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Technology is Redefining Microscopic Tissue Analysis.
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Introduction

The foundational principles of tissue analysis, rooted in bone histomorphometry
as developed by Harold Frost, remain essential for understanding metabolic bone
diseases like osteoporosis through quantitative study of bone biopsies[2].

What this really means is that the field is now moving far beyond traditional micro-
scopic examination by integrating powerful computational tools. Computational
pathology now uses Artificial Intelligence (Al) to analyze histomorphological im-
ages from tissue slides, allowing algorithms to automatically distinguish cancer
subtypes and even predict molecular alterations, offering a more precise diagnos-
tic layer[1].

This research into the microscopic appearance of tumors, for instance in colorectal
cancer, confirms that specific features like tumor budding and immune cell infiltra-
tion are not just visual noise; they are strong predictors of patient outcomes that
can help tailor treatment strategies[3].

Similarly, a deep dive into oral squamous cell carcinoma connects what pathol-
ogists see with the tumor’s likely behavior, where histomorphological risk factors
like the depth of invasion serve as direct visual readouts of the cancer's aggressive
potential and molecular makeup[5].

Let's break it down further: even within genetically similar cancers, tissue archi-
tecture provides vital prognostic clues. In KRAS-mutant lung adenocarcinomas,
the predominant histomorphological growth pattern seen on a slide is a powerful
predictor of survival for early-stage patients, offering insights beyond the genetic
mutation itself[6].

The power of this integration is also evident in neuroscience. Manual assessment
of tau pathology in brain tissue, a hallmark of Alzheimer’s, is notoriously slow and
subjective. Here, deep learning is used to automatically quantify these histomor-
phological features, providing an objective, scalable method to assess disease
severity and marking a major step forward for research and clinical use[7].

This computational approach has broad applications. A deep learning model de-
veloped for breast cancer can look at a standard H&E stained image and simulta-
neously identify the histomorphological type and predict the underlying molecular
subtype. This fusion of visual patterns with genomics points toward a future of
faster, more comprehensive diagnostics from a single slide[9].

The synergy extends to other advanced technologies as well. By merging single-
cell transcriptomics with classic histomorphology, researchers have created a de-
tailed map of the human kidney. They can now see how the genetic expression of
individual cells corresponds to their physical location and appearance, offering a
much deeper understanding of kidney disease[4].

Advanced microscopy is also transforming the field. Instead of relying solely on
traditional stains, second harmonic generation microscopy is used to study liver
fibrosis by creating detailed, label-free 3D maps of collagen. This provides a more
precise quantitative histomorphology of scarring patterns, improving how fibrosis
is staged and understood[8].

However, the field is not without its challenges. Diagnosing and grading complex
conditions like soft tissue sarcomas remains notoriously difficult, with significant
variability in how pathologists interpret histomorphological features. These find-
ings highlight a critical need for more objective, standardized criteria and reinforce
the potential for computational tools to improve consistency and reproducibility in
diagnostics[10].

Description

The study of histomorphology, the microscopic architecture of tissues, provides
a critical window into health and disease. Its foundational principles, established
in fields like bone histomorphometry, remain essential for quantitatively assess-
ing cellular activity and structure to diagnose conditions such as osteoporosis [2].
Today, this visual analysis is increasingly connected to the underlying molecular
reality of a disease. For instance, in colorectal cancer, specific microscopic fea-
tures like tumor budding are now understood to be powerful predictors of patient
outcomes, guiding more personalized treatment strategies [3]. This link is also
clear in oral squamous cell carcinoma, where histomorphological risk factors such
as the pattern of invasion serve as direct readouts of a tumor’s aggressiveness and
molecular profile, bridging the gap between what is seen under the microscope and
what is happening at the genetic level [5].

Here's the thing about modern pathology: it's being redefined by Atrtificial Intelli-
gence (Al) and deep learning. These technologies are at the heart of computational
pathology, where algorithms analyze digital images of tissue slides to achieve a
level of precision beyond human capability. They can automatically distinguish be-
tween cancer subtypes and even predict specific molecular alterations directly from
an image [1]. This computational power is being applied to some of medicine’s
most pressing challenges. In neuroscience, deep learning models can automati-
cally quantify tau pathology, a key hallmark of Alzheimer’s disease, providing an
objective and scalable method that overcomes the limitations of slow, subjective
manual assessment [7]. Similarly, in breast cancer diagnostics, a single deep
learning model can now look at a standard stained slide and perform two crucial
tasks at once: identifying the cancer’s histomorphological type and predicting its
molecular subtype, pointing toward a future of faster, more integrated diagnostics
[9].

