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Abstract 

Over the past two decades, a multitude of technological advancements have been integrated into 

histopathology laboratories, offering tools to enhance standardization and ensure occupational safety. 

Digital tracking plays a central role in guiding the entire process, from labeling cassettes and slides to the 

final stages of generating whole slide images, and storage of tissue blocks and tissue sections.  

 

Versatile equipment has effectively replaced time-consuming manual tasks, which were susceptible to 

errors and material loss. Currently, collaborative robots are assuming responsibilities once exclusively 

carried out by humans. The emergence of these novel technologies is anticipated to help in improving oral 

pathology laboratory practices.  

 

 

Keywords: innovations, automation, robotics, oral pathology, laboratory, 

 

Address for Correspondence: 

Dr. Karthikeyan Ramalingam, 

Oral Pathology and Microbiology, Saveetha Dental College and Hospitals, Saveetha Institute of Medical and Technical 

Sciences, Saveetha University, Chennai, IND 

Email ID: karthikeyanr.sdc@saveetha.com 

 

 

 

 

 

 

© 2023 Published by MM Publishers. 

 



2 Karthikeyan Ramalingam. Innovations in Oral Pathology Laboratory 

 

 

 

INTRODUCTION 

Oral pathologists are specialized dentists dealing with histopathological and immuno-histochemical diagnosis 

of biopsy specimens, fine needle aspiration cyto­logy, exfoliative cytology, and analysis of biological samples 

referred for hematology, biochemistry, and microbiology. They correlate histopathological features with 

clinical and radiological findings, and either directly treat or indirectly guide the treatment of patients. 

Innovations in oral pathology labs have been driven by advances in technology, diagnostics, and research. 

These innovations have improved the accuracy, efficiency, and effectiveness of diagnosing oral diseases. 

REVIEW: 

Here are some notable innovations in oral pathology labs. 

1. Digital Pathology: Digital pathology involves scanning glass slides to create high-resolution digital 

images. This technology allows pathologists to view and analyze slides remotely, collaborate with 

experts worldwide, and store vast amounts of data. It can improve diagnostic accuracy and 

streamline the workflow. 

2. Artificial Intelligence (AI): AI and machine learning algorithms can analyze digital pathology 

images to identify patterns and abnormalities. They can assist pathologists in making more accurate 

and consistent diagnoses. AI tools can also predict disease progression and treatment outcomes. 

3. Telepathology: Telepathology enables pathologists to consult with colleagues or access expertise 

from a distance. This is particularly useful in remote areas or for obtaining second opinions on 

complex cases. 

4. Biomarker Analysis: Advances in genomics and proteomics have led to the discovery of specific 

biomarkers associated with oral diseases. Lab techniques for biomarker analysis can help identify 

disease risk, prognosis, and treatment response. 

5. Liquid Biopsies: Liquid biopsies involve the analysis of saliva and blood for oral cancer markers. 

This non-invasive approach is valuable for early detection and monitoring of oral cancers. 

6. 3D Printing: 3D printing technology is used to create anatomical models, prostheses, and surgical 

guides. In oral pathology, this can help plan complex surgeries and improve the precision of 

interventions. 

7. Next-Generation Sequencing (NGS): NGS technology has revolutionized genetic testing, enabling 

comprehensive analysis of the DNA, RNA, and epigenetic changes in oral diseases. This can lead to 

more personalized treatment options. 

8. Big Data and Data Analytics: Large-scale data collection and analysis allow researchers to identify 

trends, risk factors, and treatment outcomes more effectively. This can lead to evidence-based 

clinical decisions. 

9. Immunohistochemistry and Molecular Pathology: These techniques have become increasingly 

important in the diagnosis and classification of oral diseases, especially in distinguishing between 

different types of tumors. 

10. Automation and Robotics: Automation in pathology labs can increase efficiency and reduce the 

risk of human error in sample processing, staining, and slide preparation. 

11. Tissue Engineering and Regenerative Medicine: Innovations in tissue engineering are being used 

to create bioengineered tissues for reconstructive purposes in oral surgery. This technology has the 

potential to revolutionize the treatment of oral pathologies and injuries. 

