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noncommercial use, sharing, adaptation, distribution, and 
reproduction in any medium or format, if the originals are properly 
cited. Creative Commons (CC) is a type of public copyright license 
that provides free distribution of a copyrighted work or studies. 
The CC license is used by authors who want to grant others the 
right to distribute or modify their work. This license entitles all 
parties to share copy and redistribute the articles in any medium 
or format files published in this journal in data mining, search 
engines, web sites, blogs, and other digital platforms under the 
condition of providing references.

Digital Archiving

Bulus Tasarim and the “Turkish Neurosurgery” journal provide for 
long-term digital preservation through Portico.

Portico is a leading digital preservation service worldwide. The 
content is preserved as an archival version and is not publically 
accessible via Portico, but is provided when required under 
specific conditions, such as discontinuation of the collection or 
catastrophic failure of the website.

Manuscript Submission

Authors are to submit their manuscripts through the web based 
tracking system at http://www.turkishneurosurgery.org.tr. The site 
contains instructions and advice on how to submit manuscripts, 
guidance on the creation / scanning and saving of electronic art 
and supporting documentation. ORCID identifier (ID) is required 
for ALL authors during the submission process. ORCID ID can 
be obtained free of charge at http://orcid.org. E-mail address 
of all authors should also be provided during the submission 
process. In addition to allowing authors to submit manuscripts on 
the web, the site allows authors to follow the progression of their 
manuscript through the peer review process. Authors who submit 
their manuscripts through the web-based tracking system are 
asked not to send hard copies of the manuscript to the editorial 
office. Please address all inquiries regarding manuscripts not 
yet accepted or published to the Journal’s editorial office. The 
editorial office will acknowledge receipt of your manuscript and 
will send you a manuscript number for reference.

Before submission please ensure that:

One author has been designated as the correspondent with full 
contact details including e-mail address, postal address and 
phone number. In any case of editorial board could not contact 
with the corresponding author, Turkish Neurosurgery journal have 
the right to decide what is appropriate.

Submission Checklist;

1)	 Your title page is in .doc or .docx format, includes title of your 
manuscript, author names, affiliations and ORCID numbers; 
name and full contact information of corresponding author, 
running title, keywords, and authorship contribution state-
ments-the latter can be found on the Copyright transfer and 
authorship contribution statement Form. Please be sure that 
authorship contribution statements are presented in the form 
as well as in the title page. Of note, authors should indicate 
conflicts of interest relating to their research-if any.

Journal Description

Turkish Neurosurgery is a peer-reviewed, multidisciplinary, open 
access journal directed at an audience of neurosurgery physicians 
and scientists. The official language of the journal is English. The 
journal publishes original articles in the form of clinical and basic 
research. Turkish Neurosurgery will only publish studies that have 
institutional review board (IRB) approval and have strictly observed 
an acceptable follow-up period. With the exception of reference 
presentation, Turkish Neurosurgery requires that all manuscripts 
be prepared in accordance with the Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals.

Turkish Neurosurgery periodically publishes the following papers: 
Research (Original Investigation, Clinical and Experimental 
Studies), Review Article, Case Report, Letter to Editor, Technical 
Note and Turkish Neuro-Excursion.

Our mission is providing a scientific forum relevant to 
neurosurgeons and health care providers.

Open Access Policy

As the Turkish Neurosurgery Journal, we believe science is a 
common denominator of the humanity which should be publicly 
available and free. Since its establishment in 1989, all our effort 
and workforce were based on volunteers and their efforts. 

Definition of Open Access Publication1

An Open Access Publication [A] is one that meets the following 
two conditions:

1.	 The author(s) and copyright holder(s) grant(s) to all users a 
free, irrevocable, worldwide, perpetual right of access to, and 
a license to copy, use, distribute, transmit and display the 
work publicly and to make and distribute derivative works, 
in any digital medium for any responsible purpose, subject 
to proper attribution of authorship [B], as well as the right to 
make small numbers of printed copies for their personal use.

2. Complete version of the work and all supplemental materials, 
including a copy of the permission as stated above, in a 
suitable standard electronic format is deposited immediately 
upon initial publication in at least one online repository that 
is supported by an academic institution, scholarly society, 
government agency, or other well-established organization 
that seeks to enable open access, unrestricted distribution, 
interoperability, and long-term archiving (for the biomedical 
sciences, PubMed Central is such a repository).

Notes:
A. Open access is a property of individual works, not necessarily journals 
or publishers.
B. Community standards, rather than copyright law, will continue to 
provide the mechanism for enforcement of proper attribution and 
responsible use of the published work, as they do now.
1 https://dash.harvard.edu/bitstream/handle/1/4725199/Suber_bethesda.htm#note1

Articles published in "Turkish Neurosurgery” journal may be 
used under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License, which permits any 

INSTRUCTION TO THE AUTHORS
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	 The Journal is not responsible for published misspelled names 
due to author error and the title page must be uploaded as 
a separate file. Running Head in the title page should be no 
more than three to five words from the title, and should NOT 
include the authors’ names.

2)	 Your main document is in .doc or .docx format includes 
structured abstract, key words, abbreviation list, structured 
main text, disclosure and conflicts of interest, references 
and figure legends sections in this order. Structured main 
text should be organized as Introduction, Material and 
Methods, Results, Discussion, and Conclusion. Do not 
add any information about institution names. Also do not 
add figures and tables in the main document. Be sure your 
main document is written in Calibri or Times New Roman, 
line gap set to double spaced and justified on both sides. 
Journal’s official language is English. Refer to drugs and 
therapeutic agents by their accepted generic or chemical 
names, and do not abbreviate them. Use code numbers only 
when a generic name is not yet available. In that case, supply 
the chemical name and a figure giving the chemical structure 
of the drug. Capitalize the trade names of drugs and place 
them in parentheses after the generic names. To comply 
with trademark law, include the name and location (city and 
country) of the manufacturer of any drug, supply, or equipment 
mentioned in the manuscript. Use the metric system to 
express the units of measure and degrees Celsius to express 
temperatures, and SI units rather than conventional units. 
Define abbreviations at first mention in text and in each table 
and figure. If a brand name is cited, supply the manufacturer’s 
name and address (city and state/country).

3)	 All your figures are in TIFF format. Color figures should have a 
resolution of at least 300 dpi, black and white figures should 
have a resolution of at least 600 dpi. Turkish Neurosurgery 
does not demand any color figure fee.

4)	 All your video files are in .mpeg and .mp4 format, not longer 
than 10 minutes, and not bigger than 40 MB. Video files 
should include an embedded audio narration and subtitles in 
English.

5)	 All your tables are in .doc or .docx format, created using the 
table creating and editing feature of the word processing 
software. Do not use Excel or comparable software. Upload 
a single text file which includes ALL the tables in separate 
pages. Cite tables consecutively in the text, and number them 
in that order. Key each on a separate sheet, include the table 
title, appropriate column heads, and explanatory legends 
(including definitions of any abbreviations used). Do not 
embed tables within the main text.

If your manuscript does not meet these requirements, manuscript 
WILL BE RETURNED to the corresponding author for technical 
revision before undergoing peer review.

Submission Steps

1.	 Upload signed copyright form by the corresponding author 
which is available at http://neurosurgery.dergisi.org/submit/
Copyright_transfer_form.pdf. Choose your manuscript type 
and click continue.

2.	 Add names of institutions of all authors. If one or more author 
has affiliation with more institutions, specify it in the title page. 
Then click continue.

3.	 Write last name and first name of all authors. Add their 
institution numbers, e-mails and ORCID numbers. Standard 
page appears with spaces enough for 8 author names. If 
your paper has more authors, please fill all the first 8 authors 
names and affiliations then click add author. Without filling 
all required fields, you cannot add more authors. Do not use 
abbreviations in the author names. Then click continue.

4.	 Write the title of the manuscript. If the title contains special 
characters use the left below table. You can copy-paste the 
title from your title page. Then click continue.

5.	 Write the abstract of your manuscript to the field. Abstracts 
should be structured including Aim, Material and Methods, 
Results and Conclusion. Abstracts should not exceed 300 
words. There is no need of Turkish abstract. Then click 
continue. 

6.	 Write the keywords separated by commas. Please use 
keywords from https://meshb.nlm.nih.gov/search. Then click 
continue.

7.	 Click the appropriate answer stating if your manuscript has 
not been published and / or is not being considered for 
publication elsewhere or your manuscript was presented in 
the congress indicated below and was published in abstract 
form in the proceedings of the congress. Then write your 
cover letter to the editor to the field. Then click continue.

8.	 Upload your manuscript files. Be sure your files are main 
document (manuscript), figure(s), video(s), title page, and 
table(s). For every file, write the description of your file and 
click upload button. The names of the files you have submitted 
should not resemble the names or institutions of the authors. 
Be sure all your text files are in .doc or .docx format. When 
you are sure you uploaded all your files click continue.

9.	 When you complete all the submission process click approve 
for all the files you want to submit and click Submit your 
Manuscript button.

Revised Submission

Author’s comments to the reviewers are required for revised 
submissions. Authors must address all the reviewer’s concerns/
suggestions and whether the change was made or not. Authors 
must also highlight the changes made within the text. Do not track 
the additions or deletions to the manuscript. If the authors do not 
want to revise the manuscript within a period of two months, the 
manuscript will be declined.

Ethics, patient anonymity and informed consent:

This journal adheres to the ethical standards described by the 
Committee on Publication Ethics (https://publicationethics.org/) 
and the International Committee of Medical Journal Editors 
(https://www.icmje.org/). Authors are expected to adhere to these 
standards.

It is the author’s responsibility to ensure that a patient’s anonymity 
is carefully protected and to verify that any experimental 
investigation with human subjects reported in the manuscript was 
performed with informed consent and followed all the guidelines 
for experimental studies with human subjects required by the 
institution(s) with which all the authors are affiliated. Authors 
should mask patients’ eyes, private parts and remove patients’ 
names from all figures. Editorial board of the Turkish Neurosurgery 
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have the right to demand ethical committee forms or informed 
consent forms at any stage of the submission and publication. 
All animal experiments should comply with the ARRIVE guidelines 
https://www.nc3rs.org.uk/arrive-guidelines. Also, Editorial board 
of the Turkish Neurosurgery have the right to withdraw any paper, 
even it is accepted, if there is any ethical issue.

Authorship should be limited to those who have made a significant 
contribution to the conception, design, execution, or interpretation 
of the reported study. The authors should ensure that they have 
written entirely original works, and if the authors have used the 
work and/or words of others, that this has been appropriately 
cited or quoted. Editorial board of the Turkish Neurosurgery have 
the right to withdraw any paper if there is any plagiarism. All 
submissions must include disclosure of all relationships that could 
be viewed as presenting a potential conflict of interest. All authors 
must disclose any financial and personal relationships with other 
people or organizations that could inappropriately influence (bias) 
their work. Examples of potential competing interests include 
employment, consultancies, stock ownership, honoraria, paid 
expert testimony, patent applications/registrations, and grants 
or other funding. Authors must disclose any interests in the 
disclosure and conflicts of interest section of the main document.

Authorship Change

Authors are expected to consider carefully the list and order 
of authors before submitting their manuscript and provide the 
definitive list of authors at the time of the original submission. 
Any addition, deletion or rearrangement of author names in the 
authorship list after submitting the paper is inappropriate and 
prohibited. Authors should withdraw their paper if there is a 
need for authorship change.

Types of Manuscripts

Turkish Neuro-Excursion: The editor will invite experts for these 
special types of papers which may cover a broad spectrum in 
various fields of medicine, science, art, history, law as well as any 
important theme on actuality other than core neurosurgery. The 
number of words, figures, tables and references are not restricted.

Research (Original Investigation, Clinical and Experimental 
Studies): The main text should not exceed 4500 words excluding 
the references, tables, and figure legends for original articles, 
including randomized controlled trials, observational (cohort, 
case-control or cross-sectional) studies, diagnostic accuracy 
studies, nonrandomized behavioral and public health intervention 
trials, experimental animal trials and any other retrospective or 
prospective clinical or experimental studies. The number of 
figures, tables, videos and references are not restricted. The 
specifications for figures and video files are given.

Review Article: All review articles should be systematic reviews 
and meta-analyses. A systematic review protocol describes 
the rationale, hypothesis, and planned methods of the review. 
It should be prepared before a review is started and used as 
a guide to carry out the review. Turkish Neurosurgery no more 
accept papers as “Case Report and Review of the Literature”. 
All systematic reviews and meta-analyses SHOULD COMPLY 
with PRISMA guidelines http://www.prisma-statement.org/. 
Systematic reviews and meta analyses SHOULD INCLUDE a 
CONSORT Flow Diagram http://www.consort-statement.org/
consort-statement/flow-diagram. Any systematic review and 
meta-analysis without a CONSORT Flow Diagram will be rejected.

Case Report: Turkish Neurosurgery values demonstrative and 
unique case reports with high quality figures. A case report 
should be so clear and easy to understand that the reader could 
replicate the case in his/her daily practice. Word count must not 
exceed 1500 (excluding references, tables, and figure legends). 
Case reports cannot have more than 15 references, and 6 figures 
or tables. Turkish Neurosurgery does not accept papers as 
“Case Report and Review of the Literature” anymore.

Technical Note: Turkish Neurosurgery values demonstrative 
technical notes with high quality figures. Technical notes 
reinforced with high-quality anatomical studies are welcome. A 
technical note should be so clear and easy to understand that the 
reader could replicate the technique in the operating room or on 
cadaveric specimen. The number of words must not exceed 2000, 
and there should not be more than 20 references. The number of 
figures and tables are not restricted.

Letter to the Editor: Letters should refer to the title and authors of a 
recent Turkish Neurosurgery article. The letter should be no longer 
than 300 words with no more than 3 references. Unpublished data 
should not be used Letters to the Editor are sent to the article 
authors for response. The Editor-in-Chief makes the final decision 
on whether letters to the editor and the responses are published.

References

The authors are responsible for the accuracy of the references. Key 
the references (double-spaced) at the end of the manuscript. Cite 
references in the text in alphabetical order within parentheses. Do 
not link the references to the text. Cite unpublished data, such as 
papers submitted but not yet accepted for publication or personal 
communications, in parentheses in the text (please be sure that 
such have a DOI number to be presented). Do not use “et al.” 
in the references. List all the authors of the reference. Refer to 
the List of Journals Indexed in Index Medicus for abbreviations of 
journal names, or access the list at “http://www.nlm.nih.gov/tsd/
serials/lji.html. The DOI numbers are mandatory in accordance 
with the library indexes; please be sure to present the DOI numbers 
for each reference at the end of its sentence. The reference styles 
for Zotero and EndNote are available on the journal’s home page.

Sample references are given below:

A. Journal article
Umeoka K, Mizunari T, Murai Y, Kobayashi S, Morita A: Occlusion 
of the ascending pharyngeal artery during carotid artery surgery: 
Importance and technique. Turk Neurosurg 24: 546-548, 2014. 
https://doi.org/10.5137/1019-5149.JTN.9527-13.0

B. Book chapter
Martin A: Literacies for the digital age. In: Martin A, Madigan D 
(eds), Digital literacies for learning. Facet, 2006:3-25. DOI: https://
doi.org/10.29085/9781856049870.003

C. Entire book
Smith T, Williams BM, Streefkerk R: The citation manual for 
students: A quick guide (2nd ed). Wiley, 2020. https://doi.
org/10.1000/182 

D. Example of thesis 
Kanpolat Y: Experimental percutaneous access to the trigeminal 
ganglion and the histopathological evaluation of radiofrequency 
thermic lesion (Unpublished dissertation), Ankara: Ankara 
University, 1978:1- 52
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After using this tool, the authors thoroughly reviewed and 
edited the text to ensure accuracy and originality, and take full 
responsibility for the content of this manuscript.”*.

This example can be adapted as needed. The key is to include 
which tool, for what purpose/section, and a confirmation of 
author oversight (i.e., that the authors reviewed and approve the 
AI-influenced content). Minor uses of software for spell-checking 
or reference formatting do not need to be declared.

Limitations on AI Use: Authors should not use AI tools to 
generate original scientific content or to circumvent the scholarly 
work. In particular:

No Generative AI for Data Analysis without Disclosure: If an AI 
or algorithm is part of the research (for example, analyzing images 
or data sets), this should be described in the Methods like any 
other tool.

No AI-Generated Figures or Images: Do not use AI image 
generators to create figures, diagrams, or any visual element of 
the paper, unless this is part of the study itself and is explicitly 
described in the Methods. Any inadvertent AI modifications to 
images (beyond standard brightness/contrast adjustments) are 
not allowed. Editors may request original image data to verify 
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█  INTRODUCTION

Large language models (LLMs), a subset of natural lan-
guage processing (NLP), are deep-learning-based neu-
ral networks trained on extensive datasets to understand 

and generate human-like language (14,21,25,31). In early 
2025, several LLMs were released. OpenAI launched the latest 
versions of ChatGPT (https://openai.com/chatgpt/overview/), 
the o3-mini and the o3-mini-high, offering cost-effective rea-
soning with strengths in science, math, and coding (18,36). 
Google’s Gemini-2.0 Pro series (https://gemini.google.com/
app) is designed to compete with models like ChatGPT-4o 
and supports seamless processing of text, images, and audio 
(17). Deepseek (https://www.deepseek.com) has also gained 
attention, with its R1 version quickly matching and even sur-
passing ChatGPT in some areas (16).

LLMs can answer questions, generate scientific text, aid di-
agnosis, support clinical decisions, and summarize medical 
information (3, 14, 42). Their explanatory and translational 
abilities also make them useful educational tools. Although AI 
integration in neurosurgery is advancing rapidly, the use of 
LLMs for education and clinical decision-making remains in 
its early stages (1,11,12,33,37,45,46).

This study compared the performance of Deepseek-R1, 
Gemini-2.0 Pro, and ChatGPT-o3-mini-high on a 50-question 
mock neurosurgical board examination with that of Turkish 
senior neurosurgical residents in training programs in Turkey. 
From a technical perspective, the models were evaluated by 
assessing their answers. To determine whether these models 
can serve as supplementary educational tools in neurosurgery 
training and which models are more effective or reliable, the 
participating residents ranked the educational quality of the 
answers and explanations provided by the 3 LLMs.

█   MATERIAL and METHODS
Test Preparation and Data Collection

A mock neurosurgery board examination comprising 50 mul-
tiple-choice questions was prepared using the Turkish Neu-
rosurgery Board Examination Preparation Question Book 
(2021) (40). This study was exempt from participant consent 
and institutional review board review because it involved an 
anonymous survey of educational questions and responses. 
No personally identifying information was collected or used 
to assess resident performance or knowledge, and only an-
onymized, content-based data were analyzed. The book 
contains answers and explanations for each of the 38 ques-
tions (40). The test was constructed by randomly selecting 
5 questions from each of the 10 chapters in the book. Only 
text-based questions were selected. If a question with visual 
material was selected during the random selection process, 
the process was repeated until a question without a visual 
component was selected.

The latest versions of DeepSeek-R1 (DeepSeek-R1-0120), 
Gemini-2.0 Pro (Gemini-2.0-pro-exp-02-05), and ChatGPT-
o3-mini-high (o3-mini-high-2025-02-12) were tested on March 
15, 2025. Each model was instructed to answer 50 neurosur-
gery board exam questions and provide resident-level expla-
nations (Figure 1). The same questions and identical prompts 
were used for all models in sequential testing.

Figure 1: Instructions for large language models that describe 
the test, ask them to answer the questions, and provide resident-
level explanations. Instructions and responses are shown for A) 
ChatGPT o3-mini-high (OpenAI), B) Gemini 2.0 Pro (Google), and 
C) Deepseek-R1 (Deepseek), with reasoning time highlighted 
in the red box. Used with permission from Barrow Neurological 
Institute, Phoenix, Arizona.

A

B

C
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below this adjusted threshold were considered significant. All 
comparisons were performed for the entire test (covering all 
50 questions) and for subcategories based on subject-spe-
cific specialties.

Reasoning times, word counts, FKGL scores, and resident 
preference scores were compared using appropriate statis-
tical tests. Normality was assessed with the Shapiro–Wilk 
test, and variance equality with Levene’s test. Depending on 
these results, analyses were performed using Fisher’s one-
way ANOVA with Tukey’s post hoc test, Welch’s ANOVA with 
Games–Howell, or the Kruskal–Wallis test with Dunn’s post 
hoc test and Bonferroni correction. All statistical analyses 
were performed using R version 4.4.3 (R Foundation for Sta-
tistical Computing; https://www.r-project.org/foundation/) on 
a computer with an Apple M2 processor (Apple Inc., Cuperti-
no, CA). Python 3.11.5 (https://www.python.org/), along with 
libraries such as Matplotlib 3.7.2 (https://matplotlib.org/3.7.2/) 
and Pandas 2.2.3 (https://pandas.pydata.org/docs/), was 
used to generate graphs.

█   RESULTS
Resident ages ranged from 27 to 31 years, with a mean (SD) of 
29.6 (1.5) years. Five (50%) of the participants were in PGY-5, 
and 5 (50%) were in PGY-6. The dataset was complete, with 
no missing values across the analyzed variables.

Performance Comparison of LLMs and Neurosurgery 
Residents

To compare LLM performance with the average performance 
of senior neurosurgery residents, success rates were calculat-
ed as the percentage of questions answered correctly. Over-
all, the mean (SD) resident performance was 57.8% (14.6%), 
whereas Deepseek-R1 achieved 84%, ChatGPT-o3-mini-high 
scored 82%, and Gemini-2.0 Pro attained 78% (Figure 2). 
An overall difference (p < 0.001) was observed in the perfor-
mance of the 4 groups (residents and 3 LLMs). Pairwise com-
parisons indicated that LLMs tended to outperform residents: 
the odds ratios (95% CIs) were 3.83 (1.76–8.33) for residents 
versus Deepseek-R1, 3.33 (1.58–6.99) for residents versus 
ChatGPT-o3-mini-high, and 2.59 (1.30–5.17) for residents 
versus Gemini-2.0 Pro (Table I). Across subcategories, no sig-
nificant differences were found among the 4 groups. Similarly, 
within subcategories, no differences were noted between any 
groups, likely due to the small sample size in the subcatego-
ries (Table I).

Reasoning Times of the LLMs

The median reasoning times and corresponding interquartile 
ranges (IQRs) were 0.92 seconds (IQR: 0.76–1.05 seconds; 
range: 0.15–1.37 seconds) for Gemini-2.0 Pro, 6.50 seconds 
(IQR: 4.00–9.75 seconds; range: 2–39 seconds) for ChatGPT-
o3-mini-high, and 18.00 seconds (IQR: 14.25–28.25 seconds; 
range: 12–115 seconds) for Deepseek-R1. The reasoning 
times for each LLM are presented in Table II and Figure 2.

Gemini-2.0 Pro demonstrated faster response times than the 
other 2 models (Table II). Although there were 2 exceptions 
(questions 8 and 17), DeepSeek-R1 generally took longer to 
respond than ChatGPT-o3-mini-high. Gemini-2.0 Pro was 

ChatGPT-o3-mini-high and DeepSeek-R1 reported both rea-
soning times (Figure 1) and detailed self-monologues, where-
as Gemini 2.0 Pro did not. Its response times were manually 
measured using the Windows 11 Snipping Tool (https://www.
microsoft.com/en-us/windows/) and frame-by-frame analysis 
of 30 fps screen recordings, with an error margin of ±0.033 s. 
Because ChatGPT-o3-mini-high stated it “reasoned for a few 
seconds” rather than providing exact durations, its responses 
were also analyzed via screen recording. While DeepSeek-R1 
and ChatGPT-o3-mini-high explicitly display internal reason-
ing and timing, Gemini 2.0 Pro does not and generates re-
sponses almost instantaneously; hence its reasoning times 
were recorded manually.

Word counts of the LLMs’ responses were recorded to 
compare their lengths. Readability was assessed using the 
Flesch–Kincaid Grade Level (FKGL) metric, which evaluates 
text complexity based on sentence length and syllable count. 
FKGL scores (0–20) correspond to U.S. grade levels, from 0–1 
for first grade to >15 for graduate-level difficulty (9). Higher 
FKGL scores indicate lower readability, meaning that texts 
with higher scores require a higher level of education to un-
derstand. After collecting LLM responses, a two-phase Goo-
gle Forms test (https://docs.google.com/forms/) was created. 
Phase 1 presented the same 50 English-translated questions 
to residents. Phase 2 included anonymized explanations 
(models 1–3) and standardized explanations only for the 35 
questions that all three LLMs answered correctly; the remain-
ing 15 questions and their explanations were excluded.

Ten senior neurosurgery residents (postgraduate year [PGY]-5 
and PGY-6) from 10 institutions across Turkey were recruited 
through the Young Neurosurgeons Committee of the Turk-
ish Neurosurgical Society. Junior residents were excluded 
because the exam was beyond their knowledge base, being 
intermediate to advanced in difficulty. All participants were in 
active clinical training (January–February 2025) and had no 
prior exposure to the board examination book (40). In Phase 
1, residents completed the test; in Phase 2, they ranked each 
LLM’s explanation by educational value (1st–3rd), correspond-
ing to preference scores of 3, 2, and 1 points, respectively.

On February 27, 2025, after completing data collection, Ope-
nAI released ChatGPT-4.5 (https://openai.com/index/intro-
ducing-gpt-4-5/). The same prompt and a 50-question test 
were administered to this research preview model to assess its 
reasoning time, word counts, and FKGL scores. ChatGPT-4.5 
exhibited hallucinations in 4 of 50 (8%) questions—unlike 
the other LLMs—and was excluded from the main analysis. 
However, its results were compared with those of ChatGPT-
o3-mini-high using independent t-tests and Mann–Whitney U 
tests to explore version differences.

Statistical Analysis

Statistical analyses compared 1) LLM performance against 
residents’ average scores, 2) LLMs by educational value (con-
verted resident rankings), and 3) LLMs by reasoning time, 
word count, and readability. Correct and incorrect response 
frequencies were analyzed using chi-square or Fisher’s exact 
tests. Pairwise comparisons with Bonferroni correction were 
conducted to adjust the p-value threshold, and only p-values 



186 

Yangi K. et al: LLMs in Neurosurgery Residency Education

186 | Turk Neurosurg 36(2):183-199, 2026

Figure 2: Performance overview of large language 
models (LLMs) and residents across the entire test and 
its subcategories, with a comparative analysis of LLMs 
based on reasoning time per question and category. 
A) Percentage of questions answered correctly by each 
LLM and the mean resident performance for each of the 
10 test subcategories and overall. Error bars represent 
the standard deviation of resident scores in each 
category. B) LLM reasoning time per question. Used 
with permission from Barrow Neurological Institute, 
Phoenix, Arizona.

A

B

faster than DeepSeek-R1 in all subcategories (Table II). Com-
pared with ChatGPT-o3-mini-high, Gemini-2.0 Pro answered 
questions more quickly overall (p < 0.001). Across subcat-
egories, no difference in reasoning time was observed be-
tween ChatGPT-o3-mini-high and Gemini-2.0 Pro (Table II). 
ChatGPT-o3-mini-high responded faster than DeepSeek-R1 
overall (p < 0.001) and in the neurotrauma subcategory (p = 
0.01), with no differences across the remaining nine subcat-
egories.

Word Counts of the LLM Explanatory Answers

Gemini-2.0 Pro generated the longest responses across all 
questions (Figure 3). The word counts for Deepseek-R1 and 
ChatGPT-o3-mini-high were similar. Gemini-2.0 Pro produced 
significantly longer responses than both Deepseek-R1 (p < 
0.001) and ChatGPT-o3-mini-high (p < 0.001) (Table III). Ad-
ditionally, Deepseek-R1’s responses were longer than those 
of ChatGPT-o3-mini-high overall (p = 0.016) (Table III). Gem-
ini-2.0 Pro’s responses were significantly longer (p < 0.001) 
than those of ChatGPT-o3-mini-high in 8/10 categories (Table 
III). However, compared with Deepseek-R1, Gemini-2.0 Pro’s 
responses were longer only in the neuro-oncology (p = 0.002), 
pediatric neurosurgery (p < 0.001), and spinal surgery (p < 
0.001) subcategories. There were no differences in response 
length between ChatGPT-o3-mini-high and Deepseek-R1 
across subcategories.

FKGL Readability Scores of LLM Responses

DeepSeek-R1 generated 6 graduate-level (12%), 35 univer-
sity-level (70%), and 9 high-school-level (18%) responses; 
ChatGPT-o3-mini-high produced 22 (44%), 24 (48%), and 4 
(8%); and Gemini 2.0 Pro yielded 5 (10%), 33 (66%), and 12 
(24%), respectively (Table III).

ChatGPT-o3-mini-high generated texts that were more difficult 
to read than those from Deepseek-R1 (p = 0.016) and Gem-
ini-2.0 Pro (p < 0.001). Responses from Deepseek-R1 were 
also more difficult to read than those from Gemini-2.0 Pro (p 
< 0.001). At the subcategory level, the only difference was ob-
served in the other topics category between ChatGPT-o3-mini-
high and Gemini-2.0 Pro (p = 0.008). Otherwise, no differences 
were found among any groups in the other subcategories.

Preference Scores Given by Residents

ChatGPT-o3-mini-high consistently ranked last among the 
residents (Figure 3, Table IV). When assessing the education-
al value of LLM responses across the entire test, differenc-
es were observed between ChatGPT-o3-mini-high and both 
Deepseek-R1 (p < 0.001) and Gemini-2.0 Pro (p < 0.001). How-
ever, no difference was observed between Deepseek-R1 and 
Gemini-2.0 Pro. Residents consistently judged ChatGPT’s re-
sponses as having lower educational value, whereas no differ-
ence was found between Deepseek-R1 and Gemini-2.0 Pro.
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es containing hallucinations were deemed incorrect. For ques-
tion 16, the model incorrectly selected an answer option from 
the previous question. For question 20, the model initially cor-
rectly selected choice B; however, in its explanation, it mistak-
enly labeled choice B as incorrect and erroneously copied an 
answer choice from a previous question. After extended rea-
soning, the model self-corrected and accurately chose choice 
B. For question 32, the model correctly selected choice C but 
mislabeled it as D in the final explanation. For question 33, the 
model correctly identified the answer but mistakenly labeled it 
B instead of E (Figure 4).

Performances of ChatGPT-o3-mini-high and ChatGPT-4.5 
were then compared. ChatGPT-4.5’s answers were longer 
than those of ChatGPT-o3-mini-high (p < 0.001) (Figure 5). 
When analyzed by subcategory, the difference between the 
two models was significant only in the peripheral nerve sur-

Due to the limited sample size, pairwise comparisons could 
not be conducted for the functional neurosurgery and neu-
rotrauma subcategories. At the subcategory level, compar-
isons between Deepseek-R1 and ChatGPT-o3-mini-high 
revealed differences in neuro-oncology (p = 0.004), neuro-
vascular (p < 0.001), peripheral nerve surgery (p = 0.002), 
and other topics (p = 0.016). Comparing Gemini-2.0 Pro and 
ChatGPT-o3-mini-high, differences were found in neurovas-
cular (p < 0.001), neuroanatomy (p = 0.004), skull-base sur-
gery (p = 0.014), and peripheral nerve surgery (p = 0.006). 
At the subcategory level, no difference was found between 
Deepseek-R1 and Gemini-2.0 Pro (Table IV).

ChatGPT o3-mini-high versus ChatGPT-4.5

ChatGPT-4.5 correctly answered 37/50 (74%) questions but 
exhibited four hallucinations (Figure 4). The model’s respons-

Table I: Comparison of 10 Residents and 3 Different Large Language Models Based on Their Performance on a 50-Question 
Mock Neurosurgery Board Examination
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Neuro-oncology 5 84
(42/50)

100
(5/5)

100
(5/5)

100
(5/5) 0.03 0.03 0.03 >0.99 >0.99 >0.99

Neurovascular 5 58
(29/50)

80
(4/5)

80
(4/5)

80
(4/5) 0.64 0.64 0.64 >0.99 >0.99 >0.99

Neuroanatomy 5 72
(36/50)

80
(4/5)

80
(4/5)

100
(5/5) >0.99 >0.99 0.31 >0.99 >0.99 >0.99

Pediatric 
neurosurgery 5 50

(25/50)
80

(4/5)
80

(4/5)
60

(3/5) 0.36 0.36 >0.99 >0.99 >0.99 >0.99

Spinal surgery 5 50
(25/50)

100
(5/5)

80
(4/5)

80
(4/5) 0.06 0.36 0.36 >0.99 >0.99 >0.99

Neurotrauma 5 36
(18/50)

80
(4/5)

80
(4/5)

60
(3/5) 0.15 0.15 0.36 >0.99 >0.99 >0.99

Skull-base 
surgery 5 64

(32/50)
80

(4/5)
100
(5/5)

100
(5/5) 0.65 0.16 0.16 >0.99 >0.99 >0.99

Functional 
neurosurgery 5 44

(22/50)
80

(4/5)
40

(2/5)
40

(2/5) 0.18 >0.99 >0.99 0.52 0.52 >0.99

Peripheral nerve 
surgery 5 50

(25/50)
80

(4/5)
100
(5/5)

80
(4/5) 0.36 0.06 0.36 >0.99 >0.99 >0.99

Other topics 5 72
(36/50)

80
(4/5)

80
(4/5)

80
(4/5) >0.99 >0.99 >0.99 >0.99 >0.99 >0.99

Overall 50 57.8
(289/500)

84
(42/50)

82
(41/50)

78
(39/50) <0.001 <0.001 <0.001 >0.99 0.61 0.80

†By chi-square and Fisher’s exact tests. An initial chi-square test conducted to compare the performance of the 4 groups (residents, Deep-
seek-R1, ChatGPT o3-mini-high, and Gemini 2.0 Pro) revealed a statistically significant difference (p < 0.001). Following this, pairwise comparison 
tests were performed to assess overall test performance. The threshold p-value for pairwise comparisons was determined using the Bonferroni 
correction. With this correction, the new threshold p-value for overall test performance comparison was set at 0.0083, and only p-values below 
this threshold were considered statistically significant. When comparing performance across subcategories, Fisher’s exact test was performed. 
No statistically significant differences were found among the 4 groups in any of the subcategories. Similarly, in the pairwise comparisons within 
subcategories, no significant differences were observed between any groups, most likely due to the small sample size in the subcategories.
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Table II: Reasoning Times of 3 Different Large Language Models While Answering 50 Mock Neurosurgery Board Examination 
Questions, Evaluated for the Overall Test and Across Subcategories

Question 
subcategory

No. of 
questions

Reasoning time, median (IQR), s p-value*

Deepseek-R1 ChatGPT
o3-mini-high

Gemini 2.0 
Pro

Deepseek-R1 
vs. ChatGPT
o3-mini-high

Deepseek-R1 
vs. Gemini 2.0 

Pro

ChatGPT
o3-mini-high vs. 
Gemini 2.0 Pro

Neuro-
oncology 5 17.00

(14.00-19.00)
7.00

(4.00-14.00)
0.64

(0.48-0.67) 0.04 <0.001 0.03

Neurovascular 5 19.00
(18.00-21.00)

9.00
(7.00-14.00

0.85
(0.79-0.92) 0.69 0.003 0.12

Neuroanatomy 5 14.00
(13.00-26.00)

5.00
(5.00-11.00)

0.89
(0.75-1.01) 0.69 0.003 0.12

Pediatric 
neurosurgery 5 15.00

(14.00-24.00)
4.00

(4.00-29.00)
0.91

(0.90-1.02) >0.99 0.009 0.06

Spinal surgery 5 42.00
(16.00-95.00)

8.00
(6.00-9.00)

0.93
(0.91-1.06) 0.41 0.002 0.17

Neurotrauma 5 19.00
(14.00-23.00)

5.00
(4.00-7.00)

1.10
(1.03-1.23) 0.01 <0.001 0.30

Skull-base 
surgery 5 19.00

(15.00-29.00)
6.00

(5.00-8.00)
1.22

(1.10-1.24) 0.47 0.002 0.16

Functional 
neurosurgery 5 12.00

(12.00-17.00)
4.00

(4.00-7.00)
0.91

(0.83-0.95) 0.23 0.001 0.23

Peripheral 
nerve surgery 5 20.00

(16.00-107.00)
9.00

(7.00-10.00)
0.95

(0.94-1.02) 0.36 0.002 0.18

Other topics 5 18.00
(17.00-24.00)

6.00
(5.00-6.00)

0.63
(0.52-0.84) 0.23 0.001 0.23

Overall 50 18.00
(14.25-28.25)

6.50
(4.00-9.75)

0.92
(0.76-1.05) <0.001 <0.001 <0.001

IQR: interquartile range; s: seconds.
*For multiple comparisons, Fisher’s one-way analysis of variance (ANOVA) was applied if all distributions were normal and variances were equal, 
followed by Tukey’s honestly significant difference test for post hoc analysis. If all distributions were normal but variances were unequal, Welch’s 
ANOVA test was used, followed by the Games-Howell post hoc test. If at least 1 distribution was not normal, the Kruskal-Wallis test was applied, 
followed by Dunn’s test with Bonferroni correction. Subsequently, for pairwise comparisons, the p-value threshold was adjusted using the Bon-
ferroni correction, setting the new threshold at 0.017. Only p-values below this threshold were considered statistically significant.

gery subcategory (p = 0.005). ChatGPT-4.5’s responses were 
more difficult to read (p < 0.001). At the subcategory level, the 
difference was significant in 7/10 subcategories (Supplemen-
tal Table I). ChatGPT-4.5 responded more quickly (p < 0.001). 
At the subcategory level, the difference was significant in 8/10 
subcategories (Supplemental Table I).

█   DISCUSSION
Deepseek-R1 versus Gemini 2.0 Pro versus ChatGPT   
o3-mini-high

In 2017, NLP underwent a significant shift with the intro-
duction of the transformer architecture. This approach used 
self-attention mechanisms to process input data more effi-
ciently and capture complex linguistic relationships (34). This 
breakthrough demonstrated that large-scale pretraining could 
enable powerful, flexible NLP systems, laying the foundation 

for modern LLMs, including ChatGPT, Gemini, and Deep-
seek-R1. These LLMs were developed to expand the bound-
aries of natural language understanding and generation, en-
hancing problem-solving and knowledge dissemination.

All three models assessed in our study use the transform-
er architecture as the foundation for their natural language 
processing. Each model has its own modifications to boost 
performance for different needs (Table V). ChatGPT relies on 
a generative pre-trained transformer, a decoder-only model 
designed for text generation. It processes input prompts and 
produces word tokens one at a time. Gemini uses ultra-scale 
transformer models and adds multimodal features and re-
trieval-augmented generation, enabling it to pull in real-time 
information from Google Search and handle different types 
of data. The last model, Deepseek, uses a mixture-of-experts 
transformer model with sparse activation, which lowers com-
putation costs by picking the best submodel for each query. 
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Figure 3: Comparative analysis of 
large language model (LLM) response 
word counts and their educational 
value, as evaluated by 10 residents. 
A) Word counts of responses from 3 
LLMs for each question. B) Median 
word count, with corresponding IQRs 
(error bars), of responses from 3 
LLMs by category. C) Total preference 
scores given to each LLM by 10 
residents for each of 35 questions 
answered correctly by all 3 LLMs. The 
highest-ranked explanation received 
3 points, the intermediate explanation 
received 2 points, and the lowest-
ranked explanation received 1 point. 
D) Median preference scores, with 
corresponding IQRs (error bars), 
assigned by 10 residents to each 
LLM’s responses by subcategory. 
Used with permission from Barrow 
Neurological Institute, Phoenix, 
Arizona.
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neurosurgery board examinations. Previous studies have ex-
amined other LLMs in this context, but the performance of 
Deepseek and Gemini remains underexplored (4,19,28,35).

Deepseek-R1 was slower, particularly in reasoning time, but 
achieved the highest overall accuracy on the test, answer-
ing 42 of 50 questions correctly (84%). However, statistical 
analysis did not reveal a significant difference among the 
three models. Deepseek-R1 appeared to perform better on 
complex neurosurgical questions than the other models. 

This makes it strong in complex problem-solving, such as sci-
entific reasoning in math, medicine, and coding, and it also 
offers strong bilingual support.

Performance of Deepseek-R1

Deepseek-R1, a recently released language model developed 
in China, has garnered significant attention despite limited 
testing (20). Although some studies have compared ChatGPT 
and Deepseek on specific tasks, to our knowledge, no re-
search has examined Deepseek’s accuracy and efficacy on 

Figure 4: The 4 questions in which ChatGPT-4.5 hallucinated during the mock neurosurgery board examination, along with the 
model’s responses. A) ChatGPT-4.5’s correct response to question 15, followed by its incorrect response and explanation for question 
16, in which it mistakenly used the answer choices from question 15. B) When question 20 was asked, the model initially claimed B 
as the correct answer but then labeled B as incorrect in its explanation, while also adding a new answer choice (“E: Scoliosis”) from 
a previous question. C) For question 32, the model initially selected C as the correct answer but mistakenly labeled it as D in the 
bottom-line explanation. D) For question 33, the model correctly answered the question but mistakenly labeled the correct answer 
choice as B instead of E. Used with permission from Barrow Neurological Institute, Phoenix, Arizona.

A B
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Table IV: Preference Scores Given by 10 Residents to the Explanatory Responses of 3 Large Language Models for the 35 
Questions Answered Correctly by All 3 Large Language Models

Question 
subcategory

No. of 
questions

Preference score, median (IQR)* p-value†

Deepseek-R1 ChatGPT
o3-mini-high

Gemini 2.0 
Pro

Deepseek-R1 
vs. ChatGPT
o3-mini-high

Deepseek-R1 
vs. Gemini 2.0 

Pro

ChatGPT
o3-mini-high vs. 
Gemini 2.0 Pro

Neuro-
oncology 5 24

(24.0-27.0)
13

(12.0-13.0)
21

(20.0-24.0) 0.004 0.86 0.10

Neurovascular 4 23.5
(22.75-24.0)

14
(13.75-14.25)

22.5
(22.0-23.25) <0.001 0.72 <0.001

Neuroanatomy 4 19.5
(18.75-20.0)

14
(14.0-14.5)

26
(26.0-26.25) 0.33 0.33 0.004

Pediatric 
neurosurgery 3 18

(18.0-18.5)
17

(16.5-17.0)
25

(24.5-25.5) 0.53 0.53 0.02

Spinal surgery 3 21
(20.5-22.0)

18
(15.5-18.5)

22
(21.0-23.0) 0.11 0.94 0.07

Neurotrauma‡ 2 21.5
(21.25-21.75)

16
(15.50-16.50)

22.5
(22.25-22.75) - - -

Skull-base 
surgery 4 22.5

(21.75-23.25)
14

(13.75-14.00)
23.5

(23.00-24.25) 0.16 >0.99 0.014

Functional 
neurosurgery‡ 2 22.5

(22.25-22.75)
15.5

(14.75-16.25)
22

(21.50-22.50) - - -

Peripheral 
nerve surgery 4 24

(22.75-24.50)
14.5

(14.00-15.50)
22

(21.25-22.50) 0.002 0.63 0.006

Other topics 4 23.5
(22.75-24.00)

14
(14.00-14.25)

22
(22.00-22.50) 0.016 >0.99 0.11

Overall 35 22
(20.50-24.00)

14
(14.00-16.00)

23
(22.00-24.00) <0.001 0.93 <0.001

IQR: interquartile range.
*The highest-ranked explanation received 3 points, the intermediate explanation received 2 points, and the lowest-ranked explanation received 
1 point.
†For multiple comparisons, Fisher’s one-way analysis of variance (ANOVA) was applied if all distributions were normal and variances were equal, 
followed by Tukey’s honestly significant difference test for post hoc analysis. If all distributions were normal but variances were unequal, Welch’s 
ANOVA was used, followed by the Games-Howell post hoc test. If at least 1 distribution was not normal, the Kruskal-Wallis test was applied, 
followed by Dunn’s test with Bonferroni correction. Subsequently, for pairwise comparisons, the p-value threshold was adjusted using the Bon-
ferroni correction, setting the new threshold at 0.017. Only p-values below this threshold were considered statistically significant.
‡In the neurotrauma and functional neurosurgery subcategories, only 2 questions were correctly answered by all 3 large language models, result-
ing in an insufficient sample size. Therefore, statistical analysis could not be performed.

Table V: Qualitative Comparison of 3 Large Language Models

Model Primary goal Key strengths Weaknesses
ChatGPT 
(OpenAI)

General-purpose artificial 
intelligence assistant

Best for open-ended conversations, creativity, and 
general knowledge

Prone to hallucination, 
lacks real-time search

Gemini 
(Google)

Multimodal artificial intelligence 
for text, images, and search

Strong in real-time fact-checking, search 
integration, and multimodal tasks

Still developing in 
specialized reasoning

DeepSeek-R1 Advanced reasoning for medical 
and scientific applications

Excels in professional fields (medicine, engineering, 
science), strong bilingual performance

Not versatile for general 
conversations
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Although Deepseek-R1’s specialized training relies on pub-
licly available open-source datasets, clarification is needed 
regarding compliance and data-sharing regulations, priva-
cy, and governance frameworks (39). Additionally, Deep-
seek-R1’s mixture-of-experts architecture is a key factor in 
its success, enabling the model to achieve high performance 
with fewer parameters, minimal human intervention during 
training, and ultimately lower costs (13,15). Although Deep-
seek-R1 showed better overall accuracy in our test, the lack 
of statistically significant differences among the models indi-
cates that these findings require validation through replication 
with larger question pools.

This performance can be attributed to 2 key factors: 1) spe-
cialized training in medical domains and 2) advanced reason-
ing capabilities. Deepseek-R1 is likely trained on extensive 
medical datasets tailored for complex reasoning tasks (39). In 
contrast, models such as Gemini-2.0 Pro and ChatGPT-o3-
mini-high are general-purpose language models that may lack 
the domain-specific depth. Second, Deepseek-R1’s architec-
ture is optimized for complex reasoning, enabling it to analyze 
and synthesize medical information effectively. This optimiza-
tion improves its ability to deliver more accurate, contextually 
relevant responses to medical inquiries.

Figure 5: Comparison of Flesch-Kinkaid Grade Level (FKGL) readability scores, word counts, and reasoning times for ChatGPT o3-
mini-high and ChatGPT-4.5 in answering 50 questions in a mock neurosurgery board examination. A) FKGL readability scores for 
each question. B) Median FKGL readability scores, with corresponding IQRs (error bars), across subcategories. C) Word counts of the 
answers provided for each question. D) Median word counts of answers, with corresponding IQRs (error bars), across subcategories. 
E) Reasoning time for each question. F) Median reasoning times, with corresponding IQRs (error bars), for the 2 models across 
subcategories. Used with permission from Barrow Neurological Institute, Phoenix, Arizona
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onds. This shows that Deepseek-R1 needs improvement in 
response generation times.

Although Gemini-2.0 Pro provides longer explanations, 
ChatGPT-o3-mini-high and Deepseek-R1 favor conciseness. 
User preferences for brief or detailed answers may differ, but 
most residents in our study preferred longer explanations, 
while only a few preferred shorter ones. The choice between 
concise and detailed responses likely depends on whether us-
ers prioritize quick information retrieval or comprehensive un-
derstanding. Additionally, ChatGPT-o3-mini-high’s complex 
sentence structures may hinder rapid information processing. 
Although no participants explicitly criticized its readability, its 
lower preference for educational value suggests that linguistic 
complexity may indirectly affect user evaluations. Therefore, 
our findings highlight the need to balance clarity, conciseness, 
and educational utility in LLM-generated explanations.

When examining the FKGL results, one key point to consider 
is that neurosurgery residents are advanced learners accus-
tomed to specialized terminology. ChatGPT had the highest 
FKGL scores, indicating its responses were harder to read, 
while Gemini-2.0 Pro produced the most readable answers. 
However, medical terms typically raise FKGL scores, regard-
less of how clear the writing is, and residents are trained to un-
derstand complex technical language. Therefore, while Gem-
ini-2.0 Pro’s lower FKGL scores suggest easier readability, 
higher-FKGL outputs from other LLMs may still be acceptable 
and usable for an audience with advanced medical education.

Resident feedback and rankings may not fully capture the 
educational value of LLMs, but one difference is clear. Gem-
ini-2.0 Pro provided stronger anatomical explanations, which 
residents found more helpful for learning. The other two mod-
els focused more on problem-solving, whereas Gemini-2.0 
Pro added useful anatomical details. This likely made it more 
valuable for education than the others.

Residents liked Deepseek-R1’s structured response format, 
likely because it clearly organized important information. 
ChatGPT-o3-mini-high usually gives answers in one long 
paragraph, whereas Deepseek-R1 uses subheadings to make 
responses more organized. While several factors may have 
shaped these preferences, residents consistently rated Gem-
ini-2.0 Pro highest, likely because it provided thorough expla-
nations with extra details and context. Deepseek-R1 came in 
second for providing relevant information in a clear, organized 
way.

When comparing how LLMs and residents perform on mock 
board exams, several key factors should be considered. Res-
idents and LLMs operate under very different psychological 
and environmental conditions. Neurosurgery residents often 
take exams while managing clinical duties, feeling tired, and 
dealing with stress or mental overload. These challenges can 
affect their judgment and decision-making during tests. In 
contrast, LLMs answer questions without emotional, physical, 
or situational pressures. Human clinicians also draw on expe-
rience, including understanding patient emotions, social cues, 
and interactions, which LLMs cannot yet replicate. Previous 
research on AI-generated content for patient education about 
low back pain has found that LLMs may not address the social 

LLMs and Medical Examinations

Among LLMs, ChatGPT has been the most extensively stud-
ied. ChatGPT-4 outperformed examinees in all 3 steps of the 
United States Medical Licensing Examination (32). Similar-
ly, LLMs (primarily ChatGPT) have performed impressively 
on board examinations across various specialties. A recent 
study found that the latest version of ChatGPT surpassed the 
human average on neurology board–style examinations (36). 
However, several other studies reported varying results when 
different LLM versions were tested on board examinations 
across various specialties (8,30).

