
to explore the feasibility of artificial intelligence in noninvasive evaluation of chronic lumbar multifidus muscle
injury. Methods: From May 2024 to January 2025, 46 patients with low back pain in the Department of Pain Medicine,
China-Japan Friendship Hospital were enrolled. A total of 368 three-dimensional ultrasound volume data of bilateral
multifidus muscles at L,-S, segment were collected by three-dimensional volume probe. The clinical data of patients
were recorded simultaneously. With MRI fatty infiltration diagnosis as the gold standard, random forest (random
forest, RF) machine learning model and deep convolutional neural network deep convolutional neural network
(DCNN) model were constructed for feature analysis, and the performance of the models was compared by receiver
operating characteristic curve (ROC). Results: The accuracy of the DCNN model in diagnosing fatty infiltration
of the multifidus muscle was 69% (AUC = 0.76), which was significantly better than 62% (AUC = 0.68) of the RF
model (P = 0.032). Conclusion: Deep learning based on 3D ultrasound can effectively evaluate chronic multifidus
muscle injury and provide a new non-invasive imaging tool for the precise diagnosis and treatment of low back pain.
Keywords three-dimensional ultrasound; multifidus muscle; deep learning; fatty infiltration; chronic low back pain
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Fig. 1 Ultrasound image of the lumbar multifidus muscle
(A) In the normal segment, the multifidus muscle
ultrasound image (yellow area) showed short linear
arrangement of muscle fibers, clear texture between
the deep fascia and the intermuscular septum; (B)
Ultrasound image of fatty infiltration of multifidus
muscle (blue area) with enhanced muscle echo and
blurred boundary of deep intermuscular fascia and
intramyomuscular septum.
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Fig. 2 Three-dimensional sonographic image of normal

multifidus muscle

The muscle fibers were arranged parallel and

linear, and the hyperechoic bands between the deep

intermuscular fascia and the intermuscular septum

were clear and continuous.

TIS0.0 Mi0.8

AL
XL14-3
3D

B3 R R 2 R =Y
JULPAY[B] 75 DR I P 3G i, LR S B S TL A UL T
I3 TR AN

Fig. 3 Three-dimensional sonographic image of the fat-

infiltrated multifidus muscle

The muscle echo was diffusely enhanced, and the
boundary between the deep intermuscular fascia and
the intermuscular septum was blurred.
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Table 1 Clinical information of patients and MRI fat infiltration degree

FEAAE B General information ¥4l Data
N F1E2FEE Demographic characteristics
% /4 Male/Female 23/23
R () Age (Years) 322498
B (EK) Height (cm) 169.5+7.9
fAE  (F7) Weight (kg) 66.9+13.3
BMI $5% (F75/2K *) BMI index (kg/m’) 23.174+3.76
Bk 5 AE 3 2] 15t Occupation and lifestyle
AL (= 30 min/IX) Sedentary ( = 30 min/session) 56.5% (26/46)
PR 558) (FIEHF /1) Physical labor (Requiring waist effort) 34.8% (16/46)
HRIE (=4 1k/H) Night shifts ( = 4 times/month) 23.9% (11/46)
RIS IA] CZNEF/JH)D) Exercise time (Hours/Week) 2(1,3)
IR AH IS AB PR Pain-related indicators
VAS P45 VAS scores 3.6£1.8
JEIRAE () Pain duration (Months) 12 (1, 32)
RIS ENARS T8 (J3) Bed rest due to pain (Months) 2(1,3)
MRI fig 72 {E 2 MRI fat infiltration degree JEEARE T B2 (%) Number of lumbar segments (%)
JelE Wii2E No fat infiltration 208 (56.5)
7 i1 Fat infiltration 160 (43.5)
2 Mild 87 (54.4)
71 Moderate 48 (30.0)
¥ Severe 25 (15.6)

R 2 MG TN IR K2 W X Re

Table 2 Diagnostic performance of machine learning random forest model

B . Ve FOIE VT (0 , i
SSﬁ(flLdycfols;E AL (0/3) Pli)Esi%\z giﬁi((:t?\?e Nl?;ii}egrﬁli(cﬁ\)/e i‘éﬂuﬁ (%) %EFQ (%) 2k T
validation Accuracy (%) value (%) value (%) Sensitivity (%) Specificity (%) AUC
Fold-1 53.13 48.65 59.26 62.07 45.71 0.62
Fold-2 67.18 64.70 70.00 70.97 63.64 0.72
Fold-3 67.18 66.67 69.23 76.47 59.06 0.71
Fold-4 62.50 70.97 54.55 59.46 66.67 0.72
Fold-5 59.37 62.50 56.25 58.82 60.00 0.64

R 3 RES IR WSR2 W AR
Table 3 Diagnostic performance of deep learning convolutional neural network model

A3 Y I8 e M i 0 P P 0 . . .
e RO e Neivepdane  SUL00  BRECO WA F
validation Accuracy (%) value (%) value (%) Sensitivity (%) Specificity (%) AUC
Fold-1 75.34 65.63 82.93 75.00 75.56 0.84
Fold-2 72.60 78.13 68.29 65.79 80.00 0.83
Fold-3 61.64 55.88 66.67 59.38 63.41 0.71
Fold-4 72.60 62.50 80.50 71.43 73.30 0.82
Fold-5 69.86 71.88 68.29 63.89 75.68 0.75

R4 HLasE IR S IR 22 SRS I A Re 1 EL AR

Table 4 Comparison of diagnostic performance between machine learning model and deep learning model

121 [ i S 2= B3 ) AL AR MY TR 2 S AN I 2 A5 7Y
Diagnostic performance average index Machine learning random fo rest model ~ Deep learning convolutional neural network model
HER 2R (%) Accuracy (%) 61.87+5.24 70.41+4.71
FHPETRIE (%) Positive predictive value (%) 62.70+7.56 66.80+7.66
BAPETRIME (%) Negative predictive value (%) 61.86+6.52 73.34+6.91
RIFE (%) Sensitivity (%) 66.25+6.97 67.101£6.39
RS EE (%) Specificity (%) 59.02+7.18 73.5945.53
2k T AuC 0.68+0.04 0.7940.05
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