12. Personalized Medicine: Tailoring treatment plans to an individual's genetic and molecular profile is 

becoming more common. This allows for more effective and targeted therapies in the field of oral 

pathology. 
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Automation and robotics are increasingly being integrated into oral pathology labs to improve efficiency, 

accuracy, and consistency in various laboratory processes. Here are some key areas in which automation and 

robotics are making an impact in oral pathology labs: 

1. Specimen Processing: Automation can handle tasks like specimen labeling, sorting, and tracking, 

reducing the risk of errors and ensuring samples are properly managed. 

2. Slide Preparation: Robotic systems can automate slide preparation, including cutting, staining, and 

cover-slipping. This not only speeds up the process but also ensures consistent staining and sample 

quality. 

3. Digital Imaging: Automated robotic microscopes and slide scanners can capture high-resolution 

digital images of pathology slides. This technology facilitates remote access for pathologists and 

enables computer-assisted analysis. 

4. Sample Archiving: Automated storage and retrieval systems ensure that specimens are preserved, 

organized, and easily accessible for future reference or research. 

5. Data Entry and Record-Keeping: Robotics can assist in data entry and maintaining accurate 

records, reducing the chances of manual transcription errors. 

6. Barcode Scanning: Automated systems can scan and read barcodes on specimens and slides, 

streamlining the tracking and identification of samples. 

7. Quality Control: Robots can perform quality control checks on prepared slides, helping to identify 

any irregularities or issues. 

8. Material Handling: Automation can transport materials and samples within the lab, optimizing 

workflow and reducing the need for manual handling. 

9. Liquid Handling and Dispensing: Robotic systems are used for accurate and consistent dispensing 

of reagents and fluids for various lab processes. 

10. Pathologist Assistance: While not a replacement for human pathologists, AI-driven robotics can 

assist pathologists in image analysis and pattern recognition, aiding in diagnosis and research. 

11. Inventory Management: Automated systems can monitor inventory levels, reorder supplies as 

needed, and ensure that the lab is well-stocked. 

12. Sample Tracking and Traceability: Automation can help ensure full traceability of samples, from 

collection to analysis, reducing the chances of mislabeling or mix-ups. 

The integration of automation and robotics in oral pathology labs offers several advantages, including 

increased productivity, reduced human error, faster turnaround times, and improved data management. It also 

allows pathologists to focus more on the critical aspects of diagnosis and research. However, it's essential to 

maintain a balance between automation and the expertise of oral pathologists to ensure accurate and reliable 

results. 

CONCLUSION: 

These innovations are improving the accuracy and efficiency of oral pathology diagnostics and are likely to 

continue evolving with advancements in technology and research. They contribute to better patient care and 

outcomes in the field of oral health. 

Financial support and sponsorship: 

 Nil 

Conflicts of interest  

There are no conflicts of interest 



4 Karthikeyan Ramalingam. Innovations in Oral Pathology Laboratory 

 

 

 

REFERENCES 

1. Herbst H, Rüdiger T, Hofmann C. Automatisierung und Einsatz von Robotern im Pathologielabor 

[Automation and application of robotics in the pathology laboratory]. Pathologe. 2022 May;43(3):210-217. 

German. doi: 10.1007/s00292-022-01073-5. Epub 2022 Apr 24. PMID: 35462567. 

2. Karthikeyan Ramalingam., Use of Artificial Intelligence In Histopathological Interpretation - A Mini 

Review. Int J Histopathol Interpret 2023; 12(1):34-39 DOI: 

https://doi.org/10.56501/intjhistopatholinterpret.v12i1.883 

3. Thurow K, Gu X, Göde B, Roddelkopf T, Fleischer H, Stoll N, Neubert S. Integrating Mobile Robots into 

Automated Laboratory Processes: A Suitable Workflow Management System. SLAS Technol. 2021 

Apr;26(2):232-235. doi: 10.1177/2472630320967620. Epub 2020 Nov 12. PMID: 33181045. 

4. Han Y, Thomas CT, Wennersten SA, Lau E, Lam MPY. Shotgun Proteomics Sample Processing 

Automated by an Open-Source Lab Robot. J Vis Exp. 2021 Oct 28;(176):10.3791/63092. doi: 10.3791/63092. 

PMID: 34779440; PMCID: PMC8986016. 