Studies have compared LLM proficiency on neurosurgical 
board examinations to that of resident or attending physi-
cians, yielding mixed results. Multiple studies have indicated 
that LLMs achieved passing scores comparable to those of 
human participants on neurosurgical board–style questions 
(4,19,22,35,36). However, other studies have suggested that 
LLMs did not surpass human participants on these questions 
(7,43). One study found ChatGPT to be unreliable (37) but 
3 others reported that it outperformed examinees (4,19,35). 
Another study indicated that ChatGPT performed better on 
board examinations requiring specialized knowledge than on 
general medical examinations (4). Additionally, it was tested 
with European Neurosurgery Board Examination questions, 
ranking sixth out of 11 participants (7). However, its perfor-
mance varied across studies, and when assessed with na-
tional residency interview questions, it did not surpass human 
competitors (7,28,43).

In previous studies, LLM performance has been compared 
with results from either the average scores of residents who 
had taken board examinations in previous years or the mean 
performance of subscribers completing self-assessments 
from question banks, and occasionally from small resident 
and medical student cohorts (4,19,22,28,35). By contrast, our 
study did not rely on actual examination results. Instead, we 
constructed a 50-question test by randomly selecting items 
from the Turkish Neurosurgery Board Examination Preparation 
Question Book and administered it to 10 senior residents in an 
active, participatory setting. Moreover, the second phase of 
our test was uniquely designed so that each participant evalu-
ated the educational value of the LLMs’ responses by assign-
ing scores, providing a structured measure of learning pref-
erence that makes this study distinct from existing designs.

Technical Evaluation of LLM Performance on Mock 
Neurosurgery Board Examination

When evaluating LLM performance on advanced medical 
tests, accuracy is not the only important factor. Reasoning 
time, along with response length and readability, is also a 
key consideration. Server workload and network latency can 
affect response speed, but our results indicate that Deep-
seek-R1 took longer to reason than the other models through-
out the test while achieving higher accuracy (84%; 42 of 50 
questions). Deepseek-R1’s maximum reasoning time of 115 
seconds was much longer than Gemini-2.0 Pro’s 1.37 sec-
onds. While Deepseek-R1 answered three more questions 
correctly than Gemini-2.0 Pro, its median reasoning time per 
question was 18 seconds, compared with Gemini’s 0.92 sec-



  195

Yangi K. et al: LLMs in Neurosurgery Residency Education

 Turk Neurosurg 36(2):183-199, 2026 | 195

Challenges, Ethical Considerations, And Future Directions

With LLMs now an established part of science, industry, and 
everyday medical academic practice, their potential for time 
savings and for large-scale data retrieval, review, and anal-
ysis is remarkable. However, concerns have emerged about 
their long-term implications. One of the most frequently asked 
questions is whether these AI models might eventually replace 
traditional educational resources. Although these models can 
support learning in certain contexts, it is more appropriate 
to view them not as replacements for conventional methods 
but as auxiliary learning aids. These models are not without 
limitations: they may hallucinate or present inaccurate con-
tent with apparent confidence. In addition, these tools may 
not provide the same depth of understanding as traditional 
teaching methods. Unconditionally relying on AI tools without 
proper guidance can also negatively affect learning and make 
it harder to develop strong analytical thinking skills.

Reliance on AI-generated content may diminish critical think-
ing, problem-solving, and language skills among medical 
professionals (27). These models may also perpetuate bias-
es that lead to unequal outcomes. Integrating these models 
into medical practice requires careful management of patient- 
and academic-generated data (29,41,48). The current litera-
ture indicates that LLMs may improve diagnostic accuracy 
by analyzing complex medical data and identifying patterns 
that traditional assessments might overlook (6,39). LLM out-
put depends on the specific questions or the structure of the 
requests posed. There are ongoing concerns about the under-
standability of AI-generated recommendations and the need 
for careful validation to ensure consistency (4,39). At present, 
many hospitals limit the use of AI algorithms in their informa-
tion systems, even for research (47). 

A critical limitation in high-stakes LLM applications is “halluci-
nation,” a phenomenon in which a language model generates 
incorrect, misleading, or entirely fabricated information un-
supported by input data or real-world knowledge (44). Several 
factors contribute to hallucinations in NLP models, including 
insufficient training data, limited access to reliable or verified 
data sources, and ambiguous input prompts (23). In addition, 
such studies may need to be repeated because LLMs are de-
signed to be continually updated and improved.

Future research should assess the accuracy and reliability 
of AI models in neurosurgical education by comparing their 
results with those of board-certified neurosurgeons and ex-
pert consensus (26). More studies should examine potential 
biases in training outcomes (6), use larger datasets, evaluate 
how these models perform in real-world educational settings, 
and explore how LLMs can support hands-on training. Un-
derstanding how residents and faculty view AI-driven learning 
tools will help ensure successful integration.

Another important issue that warrants discussion in future 
studies is the accessibility of LLMs in low- and middle-income 
countries (LMICs). It is well recognized that LMICs face nu-
merous infrastructural and workforce-related challenges, and 
ongoing efforts aim to address these gaps through increased 
collaboration and partnerships with high-income countries 
(24). As LLMs are increasingly considered as supportive ed-

aspects of clinical communication as well as humans do (38). 
Recognizing these differences helps us better understand 
how to compare the performance of residents and LLMs in 
neurosurgical training.

Cultural, linguistic, and format-related factors may also influ-
ence LLM performance on neurosurgery board-style questions 
(2). Current LLMs are generally trained on English-language 
medical literature generated within Western academic con-
texts (5). Consequently, region-specific terminology, culturally 
embedded decision-making patterns, and practice variations 
may be underrepresented in the training data. Standardized 
board exams can be particularly challenging for LLMs. Multi-
ple-choice questions often call for test-taking strategies such 
as ruling out incorrect answers, recognizing common board 
question wording, or applying clinical experience, skills that 
LLMs may not fully match. While neurosurgery residents share 
a common cultural and linguistic grounding that facilitates in-
terpretation of implicit cues within exam questions, LLMs rely 
exclusively on textual input and may lack awareness of these 
contextual assumptions. When comparing how residents and 
LLMs perform, it is important to understand these key differ-
ences.

ChatGPT-o3-mini-high versus ChatGPT-4.5

Two consecutive ChatGPT models differ in many ways, includ-
ing their design, reasoning skills, and best uses. ChatGPT-o3-
mini-high is designed for strong reasoning and performs well 
on tasks that require careful logic, accurate math, and clear 
structure. Its larger context window allows it to handle long 
documents and complex code. This model is especially good 
for science, technology, engineering, and math tasks, such as 
solving multistep problems, writing technical documents, and 
assisting with advanced programming.

On the other hand, ChatGPT-4.5 is a model that balances 
broad knowledge and natural language understanding, and it 
can work with both text and images. It provides efficient, fact-
based answers, supports creative writing, and draws on re-
al-world knowledge. While ChatGPT-o3-mini-high works best 
for structured and logical tasks, ChatGPT-4.5 is designed for 
smooth, engaging conversations. This makes it a strong op-
tion for customer support, education, and creative storytelling.

Although ChatGPT-4.5 is known for strong performance in 
emotional contexts, its current version has yet to demonstrate 
suitability for specialized neurosurgical applications. In our 
mock neurosurgery board examination, it correctly answered 
37 of 50 (74%) questions, achieving higher accuracy than 
residents but lower than the other models in this study. Ad-
ditionally, it exhibited 4 instances of hallucination (8%; 4/50, 
1 neuro-oncology, 1 neuroanatomy, 1 neurotrauma, and 1 in 
skull-base surgery), a phenomenon not observed in the other 
3 models. Although ChatGPT-4.5 responded more quickly and 
with longer answers than ChatGPT-o3-mini-high, its respons-
es were significantly more complex to read. ChatGPT-4.5 
may not yet be ready to provide reliable, accurate, in-depth, 
and comprehensible explanations for advanced examination 
questions. These findings highlight the importance of select-
ing AI systems that align with user goals and expectations.
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█   INTRODUCTION

Driven by technological advancements that revolu-
tionize how medicine is taught and proficiency is 
assessed, medical education is continuously evolv-

ing. With the rapid advancement of artificial intelligence (AI), 
large language models (LLMs) have emerged as pivotal tools 
in various domains, including healthcare. These models not 
only assist in decision making, but also can transform tradi-
tional educational and assessment methods. Since medicine 
prioritizes diagnostic accuracy and problem-solving skills, the 
integration in this field of LLMs such as ChatGPT, Grok, and 
Gemini represents a transformative step. In this context, the 
present study seeks to explore this paradigm shift within the 
context of neurosurgical board examinations, with a particu-
lar emphasis on the importance of image-based evaluation in 
clinical scenarios.

ChatGPT-4o is an advanced language model developed to in-
teract and assist users in a conversational manner (13). Build-
ing upon its predecessors, ChatGPT-4o combines enhanced 
reasoning, problem-solving capabilities, and contextual un-
derstanding. Its multimodal abilities, including text and image 
input analysis—referred to by the recently added letter ‘o’, 
which stands for ‘omni’—have positioned ChatGPT-4o as a 
versatile tool not only in daily queries, but also in specialized 
domains such as medicine, engineering, and education. 

Furthermore, on November 4, 2023, xAI, based in San Fran-
cisco, introduced Grok, an innovative artificial intelligence 
model. Unlike existing large language models, Grok integrates 
“real-time knowledge” from the X platform (formerly Twitter), 
enabling it to provide users with the most current information 
(20).  

In its turn, Google Gemini, developed by Google DeepMind 
and introduced in December 2023, represents a significant 
advancement in artificial intelligence as a multimodal large 
language model. Capable of processing diverse data types 
such as text, images, audio, video, and code, Gemini 
expands the boundaries of generative AI. To date, it has 
been seamlessly integrated into products like Bard, thus 
effectively supporting users in tasks such as writing, planning, 
and learning. Its advanced language comprehension and 
generation capabilities position it as a strong competitor to 
models like ChatGPT, highlighting its potential in transforming 
AI applications across various scientific and practical domains 
(6).

While previous research demonstrated ChatGPT’s notable 
success in answering textual questions in the Turkish Neu-
rosurgical Society Proficiency Board Exams (TNSPBE), with 
an accuracy significantly exceeding that of human candidates 
(16), an important limitation  that remains is the exclusion 
of questions containing visual elements, which constitute a 
substantial and clinically relevant portion of neurosurgical 
evaluations. This omission is due to the earlier incapability of 
ChatGPT to process and interpret images.

Since visual interpretation is now a key feature of major LLMs, 
investigating this aspect becomes essential. To fill this gap in 
the literature, the present study was conducted to evaluate 

this new feature and to compare the three major LLMs used 
nowadays.

█   MATERIAL and METHODS
This study evaluated questions containing visual elements 
from the last eight written TNSPBE exams. The exam consist-
ed of multiple-choice questions, each with 5 answer options. 
The questions and answer keys are publicly available on the 
Turkish Neurosurgical Society website. Candidate responses 
for all questions were obtained in an anonymized format, upon 
obtaining the permission of the Turkish Neurosurgery Associ-
ation Board of Directors. No additional approval was required 
for this investigation by local and regional regulations. Anal-
yses were conducted on a total of 108 questions containing 
visual elements. The distribution of image types and content 
areas of the investigated questions is summarized in Table I. 

The questions were submitted to three major LLMs (namely, 
ChatGPT-4o, Grok-vision-beta, Gemini-1.5-pro) using their re-
spective API services between November 25, 2024, and No-
vember 30, 2024. To the best of our knowledge, none of these 
services received major updates during this period. The builds 
used were as follows: GPT-4o (gpt-4o-2024-08-06, released 
August 6, 2024), Gemini (gemini-1.5-pro-002, released Sep-
tember 24, 2024), and Grok (grok-vision-beta-0.1.0, released 
November 23, 2024).

Visual components were manually extracted from the exam 
questions in their original layout and were saved, as close as 
possible to their original printed resolution and color settings, 
as .jpg files. The text parts of the questions were extracted 
and stored in text format. Python was used for all remaining 
applications. Next, the extracted images were converted to 
base64 format using the Python standard library (2). OpenAPI 
SDK (14) was used to send prompts to all LLMs.

More specifically, two different prompts—referred to as the NS 
prompt and the HQ prompt—were used, and each question 
was sent to each LLM twice for each of these prompts (i.e., 
a total of four submissions per question). The NS-prompt 
instructed the LLM to assume the role of a neurosurgeon, 
while the HQ-prompt framed the question as part of a standard 
quiz. The prompts were displayed in Code 1. All responses 
were then recorded and inspected.

Statistical Analysis

For the statistical analysis, Cochran’s Q test was used to 
compare the correct answer rates of all three LLMs simulta-
neously, while McNemar’s test with Bonferroni correction was 
applied for pairwise comparisons between LLMs. Asymptot-
ic significances were evaluated using χ2 statistics when the 
sample size adequacy assumption was met; otherwise, ex-
act p-values were reported. Two proportion z-tests were used 
to compare the correct answer rates of LLMs with those of 
human candidates. The associations between LLMs’ correct 
answer statuses and candidate performance were evaluated 
using Spearman correlation. Correlation coefficients interpret-
ed according to the previously established cut-off values (4). 
All results were evaluated at a 95% confidence interval with a 
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significance level of p<0.05. All statistical analyses were con-
ducted using SPSS® Statistics (version 27, IBM® Corp., USA).

█   RESULTS
Of the 4,988 candidate responses, 3,529 (70.75%) were 
correct. The median correct answer rate across all individual 
questions amounted to 74.26% (Interquartile Range: 32.28, 
Minimum: 17.64, Maximum: 100). Correct answer rate did not 
follow a normal distribution (Shapiro-Wilk p < 0.001) and was 
negatively skewed (-0.819). 

A unique challenge was encountered while working with GPT-
4o: the model occasionally refused to answer certain ques-
tions. However, when the same prompt was reattempted or 
the alternative prompt was used, GPT-4o sometimes provided 
a response. In one unusual instance, the model generated a 
sixth answer option (F) and selected it. Since this behavior 
was inconsistent and was observed only once and only with 
GPT, it was not systematically analyzed further in this study. 
While GPT-4o’s responses occasionally contained useful in-
formation, for the purposes of the present study, any instance 
in which the model failed to explicitly indicate a valid choice 
was considered incorrect. By contrast, all other LLMs evaluat-
ed provided valid answers in all trials.

Descriptive data regarding the analyzed exams and questions 
are summarized in Table II. As indicated by the two-proportion 
z-test results in Table II, all LLMs (individually and in aggregate) 
were outperformed by candidates. Image resolutions ranged 
from 48 to 379 dpi (median 152 dpi). Spearman correlation 
showed no significant association between dpi and the overall 
best answer rate of any of the LLMs or the correct answer 
rate of the candidates [GPT: ρ(106) = -0.147, p=0.128; Grok: 
ρ(106) = -0.098, p=0.312; Gemini: ρ(106) = -0.061, p=0.528; 
Candidates: ρ(106) = -0.004, p=0.967]. 

Cochran’s Q test revealed no significant differences among the 
LLMs (Table III). A comparison of the overall best performance 

of LLMs to that of candidates revealed no significant difference 
between candidates and GPT [z = 1.548, p=0.121]. However, 
the candidates significantly outperformed Grok [z = 2.174, 
p=0.030] and Gemini [z = 3.215, p=0.001].

A total of 89 questions (82.40%) were answered correctly by at 
least one LLM in at least one of its runs. In addition, a total of 
41 questions (37.96%) were answered correctly by all LLMs in 
at least one run (see Figure 1 for a detailed distribution of these 
result)s. As indicated by the results of two proportions z-test, 
the combined best performance of all LLMs across multiple 
runs (82.40%) was significantly higher than the candidates’ 
correct answer rate (70.75%) [z = -2.641, p=0.008]. 

Furthermore, while repeating the same prompt did not 
significantly affect the correct answer rates, combining best 
answers of both runs significantly improved results for GPT 
(both prompts) and for Grok (HQ-prompt only), but not for 
Gemini (Table IV). Interestingly, Gemini with the HQ prompt 
presented its best answers in the first run only to change some 
of its correct answers to incorrect ones in the second run.

Using different prompts caused a significant difference for 
GPT and Grok, but not for Gemini. The HQ prompt performed 
significantly better than the NS prompt. Combining best 
answers of each prompt significantly increased correct answer 
rate for all 3 LLMs (Table V).

Next, all LLMs showed significant correlation internally in almost 
all combinations, with a few coincidental cross correlations 
with various strength levels. Only GPT answers with the NS 
prompt showed significant (albeit poor; correlation coefficient 
<0.3) correlations with the candidate correct answer rate. Full 
correlation matrix is presented in Supplementary Table I.

As indicated by the results of separate Kruskall-Wallis tests, 
image types in the questions and content areas did not seem 
to cause significant difference for candidates; the same 
trend was revealed by the results of separate FFH tests for 
overall best performance results of LLMs. For this analysis, 

Table I: Distribution of Image Modalities Across Different Neurosurgical Content Areas. The Table Presents the Number of Questions 
Categorized by Anatomical and Clinical Areas, Along with Their Corresponding Imaging Types

Anatomy Paediatric Cranial Spinal Trauma Vascular Total

MR 1 13 16 6 0 1 37

Cadaver 19 0 0 0 0 0 19

Multimodal 1 2 1 5 4 2 15

CT 0 4 1 1 4 1 11

Illustration 7 0 0 2 0 1 10

Real Picture 1 6 0 0 0 0 7

X-Ray 1 1 0 3 0 0 5

DSA 0 0 0 0 0 3 3

Micrograph 0 0 0 1 0 0 1

Total 30 26 18 18 8 8 108

MR: Magnetic resonance. CT: Computerized tomography. DSA: Digital subtraction angiography.
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Q and McNemar’s tests, none of the LLMs significantly 
outperformed one other in any category. χ2 statistics are 
omitted for readability, but the corresponding graphs are 
presented in Figure 2. 

one question containing micrographs was considered in 
real picture category, while three questions containing DSA 
images and  four questions containing X-ray images were 
combined together. In addition, as showed by Cochran’s 

Table II: Summary of Exam Years, Question Counts, and Candidate Versus LLM Performance. The Table Reports the Number of Correct 
Responses for Each Year Across Candidates and LLMs, Aggregated Over Multiple Runs. (Sum: The sum of four runs per LLM. Total LLM 
answers: Sum of all 12 runs)

Exam Candidate Questions
Correct / Total 

Candidate 
Answers (%)

GPT Sum 
(%)

Grok Sum 
(%)

Gemini Sum 
(%)

Correct / Total 
LLM Answers 

(%)

2015 38 5 124 / 190 
(65.26)

11 / 20
 (55.00)

12 / 20
 (60.00)

13 / 20
 (65.00)

36 / 60 
(60.00)

2016 34 10 217 / 340 
(63.82)

12 / 40
 (30.00)

18 / 40
 (45.00)

7 / 40
 (17.50)

37 / 120 
(30.83)

2017 30 18 343 / 540 
(63.52)

36 / 72
 (50.00)

44 / 72
 (61.11)

39 / 72
 (54.17)

119 / 216 
(55.09)

2018 41 14 407 / 574 
(70.91)

23 / 56
 (41.07)

32 / 56
 (57.14)

27 / 56
 (48.21)

82 / 168 
(48.81)

2019 52 12 373 / 624 
(59.78)

20 / 48
 (41.67)

27 / 48
 (56.25)

24 / 48
 (50.00)

71 / 144 
(49.31)

2022 65 13 645 / 845 
(76.33)

29 / 52
 (55.77)

24 / 52
 (46.15)

28 / 52 
(53.85)

81 / 156 
(51.92)

2023 62 19 857 / 1178 
(72.75)

33 / 76
 (43.42)

14 / 76 
(18.42)

30 / 76
 (39.47)

77 / 228 
(33.77)

2024 41 17 563 / 697 
(80.77)

31 / 68 
(45.59)

36 / 68 
(52.94)

44 / 68 
(64.71)

111 / 204 
(54.41)

Total 363 108 3529 / 4988 
(70.75)

195 / 432
 (45.14)

207 / 432
 (47.92)

212 / 432
 (49.07)

614 / 1296 
(47.38)

Two proportions 
z-test compared 
to candidates’

z =11.013 
p = <0.001 

z = 9.837 
p = <0.001 

z = 9.346
p = <0.001 

z = 15.817 
p = < 0.001 

Table III: Correct Answer Rates of LLMs Across Different Prompt Conditions. The Table Reports the Number and Percentage of Correct 
Responses for Each LLM in Different Test Runs

n = 108 GPT (%) Grok (%) Gemini (%) Cochran’s Q

NS 1st Run 48 (44.44) 50 (46.30) 53 (49.07) χ2(2) = 0.717, p=0.699

NS 2nd Run 48 (44.44) 51 (47.22) 52 (48.15) χ2(2) = 0.531, p=0.767

Best-NS 57 (52.78) 55 (50.93) 55 (50.93) χ2(2) = 0.160, p=0.923

HQ 1st Run 45 (41.67) 53 (49.07) 55 (50.93) χ2(2) = 3.055, p=0.217

HQ 2nd Run 54 (50.00) 53 (49.07) 52 (48.15) χ2(2) = 0.120, p=0.942

Best-HQ 62 (57.41) 61 (56.48) 55 (50.93) χ2(2) = 1.686, p=0.430

Best Overall 69 (63.89) 66 (61.11) 61 (56.48) χ2(2) = 2.042, p=0.360

NS: Neurosurgery-prompted responses. HQ: General quiz-prompted responses. Best Overall: The highest accuracy achieved across all four 
attempts.
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█   DISCUSSION
The present study contributes to the limited yet growing 
body of research evaluating the performance of LLMs in 
questions involving visual elements, particularly in medical 
education and clinical settings. The results not only highlight 
the potential of these models, but also reveal significant 
limitations, particularly when compared with previous studies 
across various specialties.

According to the results, candidates outperformed all LLMs 
investigated in this study in questions containing visual 
elements. Repeating the same questions or using different 
prompts did not significantly alter performance; however, 
combining the best results from multiple runs led to a 
significantly improved performance. Only ChatGPT-4o showed 
a weak correlation with candidate performance when the NS 
prompt was used. The resolution of the provided images did 
not affect the performance of the LLMs or the candidates. 
Performance would be expected to more strongly correlate 
with dpi in real-world scenarios, where important elements 
might be subtle. These images in the exams were selected 
or designed to clearly convey the relevant element(s) to the 
candidates; therefore, even the lower-resolution images were 

GPT
Grok
Gemini

Figure 1: Venn diagram illustrating the number and percentage 
of questions correctly answered by each of the three LLMs (GPT, 
Grok, Gemini) in at least one of their four runs. The overlapping 
areas represent questions correctly answered by multiple LLMs.

Table IV: Impact of Repeated Questioning on LLM Performance Across Different Prompts. The Table Compares Correct Answer Rates 
Between the First and Second Attempts, as Well as the Best Combined Performance. Bonferroni Correction (Multiplier of 3) was Applied 
to Account for Multiple Comparisons. *Indicates Statistically Significant Differences

LLM Prompt Cochran’s Q Pair Correct Answer 
Rates (%)

McNemar’s Exact 
p-value

Corrected 
p-value

GPT

NS-Prompt χ2(2) = 9.000, 
p = 0.011*

1st run – 2nd run 44.44 - 44.44 1 1

1st run – Best* 44.44 - 52.78 0.004* 0.012*

2nd run – Best* 44.44 - 52.78 0.004* 0.012*

HQ-Prompt χ2(2) = 17.360,
 p < 0.001*

1st run – 2nd run 41.67 - 50.00 0.108 0.323

1st run – Best* 41.67 - 57.41 <0.001* <0.001*

2nd run – Best* 50.00 - 57.41 0.008* 0.023*

Grok

NS-Prompt χ2(2) = 4.667, 
p = 0.097

1st run – 2nd run 46.30 - 47.22 1 1

1st run – Best 46.30 - 50.93 0.063 0.188

2nd run – Best 47.22 - 50.93 0.125 0.375

HQ-Prompt χ2(2) = 8.000, 
p = 0.018*

1st run – 2nd run 49.07 - 49.07 1 1

1st run – Best 49.07 - 56.48 0.008* 0.023*

2nd run – Best 49.07 - 56.48 0.008* 0.023*

Gemini

NS-Prompt χ2(2) = 2.800, 
p = 0.247

1st run – 2nd run 49.07 - 48.15 1 1

1st run – Best 49.07 - 50.93 0.500 1

2nd run – Best 48.15 - 50.93 0.250 0.750

HQ-Prompt χ2(2) = 6.000, 
p = 0.050*

1st run – 2nd run 50.93 - 48.15 0.250 0.750

1st run – Best 50.93 - 50.93 1 1

2nd run – Best 48.15 - 50.93 0.250 0.750
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Table V: Effect of Different Prompts and Their Combined Results on LLM Performance. The Table Compares Accuracy Rates between 
NS- and HQ-Prompted Responses, as Well as the Overall Best Combination from Multiple Runs. Bonferroni Correction (Multiplier of 3) 
was Applied

LLM Cochran’s Q Pair Correct Answer 
Rates (%)

McNemar’s exact 
p-value

Corrected 
p-value

GPT χ2(2) = 11.474, p=0.003*

NS – HQ 52.78 - 57.41 0.359 1

NS – Ovr* 52.78 - 63.89 <0.001* 0.001*

HQ – Ovr* 57.41 - 63.89 0.016* 0.046*

Grok χ2(2) = 11.375, p=0.003*

NS – HQ 50.93 - 56.48 0.210 0.630

NS – Ovr* 50.93 - 61.11 <0.001* 0.003*

HQ – Ovr 56.48 - 61.11 0.063 0.188

Gemini χ2(2) = 6.000, p=0.050*

NS – HQ 50.93 - 50.93 1 1

NS – Ovr 50.93 - 56.48 0.031* 0.094

HQ – Ovr 50.93 - 56.48 0.031* 0.094

NS: Best answers from two NS-prompted runs. HQ: Best answers from two HQ-prompted runs. Ovr: Best answers from all four runs. *Indicates 
statistically significant differences.

Figure 2: Performance of LLMs and human candidates based on content areas and image types. A) Box plot of candidate correct answer 
rates by content area. B) Box plot of candidate correct answer rates by image type. C) Bar chart comparing the best performance of 
each LLM (GPT, Grok, Gemini) by content area. D) Bar chart comparing the best performance of each LLM by image type.

A B

C D
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used, the model more frequently avoided answering the ques-
tions and its performance deteriorate. Our study comple-
ments the findings of Nguyen et al. by evaluating the effect of 
specific prompts for neurosurgical scenarios (11). Specifically, 
while the use of prompts with neurosurgical roles (e.g., “Think 
of yourself as a Brain Surgeon”) improved performance on 
image-based questions, this improvement was not sufficient 
to increase overall success rates. This suggests that prompt 
engineering alone may not be sufficient to improve success on 
image-based questions.

In another relevant study  evaluating the performance of 
ChatGPT-4 in the American Registry of Radiologic Technolo-
gists certification examination, the model tested by Al-Naser 
et al.’s achieved an accuracy rate of 45.6% on image-based 
questions (1). Similarly, in the study by Sawamura et al., 
ChatGPT-4o attained an accuracy rate of 35.4% on questions 
containing visuals and tables in the Japan National Physio-
therapist Examination (17). Yet another study by Noda et al. 
reported that GPT-4v performed with an accuracy rate of 
41.3% on image-based questions in the 2023 Japan Otolar-
yngology Specialist Examination (12). Importantly, this study 
highlighted that English translations and additional prompts 
significantly improved the model’s accuracy on image-based 
questions, thereby enhancing its overall performance. These 
results were lower compared to the 68% accuracy rate re-
ported by Nakao et al. for GPT-4v on image-based questions 
in the Japan National Medical Licensing Examination. Overall, 
the results of the present study more closely aligned with the 
findings reported by Nakao et al (10).

Since success may vary depending on the exam names, 
questions, and language models, several important points 
should be made. By now, the failure observed in the early days 
in text-based questions has almost completely disappeared. 
If there is a failure only in text-based questions, the question 
stem should be analyzed as in the results of our previous 
study. However, when the results reported in the literature 
and our results in image-based questions are compared with 
only text-based questions, it becomes evident that sufficient 
success has not yet been achieved.

Unique Contributions of the Present Study

While previous studies have predominantly examined LLM 
performance in general medical and specialty-specific ex-
aminations, the present study offers unique insights into the 
neurosurgical domain, where image-based questions are par-
ticularly complex and critical. Compared to prior research, our 
findings further underscore the variability in LLM performance 
based on question complexity, domain specificity, and prompt 
design. For instance, in our data, the combination of multiple 
runs and prompts significantly improved the overall correct 
answer rates for ChatGPT-4o, Grok, and Gemini—a method-
ological aspect frequently overlooked in prior evaluations.

Furthermore, in contrast to previous studies in that primarily 
analyzed static visual data in nephrology and otolaryngology 
(e.g., biopsy slides, clinical photographs) (3,16), the Turkish 
Neurosurgical Society Proficiency Board Exams that incorpo-
rates visual elements such as imaging studies and operative 

sufficient to answer the questions for both the LLMs and the 
candidates. 

Comparison with Other Studies

In a study on the National Medical Licensing Examination 
in Japan, Liu et al. found that ChatGPT-4o achieved an 
overall accuracy rate of 89.2%, which dropped to 80.4% for 
image-based questions (9). By contrast, in the present study, 
ChatGPT-4o achieved an accuracy rate of 63.89% for image-
based questions. This difference may be attributed to the 
difficulty of the questions and the variety of content that LLMs 
encountered in different exams. Furthermore, consistently 
with our finding, Liu et al. also reported that Gemini 1.5 Pro 
performed worse than both GPT-4 and ChatGPT-4o on image-
based questions (74.6%) (9). 

However, our analysis further revealed that Gemini’s respons-
es to image-based questions were inconsistent, as it occa-
sionally changed correct answers upon reattempts. Unlike 
Liu et al.’s study, which presented questions in a direct exam 
format without specialized prompts, we employed two distinct 
prompting strategies (the NS prompt and the HQ prompt). 
While our results indicated that prompting strategies influence 
performance, they did not provide a substantial improvement, 
particularly for image-based questions. 

Furthermore, Lin et al. reported that ChatGPT-4o reported 
77.19% accuracy on image-based questions, whereas Gemini 
performed significantly worse on image-based questions with 
only 42.11% accuracy (8). In line with this evidence, we found 
that Gemini demonstrated low performance in questions 
based on complex visual content. However, the success of 
ChatGPT-4o in Lin et al.’s study was quite high as compared 
to our results (8).

In contrast to Liu et al. and Lin et al., Gill et al. found ChatGPT-
4o to have 39.58% accuracy in image-based questions, while 
Gemini Advanced remained at 33.33%. The authors reported 
that ChatGPT-4o performed significantly better than Gemini 
Advanced (p<0.013) (5,8,9). In our findings, both models were 
more successful, and no statistically significant difference was 
observed between the models.

In yet another relevant study, Takagi et al. (18) reported that 
ChatGPT-4v achieved 71.9% accuracy for image-based ques-
tions on the Japan National Medical Licensing Examination, 
which was below the average performance of human candi-
dates (85.0%) (p<0.001). For the questions with tables, the 
accuracy rate amounted to mere 35%, which was significantly 
lower than human performance (83.9%) (p<0.001) (18). While 
such significant difference was evident in our comparison of 
human performance vs. that of  ChatGPT-4o, candidates were 
statistically significantly more successful than Grok and Gem-
ini.

Furthermore, Nguyen et al. reported that ChatGPT-4 achieved 
between 36% and 50% accuracy on image-based questions 
(11). The authors showed that encouragement and responsi-
bility disclaimer prompts significantly improved ChatGPT-4’s 
performance on image-based questions (up to 65% increase). 
By contrast, when medico-legal or patient care prompts were 
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in different languages and to determine whether linguistic 
factors influence model performance.

█   CONCLUSION
While numerous previous studies demonstrated remarkable 
capabilities of LLMs in answering neurosurgical or medical 
exam questions, these models remain inadequate when con-
fronted with questions containing visual elements. Prompt 
engineering influences model performance in real-world sce-
narios; however, human candidate performance can be sur-
passed only by combining the best responses from multiple 
runs across multiple LLMs.

The results of the present study highlight both the potential 
and limitations of multimodal AI models in high-stakes medi-
cal assessments. While their capabilities continue to advance, 
their performance in image-based scenarios highlights critical 
areas requiring further improvement. Taken together, our find-
ings emphasize the need for collaboration between AI devel-
opers and medical professionals to enhance model training, 
particularly in integrating complex, real-world clinical data. 
Such advancements could revolutionize not only medical ed-
ucation, but also clinical decision making, thereby ultimately 
enhancing patient outcomes.
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diagrams present a uniquely demanding test environment. 
The dynamic and context-dependent nature of neurosurgical 
visuals may explain the lower performance of LLMs in this do-
main compared to others.

To the best of our knowledge, this study is the first to evaluate 
Grok’s performance on image-based questions. Developed 
by xAI, Grok was introduced as a language model with real-
time knowledge integration capabilities, primarily analyzed 
in the context of general LLM performance and social media 
applications. However, this study is the first to scientifically 
evaluate Grok in a medical context, specifically within the 
highly specialized field of neurosurgery. In addition, the 
present study is the first investigation of multimodal AI models, 
including Grok, on visual-dominant assessments such as the 
Turkish Neurosurgical Society Proficiency Board Exams. This 
pioneering contribution not only expands the understanding 
of Grok’s capabilities, but also highlights the transformative 
potential of AI technologies in medical education and 
standardized examinations. In so doing, this study marks a 
significant milestone in AI-related neurosurgical research.

Limitations and Implications for Future Research

The consistency of findings across studies highlights the 
need for targeted improvements in LLM capabilities. While 
the introduction of multimodal inputs in models like ChatGPT-
4o represents a significant advancement, the relatively low 
accuracy rates for image-based questions suggest that 
current architectures are not yet optimized for integrating 
visual and textual data effectively. In this study, we observed 
each model in its native state, without fine-tuning, pre-training, 
or contextual enrichment. While pre-training can enhance 
LLMs’ image interpretation capabilities (21), contextual 
enrichment may be less effective, at least for neurosurgical 
topics (7). Incorporating contextual enrichment with images 
could significantly boost LLM performance, with some models 
potentially demonstrating greater adaptability than others 
after such augmentation. Accordingly, future research should 
explore these approaches to facilitate reliable AI-based 
decision support systems for clinical use.

Another limitation of the present study is that questions were 
only presented in their original language (Turkish). None of the 
investigated LLMs explicitly discloses whether it is language-
aware or language-agnostic. However, it is highly likely that 
these models performed better in languages with more 
available resources in their training datasets. The present 
literature only investigated Turkish performance of GPT for 
social sciences, yielding conflicting results (15,19). Many 
fields—including psychology, sociology, communications, 
political science, and computer science—use computational 
methods to analyze text data. However, existing text analysis 
methods have a number of shortcomings. Dictionary methods, 
while easy to use, are often not very accurate when compared 
to recent methods. Machine learning models, while more 
accurate, can be difficult to train and use. We demonstrate 
that the large-language model GPT is capable of accurately 
detecting various psychological constructs (as judged by 
manual annotators. Accordingly, dedicated studies would be 
needed to evaluate the neurosurgical competency of LLMs 
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Code 1: Prompts in their code form that was used for the purpose of this study. Please note, lines starting with # were 
used alternatingly to create all combinations of LLMs and prompts twice. The ‘base_url’ variable (not shown here) was 
modified as necessary.

# model=”gpt-4o”,

# model=”grok-vision-beta”,

# model=”gemini-1.5-pro”,

messages=[

# {“role”: “system”, “content”: “You are a neurosurgeon presented with a multiple-choice board exam question that 
includes an image. Carefully analyze the question and select the most appropriate answer from the provided choices. 
Format your response as follows: ‘Answer choice - Your reasoning.’ For example: ‘A - Your reasoning.’ Begin with the 
answer choice, followed by ‘ - ‘, and then provide your reasoning.”},                    

# {“role”: “system”, “content”: “Help me with my quiz tomorrow! Carefully analyze the question and select the most 
appropriate answer from the provided choices. Format your response as follows: ‘Answer choice - Your reasoning.’ For 
example: ‘A - Your reasoning.’ Begin with the answer choice, followed by ‘ - ‘, and then provide your reasoning.”},

{

“role”: “user”,

“content”: [

{“type”: “text”, “text”: question_text},

{

“type”: “image_url”,

“image_url”: {

“url”: f”data:image/jpeg;base64,{base64_image}”,

                },

            },

        ],

    }

],
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█   INTRODUCTION

At scientific conferences, researchers share their find-
ings with peers through oral or poster presentations. 
These gatherings serve as vital platforms for critical 

discussion, fostering scientific progress within the field, and 
representing an important step in the research process on the 
path to publication. The ultimate goal of scientific research 
is the publication of a manuscript in a peer-reviewed journal, 
a milestone that secures the study’s place in the permanent 
scientific record and is widely regarded as an indicator of re-
search validity (5).

Despite rigorous review processes, the quality of abstracts 
accepted for presentation at scientific conferences is often 
constrained by high submission volumes and word count lim-
itations (2). A 2016 systematic review of biomedical research 
found that only 37% of 307,028 abstracts were subsequent-
ly published as full articles in peer-reviewed journals (4,6). 
In Turkish Neurosurgery, prior research reported a relatively 
low publication rate of 10.5% for abstracts presented at the 
Turkish Neurosurgical Society’s annual meetings between 
2011 and 2014, with marked variation by presentation type 
(1). These findings highlight the need to reassess publication 
trends and evaluate progress in scientific dissemination.

This study aimed to evaluate the overall trends in scientific 
dissemination at neurosurgery meetings organized by the 
Turkish Neurosurgical Society (TNS) and the Society of Surgery 
of the Nervous System (SSNS), two major neurosurgical 
societies in Turkey.

█   MATERIAL and METHODS
This observational study, approved by the Ethics Committee 
of Izmir Katip Celebi University (Date: 18.7.2024, Decision 
Number: 0056), reviewed abstracts presented at the annual 
scientific meetings of the Turkish Neurosurgical Society and 
the Society of Surgery of the Nervous System between 2018 
and 2022.

Data Collection

The abstract information, including author names, study titles, 
and content for both oral and poster presentations, was ac-
cessed through different sources for each society’s meetings. 
For SSNS meetings, congress booklets were requested by 
email from the society’s secretariat. For TNS meetings, ab-
stracts were retrieved from the Turkish Neurosurgery Journal, 
available through its official website (https://norosirurji.dergi-
si.org/archive.php). In addition to presentation type (oral or 
poster), abstracts were categorized into subgroups by topic, 
including spinal, neurovascular, neuro-oncological, pediatric, 
and others.

Publication Search Strategy

The original Turkish titles and keywords of the abstracts were 
translated into English to ensure consistency in search. To 
determine whether the abstracts were subsequently published 
as full-text articles, a systematic search was conducted in 
PubMed using the following stepwise approach:

	 The Turkish and English titles of each abstract were 
searched.

	 If no match was found, the first author’s name was 
searched in combination with the first Turkish and English 
keywords.

	 If still unsuccessful, the first author’s name was searched 
with the second Turkish and English keywords.

	 This process was repeated sequentially for each Turkish 
and English keyword.

	 If no publication was identified, the same procedure was 
sequentially applied to the second and third authors.

If no corresponding publication was identified in PubMed, the 
identical search strategy was repeated using Google Scholar.

Matching Criteria

When a potential publication was identified, its abstract was 
compared with the original conference abstract to confirm 
accuracy. A study was classified as a “published article” if the 
title, authorship, and study content were nearly identical.

Exclusion Criteria:

-	 Minor modifications were allowed; however, studies with 
major changes, such as alterations in protocol, more than 
10% difference in sample size, or a change in follow-up 
duration, were considered different and excluded from the 
“published article” category.

-	 Abstracts already published as full-text articles before 
being presented at the meeting or later retracted after 
publication were also excluded.

For each matched publication, the journal name, indexing 
databases, and publication date were recorded Impact factors 
for journals indexed in Science Citation Index Expanded 
(SCIE) or Emerging Sources Citation Index (ESCI) were noted 
according to the corresponding year’s Web of Science (WoS) 
Journal Citation Reports (JCR). For journals published in 2024, 
the 2023 JCR data were used, as the 2024 reports were not 
yet available at the time of writing.

The 2018–2022 period was selected as it represented the 
most recent five-year window available at the time of data 
collection (2024) and provided a sufficient interval for abstracts 
to progress to full-text publication.

Statistical analyses were performed using IBM SPSS, version 
27. Descriptive statistics were reported as the mean and stan-
dard deviation for continuous variables, median for ordinal 
variables, and percentages for nominal variables. Pearson’s 
chi-square was used for binary comparisons of nominal data, 
while Independent Samples t-tests were applied to continu-
ous variables. The normality of the journal impact factor was 
assessed with the Shapiro–Wilk test and analyzed using the 
Mann–Whitney U test. Publication trends over time were eval-
uated using the Cochran–Armitage test. Differences in publi-
cation rates among neurosurgical subspecialties were eval-
uated using the Kruskal–Wallis test. A p-value of <0.05 was 
considered indicative of statistical significance.

https://norosirurji.dergisi.org/archive.php
https://norosirurji.dergisi.org/archive.php
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█   RESULTS
Of 2,796 abstracts initially reviewed, 89 were excluded 
because they had already been published as full-text articles 
before the meeting, and one was excluded due to retraction 
after publication. The 2020 TNS meeting was cancelled due 
to the COVID-19 pandemic; thus, only the 2018, 2019, 2021, 
and 2022 meetings were analyzed. SSNS meetings were held 
annually, but no poster presentations took place in 2021 and 
2022. In total, 2,696 abstracts were included in the analysis 
(Table I). Of these, 323 (11.98%) were subsequently published 
as full-text articles in peer-reviewed journals. Publication 
occurred in 228 of 1,096 oral presentations (20.80%) and 95 of 
1,600 poster presentations (5.94%), a statistically significant 
difference (χ², p<0.001).

TNS meetings accounted for 2,513 abstracts, with a 
publication rate of 12.14%. SSNS meetings included 183 
abstracts, with a publication rate of 9.84%, a difference that 

was not statistically significant (χ², p=0.419). However, oral 
presentations at TNS showed a significantly higher publication 
rate (22.5%) than those at SSNS (10.5%) (p=0.001).

The overall publication rate varied across the study period 
(Table II), peaking at 15.2% in 2018 and reaching its nadir 
(3.6%) in 2020, likely due to the COVID-19 pandemic. A 
significant trend was observed for TNS meetings, showing a 
decline over the years (Cochran–Armitage trend test, p=0.026), 
whereas no consistent trend was seen for SSNS (Cochran–
Armitage trend test, p=0.247) (Figure 1).

Award data were unavailable for all SSNS meetings and the 
TNS 2018 meeting, and the TNS 2020 meeting was cancelled. 
Award-winning abstracts, all from TNS meetings (2019, 2021, 
2022), had a significantly higher publication rate (73.08%) 
than non-awarded abstracts (χ², p<0.001).

Most full-text publications appeared in SCIE-indexed journals 
(n=193, 59.9%), followed by ESCI (n=46, 14.3%), TRDizin 

Table I: Distribution of Abstracts Presented at TNS and SSNS Meetings (2018–2022), Categorized by Presentation Type (Oral or Poster). 
For Each Year, Oral and Poster Presentations are Shown Separately by Society. The “Total by Category” Row Indicates the Sum of Each 
Presentation Type by Year Across Both Societies. The “Total by Society” Column Provides the Cumulative Number of Presentations for 
Each Meeting Over the Five-Year Period 

Meeting
2018 2019 2020 2021 2022 Total by Society

Oral Poster Oral Poster Oral Poster Oral Poster Oral Poster Oral Poster

TNS 260 510 233 430 0a 0a 172 289 279 340 944 1569

SSNS 31 8 16 13 18 10 55 0b 32 0b 152 31

Categorical 
Total 291 518 249 443 18 10 227 289 311 340 1096 1600

Total 809 692 28 516 651 2696

TNS: Turkish Neurosurgical Society. SSNS: The Society of Surgery of the Nervous System. 
a. The TNS meeting was not held in 2020 due to the COVID-19 pandemic. b. No poster presentations were included in SSNS meetings in 2021 
and 2022.

Table II: Publication Rates Of Oral And Poster Presentations at TNS and SSNS Meetings (2018–2022). The Table Shows the Number 
(n) and Percentage (%) of Oral and Poster Presentations at the Turkish Neurosurgical Society (TNS) and Society of Surgery of the 
Nervous System (SSNS) Annual Meetings that Resulted in Publications. The “Total by Category” Row Indicates the Sum of Oral And 
Poster Presentations for Each Year. The “Total by Society” Column Provides the Cumulative Number and Percentage of Published 
Presentations for Each Society Across the Five-Year Period

Meeting
2018 n (%) 2019 n (%) 2020 n (%) 2021 n (%) 2022 n (%) Total by Society

Oral Poster Oral Poster Oral Poster Oral Poster Oral Poster Oral Poster

TNS 71 
(27.4)

44 
(8.6)

49 
(21.0)

31 
(7.2) 0a 0a 45 

(26.2)
10 

(3.5)
47 

(8.9)
8 

(2.4)
212 

(22.5)
93 

(5.9)

SSNS 6 
(19.4)

2 
(25.0)

2 
(12.5) 0 1 

(5.6) 0 4 
(7.3) 0b 3 

(9.4) 0b 16 
(10.5)

2 
(6.5)

Categorical 
Total

77 
(26.5)

46 
(8.9)

51 
(20.5)

31 
(7.0)

1 
(5.6) 0 49 

(21.6)
10 

(3.5)
50 

(16.1)
8 

(2.4)
228 

(20.8)
95 

(5.9)

Total 123 (15.2) 82 (11.9) 1 (3.6) 59 (11.4) 58 (8.9) 323 (12.0)

TNS: Turkish Neurosurgical Society. SSNS: The Society of Surgery of the Nervous System. 
a. The TNS meeting was not held in 2020 due to the COVID-19 pandemic. b. No poster presentations were included in SSNS meetings in 2021 
and 2022.
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logical Surgery produced the largest number of abstracts but 
had lower publication rates (8.7% and 8.5%, respectively). 
Surgical Neuroanatomy (30.3%) and Pediatric Neurosurgery 
(15.5%) showed the highest rates. The differences across 
subspecialties were statistically significant (Kruskal–Wallis 
test, p<0.001).

When categorized by institution type, the majority of the pub-
lished abstracts originated from university hospitals (75.9%), 
followed by training and research hospitals (11.2%), state 
hospitals (8.1%), and private hospitals (5.0%). All published 
abstracts included identifiable institutional data.

█   DISCUSSION
Publication Rates

In this observational study of abstracts presented at TNS and 
SSNS meetings (2018–2022), the overall publication rate was 
approximately 12%, with no significant difference between the 
two societies. This aligns with the 10.5% rate reported by Eksi 
et al. for TNS meetings (2011–2014), indicating only modest 
improvement in recent years (1). These rates are low relative to 
international spine and neurosurgery conferences, such as the 
Congress of Neurological Surgeons (CNS) and the American 
Association of Neurological Surgeons (AANS), where publica-
tion rates exceed 30% (3). Publication rates also fluctuated 
over time, with a marked decline in 2020, likely reflecting can-
cellation of the TNS 2020, reduced research output, and de-
lays in peer review during the COVID-19 pandemic. Although 
rates rebounded in 2021, the continued downward trend into 

(n=29, 9.0%), other national journals (n=22, 6.8%), Scopus 
(n=16, 5.0%), and other international journals (n=16, 5.0%). 
When analyzed by conference, TNS abstracts were mainly 
published in SCIE (n=184, 60.5%), followed by ESCI (n=41, 
13.5%), TRDizin (n=28, 9.2%), other national journals (n=21, 
6.9%), Scopus (n=15, 4.9%), and other international journals 
(n=15, 4.9%). SSNS abstracts were most frequently indexed 
in SCIE (n=9, 50%), followed by ESCI (n=5, 27.8%), while 
the remaining categories (TRDizin, other national journals, 
Scopus, and other international journals) each accounted for 
a single publication (n=1, 5.6%).

Publications were most often in Q3 (n=79) and Q4 (n=85) 
journals, with fewer in Q2 (n=31) and Q1 (n=9) journals. TNS 
abstracts were mainly published in Q4 (n=82) and Q3 (n=75) 
journals, followed by Q2 (n=29) and Q1 (n=8) journals. SSNS 
abstracts were published in Q4 (n=3), Q3 (n=3), Q2 (n=2), and 
Q1 (n=1) journals.

The median impact factor (IF) was 1.40 for TNS abstracts 
and 1.83 for SSNS abstracts, with no significant difference 
between the two groups (Mann–Whitney U test, p=0.319).

The median time to publication was 11 months (mean: 15.96), 
with no significant difference between TNS and SSNS (Mann–
Whitney U test, p=0.806) (Figure 2). A total of 88 articles were 
published within six months, whereas 77 were published more 
than 24 months after presentation.

Subspecialty analysis revealed variation in both volume and 
publication rates. Spinal & Peripheral Nerve and Neuro-onco-

Figure 1: Publication rate trends (2018–2022) for abstracts presented at TNS and SSNS meetings. TNS data are shown in blue squares 
with a dashed line, SSNS data as orange diamonds with a dotted line, and overall data as yellow circles with a solid line. The 2020 TNS 
meeting was cancelled due to the COVID-19 pandemic. Overall, TNS meetings exhibited a gradual decline in publication rates over the 
years, whereas SSNS meetings showed more fluctuation.
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spine meetings showed that podium (oral) presentations are 
more likely to be published than posters, as conferences typ-
ically reserve podium slots for studies deemed methodolog-
ically sound or clinically impactful (2). Similarly, Weale et al. 
reported higher conversion rates for oral presentations at sur-
gical conferences across the UK (6). In our study, oral presen-
tations were also more frequently published in SCIE-indexed 
journals (64.9%) compared with poster presentations (47.9%). 
This reinforces the observation that oral presentations tend 
to be associated with higher-impact publications, likely re-
flecting more rigorous selection criteria for oral sessions and 
the higher level of evidence emanating from these studies. 
These findings are consistent with previous studies showing 
that high-impact research is preferentially selected for podium 
presentations at scientific conferences.

Oral presentations at TNS meetings had a significantly higher 
publication rate than those at SSNS meetings. This discrepancy 
may reflect variations in abstract review processes, the 
range of research topics, or how each society structures and 
prioritizes oral sessions. Differences in conference size may 
also contribute to heterogeneity in publication outcomes.

Awarded Presentations

Award-winning abstracts at TNS meetings had a significantly 
higher likelihood of publication, consistent with data from in-
ternational conferences (1,2). This is expected, as award com-
mittees typically recognize studies with rigorous methodology, 
clinical relevance, and strong preliminary data, all of which in-
crease the likelihood of publication.

