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ABSTRACT
Background: Micro-computed tomography (micro-CT) offers exceptional three-dimensional resolution for studying facial anat-
omy, capturing intricate structural relationships with isotropic resolutions as fine as 4–10 μm. However, its use is limited to 
ex vivo specimens, precluding real-time or functional evaluation.
Objective: To highlight the complementary value of high-frequency ultrasound in facial anatomical assessment and procedural 
guidance, particularly in the clinical context.
Methods: We discuss the limitations of micro-CT for dynamic applications and explore the clinical advantages of ultrasound, 
including Doppler capabilities and real-time observation of soft tissue structures.
Results: High-frequency ultrasound (30–70 μm resolution) enables in vivo, dynamic imaging of vascular flow, muscle activity, 
and filler placement. It is non-invasive, repeatable, and applicable at the point of care. Finger-mounted devices, such as those 
used in Safe Injection By Ultrasound (SIBUS) protocols, provide sufficient resolution for guiding aesthetic procedures involving 
superficial facial anatomy. Doppler integration further enhances procedural safety.
Conclusion: While micro-CT remains ideal for high-resolution anatomical research and educational modeling, ultrasound 
uniquely enables functional, real-time assessment essential for safe clinical practice. Together, these modalities serve comple-
mentary roles in advancing both anatomical understanding and patient care in aesthetic medicine.

1   |   Introduction

The human face constitutes one of the most architecturally 
complex regions of human anatomy, where subtle variations in 
spatial relationships carry profound functional consequences. 
For centuries, anatomical understanding of this region has 
been constrained by inherent limitations in available visualiza-
tion techniques. Traditional dissection methods, whilst invalu-
able for gross anatomical study, inevitably disrupt the precise 
three-dimensional relationships they seek to demonstrate [1, 2]. 

Histological techniques provide excellent microscopic detail but 
sacrifice the essential macroscopic context required for under-
standing functional integration. Even modern virtual anatomy 
platforms, despite their purported three-dimensional capabili-
ties, frequently rely on simplified models that inadequately rep-
resent the true complexity of anatomical arrangements.

These methodological limitations are particularly problematic 
when studying structures exhibiting significant individual vari-
ation. The facial nerve, for instance, demonstrates considerable 

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.

© 2025 The Author(s). Journal of Cosmetic Dermatology published by Wiley Periodicals LLC.

https://doi.org/10.1111/jocd.70379
https://doi.org/10.1111/jocd.70379
mailto:
https://orcid.org/0000-0001-5572-1364
https://www.twitter.com/kyuheoyi
https://orcid.org/0009-0003-2507-4524
mailto:kyuho90@daum.net
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjocd.70379&domain=pdf&date_stamp=2025-08-08


2 of 4 Journal of Cosmetic Dermatology, 2025

natural variation in its branching patterns between individuals 
[3]. Similarly, facial muscles frequently deviate from standard 
anatomical descriptions in their origins, insertions, and layer-
ing patterns [4, 5]. While discrepancies between textbook anat-
omy and actual specimens are well documented, contemporary 
teaching methods often fail to adequately convey this inherent 
anatomical variability [6].

Micro-computed tomography (micro-CT) offers a transforma-
tive approach to studying facial anatomy, addressing many 
traditional limitations while providing unique advantages 
over other imaging modalities. Modern micro-CT systems 
achieve isotropic resolutions as fine as 4 μm, allowing detailed 
three-dimensional examination of nerve fascicles, capillary 
networks, and connective tissue layers in their natural, un-
disturbed state. Crucially, this bridges the scale gap between 
macroscopic and microscopic anatomy [7]. Unlike magnetic 
resonance imaging, which excels in soft tissue differentia-
tion but lacks sufficient resolution for fine structural detail, 
or ultrasound, which provides real-time imaging but suffers 
from limited penetration depth, micro-CT uniquely combines 
exceptional resolution with comprehensive volumetric visual-
ization. This positions micro-CT as an ideal tool for compre-
hensive facial anatomical investigation.

The application of micro-CT technology in facial anatomy 
research has yielded significant insights, as visually demon-
strated in Videos  S1 and S2. These reconstructions reveal 
intricate spatial relationships and musculature attachment 
patterns, providing crucial anatomical context for surgical 
and aesthetic procedures. Recent micro-CT studies have doc-
umented consistent patterns in facial nerve branching archi-
tecture, identified variations in regional vascular supply, and 
elucidated the three-dimensional organization of fascial layer 
systems [7, 8]. Such findings substantially enhance our foun-
dational understanding.