The fusion of histomorphology with other advanced scientific disciplines is creat-
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ing a more holistic understanding of biology. By combining classic tissue analysis
with single-cell transcriptomics, researchers have constructed a detailed map of
the human kidney. What this really means is they can now directly link the genetic
expression of individual cells to their physical location and appearance within the
tissue, offering a much deeper insight into the mechanisms of kidney disease [4].
Imaging technology is also advancing in parallel. Instead of relying on traditional
chemical stains, techniques like second harmonic generation microscopy are used
to study conditions like liver fibrosis. This method creates detailed, label-free 3D
maps of collagen, enabling a more precise quantitative assessment of scarring
patterns. This not only improves the staging of fibrosis but also enhances the fun-
damental understanding of the disease process [8].

Ultimately, the value of these advancements lies in their clinical impact and their
ability to solve persistent problems. Even within a well-defined group, like patients
with KRAS-mutant lung adenocarcinoma, histomorphology provides crucial prog-
nostic information. The predominant growth pattern observed on a tissue slide can
be a powerful predictor of survival, offering clues that go beyond the genetic muta-
tion alone [6]. Despite these successes, significant challenges remain in the field.
The diagnosis and grading of some diseases, such as soft tissue sarcomas, are no-
toriously difficult and suffer from high inter-observer variability, even among expert
pathologists. This inconsistency highlights a critical need for the very tools being
developed—more objective, standardized criteria and computational systems that
can improve diagnostic reproducibility and ensure that every patient receives the
most accurate diagnosis possible [10].

Conclusion

Histomorphology, the microscopic study of tissue, is undergoing a significant trans-
formation driven by technology. While foundational principles like bone histomor-
phometry remain critical for diagnosing metabolic bone diseases, the field is in-
creasingly integrated with computational methods. Artificial Intelligence (Al) and
deep learning algorithms are now central to computational pathology, enabling
the automated analysis of tissue slides to distinguish cancer subtypes and predict
molecular alterations, a feat beyond traditional microscopic examination. This is
seen in applications ranging from breast and colorectal cancer to lung adenocarci-
noma, where visual patterns on a slide are linked directly to genetic profiles and pa-
tient prognosis. For instance, deep learning can objectively quantify the histomor-
phological hallmarks of Alzheimer’s disease in brain tissue, replacing slow, subjec-
tive manual assessments. Furthermore, histomorphology is being combined with
other advanced techniques. Merging it with single-cell transcriptomics provides
unprecedented maps of organs like the kidney, linking cellular genetics to physical
structure. Advanced microscopy now offers label-free, 3D imaging of liver fibrosis,
improving disease staging. Despite these advances, challenges such as diagnos-
tic variability in complex cases like soft tissue sarcomas persist, highlighting the
critical need for these objective, computational tools to standardize pathology and
improve diagnostic consistency.

Acknowledgement

None.

Page 2 of 3

Conflict of Interest

None.

References

10.

. Drew F. Williamson, Matthew G. Hanna, Ed Reznik, Hebert Alberto Vargas, Nancy

Bouvier, Meera Hameed. “Computational pathology for discriminating cancer his-
tology subtypes and molecular alterations.” Nat Rev Clin Oncol 20 (2023):51-68.

. David W. Dempster, Angela M. Inzerillo, Robert R. Recker, Elizabeth R. Shane,

Thomas L. Nickolas, John P. Bilezikian. “Bone Histomorphometry: The Legacy of
Harold M. Frost.” Calcif Tissue Int 107 (2020):309-318.

. Yujie Zhang, Yue Chen, Mingming Li, Siyuan Chen, Yanyan Jing. “A Review of

Histomorphological and Molecular Features in Colorectal Cancer.” Front Oncol 11
(2021):758371.

. Insa M. Schmidt, M. Todd Valerius, Anna K. Kinstlinger, Blue B. Lake, Zexu Jiao,

Michael S. S. Hsieh. “Histomorphological and transcriptomic characterization of the
human kidney interstitium at single-cell resolution.” Nat Commun 13 (2022):4453.

. Prathibha Prasad, Girish K. Varma, Manu M. Raj, Shruthi S. Varma, Subhash N. Ku-

mar, Moni Abraham Kuriakose. “Histomorphological and Molecular Risk Predictors
of Oral Squamous Cell Carcinoma: A Review.” Cancers (Basel) 13 (2021):3439.

. Gregory J. Riely, Jonathan W. Goldman, Kathryn A. Gold, Biagio Ricciuti, Kizza

Chriv, Sarah G. Waliany. “Association of Predominant Histologic Subtype With
Outcome in KRAS-Mutant Stage I-lll Lung Adenocarcinoma.” J Thorac Oncol 16
(2021):652-663.