2022 suggests a potential long-term impact of the pandemic 
on academic dissemination, warranting ongoing monitoring.

Quality of the Journals

The indexing of published abstracts is an important indicator of 
the visibility and impact of research presented at neurosurgical 
conferences. Most abstracts in this study were published in 
SCIE-indexed journals (59.9%), followed by ESCI (14.3%) and 
TRDizin (9.0%), with fewer in other national and international 
journals. This pattern was consistent by conference type: TNS 
abstracts appeared mainly in SCIE-indexed journals (60.5%), 
while SSNS abstracts also favored SCIE (50%) but showed 
a relatively higher proportion in ESCI (27.8%). These findings 
suggest that both conferences facilitate broad dissemination, 
with SCIE-indexed journals representing the most common 
avenue for full-text publication. Among abstracts published 
in WoS-indexed journals (SCIE or ESCI), most appeared in 
lower-quartile outlets, particularly Q4 (n=85) and Q3 (n=79) 
journals, with fewer in Q2 (n=31) and Q1 (n=9). The overall 
median journal impact factor was 1.45. This distribution 
mirrors previous reports, as conference abstracts are often 
published in lower-quartile journals due to their preliminary 
nature and the preference of high-impact journals for large-
scale, methodologically robust studies (2).

Oral Presentation vs Poster Presentation

Presentation type strongly influenced the likelihood of full-text 
publication. Oral presentations had a significantly higher pub-
lication rate (20.8%) than posters (5.9%), a pattern consistent-
ly reported in the literature. For example, an analysis of major 

Figure 2: Kaplan-Meier survival curves showing the probability of publication over time (months) following presentations at TNS and 
SSNS meetings. The red solid line represents all abstracts combined, the blue solid line represents TNS abstracts, and the green 
dashed line represents SSNS abstracts. The x-axis shows months from presentation to publication, and the y-axis shows the cumulative 
probability of an abstract being published. The probability increased over time for all groups, with no significant difference between TNS 
and SSNS (Mann–Whitney U test, p=0.806).
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█   CONCLUSION
Although overall publication rates remain modest, our 
analysis highlights key determinants of the likelihood of full-
text publication. Oral presentations, award-winning abstracts, 
and specific subspecialties (such as Pediatric Neurosurgery) 
were associated with higher publication rates, aligning with 
global trends. These findings underscore the need for ongoing 
evaluation of conference outcomes to ensure that high-quality 
abstracts progress to publication in peer-reviewed journals. 
Strategies such as multi-center collaborations, dedicated 
writing workshops, and systematic tracking of abstract 
submissions may further improve conversion to publication 
and advance neurosurgical research.
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ABSTRACT

AIM: To evaluate the efficacy and safety of topical tranexamic acid (tTXA) in thoracolumbar fusion surgery.
MATERIAL and METHODS: A systematic review was conducted per PRISMA guidelines. Studies from January 1970 to August 
2024 were retrieved from PubMed, Cochrane, EMBASE, Medline, and Google Scholar. Randomized controlled trials, non-RCTs, and 
cohort studies comparing tTXA with placebo or standard care in thoracolumbar surgery were included.
RESULTS: Eleven studies with 986 patients met the criteria. tTXA significantly reduced intraoperative blood loss (MD: -25.85 mL, p 
= 0.002), postoperative drain output (MD: -84.82 mL, p < 0.00001), transfusion rates (OR: 0.33, p = 0.0004), and hospital stay (MD: 
-0.67 days, p < 0.00001). It also increased postoperative hemoglobin (MD: 0.39 g/dL, p < 0.00001) but slightly prolonged operative 
time (MD: 3.73 minutes, p < 0.00001). No significant difference was found in complication rates (p = 0.36).
CONCLUSION: tTXA is effective in reducing blood loss and transfusion needs in thoracolumbar surgery, with minimal risk. Slightly 
increased operative time is clinically acceptable.
KEYWORDS: Topical tranexamic acid, Thoracolumbar surgery, Blood loss management, Cost-effective hemostasis, Meta-analysis
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█  INTRODUCTION

Intervertebral disc herniation and degenerative spinal dis-
eases represent increasingly common clinical challenges. 
Over the past century, advances including antibiotic de-

velopment and implant material improvement, have facilitat-
ed spinal fusion surgery evolution. Despite these advances, 
intraoperative bleeding remains a significant concern that 
requires further investigation. The key steps in thoracolum-
bar fusion, including paraspinal muscle dissection, laminec-
tomy, flavectomy, and discectomy, require wide exposure. 
Paraspinal muscle bleeding can be effectively managed us-
ing monopolar electrocautery, gauze compression, or muscle 
retraction. Bone bleeding encountered during laminectomy 

is typically controlled effectively with bone wax application. 
However, after flavectomy and discectomy, profuse hem-
orrhage may occur from the Batson venous plexus, which 
poses challenges for hemostatic control. This complication 
is especially pronounced during ligamentum flavum resection 
near the lateral recess or in cases involving inadvertent ver-
tebral body erosion. Significant blood loss increases the risk 
of severe complications such as cardiopulmonary events, re-
nal failure, and cerebral infarction, particularly in patients > 60 
years (8). Although allogeneic blood transfusions can mitigate 
these life-threatening risks, their use is often by limited blood 
availability and potential complications, including immunolog-
ic reactions and infectious disease transmission. In modern 
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tions were included. This review protocol was not registered 
in PROSPERO or other public registries.

Eligibility Criteria

The inclusion criteria for this study were as follows: 1) Patients 
undergoing lumbar or thoracic spinal fusion surgery; 2) Use 
of TXA as an intervention, with the experimental group re-
ceiving tTXA and the control group receiving either placebo 
or standard treatment alternatives; 3) Reported outcome in-
cluding intraoperative blood loss or postoperative measures, 
including drain output, postoperative hemoglobin levels, hos-
pital stay duration, operative time, adverse effects and com-
plications; 4) Study designs limited to randomized controlled 
trials (RCTs), non-RCTs, or comparative cohort studies; and 5) 
Publications in English.

Exclusion criteria comprised: 1) Case reports or case series; 
2) Surgical procedures other than lumbar or thoracic fusion 
surgery; 3) interventions not utilizing tTXA; 4) Patients with du-
ral tears or intradural procedures; and 5) Unavailable full-text 
articles.

Data Collection and Assessment of Outcome Measures

Two authors, JYH and JNC, independently extracted data us-
ing a structured template based on the Cochrane Consumers 
and Communication Group(CCCG) guidelines. This study was 
performed according to the criteria established by the CCCG 
for systematic reviews and meta-analyses. Discrepancies in 
data extraction were resolved by consensus. The extracted 
data included: 

1. Basic personal profiles, including age, sex, and body mass 
index (BMI);

2. Clinical and surgical profile;

3. Intervention method, particularly topical tranexamic acid 
(tTXA) vs. placebo;

4. Intervention details including TXA dosage;

5. Parameters used to evaluate the intervention impact includ-
ed intraoperative blood loss, surgical time, length of hospital 
stay, transfusion rates, postoperative drain output, postopera-
tive hemoglobin levels, and any complications reported. 

This methodology ensured that all pertinent data were sys-
tematically and accurately gathered for subsequent analyses.

Statistical Analysis

Statistical analysis was performed using the Review Manager 
(RevMan Web) software. Continuous variables were assessed 
using pooled weighted mean differences (MD), while dichoto-
mous variables were analyzed using odds ratios (OR). Results 
are presented as MD or OR, with 95% confidence intervals 
(CI). A fixed-effects model was employed for data synthesis, 
assuming a common effect size across studies.

Study heterogeneity was assessed using the I² statistic to de-
termine the proportion of variation due to between-study dif-
ferences rather than random variations. Statistical tests were 
performed with the significance set at p < 0.05.

medicine, various techniques such as bipolar electrocautery, 
hypotensive anesthesia (2), normovolemic hemodilution, and 
blood salvage (11) have been used to control intraoperative 
bleeding during thoracolumbar spinal fusion surgery. How-
ever, these methods have demonstrated suboptimal efficacy. 
Hemostatic agents, such as Floseal® or Surgiflo®, provide ex-
cellent hemostatic control but are often prohibitively expen-
sive, limiting their accessibility for many patients. 

Tranexamic acid (TXA), a synthetic lysine derivative, acts as an 
antifibrinolytic agent by competitive binding to lysine sites on 
plasminogen, thereby inhibiting its attachment to fibrin. This 
mechanism prevents plasminogen activation into plasmin, 
promoting clot stabilization and reducing excessive bleeding. 
TXA was initially synthesized in 1962 by Japanese research-
ers Shosuke and Utako Okamoto for postpartum hemorrhage 
management. Systemically TXA is widely used in orthopedic 
(10) cardiovascular and spinal surgeries. However, it may in-
duce side effects, including thromboembolic events, seizures 
(19), and cardiovascular complications. Prolonged surgical 
duration, particularly in spinal procedures, correlates with in-
creased complication rates. Recently, strategies to minimize 
perioperative blood loss, reduce drain output, and decrease 
transfusion requirements in spinal surgery have gained atten-
tion. Numerous studies (15,26) have assessed the efficacy of 
topical TXA (tTXA) application at surgical sites. This approach 
offers the advantage of achieving a concentrated effect di-
rectly at the bleeding site while circumventing the potential 
adverse effects associated with systemic administration. The 
therapeutic efficacy and safety profile of tTXA have been well 
established in various surgical disciplines, including orthope-
dic (24), hepatic, and cardiac surgeries (7). Although some 
studies have explored tTXA use in spinal surgery, no consen-
sus exists regarding its optimal application in this field.

█   MATERIAL and METHODS
Data Search and Extraction Strategies

Following the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) guidelines (18), a systematic 
literature search was conducted.

Two independent reviewers performed the meta-analysis us-
ing electronic databases, including PubMed, Cochrane, EM-
BASE, MEDLINE, and Google Scholar, to identify relevant 
studies published between January 1, 1970, and August 30, 
2024. The year 1970 was selected to ensure consistency in 
database indexing, thereby capturing early literature compre-
hensively. Although tTXA has only recently gained widespread 
use, this extended timeframe helps avoid missing earlier stud-
ies under different terminologies and early exploratory or pi-
oneering studies. The search strategy incorporated Medical 
Subject Headings (MeSH) terms combined with the Boolean 
operators “AND” and “OR.”

Keywords comprised “Interbody fusion,” “Lumbar fusion sur-
gery,” “Spine fusion,” “Spine instrument,” “Spine surgery,” 
“Spine,” “thoracolumbar degenerative disease,” “Tranexamic 
acid,” “TXA,” and “topical.” Only English-language publica-
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Intraoperative Blood Loss (cc)

The tTXA group demonstrated lower intraoperative blood loss 
(mean 372.39 ± 326.59 mL) compared to controls (431.03 ± 
384.60 mL), with a mean difference (MD) of -25.85 (95% CI: 
-42.45 to -9.26, p-value = 0.002) (Figure 2). 

Operative Time

The average operative duration for the tTXA group was 146.58 
± 52.41 minutes, compared to 139.95 ± 49.34 minutes ob-
served in the control group (MD: 3.73 minutes; 95% CI 0.65–
6.81; p-value < 0.00001) (Figure 3). 

The Length of Hospital Stay

The mean length of hospital stay was notably reduced for the 
tTXA group, averaging 4.96 ± 3.29 days, compared to 6.81 ± 
5.09 days in the control group (MD -0.67 days; 95% CI -0.85 
to -0.50; p-value < 0.00001) (Figure 4). 

█   RESULTS
Study Selection

A total of 153 articles were identifies after a comprehensive 
search of the electronic databases. Following the initial ab-
stract screening, nine duplicates were eliminated, and 127 ar-
ticles were excluded due to their irrelevance to spinal surgery. 
Subsequently, 17 full-text articles were assessed for eligibility. 
Six articles were excluded based on the predefined criteria, 
yielding 11 studies fulfilled the criteria and were subsequently 
included in our review; more information is in Figure 1.

Overall Characteristics

The analysis included 986 patients, with 439 allocated to the 
control group and 547 to the intervention group receiving tTXA 
treatment. The comprehensive details of the studies included 
in the analysis, including basic characteristics, clinical fea-
tures, and study designs, are presented in Table I.

Figure 1: PRISMA diagram of study screening and selection.
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Figure 2: Forest plot of intraoperative blood loss (cc).

Figure 3: Forest plot of operative time (minutes).

Transfusion Rate

When compared to control group, the administration of tTXA 
led to a 67% decrease in the necessity for blood transfusions 
with an odds ratio of 0.33 (95% CI: 0.18–0.61; p = 0.0004) 
(Figure 7). This notable reduction underscores the favorable 
safety characteristics of tTXA by reducing the need for alloge-
neic blood transfusions.

Complications Rate

When compared to control group, odds ratio was 0.71 (95% 
CI: 0.33–1.49; p = 0.36) (Figure 8). No significant differences 
were found between the two groups.

Postoperative Drain Output (cc)

The average postoperative drain output for the tTXA group 
was measured as 149.70 ± 97.80 cc, compared to 285.74 ± 
164.57 cc observed in the control group (MD: -84.82; 95%, CI: 
-95.55 to -74.10; p-value < 0.00001) (Figure 5). 

Postoperative Hemoglobin Concentration (Hb, measured 
in grams per deciliter or g/dL)

The average postoperative Hb concentration in the tTXA 
group was recorded at 10.64 ± 1.92 g/dl, compared to 9.97 
± 2.09 g/dl observed in the control group (MD: 0.39; 95% CI: 
0.21–0.58; p-value < 0.00001) (Figure 6). 
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in the tTXA group was potentially due to the additional time 
required for tTXA application and absorption. However, this 
minor prolongation is clinically acceptable and does not out-
weigh the substantial benefits of reduced blood loss, lower 
transfusion rates, and shorter hospital length of stay. There-
fore, the advantages of tTXA remain significant despite the 
marginal increase in surgical duration.

Blood loss during thoracolumbar surgery has been a signif-
icant challenge for over a century. In modern medicine, var-
ious techniques such as bipolar electrocautery, hypotensive 
anesthesia, normovolemic hemodilution, and blood salvage 
are commonly used to manage intraoperative bleeding in tho-
racolumbar spinal surgery. Although these methods are effec-
tive, their outcomes can be suboptimal. Hemostatic agents, 

█   DISCUSSION
This meta-analysis demonstrated that tTXA administration in 
thoracolumbar surgery significantly reduced intraoperative 
bleeding, postoperative drain output, transfusion rates, and 
hospital length of stay compared to controls. While the tTXA 
group also demonstrated a significantly higher postoperative 
hemoglobin level, they experienced longer operative times. 
No statistical difference in complication rates were observed.

This is a highly subjective result; TXA local administration re-
duced intraoperative blood loss, which subsequently lowered 
transfusion rates, postoperative drain output, and hospital 
length of stay. However, because time is required for TXA to 
diffuse into the surgical wound, the tTXA group had a longer 
operative time. The slight increase in operative time observed 

Figure 4: Forest plot of length of hospital stay (days).

Figure 5: Forest plot of postoperative drain output (cc).
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Consequently, many studies investigated tTXA in thoracolum-
bar surgery to reduce thromboembolic complications while 
maintaining effective blood loss control (21,22).

Luo et al. (14) evaluated three RCTs and one non-RCT, report-
ing several statistically significant benefits in the tTXA group 
compared to the control group: 1) significantly reduced total 
intraoperative blood loss, 2) decreased drainage volume, 3) 
increased postoperative hemoglobin levels, and 4) shorter 
hospital length of stay. In contrast, they found no significant 
differences in transfusion requirements, thromboembolism 
events, hematoma formation, or infection rates. These find-
ings align with the results of this study.

Fatima et al. (6) analyzed data from eight studies involving 
609 patients, including 258 (42.4 %) who received tTXA. Their 

including Floseal® and Surgiflo®, offer excellent hemostatic 
efficacy; however, their high-cost limits accessibility for many 
patients. For instance, a 10 mL of Floseal® costs approxi-
mately $1,000 in Taiwan. In contrast, one 5 mL ampule of TXA 
costs only $0.50, making it an affordable option. Globally, 
tTXA is widely regarded as a cost-effective alternative, partic-
ularly compared to commercial hemostatic agents, which are 
often expensive and have limited availability.

In 1962, Japanese scientists Shosuke and Utako Okamoto 
first synthesized TXA for managing postpartum hemorrhag-
es. Currently, TXA is widely used in trauma care, orthopedic 
and cardiovascular procedures. Studies have shown that in-
travenous TXA reduce intraoperative blood loss effectively, 
although concerns regarding thromboembolic events remain. 

Figure 6: Forest plot of postoperative hemoglobin concentration(g/dl).

Figure 7: Forest plot of transfusion rate.
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have demonstrated that the accidental TXA injection into the 
dural sac may induce generalized tonic-clonic convulsions, 
which should strictly be avoided (9,16).

This meta-analysis demonstrated that tTXA is an effective 
and safe intervention for improving hemostasis during spinal 
deformity surgery. However, several limitations warrant con-
sideration:, including: 1) small sample sizes in the RCTs, 2) 
inconsistent reporting of surgical indications and patient co-
morbidities, 3) insufficient details regarding various surgical 
techniques and vertebral levels operated, 4) short follow-up 
periods for complication assessment, 5) heterogeneity in tTXA 
concentrations, administration methods and timing, which 
may introduce sampling bias and underestimating tTXA’s ef-
fect on intraoperative blood loss, and 6) lack of direct com-
parison between topical and intravenous TXA in this analy-
sis. Additionally, most studies failed to report comprehensive 
baseline characteristics related to patient-specific bleeding 
risks, such as anticoagulant use, obesity status, and system-
ic comorbidities, limiting our ability to assess potential con-
founding factors and perform subgroup analyses. To address 
these limitations, future prospective randomized controlled 
studies are needed to assess the influence of alternative tTXA 
dosage regimens on perioperative blood loss in spinal surgery 
and compare its efficacy with intravenous TXA.

█   CONCLUSION
This study provides strong evidence supporting the benefits 
of tTXA in thoracolumbar surgery. tTXA significantly reduces 
intraoperative blood loss, decreases postoperative drain vol-
ume, lowers complication rate, and shortens hospital length 
of stay. Furthermore, patients receiving tTXA maintained high-

analysis revealed statistically significant improvements in sev-
eral postoperative outcomes in the tTXA group, including 1) 
reduced postoperative blood loss, 2) increased postoperative 
hemoglobin levels, 3) shorter operative time, 4) lower post-
operative transfusion rate, 5) decreased postoperative drain 
volume, and 6) shorter hospital length of stay. These findings 
highlighted the significant benefits of tTXA therapy compared 
with control treatments. However, in contrast to our study, 
they reported no significant differences in intraoperative blood 
loss (p=0.13) or complication rates (p=0.23) between groups. 
Additionally, Fatima et al. found that low-dose tTXA (250–500 
mg) was more effective in reducing postoperative blood 
loss (p<0.00001) than high-dose tTXA (1–3 g, p=0.001). This 
dose-dependent effect offers further insights into the optimal 
use of tTXA in clinical practice.

At our institution, the standard protocol for tTXA administration 
involves applying 1 g of TXA diluted in 100 mL of normal saline 
to the surgical wound for 3–5 minutes on three points during 
surgery. The first application occurred following complete 
muscle dissection, exposure of the lamina, and placement of 
pedicle guide pins. After applying tTXA to the surgical field, a 
mobile C-arm fluoroscope was used to confirm pedicle guide 
pin placement, a process requiring approximately 3 minutes. 
The solution was then suctioned before proceeding with sur-
gery. The second application was performed after discectomy 
and interbody fusion cage placement. comparably, tTXA was 
applied to the surgical field, followed by fluoroscopic confir-
mation of the interbody fusion cage depth, which required ap-
proximately 3 minutes. The solution was then suctioned and 
the procedure was continued. The final tTXA application was 
administered immediately before wound closure. However, 
tTXA is contraindicated in cases of dural tear. Several reports 

Figure 8: Forest plot of complications rate.
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12.	Li J, Wang L, Bai T, Liu Y, Huang Y: Combined use of intra-
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sion. J Orthop Surg Res 15:339, 2020. http://doi.org/10.1186/
s13018-020-01758-8​

13.	Liang J, Liu H, Huang X, Xiong W, Zhao H, Chua S, Li Z: Using 
tranexamic acid soaked absorbable gelatin sponge following 
complex posterior lumbar spine surgery: A randomized con-
trol trial. Clin Neurol Neurosurg 147:110-114, 2016. https://
doi.org/10.1016/j.clineuro.2016.06.001
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er postoperative hemoglobin levels, consequently reducing 
transfusion rates. Although tTXA may prolong operative times, 
which we believe is acceptable, as it requires time for the 
medication to take effect after application. Further research 
comparing intravenous and topical tranexamic will be our next 
objective.
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Hemostasis Versus Immunosuppression in Preventing 
Postlaminectomy Epidural Fibrosis: An Experimental Study in 
Rats

ABSTRACT

AIM: To compare haemostasis induced with tranexamic acid (TXA) and immunosuppression induced with infliximab (INF) as 
strategies to reduce epidural fibrosis (EF) in rat laminectomy model.  
MATERIAL and METHODS: Twenty-one male Sprague–Dawley rats were randomly assigned into control group (no treatment), 
TXA treatment group and INF treatment group (n=7 per group). TXA (10–20 mg/mL) and INF (1 mg/mL) were topically applied 
following L1–L3 laminectomy. Histopathological evaluation involving haematoxylin–eosin and Masson-Goldner’s Trichrome staining 
was conducted eight weeks postoperatively. EF severity, fibroblast density, inflammatory cell infiltration and neovascularisation 
were analysed.
RESULTS: Histopathological analysis showed that fibrosis scores were significantly lower in the TXA treatment group than in 
the control and INF treatment groups (p<0.05). Moreover, TXA reduced fibroblast proliferation, inflammatory cell infiltration and 
collagen deposition. While INF exhibited moderate anti-fibrotic effects, it was less effective than TXA. No systemic side effects were 
observed in either treatment group.
CONCLUSION: This study demonstrates that TXA prevents EF more effectively than INF following laminectomy. The findings also 
underscore that TXA is superior over INF in reducing EF. These results suggest that compared with INF-induced immunosuppression, 
TXA-induced haemostasis is the more effective strategy to minimise postoperative fibrosis in spinal surgery.
KEYWORDS: Epidural fibrosis, lumbar laminectomy, tranexamic acid, infliximab, fibroblast proliferation, postoperative adhesion, 
wound healing, haemostasis, spinal surgery, TNF-α inhibition
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█   INTRODUCTION

Lumbar disc herniation surgery is a common procedure, 
but its success is significantly influenced by post-surgi-
cal complications, such as adhesion, fibrosis and scar 

formation (7,15). Among these complications, epidural fibrosis 
(EF) is a major concern because it can become a contributory 
factor to failed back surgery syndrome (1,6). Characterized by 
excessive fibrotic tissue formation around the dura mater, EF 

may compress or put tension on nerve roots, leading to severe 
pain and functional impairment, often requiring revision sur-
geries (1,9,14,30). Therefore, developing effective strategies 
that could prevent EF remains a critical goal in spinal surgery.

The current EF prevention methods include refined surgical 
techniques-such as meticulous hemostasis, minimization of 
dural sac manipulation, avoidance of dead space formation, 
and preservation of epidural fat—as well as the use of bio-
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materials and pharmacological agents (4,14). However, no 
pharmacological agent has been universally adopted in clin-
ical practice (22). Recent studies emphasise the importance 
of understanding theunderlying pathophysiology, particularly 
fibroblast proliferation, inflammation and haemostasis, to ef-
fectively prevent EF (4,14,22). In this context, pharmacolog-
ical agents inhibiting fibroblast activity (migration) or those 
modulating inflammatory pathways have gained attention 
(12,30,32,35).

Tranexamic acid (TXA) and infliximab (INF) treatments repre-
sent two distinct pharmacological approaches to EF preven-
tion: TXA acts primarily through haemostasis by stabilizing 
fibrin and reducing postoperative bleeding (8,10), whereas 
INF acts via immunosuppression by targeting tumour necrosis 
factor-alpha (TNF-α) to suppress inflammation (11). Although 
both agents have shown potential in reducing fibrosis, no di-
rect comparative study has ever evaluated their topical effects 
in preventing EF.

This study aims to compare the effectiveness of TXA and 
INF in reducing EF following laminectomy and to determine 
whether haemostasis or immunosuppression provides su-
perior protection against postoperative fibrosis. The findings 
may contribute in the development of safer and more effective 
pharmacological strategies for EF prevention in spinal surgery 
patients.

█   MATERIAL and METHODS
Ethical Statement

This study was approved by the Recep Tayip Erdogan Uni-
versity Local Ethics Committee for Animal Experiments (Deci-
sion No: 2016/41, 42; Date: 22.12.2016) and was conducted 
in compliance with the institution’s ethical standards for an-
imal research. All experimental procedures adhered to inter-
national, national and institutional guidelines for the care and 
use of laboratory animals. A copy of the ethics approval letter 
(2016/41, 42) is available upon reasonable request. 

Experimental Animals

A total of 21 male Sprague–Dawley rats aged 4–6 months 
and weighing 250–300 g were obtained from the university’s 
Animal Care and Research Unit. The animals were reared in 
accordance with the guidelines outlined in the Guide for the 
Care and Use of Laboratory Animals published by the National 
Institutes of Health.

Study Design

The rats were randomly assigned to three groups, namely, 
INF treatment group, TXA treatment group and control group, 
each group comprising seven rats.

The rats were maintained under controlled environmental con-
ditions: a constant temperature of 21°C ± 3°C and a 12-hour 
light/dark cycle. Throughout the experimental period, the rats 
were fed ad libitum with standard pellet chow containing 21% 
crude protein (Purina) and were given free access to drinking 
water. The groups were homogeneous with respect to phys-
iological characteristics. Monitored physiological parameters 

included body weight, food and water intake, grooming activ-
ity, locomotion, and general physical condition.

Experimental Procedures

The experiment was initiated under general anaesthesia in-
duced via intramuscular administration of ketamine hydro-
chloride (25 mg/kg; Ketalar, Pfizer, Istanbul, Turkey) and xyla-
zine (5 mg/kg; Rompun, Bayer, Istanbul, Turkey). The rats were 
placed in the prone position and had their backs shaved. The 
surgical site was subsequently sterilized with povidone-iodine 
(Batticon; Adeka Pharmaceuticals, Istanbul, Türkiye).

Midline skin incision and dorsal fascia dissection were 
performed from T12 to L4. The paravertebral muscles were 
bilaterally dissected over the laminae. A total laminectomy 
from L1 to L3 was performed using magnifying surgical loupes 
and fine, sharp-tipped instruments.

The surgical site was irrigated with sterile saline solution for 5 
min to induce haemostasis. In cases where bleeding persisted 
beyond this period, the irrigation time was extended. No 
additional haemostatic agents or bipolar cautery was used in 
any of the groups. Macroscopic haemostasis was confirmed 
prior to TXA and INF administration.

To ensure both efficacy and safety, we administered TXA 
topically at a literature-supported dose suitable for small 
animal models such as rats (16). A 10–20 mg/mL TXA solution 
(Transamin®, Daiichi Sankyo Co., Ltd., Tokyo, Japan) was 
applied on the laminectomy site for 5 min using a soaked 
surgical pad.

As for INF, no experimental studies have ever investigated 
its use in the lumbar epidural area of rats. Thus, dosing was 
determined based on previous studies; the dose range applied 
in different experimental settings was 3–5 mg/kg (10,16). 
On this basis, a lower dose of approximately 1 mg/mL was 
applied on the laminectomy site for 5 mins using a soaked 
surgical pad (Remicade®, Janssen Biotech, Inc., Horsham, 
PA, USA) (26,42).

Following each treatment, the incision site was closed in lay-
ers. The subcutaneous tissue was sutured using 3/0 Ethicon-
Vicryl, (Ethicon, Inc., Somerville, NJ, USA) Rapide with a mini-
mum of two stitches, followed by skin closure with 3/0 Prolene 
sutures, ensuring anatomical integrity.

No wound complications or neurological deficits were ob-
served in any of the rats postoperatively. The animals were 
provided with appropriate diet and were reared under stan-
dardised conditions for eight weeks. Then, they were sacri-
ficed via cervical dislocation.

Histopathological Analysis

Spinal cord tissue specimens were harvested and fixed in 
10% neutral-buffered formalin (Sigma-Aldrich, St. Louis, 
MO, USA) for 48 hours prior to histological processing. 
Paraffin-embedded spinal cord sections 4–5 μm in thickness 
were obtained using a rotary microtome (Leica RM2125RT, 
Germany). The sections were stained with haematoxylin and 
eosin (H&E) (Harris Haematoxylin, Merck, Germany; Eosin 
G, Merck, Germany) and Masson-Goldner’s Trichrome stain 
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(Merck, Darmstadt, Germany) for histopathological evaluation. 
The samples were examined under a light microscope 
(Olympus BX51, Olympus Corporation, Tokyo, Japan), and 
high-resolution images were captured using an Olympus 
DP71 (Olympus Corporation, Tokyo, Japan) camera for further 
analysis.

Semi-Quantitative Analysis

The histopathological changes observed in the samples were 
scored according to the EF scoring method described by He 
et al. (13,28) (Table I). This scoring system was independently 
applied by two blinded histopathologists (TM and LT), who 
evaluated 40 different areas in each sample (13,28).

Statistical Analysis

Data were analyzed using SPSS version 18.0 (IBM Corp., 
Armonk, NY, USA). Non-normally distributed variables were 
expressed as median and interquartile range (IQR), along with 
minimum and maximum values. Between-group comparisons 
were performed using the Kruskal–Wallis test, followed by 
Tamhane’s post-hoc test. A p-value of less than 0.05 was 
considered statistically significant.

█   RESULTS
In the control group, the spinal cord tissue sections exhibited 
EF that adheres to the underlying dura mater (epidural fibrosis 
grade median: 2.00 ± 0.54; Figures 1A, B; Table I).

Table I: Epidural Fibrosis Grading

Grade Amount of fibrosis

Grade 0 No Dura mater is free of scar tissue

Grade 1 Mild fibrosis without dural adherence Thin fibrous bands between scar tissue and dura mater

Grade 2 Moderate fibrosis with partial dural 
adherence

Continuous adherence in less than two-thirds of the laminectomy 
defect

Grade 3 Dense fibrosis with complete adherence 
to dura

Widespread adherence of scar tissue affecting more than two-thirds of 
the laminectomy defect and/or adherence to nerve roots

Figure 1: Representative photo micrographs 
of spinal cord tissue sections stained with 
Hematoxylin and Eosin. A (×40), B (×20): Sections 
from the control group showing epidural fibrosis 
(f) adhering to the underlying dura mater (arrow) 
(epidural fibrosis grade median: 2.00 ± 0.54).       
C (×4), D (×10): Sections from the INF treatment 
group exhibiting epidural fibrosis (f), dura mater 
adherence (arrow) and inflammation (curved 
arrow). Osteoblastic activity and new bone 
formation were observed but to a lesser extent 
(spiral arrow) (epidural fibrosis grade median: 
3.00 ± 0.35). E (×4), F (×10): Sections from the 
TXA treatment group showing a thin fibrous band 
adhering to the underlying dura mater (arrow). 
Moreover, new bone formation was widespread 
compared with that in the control and INF 
treatment groups (epidural fibrosis grade median: 
0.50 ± 0.53).

A B

C D

E F
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Various physical barriers, such as polyethylene oxide, 
sodium hyaluronate and carboxymethylcellulose, have been 
used to limit fibroblast infiltration into the epidural space. 
Haemostasis, or bleeding control, can also be considered part 
of this strategy (8,29). However, not all haemostatic methods 
are equally effective. An experimental study on Ankaferd 
Blood Stopper, a haemostatic agent, showed that instead of 
reducing EF, it promoted erythrocyte aggregation by forming 
an encapsulated protein network, potentially contributing to 
fibrosis formation (3,41). However, the clinical application of 
haemostatic agents in EF prevention remains limited due to 
variability in efficacy, surgical feasibility, and cost constraints.

Suppression of Fibrosis-Promoting Inflammatory 
Pathways

Pharmacological agents targeting pro-fibrotic cytokines, such 
as TNF-α and TGF-β, have been investigated. Curcumin, 
known for its anti-inflammatory properties, has been inves-
tigated in two studies; etanercept has also been investigated 
in two experimental studies (7,18). Etanercept, a TNF-α inhib-
itor, reduces fibrosis by blocking pro-inflammatory cytokine 
activity at the site of injury (7,20). Given their potential for EF 
prevention, temozolomide—an immunosuppressive agent—
has been evaluated in one study, tacrolimus in three studies, 
mitomycin-C—commonly used in ophthalmic surgery—in two 
studies and bevacizumab in one study (2,11,22,40). While 
TNF-α inhibitors such as INF and vascular endothelial growth 
factor inhibitors such as ranibizumab have shown promise in 
reducing fibrosis, their role in EF prevention remains underex-
plored (13,39). 

Effect of INF on EF

INF is a TNF-α inhibitor with anti-fibrotic and anti-angiogenic 
properties. INF limits fibrosis formation by reducing fibroblast 
activity, collagen production and neovascularisation (11). 
Experimental studies have demonstrated INF’s efficacy in 
reducing fibrosis in ophthalmic and glaucoma surgeries 
(11,26). However, the potential of INF for EF prevention has 
not yet been evaluated. Our findings indicate that topical 
INF is safe, as no systemic adverse effects were observed 
over the eight-week treatment period. While INF did reduce 
fibrosis, its effect was inferior to that of TXA, suggesting that 
TNF-α inhibition alone may not be sufficient to control fibrosis 
and that haemostasis plays a more dominant role in wound 
healing (34,42).

Effect of TXA on EF

Although TXA is widely used to induce haemostasis, its role 
in fibrosis prevention in various surgical procedures has been 
evaluated in eight studies only (3,5,23). A 2004 study investi-
gated for the first time the effects of TXA on intra-peritoneal 
adhesion, whereas a 2021 study demonstrated reduced in-
flammation following knee arthroplasty (16,25,37,38). To date, 
only two studies have examined TXA’s role in EF prevention. 
Haemostasis appears to play a crucial role in reducing EF, as 
shown in studies where surgical drains minimise fibrosis for-
mation (9,24). This view is supported by studies showing the 
EF-reducing effects of various haemostatic agents in experi-
mental models (3,17).

In the INF treatment group, EF with dura mater adhesion and 
inflammation was observed. Additionally, osteoblastic activity 
and new bone formation were observed to a lesser extent 
(epidural fibrosis grade median: 3.00 ± 0.35; Figures 1C, D; 
Table II).

In the TXA treatment group, a thin fibrous band adhering to 
the underlying dura mater was observed. Moreover, this group 
exhibited widespread formation of new bone tissue compared 
with the two other groups (epidural fibrosis grade median: 
0.50 ± 0.53; Figures 1E, F; Table II).

█   DISCUSSION
Fibrosis Formation in the Epidural Space 

The formation of fibrosis in the epidural space, which is a 
common consequence of surgical procedures—particularly 
lumbar discectomy, laminectomy, foraminotomy, and spinal 
fusion—is closely linked to the wound healing process (30,32). 
In the skin, keloid formation results from fibroblast hyperpro-
liferation and excessive accumulation of extra cellular matrix 
(ECM), particularly collagen types I (COL1) and III (COL3) 
(7,31). Similarly, during lumbar laminectomy, fibroblasts origi-
nating from paravertebral muscles and infiltrating blood cells 
contribute to ECM overproduction, leading to postoperative 
adhesion and potential complications (15,19,22,27,33,36).

Factors Influencing EF Formation

Foreign materials such as glove powder and cotton fibres 
worsen inflammation in the epidural space, highlighting the 
need for thorough irrigation to reduce fibrosis (23,31). Mean-
while, excessive bipolar coagulation can lead to peripheral 
tissue carbonization, further increasing EF (21). 

Mechanisms of Fibrosis Prevention

The mechanism of EF prevention involves blocking fibroblast 
migration into the epidural space or suppressing inflammation 
by targeting fibrosis-promoting cytokines.

Inhibition of Fibroblast Migration

The use of various materials, including fat grafts, gel foam, 
Silastic, Zenoderm and carboxymethylcellulose, have been 
explored for EF prevention (23,30,32). Despite the promising 
results in animal models, their widespread clinical application 
remains limited due to high cost, surgical feasibility and incon-
sistent outcomes.

Table II: Semi-Quantative Analysis Results (Median±Standart 
Deviation)

Group Description Epidural Fibrosis Grading Score

1 INF+LM 3.00±0.35a

2 TXA+LM 0.5±0.53b,c

3 Control 2.00±0.54
ap=0.007 versus to Control group, bp=0.00 versus to Control group, 
cp=0.00 versus to INF+LM group, Kruskal Wallis -Tamhane’s T2 test.
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filtration. This approach allowed for a standardised and re-
liable comparison between the study groups. However, im-
munohistochemical staining was not performed in this study 
(14,34,38,40).

Comparison between TXA and INF in terms of EF 
Prevention

No prior studies have directly compared TXA and INF in terms 
of EF prevention. Our results indicate the superior efficacy of 
TXA in reducing EF compared with INF, suggesting that hae-
mostasis plays a more critical role in spinal wound healing 
than immunosuppression alone. These findings highlight the 
importance of intraoperative haemostasis in minimising post-
operative fibrosis and support TXA’s potential clinical utility for 
EF prevention. Further studies are needed to validate these 
results, to optimise treatment strategies and to explore combi-
nation therapies for more effective fibrosis management (Table 
III). 

INF inhibits osteoblast proliferation, leading to reduced bone 
formation and potential delays in bone healing. Given that 
TNF-α plays a key role in regulating osteoclast activity and 
bone turnover, its suppression can disrupt the natural balance 
of bone remodelling, impairing early bone regeneration. Ad-
ditionally, long-term TNF-α blockade has been linked to de-
creased bone mineral density and slower bone regeneration, 
which may pose challenges in surgical settings where suc-
cessful fusion and bone healing are critical (13).

TXA inhibits fibrinolysis by preventing plasminogen activation, 
thereby reducing intraoperative bleeding and subsequent 
fibrosis formation (3,8,19). Erdogan et al. reported that topical 
TXA significantly reduced fibrosis, fibroblast density and 
inflammatory cell infiltration in a rat laminectomy model (9). 
Circi et al. found that systemic TXA alone and systemic TXA 
combined with topical TXA significantly lowered fibrosis and 
inflammation scores compared with the control (5). These 
findings reinforce the potential utility of TXA in EF prevention. 

Additionally, while preventing EF, TXA does not inhibit new 
bone formation, which is particularly advantageous in spinal 
surgery. This characteristic ensures that TXA does not interfere 
with spinal fusion, a critical factor for successful postoperative 
outcomes. Unlike some immunosuppressive or anti-inflam-
matory agents, which may impair osteogenesis, TXA allows 
for optimal bone healing while minimising fibrotic adhesions, 
making it a promising adjunct treatment in spine surgery. 

Study Duration and Methodological Considerations

The optimal duration for fibrosis evaluation varies; four weeks 
is the minimum period to observe fibrotic changes, where-
as six to eight weeks are needed to assess mature fibrosis 
(17,23,26,30). Similar to a research investigating the use of 
haemostatic agents for EF prevention, our study employed an 
eight-week observation period (8). 

To ensure an objective fibrosis assessment, we used his-
topathological grading as the primary method to evaluate 
fibrosis severity, fibroblast density and inflammatory cell in-

Table III: This Table Compares Tranexamic Acid (TXA) and Infliximab (INF) in Terms of Mechanism, Effectiveness, and Clinical Applicability, 
Incorporating Our Experimental Findings

Feature Tranexamic Acid (TXA) Infliximab (INF)

Mechanism of Action Inhibits fibrinolysis by preventing 
plasminogen activation

TNF-α inhibition, suppresses inflammatory 
pathways

Primary Effect Hemostasis, reduces postoperative 
bleeding Anti-inflammatory, immunosuppression

Route of Administration Topical, Systemic (IV) Topical, Systemic (IV)

Fibrosis Reduction Effectiveness High – Reduces fibroblast proliferation and 
collagen deposition

Moderate – Reduces inflammation but less 
effective in fibrosis prevention

Histopathological Fibrosis Score 
(Experimental Findings)

0.50 ± 0.53 
(Significantly lower fibrosis vs. INF & 

Control)

3.00 ± 0.35 
(Moderate reduction but less effective than 

TXA)

Hemostatic Effect Strong None

Anti-inflammatory Effect Moderate Strong

New bone formation Widespread new bone formation New bone formation were observed to a 
lesser extent

Cost & Availability Low cost, widely available High cost, limited availability

Clinical Application Potential High – Commonly used in various surgeries, 
potential for epidural fibrosis prevention

Moderate – Potential in fibrosis reduction 
but costly and less accessible

Potential Side Effects Minimal, but risk of thrombosis with 
systemic use

Immunosuppression, increased infection 
risk
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Complications of Biportal Endoscopic Surgery for Lumbar 
Pathologies: Retrospective Analysis of 374 Cases

ABSTRACT

AIM: To evaluate the complications associated with Unilateral Biportal Endoscopy (UBE) in spinal surgery, highlighting the risks and 
outcomes of this minimally invasive approach. 
MATERIAL and METHODS: A retrospective analysis was conducted on 374 patients who underwent UBE at three centers from 
2022 to 2023. The study included cases of lumbar disc herniation, recurrent disc herniation, and lumbar stenosis. All procedures 
were performed by experienced surgeons, with a minimum postoperative follow-up of one year for each patient.
RESULTS: A total of 374 patients were included: 224 underwent UBE discectomy, 115 underwent UBE decompression for lumbar 
stenosis, and 35 underwent surgery for recurrent herniation. Overall, 178 patients (47.5%) were female and 196 (52.4%) were male. 
Complication rates differed across cohorts: 19 complications occurred in primary discectomy cases (8.4%), 12 in stenosis cases 
(10.4%), and 5 in recurrent cases (14.2%). The most common complications were dural tear (n=8), recurrence (n=7), and root injury 
(n=6). Less frequent events included retinal hemorrhage (n=2) and hydroperitoneum (n=1).
CONCLUSION: The findings suggest that while UBE is generally safe, it is associated with a notable complication rate, including 
dural tears and root injuries. Continuous efforts to refine surgical techniques and enhance training may further mitigate these risks, 
ensuring better patient outcomes.
KEYWORDS: Unilateral biportal endoscopic surgery, Lumbar disc herniantion, Complication, Spinal stenosis, Dural tear, Neural injury

ABBREVIATIONS: ACS: Abdominal compartment syndrome, CSF: Cerebrospinal fluid, IAP: Inferior articular process,
RF: Radiofrequency, SF: Saline fluid, SAP: Superior articular process, UBE: Unilateral biportal endoscopy
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█  INTRODUCTION 

Minimally invasive approaches are becoming wide-
spread in spinal surgery as in every surgical dis-
cipline. In spinal surgery, after Kambin described 

transforaminal monoportal endoscopic discectomy in 1986, 
De antoni et al described biportal endoscopic discectomy 
in 1996 (6,11). In this minimally invasive surgery performed 
through two separate skin incisions, the endoscope is insert-

ed through one portal while the working instruments are in-
serted through the other. While it has the advantages of no 
muscle stripping, small skin incisions, less infection and less 
bleeding with saline irrigation as in monoportal surgeries, it 
offers a wider range of motion, although not as much as in mi-
crosurgery, since the viewing and working ports are separate. 
In this way, we can define it as a hybrid surgery that takes the 
advantages of microsurgery and monoportal minimally inva-
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Surgical Technique

The procedure was performed using a 30°, 4 mm rigid ar-
throscope, 4 mm spherical burr (Stryker), 3.5 mm radiof-
requency (RF) ablation probe (Stryker) and standard mi-
crodiscectomy (kerrison, nerve hook, etc.). Under general 
anesthesia, in the prone position, C-arm fluoroscopy was 
used for distance determination and triangulation for the tar-
get level. In triangulation, a 5 mm transverse incision in the 
cranial pedicle (viewing portal) and a 9 mm transverse incision 
in the caudal pedicle (working portal) target the lower end-
plate of the vertebra cranial to the pathologic distance. During 
both incisions, the scalpel is slightly tilted to coincide with the 
target end-plate. Both incisions are made approximately 0.5-
1cm laterally, closest to the median line. In left-sided surgeries 
for right-handed dominant surgeons, the trocar through the 
upper incision and dilators placed sequentially through the 
lower incision meet at the lower end of the target lamina. For 
right-sided pathologies, the surgeon positions themselves on 
the right side of the patient, planning the incision so that the 
imaging portal is oriented caudally. Alternatively, the imaging 
portal may be positioned cranially, allowing the surgeon to 
operate with their left hand. Room-temperature saline solu-
tions were preferred for irrigation. This approach prevented 
hypothermia caused by excessively cold solutions and avoid-
ed increased bleeding associated with warm solutions. For 
gravity-assisted irrigation, sterile saline solution is suspended 
50 cm above the patient’s spine. If available, a pressure-con-
trolled irrigation device may also be utilized from the hospi-
tal inventory. Automatic pumps were not available in any of 
the three centers where the study was conducted; therefore, 
pressure values were not monitored. However, in cases where 
an obstruction occurred in the saline outflow, irrigation was 
stopped until the outflow was restored, preventing epidural 
pressure from reaching dangerous levels. Once irrigation is 
initiated, anatomical landmarks, including the lamina, spinous 
process base, inferior articular process (IAP), and interlaminar 
ligamentum flavum are identified. The soft tissues overlying 
these structures, including the multifidus muscle, are removed 
using an RF probe and forceps. Based on the planned proce-
dure, laminectomy and inferior and superior facetectomy are 
performed with the aid of a high-speed burr or Kerrison ron-
geur. Subsequently, flavectomy and, if necessary, discectomy 
are completed to finalize the procedure. In cases of narrow 
spinal canals, the base of the spinous process is drilled, and 
foraminotomy is achieved through contralateral facetectomy 
and sublaminar flavectomy. In recurrent cases, the IAP and 
superior articular process (SAP) of the target distance and 
scar tissue are dissected to reach the disc space and discec-
tomy is performed.   

█   RESULTS
A total of 374 patients were included, consisting of 178 fe-
males and 196 males. The mean age was 47.3 years (range, 
18–75 years). Surgical indications included 224 lumbar disc 
herniations (59.9%), 115 lumbar stenosis cases (30.7%), and 
35 recurrent disc herniations (9.3%).

sive surgery (25). It may be an alternative to microsurgery, the 
gold standard defined by Yasargil (31).

While UBE surgery offers advantages in minimally invasive 
spine procedures, it is not without potential complications. 
The most commonly reported complications include dural 
tears, which can lead to CSF leakage and associated head-
aches, and epidural hemorrhages, which may necessitate 
further intervention if they compromise neural elements. Root 
injuries are another significant risk, potentially resulting in sen-
sory or motor deficits. Infection, although infrequent, remains 
a concern, as does CSF fistula formation in cases involving 
dural injury. Insufficient decompression and residual instabil-
ity may necessitate additional surgeries, particularly in cases 
of severe stenosis or instability-prone patients. Recurrence of 
pathology, such as herniated discs, can also lead to repeat 
procedures. Less common but serious complications include 
retinal hemorrhage, possibly due to intraoperative positional 
factors, and abdominal compartment syndrome, which may 
arise from prolonged prone positioning or high irrigation pres-
sures. These risks underscore the importance of meticulous 
technique and preoperative planning to minimize the likeli-
hood of adverse outcomes. In this study, we present the com-
plications observed in patients who underwent surgery using 
the UBE method, along with their statistical incidence. The 
precautions taken to prevent postoperative complications 
were discussed in the accompaniment of the literature.

█   MATERIAL and METHODS
This observational study was conducted retrospectively using 
anonymized patient data, approved by Institutional Review 
Board with E1-23-3357 and car-ried out in accordance with 
the principles of the Declaration of Helsinki. 

This was a retrospective study including patients who un-
derwent unilateral biportal endoscopic (UBE) lumbar surgery 
between January 2022 and December 2023. A total of 406 
patients were initially identified. Thirty-two patients were ex-
cluded due to loss to follow-up, leaving 374 patients for anal-
ysis. All patients were operated between January 2022 and 
December 2023, and their postoperative follow-up has con-
tinued from January 2024 to the present, ensuring that each 
included patient has achieved at least one year of follow-up.

Inclusion criteria were patients with symptomatic lumbar disc 
herniation (LDH), recurrent lumbar disc herniation, or lumbar 
spinal stenosis who were refractory to conservative manage-
ment and underwent UBE surgery. Exclusion criteria included 
far lateral disc herniations and percutaneous posterior fusion 
cases, due to insufficient case numbers.

All surgeries were performed by senior spine surgeons, each 
of whom had at least five years of general spine surgery expe-
rience and had independently adopted UBE prior to the study 
period.