Micro-CT imaging for soft tissue visualization typically em-
ploys high-resolution scanners with optimized parameters. 
Standard protocols utilize X-ray energies of 80–100 kV and 
currents of 100–200 μA, achieving voxel sizes of 4–10 μm. 
Specimen integrity is maintained during scanning, often 
through immersion in physiological saline, to preserve tissue 
architecture and prevent dehydration artifacts. Acquisition 
generates large datasets (typically 2000–4000 projection im-
ages per specimen over 2–4 h). Contrast-enhanced techniques, 
frequently employing iodine-based agents like Lugol's solu-
tion (1%–5% concentration) with 24–48 h incubation periods, 
significantly improve soft tissue differentiation, enabling clear 
delineation of neural, vascular, and fascial structures. Image 
reconstruction utilizes filtered back-projection algorithms 
incorporating beam-hardening corrections. Subsequent 
three-dimensional rendering, segmentation, and quantitative 
analysis via specialized software facilitate comprehensive vi-
sualization of anatomical relationships and spatially accurate 
morphometric measurements. This integrated methodological 
approach underpins the technology's capability to advance our 
comprehension beyond schematic representations towards a 
comprehensive, scientifically validated three-dimensional re-
ality, paving the way for enhanced anatomical education and 
refined clinical interventions.

2   |   Innovative Ideas

The fundamental innovation of micro-CT lies in its capacity to 
transcend the traditional scale limitations that have long con-
strained anatomical investigation. Whilst light microscopy ex-
cels at revealing cellular and subcellular detail but sacrifices 
macroscopic context, and gross dissection preserves anatomical 
relationships whilst obscuring fine structural detail, micro-CT 
successfully bridges these domains. Contemporary systems 
achieve resolutions of 4–10 μm. This enables visualization of 
individual nerve fascicles and small vascular structures whilst 
maintaining the undisturbed three-dimensional arrangement of 
entire anatomical regions.

This capability proves invaluable for elucidating the facial 
nerve's complex branching architecture. Recent micro-CT appli-
cations have revealed functional pathway segregation within the 
main nerve trunk at surprisingly proximal levels, challenging 
established assumptions regarding random fiber distribution. 
The technology demonstrates consistent spatial relationships 
between the nerve and adjacent structures, such as the parotid 
ductal system, while simultaneously documenting the consider-
able individual variation inherent in facial neuroanatomy. These 
insights provide a more accurate foundation for understanding 
facial neurological relationships, carrying significant implica-
tions for both anatomical education and clinical training.

Micro-CT similarly transforms our understanding of muscular 
anatomy (Videos S1 and S2). The technology facilitates precise 
three-dimensional mapping of muscle origins and insertions, 
frequently revealing substantial discrepancies with conven-
tional anatomical descriptions in standard texts. The complex 
interlacing patterns of mimetic muscles, notoriously difficult to 
appreciate through traditional dissection, become clearly dis-
cernible in high-resolution three-dimensional reconstructions 
(Figure  1). These refinements substantially advance our com-
prehension of facial expression mechanics and provide a more 
accurate anatomical basis for interventions ranging from recon-
structive surgery to therapeutic neuromodulation.

Vascular anatomy likewise benefits from micro-CT's excep-
tional capabilities. The technology effectively maps intricate col-
lateral networks essential for tissue viability while identifying 
anatomical variations that may predispose individuals to pro-
cedural complications. Such detailed vascular characterization 
proves critical for understanding flap physiology and anticipat-
ing potential sites of anatomical vulnerability during aesthetic 
and reconstructive procedures.

3   |   Discussion

Micro-CT provides anatomical insights with significant impli-
cations for education and practice. Within academic settings, 
this methodology enables a paradigm shift from schematic 
representations towards evidence-based three-dimensional an-
atomical models. Such models more effectively accommodate 
natural anatomical variations encountered clinically while pro-
viding students with accurate comprehension of complex spatial 
relationships. Crucially, the non-destructive nature of micro-CT 
facilitates the creation of comprehensive digital anatomical 
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atlases, preserving rare specimens for perpetual study and 
analysis.

For clinical training, micro-CT datasets substantially enhance 
surgical simulators and virtual reality platforms through an-
atomically faithful representations derived from actual spec-
imens rather than artistic interpretations. The technology's 
quantitative capabilities support precise documentation of an-
atomical parameters, thereby informing evidence-based proce-
dural guidelines and safety protocols, particularly relevant for 
minimally invasive techniques where subtle spatial relation-
ships determine success.

Current research applications include systematic mapping 
of safe surgical planes, comprehensive identification of clin-
ically significant anatomical variations, and development of 
enhanced educational models [7, 9–11]. The capacity for non-
destructive imaging further permits repeated examination of 
specimens under varying parameters, enabling multi-modal 
analysis.

Implementation within medical curricula necessitates strategic 
consideration of technological infrastructure and pedagogical 
integration. This encompasses developing interactive three-
dimensional visualization platforms, virtual dissection tools, 
and accessible digital anatomical libraries compatible with 
standard educational technologies. Successful adoption further 
requires standardized annotation systems, quality assurance 
protocols, and assessment tools leveraging three-dimensional 
understanding. Collaborative platforms could democratize ac-
cess to rare specimens across institutions, reducing reliance on 
physical cadaveric resources.

