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INSTRUCTION TO THE AUTHORS

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 Publication®

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

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.

Turk Neurosurg 36(3), 2026 | 111



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, abbreviationlist, 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 Sl 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 JPG,PNG,JPEG,WEBP 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.
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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.nim.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.icmije.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



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 DOl 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 DOl 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 (2 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

Turk Neurosurg 36(3), 2026 | V



E. Software

Epi Info [computer program]. Version 6. Atlanta: Centers for
Disease Control and Prevention, 1994

F. Online journals

Friedman SA. Preeclampsia: A review of the role of prostaglandins.
Obstet Gynecol [serial online]. January 1988;71:22-37. Available
from: BRS Information Technologies, McLean, VA. Accessed
December 15, 1990

@G. Database

CANCERNET-PDQ [database online]. Bethesda, MD: National
Cancer Institute, 1996. Updated March 29, 1996

H. World Wide Web

Gostin LO. Drug use and HIV/AIDS [JAMA HIV/AIDS web site].
June 1, 1996. Available at: http://www.ama-assn.org/ special/ hiv/
ethics. Accessed June 26, 1997

ARTIFICIAL INTELLIGENCE USAGE POLICY

Permitted Uses of Artificial Use (Al) Tools: Authors may use
generative Al tools (e.g. ChatGPT, Bing Chat, Bard, etc.) to assist
with certain aspects of manuscript preparation — for example,
to improve grammar and readability, to brainstorm research
questions, or to summarize background literature — provided that
these tools are used responsibly and with human oversight. Al
can be a helpful aid for editing and idea generation, but it must not
replace the authors’ own critical analysis and writing.

Authorship and Accountability: Al tools cannot be listed as an
author or co-author under any circumstances. All authors listed
on the paper must be human and must meet the International
Committee of Medical Journal Editors (ICMJE) authorship criteria
(having made substantial contributions, written or revised the text,
and able to take responsibility for the work). The human authors
take full responsibility for all content of the manuscript, including
any portions that may have been Al-assisted. If errors, biases, or
plagiarism are found in the content — even if introduced by an Al -
the authors will be held accountable.

Mandatory Disclosure of Al Usage: Authors are required to
disclose any use of Al in the creation of their manuscript. During
submission, the corresponding author will need to answer a
checkbox/question about Al use (e.g. “Did you use any generative
Al or Al-assisted tools during the writing or preparation of this
manuscript?”). If the answer is “Yes,” the author must provide a
brief description of how and where Al was used.

Location of Disclosure in Manuscript: In addition to the
submission form, authors must insert an “Al Assistance Statement”
in the manuscript itself. This should be placed at the end of the
manuscript (just before the References) under a separate heading,
for example: “Declaration of Generative Al Use.”
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ABSTRACT

AIM: To assess the effectiveness and safety of endovascular treatment (EVT) versus medical management (MM) in stroke patients
with premorbid disabilities.

MATERIAL and METHODS: A systematic search was conducted in PubMed, Embase, and the Cochrane Library for studies on
EVT in large vessel occlusion (LVO) patients with pre-stroke modified Rankin Scale (mRS) score of 2-4. The primary outcome was
functional recovery, defined as returning to at least the pre-stroke mRS score within 90 days. The secondary outcomes included
symptomatic intracranial hemorrhage (sICH) and 90-day mortality. The meta-analyses were conducted via random effects models.

RESULTS: Six cohort studies involving 2,106 patients were included. Compared with MM, EVT was associated with a higher
likelihood of functional recovery (adjusted odds ratio [aOR], 3.26; 95% confidence interval [CI], 2.26-4.70; p<0.001) and lower risk
of mortality (aOR, 0.40; 95% CI, 0.20-0.83; p=0.01). EVT was also associated with a potentially increased risk of sICH, although the
difference did not reach statistical significance (@OR 2.47, 95% CI 0.81-7.52; p=0.11).

CONCLUSION: Although EVT may be associated with a higher potential risk of sICH, it improves the likelihood of functional
recovery and reduces mortality in LVO patients with pre-stroke disability. Therefore, denying EVT solely on the basis of premorbid
disability may be unjustified. Further high-quality randomized controlled trials are warranted to validate these findings.