5. Sandra S, Ramalingam K, Ramani P. Laboratory Errors In Pathology And Troubleshooting Methods. 

Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 7 ¦ 2022 272.  DOI: 

10.47750/pnr.2022.13.S07.037 

6. Tegally H, San JE, Giandhari J, de Oliveira T. Unlocking the efficiency of genomics laboratories with 

robotic liquid-handling. BMC Genomics. 2020 Oct 20;21(1):729. doi: 10.1186/s12864-020-07137-1. PMID: 

33081689; PMCID: PMC7576741. 

7. Neubert S, Göde B, Gu X, Stoll N, Thurow K. Potential of Laboratory Execution Systems (LESs) to 

Simplify the Application of Business Process Management Systems (BPMSs) in Laboratory Automation. 

SLAS Technol. 2017 Apr;22(2):206-216. doi: 10.1177/2211068216680331. Epub 2016 Dec 13. PMID: 

27908978. 

8. Yasothkumar D, Ramalingam K, Ramani P, et al. (August 24, 2023) Machine Learning in the Detection of 

Oral Lesions With Clinical Intraoral Images. Cureus 15(8): e44018. DOI 10.7759/cureus.44018 

9. Wolf Á, Wolton D, Trapl J, Janda J, Romeder-Finger S, Gatternig T, Farcet JB, Galambos P, Széll K. 

Towards robotic laboratory automation Plug & Play: The "LAPP" framework. SLAS Technol. 2022 

Feb;27(1):18-25. doi: 10.1016/j.slast.2021.11.003. Epub 2021 Dec 7. PMID: 35058216. 

10. Rupp N, Peschke K, Köppl M, Drissner D, Zuchner T. Establishment of low-cost laboratory automation 

processes using AutoIt and 4-axis robots. SLAS Technol. 2022 Oct;27(5):312-318. doi: 

10.1016/j.slast.2022.07.001. Epub 2022 Jul 10. PMID: 35830957. 

11. Wolf Á, Romeder-Finger S, Széll K, Galambos P. Towards robotic laboratory automation Plug & play: 

Survey and concept proposal on teaching-free robot integration with the lapp digital twin. SLAS Technol. 

2023 Apr;28(2):82-88. doi: 10.1016/j.slast.2023.01.003. Epub 2023 Jan 13. PMID: 36646253. 

12. Ramalingam K, Y D, Ramani P. The need for the best practices recommendations in the oral pathology 

laboratory. Journal of Stomatology. 2023;76(1):68-69. doi:10.5114/jos.2022.124318. 

13. Lamprecht AL, Palmblad M, Ison J, Schwämmle V, Al Manir MS, Altintas I, Baker CJO, Ben Hadj Amor 

A, Capella-Gutierrez S, Charonyktakis P, Crusoe MR, Gil Y, Goble C, Griffin TJ, Groth P, Ienasescu H, 

Jagtap P, Kalaš M, Kasalica V, Khanteymoori A, Kuhn T, Mei H, Ménager H, Möller S, Richardson RA, 



 Karthikeyan Ramalingam/ Int J Head Neck Pathol 2023; 6(2):1-5 5 

 

 

 

 

Copyright ©2023 Karthikeyan Ramalingam 

Robert V, Soiland-Reyes S, Stevens R, Szaniszlo S, Verberne S, Verhoeven A, Wolstencroft K. Perspectives 

on automated composition of workflows in the life sciences. F1000Res. 2021 Sep 7;10:897. doi: 

10.12688/f1000research.54159.1. PMID: 34804501; PMCID: PMC8573700. 

14. Li E, Lam AT, Fuhrmann T, Erikson L, Wirth M, Miller ML, Blikstein P, Riedel-Kruse IH. DIY liquid 

handling robots for integrated STEM education and life science research. PLoS One. 2022 Nov 

9;17(11):e0275688. doi: 10.1371/journal.pone.0275688. PMID: 36350791; PMCID: PMC9645590. 

 

 

 

 

 

Published by MM Publishers 
https://www.mmpubl.com/ijhnp 

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Non Commercial 4.0 

International License, which allows others to remix, tweak, and build upon the work non‑commercially, as long as appropriate credit 

is given and the new creations are licensed under the identical terms. 
To view a copy of this license, visit http://creativecommons.org/licenses/by-nc/4.0/ or send a letter to Creative Commons, PO Box 

1866, Mountain View, CA 94042, USA. 

 

http://creativecommons.org/licenses/by-nc/4.0/