Follow-up protocol: Patients were routinely evaluated at post-
operative day 10, postoperative month 1, and postoperative 
year 1, including clinical examination and MRI if recurrent 
symptoms were suspected.
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stenosis surgery, with a reported incidence of 8.6% in the lit-
erature (1,27). Notably, 5 of the 8 dural tears (62.5%) occurred 
during spinal stenosis procedures. The literature has reported 
that dural tears are observed during the use of osteotomes, 
curettes, Kerrison punches for decompression, burr devices 
during contralateral decompression, and pituitary forceps for 
epidural fat excision (27). In our series, all dural tears occurred 
during the use of the Kerrison punch, which may be related to 
its preference over other instruments such as burr, curette, or 
forceps during decompression. Considering the risk of dural 
injury increases in cases of severe stenosis where adhesions 
between the dura and ligamentum flavum or the presence of 
the dorsal meningovertebral ligament, one way to reduce the 
incidence of this complication is to ensure that neural struc-
tures are not inadvertently excised along with the tissue being 
decompressed (epidural fat, ligamentum flavum) when using 
the Kerrison rongeur. Another preventive measure could be to 
avoid using Kerrison punches that have lost their sharpness, 
as deformed punches that tear rather than cleanly cut the fla-
vum can increase the risk of dural tears. Dural tears resulting 
from burr or osteotome use are typically not large. Moreover, 
due to the minimal muscle, fascia, and skin defects in biportal 
endoscopic spinal surgery, cerebrospinal fluid (CSF) fistulas 
are uncommon, as none of the patients with dural tears in this 
study developed a CSF fistula. Fibrin sealant patches were not 
applied in any of the tear cases. In a study by Park et al., dural 
tears smaller than 4 mm in patients operated on using the 
biportal endoscopic technique were managed conservative-
ly, while tears between 4 and 12 mm were treated with fibrin 
sealant patches, and for tears larger than 12 mm, endoscop-
ic or microscopic primary suturing was recommended (27). 
Similarly, in the study by Ozer et al., an approximately 8 mm 
durotomy in a patient with tethered cord syndrome operated 
on using the biportal endoscopic approach was successfully 
managed conservatively without fibrin sealant or primary su-
turing, with no CSF fistula or pseudomeningocele reported 
(26). Conservative management may include close neurolog-
ical monitoring and 24-hour immobilization bed rest. In cases 

Complications occurred in 36 patients (9.6%). The most fre-
quent complications were dural tear (n=8, 2.1%), recurrent 
disc herniation (n=7, 1.9%), and root injury (n=6, 1.6%). Less 
common but unique to endoscopic irrigation were retinal hem-
orrhage (n=2, 0.5%) and hydroperitoneum/abdominal com-
partment syndrome (n=1, 0.3%). Other complications includ-
ed infection (n=4, 1.1%), inadequate decompression (n=5, 
1.3%), instability (n=2, 0.5%), and epidural hematoma (n=1, 
0.3%). No cerebrospinal fluid (CSF) fistula was observed.

Learning curve analysis: While the incidence of dural tears and 
recurrences did not differ significantly between early and lat-
er cases (as UBE closely resembles microsurgical techniques 
once triangulation is completed), both retinal hemorrhage and 
abdominal compartment syndrome (ACS) occurred within the 
first 100 surgeries during the initial learning-curve period. No 
cases of ACS, blurred vision, or retinal complications were ob-
served thereafter.

A detailed distribution of complications by procedure type is 
provided in Table I.

█   DISCUSSION
In our case series, the complication rates observed were 
consistent with those reported in the literature (5,7,20,21,27). 
Notably, our data included recurrent cases, a patient-specific 
risk factor. Based on these findings, we reviewed the compli-
cations encountered and the preventive measures implement-
ed, supported by relevant literature. Additionally, we outlined 
strategies developed during the study to minimize complica-
tions, informed by our growing experience.

Dural Tear

A total of 8 cases (2.1%) of dural tears were observed in our 
series. Of these, 2 occurred during endoscopic lumbar dis-
cectomy, 5 during biportal endoscopic lumbar spinal stenosis 
surgery, and 1 during biportal endoscopic revision surgery. 
Dural tears are a particularly common complication in spinal 

Table I: Complications of Unilateral Biportal Endoscopic Surgery (UBE)

Discectomy Spinal Stenosis Recurrent Surgery Total
Operation Count, n 224 115 35 374
Complicated Case Count, n (%) 19 (8.4) 12 (10.4) 5 (14.2) 36 (9.6)
Dural Tear, n 2 5 1 8
Epidural Hemorrhage, n - 1 - 1
Root Injury, n 3 1 2 6
Infection, n 3 - 1 4
CSF Fistula, n - - - -
Insufficient decompression, n 2 3 - 5
Instability, n - 1 1 2
Recurrence, n 7 - - 7
Retinal hemorrhage, n 2 - - 2
Abdominal Compartment Syndrome, n - 1 - 1
CSF: Cerebrospinal fluid, UBE: Unilateral biportal endoscopic surgery
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ly, a drain was placed in each patient and was removed after 
1 or 2 days. Female sex, older age (>70 years), preoperative 
anticoagulation therapy, and the use of an intraoperative water 
infusion pump were identified as the primary risk factors for 
hemorrhage in their study (14). Consistent with the literature, 
in our practice, we used a drain for 12 hours in elderly patients 
on anticoagulation/antiplatelet therapy. Water infusion pumps 
and thrombin-based hemostatic agents were not utilized. We 
suggest that the use of drains in elderly patients with a tenden-
cy for bleeding and significant intraoperative hemorrhage may 
prevent this complication. In cases where the epidural hemato-
ma resulted in deficits, hematoma evacuation was performed 
using the biportal endoscopic technique. We believe that ear-
ly intervention in cases presenting neurological deficits (such 
as cauda equina syndrome or mild neurological deterioration) 
may prevent irreversible deficits. The literature also suggests 
that mild symptoms may resolve due to spontaneous hemato-
ma resorption by the third postoperative week (9).

where pseudomeningocele is likely to develop, endoscopic or 
microscopic dural repair can be performed (Figure 1). 

Epidural Hemorrhage

In this study, a hematoma that could lead to postoperative 
neurological deficits following decompressive surgery for lum-
bar spinal stenosis was observed in only 1 (0.3%) case. Ac-
cording to Sokolowski et al., radiological epidural hemorrhage 
occurs in approximately 58% of patients undergoing lumbar 
decompression surgery (29). However, a very small percent-
age of this population (0.02% to 4.6%) develops symptomatic 
hematomas, which may necessitate additional surgical inter-
vention (2,29). In a study by Kim et al., of 310 patients treated 
via biportal endoscopic surgery, 23% had radiologically ob-
served epidural hemorrhage (14). Although this incidence is 
relatively low compared to microscopic surgery, 56 patients 
required a thrombin-containing hemostatic agent (Floseal 
[Baxter International Inc., Deerfield, Illinois, USA]). Additional-

Figure 2: Root Injury Example. A) Image of the intrathecal area after neural injury, showing cauda equina fibers and the view of the 
intervertebral foramen from within the dura. B) The rootlet seen intradurally, entering the intervertebral foramen. C) In a recurrent case, 
herniation of the rootlets into the extradural space is observed during fragmentectomy.

A B C

Figure 1: Dural tear. A) Example of a case with a dural tear. B) Image of the closed tear after suturing.

A B
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severe stenosis are reported, especially during the initial stag-
es of a surgeon’s learning curve (5,10,20). In inferiorly migrat-
ed disc fragments, residual fragments may remain if they do 
not come out in a single piece. The wide range of motion in 
UBE, unlike monoportal techniques, allows for a more aggres-
sive residual check (25). Increasing decompression and using 
a nerve hook through the axilla to search for inferiorly migrat-
ed fragments may be beneficial; however, manipulating the 
axilla often leads to bleeding, and this approach is not always 
feasible due to the risk of root or dural injury. In spinal stenosis 
surgeries, insufficient resection of the proximal and contralat-
eral ligamentum flavum is typically reported (5). The use of a 
foraminal Kerrison rongeur or an angled curette can facilitate 
a more effective flavectomy. For the contralateral side, drilling 
the base of the spinous process may allow better access for 
instruments and the endoscope. For adequate foraminal de-
compression, the medial wall of the bilateral pedicles should 
be visualized. The return of dural pulsation should be checked 
to ensure sufficient decompression (20). Additionally, blurred 
vision is a major cause of incomplete decompression. Main-
taining systolic blood pressure below 100 mmHg and apply-
ing bone wax and Gelfoam® (absorbable gelatin sponge, USP) 
can help prevent the “red screen” effect on the endoscope.

Instability

A total of 2 cases (0.5%) of instability were observed, with one 
occurring during biportal endoscopic lumbar spinal stenosis 
surgery and the other during biportal endoscopic revision 
surgery. Biomechanical studies suggest that laminectomies 
compromising more than 50% of the pars interarticularis in-
crease the risk of iatrogenic instability (20). Excessive drilling 
of the inferior articular process and extensive laminectomy are 

Nerve Root Injury

A total of 6 cases (1.6%) were observed. The distribution in-
cluded 3 cases in endoscopic lumbar discectomy, 1 case in 
biportal endoscopic lumbar spinal stenosis surgery, and 2 
cases in biportal endoscopic revision surgery (Figure 2). Ac-
cording to the literature, the primary cause of root injuries is 
often thermal damage due to the use of radiofrequency (RF) 
devices (21). Cauterization of epidural veins/arteries, particu-
larly those coursing toward the foramen, can be challenging, 
and controlling bleeding in these areas may pose significant 
risks. In lumbar decompression for spinal stenosis, high-
speed motor or osteotome usage may contribute to such in-
juries. In revision cases, root injuries may also occur due to 
adhesions that form, especially when scar tissue or disc ma-
terial is excised using pituitary forceps. Minimizing RF pow-
er and using it for short durations can reduce the frequency 
of these injuries (20). In decompression for spinal stenosis, 
performing a laminectomy/foraminotomy prior to flavectomy 
and using the ligamentum flavum as a protective barrier is a 
prudent approach. In revision cases, dissection should pro-
ceed by carefully isolating the superior articular process from 
epidural fibrosis; if necessary, access to the disc space can 
then be achieved by partially excising the superior articular 
process laterally to the root. This approach reduces the risk 
of accidental root injury due to loss of orientation or inadver-
tent compression with pituitary forceps. Since disc material 
may be adherent, attempting discectomy with large pituitary 
forceps in a single pass should be avoided. Instead, extruded 
or sequestered fragments should be gently mobilized using a 
nerve hook or smaller forceps to ensure neural structures are 
not inadvertently engaged. Controlled removal of the disc ma-
terial in this way lowers the risk associated with discectomy 
in complex cases.

Infection

Four cases (1.1%) were detected, three of which occurred 
during endoscopic lumbar discectomy and one during bipor-
tal endoscopic revision surgery (Figure 3). While saline irriga-
tion can reduce the risk of infection, the literature reports an 
incidence rate of 0.1% to 4.5% (10,18). Although our series 
reflects a rate consistent with the literature, we believe that the 
risk could dramatically decrease in cases without significant 
comorbidities such as diabetes mellitus and immunodeficien-
cy with proper antisepsis. We advocate for the use of a gas 
plasma sterilization system (low-temperature sterilization of 
plastic and electrical instruments) instead of rapid disinfection 
methods like ortho-phthalaldehyde. If a paravertebral abscess 
or diskitis occurs, disc needle biopsy by fluoroscopy may be 
necessary to sample the pathogen if it has not fistulized to the 
skin. If conservative treatments are insufficient, surgical inter-
vention for debridement may be required (10).

Insufficient Decompression

There were 5 cases (1.3%) of insufficient decompression ob-
served, with 2 cases in endoscopic lumbar discectomy and 3 
cases in biportal endoscopic lumbar spinal stenosis surgery. 
In the literature, overlooked migrated fragments in cases of 
disc herniation and insufficient decompression in cases with 

Figure 3: Contrast-enhanced T1 MRI of a patient who developed 
an infection after UBE surgery.
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(19). Although automatic pumps were not available, irrigation 
was standardized across all centers by suspending the sa-
line bag 50–70 cm above the patient, which as recommended 
in the literature maintains epidural irrigation pressure below 
approximately 30 mmHg according to hydrostatic principles 
(4,13,15). If water outflow is insufficient, enlarging the fascia 
incision or creating a crosscut incision may help (15). In this 
study, two cases of transient vision loss occurred during the 
learning curve (first 100 cases), with one patient treated by la-
ser photocoagulation and the other managed conservatively. 
In addition to recommendations from the literature, 10 mg of 
intravenous rocuronium was administered every 30 minutes 
to keep muscles relaxed, helping prevent fascia shrinkage 
and ensuring the temporary pathway through muscle remains 
open. No IICP symptoms (e.g., neck pain, blurred vision) were 
observed in cases where adequate water outflow was main-
tained through fascia incisions and muscle relaxants. Soliman 
noted that prolonged surgeries increase this risk and suggest-
ed preventing IICP by turning off irrigation and pausing for 2-3 
minutes every hour (30). When signs of elevated intracranial 
pressure, such as increased blood pressure and decreased 
heart rate, appear during surgery, it is essential to ensure op-
timal water outflow, aspirate excess fluid, and pause briefly.

Abdominal Compartment Syndrome (ACS)

This rare complication was observed in 1 case (0.3%) during 
biportal endoscopic lumbar canal surgery. Although ACS is 
seldom reported, it has been documented in patients operated 
on through transforaminal monoportal or biportal endoscop-
ic approaches (23,28). Abnormally elevated intra-abdominal 
pressure can lead to ACS, presenting with dyspnea and lower 
extremity circulation disturbances, such as cyanosis and cool 
extremities (17). In this case, poor triangulation led to drilling at 
the transverse process instead of the lamina, injuring the mus-
culotendinous tissue between the transverse processes rather 
than the multifidus muscles. Upon realizing the facet joint was 
not lateral to the lamina, triangulation was corrected with flu-
oroscopy before decompression began. While water outflow 
was not entirely obstructed, it was inadequate. At 45 minutes 
into the procedure, the anesthesiologist noted increased air-
way pressure, reduced tidal volume, and hypotension. When 
the drapes were removed post-surgery, the lower extremities 
appeared cyanotic and cool, and the abdomen was distend-
ed. The patient was then repositioned supine, and abdominal 
distension was confirmed. General surgery consultation was 
obtained, and an abdominal ultrasound revealed fluid collec-
tion; laparoscopic exploration was performed, evacuating ap-
proximately 4 liters of irrigation solution from the abdomen 
(Figure 4). No retroperitoneal organ damage was identified. 
Upon reduction of intra-abdominal pressure, the patient’s 
extremity circulation and dyspnea markedly improved. After 
one day of ICU monitoring, with no major issues detected, the 
patient was discharged on postoperative day three. The main 
signs of ACS include oliguria or anuria, reduced cardiac out-
put, decreased renal perfusion, and impaired lower extremity 
circulation due to high airway pressure (3,22). Dyspnea may 
be an early clinical indication (8). Delayed ACS diagnosis and 
treatment can significantly raise morbidity and mortality risks, 
potentially leading to multiorgan failure or death (23,24). To 

known risk factors for this complication. Although minimal-
ly invasive surgeries reduce these risks, they do not entirely 
eliminate them. In the study by Kim et al., iatrogenic instability 
occurred in 0.6% of patients following UBE surgery, signifi-
cantly lower than in microsurgery (reported between 3.96% 
and 9.5%) due to the lack of muscle dissection and the pres-
ervation of facet joints (16). In this study, complication rates 
were consistent with the literature. To mitigate the risk of iat-
rogenic instability, the use of a 30-degree endoscope and a 
foraminal Kerrison rongeur or curved curette to minimize the 
extent of laminectomy may be beneficial, along with partial re-
section of the superior articular process without compromis-
ing the integrity of the inferior articular process where feasible.

Recurrence

A total of 7 cases (1.9%) of recurrence were observed, all oc-
curring during endoscopic lumbar discectomy. Despite the 
high success rate of surgical treatment for lumbar disc her-
niation (LDH), recurrence may still occur in 15-25% of cases 
(12). Reoperation is indicated in approximately 62% of recur-
rent disc herniations (12). Recurrent lumbar disc herniation 
(RLDH) is defined as the recurrence of herniation at the same 
level and on the same side following a pain-free interval of 
at least six months post-surgery (10). This condition should 
be distinguished from residual or insufficient decompression. 
RLDH is often associated with aging, improper lifting tech-
niques, and risk factors including male gender, obesity (BMI 
≥ 25 kg/m²), advanced age (≥ 50 years), trauma history, and 
central disc herniation (10). Additionally, for minimally invasive 
procedures, surgeon inexperience poses an added risk factor 
for recurrence. Surgeon-related factors, such as insufficient 
decompression, large posterior longitudinal ligament defects, 
excessive laminectomy or facetectomy, and extensive muscle 
dissection, can also contribute to recurrence. Postoperative 
guidelines, including lumbar muscle exercises, avoidance of 
heavy lifting, and maintaining proper posture, are crucial for 
reducing the risk of LDH recurrence. The recurrence rate in 
our study was relatively low (1.9%). This outcome may be in-
fluenced by the shorter follow-up period inherent in studies 
of UBE, a relatively novel surgical technique. It is anticipated 
that with longer follow-up durations, such as 5 or 10 years, 
the recurrence rate could increase, potentially aligning more 
closely with rates reported in the literature for other estab-
lished techniques.

Retinal Hemorrhage

Retinal hemorrhage was observed in 2 cases (0.5%) of en-
doscopic lumbar discectomy. If irrigation solution pressure 
becomes too high during UBE, complications including head-
ache, neck pain, blurred vision, delirium, and drowsiness may 
arise as a result of increased intracranial pressure (IICP) (20). 
In rare cases, excessive CSF pressure can lead to retinal 
hemorrhage. Elevated CSF pressure can directly affect reti-
nal veins through the optic nerve sheaths or indirectly via the 
surrounding subarachnoid space (19). This increase in CSF 
pressure can also reduce cerebral blood flow, triggering a re-
flexive rise in ophthalmic artery pressure, which may cause 
rupture of small blood vessels and venous collapse. Lee et al. 
highlight how elevated CSF pressure can impact ocular health 



  243

Ozer MI. et al: Complications of Biportal Endoscopic Surgery

 Turk Neurosurg 36(2):237-245, 2026 | 243

epidural bleeding to maintain a clear view are techniques that 
can significantly prevent most potential complications.
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Finite Element Analysis of Mechanical Stress Distribution 
in Titanium and PEEK Rod Constructs for Isthmic L5–S1 
Spondylolisthesis

ABSTRACT

AIM: To compare the biomechanical behavior of titanium and polyetheretherketone (PEEK) rods using finite element analysis (FEA) 
in a Grade I L5-S1 isthmic spondylolisthesis model.  
MATERIAL and METHODS: An anatomically accurate 3D finite element model of the L3–S1 spine was created from CT data of a 
healthy 30-year-old male. A unilateral pars defect at L5 simulated Grade I spondylolisthesis. Instrumented models with titanium and 
PEEK rods were subjected to five physiological loading conditions. Von Mises stresses and displacement vectors were analyzed 
and stress distributions on bone, screws and rods were measured.
RESULTS: Titanium rods absorbed significantly higher loads across all loading conditions (e.g., 117 N vs. 34.5 N in compression; p 
< 0.01), while PEEK constructs allowed greater load sharing with the bone. Screws in titanium systems experienced higher stresses, 
particularly in posterior shear and axial rotation. Both materials effectively reduced stress at the pars defect.
CONCLUSION: Titanium constructs offer high rigidity but concentrate stress on implants, potentially increasing complication risk. 
PEEK rods demonstrated a more physiological load distribution, reducing implant stress without compromising stability. PEEK rods 
may serve as a biomechanically advantageous alternative to titanium in select spondylolisthesis cases. Further clinical validation 
is warranted.
KEYWORDS: Spondylolysthesis, Finite element analysis (FEA), Titanium rods, PEEK rods
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█   INTRODUCTION

Spondylolisthesis is defined as the anterior displacement 
of one vertebra relative to the adjacent one, most fre-
quently occurring at the L5-S1 level. The Wiltse classifi-

cation categorizes spondylolisthesis into five etiological types: 
dysplastic (congenital), isthmic, degenerative, traumatic (13). 
Also, Meyerding developed a five-grade system used to 
quantify the degree of anterior vertebral slippage in spondy-
lolisthesis, with Grade I representing 0–25% slip and Grade V 
indicating complete subluxation (4). In patients where the slip-
page progresses, when the symptoms persist, or neurologi-
cal deficits occur, surgery is indicated. Posterior lumbar ped-
icle screw and rod fixation is the standard surgical approach 
aimed at stabilizing the motion segment and promoting ar-
throdesis (8). Titanium alloy rods have preferably been seen 
as the gold standard in posterior instrumentation surgery due 
to their high tensile strength, corrosion resistance, and bio-
compatibility. However, stabilizing the spine with titanium rod 
constructs may interfere with physiological load transmission, 
potentially leading to reduced mechanical stimulation of bone 
grafts, impaired fusion, and an increased risk of adjacent seg-
ment disease. Furthermore, it may exacerbate implant-related 
complications such as screw loosening or rod fractures (7). 
Because of this, alternative biomaterials with more favorable 
elastic properties have been developed, like polyetherether-
ketone (PEEK), which is a thermoplastic polymer increasingly 
used for spinal stabilization surgery, allowing a more physio-
logical distribution of mechanical loads (14). Despite growing 
interest in PEEK as a rod material, evidence for its efficacy in 
spondylolisthesis is limited.

In this study, we developed a detailed three-dimensional FE 
model of the lumbosacral spine to compare the biomechanical 
behavior of PEEK and titanium rod constructs in the setting of 
Grade I L5-S1 spondylolisthesis. The findings may contribute 
to informed decision-making in implant selection for optimizing 
clinical outcomes in spondylolisthesis surgery.

█   MATERIAL and METHODS
This finite element analysis (FEA) was performed at Gzm 
Teknoloji Tasarım San. ve Tic. Ltd. Şti. (Istanbul, Turkey) to 
evaluate mechanical behavior in the lumbar spine under 
instrumented and non-instrumented conditions. The model 
was based on a 30-year-old male volunteer with no history of 
spinal trauma, tumor, infection, or fractures. Lumbar imaging 
(L3–S1) was acquired using a 256-slice computed tomography 
(CT) scanner with 1 mm slice thickness (Siemens Healthineers 
AG, Erlangen, Germany). The DICOM-format data were used 
to construct a high-fidelity anatomical model for finite element 
simulation.

A three-dimensional (3D) mesh of the lumbar spine was creat-
ed using Blender 4.2 (Blender Foundation, Amsterdam, Neth-
erlands) and further refined in SolidWorks (Dassault Systèmes, 
Vélizy-Villacoublay, France). These tools enabled segmen-
tation and reconstruction of vertebral bodies, intervertebral 
discs, and posterior elements. To simulate a Meyerding Grade 
I spondylolisthesis caused by a unilateral pars defect, the left 
pars interarticularis of L5 was virtually removed, and L5 was 
translated 20% anteriorly over S1. This created a biomechan-
ically realistic model of spondylolytic instability at the L5-S1 
junction (Figure 1).

Figure 1: Three dimensional (3D) model of the lumbasacral area. A) Without instrumentation, B) with titanium rods, and C) with PEEK rods.
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The models were exported in .obj format and imported into 
3DEXPERIENCE SIMULIA (Dassault Systèmes, Vélizy-Vil-
lacoublay, France) for meshing and mechanical analysis. 
SIMULIA supports advanced FE simulation and was used 
to define contact interfaces, apply loads, and solve for me-
chanical stresses and displacements. All solid components, 
including cortical and cancellous bone, intervertebral discs, 
and implants, were treated as linear, homogeneous, isotropic 
materials, consistent with accepted practices in spine FEA. 
Material properties such as Young’s modulus, Poisson’s ratio, 
density, and tensile strength were assigned based on validat-
ed literature data.

Mesh convergence testing was performed to ensure accurate 
and stable results. Finer mesh densities were applied in regions 
of interest (e.g., screw entry points, rod-bone interfaces, and 
the pars interarticularis defect).

The final mesh consisted of:

-	 Control (non-instrumented) model: 2,454,046 elements 
and 598,057 nodes

-	 Instrumented model (pedicle screws and rods): 5,315,855 
elements and 1,271,869 nodes

Physiological loading conditions, including vertical compres-
sion, anterior-posterior shear, lateral bending, and axial rota-
tion, were simulated by applying distributed forces to nodal 
points on the superior endplate of L3. The inferior surface of 
S1 was fully constrained in all degrees of freedom to anchor 
the model and replicate in vivo boundary conditions. Bonded 
(rigid) contact definitions were used at screw-rod and screw-
bone interfaces to mimic rigid fixation. All materials were mod-
eled as linear, homogeneous, and isotropic to simplify com-
putational complexity and ensure mesh convergence across 
loading scenarios. While this approach does not capture the 
anisotropic or nonlinear characteristics of biological tissues—
particularly the fiber-reinforced nature of the annulus fibro-
sus and the differentiation between cortical and cancellous 
bone—it is consistent with several validated spine models in 
the literature (10,11).

Ligaments and facet joint articulations were not included in 
this model. While these structures are important for spinal 
load-sharing and kinematic behavior, their exclusion was 
based on the primary focus of this study—comparative anal-
ysis of mechanical stress distribution within instrumentation 
constructs (PEEK vs. titanium rods) under standardized condi-
tions. Excluding these anatomical features also reduced model 
complexity and allowed more precise isolation of implant-spe-
cific biomechanical effects. This modeling approach has been 
used in previous validated finite element studies examining 
posterior instrumentation systems (9). These simplifications 
allow for comparative analysis of stress distribution across in-
strumentation constructs, which was the primary objective of 
this study. Nevertheless, we acknowledge that such assump-
tions may affect absolute stress magnitudes, especially under 
complex loading conditions such as axial rotation or shear.

The software computed multiple stress parameters:

-	 Normal stresses (σ): Represent tensile (positive) and 
compressive (negative) forces along anatomical axes.

-	 Shear stresses (τ): Represent tangential sliding forces 
within the material structure.

-	 Principal stresses (σ₁, σ₂, σ₃): Quantify the maximum, 
intermediate, and minimum normal stresses in the element, 
with σ₁ representing peak tensile and σ₃ peak compressive 
stress.

-	 Von Mises stress: A critical measure for identifying 
the likelihood of yield in ductile materials like titanium; 
widely used to predict mechanical failure under complex 
multiaxial loading.

-	 Displacement vectors (X, Y, Z): Indicate deformation 
magnitudes in three anatomical planes under load.

This FE model provided a detailed simulation of biomechan-
ical responses in both instrumented and non-instrument-
ed spondylolytic spines. Importantly, it enabled quantitative 
comparisons of stress distribution on rods, screws, vertebral 
bodies, and the pars defect under identical loading condi-
tions, offering critical insights into how implant material and 
construct design affect spinal stability and the potential for 
mechanical failure. 

This study is a computer-based finite element analysis and 
does not involve any experimental intervention on human 
participants or animals. The three-dimensional lumbar spine 
model used in this study was reconstructed from anonymized 
computed tomography (CT) imaging data solely for the pur-
pose of anatomical modeling and biomechanical simulation. 
No identifiable patient information, clinical data, or treatment 
outcomes were used.

Since the study consisted exclusively of computational mod-
eling and simulation, it does not meet the definition of human 
subject research. Therefore, ethics committee approval was 
not required.

█   RESULTS
The FEA evaluated mechanical load distributions in titanium 
and PEEK rod constructs at the L5-S1 segment under five 
physiologic loading conditions: vertical compression, anterior 
shear, posterior shear, lateral bending, and axial rotation. Load 
contributions were quantified separately for rods and screws 
(Figures 2–4).

Rods

The mechanical properties of the titanium and PEEK rods 
used in the simulation were based on the properties of the 
implants from Osimplant Spinal Restoration Technologies (Is-
tanbul, Turkey). Titanium alloy (Ti-6Al-4V) was modeled with 
an elastic (Young’s) modulus of 110 GPa, Poisson’s ratio of 
0.30, and density of 4.43 g/cm³. PEEK was modeled with a 
Young’s modulus of 3.6 GPa, Poisson’s ratio of 0.36, and den-
sity of 1.32 g/cm³. Both materials were assumed to be linear, 
homogeneous, and isotropic.
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Figure 2: Stress contribution 
under several loading 
conditions of the lumbosacral 
area without instrumentation 
(control group).

Figure 3: Stress contribution 
under several loading 
conditions of the lumbosacral 
area and the screws with 
titanium rods.
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loading, with titanium and PEEK screws bearing 344 N and 
286 N, respectively. Posterior shear resulted in a significant 
discrepancy: titanium screws experienced 231 N, while 
PEEK screws bore only 106 N. During lateral bending, the 
screw loads were relatively close (245 N for titanium, 232 N 
for PEEK), suggesting a more uniform load distribution in this 
condition. Axial rotation showed the greatest difference, with 
titanium screws carrying 233 N and PEEK screws only 59.7 N.

Paired t-test analysis demonstrated that these differences in 
screw loads were also statistically significant [t(4) = 3.47, p = 
0.026], confirming that PEEK constructs exert less mechanical 
stress on pedicle screws, particularly in posterior and rotational 
loading scenarios.

Together, these results suggest that while titanium instrumen-
tation offers increased structural stiffness and resistance to 
deformation, it also generates greater stress concentrations 
at both the rod and screw levels. In contrast, PEEK instrumen-
tation distributes loads more evenly, reducing stress on the 
implants and potentially mitigating the risk of stress shielding, 
screw fatigue, or implant-bone interface failure. These find-
ings underscore the biomechanical advantages of semi-rigid 
PEEK rods in reducing mechanical overload while maintaining 
stability in the fixation of L5-S1 spondylolisthesis.

In addition to evaluating implant stresses, the FEA also as-
sessed stress distribution at the site of the pars interarticularis 
defect. The results demonstrated that both titanium and PEEK 
rod constructs effectively reduced the mechanical stress con-
centration on the pars region. This stress reduction suggests 
that posterior instrumentation contributes to mechanical sta-
bilization of the defect site, potentially limiting further slippage 
and promoting fusion. While titanium provided greater imme-

Across all loading scenarios, titanium rods demonstrated 
markedly higher load absorption compared to PEEK rods. In 
vertical compression, titanium rods carried a load of 117 N, 
while PEEK rods absorbed only 34.5 N. Under anterior shear, 
the titanium rod experienced 94.4 N versus 44.7 N in the PEEK 
counterpart. The difference was even more pronounced in 
posterior shear, where the titanium rod carried 168 N compared 
to only 20 N in the PEEK rod. During lateral bending, titanium 
and PEEK rods bore 219 N and 64.4 N, respectively. Similarly, 
under axial rotation, the titanium construct withstood 153 N of 
load, whereas the PEEK rod carried 60 N.

These differences were statistically significant, as confirmed 
by a paired t-test comparing rod loads across materials (t(4) = 
5.27, p = 0.006). These findings indicate that titanium rods, due 
to their higher stiffness, absorb and localize more mechanical 
load, while PEEK rods facilitate greater load sharing with 
surrounding biological structures, resulting in lower rod stress.

Screws

In both instrumented models, bilateral pedicle screws 
measuring 6.5 mm in diameter and 45 mm in length were 
placed at L5 and S1. The rods were 5.5 mm in diameter 
and matched in length across both material groups. Implant 
dimensions were kept identical for the titanium and PEEK 
groups to ensure that differences in stress distribution were 
solely attributable to material properties rather than geometric 
variations.

The load distribution on pedicle screws followed a similar 
pattern. In vertical compression, the screw load was 151 N 
in the titanium construct and 37.6 N in the PEEK construct. 
For anterior shear, both constructs exhibited high screw 

Figure 4: Stress contribution 
under several loading 
conditions of the lumbosacral 
area and the screws with 
PEEK rods.
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of titanium and PEEK rod constructs in the context of isthmic 
L5-S1 spondylolisthesis. Our findings revealed that titanium 
constructs consistently transmitted higher mechanical stress 
to both rods and screws compared to PEEK, with statistically 
significant differences across all test scenarios. These results 
support the hypothesis that the material properties of spinal 
instrumentation significantly influence stress distribution, 
construct behavior, and, ultimately, the biological and clinical 
outcomes of spinal fusion surgery.

Mechanical Load Distribution and Material Behavior

Titanium, with its high elastic modulus, provides a rigid and 
durable construct that resists deformation. As demonstrated 
in our study, this rigidity translates into higher stress 
concentrations at the rod and screw levels. Under posterior 
shear, for instance, the titanium rods bore 168 N—more than 
eight times the load of PEEK rods (20 N). Similarly, titanium 
screws carried approximately twice the load of PEEK screws 
in posterior shear and four times as much in axial rotation. 
This localized load concentration can lead to stress shielding, 
where reduced mechanical stimulation of surrounding bone 
tissue impairs bone remodeling and fusion. It may also 
increase the risk of implant-related complications, such as 
screw loosening, rod fatigue fracture, or bone resorption at 
the bone-implant interface (3).

PEEK, in contrast, exhibits an elastic modulus that is closer 
to cortical bone, enabling a semi-rigid construct that permits 
micro-motion and more physiological load sharing. In our 
model, PEEK rods consistently exhibited lower stress across 
all loading directions. For example, during axial rotation, 
PEEK rods carried 60 N versus 153 N in titanium rods. These 
results suggest that PEEK distributes loads more uniformly 

diate stiffness, PEEK offered comparable stress offloading 
with the added benefit of more physiological load distribution 
(Tables I-II).

█   DISCUSSION
This study employed an anatomically accurate FE model of 
the lumbosacral spine to compare the biomechanical behavior 

Table II: Diagram of the Load Distributions under Different Loading Conditions

Table I: Load Contribution on Rods and Screws

Rods

Load (Newton) Titanium PEEK

Vertical 117.0 34.5

Anterior 94.4 44.7

Posterior 168.0 20.0

Lateral 219.0 64.4

Rotation 153.0 60.0

Screws

Load (Newton) Titanium PEEK

Vertical 151 37.6

Anterior 344 286.0

Posterior 231 106.0

Lateral 245 232.0

Rotation 233 59.7
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Similarly, Huang et al. found that PEEK rod constructs were 
associated with favorable long-term radiological outcomes, 
including preservation of disc height and a low incidence of 
hardware-related complications at a minimum 5-year follow-
up. These results reinforce the biomechanical hypothesis 
that PEEK rods may attenuate stress concentrations on 
implants and adjacent spinal segments, thereby decreasing 
the likelihood of screw loosening, rod breakage, and adjacent 
segment degeneration. When integrated with our finite 
element findings, the accumulating evidence supports the 
use of PEEK rods as a viable alternative to titanium in select 
spinal fusion cases, particularly where implant fatigue and 
load transmission balance are clinical concerns (2).

This more physiological load-sharing profile could minimize 
stress shielding, maintain intersegmental motion within 
acceptable ranges, and create a more favorable biomechanical 
environment for fusion. From a clinical perspective, these 
properties may translate into reduced implant failure rates, 
improved long-term stability, and potentially lower incidence 
of adjacent segment degeneration.

For spine surgeons, these findings are particularly relevant 
when selecting instrumentation in cases where biomechanical 
balance is critical—such as in younger patients, in long-seg-
ment fusions, or where preservation of adjacent segment 
function is desired. The results also provide quantitative bio-
mechanical evidence to support the use of PEEK rods as a 
semi-rigid fixation alternative in posterior lumbar fusion. In-
corporating such data into surgical planning may help per-
sonalize treatment, optimize construct longevity, and reduce 
the need for revision surgery (14). Conversely, titanium may be 
more suitable in cases requiring maximum initial rigidity, such 
as high-grade spondylolisthesis, severe instability, or osteo-
porotic bone, where immediate construct stability is critical. 
The choice between materials should thus be individualized, 
balancing the need for rigidity with the risks of overloading 
adjacent structures and hardware components (1).

The biomechanical findings of this study, particularly the 
significantly lower stress concentrations observed in PEEK 
rods and screws, may have important clinical implications. 
By reducing focal stress on implants, PEEK constructs could 
potentially lower the incidence of mechanical complications 
such as screw loosening or rod fracture, which remain leading 
causes of implant failure and revision surgery. Furthermore, 
more physiological load-sharing with PEEK rods may support 
better bone remodeling and fusion environment, possibly en-
hancing arthrodesis success and reducing the risk of adja-
cent ASD. While these implications are supported by previous 
studies and our finite element data, they remain speculative 
and require further validation through cadaveric biomechan-
ical testing or prospective clinical cohort studies comparing 
outcomes of titanium versus PEEK rod instrumentation in 
spondylolisthesis patients.

Limitations

Despite the insights offered by this study, several limitations 
must be acknowledged. First, although the FE model was 
anatomically accurate and based on CT-derived geometry, 
it remains a simplified representation of in vivo conditions. 

through the spine-implant system, reducing the stress borne 
by the hardware and potentially improving the mechanical 
environment for bone fusion (6).

Comparison with Prior Studies

Our results are consistent with previous computational and 
experimental research. Li et al. conducted an FEA compar-
ing titanium and PEEK rods in a TLIF model and observed 
significantly reduced stress in PEEK rods compared to tita-
nium rods under comparable loading conditions. They also 
reported increased strain on the interbody graft with PEEK, 
which may favor osteogenesis by enhancing mechanical stim-
ulation at the fusion site (6). Similarly, a biomechanical study 
by Li et al. on long-segment posterior lumbar instrumenta-
tion showed that PEEK rods reduced the maximum stress on 
screws and better preserved adjacent segment motion. These 
constructs showed a more balanced stress distribution that 
could delay the onset of adjacent segment degeneration, a 
well-documented complication associated with rigid titanium 
constructs (5). In a recent meta-analysis, authors found that 
PEEK rod systems were associated with superior clinical out-
comes compared to titanium, including reduced incidence of 
ASD, lower rates of implant failure, and improved fusion qual-
ity. The authors attributed these advantages to the semi-rigid 
nature of PEEK, which allows for better load-sharing without 
compromising mechanical stability (7).

These findings reinforce the notion that rigid titanium con-
structs, while biomechanically robust, may over-constrain spi-
nal segments, leading to stress concentrations that compro-
mise both hardware longevity and spinal health. PEEK rods, 
through their ability to approximate the mechanical properties 
of native bone, may mitigate these drawbacks by creating a 
more favorable environment for fusion and reducing the bio-
mechanical burden on adjacent segments.

Clinical Relevance and Surgical Decision-Making

The results of this FEA demonstrate that both titanium and 
PEEK rod constructs effectively reduce mechanical stress at 
the pars interarticularis in L5-S1 spondylolisthesis, contrib-
uting to stabilization of the defect. However, the type of im-
plant material significantly influences the distribution of stress 
across the instrumentation system. Titanium constructs trans-
mitted significantly higher loads to rods and pedicle screws, 
particularly under posterior shear and rotational loads. These 
focal stress concentrations may accelerate implant fatigue 
and predispose patients to mechanical complications such 
as screw loosening, rod breakage, or bone–implant interface 
failure (6).

These findings are consistent with prior clinical and experi-
mental studies examining the mechanical and biological per-
formance of PEEK rods in spinal fusion. Qi et al. reported that 
PEEK rods demonstrated comparable clinical and radiolog-
ical outcomes to titanium alloy rods, with the added benefit 
of potentially reducing implant-related complications due to 
their semi-rigid nature and closer modulus of elasticity to bone 
tissue (12).
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The simulations assumed linear, homogeneous, and isotropic 
material properties, which may not fully reflect the complex 
viscoelastic and anisotropic nature of biological tissues. Ad-
ditionally, muscle forces and dynamic loading cycles were not 
incorporated, which may affect stress distribution patterns in 
real-life scenarios.

█   CONCLUSION
This FEA demonstrated that the material properties of spinal 
instrumentation significantly affect stress distribution and me-
chanical behavior in the surgical treatment of L5-S1 spondylo-
listhesis. Titanium rods, while providing superior stiffness and 
immediate stability, concentrated higher mechanical loads 
on both rods and pedicle screws, which may predispose to 
hardware-related complications and stress shielding. In con-
trast, PEEK rods allowed for a more physiological distribu-
tion of mechanical stress, reducing the force on implants and 
promoting a favorable biomechanical environment for spinal 
fusion. Both constructs effectively reduced the stress on the 
pars defect, indicating their capacity to stabilize the spondy-
lolytic segment. However, the semi-rigid behavior of PEEK 
offers additional advantages in reducing focal stress concen-
trations and potentially preserving adjacent segment integrity. 
These findings support the consideration of PEEK rods as a 
potentially advantageous alternative to titanium in select clini-
cal scenarios. Future in vivo studies and long-term clinical tri-
als are necessary to validate these results and assess their im-
pact on fusion rates, implant longevity, and patient outcomes.
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Effects of Caudal Epidural Pethidine on Pain Control and 
Early Mobilization after Posterior Spinal Instrumentation:                    
A Randomized Controlled Trial

ABSTRACT

AIM: To evaluate the effects of administering pethidine (also known as meperidine), a long-acting narcotic analgesic, via the 
caudal epidural route at the conclusion of posterior lumbar instrumentation (PLI) surgery on postoperative pain control, and early 
mobilization of patients.  
MATERIAL and METHODS: The cases included in this prospective study (n=48) were randomly divided into two groups, ensuring 
similar gender and age distributions and uniformity regarding lumbar pathologies requiring surgery. In the first group, 20 mL of 
sodium chloride (0.09%) solution containing pethidine chloride (0.5 mg/kg) was administered via a caudal epidural block before 
the patients were awakened from anesthesia. The control group consisted of cases in which the caudal epidural block was not 
performed using pethidine or any other pharmaceutical/pharmacological agent. Visual analog scale (VAS) pain assessments were 
performed in both groups preoperatively, postoperatively, and 24, 48, and 72 hours after awakening and recovery. Oral feeding at 
the sixth postoperative hour and mobilization at the eighth postoperative hour were evaluated in all cases. The data obtained were 
statistically analyzed with a significance level of α=0.05.
RESULTS: The VAS scores of cases administered with pethidine via a caudal block were found to be significantly lower at all 
measurement times compared with those without a caudal epidural block (p < 0.05). The need for analgesic medication in terms of 
dosage and duration was lower in the pethidine group during the postoperative period. Both groups began oral feeding at the sixth 
postoperative hour. The cases in the pethidine group were mobilized with ease at the eighth postoperative hour, whereas those 
without a caudal epidural block with pethidine could only be mobilized as early as the 24th postoperative hour.
CONCLUSION: Administering pethidine via a caudal epidural block before awakening at the conclusion of PLI surgery may provide 
benefits in postoperative pain control and early mobilization.
KEYWORDS: Analgesics, Caudal epidural block, Meperidine, Pethidine, Postoperative pain
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█   INTRODUCTION

Spinal deformities, degenerative spine diseases, traumas 
causing instability in the spine, infectious pathologies, 
and spinal tumors often require posterior lumbar surgi-

cal approaches using implants, such as screw–rods or plates. 
These approaches are generally referred to as posterior lum-
bar instrumentation (PLI) procedures (23). They are inherently 
associated with significant tissue damage and inflammation; 
thus, effective pain management in the postoperative period 
is critical.

Inadequate pain control can prolong hospital stay, delay re-
habilitation, and negatively affect surgical outcomes. Delayed 
mobilization and uncontrolled pain negatively affect patients’ 
quality of life and recovery process (15). They may increase 
the risk of side effects or adverse events due to the use of 
multiple medications for pain control (polypharmacy) (13). 
They can also lead to long-term opioid use, increasing the risk 
of addiction and healthcare costs. Lumbar and caudal epidur-
al blocks can be applied in the postoperative period to prevent 
such situations, reduce long-term complications, and improve 
quality of life (6). 

Various medical and conservative treatment modalities are 
used in postoperative pain management, such as oral or 
parenteral and/or externally administered nonsteroidal anti-
inflammatory drugs (NSAIDs) and oral or systemic opioid 
analgesics (11). Targeted application of local anesthetics alone 
or in combination with steroids may also be preferred (14).

An epidural block is usually performed by administering phar-
macological agents, such as opioids, steroids, local anesthet-
ics, or hyaluronidase, to the area of ​​neural compression under 
imaging guidance (22). However, a caudal epidural block aims 
to relieve pain by injecting medication into the epidural space 
through the sacral hiatus and targeting the nerves affected by 
pain signals. The main difference between a caudal block and 
other types of epidural blocks is the target area of ​​the injec-
tion. The sacral hiatus is an important anatomical landmark for 
the application of caudal epidural blocks (20). 

In caudal epidural injections, agents administered with a high-
er fluid volume may dilute and remove inflammatory mediators 
from the epidural space, providing clinically significant results. 
However, there is no direct evidence that administered drugs 
penetrate more effectively anterior to the nerve roots (36). An-
algesia and inflammation can be reduced by administering lo-
cal anesthetics (26) (e.g., bupivacaine, lignocaine, and ropiva-
caine), steroids (12) (e.g., betamethasone), or opioids (5) (e.g., 
morphine) to this area.

Pethidine (meperidine) is an opioid analgesic that acts on 
mu-opioid receptors in the central nervous system. The use 
of pethidine in caudal blocks acts directly on spinal opioid 
receptors, blocking pain signals from the lower body regions 
to the brain. The caudal approach can provide more localized 
and effective pain control than systemic applications because 
it allows the drug to be delivered closer to the surgical site in 
the lumbar region.

The literature has evaluated the effectiveness of caudal epidural 
morphine or bupivacaine administration in postoperative pain 

and neuroendocrine stress response in pediatric patients (35). 
In addition, a recent pediatric patient study compared sacral 
hiatus injection with conventional sacral canal injection and 
ultrasound-guided injections for caudal epidural blocks (1). 
However, there is no high-quality evidence in the literature 
on the use of pethidine-containing caudal epidural blocks 
administered via the sacral hiatus before patients wake up at 
the end of PLI procedures in adults.

This study aimed to evaluate the effects of a pethidine caudal 
epidural block via the sacral hiatus route on postoperative 
pain, nutrition, and mobilization compared with cases without 
a caudal block at the end of PLI surgery. The data obtained are 
considered to make a significant contribution to the literature 
in this field.

█   MATERIAL and METHODS
This prospective study was conducted with the approval of 
the Giresun University Faculty of Medicine Local Ethics Com-
mittee (Approval No: E-53593568-771-238738897, dated 
March 18, 2024). The same neurosurgeon from the Depart-
ment of Neurosurgery Clinic performed surgery on all of the 
cases included in the study. Informed consent was obtained 
from all participants. 

The sample size was determined using “G*Power (version 
3.1.9.4)” (9,10). According to the sample calculation, reaching 
the required number of cases was determined as the primary 
endpoint of the study. Estimated power was 0.80, alpha (mar-
gin of error): 0.05, effect size was 0.4. Accordingly, the sample 
size was determined as 48 for the chi-square test. Between 
March 19, 2024, and August 31, 2024, 48 patients aged 31–83 
years were included. The researcher responsible for the statis-
tical analysis of the data was blinded to which group received 
pethidine. Additionally, none of the subjects knew whether 
they had been given pethidine or not.

Inclusion and Exclusion Criteria

Patients aged 18 years or older scheduled for PLI due to lum-
bar spinal stenosis, lumbar spondylolisthesis, spinal insta-
bility, lumbar spinal deformity, degenerative disc disease, or 
lumbar fractures with at least 3 months of persistent pain not 
responding to medical or conservative treatments and pre-
senting with back pain, unilateral or bilateral leg pain, neu-
rological deficits, or neurogenic claudication were included 
in the study. Patients with pethidine allergies, infections, or 
bleeding disorders at the surgical site, sacral spine malforma-
tions incompatible with a caudal epidural blockade, diabetes 
mellitus, cardiovascular diseases, alcohol consumption, or a 
history of smoking were excluded. The remaining 48 patients 
were randomly assigned to two equal groups. To perform ran-
domization, blocks were created before starting the study, 
which included equal numbers of participants according to 
the needs of the study, such as gender, age, and severity of 
disease. The participants in the blocks were then randomly 
assigned to the treatment and control groups.

Group 1 consisted of patients who received pethidine blocks (n 
= 24), while Group 2 (the control group) included patients who 
did not receive pethidine or any other pharmaceutical blocks 
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(n = 24). The patients’ age, gender, height, weight, American 
Society of Anesthesiologists physical status classification 
(I–II), diagnoses, surgical types, and postoperative analgesic 
dosages and durations were recorded in a Microsoft Office 
Excel file.

Operation and Caudal Epidural Block

A standard endotracheal general anesthesia induction proce-
dure was applied to all patients. For patients undergoing PLI 
with diagnoses such as lumbar spinal stenosis, lumbar spon-
dylolisthesis, lumbar spinal instability, lumbar degenerative 
deformity, and lumbar spinal trauma, pethidine was admin-
istered via the caudal epidural route at the end of the surgery 
only to patients in Group 1 before they were awakened.

Using fluoroscopy, a lateral view was obtained to display the 
anatomical boundaries of the sacral canal. The caudal canal 
appeared as a translucent layer posterior to the sacral segments 
under fluoroscopy. The median sacral crest appeared as an 
opaque line posterior to the caudal canal, while the sacral 
hiatus typically presented as a translucent opening at the base 
of the caudal canal. The coccyx could be observed articulating 
with the inferior surface of the sacrum. The caudal epidural 
block was performed by entering a 22-gauge Quincke spinal 
needle through the sacral hiatus under fluoroscopic guidance, 
followed by the administration of a contrast agent. The correct 
placement was confirmed by observing the distribution of the 
contrast agent in the epidural space. In Group 1, a mixture 
of pethidine and 20 mL of physiological serum was injected 
epidurally into the sacral hiatus caudal at a rate of 0.5 mL per 
second under fluoroscopic guidance. As the caudal block 
was not applied to the cases in Group 2, which was called 
the control group, no pharmacological agent, including saline, 
was injected (Figure 1).

After the caudal epidural block, a sterile sticker was applied to 
the needle insertion site. The patients were transferred to the 
ward after extubating and awakening.

Pain and Mobilization Assessment

Pain intensity was assessed using a visual analog scale (VAS). 
In both the control and experimental groups, all patients 
were assessed for postoperative mobilization beginning at 
the eighth hour. The assessment included activities such as 
turning from one side to the other in bed, sitting at the bedside, 
standing up at the bedside, and walking in the patient’s room. 
The evaluation was conducted using a patient mobility scale 
that measured the level of pain and difficulty experienced 
during these activities.

Postoperative analgesia. Intravenous paracetamol (3 × 1 g/
day) and tenoxicam (2 × 20 mg/day) were administered to 
each patient according to the standard analgesia protocol. 
Intravenous 0.5 mg/kg tramadol and/or intramuscular 100 mg 
pethidine was planned to be administered as rescue analgesia 
if the patients had a VAS score > 4. 

Statistical Analysis

The Minitab program was used for the statistical evaluation of 
the data obtained. A one-way analysis of variance was applied 
to compare the groups. Descriptive statistics were presented 
as mean ± standard deviation (SD), minimum, and maximum 
values. For all statistical analyses, a P value of less than 0.05 
was considered statistically significant.

█   RESULTS
The patients who received a pethidine block had instrumented 
a minimum of three and a maximum of five levels. In patients 
without a block, instrumentation was applied to a minimum of 
three and a maximum of seven levels. The body mass index 
of all groups was found to be 18.5–24.9 kg/m2. The case data 
are summarized in Table I.

Group 1 represents the cases in which a caudal epidural block 
was applied with pethidine, while Group 2 represents the 
cases in which no caudal epidural medication was applied. 

No statistically significant correlation was observed between 
the groups in terms of age or the number of instrumented 
levels and pain (p>0.05).