KEYWORDS: Ischemic stroke, Disabled persons, Thrombectomy, Outcomes

ABBREVIATIONS: AIS: Acute ischemic stroke, LVO: Large vessel occlusion, EVT: Endovascular treatment, BMM: Best medical
management, mRS: Modified rankin scale, sICH: Symptomatic intracranial hemorrhage, Cl: Confidence interval, RR: Risk ratio,
NIHSS: National institutes of health stroke scale

B INTRODUCTION AIS patients have pre-existing disabilities, known as pre-
stroke disabilities, with nearly one-third of those undergoing

arge vessel occlusion (LVO) leading to acute ischemic  EvT in clinical practice having baseline pre-stroke disabilities
stroke (AIS) is a significant cause of disability world- (4 12). Unfortunately, these patients are often excluded from
wide (11). Endovascular treatment (EVT) has become  randomized controlled trials (RCTs) because their prestroke

the standard of care for reducing disability associated with modified Rankin Scale (mRS) scores (=2) pose challenges to

LVO-related AIS (1). However, a significant proportion of LVO- the traditional definition of favorable outcomes, which rely on
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binary measures in clinical trials (9). Existing guidelines for
treating patients with mRS scores =2 lack explicit strategies,
and there is significant variability in EVT practices for this pop-
ulation, with decisions often being based on clinical judgment.
This creates a therapeutic dilemma for stroke physicians man-
aging patients with mRS scores =2 (5,7). Therefore, stroke
physicians face a therapeutic dilemma when managing pa-
tients with mRS scores >2. Therefore, it is imperative to select
the optimal treatment to ensure timely, successful vascular
reperfusion and improve clinical outcomes for these patients.

While previous systematic reviews have provided insights, they
did not include a control group receiving medical management
(MM), limiting the ability to determine differences in outcomes
related to the intervention. This study aims to evaluate whether
EVT is superior to MM in terms of safety and effectiveness in
patients with pre-stroke disabilities, providing clinicians with
guidance for acute stroke treatment in this specific population.

B MATERIAL and METHODS

This systematic review and meta-analysis were conducted in
accordance with the Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (1). The
study protocol was prospectively registered in the international
prospective register of systematic reviews (PROSPERO) with
registration number CRD42023443307.

Selection Criteria

Comparative studies with English texts that met the following
PICO (Patient, Intervention, Comparator, and Outcome)
criteria were considered eligible for inclusion (2).

Patients: Individuals aged =18 years with pre-stroke disability
of LVO-AIS who had pre-stroke, defined as an mRS score of
2-4.

Intervention: Receiving EVT.
Comparison: Receiving MM.

Outcomes: The primary outcome was functional recovery,
which was defined as a return to at least the pre-stroke
mRS score at 90 days. The secondary outcomes included
symptomatic intracranial hemorrhage (sICH) and mortality at
90 days.

Search Strategy

Our search was last updated on 1 July 2023 to ensure that
there were no new studies meeting the eligibility criteria. The
search keywords used were as follows: (“prestroke” or “pre-
stroke” or (“stroke” and (“premorbid” or “premorbid” or “pre-
existing” or “preexisting” or “previous” or “baseline”))); (“mor-
bidity” or “mobility impairment” or “disability” or “disabilities”
or “dependence” or “dependent” or “dependency”); and
(“reperfusion therapies” or “reperfusion treatments” or “en-
dovascular therapy” or “endovascular treatment” or “intra-ar-
terial therapy” or “intra-arterial treatment” or “endovascular
thrombectomy” or “mechanical thrombectomy” or “intra-arte-
rial thrombectomy” or “MT” or “EVT” or “IAT”).
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Data Extraction

Two authors (T.-Y.Z. and D.L.) independently extracted infor-
mation on study characteristics (first author, year of publica-
tion, study period, country, study design, number of institu-
tions, population included, and number of patients), patient
characteristics (age, sex, National Institutes of Health Stroke
Scale), and clinical outcomes. When duplicate reports of the
same study were found, the data were analyzed from the most
complete dataset. Objections were adjudicated by the senior
author (H.-Z. Z.).