. Nicolai Oesterle, Katharina Buerger, Johannes Levin, Sigrun Roeber, Jochen

Herms, Thomas G. Arzberger. “Deep Learning-Based Histomorphological Assess-
ment of Tau Pathology in Progressive Supranuclear Palsy and Alzheimer’s Disease.”
Int J Mol Sci 22 (2021):6482.

. Peter T. C. So, Irene Georgakoudi, Michael H. Nathanson, Sylvie M. L. N. A. van

der Loo, Jay K. Kolls, Rebecca G. Wells. “Second harmonic generation and two-
photon excitation fluorescence microscopy for quantitative histomorphology of liver
fibrosis.” Hepatology 73 (2021):811-825.

. Mohammad Lotfollahi, Farnoosh Sadeghian, Ognjen-Miljanovic, Shazia Akbar, Esty

Dwira, Carsten Denkert. “Deep learning-based classification of breast cancer his-
tomorphology and molecular phenotype from histopathology images.” NPJ Breast
Cancer 7 (2021):9.

Khin Thway, Wei-Lien Wang, Andrew J. S. Lazar, John M. Slosar, Wei-Qiang, Ja-
son L. Hornick. “Reproducibility of histomorphologic diagnosis and grading of soft
tissue sarcoma.” Mod Pathol 34 (2021):1573-1583.

How to cite this article: , Isabel Duarte. "Technology is Redefining Microscopic
Tissue Analysis..” J Surg Path Diag 07 (2025):13.



https://pubmed.ncbi.nlm.nih.gov/35649986/
https://pubmed.ncbi.nlm.nih.gov/35649986/
https://pubmed.ncbi.nlm.nih.gov/35649986/
https://pubmed.ncbi.nlm.nih.gov/32222880/
https://pubmed.ncbi.nlm.nih.gov/32222880/
https://pubmed.ncbi.nlm.nih.gov/32222880/
https://pubmed.ncbi.nlm.nih.gov/34749603/
https://pubmed.ncbi.nlm.nih.gov/34749603/
https://pubmed.ncbi.nlm.nih.gov/34749603/
https://pubmed.ncbi.nlm.nih.gov/35914691/
https://pubmed.ncbi.nlm.nih.gov/35914691/
https://pubmed.ncbi.nlm.nih.gov/35914691/
https://pubmed.ncbi.nlm.nih.gov/34298653/
https://pubmed.ncbi.nlm.nih.gov/34298653/
https://pubmed.ncbi.nlm.nih.gov/34298653/
https://pubmed.ncbi.nlm.nih.gov/33261358/
https://pubmed.ncbi.nlm.nih.gov/33261358/
https://pubmed.ncbi.nlm.nih.gov/33261358/
https://pubmed.ncbi.nlm.nih.gov/33261358/
https://pubmed.ncbi.nlm.nih.gov/34204018/
https://pubmed.ncbi.nlm.nih.gov/34204018/
https://pubmed.ncbi.nlm.nih.gov/34204018/
https://pubmed.ncbi.nlm.nih.gov/34204018/
https://pubmed.ncbi.nlm.nih.gov/32662800/
https://pubmed.ncbi.nlm.nih.gov/32662800/
https://pubmed.ncbi.nlm.nih.gov/32662800/
https://pubmed.ncbi.nlm.nih.gov/32662800/
https://pubmed.ncbi.nlm.nih.gov/33494793/
https://pubmed.ncbi.nlm.nih.gov/33494793/
https://pubmed.ncbi.nlm.nih.gov/33494793/
https://pubmed.ncbi.nlm.nih.gov/33494793/
https://pubmed.ncbi.nlm.nih.gov/33927236/
https://pubmed.ncbi.nlm.nih.gov/33927236/
https://pubmed.ncbi.nlm.nih.gov/33927236/

D. Isabel J Surg Path Diag, Volume 7:2, 2025

*Address for Correspondence: Isabel, Duarte , Department of Molecular Diagnostics, Lusitania Medical Center, Lisbon, Portugal , E-mail: i.duarte@Ilusmed.pt

Copyright: © 2025 D. Isabel This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution
and reproduction in any medium, provided the original author and source are credited.

Received: 01-May-2025, Manuscript No. jspd-25-172589; Editor assigned: 05-May-2025, PreQC No. P-172589; Reviewed: 19-May-2025, QC No. Q-172589; Revised:
22-May-2025, Manuscript No. R-172589; Published: 29-May-2025, DOI: 10.37421/2684-4575.2025.7.013

Page 3 of 3


mailto:i.duarte@lusmed.pt
https://www.hilarispublisher.com/journal-surgical-pathology-diagnosis.html