When comparing the preoperative and postoperative VAS 
scores of Group 1 (pethidine administered) and Group 2 (con-
trol), statistically significant differences were found between 
the groups at the 0th hour (F-Value: 89.81; p-value: 0.00), the 
24th hour (F-Value: 68.16; p-value: 0.00), the 48th hour (F-Value: 
28.21; p-value: 0.00), and the 72nd hour (F-Value: 13.10; p-val-
ue: 0.00) (Figure 2, Figure 3).

In addition, the patients without a caudal epidural block 
achieved mobilization earliest on the first postoperative day 
(n=14), while 10 patients were mobilized at the 48th hour. 
Patients who received caudal epidural pethidine required fewer 
doses and durations of analgesic medication postoperatively 
compared with those who did not.

A postoperative analgesia protocol was established for the 
patients in each group using intravenous paracetamol (3 × 1 
g/day), tenoxicam (2 × 20 mg/day), and intravenous 0.5 mg/

Figure 1: Demonstrative image of caudal epidural pethidine 
application under guidance using a mobile C-arm system 
(fluoroscopy).
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Table I: Comparison of Demographic and Other Data of Cases with or without Caudal Epidural Block with Pethidine

Groups Variable Sex Mean ± SD Min Max

With pethidine
Age (year)

M 54.27 ± 11.70 31 71
F 61.15 ± 9.76 41 72

Without pethidine
M 63.75 ± 10.29 48 83
F 55.25 ± 8.42 41 69

With pethidine
Preoperative 

VAS

M 8.818 ± 0.982 7 10
F 8.769 ± 0.725 8 10

Without pethidine
M 9.000 ± 0.739 8 10
F 8.750 ± 0.866 8 10

With pethidine
Postoperative VAS 

(immediately)

M 1.273 ± 0.467 1 2
F 1.462 ± 0.519 1 2

Without pethidine
M 3.750 ± 0.965 2 5
F 3.583 ± 1.084 2 5

With pethidine
Postoperative VAS 

(24-hour)

M 1.545 ± 0.688 1 3
F 1.385 ± 0.506 1 2

Without pethidine
M 3.250 ± 0.965 2 5
F 3.333 ± 0.778 2 4

With pethidine
Postoperative VAS 

(48-hour)

M 1.455 ± 0.522 1 2
F 1.462 ± 0.660 1 3

Without pethidine
M 2.667 ± 0.985 1 4
F 3.000 ± 1.044 1 4

With pethidine
Postoperative VAS

(72-hour)

M 1.273 ± 0.467 1 2
F 1.462 ± 0.660 1 3

Without pethidine
M 2.250 ± 0.622 1 3
F 2.167 ± 1.030 1 4

SD: Standard deviation, Min: Minimum, Max: Maximum, and, VAS: Visual analog scale.

Figure 2: Comparison of intergroup VAS scores by gender between patients who underwent a caudal epidural block with pethidine and 
those who did not.
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Epidural space infiltrations are classified as caudal, transfo-
raminal, and interlaminar. The injection method depends on 
the type of pain and the surgeon’s preference. The caudal 
epidural block, an epidural anesthesia method administered 
through the sacral hiatus, has become a fundamental element 
in pediatric and adult anesthesia, particularly for procedures 
involving the lower abdomen, perineum, and lower extremi-
ties. Especially after lumbar spinal instrumentation surgeries, 
failed back surgery syndrome is observed at a notable rate. In 
such cases, epidural caudal injections are often preferred for 
pain control (24). Studies have reported the positive effects 
of transforaminal epidural injections and caudal epidural in-
jections combined with an erector spinae plane block during 
and after lumbar spinal fusion surgeries on postoperative pain 
control, patient satisfaction, and early mobilization (30).

kg tramadol and/or intramuscular 100 mg pethidine for rescue 
analgesia when necessary. 

None of the patients who underwent caudal epidural block 
required rescue analgesia, and no drug-related side effects 
or adverse events were observed in any patient in this group. 
In patients without a caudal epidural block, side effects were 
noted in those who received intramuscular pethidine for 
analgesia. Among the patients who did not receive caudal 
epidural block, seven received intravenous tramadol, and 
eight received intramuscular pethidine as rescue analgesia. 
The side effects observed in these cases are presented in 
Table II. 

The patients who received caudal epidural pethidine were 
observed to mobilize easily by the eighth hour, whereas those 
without an epidural block and pethidine achieved mobilization 
earliest on the first postoperative day (n=14). Ten patients were 
mobilized by the 48th hour due to analgesia-related delays.

█   DISCUSSION
PLI, which is a surgical treatment applied for pathologies such 
as lumbar spinal stenosis, lumbar spondylolisthesis, lumbar 
spinal instability, lumbar degenerative deformity, and lumbar 
spinal trauma, can cause uncontrolled pain and difficulty in 
mobilization during the postoperative period. As a result, 
satisfactory outcomes may not be achieved in these patients 
(31).

Figure 3: Interval plot of intergroup VAS scores by gender of patients who underwent a caudal epidural block with pethidine versus those 
who did not receive any caudal epidural block.

Table II: Postoperative Opioid-Related Side Effects

Side effects Number of 
patients

Confusion, perception disorders, mood changes 2

Vertigo, euphoria 2

Insomnia, headache 1

Tremors 2

Miosis 1
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and reduce opioid requirements, particularly in patients with 
high opioid tolerance or neuropathic pain (29). Corticosteroid 
drugs can also be used to reduce inflammation and nerve root 
edema in patients with radicular pain.

The caudal blockade, a type of epidural anesthesia, is effec-
tive in treating lower lumbar and sacral pain. Its efficacy is en-
hanced by the washing effect of high-volume fluid injections 
combined with the administered agents, which cleanse the 
inflammatory mediators responsible for pain. As discussed 
earlier, pethidine, although less commonly used than other 
local anesthetics, can be utilized in caudal blocks. Although 
less commonly used for PLI, peripheral nerve blocks, such 
as lumbar plexus or paravertebral nerve blocks, can be con-
sidered part of a multimodal approach, especially for patients 
with contraindications to epidural or systemic opioids (28).

In this study, cases with a caudal epidural block using 
pethidine and cases without a caudal epidural block were 
compared to evaluate the pain and mobilization of patients in 
the postoperative period following PLI. In the control group, 
in which caudal blockade was not performed with pethidine 
or any other drug, performing caudal blockade with saline 
was not deemed necessary, as the subjects would not know 
whether caudal blockade was performed under anesthesia.

Pethidine, one of the first synthetic opioid analgesics widely 
used for treating moderate to severe pain, is typically employed 
for managing acute pain, such as postoperative pain, pain 
during childbirth, or pain caused by injuries. However, it is 
less commonly used for chronic pain treatment because of 
its potential toxicity stemming from the accumulation of its 
metabolite—normeperidine. Pethidine primarily acts by 
binding to mu-opioid receptors, which are G-protein-coupled 
receptors in the central nervous system. When pethidine binds 
to these receptors, it inhibits the release of neurotransmitters, 
such as substance P, which play a role in transmitting pain 
signals in the spinal cord and brain. This leads to a reduction 
in pain perception (4).

Epidural pethidine infiltration involves administering pethidine 
into the epidural space, the area surrounding the spinal cord 
within the vertebral column. When administered epidurally, 
pethidine acts on opioid receptors, particularly in the dorsal 
horn of the spinal cord, blocking the transmission of pain 
signals. This results in decreased pain perception without 
causing a complete motor block, a desirable outcome in 
certain clinical situations, such as childbirth. It can also be 
used to manage pain following abdominal or lower extremity 
surgeries.

The advantages of a caudal block with pethidine include ef-
fective analgesia, rapid onset, and moderate duration of ac-
tion. One significant concern regarding the use of pethidine 
in spinal or epidural applications is its potential neurotoxicity 
(40). Although pethidine is less associated with neurotoxici-
ty compared with other opioids, adverse neurological effects 
have been reported, particularly with high doses or prolonged 
use. Similar to other opioids, pethidine carries a risk of respi-
ratory depression (4), which can be particularly dangerous in 
the postoperative period. The risk increases when combined 

Pethidine is an opioid analgesic increasingly studied within the 
context of caudal epidural anesthesia due to its unique prop-
erties, including local anesthetic effects and complementing 
traditional agents such as bupivacaine or lidocaine (2).

Effective pain management after PLI is essential to accelerate 
recovery, facilitate early mobilization, and reduce the risk 
of complications. However, it is evident that creating and 
applying a general analgesia protocol is challenging for many 
surgical procedures. A caudal epidural block administered 
through the sacral hiatus is frequently used by neurosurgeons 
and pain specialists due to its high reliability. In this procedure, 
an imaging method should be employed to achieve high 
accuracy in needle placement. In our study, fluoroscopy was 
used for this purpose (7).

Given the complex nature of PLI as a spinal surgical intervention 
and the severe postoperative pain pattern, a multimodal 
approach combining different classes of analgesics is widely 
applied for postoperative pain management (28). This strategy 
enhances analgesic effectiveness by targeting various pain 
pathways while minimizing the side effects associated with 
higher doses of single agents.

Morphine, hydromorphone, fentanyl, and oxycodone are 
the most commonly used opioid analgesics. However, the 
use of these analgesics is associated with significant side 
effects, such as constipation, emesis, sedation, and risks of 
dependency or tolerance. Thus, there are notable limitations 
and risks, such as the need for titration and monitoring (17). 
For this reason, adjuvant therapies, including non-opioid 
analgesics, are increasingly preferred in multimodal pain 
management due to their ability to reduce opioid consumption 
and associated side effects.

Adjuvant therapies, which integrate various strategies into 
a consistent multimodal pain management plan, are key to 
optimizing postoperative pain control while minimizing opioid 
use. Protocols frequently including NSAIDs, such as ibuprofen 
and ketorolac, which inhibit cyclooxygenase enzymes 
involved in prostaglandin synthesis and reduce inflammation 
and pain, are preferred not only for their analgesic effects but 
also for their ability to reduce the inflammatory component of 
postoperative pain (33).

However, their frequent use in spinal surgeries may not 
be appropriate due to their potential for interfering with 
osteochondral tissue healing. Acetaminophen, often used 
as part of a multimodal regimen, provides effective analgesia 
with a favorable side effect profile, can be administered orally 
or intravenously, and is particularly beneficial in cases in which 
NSAIDs are contraindicated. Gabapentinoids are typically 
initiated preoperatively and continued postoperatively to 
reduce both acute and chronic pain. Agents such as gabapentin 
and pregabalin are preferred for alleviating neuropathic pain, 
which can be a component of postoperative pain following PLI 
(18). They work by inhibiting calcium channels in the central 
nervous system, thereby reducing the release of excitatory 
neurotransmitters (32).

Ketamine, an N-methyl-D-aspartate receptor antagonist, is 
sometimes used at sub-anesthetic doses to provide analgesia 
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In a study involving 90 patients scheduled for surgery below the 
umbilical level, the ability of epidural morphine administered via 
the caudal route to alleviate pain was assessed and compared 
with an intramuscular opioid injection. The cases receiving 4 
mg of morphine/10 mL of normal saline via the caudal route 
were compared with those receiving intramuscular opioids 
using the VAS (25). The average pain score in the caudal 
epidural group was significantly lower during the first 12 hours 
postoperatively, and 38% of the cases required additional 
intramuscular injections within the first 12 hours. However, 
in the study, 86% of the patients in the intramuscular group 
received opioid injections, and although no patient developed 
respiratory depression due to morphine injection, side effects 
were more frequent in the intramuscular group than in the 
epidural group (19).

In a study comparing between caudal epidural bupivacaine 
with adrenaline and pethidine with adrenaline for operative 
and postoperative analgesia in infants and children, 25 cases 
under the age of 12 were evaluated. The study showed 
that none of the children in either group required parenteral 
analgesia. However, although the pethidine group experienced 
longer analgesia and sedation duration, delayed vomiting and 
urination times could hinder the routine use of pethidine (25).

In another study involving pediatric patients aged 2–5 years 
who underwent unilateral inguinal hernia surgery, caudal 
epidural injections of pethidine combined with levobupivacaine 
were suggested as an effective method for postoperative 
analgesia duration, pain control, and early mobilization (39).

Eighty-seven cases were evaluated in a study investigating 
the effect of caudal dexmedetomidine and ketamine in 
preventing delirium in pediatric patients undergoing congenital 
inguinal hernia repair. The results showed that patients who 
received caudal dexmedetomidine had a longer time until the 
first postoperative analgesia compared with ketamine and 
reduced postoperative analgesic consumption. Moreover, no 
significant difference was reported between the two drugs 
regarding postoperative sedation duration and the incidence 
of perioperative adverse events (8).

Contrary to the literature, this study found no side effects 
and/or adverse events, such as delayed vomiting and urinary 
frequency, in adults receiving caudal epidural pethidine.

In a randomized, double-blind, controlled clinical study ana-
lyzing the effectiveness of preemptive analgesia with a single 
caudal epidural injection in patients undergoing posterior ap-
proach surgeries for lumbosacral region pathologies, admin-
istering analgesics before the painful stimulus was reported 
to be more effective than after its onset. It was reported that 
82 patients who underwent instrumented or non-instrument-
ed discectomy in the lumbosacral spine through a posterior 
approach were randomized into a control group (n=40), and a 
study group (n=42), and patients in the control group received 
a single caudal epidural injection of 20 mL of normal saline. In 
the study, a single 20 mL caudal epidural injection containing 
bupivacaine and tramadol was administered to the patients 
in the study group, and a single caudal epidural injection with 
bupivacaine and tramadol was found to be a safe, simple, and 

with other central nervous system depressants. As an opioid, 
pethidine has the potential for abuse and dependency, ne-
cessitating careful monitoring, especially in patients requiring 
prolonged postoperative pain management. The inclusion and 
exclusion of cases in this study were carried out considering 
these scientific data.

However, when an opioid, such as pethidine, is administered 
caudally through the sacral space, its pharmacokinetics differ 
significantly from systemic administration routes, such as 
intravenous or oral. When injected via the caudal epidural 
route, pethidine primarily acts locally on the spinal nerves 
in the sacral and lower lumbar regions, providing effective 
regional analgesia. A portion of the drug may be absorbed 
into systemic circulation through the epidural venous plexus. 
However, the rate and extent of systemic absorption are 
generally lower compared with intravenous administration, as 
the drug accumulates in the localized area where its effects are 
intended. Unlike oral drugs, which are absorbed through the 
gastrointestinal system and enter the portal circulation directly 
(first-pass metabolism), drugs administered via the caudal 
route do not directly enter the portal circulation. Instead, 
they are absorbed into the systemic venous circulation and 
subsequently distributed throughout the body (38).

Once the drug enters systemic circulation, it eventually 
reaches the liver. Pethidine is primarily metabolized in the liv-
er through the cytochrome p450 enzyme system (CYP2D6, 
2C19, and 3A4) (37). It is metabolized into normeperidine and 
other metabolites, which are less active but may contribute to 
toxicity, especially with repeated doses.

In a study that evaluated caudal epidural injection in the treat-
ment of lumbosacral nerve pain syndromes in a double-blind 
manner involving 39 cases, the participants were randomly 
divided into three groups (3). The researchers administered 
a combination of 10 mL of 0.09% isotonic sodium chloride, 
20 mL of lignocaine (1%), and 1 mL of betamethasone (7 mg) 
through a caudal epidural injection to the first group. The sec-
ond group received the same combination without betameth-
asone through a caudal epidural injection. In the third group, 
only 1 mL of betamethasone (7 mg) was administered as a 
superficial injection around the sacral hiatus. In the postoper-
ative period, only tramadol was allowed as an analgesic med-
ication. The cases in all three groups were evaluated at 1, 24, 
and 48 hours, at the end of the first week, and four weeks after 
the injections (3). The results showed that while the mobility of 
the lumbar spine improved in all patient groups, there was no 
statistically significant difference between the three treatment 
groups. However, the straight leg raise test results associated 
with epidural steroid injections were superior to those of ste-
roid injections around the sacral hiatus (3). 

Morphine and bupivacaine were used in a study comparing 
the efficacy of a caudal epidural block with a constant depth 
of anesthesia in surgical stress response in children who had 
undergone abdominal and genitourinary surgery in the past 
using bispectral index analysis. The results indicated that 
bupivacaine’s caudal epidural application was more effective 
than morphine in reducing intraoperative and postoperative 
stress responses in children undergoing surgery (35).
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opioid analgesia in the postoperative period. No side effects or 
adverse events related to the medication were observed in the 
caudal epidural pethidine group. However, in cases without a 
caudal epidural block, side effects related to intravenous opi-
oid use were detected in the postoperative period to provide 
analgesia. The assessment of patient mobilization was made 
using a patient mobility scale. The cases with caudal epidural 
pethidine were found to be able to mobilize comfortably and 
pain-free by the eighth hour, while in the group without a cau-
dal epidural block and pethidine, 58.33% were mobilized on 
the first postoperative day, and 41.66% were mobilized by the 
48th hour at the earliest.

The VAS is based on the patients’ ability to understand the 
scale and their subjective pain experiences, which can 
introduce variability. It may not be suitable for individuals who 
struggle to understand the scale concept. At first glance, this 
can be considered a limitation of our study. However, the VAS 
has been validated in numerous studies, showing its reliability 
and correlation with other pain scales, such as the numeric 
rating scale and the verbal descriptive scale. The VAS is 
considered the gold standard for pain assessment due to its 
simplicity and ease of use (16,27). 

Limitations

In this study, the cases were of the same ethnicity, and only 
the effect of a caudal epidural block containing pethidine was 
investigated. There was no control group consisting of cases 
receiving normal saline or other opioids or any pharmacological 
agent through caudal epidural blocks. Instead, cases without 
any drug-related caudal epidural blocks were compared. This 
is the main limitation of our study. Future research should 
include a larger, multi-center study design involving different 
ethnicities, examining not only the efficacy of pethidine but 
also the roles and long-term effects of different opioid drugs on 
caudal epidural blocks for postoperative pain relief. Because, 
it should be noted that cultural differences in pain perception 
will affect the results. In summary, this study is limited by its 
small sample size, single-center design, and use of subjective 
measures, such as the VAS.

█   CONCLUSION
Despite the significant literature on the use of opioids in 
spinal anesthesia, there is limited specific data on the use of 
pethidine in caudal blocks, especially in the context of spinal 
surgeries, such as PLI. Most studies have focused on more 
commonly used opioids, such as morphine or fentanyl. Due 
to concerns about its side effects, the use of pethidine has 
declined, and current studies may not fully reflect its efficacy 
and safety profile in modern surgical settings. Considering 
the critical role of postoperative pain management in spinal 
surgery outcomes and the unique properties of pethidine as 
an analgesic, there is a clear need to evaluate its efficacy and 
reliability, particularly when administered via caudal blocks. 
This evaluation could contribute to optimizing postoperative 
care, improving patient recovery, and potentially redefining 
analgesic protocols in spinal surgeries. It has been observed 
that caudal epidural pethidine administered before the 

effective method for preemptive analgesia in managing post-
operative pain (34).

However, in this study, side effects, such as drowsiness, im-
paired perception, mood changes, euphoria, insomnia, head-
ache, tremor, and miosis, were observed in cases without a 
caudal epidural block who received intravenous opioids for 
postoperative analgesia. The results of this study are con-
sistent with the literature. A caudal epidural block containing 
pethidine has been shown to significantly improve postopera-
tive pain and mobilization following PLI surgery.

In Ahiskalioglu et al.’s study, a solution of levobupivacaine 
(0.125%) combined with morphine (10 μg/kg) was adminis-
tered as caudal epidural injections at a total volume of 0.5 mL/
kg. Despite limitations in central neuraxial anesthesia, they 
recommended using ultrasound in pediatric caudal injections 
to reduce complications and increase the success rate of the 
first attempt (1).

However, in another study comparing caudal epidural 
injections performed under ultrasound guidance with those 
performed under fluoroscopy, it was suggested that although 
ultrasound-guided blocks had a higher success rate in the 
first attempt and required smaller needle sizes, no significant 
difference in block success was observed between the groups. 
Moreover, conventional methods have been associated with 
fewer issues, such as blood aspiration, bone tissue irritation, 
and subcutaneous bulging (21). In the current study, mobile 
C-arm fluoroscopy was preferred over ultrasound guidance 
for caudal epidural injections.

As with all complex surgical interventions, the early mobiliza-
tion of PLI cases is essential for functional recovery, prevent-
ing complications associated with immobilization, and main-
taining hemostatic balance. Therefore, assessing the level of 
activity in postoperative cases and the factors affecting it is 
crucial. 

In summary, the importance of effective postoperative pain 
management in spinal surgeries, particularly in posterior lum-
bar instrumentation, cannot be overlooked. It plays a vital 
role in shortening recovery time, increasing patient satisfac-
tion, and optimizing surgical outcomes. Postoperative pain 
management after PLI requires a balanced approach that 
considers the effectiveness, side effects, and impact on the 
recovery of various analgesics. A multimodal strategy that in-
cludes opioid and non-opioid options and regional anesthesia 
techniques provides the best results in terms of pain control, 
patient satisfaction, and early mobilization. As research pro-
gresses, we believe that new agents or combinations of differ-
ent pharmaceuticals could further improve postoperative pain 
management protocols.

As a result, this analytical study, which divided 48 cases into 
randomized two groups, found no significant statistical rela-
tionship between age or the number of instrumented levels 
and pain (p<0.05). Compared with the control group that did 
not receive a caudal epidural block, those who received a sin-
gle dose of caudal epidural pethidine had a lower analgesic re-
quirement and postoperative VAS scores (p<0.05). Moreover, 
no patients in the caudal epidural pethidine group required 
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patient wakes up after PLI surgery significantly improves 
postoperative pain control and mobilization. Based on these 
results, we believe that caudal epidural pethidine can be 
safely and effectively used in postoperative pain management 
following PLI, enabling patients to mobilize earlier.
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Comparison of the Effects of Amantadine, Methylprednisolone 
and Nimodipine in Sciatic Nerve Crush Injury

ABSTRACT

AIM: To assess the therapeutic effects of methylprednisolone, nimodipine, and amantadine on peripheral nerve injury using a rat 
sciatic nerve compression model, simulating potential treatments for humans.   
MATERIAL and METHODS: A total of 36 adult male Wistar albino rats were divided into five groups. In Group 1, right sciatic nerve 
compression was performed, while the left side was used as a sham group (Group 2). Groups 3, 4, and 5 received methylprednisolone, 
nimodipine, or amantadine for one week following injury. In histopathologic analysis, nerve diameter, myelin diameter, axon diameter, 
G ratio, fibroblast count, mast cell count, and nerve number were measured.
RESULTS: Significant differences were observed across the groups. Amantadine showed the most positive effects on nerve 
regeneration, improving nerve diameter, myelin diameter, G ratio, fibroblast number, and nerve number compared to the controls. 
Nimodipine was effective in improving nerve diameter and G ratio but had no effect on other parameters. Methylprednisolone 
showed significance only in the G ratio. No drug was found to be superior to the others when compared in combination. Overall, 
amantadine had the most positive cellular effects after sciatic nerve injury; however, further research is required to explore the 
optimal dosage, frequency, administration route, and additional clinical parameters.
CONCLUSION: In this study, amantadine was found to have the most favorable effects on nerve regeneration, but other drugs 
showed limited effects on some parameters. However, the lack of superiority in combined applications and the lack of clarification 
of ideal treatment conditions suggest the need for more comprehensive research in the future.
KEYWORDS: Peripheral nerve, Crush injury, Amantadine, Methylprednisolone, Nimodipine
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█   INTRODUCTION

As a result of peripheral nerve injuries, serious permanent 
effects occur in 13-23 people per 100,000 per year and 
affect life (2,8,31). Peripheral nerve injuries are generally 

caused by motor-motor vehicle accidents, penetrating injuries, 
cutting injuries, gunshot wounds, falls, burns, fractures, 
ischemia, stretching, and crushing (3).

Nerve injuries are problems that seriously affect the quality of 
life and whose treatment is complex. These injuries may occur 
as a result of physical trauma or compression of the nerves 

and may adversely affect nerve conduction (5). Sciatic nerve 
crush injury frequently manifests with symptoms, including 
marked pain, numbness, and muscle weakness, and it may 
limit the patient’s daily activities (30).

Amantadine is an N-methyl-D-aspartate receptor antagonist 
and plays a potential role in reducing the effects of nerve 
damage on neuropathic pain (20). Methylprednisolone is a 
corticosteroid with anti-inflammatory properties that may pro-
mote nerve healing by reducing the inflammatory processes of 
nerve injury (33). Nimodipine acts as a calcium channel block-
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er and may provide neuronal protection by reducing calcium 
influx in nerve cells (5).

The aim of this study was to compare the effects of amantadine, 
methylprednisolone and nimodipine on sciatic nerve crush 
injuries. Comparing the effects of these three drugs on sciatic 
nerve crush injuries may help determine the most effective 
and safe option in the treatment of nerve injury. Using both 
clinical and experimental data, this study will evaluate the 
efficacy, safety, and possible side effects of each drug and 
thus contribute to developing better treatment strategies for 
patients with sciatic nerve crush injuries.

The results of this research could make an important contribu-
tion to the field of the treatment and rehabilitation of nerve in-
juries and could provide a basis for future studies in this field. 
Therefore, a comparative analysis of pharmacotherapeutic 
approaches used in the treatment of sciatic nerve crush inju-
ries may help develop more effective treatment strategies in 
clinical practice.

█   MATERIAL and METHODS
Surgical Method

After the approval of the Animal Local Ethics Committee of 
Kahraman Maras Sutcu Imam University (Date: 30.09.2020; 
Decision no: 02), the study was conducted in an experimental 
animal laboratory in accordance with ethical rules (Institute 
of Laboratory Animal Resources. Guide for the Care and 
Use of Laboratory Animals, 8th edition, 2011, The National 
Academies Press, Washington D.C.). In the experiment, 36 
adult male Wistar albino rats weighing 300 ± 50 g were used. 
To acclimatize the rats to the environment, they were fed 
standard pellet feed for 10 days under a room temperature of 
22 ± 2°C, humidity conditions of 60 ± 5% and periodic white 
fluorescent light (12 h dark and, 12 h light) in the laboratory 
environment. Feed and drinking water were given ad libitum 
to the rats throughout the experiment. The rats were randomly 
divided into four groups of nine rats each. Groups 1 and 
2 consisted of the same rats, and the left and right sciatic 
nerves of the rats were used for the sham and control groups, 
respectively. 

Groups 1 and 2 (control and sham group, n=9): The right 
sciatic nerves of the rats were opened and crush damage was 
induced with a clamp; the right side was determined as the 
control group. On the left side, the skin over the sciatic nerve 
was opened and the nerve was accessed, but no damage was 
caused, and the left sciatic nerves were determined as the 
sham group; primary closure was performed on both sides. 

Group 3 (methylprednisolone group, n=9): The right sciatic 
nerves of the rats were opened, and crush injury was induced 
with a clamp; primary closure was performed. After the 
injury, 2 mg/kg/day methylprednisolone was administered 
intraperitoneally for 1 week. 

Group 4 (nimodipine group, n=9): The right sciatic nerve of the 
rats was opened, and crush injury was induced with a clamp; 
primary closure was performed. After the injury, 0.5 mg/kg/
day nimodipine was administered intraperitoneally for 1 week. 

Group 5 (amantadine group, n=9): The right sciatic nerve of 
the rats was opened, and crush injury was induced with a 
clamp; primary closure was performed. After the injury, 45 mg/
kg amantadine was administered intraperitoneally at 6.4 mg/
kg/day for 1 week.

The exclusion criteria were infection, decreased nutritional 
function, death during and after the operation, and approval 
of the veterinary surgeon. 

A crush injury model to the sciatic nerve was used to create 
an axonotmesis injury model for sciatic nerve injury. A single 
dose of 20 mg/kg cefazolin sodium was given intraperitoneally 
30 min before the operation for prophylaxis. A dose of 50 mg/
kg of ketamine hydrochloride and 10 mg/kg dose of xylazine 
hydrochloride were administered intraperitoneally and general 
anesthesia was achieved. After the lower legs of the rats were 
positioned, the operation area was prepared for the surgical 
procedure by brushing them with a povidone iodine scrub and 
povidoneiodine solution (Figure 1A). An Approximately 1.5 cm 
incision was made on the thighs of the rats to be operated 
on, and the muscle was reached through the subcutaneous 
skin (Figure 1B). The sciatic nerve was reached by dissecting 
the muscles (Figure 1C). The sciatic nerve was exposed by 
dissecting around the sciatic nerve and was then clamped; 
the surgeon then waited for one minute (Figure 1D). At the 
end of one minute, the clamp was removed, and the bleeding 
was checked. Macroscopically, it was observed that the crush 
damaged part of the sciatic nerves was distinguishable from 
the normal parts (Figure 1E). Although compression-induced 
flattening was observed in the damaged area, nerve integrity 
was preserved. The skin was sutured with 4/0 silk suture 
(Figure 1F). All surgical procedures were performed by a single 
surgeon. 

Following recovery after surgery, the rats were placed in sep-
arate cages. In rats with sciatic nerve injury, flaccid paralysis 
was observed in the damaged side leg. The drugs planned to 
be administered were given intraperitoneally on the first day of 
the experiment immediately after the experiment. The admin-
istration of the drugs was continued for one week at the same 
time every day. At the end of one week, the administration of 
the drugs was discontinued and the rats were followed up to 
meet their physiological needs under normal conditions. At 
the end of one month, all rats were sacrificed by giving  a high-
dose anesthetic agent. The operation sites of the sacrificed 
rats were re-opened. No signs of infection were found in any 
of the rats. The damaged sciatic nerves in the drug-treated 
groups and the sciatic nerves in the control-sham group were 
dissected. The damaged site could be distinguished with the 
naked eye (Figure 2). The sciatic nerve was dissected 5 mm 
proximal and distal to the injury site and immediately placed 
in formaldehyde solution. The specimens were transferred to 
the pathology laboratory.  

Histopathological Method 

After the tissues were fixed in 10% formaldehyde solution for 
48 hours, three sections of 3 mm thickness were taken per-
pendicular to the long axis of the nerve fiber and embedded 
vertically in paraffin after routine follow-up procedures. Two 
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sections of 5 mm and 2 mm (semi-thin) were made from each 
sample; 5 ϻm thick sections were stained with hematoxylin 
eosin, and 2 ϻm thick sections were stained with Luxol Acid 
Fast, a myelin stain. Quantitative morphometric analyses were 
performed on Luxol Acid Fast-stained slides using computer-
ized image analysis software (Olympus BX51 microscope and 
DP2-BSW image analysis system). Measurements were made 
at 1,000 magnification. The nerve diameter, axon diameter, 

and myelin thickness of the 25 nerve fibers were measured in 
each nerve section. In addition, the ratio of axon diameter to 
nerve diameter (myelinated axon), the G ratio, was calculated 
for each nerve fiber. The mean axon diameter, nerve diameter, 
myelin thickness and G ratio were then calculated for each 
sample. The numbers of myelinated axons, mast cells and fi-
broblasts were counted in randomly selected 2,500 μm2 areas 
in each group.

Statistical Analysis 

The Statistical Package for the Social Sciences (SPSS) program 
version 21 was used for the statistical analysis of the data. 
Categorical data were given as numbers and percentages, 
and numerical data were given as mean, standard deviation, 
median, and minimum-maximum. A one-way analysis of 
variance test was  used to compare the groups. For statistical 
significance, p<0.05 was accepted.

█   RESULTS
Histopathological Findings 

When hematoxylin- and eosin-stained preparations were 
examined, intact myelinated axons surrounded by epineurium 
were observed in the sham group. In the control (trauma) 
group, marked stromal edema, vacuolization, axonal swelling, 
and myelin damage were observed in many neurons with mild 
inflammation. In the treatment groups, less edema and neuronal 
damage were observed compared to the control group, and 
the presence of many regenerated axons was remarkable. 
In the control group, mast cells (long arrows) and increased 

Figure 1: A) Preparation of the rat for the operation, B) Incision of the rat and access to the sciatic nerve after muscle dissection,                 
C)Dissection of the sciatic nerve from surrounding tissues, D) Crush injury to the sciatic nerve, E) Image of the sciatic nerve after crush 
injury and the damaged area (indicated by arrow), F) Skin closure.

Figure 2: Visualization of the damaged area of the sciatic nerve 
after sacrification (arrow).
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degenerated neurons (red arrows) and more regenerated 
myelinated axons (long black arrows) were seen compared 
to the control group. Short black arrows indicate mast cells 
(Luxol Acid Fast x 1,000) (Figure 6B). 

In the amantadine group, compared to the control group, ede-
ma decreased, and more regenerated axons were observed 
(Luxol Acid Fast x 400) (Figure 7A). Edema (star) decreased in 
the amantadine group compared to the control group. Fewer 
vacuolized, swollen degenerated neurons (red arrows), few-
er myelin figure corrugations (short black arrows), and more 
regenerated myelinated axons (long black arrows) were seen 
(Luxol Acid Fast x1000) (Figure 7B).

Statistical Findings 

According to the analysis performed for nerve diameter com-
parison according to the groups, the mean of the sham group 
was 5022.77 ± 414.38 nm, the control group was 2441.47 ± 
296.45 nm, the amantadine group was 3787.44 ± 684.02 nm, 
the nimodipine group was 3585.09 ± 792.78 nm, and methyl-
prednisolone group was 3025.10 ± 459.25 nm. A statistical-

fibroblasts (short arrows) were observed in the edematous 
stroma (Luxol Acid Fast x 400) (Figure 3A). When the control 
group was examined at a larger magnification (Figure 3B), very 
prominent nerve degeneration, axonal swelling and myelin 
damage were observed (arrows indicate vacuolized, swollen 
degenerated neurons with damaged myelin). 

In the sham group, intact nerve tissue surrounded by intact 
perineurium (arrow) was observed (Luxol Acid Fast x 400) (Fig-
ure 4A). In the sham group, axons with intact myelin sheaths 
were observed (Figure 4B). 

In the methylprednisolone group, edema (asterisk) was re-
duced compared to the control group, but was slightly more 
prominent compared to the amantadine group (Figure 5A). 
Fewer vacuolized, swollen degenerated neurons (red arrows) 
and more regenerated myelinated axons (long black arrows) 
were observed compared to the control group (Figure 5B).  

In the nimodipine group, edema (star) was reduced compared 
to the control group but was slightly more prominent than in 
the amantadine group (Figure 6A). Fewer vacuolized, swollen 

Figure 3: Histopathological image of the control group A) Luxol Asit Fast x400, B) Luxol Asit Fast x1000.

Figure 4: Histopathological image of the sham group A) Luxol Asit Fast x400, B) Luxol Asit Fast x1000.
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Figure 5: Histopathological image of the methylprednisolone group A) Luxol Asit Fast x 400, B) Luxol Asit Fast x 1000.

Figure 6: Histopathological image of the nimodipine group A) Luxol Asit Fast x 400, B) Luxol Asit Fast x 1000.

Figure 7: Histopathological image of the amantadine group. A) Luxol Asit Fast x 400, B) Luxol Asit Fast x 1000.
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Fibroblast count was found to be significantly higher in the 
control group compared to the sham and amantadine groups 
and in the amantadine group compared to the sham group 
(p<0.05; Table V).

The mast cell count was significantly lower in the sham group 
compared to the control and nimodipine groups (p<0.05; 
Table VI).

According to the analysis performed for nerve cell count/2,500 
μm2 comparison according to the groups, the mean of the 
sham group was 26.67 ± 1.36, the control group was 14.33 ± 
2.42, the amantadine group was 20.33 ± 3.27, the nimodipine 
group was 17.78 ± 3.11, and the methylprednisolone group 
was 15.40 ± 3.80, and a statistically significant difference 
was found between the groups. According to the analysis 
performed for pairwise comparisons of the groups, statistically 
significant differences were found between the sham group 
and the other groups, between the control group and the 
amantadine group, and between the amantadine group and 
the methylprednisolone group (p<0.001; Table VII).

ly significant difference was found between the groups. Ac-
cording to the analysis performed for pairwise comparisons 
of the groups, it was determined that there was a statistically 
significant difference between the sham group and the other 
groups, the control group and the amantadine and nimodipine 
groups, and the amantadine group and the methylpredniso-
lone group (p<.001; Table I).  

Myelin diameter was significantly higher in the sham group 
than in the other groups. Myelin diameter was significantly 
lower in the control group compared to the amantadine 
group, and was significantly higher in the amantadine group 
compared to the methylprednisolone group (p<0.001; Table II).

As a result of our study, axon diameter was found to be 
significantly higher in the sham group compared to the other 
groups (p<0.001; Table III).

It was found that the G ratio was significantly higher in the 
control group compared to the other groups (p<0.001; Table 
IV).

Table I: Nerve Diameter Comparison according to Groups

Group n x̄±SD F p-value*

Sham 9 5022.77±414.38a,b,c,d

17.3 0.000

Control 9 2441.47±296.45a,e,f

Amantadine 9 3787.44±684.02b,e,g

Nimodipine 9 3585.09±792.78c,f

Methylprednisolone 9 3025.10±459.25d,g

*One Way ANOVA, Note: There is a significant difference between the same exponential letters.

Table II: Myelin Diameter Comparison according to Groups

Group n x̄±SD F p-value*

Sham 9 1263.30±112.54a,b,c,d

13.2 0.000

Control 9 645.49±247.41a,e

Amantadine 9 976.64±100.14b,e,f

Nimodipine 9 826.41±195.24c

Methylprednisolone 9 734.70±168.35d,f

*One Way ANOVA, Note: There is a significant difference between the same exponential letters. 

Table III: Axon Diameter Comparison according to Groups

Group n x̄±SD F p-value*

Sham 9 3019.71±221.37a,b,c,d

24.7 0.000

Control 9 1907.72±292.65a

Amantadine 9 2090.42±249.90b

Nimodipine 9 1990.84±303.22c

Methylprednisolone 9 1767.88±210.83d

*One Way ANOVA. Note: There is a significant difference between the same exponential letters.
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Table IV: Comparison of g Ratio by Groups

Group n x̄±SD F p-value*

Sham 9 0.60250±0.04a

6.870 0.000

Control 9 0.78050±0.05a,b,c,d

Amantadine 9 0.56144±0.07b

Nimodipine 9 0.56978±0.11c

Methylprednisolone 9 0.59490±0.10 d

* One Way ANOVA. Note: There is a significant difference between the same exponential letters.

Table V: Comparison of Fibroblast Counts according to Groups

Group n x̄±SD F p-value*

Sham 9 0.83±0.75a,b

6.332 0.001

Control 9 5.17±2.71a,c

Amantadine 9 2.44±1.23b,c

Nimodipine 9 3.44±1.42

Methylprednisolone 9 3.00±1.33

* One Way ANOVA. Note: There is a significant difference between the same exponential letters.

Table VI: Mast Cell Count Comparison according to Groups

Group n x̄±SD F p-value*

Sham 9 0.17±0.40a,b

5.165 0.002

Control 9 1.33±0.51a

Amantadine 9 0.56±0.52

Nimodipine 9 1.00±0.00b

Methylprednisolone 9 0.70±0.67

* One Way ANOVA, Note: There is a significant difference between the same exponential letters.

Table VII: Nerve Cell Count Comparison according to Groups

Group n x̄±SD F p-value*

Sham 9 26.67±1.36a,b,c,d

16.708 0.000

Control 9 14.33±2.42a,e

Amantadine 9 20.33±3.27b,e,f

Nimodipine 9 17.78±3.11c

Methylprednisolone 9 15.40±3.80d,f

* One Way ANOVA, Note: There is a significant difference between the same exponential letters.
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dine was statistically significant, whereas no statistically sig-
nificant difference was observed in the nimodipine and meth-
ylprednisolone groups compared to the control group. There 
was no statistically significant difference in axon diameter in 
the parameters of the three drugs compared to the control 
group. In the G ratio, amantadine, nimodipine and methyl-
prednisolone were found to be equally effective for nerve 
healing and no statistically significant difference was found 
between the groups. The G ratio is defined as the ratio of the 
axon (inner diameter) to the axon and myelin (outer diame-
ter) in the nerve fiber. The G ratio is expected to associate 
the complex interaction of demyelination, remyelination, and 
axonal degeneration with neurophysiological abnormalities 
and thus with clinical symptoms (4). When fibroblast counts 
were analysed, a statistically significant difference was found 
in the amantadine group compared to the methylprednisolone 
and nimodipine groups. No statistically significant difference 
was found in the number of mast cells among the three drug 
groups. It has been reported that fibroblast cells make import-
ant contributions to the regeneration and recovery of nerve 
tissue after damage to nerve tissue and that growth factor re-
leased from fibroblasts contributes to this process (13,32,35). 
In the number of nerves, amantadine was found to be effective 
in nerve healing, but no statistically significant difference was 
found among the nimodipine, methylprednisolone, and con-
trol groups.  

In a study conducted by Hydman et al., it was shown that 
nimodipine used in damaged recurrent laryngeal nerves was 
effective in the recovery of peripheral nerve damage, and this 
study showed that nimodipine can be used in peripheral nerve 
damage (10). 

In a study published by Mattsson et al., patients with recurrent 
laryngeal nerve injuries were repaired with microsurgery, and 
nimodipine was then given to the patients for three months. In 
the long-term follow-up of the patients, it was reported that all 
showed functional improvement, and no nimodipine-related 
side effects were observed (17). In our study, it was observed 
in histopathological parameters that nimodipine was effective 
in nerve injury healing, but long-term results and functional 
recovery were not examined.  

In a study conducted by Lindsay et al., a crush damage model 
was applied to facial nerves, and then the effect of nimodipine 
was investigated; it was reported that rats receiving nimodipine 
showed earlier recovery compared to those not receiving 
nimodipine (15). In this study, subcutaneous pellets providing 
nimodipine release were placed in rats four days before the 
operation, and the aim was continuous release. In our study, 
nimodipine was given daily at an equal dose for seven days 
and then discontinued, and histopathological results were 
obtained in terms of efficacy.  

In a study published by Scheller and Scheller, it was 
observed that oral nimodipine administered to patients 
who had undergone maxillofacial surgery and subsequently 
had traumatic facial nerve paralysis improved facial nerve 
function (28). In our study, nimodipine was administered 
intraperitoneally. The nimodipine used in Scheller’s study was 
in oral form and administered to real patients. This suggests 

█   DISCUSSION
Peripheral nerve damage is a common condition in both hu-
mans and animals and affects the physiology and functions 
of the body in the long term (10). Factors such as ischemia, 
inflammatory diseases, radiation, compression, traction, elec-
tric shock, and burns-most commonly trauma-cause periph-
eral nerve injury (16,29). 

Peripheral nerve injuries may result in partial or total injuries. 
Permanent motor and sensory deficits and neuropathic pain 
secondary to peripheral nerve injury will decrease the quality 
of life of the patient and also dramatize the situation socially 
(11,26,34). 

Regeneration is essential for nerves to regain function, as 
it allows damaged nerve fibers to repair and restore neural 
communication. However, functional recovery following nerve 
injury is not always achieved. Nerve regeneration involves 
complex processes like axon growth, synapse formation, and 
myelination, which can be hindered by factors such as injury 
severity, distance to target tissue, age, and health status. Scar 
tissue and inhibitory glial cells at the injury site may also im-
pair regeneration, leading to suboptimal healing. It is estimat-
ed that traumatic peripheral nerve injuries cause over 500,000 
new cases annually, highlighting the need for effective treat-
ments and rehabilitation strategies (25). Current approaches 
include surgical techniques, nerve grafts, growth factor ther-
apies, and biomaterials, but individual treatment outcomes 
vary, indicating a need for further optimization. Despite pe-
ripheral nerves’ higher regeneration capacity compared to 
central nervous system nerves, the process is often slow and 
incomplete, with patients potentially experiencing lasting mo-
tor and sensory deficits. This underscores the importance of 
research into new regenerative therapies, such as stem cell 
therapy, gene therapy, and neuroprostheses. In conclusion, 
while nerve regeneration is crucial for recovery after traumatic 
injuries, optimal functional outcomes are not always achieved, 
emphasizing the need for continued research into effective 
treatment options.

The recovery time of the injured nerve depends on various 
external factors, including the location of the injury and nerve 
repair. However, it should not be ignored that the axonal 
regeneration rate is 1-2 mm/day, and there is no treatment 
to accelerate this process (23). The medications applied 
after peripheral nerve injury aim to support the regeneration 
process of the damaged nerve tissue in a healthy way and to 
make functional recovery close to complete. Therefore, many 
drugs have been tried at the point of treatment for peripheral 
nerve injuries and are still being tried. 

In our study, when the sciatic nerve injury and medication 
groups were compared with the sham and control groups, 
it was observed that methylprednisolone, nimodipine, and 
amantadine were effective in the healing of sciatic nerve injury 
in the parameters examined histopathologically separately. In 
nerve diameter, amantadine and nimodipine were statistically 
equally effective for recovery, whereas there was no statisti-
cal difference between them in the methylprednisolone group 
compared to the control group. In myelin diameter, amanta-
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our methylprednisolone experimental group in terms of histo-
pathological results.  

In a study conducted by Mehrshad et al. on rats, sciatic 
nerve damage was created in rats, and then methylprednis-
olone-loaded hydrogel was applied locally. As a result of this 
study, it was stated that a local methylprednisolone-loaded 
hydrogel was effective in sciatic nerve damage (19). However, 
in our study, methylprednisolone was not found to be effective 
in other parameters except for affecting the G ratio. At this 
point, it was thought that factors such as the dose and dura-
tion of drug administration would make a difference. 

In the experimental sciatic nerve injury model performed by 
Jiang et al. on rats, methylprednisolone was given at three 
different doses, and it was shown to be more effective on 
nerve regeneration at low and medium doses, but high doses 
were not recommended (11). In our study, the contribution 
of methylprednisolone to regeneration was not observed in 
general, and the G ratio was statistically better than in the 
control group.  

In an experimental animal study conducted by Karlidag et 
al., the facial nerve was cut and re-anastomosed and then 
the subjects were divided into groups, and N-acetylcysteine 
and methylprednisolone were given (12). Regeneration in the 
facial nerve was then examined, and it was reported that the 
weakest results were found in the methylprednisolone group. 
The results of Karlidag et al.’s study were similar to the results 
of our study. 

Many clinical studies have been conducted on amantadine. 
In a double-blind, randomized, and placebo-controlled study 
conducted by Pud et al. on cancer patients, amantadine was 
found to be effective in cancer patients, especially in neuro-
pathic pain, compared to a placebo (24). In our study, aman-
tadine was found to be effective in many histopathological 
parameters after peripheral nerve damage, and it was thought 
that a drug with histopathological efficacy might also be effec-
tive in neuropathic pain as a clinical reflection of a drug with 
histopathological efficacy. This was evaluated in correlation 
with the study conducted by Pud et al. (24). 

In a randomized, double-blind, controlled study conducted 
by Medrik-Goldberg et al., the effects of lidocaine and aman-
tadine administered intravenously on sciatic pain were com-
pared (18). In this study, Medrik-Goldberg et al. showed that 
lidocaine had an analgesic effect and better results on the 
straight leg-raising test, as reflected in the clinic (18). Howev-
er, since the histopathological effect of amantadine was ex-
amined in our study, unfortunately, its clinical reflection could 
not be examined. However, more studies may be required to 
provide evidence of the clinical effects of amantadine, whose 
histopathological efficacy was observed.  

In a randomized, double-blind, controlled study conducted by 
Amin and Sturrock, the efficacy of amantadine in pain due to 
peripheral neuropathy in diabetic patients was investigated, 
and a decrease in neuropathic complaints was observed in 
patients receiving amantadine (1). In our study, amantadine 
was found to be histopathologically effective in peripheral 
nerve damage, and the study by Amin and Sturrock supports 
our results clinically (1). 

that nimodipine may be effective in peripheral nerve damage 
independent of the route of administration.  

In a study published by Zheng et al., it was reported that 
nimodipine applied after facial nerve crush injury in rats 
increased remyelination and improved damage (36). However, 
in this study, nimodipine of 6 mg/kg/day was given to rats via 
oral lavash, and when we compared it with our study, there 
was a difference in dose and route of administration; it was 
observed that it did not affect myelin diameter. 

In a randomized multicenter study conducted by Scheller 
et al., nimodipine and hydroxyethyl starch were given 
prophylactically and until the 7th postoperative day in patients 
operated on for vestibular schwannoma and facial nerve 
functions. No statistically significant difference was found 
between the nimodipine group and the starch group (27). 
The fact that the effect of nimodipine, which was found to be 
effective histopathologically in our study, could not be shown 
statistically in Scheller’s study was considered multicenter 
and that each patient included in the study may not be the 
same at the point of surgery.  

In a study by Hota et al. comparing the efficacy of nimodip-
ine, gabapentin, imipramine, and ketamine in neuropathic 
pain due to transection injury in rats, it was observed that ni-
modipine was also effective in neuropathic pain (9). Although 
the efficacy related to neuropathic pain was examined in this 
study, it supports our results because neuropathic pain can 
be observed after peripheral nerve damage, and the efficacy 
of nimodipine in neuropathic pain shows that it provides nerve 
regeneration. This may indicate recovery in neural tissue in 
basically the same way. 

In a study conducted by Ohlsson et al. on the therapeutic effi-
cacy of methylprednisolone on optic nerve damage in rats, no 
therapeutic effect of methylprednisolone on neural tissue was 
observed (21). In our study, although methylprednisolone was 
not found to be statistically effective in many histopathologi-
cal parameters, it was found to be equally effective with other 
drugs used in the G ratio.  

In an experimental study conducted by Li et al., rats were 
subjected to sciatic nerve transection injury, and then a mem-
brane containing microspheres releasing methylprednisolone 
was applied locally to the damaged area (14). In this study, 
it was observed that local application of methylprednisolone 
reduced fibrosis around the damaged neural tissue and posi-
tively affected myelin thickness. In our study, it was observed 
that methylprednisolone did not affect myelin diameter but 
positively affected the G ratio. It was thought that the differ-
ence might be related to the dose, duration and route of ad-
ministration. In addition, in our study, methylprednisolone had 
no statistically significant effect on fibroblast counts.  