Risk of Bias Assessment

The quality of the included studies was assessed via the
Newcastle-Ottawa Scale (NOS) research checklist, which
evaluates the selection, comparability, and outcomes of both
case-control and cohort studies (3). Each study was reviewed
and scored in three categories: selection of study groups
(0-4 points), comparability (0-2 points), and assessment of
outcomes (0-3 points), with a maximum possible score of 9
points. A score of =8 indicates a low risk of bias, a score of 6-7
indicates a moderate risk of bias, and a score of <5 indicates
a high risk of bias. Potential discrepancies were resolved
through discussions with the senior author (H.Z.Z.). Both re-
viewers (T.Y.Z. and D.L.) independently assessed the quality
of all included studies, and any differences were resolved by
consensus. See Table | for details.

Statistical Analysis

To derive the odds ratio (OR) from reported binary outcomes
comparing EVT and BMM, we performed a meta-analysis via
the Mantel-Haenszel method. The results were presented as
relative risks with corresponding 95% confidence intervals
(Cls). To account for variability both within and between
studies, we used arandom effects model for this meta-analysis.
Heterogeneity among studies was assessed via Cochran’s Q
statistic and the I? statistic. 12 values exceeding 50% were
interpreted as indicating significant heterogeneity, whereas
values over 75% were considered indicative of considerable
heterogeneity. A sensitivity analysis was conducted for all
outcomes after adjusting for potential confounding factors.
Owing to the inclusion of fewer than 10 studies in our
analysis, we did not perform a publication bias assessment
or meta-regression analysis. All the statistical analyses were
conducted via Review Manager (RevMan) version 5.3, which
was developed by the Cochrane Collaboration and is located
at the Nordic Cochrane Centre in Copenhagen.

B RESULTS
Overview of Included Studies

The initial search identified 1,495 records, with 357 duplicates.
After reviewing the titles and abstracts, 1,120 records were
excluded. A detailed examination of the remaining 18 full-
text articles led to the inclusion of 6 studies in this systematic
review and meta-analysis. These studies involved a total of
2,106 AIS stroke patients and compared MM with EVT (Figure
1).
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Table I: Quality Assessment of the Included Studies
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Figure 1: Study selection.
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All studies included in this analysis were non-randomized,
multicenter, retrospective cohort studies, with data collect-
ed from high-volume neurointerventional centers across five
countries: Germany, Japan, Austria, Switzerland, and the
United States. The risk of bias was evaluated via the Newcas-
tle-Ottawa Scale (Table 1), and all six studies achieved a score
of 7 or higher, indicating generally good quality.

Study Characteristics and Patient Demographics

The study included 2,106 acute stroke patients aged 18 years
or older, all of whom had been treated for previous proximal
LAO involving the intracranial proximal internal carotid artery
and/or the M1 and/or M2 segments of the middle cerebral
artery, accompanied by disabling symptoms. Among these
patients, 1,300 received MM, while 806 were receiving drug
treatment. Table Il provides a comprehensive description of
the baseline characteristics of these patients. The manage-
ment of each patient followed the BAO International Ischemic

Table II: Pooled Baseline Characteristics of Included Patients

Stroke Management Guidelines. The control group consisted
of patients who did not undergo thrombectomy during hospi-
talization and who received only medical treatment, whereas
the intervention group included patients who underwent stan-
dard thrombectomy during their hospital stay.

The Primary Outcome was a Return to at Least the
Pre-Stroke mRS Score

Among the six studies, four reported functional recovery
outcomes and were included in the meta-analysis, involving
1560 pre-stroke disabled patients (with 900 receiving EVT
and 660 receiving MM) (10,11,13,14). The pooled analysis for
this group of AIS patients indicated that, compared with MM,
EVT may be a higher likelihood of functional recovery at 90
days (OR=2.62; 95% CI, 1.53-4.49; p<0.001; Figure 2A), with
a significant level of study heterogeneity and statistical signif-
icance (I°’=65%, p=0.04). The sensitivity analysis, adjusted for
potential confounding factors, indicated the robustness of the

