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Background & Aim
Conventional methods for assessing 
skeletal muscle remodelling, including 
lean mass, muscle weight, and 
histology, lack the spatial resolution 
and sensitivity to capture three-
dimensional muscle architecture. 
Here, we developed a scalable, non-
destructive, AI-enabled light-sheet 
fluorescence microscopy (LSFM) 
platform for holistic 3D analysis of 
intact mouse hindlimbs. We aimed to 
validate the platform across 
pharmacological models by 
quantifying individual muscle volume 
and key structural features with 
anatomical precision.

Conclusion

+ Three-week dexamethasone 
treatment provides robust muscle 
wasting to test novel muscle-
sparing or -promoting 
pharmacotherapies.

+ Bimagrumab and Apitegromab 
attenuate dexamethasone-induced 
changes in body composition, 
muscle mass, volume, and fiber 
size.  

+ Our 3D muscle volume endpoint 
provides spatial resolution beyond 
lean mass scans, bridging MRI and 
histological assessment.

3D skeletal muscle imaging pipeline: High-throughput, automated & non-destructive 

High-throughput 3D light-sheet
imaging of mouse hindlimb enable skeletal muscle 
morphometrics in muscle wasting models
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Figure 4. Effects of Bimagrumab and Apitegromab on muscle mass, fibre size, and 3D muscle volume. (A) Muscle weights of the tibialis anterior (TA), extensor digitorum longus (EDL), gastrocnemius (GAS), and soleus (SOL) at study
termination (mg; n = 11–12). (B) Mean muscle fibre cross-sectional area (CSA) of TA, EDL, GAS, and SOL (µm²; n = 10–12). (C) Representative gastrocnemius CSA images (20× magnification). Statistical analysis by two-factor linear model

with interaction and Dunnett's post hoc test; *P < 0.05 vs Vehicle + IgG control; #P < 0.05 vs Dex + IgG control. (D) Representative ex vivo light-sheet fluorescence microscopy (LSFM) projection of a lower hindlimb (autofluorescence,
grey). (E) Representative XY cross-section showing AI-based segmentation of individual muscle groups. (F) 3D muscle volumes of total hindlimb muscle, TA, EDL, GAS, and SOL (mm³; n = 10–12). (G) Correlation between muscle weight

(mg) and 3D muscle volume (mm³) for TA, EDL, GAS, and SOL; inset shows the correlation for GAS (n = 10–12).

Example study: Comparison of muscle weight, CSA and 3D muscle volume4
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Example study: In vivo measurements3
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Figure 3. Effects of Bimagrumab and Apitegromab on Dexamethesone-induced changes in lean mass. (A) Profile of absolute body weight (daily; g; n=11-12). (B) Body weight at study termination (D21; g; n=11-12). (C) Relative 
change in fat tissue mass in grams (g) at week 3 compared to baseline (n=11-12). (D) Relative change in lean tissue mass in grams (g) at week 3 compared to baseline (n=11-12) measured via EchoMRI. Dunnett’s test on two-factor linear 

model with interaction; *P < 0.05 vs Vehicle + IgG control, #: P < 0.05 vs Dex + IgG control.
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Methods
Model: 48 Male C57BL/6JRj mice 
were randomized by body weight 
(BW) and lean mass. Mice received 
Vehicle (PBS) or dexamethasone (1.0 
mg/kg, SC) daily for three weeks to 
induce muscle atrophy. 

Therapy: Bimagrumab, Apitegromab 
or IgG-control (20 mg/kg, SC or IP) 
were administered weekly, starting on 
the first day of dexamethasone 
treatment. 
Assessments: 
⁺ BW were recorded daily, while 

EchoMRI assessed body 
composition weekly. 

⁺ Individual muscles were weighed 
and histopathology assessed. 

⁺ Whole hindlimbs were collected & 
processed for autofluorescence 
based 3D light sheet fluorescence 
microscopy (LSFM) and high-
resolution volume acquisition.

Method:
⁺ Whole lower hindlimb 

Immunohistochemisty 
for visualization of 
muscles health 
(fibrosis, innervation 
and vasculature).

Figure 2. Three-dimensional visualization of skeletal muscle collagen, innervation, and vasculature using light sheet fluorescence microscopy (LSFM). (A) Sagittal LSFM projection of a cleared mouse 

lower hindlimb stained with Fast Green to visualize collagen-rich connective tissue. Insets show high-resolution views of the collagen network and an orthogonal axial section demonstrating volumetric image 
quality. (B) 3D projection of peripheral nerve innervation labelled with PGP9.5, with a magnified view highlighting nerve fibers within the soleus muscle. (C) 3D reconstruction of the vascular network labelled 
for endothelial cells (anti-CD31), with an inset showing the dense capillary architecture at higher magnification. (D) Representative virtual section of an individual tibialis anterior (TA) muscle displaying labelling 
of neuromuscular junctions (NMJ) using a tail vein injection of Bungarotoxin. Scale bars are indicated in images.

Potential endpoints: 3D muscle imaging to visualize muscle health2
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Figure 1. Automated high-throughput workflow for 3D imaging of rodent hindlimbs. (A) Standardized pipeline for tissue processing and light-sheet fluorescence microscopy (LSFM) 
imaging. Whole, deskinned hindlimbs are fixed, decalcified (10% EDTA), dehydrated (MeOH), freeze–thawed, bleached (H₂O₂), optically cleared (DBE), and automatically scanned using 

barcode-guided robotic sample loading. Images are quality checked and analysed using AI-based segmentation and quantitative workflows. Representative AI-based segmentation and 
volumetric quantification of hindlimb muscles, including anterior [tibialis anterior (TA), extensor digitorum longus (EDL), deep posterior compartment (DPC), peroneal compartment (PC)] 

and posterior [soleus (SOL), plantaris (PLANT), gastrocnemius (GAS)] muscle groups from autofluorescence LSFM images. Scan the QR code to view the 3D rendering. *Representative 
histological cross-section of an entire mouse lower hindlimb, illustrating the optional histological analysis performed after 3D scanning of the same sample and spatial registration. Muscle 
fibres were immunolabelled for type I (yellow), type IIa (red), and type IIb (green). (B) Brightfield images of a rat lower hindlimb before and after optical clearing using DBE. 
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