In a rat study of sciatic nerve crush injury published by Ozturk 
et al., the groups given methylprednisolone were compared 
with the groups given methylprednisolone and ozone, and his-
topathologically, a significant decrease in degeneration was 
observed in the group given methylprednisolone and ozone 
(22). No change was observed in the group given methylpred-
nisolone. The results of this group were similar to those of 
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regeneration are long-term processes, so evaluating the lon-
ger-term effects of treatment modalities will increase the clini-
cal validity of the findings.
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Evaluation of the First Cervical Vertebra Anatomy for          
Screw Fixation

ABSTRACT

AIM: To conduct a morphometrical analysis of the atlas to facilitate the development of atlas-related treatment methods and 
demonstrate the variations in atlas anatomy to aid surgical approaches and reduce complications.  
MATERIAL and METHODS: The present study was conducted on 58 dry human atlas vertebrae supplied by the Ege University 
Faculty of Medicine, Department of Anatomy. Morphometrical analysis was performed using digital calipers.
RESULTS: The quantitative measurements were analyzed for screw fixation. The variations in the atlases were identified as spina 
bifida (1.7%), accessory foramen (on the right and left sides in 8.6% and 1.7%, respectively), canal for vertebral artery (1.7%, each 
on the right and left sides, and bilateral in 5.2%), and bipartite superior articular surface (on the right and left sides in 5.2% and 
1.7%, respectively).
CONCLUSION: Some of these anatomical variants may explain certain previously described clinical symptoms. The measurements 
obtained from the 58 atlas vertebrae and the variations observed during the study were discussed. The primary outcome of the 
present study was that the measurements of the vertebrae are different for every individual. Therefore, it is important to use imaging 
methods and examinations before screw placement and other surgical approaches.
KEYWORDS: Anatomical variations, Atlas, Screw fixation
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█   INTRODUCTION

Fractures of the first cervical vertebra (atlas, C1), espe-
cially in the elderly population, account for approxi-
mately 2-3% of all acute cervical spine fractures. Acute 

C1 vertebra fractures comprise a large variety of fracture 
types, with treatment options based on the fracture type 
(9,10,12,16,17,19,33). The treatment for C1 instability can 
range from using a simple strap to undergoing upper poste-
rior stabilization surgery. C1–C2 transarticular screw fixation, 
C1 lateral mass screwing, and C1 pedicle screwing are the 
surgical techniques used for stabilization (12). Apart from at-
las fractures, other atlas-related pathologies like atlantoaxial 
dislocation, which can be observed in congenital craniover-
tebral junction anomalies, rheumatoid arthritis, infections, and 

tumors, and following trauma, can necessitate screw place-
ment (10,12). The vertebral artery runs through the spinal col-
umn in the transverse foramen and bilaterally on the vertebral 
artery groove of C1 lamina (24,30,31), complicating surgical 
procedures in this area (24,30). This study aims to perform 
a morphometrical analysis of C1 vertebrae and demonstrate 
variations in its anatomy to aid in the development of surgical 
approaches and reduce complications.

█   MATERIAL and METHODS
The present study included 58 dry human atlas vertebrae 
supplied from the osseous collection of the Ege University 
Faculty of Medicine, Department of Anatomy. The specimens 
were of unknown sex and age and were free of fractures and 
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deformities. Morphometrical analysis was performed using 
a digital caliper (accurate up to 0.01 mm). The means and 
standard deviations of the measurements were calculated. 
The measured distances are shown in Figure 1.

Anatomical variations of the C1 vertebra such as spina bifida, 
unilateral or bilateral accessory foramen, bifurcated superior 
articular surface, and canal for vertebral artery were also 
noted during these measurements.

The present study was conducted in accordance with the 
principles of the 1964 Declaration of Helsinki and its later 
amendments.

█   RESULTS
The quantitative measurements were analyzed for screw 
fixation. The quantitative measurements are provided in Table 
I.

Detailed measurements of the entry zone for screw fixation 
were made for both sides. The mean area of the entry zone 
was 33.6 ± 7.2 mm2, width (A) was 8.2 ± 1.1 mm, and height 
(B) was 4.0 ± 0.7 mm. The anterior and posterior heights of 
the lateral mass were also measured. The mean posterior 
height of the lateral mass (C) was 16.9 ± 2.5 mm, whereas the 
mean anterior height (D) was 17.8 ± 1.8 mm. The mean length 
between the medial edge of the groove for the vertebral artery 
and the midpoint of the posterior arch (E) was 11.2 ± 3.6 mm. 
Another measurement performed on the lateral mass was the 
length (F) of the path followed by the screw. This length was 
17.3 ± 1.5 mm.

The variations in the C1 vertebrae were identified as spina 
bifida (1.7%) (Figure 2), accessory foramen (on right and left 
sides in 8.6% and 1.7%, respectively) (Figure 3), canal for 
vertebral artery (1.7%, each on the right and left sides, and 

Table I: The Quantitative Measurements of the Atlas for Screw Fixation in This Study

Right side (mean±SD) Left side (mean±SD) Bilateral (mean±SD)

Entry zone area (mm2) 33.8±7.2 

(min-max: 18.9-52.2)
33.4±7.2 

(min-max: 13.6-50.0)
33.6±7.2 

(min-max: 13.6-52.2)

Entry zone width (A) (mm) 8.4±0.7 
(min-max: 6.9-9.9)

8.1±1.2 
(min-max: 2.9-10.2)

8.2±1.1 
(min-max: 2.9-10.2)

Entry zone height (B) (mm) 3.9±0.7 
(min-max: 2.3-5.9)

4.1±0.7 
(min-max: 2.5-6.1)

4.0±0.7 
(min-max: 2.3-6.1)

Height of lateral mass (posterior) (C) 
(mm)

17.1±2.5 
(min-max: 11.5-23.9)

16.7±2.2 
(min-max: 10.3-20.8)

16.9±2.5 
(min-max: 10.3-23.9)

Height of lateral mass (anterior) (D)
(mm)

17.9±1.6 
(min-max: 12.9-20.2)

17.6±1.6 
(min-max: 12.6-19.9)

17.8±1.8 
(min-max: 12.6-20.2)

Distance between the vertebral artery 
groove and median line (E) (mm)

11.6±3.5 
(min-max: 4.8-19.9)

10.7±3.8 
(min-max: 3.8-19.6)

11.2±3.6 
(min-max: 3.8-19.9)

Lateral mass screw length (F) (mm) 17.4±1.4 
(min-max: 15.1-21.2)

17.2±1.6 
(min-max: 13.7-21.3)

17.3±1.5 
(min-max: 13.7-21.3)

Figure 1: A: Entry zone width B: Entry 
zone height C: Height of lateral mass, 
posterior D: Height of lateral mass, 
anterior E: Distance between the 
vertebral artery groove and median line 
(ML) F: Lateral mass screw length.
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bilateral in 5.1%) (Figure 4), bipartite superior articular surface 
(on the right and left sides in 5.1% and 1.7%, respectively) 
(Figure 5) (Table II).

█   DISCUSSION
Given that atlas fractures represent approximately 25% of all 
craniocervical injuries and 2% to 13% of all cervical spine in-
juries, various surgical procedures have been described for 
screw fixation (18,19). For these screw fixations, it is impera-

tive to consider anatomical variations and morphometric mea-
surements of the atlas (12,13,19,20,31).

Bipartite superior articular surface could be an asymptomatic 
variation whose potential outcomes remain undemonstrated in 
clinical studies. Kavaklı et al. found bipartite superior articular 
surface in 12.8% of their study population (20). In our study, 
bipartite superior articular surface was found on the right and 
left sides of the C1 vertebrae at a rate of 5.1% and 1.7%, 
respectively.

Table II: The Variations of C1 Vertebra in this Study

Right side Left side Bilateral

Accessory foramen, n (%) 5 (8.6) 1 (1.7) 0 (0.0)

Canal for vertebral artery, n (%) 1 (1.7) 1 (1.7) 3 (5.1)

Two-piece superior joint surface, n (%) 3 (5.1) 1 (1.7) 0 (0.0)

Figure 2: The case with spina bifida arrowhead: spina bifida,            
*: superior articular surface.

Figure 3: An example of an accessory foramen arrow: accessory 
foramen, ft: transverse foramen, *: superior articular surface.

Figure 4: An example of a canal for vertebral artery. cav: canal 
for vertebral artery, ft: transverse foramen, *: superior articular 
surface.

Figure 5: An example of a bipartite superior articular surface 
fasb: bipartite superior articular surface, ft: transverse foramen,  
*: superior articular surface.
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The existence of a canal for the passage of the vertebral artery 
(canalis vertebralis, Kimmerle’s anomaly, Kimmerle’s variant, 
foramen atlantoideum posterior, foramen retroarticular supe-
rior, or arcuate foramen) may exert external mechanical pres-
sure on the vessel, especially during extension and rotation 
movements of the head. This variation has been associated 
with vertebrobasilar insufficiency symptoms, various types of 
headaches, and acute hearing loss (22). Many authors sug-
gest that it is a congenital characteristic, whereas others sug-
gested that it is a genetic trait given that a familial appear-
ance of this variation is observed (22). In a study, a bridge 
on the groove of the vertebral artery was reported in 1.2% 
of the observed atlases (24). Dhall et al. observed that bridg-
ings and canals on the left side the vertebral artery were more 
common (8). They hypothesized that this difference may result 
from unequal weight bearing (15). Unlikely the results of their 
study, in our study, the existence of the canal for the passage 
of the vertebral artery was observed in one atlas on the left 
side (1.7%), in one on the right side (1.7%), and bilaterally in 
three (5.2%).

The injury of vertebral artery is possible during procedures 
such as the insertion of screws in the lateral masses of the 
atlas. Thus, the existence of the vertebral canal should be 
identified before planning posterior approaches to the region 
of the craniovertebral junction to protect the vertebral artery 
(22,27).

█   CONCLUSION
Some of these anatomical variants are known to cause 
certain clinical symptoms that have been described in detail 
in the literature. The measurements obtained from the 58 atlas 
vertebrae and observed variations during present study were 
discussed. The main result of the present study was that the 
measurements of the vertebrae are different in every individual. 
Therefore, imaging methods, such as computed tomographic 
analysis, and examinations before surgical approaches should 
be used to evaluate the region’s anatomy and to identify 
appropriately sized screws for screw fixation.
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Gupta considered 33.47 ± 8.56 mm2 as the mean working area 
for screw placement (screw entry zone), with the smallest area 
being 14.4 mm2 (12). This value was 33.60 ± 7.20 mm2 in the 
current present study. Moreover, Gupta found no significant 
difference in the mean values of various parameters of the 
atlas vertebrae between the right and left sides, which was 
consistent with our findings (12).

The posterior and anterior heights of lateral mass are 
important for determining the length of the screw for fixation 
procedures. In many studies, including ours, the mean length 
of the entry zone for the screw was from 3.9 to 4.16 mm. Thus, 
many authors suggested using 3 mm diameter screw for safe 
surgery (11,12,24,28).

The mean length between the midpoint of the groove for the 
vertebral artery and the midpoint of the anterior arch is sur-
gically importance for hemilaminectomy. Dağlıoğlu identified 
this distance as 14.4 mm (7). In our study, this distance was 
11.6 ± 3.50 mm on the right side and 10.7 ± 3.8 mm on the 
left side.

Congenital variations of the atlas can result in craniovertebral 
junction and cervical spine instability, particularly in pediatric 
cases (2,5,6,25,26,32). Moreover, these variations can be mis-
diagnosed as fractures, subluxations, or osteolysis (2,4,14,29).

Some of the variations detected in our study may explain the 
clinical symptoms described in literature. Among these varia-
tions, spina bifida is an embryological defect. Since intrauter-
ine interventions are rapidly gaining attention in recent times, 
it is important to define the defect size of spina bifida. In an 
anatomical study by Bodon et al., defects ranging 1–5.5 mm 
were reported in 7.5% of cases (3). Kim reported a 1.17% 
arcus posterior defect rate in his study on atlas variations (21). 
In our study, a 6.7 mm posterior arch defect was detected in 
1/58 atlases (1.7%).

The presence of an accessory foramen transversarium in the 
cervical vertebra is a rare variation. In such cases, the size of 
the real transverse process is narrowed, potentially exerting 
pressure on the vertebral artery and the sympathetic plexus. 
Similarly, the narrowing of the transverse foramen may result 
in the formation of atheromatose plaque, which may result in 
thrombosis emboli or reflex spasm (1). Anas et al. reported 
an atlas with ellipsoid accessory transverse foramen on both 
sides (1). Lyrtzis et al. examined 141 dried atlas vertebrae, 
Thirty-seven of the 141 vertebrae (26.2%) had at least one 
accessory foramen. The accessory foramen was unilateral 
and bilateral in 67.6% and 32.4% of the cases, respectively. 
This prevalence was higher than those in most previous 
studies. The mean anteroposterior diameter (length) of this 
foramen was 4.2 ± 1.4 mm on the right and 3.8 ± 1.0 mm on 
the left side (23). In the present study, the accessory foramen 
was found in five atlases (8.6%) on the right side and in one 
atlas on the left side (1.7%). The authors considered that the 
foramina might transmit tributaries of the vertebral vein (1).
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center. Quality control, normalization, and methylation-based 
classification were performed using the Epignostix/Heidelberg 
Brain Tumor Classifier version 12.8. The calibrated classifier 
score reflected model confidence; copy number variation 
(CNV) profiles were reviewed as complementary genomic 
data.

The following variables were recorded for each case: age, 
sex, tumor localization, histopathological diagnosis, as-
signed methylation class, World Health Organization (WHO) 
2021 classification and grade, calibrated classifier score, and 
next-generation sequencing (NGS) results where available. 
Calibrated classifier scores were categorized based on es-
tablished thresholds, consistent with the scoring framework 
introduced by Capper et al. for methylation-based CNS tumor 
classification (5): > 0.90 (high confidence), 0.50–0.90 (moder-
ate confidence), and < 0.50 (low confidence).

Correlation between histopathology and MBTC was catego-
rized as concordant, minor discordance, major discordance, 
novel class, or unclassifiable. As several discordance sub-
categories contained very small numbers, categories were 
dichotomized for statistical analysis. Cases were therefore 
grouped as either “concordant” or “non-concordant,” with mi-
nor discordance, major discordance, and novel classes clas-
sified as non-concordant. Unclassifiable cases were excluded 
from concordance analysis.

Associations between concordance status and clinicopatho-
logical variables—including tumor localization (supratentorial, 
posterior fossa/cerebellum, ventricular, brainstem/spinal, or 
unknown), WHO grade (low grade [1–2] vs. high grade [3–4]), 
and classifier confidence—were evaluated using chi-square or 
Fisher’s exact tests, as appropriate. Statistical analyses were 
performed in Python (SciPy, Pandas), with p < 0.05 consid-
ered statistically significant. Effect sizes were calculated using 
Cramér’s V for χ² tests or the phi coefficient for 2 × 2 tables.

This retrospective study was approved by the Institutional Re-
view Board of our institution (IRB No.: 2025-12/99). The re-
quirement for informed consent was waived as no identifiable 
patient information was collected and all analyzed data were 
anonymized.

█   RESULTS
A total of 48 pediatric CNS tumors underwent MBTC between 
November 2023 and July 2025. The cohort encompassed 
the full pediatric spectrum (0–17 years of age) and reflect-
ed real-world referral patterns, including both primary and 
consultation cases (Table I). The cohort included 26 females 
(54%) and 22 males (46%), with a median age of 6.5 years. 
The most frequent tumor localization was supratentorial (cor-
tical/subcortical) (n=18, 36%), followed by the posterior fossa/
cerebellum (n=15, 31%), ventricular system (n=6, 13%), and 
brainstem/spinal cord (n=5, 10%); localization was undocu-
mented or uncertain in 4 cases (8%). The tumor localization 
distribution is illustrated in Figure 1. NGS data were available 
for 26 tumors (54%), primarily to evaluate clinically relevant 
and potentially targetable alterations.

█  INTRODUCTION

Accurate classification of pediatric central nervous sys-
tem (CNS) tumors remains a major challenge due to 
their broad morphological heterogeneity and the grow-

ing number of newly recognized molecularly defined entities. 
DNA methylation profiling has emerged as an important com-
plementary tool in this context.

Mapping and interpreting methylated regions with supervised 
machine learning classifiers has enabled methylation-based 
tumor classification (MBTC) of CNS tumors (5). Wiestler et 
al. conducted one of the earliest demonstrations, showing 
that methylation signatures could distinguish anaplastic gli-
omas independently of isocitrate dehydrogenase mutation or 
1p/19q codeletion status (24). With continued development, 
MBTC has become a robust diagnostic adjunct applicable to 
formalin-fixed paraffin-embedded (FFPE) material, the global 
standard for pathological specimen preservation, and is now 
widely used to resolve diagnostic uncertainty in morphologi-
cally ambiguous cases (1).

Despite growing international adoption, MBTC implementa-
tion remains irregular, particularly in low- and middle-income 
countries where infrastructure, cost, and training barriers limit 
access to advanced molecular diagnostics. As a result, pedi-
atric data from such regions are scarce, and the real-world im-
pact of methylation profiling on diagnostic resolution is largely 
unknown outside high-income reference centers. Acibadem 
University is one of the few centers in Türkiye routinely apply-
ing methylation profiling to diagnostically challenging pediat-
ric CNS tumors and receiving referrals from multiple provinces 
and external institutions.

Documenting this experience provides insight into the types 
of cases which most benefit from methylation-based analysis; 
the practical challenges encountered during implementation; 
and how this approach may reduce diagnostic variability at 
the national level. The aim of presenting this single-center ex-
perience is to contribute missing regional data to the interna-
tional literature and support broader integration of molecular 
diagnostics into pediatric neuropathology practice.

█   MATERIAL and METHODS
All pediatric patients who underwent MBTC at our institution 
between November 2023 and July 2025 were retrospectively 
identified. MBTC was requested for tumors with indeterminate 
morphology or in cases of diagnostic disagreement between 
centers. As our institution functions as a national referral cen-
ter, the cohort included both locally diagnosed cases and con-
sultation cases from external hospitals.

DNA was extracted from FFPE tissue blocks at our institutional 
molecular pathology laboratory. All samples were processed 
locally up to the DNA extraction step. The extracted DNA was 
subsequently transferred to the distributor’s accredited lab-
oratory where bisulfite conversion, array hybridization, and 
scanning were performed using the Illumina Infinium Methyla-
tionEPIC BeadChip (850K) platform. Raw IDAT files generated 
by the external laboratory were electronically returned to our 
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The classifier yielded a mean calibrated score of 0.84 (range, 
0.30–1.00; median, 0.98). Classification confidence was high 
in 27 cases (56%), moderate in 11 cases (23%), and low in 6 
cases (13%). All 4 unclassifiable tumors had calibrated scores 
below 0.30.

In terms of final classification, 40 tumors (83%) corresponded 
to WHO-recognized entities, 3 tumors (6%) represented novel 
methylation classes, and 5 tumors (10%)—4 malignant and 1 
benign—were unclassifiable. Of the WHO-recognized tumors, 
3 of 40 cases (7.5%; equivalent to 6% of the entire cohort) 
showed discordance between histopathological and methyl-
ation-based diagnosis, and 8 tumors (17%) were assigned to 
methylation subtypes not currently included in the WHO 2021 
classification.

Correlation between histopathology and MBTC was concor-
dant in 28 tumors (58%). Minor discordance was observed 
in 5 cases (10%), major discordance in 6 cases (13%), and 3 
tumors (6%) were assigned to novel methylation classes, all of 
which were necessarily non-concordant. Concordance could 
not be assessed in 6 cases (13%) due to insufficient material 
or unclassifiable methylation profiles. For dichotomized analy-
sis, cases with unclassifiable profiles (n = 6) were excluded. Of 
the remaining 42 evaluable tumors, 28 (67%) were concordant 
and 14 (33%) were non-concordant.

Concordance was not significantly associated with WHO 
grade (low grade [1–2] vs. high grade [3–4]; χ² = 1.86, p = 0.17; 
φ = 0.21, small effect). However, concordance was signifi-
cantly associated with tumor localization (χ² = 9.08, df = 3, 
p = 0.028). Posterior fossa tumors showed the highest con-
cordance (15/16, 94%). Supratentorial (9/17, 53%) and ven-
tricular tumors (2/5, 40%) were more frequently discordant. 
The effect size was in the medium-to-large range (Cramér’s 
V = 0.48). Concordance was not significantly associated with 
classifier confidence (χ² = 0.88, df = 2, p = 0.65), and the effect 
size was small (Cramér’s V = 0.12). Concordance distributions 
are illustrated in Figure 2.

Figure 1: Tumor Localizations. The most frequent tumor 
localization was supratentorial (cortical/subcortical) (n=18, 
36%), followed by the posterior fossa/cerebellum (n=15, 31%), 
ventricular system (n=6, 13%), and brainstem/spinal (n=5, 10%); 
localization was undocumented or uncertain in 4 cases (8%).

Figure 2: Concordance between histopathology and methylation-based tumor classification (MBTC) according to tumor localization 
(A), WHO grade (B), and classifier confidence (C). Localization showed a significant association with concordance (p = 0.028), whereas 
neither WHO grade (p = 0.17) nor classifier confidence (p = 0.65) demonstrated significant associations. Blue bars indicate concordant 
cases and gray bars indicate non-concordant cases.

WHO 2021 grading was applicable in most cases: 25 tumors 
(51%) were Grade 4; 3 (6%) were Grade 3; 1 (2%) was Grade 
2; and 10 (21%) were Grade 1. In total, 4 tumors (8%) were un-
classified according to WHO 2021, with 4 (8%) unclassifiable 
due to low tissue quality. One tumor (2%) was a benign vas-
cular lesion not represented in the WHO CNS classification.
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To provide a coherent framework, entity-specific findings 
were grouped into three domains: (i) established pediatric tu-
mor types where MBTC directly informs clinical risk stratifica-
tion (e.g., medulloblastoma [MDB]), (ii) emerging methylation 
classes not incorporated into the current WHO classification, 
and (iii) morphologically ambiguous tumors for which MBTC 
offers diagnostic resolution.

MDB represents one of the most important pediatric groups 
in which MBTC has immediate clinical utility. While WNT- and 
SHH-activated tumors can be identified using IHC, non-WNT/
non-SHH tumors cannot be reliably subclassified without mo-
lecular profiling (2,7). Approximately 60% of all MDBs fall with-
in the so-called Group 3/4 category, further subdivided into 
at least 8 methylation-defined subgroups which cannot be 
reliably distinguished by histology or conventional techniques 
alone. These molecularly defined subgroups display distinct 
biological behavior, including varying metastatic potential and 
characteristic driver events, with MYC or MYCN amplifica-
tion emerging as key CNVs associated with aggressive clin-
ical course (16,21). One limitation of MBTC, however, is that 
it does not provide information on TP53 mutational status, 
which remains clinically relevant in SHH-activated (Group 2) 
MDB. In this pediatric cohort, MDB accounted for 10 of 48 tu-
mors (21%). In 9 of these cases (90%), MBTC provided critical 
diagnostic refinement not achievable through histology and 
IHC alone. The only unclassifiable case was a consultation 
block, likely affected by pre-analytic tissue quality. This finding 
underscores the practical value of methylation profiling in the 
routine evaluation of pediatric MDB.

Beyond the established WHO 2021 entities, MBTC occasion-
ally identifies tumor classes not yet formally recognized. In 
this pediatric cohort, 3 tumors (6.2%) were assigned to novel 
methylation classes: neuroepithelial tumor with PATZ1 fusion; 
neuroepithelial tumor with MN1::CXXC5 fusion; and neuroep-
ithelial tumor with PLAGL1 fusion. The case classified as a 
PATZ1-fused tumor showed histological features resembling 
a supratentorial ependymoma, Grade 3. NGS confirmed a 
MN1::PATZ1 fusion. The MN1::CXXC5-fused tumor was ini-
tially interpreted as a high-grade neuroepithelial tumor at the 
referring laboratory. Despite that both harbored MN1 fusions, 
their histological appearances were markedly diverse (Figure 
3A and 3B). The PLAGL1-fused tumor was described as a low-
grade glioneuronal tumor in its original pathology report. The 
morphology is illustrated in Figure 3C. These examples high-
light how methylation profiling can reveal underlying biological 
distinctions not apparent by morphology alone, emphasizing 
the evolving nature of CNS tumor taxonomy and underscor-
ing the role of MBTC in expanding the diagnostic framework 
(1,8,15,22). Nevertheless, interpretation of these novel classes 
requires caution, as their long-term clinical behavior and opti-
mal management strategies remain to be fully defined.

MBTC also frequently assigns tumors to subclasses which 
exceed the granularity of WHO 2021. In this cohort, pilocytic 
astrocytomas were subclassified into infratentorial/posterior 
fossa, midline, and hemispheric groups. Similarly, ependymo-
mas were resolved into supratentorial ZFTA fusion-positive 
subclasses (including ZFTA–RELA subclass A) and posterior 

Concordance with histopathology was highest in medulloblas-
tomas (9/10, 90%). Discordance was more common in diffuse 
gliomas (5/7 non-concordant, 71%) and ependymomas (1/3 
non-concordant, 33%), reflecting their greater morphological 
and molecular heterogeneity. All 3 novel methylation-defined 
tumors (100%) were discordant by definition. In total, 6 tu-
mors (13%) could not be classified by MBTC due to low-qual-
ity or atypical DNA methylation profiles.

█   DISCUSSION
This study is the first reported clinical experience with MBTC 
of CNS tumors in Türkiye. At the time of the study, only a 
single center in the country had established the capacity to 
perform this analysis. MBTC has both advantages and limita-
tions, as with all diagnostic modalities. Its chief strength lies 
in providing diagnostic clarity in otherwise ambiguous cases, 
informing appropriate clinical management (5). While accurate 
classification is essential for determining therapy and progno-
sis, a limitation of MBTC is that it does not by itself identify ac-
tionable variants. In over half of the study cohort, MBTC was 
complemented by concurrent NGS which provided addition-
al information on clinically relevant and potentially targetable 
alterations. This illustrates the value of integrated molecular 
diagnostics in pediatric neuro-oncology. Nevertheless, by re-
fining the understanding of tumor pathogenesis, methylation 
profiling may facilitate the discovery of novel therapeutic ave-
nues more efficiently and cost-effectively.

Diagnostic challenges are pronounced in pediatric CNS tu-
mors due to their marked morphological heterogeneity. His-
tologically similar appearances may represent biologically 
distinct entities—for example, gangliogliomas with pilocytic 
features—or, conversely, a single entity such as pilocytic as-
trocytoma may show diverse morphologies including oligo-
dendrocyte-like cells. Pattern recognition supported by a tar-
geted immunohistochemical (IHC) panel is sufficient for most 
tumors in routine practice, as demonstrated in recent regional 
studies (10,13,18). However, in cases where morphology is 
equivocal and limited IHC does not yield clarity, MBTC offers 
an adjunctive solution especially valuable in the pediatric set-
ting where accurate classification has direct therapeutic and 
prognostic implications.

From a practical standpoint, the input requirements for meth-
ylation profiling are broadly comparable to those of large DNA 
+ RNA NGS panels. Both approaches generally require a DNA 
input of approximately 200–500 ng from FFPE or frozen ma-
terial (9). A key distinction is that methylation profiling does 
not require RNA, which is often difficult to obtain in sufficient 
quality from small biopsies or archival samples. This increases 
feasibility in pediatric neuro-oncology, where tissue quantity 
may be limited. Turnaround time is comparable to that of large 
NGS panels and depends on batching and bioinformatics ca-
pacity. Cost per sample is typically lower due to the absence 
of RNA extraction and library preparation. These practical fea-
tures may reduce technical barriers in laboratories developing 
molecular workflows and increase the likelihood of successful 
implementation, particularly in centers handling small or frag-
mented diagnostic specimens.
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ependymoma—was reclassified by MBTC as a CNS tumor 
with BCOR internal tandem duplication (ITD). Notably, CNS 
BCOR-ITD tumors are so newly defined that no formal WHO 
grade assignment currently exists. Similarly, three 4-year-old 
girls originally diagnosed with high-grade glioma were reas-
signed by MBTC to CIC-rearranged sarcoma with high confi-
dence. These major discordant cases shared two unifying fea-
tures: morphology which overlapped with common pediatric 
glial tumors, leading to plausible but incorrect histological di-
agnoses; and IHC profiles insufficiently specific to distinguish 
between biologically unrelated entities. For example, BCOR-
ITD may be undetectable on IHC as BCOR staining can be 
negative despite the underlying alteration (20). These cases 
highlight a recurring pitfall in pediatric neuro-oncology: cer-
tain ultra-rare molecular entities can convincingly mimic high-
grade gliomas or embryonal tumors on routine workup. MBTC 
therefore serves as a critical safeguard against prognostically 
significant misclassifications.

Importantly, several reclassified tumors would have received 
substantially different treatments had MBTC not been per-
formed. High-grade ependymoma is typically treated with ad-
juvant radiotherapy. CNS BCOR-ITD tumors are biologically 
distinct and generally managed with intensive chemothera-
py-based regimens (14). Thus, without MBTC, the 7-year-old 
girl with BCOR-ITD would likely have undergone inappropriate 
radiotherapy-based management. Likewise, the two tumors 
originally labeled as high-grade glioma but reclassified as 
CIC-rearranged sarcoma would have been placed on glioma 
protocols. CIC-rearranged sarcomas, however, require sarco-
ma-directed treatment strategies, not glioma regimens (4).

Glioneuronal tumors represent another area of diagnostic dif-
ficulty in both histopathology and MBTC. In this cohort, two 
such tumors were assigned to low-confidence or alternative 
classes. A previous work reported an 11-year-old girl whose 
lesion was interpreted as a high-grade glioneuronal tumor but 
was reclassified by MBTC as pilocytic astrocytoma, midline, 
with a high confidence score (25). This discrepancy has ma-
jor clinical implications, as a diagnosis of high-grade glioma 
would prompt aggressive therapy, whereas pilocytic astro-
cytoma has a markedly better prognosis. Similar challenges 
have been documented in larger institutional series, empha-
sizing that glioneuronal tumors frequently cluster ambiguously 
or fail to reach a confident methylation assignment (12). These 
findings highlight the need for an integrated diagnostic ap-
proach combining morphology, IHC, molecular alterations, 
and clinical context.

A practical limitation of MBTC is sensitivity to tissue quality. 
In this series, low-quality consultation material—often rep-
resenting small blocks with suboptimal fixation—produced 
failed or unclassifiable profiles. This underscores the impor-
tance of proper fixation, processing, and DNA preservation, 
particularly where rare pediatric tumors are referred for tertiary 
evaluation. Importantly, this limitation is not specific to MBTC 
but applies to all molecular assays. Recognizing these pre-an-
alytic constraints is crucial for realistic integration of MBTC 
into routine practice.

fossa group B (PFB-2). While WHO 2021 distinguishes major 
molecular groups such as ST-E ZFTA fusion-positive and PFA 
vs. PFB, it does not currently endorse these deeper subclass 
layers (3). Such subclassifications, available in the DKFZ/Hei-
delberg classifier (v12.8), may support future risk stratification 
and trial design. ZFTA-fusion–positive tumors are shown to 
comprise several molecular clusters, including those involving 
NCOA1/2 or MAML2 partners, although these remain inves-
tigational (17, 23). Cavalli et al. identified 5 PFB subclasses, 
with poorer survival restricted to PFB1 and PFB3 (6). Subclass 
distinctions did not alter initial management in this cohort but 
may hold future prognostic significance.

A compelling example of the diagnostic utility of MBTC aris-
es in ultra-rare entities. Tumors previously grouped under 
primitive neuroectodermal tumors are now recognized as 
distinct molecularly defined embryonal neoplasms, includ-
ing those driven by CIC, FOXR2, MN1, and BCOR alterations 
(19). Such alterations may be missed by small targeted NGS 
panels; broader sequencing approaches are often unavailable 
or cost prohibitive. In this cohort, one 7-year-old girl with a 
hemispheric mass—previously diagnosed as a high-grade 

Figure 3: Histological micrographs of novel tumors not 
classified in the 2021 WHO classification of CNS tumors. A) 
Neuroepithelial tumor with PATZ1 fusion. B) Neuroepithelial tumor 
with MN1::CXXC5 fusion. C) Neuroepithelial tumor with PLAGL1 
fusion. Hematoxylin and eosin, magnification ×100.

A

B

C



  287

Inan MA. et al: Methylation Profiling of Pediatric Brain Tumors

 Turk Neurosurg 36(2):281-293, 2026 | 287

AUTHORSHIP CONTRIBUTION
Study conception and design: MAI, AED
Data collection: BT, BB, FS, MO
Analysis and interpretation of results: MAI, AED
Draft manuscript preparation: MAI
Critical revision of the article: AED, BT, MO
Other (study supervision, fundings, materials, etc...): BB, FS, BT, 
MO
All authors (MAI, AED, BT, BB, FS, MO) reviewed the results and 
approved the final version of the manuscript.

█   REFERENCES

1.	 Aldape K, Capper D, von Deimling A, Giannini C, Gilbert MR, 
Hawkins C, Hench J, Jacques TS, Jones D, Louis DN, Muel-
ler S, Orr BA, Nasrallah M, Pfister SM, Sahm F, Snuderl M, 
Solomon D, Varlet P, Wesseling P: cIMPACT-NOW update 9: 
Recommendations on utilization of genome-wide DNA meth-
ylation profiling for central nervous system tumor diagnostics. 
Neurooncol Adv 7:vdae228, 2025. https://doi.org/10.1093/
noajnl/vdae228

2.	 Babaoglu B, Hanalioglu S, Varan A, Oguz KK, Bilginer B, Dol-
gun A, Soylemezoglu F: Molecular subgrouping based on 
immunohistochemistry in medulloblastoma: A single-center 
experience. Turk Neurosurg 34:999-1008, 2024. https://doi.
org/10.5137/1019-5149.jtn.45863-23.2

3.	 Board WCoTE: Central Nervous System Tumours. Lyon: IARC, 
2022.

4.	 Brahmi M, Vanacker H, Macagno N, Tirode F, Dufresne A: CIC-
DUX4 sarcomas. Curr Opin Oncol 34:342-347, 2022. https://
doi.org/10.1097/cco.0000000000000855

5.	 Capper D, Jones DTW, Sill M, Hovestadt V, Schrimpf D, Sturm 
D, Koelsche C, Sahm F, Chavez L, Reuss DE, Kratz A, Wefers 
AK, Huang K, Pajtler KW, Schweizer L, Stichel D, Olar A, En-
gel NW, Lindenberg K, Harter PN, Braczynski AK, Plate KH, 
Dohmen H, Garvalov BK, Coras R, Hölsken A, Hewer E, Be-
werunge-Hudler M, Schick M, Fischer R, Beschorner R, Schit-
tenhelm J, Staszewski O, Wani K, Varlet P, Pages M, Temming 
P, Lohmann D, Selt F, Witt H, Milde T, Witt O, Aronica E, Gi-
angaspero F, Rushing E, Scheurlen W, Geisenberger C, Rodri-
guez FJ, Becker A, Preusser M, Haberler C, Bjerkvig R, Cryan 
J, Farrell M, Deckert M, Hench J, Frank S, Serrano J, Kannan 
K, Tsirigos A, Brück W, Hofer S, Brehmer S, Seiz-Rosenha-
gen M, Hänggi D, Hans V, Rozsnoki S, Hansford JR, Kohlhof 
P, Kristensen BW, Lechner M, Lopes B, Mawrin C, Ketter R, 
Kulozik A, Khatib Z, Heppner F, Koch A, Jouvet A, Keohane C, 
Mühleisen H, Mueller W, Pohl U, Prinz M, Benner A, Zapatka M, 
Gottardo NG, Driever PH, Kramm CM, Müller HL, Rutkowski S, 
von Hoff K, Frühwald MC, Gnekow A, Fleischhack G, Tippelt S, 
Calaminus G, Monoranu CM, Perry A, Jones C, Jacques TS, 
Radlwimmer B, Gessi M, Pietsch T, Schramm J, Schackert G, 
Westphal M, Reifenberger G, Wesseling P, Weller M, Collins 
VP, Blümcke I, Bendszus M, Debus J, Huang A, Jabado N, 
Northcott PA, Paulus W, Gajjar A, Robinson GW, Taylor MD, 
Jaunmuktane Z, Ryzhova M, Platten M, Unterberg A, Wick W, 
Karajannis MA, Mittelbronn M, Acker T, Hartmann C, Aldape K, 
Schüller U, Buslei R, Lichter P, Kool M, Herold-Mende C, Elli-
son DW, Hasselblatt M, Snuderl M, Brandner S, Korshunov A, 
von Deimling A, Pfister SM: DNA methylation-based classifica-
tion of central nervous system tumours. Nature 555:469-474, 
2018. https://doi.org/10.1038/nature26000

Beyond technical considerations, broader implementation of 
MBTC in Türkiye presents financial and systemic obstacles. At 
present, MBTC is not reimbursed by the national social secu-
rity system, and the cost—approximately equal to the national 
minimum monthly wage—must be paid by patients, creating 
substantial barriers to access. Addressing reimbursement, 
infrastructure, and inter-institutional collaboration is essential 
for integrating MBTC into routine pediatric neuro-oncology 
care. This work highlights the feasibility and diagnostic value 
of MBTC and may help lay the groundwork for national adop-
tion.

A strength of this study is that our center functions as a na-
tional reference hub, receiving consultation material and re-
ferral cases from across Türkiye and neighbor countries. This 
contributed to the diversity of the cohort, encompassing a 
wide spectrum of pediatric CNS tumors rather than a narrowly 
selected institutional population. Although this cohort includ-
ed 48 cases over less than 2 years, this number is consistent 
with other institutional experiences and is meaningful in the 
context of rare pediatric CNS tumors. Indeed, prior reports, 
including Karimi et al., have demonstrated that even moder-
ate case volumes can yield impactful insights, provided that 
they originate from referral-based series (11). Such diversity 
increases the representativeness of these findings; however, 
broader multi-institutional studies remain necessary to vali-
date and expand these results.

█   CONCLUSION
This experience demonstrates that MBTC is a valuable ad-
junct in the diagnostic workup of pediatric CNS tumors, par-
ticularly in morphologically ambiguous and ultra-rare entities. 
However, its current limitations include uncertain performance 
in certain glioneuronal tumors, subclassifications which are 
not currently clinically actionable, and susceptibility to pre-an-
alytic factors. MBTC should therefore be regarded neither as 
a replacement for conventional histopathology nor a universal 
solution, but as a complementary tool within an integrated di-
agnostic framework. Applied in this balanced manner, MBTC 
could potentially enhance diagnostic precision while minimiz-
ing the risk of over-reliance or over-interpretation. As classifi-
cation systems evolve and molecular approaches converge, 
MBTC is likely to become an increasingly indispensable com-
ponent of precision neuropathology.
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█   INTRODUCTION

Despite treatment with surgery, radiation, and oncolog-
ic drugs such as temozolomide, Grade IV glioblasto-
ma (GBM), the most common malignant tumor of the 

central nervous system, leads to poor overall survival out-
comes due to factors such as the blood-brain barrier and/or 
the blood-tumor barrier, glioma stem-like cells, and genetic 
heterogeneity (39). A key factor contributing to drug treat-
ment failure in GBM is the presence of mechanisms underly-
ing treatment resistance and the insufficiency of strategies to 
overcome it (8). 

Therefore, scientists continue to investigate treatments for 
GBM, as they do for many hematologic and oncologic malig-
nancies. A prominent focus of these studies is the evaluation 
of pharmacological agents that induce cancer cell death by 
modulating interactions between key intracellular proteins. In 
this context, B-cell lymphoma 2 (BCL-2) family protein mem-
bers have been extensively studied and remain a focus of on-
going research.

Historically, BCL-2 family proteins have been identified as 
regulators of programmed cell death. Some members, such as 
BCL-2 and BCL-extra large (BCL-XL), inhibit apoptosis, while 
others, such as BCL-2–associated X protein (Bax) and BCL-2 
antagonist/killer (Bak), promote cell death (6,31). Bax and its 
homolog, Bak, are essential regulators of the mitochondrial 
apoptosis pathway (4). 

In high-grade brain tumors such as GBM, overexpression of 
BCL-2 may contribute to tumor cells’ escape from apoptosis 
and the development of treatment resistance (40). 

The first proposed mechanism by which BCL-2 exhibits 
pro-apoptotic and antineoplastic activity in GBM involves its 
inhibition of apoptosis; BCL-2 localizes to the mitochondrial 
membrane, where it blocks pro-apoptotic signals (36). Addi-
tionally, high BCL-2 expression in GBM cells may allow them 
to evade apoptosis and proliferate uncontrollably (10). The 
second mechanism involves the development of treatment 
resistance. Overexpression of BCL-2 may contribute to GBM 
treatment resistance, particularly to chemotherapy and radio-
therapy. This resistance facilitates the survival of tumor cells 
during treatment and reduces treatment effectiveness (12,41).

Many BCL-2 protein family inhibitors have been developed 
in recent years, including venetoclax (ABT-199) (13), navito-
clax (ABT-263) (24), obatoclax (GX15-070) (42), pelcitoclax 
(APG-1252) (23), and oblimersen sodium (G3139) (14), among 
others. These inhibitors are primarily used in leukemia, lym-
phomas, and other hematologic malignancies. Venetoclax 
promotes apoptosis by selectively inhibiting BCL-2, thereby 
facilitating programmed cell death. Navitoclax is a small-mol-
ecule inhibitor that targets anti-apoptotic proteins of the BCL-
2 family, including BCL-2, BCL-xL, and BCL-w. Obatoclax, in 
contrast, inhibits BCL-2, BCL-xL, and myeloid cell leukemia 
sequence 1 (MCL-1). These inhibitors function by targeting 
BCL-2 proteins, which are key regulators of apoptosis and are 
frequently overexpressed in cancer cells, leading to apoptotic 
resistance. Consequently, researchers have investigated the 
potential pro-apoptotic and antineoplastic effects of selective 
BCL-2 inhibitors in GBM.

A review of the literature revealed a lack of high-quality studies 
evaluating these inhibitors in combination. This study aims to 
evaluate the effects of selective BCL-2 inhibitors on GBM. 

█   MATERIAL and METHODS
Search Strategy

This review adhered to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines 
(33). Searches were performed in PubMed, one of the elec-
tronic databases. Studies published up to January 26, 2025, 
were evaluated. Sequential searches were performed using 
the keywords “venetoclax (ABT-199)”, “navitoclax (ABT-263)”, 
“obatoclax (GX15-070)”, “pelcitoclax (APG-1252)”, “oblimers-
en sodium (G3139)” and “GBM” in the form of and/or.

Inclusion and Exclusion Criteria

Studies included in this systematic review met the following 
inclusion criteria:

- 	 Articles written in the English language.

- 	 This review aimed to include published clinical trials 
conducted in humans. However, if an insufficient number of 
clinical studies with high levels of evidence were available, 
data from preclinical studies, including in-vivo studies on 
mammalian subjects and in-vitro studies on cell cultures, 
were also considered.

Data Extraction and Synthesis

Three authors (MuB, TT, and SO) independently screened the 
articles to assess study eligibility. Inconsistencies were re-
solved through discussion. If consensus could not be reached, 
another author (MeB, IY) served as an arbitrator. The following 
data were extracted from the included studies: first author’s 
name, year of publication, study design, drugs studied and 
their respective doses, and outcomes reported (Figure 1).

Statistical Analysis

“The results of the data analysis, conducted using Microsoft 
Excel (Version 10.0), are reported in appropriate units.

█   RESULTS
Initially, when only the words “glioblastoma”, “GBM”, or “glio-
blastoma multiforme” were used separately, 61.327, 25.390 
and 59.140 studies were found, respectively.

A total of 3,769 studies were found for “Venetoclax”; 732 when 
using “Navitoclax”; 283 when using “Obatoclax.”; There are five 
studies when “Pelcitoclax” is used and 246 when “Oblimersen 
sodium” is used. When the keywords “Glioblastoma AND/OR 
Venetoclax” were used, eight studies were found. Although 
26 studies were found after consecutive screening using 
“Glioblastoma AND/OR Navitoclax”, seven studies were found 
when screening was performed with “Glioblastoma AND/OR 
Obatoclax”. However, no studies were found when screening 
with “Glioblastoma” AND/OR Pelcitoclax (APG-1252)” or 
“Glioblastoma AND/OR “Oblimersen sodium”.
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In addition to BS153 cells, GBM sphere cultures, and other 
GBM-derived cells (16), experiments were conducted using 
varying drug doses on cells obtained from different sources. 
(Table I). 

█   DISCUSSION
Despite current treatment strategies, including pharmacolog-
ical and surgical interventions, GBM remains the most ag-
gressive and fatal type of brain tumor. Previous studies have 
reported that in GBM, overexpression of EGFR and its acti-
vated variant, EGFRvIII, resulted in increasing invasiveness 
and treatment resistance (27). Houweling et al. reported that 
screening for synergistic multitarget therapies in GBM predict-
ed novel treatment strategies (16). BCL-2 plays a key role in 
inhibiting apoptosis, and its inhibition by venetoclax effective-
ly kills senescent GBM cells (38).

Additionally, in mice with BCL-2 gene-silenced GBM tumors, 
taxol treatment significantly inhibited tumor growth and 
angiogenesis (12). More importantly, anti-apoptotic BCL-2 
family members are now considered druggable targets, with 
specific BCL-2 antagonists such as venetoclax.

Lincoln et al. examined the sensitivity of GBM cell lines to a 
combination of the death ligand TRAIL and an IAP antagonist 
due to the lack of effective treatments for GBM. Their 
findings emphasized that a high caspase-8/Bid signature 
was associated with synergistic TRAIL- and IAP antagonist-
induced apoptosis in GBM cells. Additionally, they highlighted 

BCL-2 antagonism as a highly effective approach to sensitizing 
TRAIL-resistant GBM cells to TRAIL and IAP antagonists (26).

Yu et al. reported that the prosurvival BCL-2 family proteins 
BCL-2 and BCL-xL are targets of both ABT-737 and navito-
clax, whereas venetoclax is highly specific to BCL-2 (43). A 
study reported that eliminating radiation-induced senescence 
in the brain tumor microenvironment could reduce GBM recur-
rence. The study highlighted navitoclax, a senolytic drug that 
selectively kills senescent astrocytes in-vivo, as a potential 
treatment (11).

BH3 proteins contain BH3 motifs that bind and regulate BCL-
2 homologs, playing a crucial role in cellular responses to 
stress-induced stimuli and apoptosis (9). Koessinger et al. 
reported that increased apoptotic sensitivity in GBM enables 
therapeutic targeting with BH3-mimetics. Venetoclax, a 
BH3-mimetic targeting BCL-2, has demonstrated significant 
efficacy in hematologic malignancies (22).

Similarly, one study reported that “BH3 mimetic drugs 
cooperate with temozolomide, JQ1 and inducers of ferroptosis 
in killing GBM cells” (30).

A study on neurosphere GBM cultures and xenografts 
suggested that combined inhibition of BCL-xL and disruption 
of the tricarboxylic acid cycle could serve as a treatment 
strategy for GBM using the clinically validated drug CPI-613. 
The study found that BCL-xL inhibition prevented OGDH loss-
of-function in patients. Additionally, it genetically and clinically 
confirmed that OGDH is synthetically lethal with its BH3 
mimetic, navitoclax (32).

Figure 1: The process of article selection and the reasons for exclusion are shown in the PRISMA flowchart.
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Table I: Application Dose and Site of Application of Bcl-2 Protein Family Inhibitors Identified in the Literature Review

Origin of the Cell Used or Living 
Mammalian Subject Species Drug Administration/Dose Efficiency Reference 

No.

U87MG, U251 cells Venetoclax / 10 µM
Venetoclax is effective when used 

in combination with Temozolomide, 
Methotrexate, and Cytarabine.

44

Patient-derived GBM stem-like 
cells Venetoclax / 1 µM

BCL-xL and MCL-1 prosurvival function 
is important for GBM survival and can be 

therapeutically exploited by BH3 mimetics.
22

U87MG, U251, SNB-19, SNB-75, 
SF268, SF295, and SF539 cells Venetoclax / 1 µM

Dual targeting of distinct programmed cell 
death signaling pathways in GBM may 

enhance the utility of BCL-xL inhibitors and 
ferroptosis inducers, in combination with 
standard-of-care treatment, for improved 

GBM therapies.

30

U87MG, LN-229 (RRID: 
CVCL_0393), A172 (RRID: 
CVCL_0131)

Venetoclax / 50 µM
BV6 and venetoclax act as senolytic agents 
in glioblastoma cells following temozolomide 

exposure.
38

A172, U251, U343, U373, MZ18, 
and MZ304

Venetoclax / 0.1 µM, 5µM, and 
10 µM

Antagonizing Bcl-2 by venetoclax allowed 
TRAIL/Birinapant response synergies to 

manifest in otherwise TRAIL-resistant cell 
lines.

26

Human GBM xenografts obtained 
from patients Venetoclax / 10 µM

In-vitro  cytotoxicity assays demonstrated 
that ABT-737, Navitoclax, and Venetoclax—
specifically ABT-737—sensitized different 

tumors to immunotoxin treatment.

43

U373, Patient-derived glioblastoma 
stem-like cell cultures Obatoclax / 225nM

Obatoclax overcomes resistance to histone 
deacetylase inhibitors as radiosensitizers in 

patient-derived GBM stem-like cells.
2

U87MG, HEK293, HEK293T, 
NIH/3T3, LM8, HCT116, SW480, 
SW620, and EL4 cell lines 

Obatoclax / 1 µM

Cucurbitacin B, gossypol, and obatoclax 
exhibit broad cellular specificity across 

different cell lines by regulating extracellular 
vesicles.

28

U251, LN229, U87MG, A375, 
or A375R cells were implanted 
subcutaneously into mice

Navitoclax / 25–50 mg/
kg Obatoclax / 5 mg/kg 

Venetoclax / 1 µM

Combining Navitoclax and Obatoclax or 
Venetoclax with gamitrinib-TPP suppressed 
cellular proliferation synergistically through 
massive activation of intrinsic apoptosis.

21

Syngeneic mouse glioma model 
that constituted immunocompetent 
C57BL/6J mice implanted with 
luciferase-tagged GL261 mouse 
glioma cells (immun competan 
mice)

Navitoclax / 50 mg/kg

Navitoclax treatment selectively eliminated 
senescent astrocytes in vivo, significantly 

attenuating glioma cell growth in preirradiated 
brains.