Definition of premorbid Patients Age Female Return to SICH 90-day
Author Year disability and control n) (median) o ’ baseline n(© /)’ mortality,
groups (years) ° mRS, n (%) ° n (%)
2 70
EVT 3 54 82 65.1 49 (28.0) 6 (3.0) 31 (18.0)
Tanaka 2021 4 51
et aI., (1 4) 2 42
BMM 3 54 87 75.0 18 (11.0) 2 (1.0) 44 (27.0)
4 68
3 136
EVT 4 33 79.4+12.2 62.3 47 (27.0) 7 (4.0 76 (43.0)
Sykora 2022 5 6
etal., (13) 3 185
BMM 4 83 85.2+8.8 65.2 58 (20.0) 6 (2.0) 180 (63.0)
5 19
3 82
EVT 82 72.5 20 (20.0) 6 (6.0) 54 (53.0)
Sprugel 2022 4 20
etal, (11) 3 80
BMM 81 72.8 8(8.0) 1(1.0) 76 (74.0)
4 23
Siegler 0029 EVT 2~4 448 - 66.3 118 (26.0) 31 (7.0) 170 (38.0)
etal., (10) BMM 2~4 106 / 8 (8.0) 0(0.0) 48 (45.0)
Kastrup 0021 EVT 3~4 142 83+8 / / 12 (8.0) 31 (22.0)
etal, (6) BMM 3~4 89 86+ 7 / / 7 (8.0) 22 (25.0)
Miyake 2023 EVT 2~3 258 82207 60.1 / / 55 (21.3)
etal., (8) BMM 2~3 57 83.4+1.4 68.4 / / 9 (15.8)

EVT: Endovascular treatment, BMM: Best medical management.
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(A) Unadjusted analysis

Heterogeneity: Tau? =019, Chif =853, df = 3 (P =0.04); 12 =B5%

EVT MM Odds Ratio Odds Ratio

id ibg 2 2 eig Band 95% Cl M-H, Random, 95% Cl
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Tanaka 2021 49 175 18 164 26.8% 3.15[1.75, 5 BY) —
Total (95% CI) 200 660 100.0% 2.62 [1.53, 4.49] "
Total events 234 92 . . .

T

T i 1
0.1 1 10 a0

Test far overall effect: Z = 3.50 (F = 0.0005) 0.02 Favours [MM] Favours [EVT]
(B) Adjusted analysis _ _
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Siegler 2022 1302013 0318656 34.6% 368197, 687) L
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Tanaka 2021 110194 0338822 306% A01[155, 585 L
Total (95% CI) 100.0% 3.26[2.26,4.70] ‘
Heterogeneity: Tau® = 0.00; Chi#= 0.88, df = 3 (P = 0.83); I = 0% Io o O’,] ] 1’0 100’
Testfor overall effect: 7 =630 (P < 0.00001) ) Févours MM] Favours [EVT]
Figure 2: Forest plots for functional recovery.
outcome related to functional recovery (4 studies; adjusted B DISCUSSION

OR [aOR]=3.26; 95% Cl, 2.26-4.70; p<0.001; I=0%:; Figure
2B).

Secondary Outcomes: 90-Day Mortality and sICH
Outcomes

All six studies, comprising a total of 2106 patients (1300 re-
ceiving EVT and 806 receiving MM), provided data on the
90-day mortality rate for pre-stroke disabled patients (6,8,10,
11,13,14). Specifically, the EVT group presented a lower 90-
day mortality rate (OR=0.64; 95% CI, 0.47-0.88; p=0.006;
Figure 3A). Notably, there was minimal heterogeneity and rel-
atively significant statistical significance between the studies
(I’=54%, p=0.05). The sensitivity analysis indicated the ro-
bustness of the outcome related to the 90-day mortality rate
(4 studies; aOR=0.40; 95% ClI, 0.20-0.83; p=0.01; 12 =62%;
Figure 3B).

