
The Evolution of 3D and 4D
Microscopy
Kurasaki Nagamato*
Department of Physics, Graduate School of Science, Nagoya University, Nagoya, 
Japan

*Corresponding Author: Kurasaki Nagamato, Department of Physics, Graduate 
School of Science, Nagoya University, Nagoya, Japan; E-mail: nagamato5@ac.jp

Received date: 29 May, 2023, Manuscript No. ABRI-23-108199;

Editor assigned date: 31 May, 2023, PreQC No. ABRI-23-108199 (PQ);

Reviewed date: 15 June, 2023, QC No. ABRI-23-108199;

Revised date: 22 June, 2023, Manuscript No. ABRI-23-108199 (R);

Published date: 29 June, 2023, DOI: 10.4172/ABRI.1000139.

Description
The world of microscopy has witnessed remarkable advancements, 

transcending the traditional two-dimensional (2D) imaging and 
embracing the multidimensional realm of 3D and 4D microscopy. 
These cutting-edge techniques have revolutionized our understanding 
of dynamic biological processes, intricate material structures, and 
complex interactions in living organisms. In this article, we delve 
into the transformative potential of 3D and 4D microscopy, exploring 
how these multidimensional approaches have unraveled the mysteries 
of the microcosmos and paved the way for groundbreaking 
discoveries across various scientific disciplines.

3D microscopy
Traditional 2D microscopy has been instrumental in elucidating the 

structural details of biological specimens and materials. However, it is 
inherently limited in capturing the true complexity of three-
dimensional structures. 3D microscopy, on the other hand, has 
emerged as a powerful tool to visualize objects and biological samples 
in three dimensions, providing a more comprehensive and immersive 
view.

Confocal microscopy: Confocal microscopy is one of the most 
widely used 3D imaging techniques. By using a pinhole to eliminate 
out-of-focus light, confocal microscopy achieves optical sectioning, 
enabling researchers to construct 3D reconstructions of thick 
specimens, such as tissues and organs.

Multi-photon microscopy: Multi-photon microscopy excels at 
imaging deep within tissues, making it a valuable tool for studying 
living organisms. Its ability to excite fluorophores using long-
wavelength light reduces phototoxicity, enabling prolonged imaging of 
dynamic processes in intact organisms.

Light sheet microscopy: Light sheet microscopy, also known as 
Selective Plane Illumination Microscopy (SPIM), is renowned for its 
gentle sample illumination and fast imaging capabilities. It is ideal for 
long-term imaging of delicate specimens, such as developing embryos 
or live cells.

4D microscopy and the fourth dimension

While 3D microscopy provides unprecedented insights into spatial 
structures, 4D microscopy introduces the fourth dimension—time. This 

dynamic dimension enables researchers to capture and analyze changes 
occurring over time, unraveling dynamic biological processes and 
interactions that were previously hidden.

Time-lapse imaging: Time-lapse microscopy captures sequences 
of images at regular intervals, allowing the observation of dynamic 
processes in living cells, tissues, and organisms. It provides valuable 
insights into cell division, cellular migration, and developmental 
processes.

High-speed imaging: High-speed microscopy techniques, such as 
high-speed confocal and two-photon microscopy, enable the 
visualization of rapid events, such as neuronal signaling, cardiac 
contractions, and fluid dynamics.

4D Cryo-Electron Microscopy (Cryo-EM): Cryo-EM is a 
groundbreaking technique for studying the structure and dynamics of 
biomolecules. By combining cryogenic sample preparation with time-
resolved data acquisition, 4D Cryo-EM provides a dynamic 
perspective of macromolecular movements.

Advancing biological and medical research

The integration of 3D and 4D microscopy has transformed 
biological and medical research, opening new avenues for 
understanding fundamental biological processes and disease 
mechanisms.

Cellular dynamics: 3D and 4D microscopy have been instrumental 
in studying cellular dynamics, providing insights into intracellular 
transport, organelle dynamics, and cell-cell interactions.

Developmental biology: Time-lapse imaging in 3D has 
revolutionized developmental biology, enabling the visualization of 
embryonic development and organogenesis in real-time, leading to a 
deeper understanding of tissue morphogenesis and patterning.

Neurobiology: Neuroscientists employ 3D and 4D microscopy to 
investigate neural circuitry, synaptic activity, and brain function. High-
speed imaging techniques have shed light on the intricate dynamics of 
neuronal firing and plasticity.

Cancer research: 3D microscopy has contributed significantly to 
cancer research by enabling the investigation of tumor 
microenvironments, tumor invasion, and interactions between cancer 
cells and surrounding tissues.

Drug discovery: The ability to monitor live cells in three 
dimensions and over time has enhanced drug discovery efforts, 
allowing researchers to assess the efficacy and toxicity of potential 
therapeutics in more physiologically relevant settings.

Advancements in material science and nanotechnology

In the realm of material science, 3D and 4D microscopy have 
accelerated discoveries and innovations, leading to the development of 
new materials and nanotechnologies.

Nanomaterial characterization: 3D microscopy techniques, such 
as Atomic Force Microscopy (AFM) and Scanning Electron 
Microscopy (SEM), provide high-resolution imaging of nanomaterials, 
allowing researchers to analyze their surface structures and properties.

Nagamato K, Adv Biomed Res 2023, 6:2 Advanced Biomedical
Research and Innovation

Perspective A SCITECHNOL JOURNAL

All articles published in Advanced Biomedical Research and Innovation are the property of SciTechnol and is protected
by copyright laws. Copyright © 2023, SciTechnol, All Rights Reserved.

nagamato5@f.mail.nagoya-u.ac.jp
nagamato5@f.mail.nagoya-u.ac.jp


Materials morphology: 3D imaging has facilitated the study of 
material morphologies, porosity, and structural defects, enabling 
engineers to optimize material properties for specific applications.

In Situ material analysis: Combining 4D microscopy with in situ 
experiments, such as Environmental Scanning Electron Microscopy 
(ESEM), enables researchers to monitor material transformations and 
phase changes under various conditions.

Challenges and future perspectives
Despite the remarkable progress in 3D and 4D microscopy, several 

challenges remain, necessitating continued advancements and 
interdisciplinary collaborations.

Data storage and analysis: The vast amount of data generated by 
3D and 4D microscopy requires sophisticated storage solutions and 
advanced computational tools for data analysis.

Phototoxicity and photobleaching: In live-cell imaging, 
phototoxicity and photobleaching can affect cell viability  and  imaging

quality. Researchers are continuously exploring strategies to mitigate 
these effects.

Multimodal imaging integration: Integrating multiple microscopy 
techniques for 3D and 4D imaging poses technical challenges that 
require further development and optimization.

Conclusion
The rise of 3D and 4D microscopy has marked a paradigm shift in 

the field of microscopy, empowering scientists with a 
multidimensional perspective of the microcosmos. From studying 
cellular dynamics and developmental processes to advancing materials 
science and nanotechnology, these transformative techniques have 
opened new frontiers for research and innovation. As technology 
continues to evolve, we can anticipate even more groundbreaking 
discoveries, unlocking the secrets of life and materials in 
unprecedented detail. The journey to unraveling the fourth dimension 
has just begun, promising a future of exciting possibilities and 
transformative applications.
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