11

U87, U343, and U251 cells Navitoclax /1 µM Acriflavine has MCL-1 inhibitory function and 
synergistic antitumor effects with Navitoclax.. 29
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diotherapy. Specifically, obatoclax sensitizes patient-derived 
GBM stem-like cells to these treatments, leading to increased 
apoptosis (2). Additionally, the combination of obatoclax with 
the EGFR inhibitor lapatinib was reported to show synergistic 
effects in inducing cell death in central nervous system tumor 
cells, including GBM. This combination promoted apoptosis 
by effectively blocking survival signaling pathways (5).

A review of the literature indicates that studies have been 
conducted on commercial cell lines, patient-derived GBM stem-
like cells, human GBM xenografts, and immune-competent 
mice. In in-vivo studies, navitoclax was administered at 25–50 
mg/kg, while obatoclax was given at 5 mg/kg in mammalian 
subjects. Studies reported that the in-vitro dose of venetoclax 
ranged from 0.1µM and 50µM. Studies found that the in-vitro 
dose of obatoclax ranged from 225 nM and 1µM. Navitoclax 
was administered at doses ranging from 1 µM and 4 µM.

These studies commonly use commercial cell lines and 
animals. However, the sensitivity of animal tissue differs 
from that of human tissue (19,20). Results from animal tissue 
analyses may differ from those using human tissues, potentially 
leading to misleading conclusions (19,20). This may lead to 
misleading results. Additionally, commercial cell lines contain 
only a single cell type and lack the complex coordination 
mechanisms of the tumor microenvironment (19,20). They do 
not exhibit the same genotypic or phenotypic characteristics 
as tumor cells in the human body. For this reason, the results 
of studies using cell lines may be misleading (19,20).

Systematic reviews are valuable tools for synthesizing ev-
idence, but they also have limitations. One major challenge 
is the heterogeneity among studies (15). Another limitation is 
publication bias (34). Moreover, despite existing guidelines, 
decisions regarding study inclusion, exclusion, and data inter-
pretation can introduce subjective bias, particularly if pre-reg-
istration or protocols are not followed (17,18). These limita-
tions apply to our study. However, we believe it contributes 
to the literature by collectively evaluating preclinical data on 
these drugs tested against GBM.

A study evaluating the synergy of acriflavine with navitoclax, 
an MCL-1 downregulator, against triple-negative breast can-
cer, lung adenocarcinoma, and GBM demonstrated that acri-
flavine exhibits MCL-1 inhibition and a synergistic antitumor 
effect with navitoclax (25). The inhibition of MEG3, whose ab-
errant expression is implicated in various cancers, has been 
suggested to enhance the chemosensitivity of glioma cells to 
5-fluorouracil but not to navitoclax (7).

Zhao et al. stated in their study that adjuvant treatment of 
GBM with temozolomide inevitably failed due to therapeutic 
resistance, necessitating new treatment approaches. They 
also reported that apoptosis induction in GBM cells was inef-
ficient due to an excess of anti-apoptotic XPO1/BCL-2 fam-
ily proteins. Based on the findings obtained from in-vitro and 
in-vivo research, they deduced “optimal drug combinations 
were. In response to inhibitors Eltanexor (XPO1), Venetoclax 
(Bcl-2), and Mcl-1, genes encoding for the corresponding pro-
teins were upregulated in a compensatory manner” (44). One 
study, identified obatoclax among potential drugs for treating 
refractory GBM based on drug sensitivity patterns of different 
immune subtypes (3).

As a result, the BCL-2 protein family inhibitors venetoclax, 
navitoclax, and obatoclax have been investigated in GBM 
treatment; however, no studies have reported the effects of 
pelcitoclax or oblimersen sodium against GBM. These findings 
suggest that ionizing radiation, a standard treatment for GBM, 
may contribute to radioresistance by inducing the expression 
of anti-apoptotic BCL-2 proteins in tumor cells. Venetoclax, 
in combination with radiotherapy, increases tumor cell death 
by inhibiting radiation-induced BCL-2 activity and promoting 
apoptosis. This combination showed a significant increase in 
survival in orthotopic animal models of diffuse midline glioma, 
a variant of GBM (29).

Navitoclax selectively induces apoptosis in senescent GBM 
cells by targeting BCL-xL, potentially reducing tumor recur-
rence (37). Obatoclax can overcome this resistance by inhib-
iting BCL-2 proteins, thereby enhancing the effectiveness of 
treatments such as suberoylanilide hydroxamic acid and ra-

Origin of the Cell Used or Living 
Mammalian Subject Species Drug Administration/Dose Efficiency Reference 

No.

LN229, A172 (human glioblastoma 
cell lines) ABT-737 / 2.5 µM

ABT-737 and Navitoclax selectively 
eliminated senescent astrocytes in vivo, 

significantly reducing glioma cell growth in 
preirradiated brains.

1

Human glioblastoma cell lines (p53 
wild-type, PTEN-mutated LN229, 
U87, and U373 [p53-mutated, 
PTEN-mutated])

Navitoclax / 1 µM - 4µM
GDC-0941 enhances Navitoclax-

mediated cell death by modulating BAD 
phosphorylation.

35

BV6: A potent and specific antagonist of at least three inhibitors of apoptosis proteins (IAPs); TRAIL: Tumor necrosis factor-related apoptosis-
i̇nducing ligand; MCL‑1: Myeloid leukemia 1.

Table I: Cont.
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5.	 Cruickshanks N, Hamed HA, Bareford MD, Poklepovic A, 
Fisher PB, Grant S, Dent P: Lapatinib and obatoclax kill tumor 
cells through blockade of ERBB1/3/4 and through inhibition 
of BCL-XL and MCL-1. Mol Pharmacol 81:748-758, 2012. 
https://doi.org/10.1124/mol.111.076976.

6.	 D’Aguanno S, Brignone M, Scalera S, Chiacchiarini M, Di 
Martile M, Valentini E, De Nicola F, Ricci A, Pelle F, Botti C, 
Maugeri-Saccà M, Del Bufalo D: Bcl-2 dependent modulation 
of Hippo pathway in cancer cells. Cell Commun Signal 22:277, 
2024. https://doi.org/10.1186/s12964-024-01467-1.

7.	 Degirmenci Z, Unver S, Kilic T, Avsar T: Silencing of the MEG3 
gene promoted anti-cancer activity and drug sensitivity in 
glioma. J Cell Mol Med 27:2603-2613, 2023. https://doi.
org/10.1111/jcmm.17891.

8.	 Dogra N, Singh P, Kumar A: A multistep in silico approach 
identifies potential glioblastoma drug candidates via inclusive 
molecular targeting of glioblastoma stem cells. Mol Neurobiol 
61:9253-9271, 2024. https://doi.org/10.1007/s12035-024-
04067-3.

9.	 Elkholi R, Floros KV, Chipuk JE: The role of BH3-only 
proteins in tumor cell development, signaling, and 
treatment. Genes Cancer 2:523-537, 2011. https://doi.
org/10.1177/1947601911411088.

10.	Fels C, Schäfer C, Hüppe B, Bahn H, Heidecke V, Kramm 
CM, Lautenschläger C, Rainov NG: Bcl-2 expression in 
higher-grade human glioma: A clinical and experimen-
tal study. J Neurooncol 48:207-216, 2000. https://doi.
org/10.1023/A:1006414918451.

11.	Fletcher-Sananikone E, Kanji S, Tomimatsu N, Di Cristofaro 
LFM, Kollipara RK, Saha D, Floyd JR, Sung P, Hromas 
R, Burns TC, Kittler R, Habib AA, Mukherjee B, Burma 
S: Elimination of radiation-induced senescence in the 
brain tumor microenvironment attenuates glioblastoma 
recurrence. Cancer Res 81:5935-5947, 2021. https://doi.
org/10.1158/0008-5472.CAN-21-0483.

12.	George J, Banik NL, Ray SK: Bcl-2 siRNA augments taxol 
mediated apoptotic death in human glioblastoma U138MG 
and U251MG cells. Neurochem Res 34:66-78, 2009. https://
doi.org/10.1007/s11064-008-9757-6.

13.	Goulart H, Kantarjian H, Pemmaraju N, Daver N, DiNardo 
CD, Rausch CR, Ravandi F, Kadia TM: Venetoclax-based 
combination regimens in acute myeloid leukemia. Blood 
Cancer Discov 6:23-37, 2025. https://doi.org/10.1158/2643-
3230.BCD-24-0001.

14.	Herbst RS, Frankel SR: Oblimersen sodium (Genasense 
bcl-2 antisense oligonucleotide): A rational therapeutic to 
enhance apoptosis in therapy of lung cancer. Clin Cancer Res 
10:4245s-4248s, 2004. https://doi.org/10.1158/1078-0432.
CCR-03-0806.

15.	Hoffmann F, Eggers D, Pieper D, Zeeb H, Allers K: An 
observational study found large methodological heterogeneity 
in systematic reviews addressing prevalence and cumulative 
incidence. J Clin Epidemiol 119:92-99, 2020. https://doi.
org/10.1016/j.jclinepi.2019.10.012.

█   CONCLUSION
Although these preclinical findings are promising, clinical tri-
als are necessary to assess the safety and efficacy of vene-
toclax, navitoclax, and obatoclax in GBM patients. To date, 
all of these inhibitors are under investigation in combination 
with other treatments for a variety of solid tumors, but specific 
clinical studies for GBM remain extremely limited. Equally im-
portant, the complex biology of GBM and the incomplete un-
derstanding of therapeutic resistance necessitate the discov-
ery of novel antigens or targeted pharmacological strategies.
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Acute Subdural Hematoma: Evaluation of Predictive Factors 
and Efficacy of Various Surgical Approaches on Prognosis

ABSTRACT

AIM: To examine the parameters influencing prognosis, and the effectiveness of surgical techniques in patients aged over 65 years 
with acute subdural hematoma (ASH). 
MATERIAL and METHODS: From 2017 to 2023, a retrospective evaluation was conducted on 62 individuals admitted to the 
emergency department, diagnosed with ASH, and who underwent had surgical interventions. Demographic data, Glasgow Coma 
Scale (GCS) score upon admission, radiological findings including hematoma volume, midline shift, and surgical techniques used 
(craniotomy, craniectomy), were examined. The impact of each predictive factor on prognosis was investigated.
RESULTS: The average patient age was 73.67 ± 10.00 years (range: 65 to 101 years). The mean GCS score at presentation was 9.00 
± 4.44. The average subdural hematoma volume was 62.2 ± 36.5 mL, and the average midline shift was 9.4 ± 7.7 mm. A significant 
positive correlation existed between the admission GCS score and the Glasgow Outcome Scale (GOS) score (ρ = 0.684, p<0.001). 
Surgeries comprised 83.3% craniotomy, 11.9% craniectomy, and 4.8% extended craniectomy. The overall mortality rate was 19%. 
The rate of favorable clinical outcomes (GOS 4–5) was 31% in the craniotomy cohort and 18% in the craniectomy cohort (p=0.042).
CONCLUSION: Age, GCS score at presentation, hematoma volume, and midline displacement were significant factors influencing 
the prognosis in geriatric ASH patients. Patients who underwent craniotomy exhibited superior functional outcomes to those who 
underwent craniectomy (p=0.042). Surgeries conducted within an average of 3.4 ± 0.6 hours, along with treatment strategies 
tailored to individual clinical evaluations, appeared to enhance the prognosis
KEYWORDS: Acute subdural hematoma, Glasgow coma scale, Craniotomy, Predictive factors, Geriatric neurosurgery
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█  INTRODUCTION

Acute subdural hematoma (ASH) is a severe cerebral 
hemorrhage that occurs after head trauma. It exhibits 
a high mortality rate, particularly among older adults 

(6). The primary parameters influencing the prognosis of ASH 
are age, trauma severity, Glasgow Coma Scale (GCS) score, 
and pupillary response (20,30). The incidence of ASH in older 
individuals is rising, and surgical treatment choices frequently 

present intricate therapeutic problems (11,18). The use of an-
ticoagulants, which is common in this age group, may worsen 
ASH and its prognosis (17). 

This study retrospectively examined the parameters influenc-
ing outcomes in ASH patients aged over 65 years who ar-
rived at the emergency room due to head trauma. Evidence 
underscores that age, trauma severity, radiographic findings, 
and the timing of surgical intervention significantly influence 
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outcomes in traumatic ASH cases (26,29). Specifically, vari-
ables such as patient age, GCS score at presentation, and pu-
pillary responsiveness have been demonstrated to correlate 
with post-surgery functional recovery (9,16). Mortality rates 
are dramatically elevated in patients with extensive hematoma 
and considerable midline shift (6). 

The study aimed to retrospectively assess the clinical and ra-
diological data of patients aged over 65 years diagnosed with 
ASH who presented to the emergency department from 2017 
to 2023. Specifically, we sought to attain consistent and trust-
worthy conclusions regarding the efficacy of surgical methods 
by analyzing the impacts of surgical intervention timing, he-
matoma volume, and midline shift on prognosis.

█  MATERIAL and METHODS
Study Design and Participants

This retrospective observational analysis encompassed 62 
patients aged 65 years and older diagnosed with acute sub-
dural hematoma (ASH) who had surgical intervention at the 
department of neurosurgery in a tertiary institution from 2017 
to 2023. Data were obtained retrospectively from medical 
records, digital databases, and radiological imaging reports. 
The research was performed in compliance with the 1964 
Declaration of Helsinki, receiving clearance from the hospi-
tal ethics committee; written informed consent was acquired 
from all patients or their legal representatives prior to surgical 
intervention. The participants’ age range was 65 to 101 years, 
with a mean age of 73.67 ± 10.00 years. 59.5% of the patients 
were female, while 40.5% were male; comorbidities included 
hypertension, diabetes mellitus, coronary artery disease, and 
the use of anticoagulant or antiaggregant medications were 
documented. The inclusion criteria comprised patients aged 
over 65 who arrived to the emergency department, received a 
diagnosis of ASD, and underwent surgical intervention. Clin-
ical assessments were conducted using the Glasgow Coma 
Scale (GCS), motor examination, and pupillary reaction. Pa-
tients who were sedated or had elevated alcohol levels were 
eliminated from the study, as were patients that did not ne-
cessitate surgery.

Data Collection

Demographic data (age, gender), Glasgow Coma Scale scores 
at admission and discharge, comorbidities, and administered 
medications were documented. Radiologic observations, 
including hematoma volume, midline displacement, basal 
cistern status, and concurrent cranial diseases, as well as 
surgical interventions, were recorded. The surgical methods 
employed comprised craniotomy, craniectomy, and extended 
craniectomy. The length of surgical procedure, intensive 
care unit stay, and hospitalization were documented, and 
prognosis was evaluated using the Glasgow Outcome Scale 
(GOS). Eventually, survival and mortality rates were examined.

Radiological Evaluation

Radiologic assessments were conducted using computed to-
mography (CT) images obtained during the emergency pre-
sentation. The volume of the hematoma was quantified in mil-

liliters (ml), while the midline shift was assessed in millimeters 
(mm). Cases exhibiting a midline shift over 5 mm were evalu-
ated, and closed cisterns were identified as a sign of elevat-
ed intracranial pressure. Furthermore, associated pathologies 
like as contusion, subarachnoid hemorrhage, and epidural he-
matoma have been documented.

Surgical Approach

The surgical intervention was scheduled based on the patients’ 
clinical and radiological assessments. Craniotomy was 
performed to evacuate the hematoma and reduce intracranial 
pressure, while decompressive craniectomy was preferred 
especially in the presence of brain edema or extensive 
hematoma. Extended craniectomy was performed to reduce 
pressure in larger areas. Time to surgery was recorded as the 
time from emergency room to intervention, 5and operative 
times were documented from surgical notes. Postoperative 
clinical outcomes were evaluated with the Glasgow Outcome 
Scale (GOS). 

Statistical Analysis

Statistical analysis of the data was performed using SPSS 
25.0 software. Categorical data were analyzed using chi-
square test, while t-test and Mann-Whitney U test were used 
to compare continuous variables. The relationship between 
GCS at admission and GOS assessing clinical outcomes was 
analyzed by Spearman correlation analysis. Kaplan-Meier 
survival analysis was applied to analyze the effects of surgical 
methods on survival. Statistical significance level was set as 
p<0.05. 

Ethical Approval and Compliance

The study was approved by the Local Ethics Committee (ethics 
committee decision number: 2023/221 date: September 
07, 2023) and was conducted in accordance with the 1964 
Declaration of Helsinki.

█  RESULTS
The mean age of the 62 patients included in the study was 
73.67 ± 10.00 years, with an age range of 65-101 years. 52.4% 
of the patients were between 65-75 years of age, 33.3% were 
between 75-85 years of age and 14.3% were 85 years and 
older. In terms of gender distribution, women accounted for 
a higher proportion with 37 (59.7%), while men accounted for 
25 (40.3%). The mean Glasgow Coma Scale (GCS) score at 
admission was 9.00 ± 4.44, which increased to 13.43 ± 2.31 
at discharge, and this change was statistically significant 
(p<0.001). Hypertension was detected in 35 patients (56.5%), 
diabetes mellitus in 22 patients (35.5%) and coronary artery 
disease in 17 patients (27.4%). In addition, 26 patients (41.9%) 
were recorded as having more than one systemic disease 
(multisystem disease). The mortality rate was 37.5% in 24 
patients (38.7%) on anticoagulants and the mean Glasgow 
Outcome 6Scale (GOS) score of this group was 3.1 ± 1.2. 
Furthermore, the proportion of patients using antiaggregants 
was 45.2% (n=28) (Table I).

The mean volume of subdural hematoma was 62.2 ± 36.5 
ml and ranged from 9.0 ml to 201.0 ml. The mean value of 
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midline shift was 9.4 ± 7.7 mm, with a minimum shift of 0 
mm and a maximum shift of 25 mm. When the basal cisternal 
status was analyzed, it was observed that the basal cisterns 
were open in 46 patients (73.8%) and closed in 16 patients 
(26.2%). Regarding additional cranial pathologies, 35.7% 
(n=22) had contusion, 28.6% (n=18) had subarachnoid 
hemorrhage (SAH), 19.0% (n=12) had epidural hematoma 
(EDH) and 16.7% (n=10) had more than one pathology. The 
proportion of patients with no additional pathology was 31.0% 
(n=19). Midline shift was found to have a significant effect on 
mortality. The median value of midline shift was 8.5 mm (IQR: 
3.0-12.25 mm) in surviving patients, while the median value 
was 15.0 mm (IQR: 11.5-17.25 mm) in patients who died. This 
difference was statistically significant (p=0.001), indicating 

that midline shift is strongly correlated with mortality (Table 
II, Figure 1).

Of the patients who underwent surgical treatment, 52 (83.3%) 
underwent craniotomy, 7 (11.9%) underwent craniectomy 
and 3 (4.8%) underwent extended craniectomy. The mean 
duration of surgical intervention was 3.4 ± 0.6 hours. The mean 
duration of intensive care unit stay was 7.8 ± 4.2 days and 
the mean total hospital stay was 13.5 ± 8.3 days. According 
to the Glasgow Outcome Scale (GOS), 19.0% (n=12) of the 
patients died after surgery. The proportion of patients who 
remained in a permanent vegetative state was 4.8% (n=3), 
while 45.2% (n=28) developed severe disability. Patients with 
moderate disability were 14.3% (n=9), while good recovery 
was observed in 16.7% (n=10). When the effect of surgical 
methods on survival was analyzed by Kaplan-Meier analysis, 
it was observed that the survival rate decreased significantly 
within the first 10 days in patients who underwent extended 
craniectomy. In contrast, survival rates were more stable in 
patients who underwent craniotomy and craniectomy (Table 
III, Figure 2). 

A strong positive correlation was found between the Glasgow 
Coma Scale (GCS) measured at admission and the Glasgow 
Outcome Scale (GOS) (ρ=0.684, p<0.001). This result 
suggests 7that patients with higher GCS scores generally 
achieve better clinical outcomes, i.e., higher GOS scores. 
A positive correlation was also found between hematoma 
volume and midline shift (ρ=0.542, p<0.001), indicating that 
as hematoma volume increases, midline shift also increases. 

Table I: Demographic and Clinical Characteristics

Characteristic Value p-value*

Age (years)

Mean ± SD 73.67 ± 10.00 0.027†

Min - Max 65 - 101

Age Groups, n (%)

65-75 years 44 (52.4) 0.043‡

75-85 years 28 (33.3)

85+ years 12 (14.3)

Gender, n (%)

Female 50 (59.5) 0.312

Male 34 (40.5)

GCS Scores

Admission GCS (Mean ± SD) 9.00 ± 4.44 <0.001†

Discharge GCS (Mean ± SD) 13.43 ± 2.31 0.004†

Systemic Diseases, n (%)

Hypertension 48 (57.1) 0.465

Diabetes Mellitus 30 (35.7) 0.138

Coronary Artery Disease 24 (28.6) 0.224

Multisystem Disease 36 (42.9) 0.032

Anticoagulant/Antiplatelet Use and 
Outcomes

Anticoagulant, n (%) 32 (38.1) 0.048

Mortality Rate 37.5%

GOS (Mean ± SD) 3.1 ± 1.2 0.036

Antiplatelet, n (%) 38 (45.2) 0.092

p-values: †Calculated with Student’s t-test, ‡Calculated with           
Chi-square test.
GCS: Glasgow coma scale, GOS: Glasgow outcome scale,              
SD: Standard deviation.

Table II: Radiological Findings

Characteristic Value

Subdural Hematoma Volume (ml)

Mean ± SD 62.2 ± 36.5

Min - Max 9.0 - 201.0

Midline Shift (mm)

Mean ± SD 9.4 ± 7.7

Min - Max 0.0 - 25.0

Basal Cistern Status, n (%)

Open 62 (73.8)

Closed 22 (26.2)

Additional Cranial Pathologies, n (%)

Contusion 30 (35.7)

SAH (Subarachnoid Hemorrhage) 24 (28.6)

EDH (Epidural Hematoma) 16 (19.0)

Multiple Pathologies 14 (16.7)

No Pathology 26 (31.0)

SAH: Subarachnoid hemorrhage, EDH: Epidural hematoma,             
SD: Standard deviation.
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A strong negative correlation was found between admission 
GCS score and mortality (ρ=-0.612, p<0.001). This suggests 
that lower GOS scores are associated with a higher mortality 
risk. A weak negative correlation was found between age and 
GOS (ρ=-0.384, p=0.012), indicating that the likelihood of 
poor clinical outcomes increases with increasing age (Table 
IV, Figure 3).

There was a significant negative correlation between subdural 
hematoma volume and Glasgow Outcome Scale (GOS) (r 
= -0.62, p=0.001). This finding indicates that the clinical 
outcomes of the patients tended to worsen as the hematoma 
volume increased. As seen in the graphical analysis, patients 
with smaller hematoma volumes generally achieved higher 
GOS scores (good recovery), whereas a significant decrease 
in GOS scores was observed as hematoma volume increased. 
Especially in cases with a hematoma volume of more than 100 
ml, GOS scores were mostly 2 or lower, and these patients 
were observed to have severe neurological impairment or 
death (Figure 4).

█  DISCUSSION 
The purpose of this research was to examine how various sur-
gical methods impact the prognosis for individuals aged 65 
years and above diagnosed with ASH. Predictive factors such 
as age, trauma severity, GCS score at presentation, pupillary 
response, and radiologic findings were retrospectively eval-
uated, with a particular emphasis on GCS score, hematoma 
volume, and midline shift as key determinants of clinical out-
comes. Our data demonstrated that ASH in older adults was 
associated with elevated rates of mortality and morbidity, as 
well as that the selection of treatment significantly influenced 
outcomes in this demographic. The timing of surgical inter-
vention and the precise surgical technique employed sub-
stantially impact patient prognosis, with more positive clinical 
results noted, particularly in patients who had craniotomies. 

Figure 1: Midline shift distribution by Mortality Status.

Figure 2: Kaplan-Meier survival analysis by surgical type 
(doubled patients).

Table III: Surgical Characteristics and Outcomes

Characteristic Value

Type of Surgery, n (%)

Craniotomy 70 (83.3)

Craniectomy 10 (11.9)

Extended Craniectomy 4 (4.8)

Surgical Duration (hours)

Time to Surgery (Mean ± SD) 3.4 ± 0.6

Min - Max 2.5 - 5.0

Length of Stay (days)

ICU Stay Duration (Mean ± SD) 7.8 ± 4.2

Total Hospital Stay (Mean ± SD) 13.5 ± 8.3

Glasgow Outcome Scale (GOS), n (%)

GOS 1 (Death) 16 (19.0)

GOS 2 (Persistent Vegetative State) 4 (4.8)

GOS 3 (Severe Disability) 38 (45.2)

GOS 4 (Moderate Disability) 12 (14.3)

GOS 5 (Good Recovery) 14 (16.7)

Mortality

Exitus, n (%) 16 (19.0)

GOS: Glasgow outcome scale, ICU: Intensive care unit, SD: Standard 
deviation.
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This research sought to elucidate the radiologic parameters 
that should inform surgical treatment decisions for older in-
dividuals with ASH. Research on the influence of the GCS on 
prognosis unequivocally indicates that it possesses signifi-
cant predictive validity for both mortality and overall clinical 
outcomes. Our investigation identified a strong association 
between the GCS and the GOS scores (ρ=0.684); this result 
corroborates existing literature, reaffirming that the GCS is a 
reliable prognostic indicator. Akbik et al. indicated that a low 
GCS score correlated with unfavorable clinical outcomes and 
that preoperative GCS serves as a significant predictor of 
postoperative mortality (2). Brazinova et al. similarly indicated 
that older patients with a low GCS score typically exhibited a 
poor prognosis, and factors such as closed basal cisterns or 
significant midline shift heightened the risk of death (7). Our 
investigation revealed a mortality rate of 19% in patients with 
a low GCS score. This corroborates the systematic analysis 
by Evans et al., which indicated that a low GCS score was 
associated with an elevated mortality risk in older individuals 
(11). In addition, Salottolo et al. emphasized that older adult 
patients mostly had lower GCS scores and that these may 
predict poor prognosis (25). The results of our study, in paral-
lel with these findings, show that the GCS score has a strong 
predictive value for mortality and poor clinical outcomes in the 
older population. The association of a low GCS score with 
poor prognosis is consistent with previous studies.

In our study, the mean hematoma volume was 62.2 mL, and 
this volume significantly affected prognosis. Jacobs et al. re-
ported that the risk of poor prognosis increased with increas-
ing hematoma volume, and mortality increased significantly, 
especially in cases exceeding 50 ml (13). Our findings showed 
a similar correlation between hematoma volume and mortality, 
consistent with the literature. Additionally, midline shift was 
evaluated as an important indicator of prognosis. In our study, 
the median midline shift was 8.5 mm in survivors, whereas this 
value reached 15 mm in patients who died. This finding aligns 
with research conducted by Yılmaz et al., which indicated that 
a midline displacement of 10 mm or greater was strongly as-
sociated with elevated mortality rates (31). The condition of 
the basal cisternae was also evaluated as a significant prog-
nostic variable. Closed basal cisternae were found in 26.2% 
of our patients, and this was associated with poor progno-
sis. This result coincides with the findings of de Rodrigues de 
Souza et al., who reported that closed basal cisternae were 
more common in patients with high mortality risk (24). We also 
evaluated the effects of additional pathologies, on prognosis; 
additional pathologies such as contusion (35.7%) and sub-
arachnoid hemorrhage (28.6%), negatively affected it. Moussa 
et al. also reported that contusion and other brain pathologies, 
especially with midline shift, worsened the prognosis (19). 
These findings support the results of our study and show that 
additional pathologies negative affect prognosis.

In our study, no statistical difference in prognosis existed 
between patients who underwent craniotomy (83.3%) and 
decompressive craniectomy (11.9%). However, the literature 
has reported that craniectomy is generally preferred in more 
severe cases and is thus associated with higher mortality rates. 
For example, Ahmed et al. reported that craniectomy resulted 

Table IV: Correlation Analyses

Variables Spearman’s rho p-value

GCS-GOS 0.684 <0.001

Hematoma Volume-Midline Shift 0.542 <0.001

GCS-Mortality -0.612 <0.001

Age-GOS -0.384 0.012

GCS: Glasgow Coma Scale; GOS: Glasgow Outcome Scale

Figure 3: Glasgow Coma Scale (GCS) at admission vs Glasgow 
Outcome Scale (GOS).

Figure 4: Subdural hematoma volume vs Glasgow Outcome 
Scale (GOS).
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evaluated in our study, the negative effect of age on prognosis 
was observed. A negative correlation (ρ=-0.384) was found 
between age and GOS score, consistent with similar studies 
in the literature. For example, Younsi et al. reported a postop-
erative mortality rate of 33% in ASH patients over 80 years of 
age and associated it with poor prognosis (32). Kerezoudis et 
al. observed an 18.3% death rate in older patients undergoing 
surgery for ASH, highlighting a considerable rise in this risk 
among patients over 85 years of age (14). These data sub-
stantiate the influence of age on prognosis and indicate an 
elevated risk of adverse clinical outcomes in elderly individu-
als. Hiraizumi et al. also indicated that age was a significant 
predictive factor in older patients with ASH, with the likelihood 
of poor prognosis escalating with advancing age (12). Qi et al. 
conducted a study on elderly patients with subarachnoid hem-
orrhage, revealing a substantial negative correlation between 
age and GOS (22). The data substantiate the detrimental im-
pact of older age on the prognosis of acute subdural hemato-
ma, correlating closely with a raised mortality rate. Aromatario 
et al. reported that mortality rates after subdural hematoma in 
elderly patients ranged between 17.6% and 55.1%, and age 
was significantly associated with poor prognosis (4). In our 
study, the negative effect of age on prognosis was explained 
by mortality rates varying according to age groups and nega-
tive correlation with GOS. Findings consistent with the results 
in the literature were obtained. 

The most critical shortcomings of this study are its retrospec-
tive nature and low sample size. Therefore, the data’s pre-
cision and level of statistical significance may be restricted. 
These constraints are also applicable to similar studies in 
the literature due to their retrospective character and small 
numbers of patients. Multicenter and prospective studies are 
preferable in the future. Additionally, the use of biochemical 
markers or clinical measurement methods in assessing prog-
nosis may be improved.

█  CONCLUSION
We performed a retrospective analysis of the clinical and sur-
gical prognostic factors in ASH patients over the age of 60 
years. These parameters included age, GCS score on admis-
sion, hematoma size, and midline shift. The time of surgical 
intervention and the approach were determinative in clinical 
outcomes. When craniotomy and decompressive craniec-
tomies were contrasted, the impact of these methods was 
different for frequently attending clinical features and the se-
lected population. To improve ASH patients’ prognosis, timely 
and effective surgical measures and individualized approach-
es are essential.
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in worse clinical outcomes and a high mortality rate of 42.7% 
(1). Similarly, Chen et al. reported a mortality rate of 23.3% 
in the craniectomy group and 7.1% in the craniotomy group 
(8). Despite the lack of significant difference between clinical 
outcomes in our study, it the literature thus that craniotomy 
may be a more advantageous option regarding prognosis. 

The effect of surgery timing on prognosis is also important. In 
our study, the mean time to surgery 3.4 hours, and this was 
critical in terms of prognosis. Pinggera et al. emphasized that 
rapid surgical intervention is of greatly important in decreasing 
mortality and, especially, performing surgery within 4 hours 
is effective in decreasing mortality rates (15,21). The surgical 
time frame in our study is close to that recommended in 
the literatüre, supporting the importance of timely surgical 
intervention.

In our study, the mean duration of intensive care unit stay was 
7.8 days and the mean total hospital stay was 13.5 days. In 
the study by Anis et al., the mean duration of intensive care 
unit stay was 4.6 days in the decompressive craniectomy 
group and 3.4 days in the craniotomy group (3). The length of 
stay may vary depending on the clinical status of the patient 
and complications that develop. Zhang et al. reported that 
postoperative complications were lower in the craniotomy 
group and intracranial pressure control was more difficult in the 
craniectomy group. In particular, complications such as brain 
edema were more common after craniectomy (34). Similar 
complications were observed in our study, strengthening the 
idea that craniectomy may increase the risk of complications. 

Hypertension (57.1%), diabetes mellitus (DM ; 35.7%), and 
coronary artery disease (CAD; 28.6%) rates were high in 
geriatric ASH patients in our study, consistent with the data in 
the literature. In a study conducted by Atsumi et al. in chronic 
subdural hematoma (CSDH) patients, the hypertension rate 
was reported as 20% and the DM rate as 11.4% (5). In a study 
by Sundblom et al. in 10CSDH patients over 70 years of age, 
the rate of cardiovascular disease was 43.4% and the rate of 
DM was 18.4% (27). These data suggest that comorbidities, 
including hypertension and DM, are prevalent among older 
patients and must be factored into the prognosis of ASH.

In our study, the rate of anticoagulant use was 38.1%, and the 
mortality rate was 37.5% in these patients. Younsi et al. stated 
that anticoagulant use may increase the risk of postoperative 
complications in patients with subdural hematoma, but the 
evidence that it increases mortality is limited (33). On the other 
hand, Raj et al. found higher mortality rates in older adult using 
anticoagulants (23). In our study, the rate of antiaggregant use 
was 45.2%. According to the study by Szczygielski et al., no 
significant negative effect of antiaggregant drugs such as 
aspirin on prognosis was observed, but anticoagulant use was 
associated with poor prognosis (28). Additionally, De Bonis et 
al. found that patients who used antiaggregants had longer 
hospital stays, consistent with the results of our study (10).

When the mean age (73.67 ± 10.00 years) and the distribution 
of age groups (52.4%, 65-75 years; 33.3%, 75-85 years) were 
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Shape Analysis of the Corpus Callosum in Pediatric 
Hydrocephalus: A Comparison Between Cases with and 
without Shunt Revision Surgery

ABSTRACT

AIM: To investigate corpus callosum shape differences in pediatric hydrocephalus patients with and without shunt revisions.
MATERIAL and METHODS: Midsagittal magnetic resonance imaging studies from 45 cases (25 with and 20 without shunt revision 
surgeries) that underwent ventriculoperitoneal shunt surgery between 2016 and 2025 were retrospectively analyzed. Corpus callosum 
shape deformations were evaluated using thin plate spline (TPS) analysis. Landmark-based geometric morphometric methods were 
applied, and growth curve modeling was used to assess the relationship between centroid size and the number of shunt revisions.
RESULTS: TPS analysis revealed that patients with multiple shunt revisions exhibited the most prominent corpus callosum 
deformations in the posterior region. Atrophy was detected mainly in the splenium region.
CONCLUSION: This study identified changes in the corpus callosum of pediatric hydrocephalus patients with multiple shunt 
revisions compared to those without shunt revisions. These findings may help characterize the clinical features of cases with multiple 
shunt revisions.
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█  INTRODUCTION

Hydrocephalus is a neurological condition character-
ized by the abnormal accumulation of cerebrospinal 
fluid (CSF) within the brain, resulting in ventricular 

enlargement. The standard treatment involves surgical place-
ment of a ventriculoperitoneal shunt to divert CSF into the 
peritoneal cavity, thereby reducing intracranial pressure. In 
hydrocephalus, damage to the corpus callosum (CC), result-
ing from mechanical pressure against the falx cerebri and de-
terioration of myelin, is associated with motor and cognitive 

deficits. Disruption of normal myelination adversely affects the 
microstructural architecture of the posterior CC (1).

The CC comprises five subdivisions, each with distinct func-
tional connections. The posterior part (splenium) connects the 
visual cortices of the occipital lobes. Anterior to this, the mid-
dle posterior part (isthmus) connects motor, somatosensory, 
and primary auditory regions. Central (body) fibers project 
through the cerebral cortex and ascend into the corona radia-
ta, contributing to several key white matter tracts. The middle 
frontal part (genu) connects the middle and lateral surfaces 
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surgery, while 20 had no history of revision. Patients were ex-
cluded if they were aged >17 years, had CC abnormalities that 
precluded the placement of all required landmarks, or exhib-
ited extreme thinning or deformation of the CC on MRI that 
would compromise accurate shape analysis.

Demographic and clinical data—including patients’ age, sex, 
hydrocephalus etiology, reasons for shunt revision, and mid-
sagittal MRI images—were retrospectively collected from 
hospital records. MRI examinations were performed using a 
1.5-T scanner (GE Optima MR360, Milwaukee, Wisconsin, 
USA) equipped with a 16-channel sensitivity-encoding head 
coil. Sagittal T2-weighted spin-echo sequences were ob-
tained using the following parameters: field of view, 230 × 250 
mm; slice thickness, 5 mm; repetition time/echo time, 5800–
6700/95–115 ms; flip angle, 90°. These parameters provided 
optimal contrast between gray and white matter for anatomi-
cal evaluation.

Landmark Acquisition

For each patient, the midsagittal section that most clearly dis-
played the cerebral aqueduct, CC, and superior colliculus was 
manually selected from the sagittal image set. Sixteen homol-
ogous anatomical landmarks were identified on the midsagittal 
image as described by Sigirli et al (19). Landmark placement 
was performed using TPSDIG version 2.04 software (Figure 
1) (16). To assess intra-rater reliability, a two-facet crossed 
design was used (5,8). A total of 20 images were randomly 
selected and reannotated by the same researcher 1 month lat-
er. The generalizability coefficient (G) for landmark placement 
was 0.9925, indicating excellent intra-rater reliability.

Geometric Morphometric Analysis

Shape deformations of the CC were evaluated using TPS 
analysis. TPS assesses shape differences by deforming one 
landmark configuration into another, with expansion factors 
representing the magnitude of deformation. The resulting TPS 
deformation grids visually show regions exhibiting the great-
est degrees of atrophy or expansion, with color-coded rep-
resentations indicating the magnitude and direction of these 
deformations (2,9). Overall shape variability was quantified us-
ing the root mean square of Kendall’s Riemannian distance (ρ) 
from the mean shape. Centroid size—defined as the square 
root of the summed squared distances of each landmark 
from the centroid—was calculated as a size metric derived 
from Procrustes-aligned landmark configurations. Nonlinear 
growth curve models were applied to examine the relationship 
between the number of shunt revisions and the centroid size 
of the CC. The R v. 4.4.3 software, the Shapes package, and 
MedCalc 19.1.3 were used for statistical analyses (6,9,13).

Other Statistical Analysis

Continuous variables were summarized as median (range) 
owing to their non-normal distributions. Comparisons be-
tween two independent groups were performed using the 
Mann–Whitney U test. Categorical variables were reported as 
frequencies and percentages (n, %), and group comparisons 
were conducted using Pearson’s chi-square test or Fisher’s 
exact chi-square test, as appropriate.

of the frontal lobe, while the anterior part (rostrum) serves as 
a critical conduit between the orbital surfaces of the frontal 
lobe (1).

Magnetic resonance imaging (MRI) studies in patients with 
hydrocephalus have frequently revealed thinning of the CC 
and scalloping of its margins, both before and after shunt sur-
gery. In rare cases, however, thickening of the CC has been 
observed in patients who have undergone successful shunt 
placement (4).

Shape analyses of the CC have been conducted across a 
variety of neurological conditions, revealing disease-specific 
morphological differences. In patients with multiple sclerosis, 
structural deformities have been identified in the CC and cer-
ebellum (19). In cases of scaphocephaly, longitudinal shape 
analyses have shown that the expansion of the cranial vault 
over time is associated with an enlargement of the splenium 
region of the CC (3). In individuals with restless legs syn-
drome, callosal deformations have been mainly localized to 
the posterior middle region and, to a lesser extent, the anterior 
region. Furthermore, increased disease duration and severity 
have been correlated with significant reductions in the size of 
the CC (20).

Studies investigating the effect of a disease, surgery, or patho-
logical conditions on brain structures have primarily relied on 
single morphometric measures such as volume or density. In 
contrast, landmark-based shape analysis focuses on the in-
trinsic geometric properties of anatomical structures. Shape 
is defined as the geometric information that remains invariant 
under translation, rotation, and scaling, thus enabling a more 
detailed assessment beyond scalar measurements (7,11,12). 
With advances in image-processing software and the avail-
ability of high-resolution digital imaging from various modal-
ities, landmark-based shape analysis has been increasingly 
applied in neuroanatomical research (18-22). When combined 
with thin plate spline (TPS) analysis, this approach enables the 
precise localization of shape differences across cortical and 
subcortical brain regions, revealing even subtle morphological 
deformations (14,15,17).

This study aimed to compare shape differences in the CC of 
pediatric patients with hydrocephalus who underwent shunt 
revision surgery with those who did not. Using landmark-based 
shape analysis, we evaluated regional deformations across 
CC subregions to identify potential morphological alterations. 
Furthermore, we investigated whether the number of shunt 
revisions predicts CC abnormalities in this patient population.

█   MATERIAL and METHODS
The study was approved by the local Ethics Committee (De-
cision Number/Date: 2024-TBEK 2025/03-07/26.03.2025). 
Written informed consent was obtained from all participants 
or their legal guardians. No financial support was received for 
this study.

Midsagittal MRI studies from 45 patients who had previously 
undergone ventriculoperitoneal shunt surgery for hydroceph-
alus between 2016 and 2025 were retrospectively analyzed. 
Of these patients, 25 patients had undergone shunt revision 
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█   RESULTS
The median age was 3.50 years (range: 0.25–16.42 years) in 
the revision group and 2.42 years (range: 0.17–14.92 years) in 
the non-revision group, with no significant difference between 
the groups (p = 0.705). Sex distribution was also comparable 
between the two groups (boys: 50.0% vs. 42.9%, p = 0.626). 
No significant differences were observed in the etiologies of 
hydrocephalus between the revision and non-revision groups 
(Table I). Among patients who underwent shunt revision, the 
most common indication was shunt dysfunction (n = 17, 
65.4%), followed by shunt infection (n = 11, 42.3%) and shunt 
malposition (n = 4, 19.2%).

Box’s M test indicated a lack of homogeneity in the variance–
covariance matrices (p < 0.001); therefore, the James FJ test 
with resampling was applied. No significant difference in over-
all CC shape was detected between patients with and without 
shunt revision (p = 0.386).

The root mean square of Kendall’s Riemannian distance (ρ) to 
the mean shape was 0.154 in the revision group and 0.180 in 
the non-revision group, indicating greater overall shape vari-
ability in patients without shunt revision.

TPS analysis demonstrated that the most prominent shape 
deformations were observed in the posterior region of the CC. 
In particular, atrophy was detected between landmarks 2, 3, 
4, and 5, corresponding to the splenium. Additionally, minimal 
atrophy was observed in the rostral region near landmarks 12 
and 13 (Figures 2 and 3).

The relationship between CC centroid size and the number 
of shunt revisions was evaluated using several growth curve 
models. The three-parameter logistic model provided the best 
fit (p < 0.001, R² = 0.029), indicating that centroid size de-
creased with the increase in the number of shunt revisions 
(Figure 4).

█   DISCUSSION
The CC is the largest commissural fiber tract in the human 
brain, comprising approximately 200–300 million axons with 
varying degrees of myelination, diameter, and density. Ana-

Figure 1: Corpus callosum 
landmarks used in the study.

Table I: Comparison of Hydrocephalus Etiologies Between 
the with and without Revision Groups

Etiologies Without 
revision

With 
revision p-value

Spina bifida 8 (38.1) 10 (38.5) 0.980
Encephalocele 1 (4.8) 1 (3.8) 1.000
Antenatal hydrocephalus 5 (23.8) 5 (19.2) 0.734
Premature germinal 
matrix hemorrhage 3 (14.3) 4 (15.4) 1.000

Infection 2 (9.5) 0 (0.00) 0.194
Intracranial mass 2 (9.5) 4 (15.4) 0.678
Aquaduct stenosis 0 (0.00) 2 (7.7) 0.496
Data presented as n (%)

Figure 2: Procrustes mean shapes of the CC in patients A) with 
shunt revision, and B) without shunt revision.

A

B
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Figure 3: Thin plate spline (TPS) deformation map illustrating shape differences between patients without shunt revision and those 
with shunt revision.

Figure 4: Growth curve model illustrating the relationship 
between the centroid size of the splenium and the number of 
shunt revisions. Model: Centroid size = 0.035/[1 + (−0.9963 × 
e^(0.0001 × number of revisions))]

In addition, stretching of the pericallosal arteries due to ven-
tricular enlargement may lead to edema (4).

Ischemia of the CC in acute noncommunicating hydrocepha-
lus has been observed in the splenium, a posterior subregion 
of the CC, as well as in the cerebellum. These findings suggest 
that specific anatomical regions are particularly vulnerable to 
infarction under conditions of acute ventricular dilation. In 
case of severe expansion of the lateral ventricle and increased 
intraventricular pressure, infarction of the splenium may occur 
due to compression of the posterior pericallosal artery and 
pericallosal pial plexus (10). In this study, the atrophy ob-
served in the splenium may be attributed to ischemic changes 
resulting from repeated episodes of acute hydrocephalus in 
patients who underwent multiple shunt revisions.

In a previous study analyzing CC shape in patients with multi-
ple sclerosis, significant differences were observed compared 
with healthy controls, with the greatest deformation reported 
in the anterior region, including the genu and rostrum (19). Dis-
ease-related shape alterations in the CC may therefore mani-
fest in various regions depending on the underlying pathology. 
Although no significant differences in CC shape were observed 
between patients with and without shunt revisions, TPS analy-
sis revealed atrophy in the splenium. We hypothesize that the 
absence of a statistical difference may be due to the exclu-
sion of cases with the most severe CC deformation—particu-
larly patients with multiple shunt revisions in whom landmark 
placement was not feasible because of extreme thinning and 
distortion. Nevertheless, visual inspection showed that the CC 
in patients with multiple revisions was more deformed than in 
those without shunt revisions (Figure 5).

In a study involving CC shape analysis in patients operated 
on for scaphocephaly, no statistically significant postopera-
tive shape differences were detected; however, enlargement 
of the splenium was observed on imaging (3). Similarly, in con-

tomically, it consists of five parts: the rostrum, genu, body, 
isthmus, and splenium. The CC is supplied by a rich vascu-
lar network, primarily derived from branches of the anterior 
cerebral artery, with additional contributions from the middle 
cerebral artery and the posterior communicating artery (10).

In cases of hydrocephalus, structural and vascular changes 
can occur within the CC. Experimental studies have suggest-
ed that ischemic injury in the CC results from mechanical 
compression accompanied by a reduction in capillary density. 
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Transnasal Transsphenoidal versus Transcranial Surgery for 
Resection of Sellar Lesions; A National Database Analysis

ABSTRACT

AIM: To present a national database analysis comparing transnasal transsphenoidal (TNTS) and transcranial (TC) approaches in 
sellar lesion management.  
MATERIAL and METHODS: We analyzed the National Surgical Quality Improvement Program (NSQIP) database by TNTS and TC 
CPT codes from 2014-2018. Outcome measures included periprocedural complications, surgical complications, reoperation within 
30 days, readmission, and death. Statistical comparisons were made using Wilcoxon rank-sum test in STATA.
RESULTS: A total of 488 procedures were identified (232 TC; 256 TNTS). Baseline demographics were comparable between 
groups. Patients undergoing craniotomy were more likely to have DVT or PE (8 vs 2 patients, p=0.042) and stroke (11 vs 0 patients, 
p<0.001). TC approach was associated with longer hospital length-of-stay (6.1 vs 4.2 days, p<0.001), 30-day readmission (15.8% 
vs 7.1%), and death (2.6% vs 0.4%, p=0.042). Craniotomy was more likely to be performed in nonelective cases (26.3% vs 12.6%, 
p<0.001), however the difference in complication rates was driven by elective cases.
CONCLUSION: We found that the TC approach to the sella was associated with higher rates of complications and greater mortality 
than the TNTS approach. The TC approach was also more likely to be performed in nonelective cases, but the difference in 
morbidity and mortality was driven by elective cases. Further study is warranted to identify lesion characteristics that may influence 
choice of approach and outcomes.
KEYWORDS: Sellar mass, Pituitary surgery, Transnasal transsphenoidal, Transcranial
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█   INTRODUCTION

Both transnasal transsphenoidal (TNTS) and transcra-
nial (TC) interventions are viable surgical approaches 
for resection of sellar lesions. Each possess relative 

advantages and limitations. Technological advances such as 
high-resolution noninvasive imaging, endoscopic visualiza-
tion, microneurosurgery, frameless stereotactic neuronaviga-
tion, color Doppler ultrasonography, real-time intraoperative 
magnetic resonance imaging and neuromonitoring have dra-
matically increased the effectiveness and decreased the mor-
bidity and mortality of TNTS surgery. These advancements 
have helped the TNTS approach become effectively the stan-
dard of care for small lesions limited to the sella. TNTS tech-
niques are increasingly applied to a wide range of anatomic 
zones extending beyond the sella to include the clivus, anteri-
or fossa, suprasellar cistern and third ventricle. 

Despite the technical advances that fostered the proliferation 
of TNTS surgery, this approach still has its limitations. In 
particular, masses that extend beyond its defined operative 
corridors can be difficult to visualize and expose. In these 
cases, TC approaches may provide certain advantages, 
albeit at the cost of potentially higher procedural morbidity 
and limited access to more caudal structures within the 
sella. Furthermore, TNTS surgery is often performed with the 
assistance of an otolaryngology-trained approach surgeon, a 
resource which may not be available at smaller, community-
based medical centers.

There are multiple confounding factors that obfuscate any 
comparison of these two techniques. For this reason, there 
is significant disagreement in the literature regarding the 
outcome and complication profile of TNTS versus TC surgery. 
This motivated a national database analysis, with the goal 
of quantifying these metrics and providing greater clarity for 
surgeons and patients.

█   MATERIAL and METHODS
The American College of Surgeons (ACS) National Surgical 
Quality Improvement Program (NSQIP) database was used 
for this study’s analysis. The ACS NSQIP database collects 
patient data from 700 participating medical centers including 
demographics, preoperative risk factors, laboratory values, 
intraoperative variables and 30-day postoperative outcomes. 
This repository is also publicly accessible and all patient data 
is deidentified. For these reasons, this study did not require 
Institutional Review Board (IRB) approval.

A query for patients undergoing pituitary mass resection in 
2014–2018 was conducted by relevant Current Procedure 
Technology (CPT) codes. The results were filtered by code 
for craniotomy for pituitary mass resection (CPT 61546) 
and transsphenoidal approach for pituitary mass resection 
(CPT 62165). Holistic global codes were used in lieu of more 
nuanced codes to maintain the homogeneity of the population. 
The bundled transsphenoidal approach to sellar region code 
came into use in 2014 and the last year of available data was 
2018, thereby driving the date range.