Among the five studies involving 1791 pre-stroke disabled
patients (with 1042 receiving EVT and 749 receiving MM),
data were available to assess the occurrence of sICH (6,
10,11,13,14). In terms of the rate of sICH, the EVT group
demonstrated a higher risk than the MM group did (OR=2.28;
95% Cl, 1.03-5.01; p=0.04), as illustrated in Figure 4A. In this
case, heterogeneity was also relatively low (1= 29%, p=0.23).
In contrast, the sensitivity analysis adjusted for confounding
factors suggested a potentially higher incidence of sICH in the
EVT group than in the MM group. However, the difference did
not reach statistical significance (2 studies; aOR=2.47; 95%
Cl, 0.81-7.52; p=0.11; 12=4%; Figure 4B).

Our meta-analysis focused exclusively on cohort studies re-
trieved from databases that included patients with pre-stroke
disability. The aim was to provide evidence-based treatment
data specifically for this patient population. These findings
suggest that, compared with MM, EVT may be associated
with a higher likelihood of functional recovery and lower mor-
tality. No significant difference was observed in the incidence
of sICH after adjusting for potential confounders.

After the search, we systematically reviewed six studies in-
volving a total of 2106 patients. The controlled studies in this
review indicated that, for acute ischemic strokes caused by
AIS-LVO, patients who received EVT had a better prognosis
in terms of recovering baseline functionality than did those
who received MM. Notably, EVT demonstrated superior effi-
cacy in achieving a reduction in mRS scores for pre-stroke
disabled patients within 90 days compared with conventional
drug therapy, leading to a lower mortality rate. Additionally,
the EVT group also presented a greater probability of intracra-
nial hemorrhage within 90 days. A prior observational study
by Ganesh et al. also suggested that a significant proportion
of pre-stroke disabled patients may recover to their pre-stroke
state after surgery, without indicating a higher incidence of
treatment-related complications or supporting the routine ex-
clusion of these patients from thrombectomy procedures (4).
The study by Bala et al. yielded similar results, but in com-
parison with the two included studies, our study had a larger
sample size, conducted a systematic review and data analysis
of EVT versus MM, and provided more comprehensive data,
thereby enhancing the persuasiveness of the results (1).
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(A) Unadjusted analysis

Test for overall effect: Z=1.59 (P=0.11)

Favours [EVT] Favours [MM]
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Figure 3: Forest plots for mortality.
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Figure 4: Forest plots for symptomatic intracranial hemorrhage.
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However, the proportion of pre-stroke disabled patients with-
in the stroke patient population is relatively small, hindering
research efforts directed at this subset. Given that disability
and stroke risks often increase in disabled patients, address-
ing this subset is crucial. With further research in this field, we
anticipate a more precise assessment of the impact of endo-
vascular treatment on pre-stroke disabled patients, facilitating
the formulation of more accurate treatment strategies.

Our meta-analysis has certain inherent limitations. The in-
cluded studies were essentially retrospective and obser-
vational, introducing inherent limitations. There were some
differences in the baseline characteristics between groups,
preventing deeper subgroup analysis and matching studies.
Patients usually receive medication therapy to maintain vas-
cular patency before undergoing EVT. Unfortunately, details
regarding the type and dosage of medication remain unclear,
which could influence our research results. Furthermore, after
a systematic literature search, only six studies met the inclu-
sion criteria, yielding a moderately sized overall sample. The
absence of primary outcome data in one report led to slightly
larger discrepancies in the results. Owing to the limited sam-
ple size, further analyses exploring confounding factors, such
as meta-regression and subgroup analyses, were not feasible,
potentially affecting the reliability and generalizability of the
study results. On the other hand, although interdisciplinary
collaboration is crucial for the rehabilitation of stroke-disabled
patients, current research largely focuses on specific disci-
plines and lacks a comprehensive perspective and approach
to interdisciplinary cooperation.

In the coming years, research on stroke treatment, whether
involving endovascular treatment or drug intervention, is ex-
pected to expand. Medical institutions may increasingly em-
phasize stroke treatment. This study offers a new approach
for researching stroke treatment in specific patient popula-
tions, ultimately leading to more personalized and detailed
interventions. As healthcare professionals draw experiences
from clinical guidelines and the latest research findings, treat-
ment prospects will become more refined, thereby improving
patient outcomes. We also look forward to clinicians paying
more attention to such special patients. Through in-depth re-
search and precise intervention, significant improvements in
treatment outcomes for pre-stroke disabled patients are antic-
ipated, allowing more patients to return to normal life.

