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Fig. 1 Electrode arrangement and division of muscle compartments

(a) Schematic diagram of the calf muscle and electrode arrangement. (b) Distribution of muscle compartments in the calf cross sectional area. 1-16

refer to the number of the 16 electrode sensors.
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Step 1: positive problem

Boundary conditions
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| Phase angle Jacobian 14 8 I
| Insert matrix Phase :
: electrodes angle data }
Step 2: @EIT (inverse problem)
iy =0
Fig. 2 Algorithm flowchart of @EIT
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Arrange 16 electrodes in sequence (1-16)

Fig. 3 Laboratory pork model test platform
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Fig.4 Comparison results of physical image, grayscale image and @EIT image

(a) Physical image. (b) Grayscale image. (c) Gauss-Newton @EIT image.
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Fig. 5 Grayscale image and @EIT image before and after fat injection
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Fig. 6 Experimental procedures
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Table 1 Basic data of group 1

Hight/cm Body mass/kg BMI/(kg'm™) Left leg fat proportion ~ Right leg fat proportion Age/year
1 164 52.8 19.6 19.70% 19.90% 21
2 175 72.5 23.7 24.10% 22.50% 22
3 170 80.0 27.7 23.50% 23.90% 22
4 176 54.0 17.4 23.70% 24.10% 21
5 176 79.6 25.7 24.80% 24.20% 24
6 178 70.3 22.6 24.70% 25.30% 23
7 163 80.1 30.1 25.40% 26.10% 24
8 165 79.2 29.1 28.30% 28.90% 21
Table 2 Basic data of group 2
Hight/cm Body mass/kg BMI/(kg-m™) Left leg fat proportion ~ Right leg fat proportion Agelyear
1 176 70.0 22.6 23.40% 23.90% 25
2 175 72.5 23.7 23.80% 24.10% 26
3 178 79.2 25.0 24.50% 24.20% 27
4 176 79.6 25.7 24.80% 24.90% 28
5 172 67.0 22.7 25.50% 25.30% 27
6 178 80.0 253 27.50% 26.80% 26
7 163 80.1 30.1 28.60% 29.50% 29
8 178 81.4 252 29.60% 29.60% 26
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Group 1

Group 2

Phase angle distribution image @  Phase angle distribution image @

Fig. 7 ®EIT test results of the left and right legs
The subjects in each experimental group were numbered from 1 to 8 according to the percentage of fat in their right leg (1,,). 7, of No. 1 is the

lowest and #,, of No. 8 is the highest .

(a) (b)
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8 £ 3 2
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E 0.12 E
< =
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No./ 2 3 4 5 6 7 8 No./ 2 3 4 5 6 7 8

Test subject number (group 1) Test subject number (group 2)

Fig. 8 Results of average phase angle and fat content

(a) Experimental results of group 1. (b) Experimental results of group 2.
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Fig. 9 The average phase angle of muscle compartments (M,—M,) varies with fat content

The horizontal axis represents the muscle compartment (M,—M,) corresponding to each data set (Data Set 1-Data Set 4), and the vertical axis

represents the average phase angle ®@,,. (®,,,~®,,,) of the muscle compartment space. The difference in average phase angle between experimental

groups is marked with AD, ;. (AD,;,—AD, ).
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Fig. 10 Diagram of the muscle compartments and phase angle
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Abstract Objective Fat infiltration has been shown to be closely related to muscle mass loss and a variety of
muscle diseases. This study proposes a method based on phase-angle electrical impedance tomography (@EIT) to

visualize the electrical characteristic response caused by muscle fat infiltration, aiming to provide a new technical
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means for early non-invasive detection of muscle mass deterioration. Methods This study was divided into two
parts. First, a laboratory pork model was constructed to simulate different degrees of fat infiltration by injecting
1 ml or 2 ml of emulsified fat solution into different muscle compartments, and the phase angle images were
reconstructed using @EIT. Second, a human experiment was conducted to recruit healthy subjects (#=8) from two
age groups (20-25 years old and 26-30 years old). The fat content percentage #,, of the left and right legs was
measured by bioelectrical impedance analysis (BIA), and the phase angle images of the left and right calves were
reconstructed using PEIT. The relationship between the global average phase angle @,, and the spatial average
phase angle @,, of each muscle compartment and fat infiltration was further analyzed. Results In the laboratory
pork model, the grayscale value of the image increased with the increase of 7, and @,, showed a downward trend.
The results of human experiments showed that at the same fat content percentage, the ®,,of the 26-30-year-old
group was about 20%-35% lower than that of the 20-25-year-old group. The fat content percentage was
significantly negatively correlated with @,.. In addition, the M, (soleus) compartment was most sensitive to fat
infiltration, and the spatial average phase angles of the M, (soleus), M, (tibialis posterior and flexor digitorum
longus), and M, (tibialis anterior, extensor digitorum longus, and peroneus longus) compartments all showed
significant inter-group differences. Conclusion @EIT imaging can effectively distinguish different degrees of fat
infiltration, especially in deep, small or specially located muscles, showing high sensitivity, demonstrating the

potential application of this method in local muscle mass monitoring and early non-invasive diagnosis.

Key words sarcopenia, fat infiltration, phase angle, electrical impedance tomography (EIT), muscle quality
DOI: 10.3724/j.pibb.2025.0241 CSTR: 32369.14.pibb.20250241