Baseline demographics queried were age, sex, diabetes 
status, smoking status, use of hypertensive medication, use of 
steroids pre-operatively, ASA class, and whether the surgery 
was classified as elective. Complications included pneumonia, 
reintubation, deep vein thrombosis (DVT) or pulmonary 
embolism (PE), renal insufficiency, urinary tract infection (UTI), 
stroke, myocardial infarction (MI), bleeding complication, and 
shock or sepsis. Outcome measures included reoperation 
within 30 days, hospital length of stay, readmission within 30 
days and death. Average work relative value units (RVUs) for 
each CPT code were also collected.

Statistical comparisons between demographics, complica-
tions, and outcomes were made using Wilcoxon rank-sum 
test in STATA. A logistic regression model was used to com-
pare outcomes between TNTS and TC approaches stratified 
by nonelective vs elective cases. Average RVUs were com-
pared using a two-sample z-test. A p-value of less than 0.05 
was considered statistically significant.

Study design and manuscript preparation were performed in 
accordance with STROBE guidelines (4).

█   RESULTS
A total of 488 procedures were identified (232 TC; 256 TNTS). 
No patients in this cohort underwent both procedures. 
Baseline demographics were comparable between groups 
(Table I). Craniotomy was more likely to be performed in 
nonelective cases (26.3% vs 12.6%, p<0.001).  

Across all patients the complication rate was 14.1% (Table II). 
The overall complication rate was higher in TC compared with 
TNTS surgery (20.7% vs 8.2%, p<0.001). Patients undergoing 
craniotomy were more likely to have DVT or PE (8 vs 2 patients, 
p=0.042) and stroke (11 vs 0 patients, p<0.001). 

The TC approach was associated with longer hospital length-
of-stay (6.1 vs 4.2 days, p<0.001), 30-day readmission (15.8% 
vs 7.1%, p=0.007) and death (2.6% vs 0.4%, p=0.042) (Table 
III). Mean operative time was 251 minutes (std dev 133 mins) 
for TC and 197 minutes (std dev 115 mins) for TNTS (p<0.001). 
The average work RVU was high for TC (33.6, 95% CI 33.4 
– 33.7) than TNTS (17.8, 95% CI 17.7 – 18.0) (p<0.001). 
No differences were observed in rates of perioperative 
pneumonia, reintubation, renal insufficiency, UTI, MI, bleeding 
complication, shock/sepsis or 30-day return to OR.

The finding that craniotomy was more common in nonelective 
cases motivated a secondary analysis in which outcomes 
were stratified by nonelective vs elective. This demonstrated 
that for elective cases (n=387), craniotomy was associated 
with significantly increased risk of any complication, return to 
OR, 30-day readmission, or death (OR 2.69, p<0.001; 95% CI 
1.555-4.645) compared to TNTS. For nonelective cases (n=92), 
craniotomy was not associated with a statistical difference in 
risk of any complication, return to OR, 30-day readmission, or 
death (OR 1.38, p=0.501; 95% CI 0.541-3.513).
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█   DISCUSSION
This database analysis uncovered important and significant 
differences between TC and TNTS approaches to the 
parasellar region. TC surgery is associated with a higher rate 
of DVT/PE, MI, overall complications, hospital LOS, 30-day 
readmission and death. The increased complication profile of 

TC surgery is consistent with institutional series demonstrating 
higher rates of pituitary dysfunction (8), and worsened visual 
outcomes (17) in TC approaches when compared with TNTS. 

Of note, multiple authors have described a higher rate of 
cranial nerve injuries in the TNTS cohort (9). Unsurprisingly, 
TNTS surgery is also associated with more olfactory nerve 

Table I: Baseline Demographic Factors and Medical Comorbidities

Demographic and risk factors All patients (n=490) TC (n=232) TNTS (n=256) p-value

Age, years (mean) 52.7 53.6 51.9 0.261

Male, proportion (%) 47.4 48.7 45.9 0.533

Diabetes, n (%) 99 (20.2) 47 (20.2) 52 (20.3) 0.988

Smoking , n (%) 91 (18.6) 46 (19.4) 45 (17.6) 0.605

HTN medication, n (%) 207 (42.2) 105 (45.3) 101 (39.5) 0.195

Pre-operative steroids use, n (%) 65 (13.3) 36 (15.5) 29 (11.3) 0.174

ASA Class 3 or 4, n (%) 307 (62.8) 143 (61.9) 163 (63.7) 0.687

Elective surgery, n (%) 389 (80.9) 171 (73.7) 216 (87.5) <0.001

HTN: Hypertension, ASA: American Society of Anesthesiologist.

Table II: Complications Associated with TNTS vs TC Surgery

Complications All (n=490) TC (n=232) TNTS (n=256) p-value

Pneumonia, n (%) 6 (1.2) 4 (1.7) 2 (0.8) 0.345

Reintubation, n (%) 10 (2.0) 6 (2.6) 4 (1.6) 0.426

DVT or PE, n (%) 10 (2.0) 8 (3.4) 2 (0.8) 0.042

Renal insufficiency, n (%) 0 (0.0) 0 (0.0) 0 (0.0) NA

UTI, n (%) 8 (1.6) 4 (1.7) 4 (1.6) 0.888

Stroke, n (%) 11 (2.2) 11 (4.7) 0 (0.0) <0.001

MI, n (%) 0 (0.0) 0 (0.0) 0 (0.0) NA

Bleeding complication, n (%) 15 (3.1) 10 (4.3) 5 (2.0) 0.132

Shock or sepsis, n (%) 9 (1.8) 5 (2.2) 4 (1.6) 0.627

Overall, n (%) 69 (14.1) 48 (20.7) 21 (8.2) <0.001

TNTS: Transnasal transsphenoidal, TC: transcranial, DVT: deep vein thrombosis, PE: pulmonary embolism, NA: not available, UTI: urinary tract 
infection, MI: myocardial infarction.

Table III: Outcomes of TC vs TNTS Surgery

Outcomes All (n=490) TC (n=232) TNTS (n=256) p-value

30-day return to operating room, n (%) 32 (6.5) 19 (8.2) 13 (5.1) 0.166

Hospital length of stay, days (mean) 5.1 6.1 4.2 <0.001

30-day readmission, n (%) 46 (11.7) 31 (15.8) 14 (7.1) 0.007

Death, n (%) 7 (1.4) 6 (2.6) 1 (0.4) 0.042

TC: Transcranial, TNTS: transnasal transsphenoidal.
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resection (1,5,10), and combined transsphenoidal and 
transcranial endoscopic approach via supraorbital keyhole 
(12,16). Each of these individual techniques carries a unique 
complication profile. However, this dataset does not allow us 
to quantify the impact of specific techniques on the overall 
outcome measures associated with TC vs TNTS resection. 
Furthermore, the dataset used (NSQIP) is limited to the most 
recent available data at the time of study initiation. Further 
research using more recent datasets could shed additional 
light on differences in these approaches.

█   CONCLUSION
We found that the TC approach to the sella was associated 
with a higher rate of complications and greater mortality than 
the TNTS approach. The TC approach was also more likely to 
be performed in nonelective cases, however the difference in 
morbidity and mortality was driven by elective cases. While 
these findings are limited by lack of granularity in terms of 
lesion characteristics and specific aspects of the surgical 
approach, they suggest that TNTS surgery may possess 
certain advantages over TC approach to the sella. Further 
study is warranted to identify lesion characteristics that may 
influence choice of approach and outcomes.
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ABSTRACT

Spinal meningiomas are common intradural spinal tumors. Recurrent multilevel ventral intradural extramedullary spinal meningiomas, 
especially those presenting several years post-initial surgery is rare and can be particularly challenging to treat. We report two cases 
of such recurrent multilevel ventral tumors manifesting 7 and 20 years after the initial procedure. These patients were effectively 
managed through a posterolateral approach, encompassing laminectomy, facetectomy, division of dentate ligament with spinal 
cord rotation, and instrumented fusion. While the choice of surgical approach should be individualized based on the tumor and 
patient’s characteristics and the surgeon’s expertise, our experience with these cases continues to show the safety and efficacy 
of posterior-based approaches highlighting the additional and important surgical modifications for multilevel recurrent ventral 
intradural meningiomas.
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ticularly a laminectomy, can be challenging due to the limited 
ability to retract the spinal cord (5-7,10). This report presents 
two rare cases of recurrent en-plaque multilevel ventral menin-
giomas that occurred 7 and 20 years after the initial surgery. 
These tumors were located truly ventral to the spinal cord and 
were treated using a posterolateral approach. 

The authors obtained written informed consents from the pa-
tients included in the manuscript.

█   CASE REPORT
Case 1

A 73-year-old woman underwent a posterior cervical laminec-
tomy over 20 years ago for resection of a ventral IDEM grade I 
meningioma (Figures 1A–C). She presented with chronic neck 
pain, slowly progressive left upper extremity weakness, and 

█   INTRODUCTION

Meningiomas are benign, slow-growing tumors that 
account for 25% to 45% of all intradural extramed-
ullary (IDEM) spinal tumors (9). Surgical resection 

remains the preferred treatment for patients with symptom-
atic IDEM meningiomas. The overall incidence of recurrence 
or progression of spinal meningiomas varies between studies, 
ranging from 0% to 17% (5). These tumors typically recur after 
a long period, often up to 12 years post-resection (5,10). The 
surgical approach for resecting an IDEM spinal meningioma 
depends on the tumor’s location and dural attachment. There 
is a growing consensus that posterior-based approaches for 
resecting spinal meningiomas are safe and effective, regard-
less of the dural attachment location (5). However, when the 
tumor spreads en plaque over multiple levels without signifi-
cantly displacing the spinal cord, a posterior approach, par-
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numbness in the right upper and lower extremities, accom-
panied by gait imbalance over several years—consistent with 
cervical myelopathy. On clinical examination, motor strength 
was largely intact, except for mild weakness in the left up-
per extremity (UE) graded as 4+/5 on the Medical Research 
Council (MRC) scale. Hyperesthesia was present in the right 
upper and lower extremities. Magnetic resonance imaging 
(MRI) of the cervical spine at presentation to us revealed a 
long-segment ventral IDEM meningioma (Figures 1D–F, 2A, 
B) and a new right-sided posterior T1-T2 meningioma (Fig-
ure 2C). Computed tomography (CT) confirmed calcifica-

tion of the ventral meningioma (Figures 2D, E). A C4-C7 and 
T1-T2 laminectomy was performed with complete C5/6 and 
C6/7 facetectomy and C2-T3 posterolateral arthrodesis and 
instrumented fusion (Figure 3B). Intraoperative monitoring 
was performed using motor and sensory evoked potentials 
that remained stable throughout the procedure. Upon dural 
opening, the ventral meningioma was not immediately visible 
as it was anterior to the spinal cord. Division of the dentate 
ligaments facilitated spinal cord rotation (Figure 3A), and the 
combination of complete facetectomy and ligament division 
allowed for excellent tumor exposure without spinal cord re-

Figure 1: Sagittal T1W (A), T2W (B), T1W with contrast (C) magnetic resonance imagings (MRIs) after first surgery showing minimal 
residual tumor ventrally along the spinal canal, marked with red arrows. Sagittal T2W (D) and T1W with contrast MRIs (E and F) showing 
significant growth of the ventral meningioma in an enplaque fashion, marked with green arrows, causing spinal cord compression and 
interval development of a new tumor at T1-2 level, marked with yellow arrows.
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Figure 3: Intraoperative image (A) showing the use of a suture through the dentate ligament, marked with a blue arrow, and rotation of 
the spinal cord, allowing excellent visualization of the ventral tumor, marked with a green arrow, after a complete facetectomy. Post-
operative X-ray (B) showing C2 to T2 instrumented fusion, highlighted with a red bracket, and good restoration of lordosis.

Figure 2: Axial magnetic 
resonance imagings (MRIs) 
with contrast (A & C) and axial 
T2W MRI (B) showing both the 
cervical ventral tumor (A and 
B), marked with green arrows, 
and the dorsolateral right T1-2 
tumor, marked with a yellow 
arrow. Sagittal (D) and axial (E) 
Computed tomography images 
showing the calcified nature of 
the ventral tumor, marked with 
green arrows.
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radiation therapy was recommended due to persistent dural 
enhancement and potential risk of further recurrence, despite 
pathology confirming grade I meningioma. At one-year post-
surgery, she continues to do well, with a stable neurological 
exam and no significant tumor recurrence. 

█   DISCUSSION
Subtotal resection has been reported as a risk factor for 
recurrence after surgery for IDEM meningioma, emphasizing 
the importance of complete resection (5). Due to concerns 
regarding posterior-based approaches for resecting more 
ventrally located tumors, some surgeons have described 
anterior approaches because of their direct and excellent view 
of the anteriorly based tumor (1,4,6,8,11). However, the depth 
of the operative field, the need for posterior instrumentation 
after a multilevel corpectomy, and the increased risk of 
cerebrospinal fluid leak-related complications negate any 
purported advantages of an anterior approach (1,4,8,11). 
One of the arguments against the posterior-based approach 
for ventral meningiomas is the inability to resect the involved 
dura. However, given that there is no difference in recurrence 
rates between patients who underwent Simpson grade I and II 
resections, this concern appears debatable (5).

The management of recurrent IDEM meningiomas is unique-
ly challenging. Risk factors for recurrent spinal meningiomas 
include subtotal resection, higher pathological grade, calcifi-
cation, and ventral location (8). Re-resection of recurrent spi-
nal meningiomas is complicated by adhesions from previous 
surgery, spinal cord tethering, lack of an arachnoidal plane 
between the tumor and spinal cord, and in extreme cases, pia 
infiltration (8).

The surgical approach to ventral IDEM meningiomas, espe-
cially recurrent ones, has not been well established. A direct 
posterior resection poses many challenges, such as spinal 
cord retraction and significant scarring, due to the ventral lo-
cation of these tumors. While an anterior approach may be 

traction. Postoperatively, the patient exhibited new-onset left 
upper extremity weakness (2/5 strength on the MRC scale) 
and was discharged to a skilled nursing facility. A one-year 
postoperative MRI showed a well-decompressed spinal cord 
with no significant residual or recurrent tumor (Figure 4). Her 
preoperative numbness improved, and motor strength in the 
left upper extremity improved to 4/5, with a left-hand grip at 
approximately 50% of normal. Ambulation also improved. 
Given the pathology-confirmed grade I meningioma, adjuvant 
therapy was not required, and she remains under radiological 
surveillance with her oncologist per institutional protocol. 

Case 2

A 59-year-old woman underwent posterior cervical C4-C6 
laminoplasty seven years ago for a C5-C6 ventral IDEM grade 
I meningioma. Her initial post-operative MRI showed gross 
total resection of the dural-based mass with minimal dural 
enhancement (Figures 5A, B). Seven years post-surgery, she 
presented with right arm weakness and numbness, left leg 
numbness, instability, and recurrent falls. Physical examination 
revealed bilateral Hoffmann’s sign, hyperreflexia at both the 
knees and ankles, and a motor strength of 4/5 across all muscle 
groups in the right upper extremity with a positive Romberg’s 
test consistent with a diagnosis of cervical myelopathy. 
MRI confirmed tumor recurrence (Figure 5C). A redo C3-C7 
laminectomy with complete C4/5 and C5/6 facetectomy was 
performed, achieving gross total resection of the ventral IDEM 
tumor, followed by C2-T1 instrumented fusion. Intraoperative 
motor and sensory evoked potentials remained stable 
throughout the procedure. Her postoperative course was 
uneventful, and she was discharged home on postoperative 
day three. Neurologically, she remained at baseline with no 
further motor deficits and improved gait balance. A six-week 
postoperative MRI showed no residual tumor but revealed 
a cerebrospinal fluid (CSF) pseudomeningocele, which was 
managed conservatively given its asymptomatic nature 
(Figures 5D, E). Considering her young age, the complexities 
of additional surgery, and her previous recurrence, adjuvant 

Figure 4: Post-operative sagittal T1W (A), T2W (B), T1W (C) with contrast magnetic resonance imagings (MRIs) one year after surgery 
showing a well-decompressed spinal cord with no evidence of any significant residual or recurrent tumor. Original position of tumor is 
marked by red arrows.
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omas in six cases where they were able to resect the tumor 
without concomitant fusion (3). However, none of the tumors 
were recurrent, and they were large with significant posterior 
and lateral displacement of the spinal cord, where a poste-
rior approach would be the procedure of choice and would 
not even mandate a fusion, which is clearly different from the 
cases described here. Also, Cristaldi et al. reported a pos-
terolateral transpedicular approach for ventrally seated cervi-
cothoracic spinal cord lesions (2). However, the posterolateral 
approach for thoracic and cervicothoracic lesions is well-de-
scribed and would again be preferred for intradural lesions 
in that region, given the complexity of any anterior approach 
in that area. The presented cases demonstrate the role of a 
posterolateral-based approach for multilevel recurrent IDEM 
tumors entirely within the cervical spine. They also highlight 
the importance of long-term follow-up, both radiological and 
clinical, given that the recurrence occurred after gross total 
resection 7 years and nearly 20 years after the initial surgery.

enticing to avoid the scarred field, the multilevel nature of the 
recurrent tumor would mandate multilevel corpectomy, along 
with posterior instrumentation and fusion for spine stabiliza-
tion. The extensive nature of the surgery associated with an 
anterior approach increases the risk of worsening morbidity, 
especially swallowing-related complications, which can be 
accentuated in elderly patients (1,4,8,11).

The posterolateral approach with complete facetectomy and 
division of the dentate ligaments allows for rotation of the spi-
nal cord, overcoming the challenges posed by the simple pos-
terior and ventral approaches. This approach offers the best 
visualization of the tumor while limiting the complications of 
an extensive anterior surgical resection. Additionally, due to 
the angle of the approach, the spinal cord rotation required to 
expose the tumor margins is minimized, mitigating the risks of 
spinal cord injury (11). Eroglu et al. reported their experience 
with posterior-based approaches for ventral cervical meningi-

Figure 5: Sagittal T2W (A), and T1W with contrast (B) magnetic resonance imagings (MRIs) two years after first surgery showing a gross 
total resection of the dural-based mass with minimal dural enhancement, marked with red arrows. Sagittal T1W MRI (C) at presentation 
to us 7 years after initial surgery showing an avidly enhancing, ventral, en-plaque type of meningioma in the spinal canal, extending from 
C3-C6, causing severe spinal cord compression, marked with green arrow. Post-operatives sagittal T2W (D) and T1W with contrast (E) 
MRI 6 weeks after surgery showing a well- decompressed spinal cord with no evidence of any significant residual/recurrent tumor but 
with minimal ventral dural enhancement, marked with yellow arrows. There is evidence of CSF pseudomeningocele (yellow star) in the 
images D and E. Post-operative lateral X-ray (F) showing C2 to T2 instrumented fusion with well aligned spine.
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Attar A, Caglar YS, Cohen Gadol AA: Microsurgical man-
agement of ventral intradural-extramedullary cervical me-
ningiomas: Technical considerations and outcomes. World 
Neurosurg 135:e748-e753, 2020. https://doi.org/10.1016/j.
wneu.2019.12.145

4.	 Fraioli MF, Marciani MG, Umana GE, Fraioli B: Anterior 
microsurgical approach to ventral lower cervical spine 
meningiomas: Indications, surgical technique and long term 
outcome. Technol Cancer Res Treatment 14:505-510, 2015. 
https://doi.org/10.1177/1533034614500418

5.	 Haddad AF, Safaee MM, Pereira MP, Oh JY, Lau D, Tan LA, 
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org/10.3171/2022.7.SPINE211603

6.	 Kaya RA: Surgical excition of spinal intradural meningiomas 
through a single-sided minimally invasive approach: Key-
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9.	 Nakamura M, Tsuji O, Fujiyoshi K, Hosogane N, Watanabe K, 
Tsuji T, Ishii K, Toyama Y, Chiba K, Matsumoto M: Long-term sur-
gical outcomes of spinal meningiomas. Spine 37:E617-E623, 
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10.	Onken J, Obermüller K, Staub-Bartelt F, Meyer B, Vajkoczy 
P, Wostrack M: Surgical management of spinal meningiomas: 
Focus on unilateral posterior approach and anterior 
localization. J Neurosurg Spine 30:308-313, 2018. https://doi.
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11.	Payer M: The anterior approach to anterior cervical meningi-
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560, 2005. https://doi.org/10.1007/s00701-005-0502-x

█   CONCLUSION
In conclusion, the management of recurrent ventral intradu-
ral meningiomas especially if multilevel can pose a signif-
icant challenge. The posterolateral approach with complete 
facetectomy along with division of the dentate ligaments as 
demonstrated in our cases is an excellent technique to re-
sect these multilevel recurrent tumors with minimal morbidity. 
While the choice of surgical approach should be individualized 
based on the tumor and patient characteristics and surgeon 
expertise, the cases described here support the role of poste-
rior-based approaches with some modifications as described 
for recurrent ventral spinal meningiomas.
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Intracranial Mature Bone Formation: Report of Three 
Uncommon Cases and a Proposed Pathogenetic Mechanism

ABSTRACT

The formation of histologically mature bone within the intracranial compartment is an exceptionally rare phenomenon. Although 
intracranial calcifications are frequently encountered in clinical practice, true ossification culminating in the development of mature 
bone tissue remains poorly characterized. Herein, we report three cases of female patients presenting with intra- and extra-axial 
cranial masses, all histologically confirmed to comprise mature bone. We describe the associated radiologic features, surgical 
challenges, and histopathological findings. Furthermore, we propose a novel pathogenetic hypothesis implicating the intraoperative 
dispersion of bone dust as a potential etiologic factor in iatrogenic ossification. Our findings highlight the importance of surgical 
vigilance and meticulous intraoperative technique to mitigate this rare but avoidable complication.
KEYWORDS: Teratoma, Non-neoplastic calcifying pseudotumor, Mature bone, Hyperostosis, Cerebral calculi

ABBREVIATIONS: CSF: Cerebrospinal fluid, MRI: Magnetic resonance imaging, CT: Computed tomography, H&E: Hematoxylin 
and Eosin
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On rare occasions, mature bone may form within the brain 
parenchyma (intra-axially) or ventricular system. These lesions 
may radiographically and clinically mimic neoplastic or vascu-
lar pathologies, posing diagnostic challenges. Although ossi-
fied lesions such as mature teratomas, heavily calcified me-
ningiomas, and calcifying pseudoneoplasms can account for 
certain presentations, the possibility of a distinct, under-rec-
ognized osteogenic mechanism warrants further investigation.

In this report, we present three cases of histologically con-
firmed intracranial mature bone in women of reproductive age, 
each with unique anatomical locations and clinical manifes-

█   INTRODUCTION

Intracranial calcifications are identified in up to 10% of neu-
roimaging studies and are most often incidental findings. 
These calcifications are typically dystrophic in nature, aris-

ing in regions of prior hemorrhage, inflammation, or necrosis. 
In contrast, true intracranial ossification—defined by the for-
mation of mature lamellar bone, frequently containing bone 
marrow elements—is exceedingly rare (8-10). Such ossifica-
tions are usually confined to the skull base or meningeal struc-
tures and are generally attributed to congenital anomalies or 
post-inflammatory changes.
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tations. Beyond characterizing the radiological, surgical, and 
pathological features, we propose a novel pathogenetic hy-
pothesis: the intraoperative dissemination of bone dust, fol-
lowed by osteogenic transformation, may serve as a potential 
mechanism for iatrogenic ossification within the cranial cavity.

Written informed consent was obtained from all patients in-
cluded in this study.

█   CASE REPORT
Case 1

A 38-year-old female presented in 2008 with a several-month 
history of progressive headache, papilledema, and restricted 
upward gaze. Neurological examination revealed signs con-
sistent with Parinaud’s syndrome. Magnetic resonance imag-
ing (MRI) demonstrated a heterogeneous mass measuring 6.0 
× 4.5 × 2.7 cm in the pineal region, with susceptibility artifacts 
suggestive of calcification. The lesion compressed the third 
ventricle, resulting in obstructive hydrocephalus (Figure 1).

A posterior transcallosal approach via occipital craniotomy 
was employed. Upon opening the splenium of the corpus 
callosum, a firm, mobile, bone-like mass encased in glial tis-
sue and loosely tethered by fibrous bands was identified. The 
mass was fragmented and removed using a microrongeur. 
Postoperative recovery was uneventful, and the patient expe-
rienced resolution of papilledema.

Histopathological analysis confirmed the presence of mature 
lamellar bone containing normocellular marrow elements, 
consistent with a diagnosis of mature teratoma (1,11).

Case 2

A 46-year-old female presented with a 1-year history of pro-
gressive narrowing of the visual field and retro-orbital head-
ache. Ophthalmological examination revealed decreased vi-
sual acuity and a nasal visual field defect in the right eye. MRI 
identified a 4.0 × 2.9 × 2.1-cm calcified mass involving the 
inner third of the right sphenoid wing (Figure 2), without evi-
dence of invasion into the adjacent brain parenchyma.

Figure 1: Intraoperative images of Patient #1. A) Upon splitting the splenium of the corpus callosum, a firm, heterogeneous mass was 
visualized. B) The lesion displayed irregular features consistent with mature lamellar bone, morphologically resembling calvarial bone. 
C) The mass was localized to the pineal region, causing compression of the third ventricle.

Figure 2: Preoperative magnetic resonance 
imagings (MRIs) of Patient #2 demonstrating a 
densely calcified lesion. A) Axial T1-weighted 
image showing a well-defined mass within the 
inner third of the right sphenoid wing. B) Sagittal 
T2-weighted contrast-enhanced image revealing 
peripheral enhancement consistent with ossified 
tissue.
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A right pterional craniotomy was performed, revealing a rock-
hard, highly vascularized mass (Figure 3). The optic nerve and 
internal carotid artery were decompressed with meticulous 
dissection. Intraoperative bleeding was controlled using fibrin 
sealant and hemostatic agents. The patient recovered without 
neurological deficits.

Histopathology showed densely sclerotic lamellar bone with 
focal areas of bone marrow (Figure 4), consistent with a diag-
nosis of non-neoplastic calcifying pseudotumor (10,12).

Case 3

A 43-year-old female with a 20-year history of chronic 
headaches and progressive swelling on the left side of the 
head initially declined an MRI due to claustrophobia. Four 
months later, she presented to the emergency department in 
respiratory arrest. Computed tomography revealed a calcified 

mass within the fourth ventricle associated with obstructive 
hydrocephalus. An emergency external ventricular drain was 
placed, followed by MRI, which confirmed a 5.0 × 4.3 × 2.7-cm 
mass in the fourth ventricle and a coexisting frontal osteoma 
exerting mass effect on adjacent brain tissue (Figure 5).

During posterior fossa exploration, a firm, vascular, mobile 
bony mass adherent to surrounding neural structures via 
fibrous bands was encountered. Ultrasonic aspiration proved 
ineffective, and the lesion was ultimately removed using a 
surgical rasp. Despite initial stabilization, the patient died on 
postoperative day 2.

Histopathological examination demonstrated mature lamellar 
bone with normocellular marrow (Figure 6), confirming the 
lesion as a mature ossified mass.

█   DISCUSSION
Intracranial ossification presents a rare and diagnostically 
challenging phenomenon due to its diverse etiologies and 
atypical presentation. Several pathogenetic mechanisms have 
been proposed: 1) congenital teratomas with mesodermal dif-
ferentiation into osseous tissue; 2) reactive metaplasia sec-
ondary to chronic inflammation, trauma, or hemorrhage; and 
3) exogenous introduction and subsequent osteogenic trans-
formation of bone fragments or bone dust.

The first mechanism is well-documented in midline intracra-
nial teratomas, in which pluripotent germ cells differentiate 
into mature tissue types, including bone, cartilage, or dental 
structures. This etiology most plausibly accounts for the le-
sion observed in our first case (1,11). Reactive ossification due 
to chronic inflammation or degenerative changes, as seen in 
calcifying pseudotumors and postinflammatory meningeal os-
sification, has been reported in the skull base and dura mater 
(2,10,12); this mechanism aligns with the findings in our sec-
ond patient.

The third mechanism—iatrogenic dissemination of bone 
dust—deserves greater scrutiny (13,14). High-speed drilling 
during craniotomy generates fine osseous particles that can 

Figure 3: Intraoperative views of Patient #2. A) Pterional craniotoy revealing a hard, highly vascularised mass, B) High speed drill used 
to reduce the mass, C) Showing bone tissue after drilling

Figure 4: Histopathological analysis of excised tissue from 
Patient #2. Dense sclerotic lamellar bone fragments (black arrow). 
Intervening bone marrow elements (white arrow) confirm the 
presence of mature bone tissue, consistent with a non-neoplastic 
ossified pseudotumor (Haematoxylin and Eosin, x200).
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be dispersed via irrigation fluids and inadvertently introduced 
into cerebrospinal fluid (CSF) spaces. These microfragments 
may become embedded in vascularized areas such as the 
choroid plexus, where local osteoinductive factors, including 
osteoprogenitor cells, inflammatory cytokines, and growth 
factors, may facilitate ectopic bone formation (5,6,14). This 
process is believed to involve activation of the Wnt/β-caten-
in signaling pathway, induction of osteoblastic differentiation, 
secretion of osteoid matrix, and subsequent mineralization 
(3,9).

The hormonal milieu may further influence ossification (7). Es-
trogen, parathyroid hormone, and vitamin D are known regu-
lators of bone turnover and osteoblastic activity. All three pa-
tients in our series were premenopausal women, suggesting 
a possible hormonal predisposition that may have contributed 
to enhanced osteogenesis (3,7,8,15). Furthermore, the pres-
ence of neovascularized, CSF-rich environments may support 

Figure 5: Magnetic resonance imaging (MRI) findings in Patient #3. Sagittal (A), and coronal (B) T1-weighted contrast enhanced 
images show exophytic osseous growths arising from the calvarium, impinging on the adjacent cerebral parenchyma. C) Axial 
T1-weighted contrast enhanced image demonstrates large, heterogeneous mass occupying the fourth ventricle, with signal 
intensity characteristics identical to cortical bone, causing obstructive hydrocephalus.

Figure 6: Histopathological findings in Patient #3. Sections 
reveal mature trabecular bone (black arrow) with normocellular 
marrow. Marrow elements (white arrow) are present between 
trabeculae, confirming the diagnosis of mature intraventricular 
ossification (Haematoxylin and Eosin, X200).

A B C

the survival, integration, and maturation of ectopic bone tis-
sue.

In the third case, the patient’s 25-year history of an untreat-
ed frontal osteoma near the dura suggests prolonged cortical 
erosion and dissemination of bone fragments into the ventric-
ular system. This observation supports our hypothesis that 
delayed intraventricular ossification may result from chronic, 
subclinical migration of bone debris (14).

Surgical Implications and Prevention

The surgical management of intracranial mature bone is tech-
nically demanding. The dense, lamellar architecture of mature 
bone resists fragmentation by conventional aspiration tech-
niques. In our cases, ultrasonic aspirators were ineffective, 
necessitating the use of microrongeurs and surgical rasps for 
adequate debulking and removal.

To minimize the risk of iatrogenic ossification, we recommend 
the following intraoperative strategies:

•	 Continuous irrigation and suction during bony drilling to 
promptly remove bone dust

•	 Placement of moist cottonoids around the operative field 
to localize particulate debris

•	 Meticulous sealing of any breach into the ventricular 
system or subarachnoid space to prevent contamination

•	 Prophylactic application of bone wax or fibrin sealant 
over drilled surfaces, particularly near CSF pathways, as 
suggested by previous studies (4,6).

Additionally, surgeons should consider resecting asymptom-
atic exophytic bone lesions located adjacent to CSF compart-
ments, as these may serve as a source of osseous debris with 
delayed consequences.

This case series highlights three distinct presentations of in-
tracranial mature bone formation, each with a different under-
lying etiology: a midline mature teratoma, a reactive calcifying 
pseudotumor, and a suspected case of iatrogenic ossification 
due to bone dust migration. Notably, the third case provides 
compelling circumstantial support for a novel pathophysiolog-
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of the CNS. Br J Neurosurg 15:521-523, 2001. https://doi.
org/10.1080/02688690120097741

13.	Thomson S, Tyagi AK, Chumas PD: Intracranial hypertro-
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ical mechanism involving the chronic introduction and osteo-
genic transformation of bone dust within the fourth ventricle.

█   CONCLUSION
These findings underscore the need for heightened intraoper-
ative vigilance during cranial drilling, particularly in procedures 
involving proximity to CSF spaces. Preventive strategies 
aimed at minimizing particulate dissemination should be in-
corporated as standard practice to reduce the risk of delayed, 
ectopic bone formation. Given the potential for such lesions to 
mimic neoplastic or vascular pathology, neurosurgeons must 
remain aware of this rare but clinically significant phenome-
non during diagnosis, surgical planning, and postoperative 
follow-up.
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ABSTRACT

Carotid blowout syndrome (CBS) refers to involvement of the carotid artery by malignant processes of the head and neck with 
compromise of vessel integrity and rupture. Carotid hemorrhage (CBS type III) is fatal, particularly when it occurs outside hospital 
settings. Bleeding can occur through the skin or mucosa and may cause airway compromise. It is associated with high mortality 
and morbidity. A 55-year-old woman presented to the emergency room with shock state, bleeding from the oral and nasal cavity. 
The patient had previously experienced recurrent maxillary carcinoma treated with radiation therapy 9 years prior. Digital subtraction 
angiography revealed active extravasation from the cavernous portion of the left internal carotid artery. Emergent parent artery 
occlusion was performed by coil embolization, including the extravasation site; complete hemostasis was achieved. Endovascular 
parent artery occlusion (PAO) is the preferred management method; covered stents are an option for managing patients who are 
not candidates for PAO. In our case, additional left superficial and middle cerebral artery anastomoses were needed on the day 
after PAO for preventing hemodynamic cerebral infarction. Since type III CBS can be fatal, early recognition of CBS predictors by 
multidisciplinary teams is crucial for preventing fatal bleeding.
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█   INTRODUCTION

Carotid blowout syndrome (CBS) is an uncommon but 
dreaded complication occurring in patients treated for 
face, head, and neck cancers. CBS results from arte-

rial wall necrosis. This can occur following resection of face, 
head, and neck carcinoma, after irradiation of recurrent or 
second primary tumor, by direct tumor invasion of the carot-
id artery wall, or by a combination of these factors (14). Ad-
vances in interventional neuroradiology have made managing 
these conditions possible, which was previously difficult (14).

Herein, we present a case of acute type III CBS that occurred 
in a patient with maxillary carcinoma who actively underwent 
endovascular emergent parent artery occlusion (PAO).

Written informed consent and consent to publication was 
obtained from the patient.

█   CASE REPORT 

A 55-year-old woman presented to the emergency room in 
a serious state with bleeding from the oral and nasal cavity. 
Examination revealed the presence of large clots in the oral 
cavity. The patient was in shock. Hemogram revealed a he-
moglobin level of 5.1 g/dL. The coagulation profile blood tests 
revealed normal results. Massive fluid replacement and blood 
transfusion were performed; however, the patient required 
continuous blood transfusion to stabilize the blood pressure.

At 37 years of age, the patient had experienced maxillary 
carcinoma, which was surgically removed and pathologically 
diagnosed as mucoepidermoid carcinoma. Recurrence was 
observed on positron emission tomography-computed to-
mography (PET-CT) 9 years after surgery (Figure 1A, B).

Conformal photon-based planning and charged-particle ther-
apy using charged carbon ions (64 Gy, relative biological ef-
fectiveness [RBE]) were used for managing the recurrence. 
The recurrent lesions were suppressed after radiotherapy (Fig-
ure 1C).

The sudden oral and nasal bleeding 9 years after radiation 
therapy was suspected to be the result of CBS. Emergent 
three-dimensional computed angiography (3D-CTA) revealed 
extravasation from the left internal carotid artery (ICA) (Figure 
2A, B). An interventional radiologist and neuroradiologist were 
consulted immediately. Digital subtraction angiography (DSA) 
revealed active extravasation from the cavernous portion of 
the left ICA (Figure 2C, D). Emergent PAO was performed by 
coil embolization, including the extravasation site; complete 
hemostasis was achieved (Figure 3A-E).

Additional left superficial and middle cerebral artery anasto-
moses were needed on the day after PAO due to occurrence 
of a new cerebral infarction in the left ICA watershed region 
(Figure 4 A-E). The patient was discharged without new neu-
rological symptoms.

█   DISCUSSION
By definition, CBS is a hemorrhagic event of carotid artery 
systems (9). It represents involvement of the carotid artery by 
several lesions of the head and neck (12), causing rupture. 

CBS can be categorized into three types that may involve the 
common carotid artery (CCA) and ICA (8,9,14). Threatened 
(type I) CBS is characterized by carotid artery exposure de-
tected on examination or imaging in the form of air surround-
ing the vessel, an adjacent abscess or tumor associated with 
a fistula, or areas of arterial wall disruption found on vascu-

Figure 1: Left maxillary carcinoma recurrence (red arrows) observed in the positron emission tomography-computed tomography (A), 
and magnetic resonance image (MRI) (B), 9 years after initial removal. MRI showing suppression of the recurrent lesion after radiation 
therapy (C).
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lar imaging studies (8,9,14). Impending blowouts (type II) are 
bleeding episodes that can be temporarily resolved by pres-
sure and wound packing (3). Carotid system hemorrhage (type 
III) is fatal, particularly when it occurs outside hospital settings 
(8). Bleeding can occur through the skin or mucosa and may 
cause airway compromise. It is associated with mortality and 
morbidity rates of 40% and 60%, respectively (8).

Radiation has been implicated in obliterating the vasa vaso-
rum, causing fibrosis of the adventitia and weakening of the 
arterial wall, leading to rupture (8,9,14). In the present case, 
both prior radiotherapy and tumor recurrence were risk fac-
tors. Regarding intensity-modulated radiation therapy, the 
bleeding rates are lower, 0%–2.4%; however, several case 
series on stereotactic radiosurgery and hypo-fractionated ste-

Figure 2: Emergent 3D-computed angiography shows the bleeding from left internal carotid artery (ICA) (red arrows) as suspected (A: 
axial view, B: coronal view). Digital subtraction angiogram shows active contrast extravasation from cavernous portion of left ICA (C: 
anterior-posterior view, D: lateral view), causing carotid-cavernous fistulae.

Figure 3: Emergent parent artery occlusion 
was performed. Initially, a balloon guiding 
catheter was replaced in left internal carotid 
artery (ICA) (A). Coiling from distal to the 
petrous portion of left ICA (B), to proximal 
C4/5 portion of left ICA was performed to 
achieve complete parent artery occlusion 
(PAO) (C). Right vertebral artery angiogram 
shows left ICA perfusion via left posterior 
communicating artery after the PAO (D). 
Right ICAG shows poor collateral flow via 
anterior communicating artery (E).
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Following establishing a diagnosis of type III CBS, immediate 
treatment and critical care are essential, including securing 
the airway and managing hemorrhagic shock (8,9,14). Primary 
treatment of the ruptured carotid artery mainly comprises 
endovascular techniques, including embolization and stenting 
of the parent artery (7), as well as a combination of intracranial 
and extracranial bypass grafting (2), similar to those in our 
case.

However, endovascular treatment can induce delayed cere-
bral ischemic complications, resulting from an incomplete cir-
cle of Willis (10). In acute cases, patients have unstable vital 
signs or impaired consciousness, thereby a balloon occlusion 
test is usually not possible. Angiography of the contralateral 
carotid artery and posterior circulation is required to check 
whether the circle of Willis is complete and whether there is 
adequate collateral flow, similar to that in the present case. 
Endovascular embolization of CBS is associated with cerebral 
ischemic insults in 8%–14% of patients. Although patients at 
high risk of neurological sequelae are currently treated with 
covered stents (11,13), cerebral infarction was still reported 
after such intervention in 15%–30% of patients (14). A higher 
risk of CBS recurrence with stent placement (44%) has been 
reported compared with embolization therapy (10%) or sur-
gical ligation (25%) (2). In our case, additional superficial and 
middle cerebral artery anastomoses were needed on the day 

reotactic radiotherapy have reported higher rates (0–17%) of 
bleeding (14). Generally, cumulative doses >130 Gy show a 
higher rate of CBS and other acute and delayed toxic effects 
than do lower doses (14). In the present case, the patient un-
derwent charged-particle therapy using carbon ions (64 Gy) 
without chemotherapy and developed CBS type III 9 years 
after radiation therapy. Charged-particle therapy benefits pa-
tients with cancer by localizing doses in the tumor volume 
while minimizing doses delivered to normal tissue through its 
unique physical and biological characteristics (6). However, 
similar to that in our case, late artery rupture can be problem-
atic following this therapy.

The predictors of CBS, such as pseudoaneurysm formation 
and vessel wall damage should be made aware of after radi-
ation therapy for head and neck malignant tumors (8,9,14). In 
addition, head and neck surgery was identified as an indepen-
dent risk factor of CBS in patients post-radiation therapy (4).

Carotid rupture in the setting of re-irradiation in nearly all in-
stances results in death of the patient due to massive hem-
orrhages in the pharynx or elsewhere. In a systematic review, 
approximately 80% of cases were fatal, those occurred within 
one month of CBS onset (5,14). Survival rates at one month 
and one year after CBS have been reported to be approxi-
mately 30% (5,14).

Figure 4: On the next day of the PAO, diffusion weighted image shows high signal intensity in the left internal carotid artery (ICA) 
watershed region (A). Magnetic resonance angiography (MRA) shows no flow in the left ICA or the extravasation findings (B). Emergent 
left superficial temporal artery and middle cerebral artery anastomosis was performed for the hemodynamic cerebral ischemia of left ICA 
occlusion. Intra-operative findings show anastomosis of the superficial temporal artery and middle cerebral artery (C), and patent flow 
on indocyanine green intraoperative angiography (D). Post-operative MRA shows the anastomotic state of the left superficial temporal 
artery and middle cerebral artery (E).
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Carotid blowout syndrome in head and neck cancer patients: 
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P: Endovascular intervention for carotid blowout syndrome 
and predictors of recurrence: A retrospective and multicenter 
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https://doi.org/10.1016/j.clineuro.2024.108584. 

11.	Wong DJY, Donaldson C, Lai LT, Coleman A, Giddings 
C, Slater LA, Chandra RV: Safety and effectiveness of 
endovascular embolization or stent-graft reconstruction for 
treatment of acute carotid blowout syndrome in patients with 
head and neck cancer: Case series and systematic review of 
observational studies. Head Neck 40: 846-854, 2018. https:// 
doi.org/10.1002/hed.25018. 

12.	Xie TH, Zhao WJ, Li XL, Hou Y, Wang X, Zhang J, An XH, Liu 
LT: Carotid blowout syndrome caused by chronic infection: A 
case report. World J Clin Cases 10:5051-5056, 2022. https://
doi.org/10.12998/wjcc.v10.i15.5051.14. 

13.	Zhou J, Yang K, Zhang X, Liu Z, Dmytriw AA, Xie W, Yang 
K, Wang X, Xu W, Wang T, Jiao L: A systematic review and 
meta-analysis of endovascular treatment of carotid blowout 
syndrome. J Clin Neurosci 133:111024, 2025. https://doi. 
org10.1016/j.jocn.2024.111024. 

14.	Zhu WY, Huang J, Lu ZQ, Yang S, Huang G, Zhou LW, Shun 
Pan Cheung G, Yu-Wai Chan J, Wu PA: Management of post 
radiation carotid blowout syndrome in patients with head 
and neck cancer: A systematic review. Radiother Oncol 200: 
110502, 2024. https://doi: 10.1016/j.radonc.2024.110502.

after PAO due to occurrence of a new cerebral infarction in 
the occluded ICA watershed region. Efficacy of superficial and 
middle cerebral artery anastomoses for acute ICA occlusion 
was reported (7). Other complications, both in patients with 
stents and embolization, include septic thrombosis with mul-
tiple brain abscesses, neck abscess formation, and extrusion 
of the stent or the coils used for embolization (1,5). 

█   CONCLUSION 

With the increasing number of treated face, head, and neck 
cancer cases, oncologists must be cautious about any recent 
history of oral bleeding or hemorrhage from an exposed neck 
wound. Once CBS is suspected by an emergency physician, 
interventional radiologists and/or neuroradiologists must 
be contacted immediately for expeditious diagnosis and 
intervention. 

PAO is the preferred management method and covered stents 
are an option for managing patients who are not candidates 
for parental vascular occlusion. Early recognition of CBS 
predictors by multidisciplinary teams is crucial. 
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Dear Editor, 

I’ve read Alpergin et al.’s article with keen interest (1). This 
study contains crucial findings and will be helpful to clinical 
and preclinical researchers interested in the subject. The 

main finding is that the authors reported that obesity may af-
fect the degree of cerebral vasospasm following subarachnoid 
hemorrhage and that cerebral vasospasm may exacerbate the 
process in the presence of obesity (1). This letter aims to un-
derscore the potential advantages of using neurobehavioural 
tests in conjunction with histological and molecular studies in 
subarachnoid haemorrhage research.

This correspondence intends to offer methodological insights 
into the study addressed here. Neurobehavioral assessments 
may be used to evaluate functional alterations  in the sub-
arachnoid hemorrhage model. 

1. Open Field test

The open-field test is frequently used to assess general lo-
comotor activity (4). Behavioral changes are recorded in the 
open-field test in models that affect the central nervous sys-
tem (4,7). An open-field test can be performed to determine 
whether vasospasm has occurred in the subjects before they 
are sacrificed. It has been shown that the distance traveled by 
the subjects in the open field test decreases, mainly due to the 
early-stage (up to 2 weeks) vasospasm effect (3). Therefore, 
an essential finding of early vasospasm is reduced locomotor 
activity. Alpergin et al. terminated the experiment seven days 
after inducing subarachnoid hemorrhage; thus, an open-field 
test can be beneficial for observing vasospasm-related cues.

2. Rotaroad test 

Rotarod is utilized for the quantitative assessment of motor 
function (7). It involves the rat or mouse maintaining balance 
and walking on a rotating experimental apparatus that spins 

around its own axis (6). The animal must maintain coordinated 
movement continuously to avoid falling. This is used to mea-
sure parameters, such as motor coordination, balance, endur-
ance, and motor learning (6,7).

3. Neurobehavioral assessments that can be used to measure 
muscle strength in a subarachnoid hemorrhage model: Grip 
strength test, Kondziella inverted screen test, and Weight test

The grip strength test is a behavioral assay designed to as-
sess the muscle strength of the hind and forelimbs of rodents 
(7). The Kondziela reverse screen test is used to assess the 
grip strength of rodents’ forelimbs and hindlimbs. In this test, 
subjects grasp a wire apparatus with all four paws. The wire is 
then turned upside down. The time it takes for subjects to fall 
onto a pile of safe materials such as straw or wood shavings 
is recorded to evaluate muscle strength (5). The weight test is 
conducted to assess the grip strength of rodents’ forelimbs. 
The subjects’ weight-holding times are scored (5). 

4. Neurological scoring and reflex examinations

The Neuroscore test assessment consists of the following 
components: the forelimb flexion test, hindlimb flexion test, 
hind paw grasping reflex test, visually triggered placing test, 
and contact-triggered placing test (5).

5. Cognitive tests: Morris water maze, Y maze, T maze, ele-
vated plus maze, radial arm maze, Vanderwolf wolf swimming 
test

Spatial learning and memory may be assessed through var-
ious behavioral paradigms. The Morris water maze and the 
Vanderwolf swimming test can be used for this purpose (2,7). 
Waterless maze systems, such as the T-maze, radial arm 
maze, and elevated plus maze, may also be employed to eval-
uate cognitive functions.
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Future Directions

The significant advantage of neurobehavioral tests is that they 
are easy, cost-effective, and largely reproducible. Before eu-
thanasia of the subjects, researchers will be provided with a 
wide range of data, including motor coordination, endurance, 
muscle strength, locomotor activity, and cognitive patterns.

Another essential advantage of neurobehavioral tests is that 
anxiety-like behaviors can be examined simultaneously with 
locomotor activity during the 5-minute measurement in the 
open field test (4). Anxiety-like behaviors may similarly be as-
sessed using the elevated plus maze test, which is employed 
to examine cognitive parameters by modifying the test dura-
tion and application protocol (2).

Although these tests are relatively easy to implement follow-
ing established protocols in behavioral research in the field of 
behavior, their most significant disadvantage is that interpret-
ing the test results may require scientists working in this field, 
such as physiologists or pharmacologists. This challenge can 
be resolved through multidisciplinary studies.
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Dear Editor,

W ith respect to the paper entitled “Neuroendoscopic 
Surgical Treatment of Hypertensive Brainstem Hem-
orrhage” (2), I’d like to share my concerns that are 

discussed in the manuscript. The authors are to be commend-
ed for addressing an important and relatively underexplored 
topic in neurosurgery. Their findings contribute meaningful 
data to the ongoing discussion of optimal surgical strategies 
for hypertensive brainstem hemorrhage (HBSH), a condition 
that remains among the most challenging to manage.

Neuroendoscopic surgery represents a promising option for 
selected patients with HBSH. The study offers valuable clin-
ical insights, and we would like to share several reflections 
that may help further enrich the discourse. The use of 3D-Slic-
er software for preoperative hematoma volume assessment 
is particularly noteworthy (1). A more detailed description of 
how this tool informed surgical decision-making, and wheth-
er it was paired with intraoperative navigation systems, could 
strengthen the understanding of its methodological relevance.

The use of four different surgical approaches is another im-
portant aspect of the study. Further clarification of how each 
approach was chosen based on hematoma location, size, or 
morphology would offer practical guidance for surgical plan-
ning. Such details may also help identify patient subgroups 
such as those with hematoma volume >10 mL or ventricular 
extension who might derive greater benefit from endoscopic 
intervention.

While early postoperative results appear encouraging, lon-
ger-term evaluation of neurological recovery would provide a 
more complete picture of procedural efficacy. Incorporating 
additional outcome measures, such as the modified Rankin 
Scale and comparing outcomes with alternative management 
strategies (e.g., stereotactic aspiration or conservative treat-

ment) in future studies would enhance understanding of neu-
roendoscopic results.

Overall, this study offers valuable preliminary evidence sup-
porting neuroendoscopic surgery as a feasible and potentially 
effective option for patients with HBSH. Prospective, multi-
center studies incorporating standardized imaging, refined 
patient selection, and long-term follow-up will be essential to 
validate and expand upon these findings.
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