B CONCLUSION

This meta-analysis demonstrated that EVT may be associated
with a higher likelihood of functional recovery and lower
risk of mortality in AIS patients with pre-stroke disabilities,
challenging the traditional hesitation to treat this population
aggressively. Our findings suggest that premorbid disability
alone should not preclude consideration for EVT. These
results have the potential to inform more inclusive treatment
guidelines. However, the conclusions are limited by the small
number of eligible studies and inherent confounding biases of
observational designs. Future high-quality RCTs are urgently
needed to strengthen the evidence base and guide optimal
therapeutic strategies in this underserved subgroup of stroke
patients.
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ABSTRACT

AIM: Rachiphagus is a rare congenital anomaly in which conjoined twins are fused at the midline of the vertebral column region.
When one twin is malformed, the condition is referred to as a parasitic twin. The term “parasitic twin” also encompasses cases
involving extra limbs or limb-like structures. Despite ongoing research, the underlying causes of this condition remain unknown.

MATERIAL and METHODS: This is a systematic review of the literature with a case report. A literature search was done in English
language in PubMed and Semantic —Scholar from 1952 to 2023. All articles and cases with excess leg or mass which were attached
at the back of the spine were reviewed and analysed.

RESULTS: A total of 65 cases with rachipagus anomaly were included in this study. Females 37 (56.9%) were affected more than
males 28 (43.1%). The lower limbs were in 41 (63.1%) cases, followed by rudimental limbs and mass were in 15 (23.1%) cases,
upper limbs were in 8 (12.3%) cases and rudimental upper and low limbs were in 1 (1.5%) case. In majority of cases, accessory
limb or mass were attached at lumbosacral region, 27 (41.5%), followed by 12 (18.5%) cases at lumbar region, 7 (10.8%) were at
thoracolumbar region, 5 (7.7%) were at sacral and other regions. More than half of the cases 34 (52%) were in Asian countries,
followed by 24 (37 %) cases in Africa.

CONCLUSION: Rachipagus parasitic twin is congenital abnormalities that develops during embryogenesis and exists at birth
with structural deformities of the spine and additional limb or limb like mass. This article presents a novel rachipagus case and
systematically reviews the relevant literature.

KEYWORDS: Conjoined twin, Parasitic twin, Polymelia, Rachipagus twin, Tripedus

ABBREVIATIONS: ASD: Atrial septal defect, CT: Computed tomography, EMG: Electromyography, F: Female, HCP: Hydrocephalus,
ICM: Inner cell mass, IONM: Intraoperative neurophysiological monitoring, LMMC: Lipomyelomeningocele, LL: Lower limb,
MRI: Magnetic resonance imaging, M: Male, MMC: Meningomyelocele, NTD: Neural tube defect, SEP: Somatosensory evoked
potentials, USG: Ultrasonography, UL: Upper limb, VSD: Ventricular septal defect

H INTRODUCTION parasitic twin is known as the “autosite” twin. In most cases,

parasitic twins manifest as an excess limb or limb-like mass

terized by a pair of conjoined or parasitic twins fused
along from the midline of the vertebral column. When
two twins are teratologically unequal, the larger or the normal
one of these twins that supports and provides nutrients for the