Significant challenges nevertheless constrain broader adoption. 
Substantial equipment costs (£100 000–500 000), specialized 
technical expertise, and computational demands for process-
ing high-resolution datasets present formidable barriers, par-
ticularly for smaller institutions. Technical limitations include 

inherent soft tissue contrast constraints (necessitating contrast 
agents), artifact susceptibility in mineralized tissues, and spec-
imen preparation complexities. Data interpretation requires 
niche expertise, whilst translating anatomical findings into clin-
ical relevance remains technically demanding. Furthermore, 
ex  vivo imaging limits direct clinical applicability, and func-
tional correlation requires additional validation. Substantial 
data storage needs and specialized visualization software com-
pound implementation hurdles.

Addressing these challenges mandates standardized protocols 
for specimen preparation, imaging parameters, and analysis. 
Validation frameworks must correlate micro-CT findings with 
established knowledge while documenting clinically signifi-
cant variations. This necessitates reference databases, quality 
metrics, and inter-institutional collaboration. Standardization 
efforts should prioritize consensus imaging guidelines, uniform 
annotation systems, and accessible data-sharing frameworks, 
requiring coordination between academia, industry, and regula-
tors. While micro‑CT provides unparalleled three‑dimensional 
resolution, it remains inherently limited to ex vivo specimens, 
thereby precluding real‑time or functional assessment. In con-
trast, high‑frequency ultrasound offers a valuable complemen-
tary modality for facial anatomical study. Ultrasound enables 
in  vivo, dynamic, and simultaneous observation of soft tissue 
structures, allowing clinicians to evaluate vascular flow, muscle 
contraction, and filler placement in real time. Although its spa-
tial resolution (typically 30–70 μm with high‑frequency probes) 
is lower than that of micro‑CT, ultrasound possesses the unique 
advantage of non‑invasiveness, repeatability, and direct clinical 
applicability. The ability to integrate Doppler imaging further 
enhances vascular mapping and procedural safety during mini-
mally invasive interventions. Finger mounted ( Safe Injection By 
Ultrasound (SIBUS)) ultrasound devices have proven adequate 
for imaging superficial facial structures, facilitating real-time, 
point-of-care guidance. Thus, while micro‑CT excels in captur-
ing static microstructural detail for research and educational 
purposes, ultrasound provides essential functional and safety 

FIGURE 1    |    High-resolution micro-computed tomography (micro-CT) reconstruction of the upper face demonstrating the three-dimensional 
architecture of superficial and deep muscle fibers. Fine muscular fascicles, including portions of the frontalis, orbicularis oculi, and corrugator su-
percilii muscles, are clearly visualized in situ without disruption of spatial relationships, highlighting the utility of micro-CT for detailed anatomical 
analysis of facial musculature.

 14732165, 2025, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocd.70379 by Y

onsei U
niversity M

ed L
ibrary, W

iley O
nline L

ibrary on [01/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4 of 4 Journal of Cosmetic Dermatology, 2025

information in the clinical setting, making the two modalities 
complementary rather than mutually exclusive

Future developments should prioritize standardized facial im-
aging protocols, comprehensive normative variation databases, 
and clinical outcome correlations. Integrating micro-CT data 
with complementary modalities (e.g., magnetic resonance im-
aging) promises a more holistic anatomical understanding. 
Developing user-friendly visualization platforms remains es-
sential for wider educational adoption. Emerging artificial in-
telligence applications offer transformative potential through 
automated segmentation, pattern recognition, and educational 
content generation, potentially reducing analytical expertise 
barriers while enhancing resource accessibility. Collectively, 
these advances could ultimately transform micro-CT from a 
specialized research tool into a cornerstone of evidence-based 
anatomical education and clinical practice.

4   |   Conclusion

Micro-CT imaging enables detailed visualization of facial anat-
omy by preserving complex three-dimensional relationships at 
microscopic resolution. As illustrated in Videos S1 and S2, this 
technology captures both consistent anatomical patterns and 
significant individual variations in neural, vascular, and mus-
culofascial organization that are inaccessible to conventional 
techniques. Although currently confined to research applica-
tions, micro-CT has significant potential to enhance anatomical 
education, refine surgical approaches, and improve outcomes in 
facial interventions.
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Supporting Information

Additional supporting information can be found online in the Supporting 
Information section. Video S1: Three-dimensional micro-CT recon-
struction of facial musculature demonstrating muscle architecture, 
attachment points, and intermuscular connections. Dynamic rotation 
reveals spatial relationships inaccessible through gross dissection 
(Scale: 1 mm increments). Video S2: Contrast-enhanced micro-CT vi-
sualization of facial anatomy differentiating tissue interfaces. The tech-
nique demonstrates neurovascular pathways and fascial planes within 
undisturbed anatomical context (Scale bar: 500 μm). 
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