Rachipagus is a rare embryonic malformation charac-

protruding from the back along the vertebral column, rather
than developing into a fully formed infant. The parasitic twin
is attached to an autosite twin. In most cases, parasitic twins
appear as an excess limb or limb like mass arising from the
back of the vertebral column instead of completing himself
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as an infant. Whether this anomaly results from an improper
separation of twins or is a manifestation of aneural tube de-
fect (NTD) is still debated. Several hypotheses have been pro-
posed for the etiology of rachipagus. Two main theories are
associated with this, one of which is neural tube defects and
the other is the aberrant embryogenesis of conjoined twins,
but actual cause is still unknown (30,35,37,39,55,59,69). The
incidence rate is 1 in 50,000 births and up to 1 in 1-2 million
live births and seems higher in females than in males with a
ratio of 3:1 (37,44). The first report was in 1802 by Vincenzo
Malacarne who described it as a malformation with excess
limbs in a body with the term polymelia (26). Accessory limbs
on the back as a rachipagus were described by Deslongc-
hamps in 1851 and by Jones in 1889 (17,24). A PubMed
search revealed 26 articles on rachipagus since 1952, two ar-
ticles on tripedus since 2009 and multiple articles on parasitic
twins. But only 1 case of rachipagus was reported in 1991
with three fully developed normally functioning legs (13). No-
tably, only one case of rachipagus with three fully developed,
normally functioning legs was reported in 1991 (13).

This report presents the second documented case of a patient
with three fully developed, normally functioning legs, accom-
panied by a comprehensive systematic review of previously
published cases.

B MATERIAL and METHODS

The study was approved by the local ethics committee of
Harran University (No:21; Date: 31.10.2022). Written informed
consent was obtained from the patient’s family for publishing
this clinical report.

This is a report of a case with a third additional fully formed
functioning leg with a comprehensive review of the literature
and meta-analyses of the previously published cases with
rachipagus. The study adhered to the PRISMA 2020 guidelines
for systematic reviews. A literature search was conducted
using PubMed and Semantic -Scholar, spanning 1952-
2023 with key-words: including rachipagus, parasitic twins,
tripedus, notomelia, and polymelia. The search was restricted
to articles published in English. All articles and cases were
reviewed for data, type and level of the excess limbs, autosite
anomalies and surgical procedures. Only conjoined twins
who were fused dorsally at the midline of the spinal column
were included to this study. The cases with parasitic twining
from other anatomical regions of the body (heteropagus,
craniopagus, omphalopagus and others) and animal studies
were excluded. Finally, 64 cases with rachipagus from 47
articles were reviewed. All data of the included cases were
analysed by IBM SPSS statistic version 20. Student’s t-tests
were used for between group comparisons and significant of
p value was accepted (p<0.05).

Present Case

A 1-day-old, full-term female new-born, weighing 3.00 kg,
was referred to the Harran University hospital, Tirkiye, in
July 2022, with three fully formed functioning legs. There
was no relevant family history and the mother had a normal
pregnancy, with regular prenatal follow-ups. The tripedus
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condition was diagnosed in the third trimester, and delivery
was via caesarean section, but prenatal ultrasonography
(USG) images were not available.

Physical examination revealed a third limb attached to the
baby’s back at the midline of the lumbosacral vertebral
column via an iliac bone. The third leg moved in conjunction
with the other two legs or spontaneously (as confirmed by
review of the video material). A femoral pulse was palpable on
the medial side of the thigh of the third leg. A normal female
perineum was present between the normal right and left legs,
and the anus was present under the third limb (Figure 1).
Rudimentary external genitalia were represented by a papilla
anteriorly. All three legs were normally formed with a full range
of movements and responded equally to painful stimuli.

X-ray and 3D-computed tomography (CT) of the pelvis
demonstrated that the additional ileum articulating with the
margin of the sacrum had a partial acetabular joint with a nor-
mally sized femoral head (Figure 2A, B). Magnetic resonance
imaging (MRI) revealed a hip joint, femur, and thigh muscles in
the third leg, as well as a posteriorly protruding spinal cord at
the S2-3 level, along with rudimentary bowel loop, uterus, and
vesicle sacs (Figure 3A, B).

Figure 1: Lumbosacral attachment of a third leg to the back,
featuring false external genitalia (black arrow). The female
perineum is visible between the normal right and left legs (white
arrow), and the anus is located under the third limb (grey arrow).



Following a comprehensive assessment of all diagnostic
tests, including CT and MRI scans, a surgical procedure was
performed by a multidisciplinary team consisting of a pediatric
surgeon and a neurosurgeon. The amputation was conducted
under intraoperative neurophysiological monitoring (IONM) in
order to precisely identify the location of neural structures and
prevent any damage to the nerves of the first and the second
legs. During the surgery, exploration was done while preserving
an adequate flap for skin closure. The well-formed iliac bone
of the parasitic leg was disarticulated from the autosite
sacrum. Peripheral vascular bundles supplying the parasitic
leg were ligated. The neuronal roots of the third lower limb
were dissected under somatosensory evoked potential (SEP)
monitoring. The SEP type of IONM was chosen because of its
ease of application, ability to provide continuous monitoring
during long surgeries, safety in infants, and compatibility with
other monitoring techniques like electromyography (EMG)
(Figure 4). The third leg was completely resected without
damaging the neural structures of the sacrum, spinal cord,
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Figure 2: X-ray (A) and CT (B) lateral
views of the pelvis, showing the
additional ileum forming a partial
acetabular joint with the head of the
third femur and articulating with the
sacral margin.

Figure 3: A) MRI-T2 weighted axial
sections showing spinal cord roots
protruding posteriorly at the S2-3
vertebral level (black arrow); B) A
rudimentary bowel loop (white arrow)
and uterus and vesicle sacs (black
arrow) are visible.

or both legs of the main body. The muscular cutaneous flap
was well-performed, and the patient recovered smoothly,
ultimately being discharged without any further complications.

B RESULTS

Each case involving rachipagus was meticulously analysed to
assess the data quality, excess limb characteristics, autosite
anomalies, and surgical interventions (Table ).

The study found that rachipagus was more common in female
infants, accounting for 56.9% (n=37), compared to male
infants at 43.1% (n=28). Lower limbs were most commonly
associated with rachipagus, occurring in 63.1% of cases
(n=41), followed by rudimentary limbs and mases in 23.1%
(n=15). Upper limbs were seen in 12.3% of cases (n=8), and
a single case (1.5%) involved both rudimentary upper and
lower limbs attached to the back of the spine. The findings are
summarized in Table Il.
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Table I: Summary of Cases of Rachipagus

Figure 4: Intraoperative
neurophysiological somatosensory
evoked potentials monitoring of all
three legs: A: right leg, B: left leg,
C: additional third leg.

Localization of

Case Age Sex Contents of parasite Abnormalities in Autosite Country
appendage
Copley and Derwael, . . .
1991 (13) 8-days M Sacrum Well developed LL Spina bifida, MMC South Africa
Vertebraex2
Bowel
Pelvis Spinal dysraphism )
Ratan et al., 2004 (51) 2-days F Thoracolumbar Bladder Tethered cord India
Fallopian tissue
Limb with fused feet
Anal dimple . ) .
Chadha et al., 2006 (12) 1-day F Lumbosacral Digit like structures Spinal dysraphism India
Hemivertebrae, Scoliosis,
Zhao et al., 2006 (72) 4-years M Lumbosacral LL, pseudo nay el, Lumbosacral Yer‘tebral China
pseudo-penis dysplasia,
Dislocation of the left hip
Amirjamshidi et al., Mass with thumb and . -
2006 (4) 6-weeks F Lumbar fingers with nail beds Spina bifida Iran
Lower Spina bifida -
Lende et al., 2007 (32) 2-years F thoraco-lumbar LL MMC Ethiopia
High arched palate
Retrognathia
Posteriorly set ears
Snelling et al., 2008 (61)  4-months M Lumbar UL like structures $|m|an crease
Spinal dysraphism
Meningocele,
hydromyelia
Split, tethered cord
) Spinal dysraphism
Albert et al., 2008 (2) 9-months F Lumbosacral Segmeted UL like Myelocystocele USA
structures
Teratoma
Khan et al., 2009 (27) 1-day M Lumbosacral LL, anal dimple, scrotum Spina bifida India
3-months M Lumbar LL Lipoma, meningocele
Sanoussi, 2010 (58) Niger
18-months M Thoracal UL with two phalanges Spina bifda
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Table I: Cont.
Case Age Sex Localization of Contents of parasite Abnormalities in Autosite Country
appendage
Spina bifida, Diplomyelia
Zhang etal.,, 2011 (71)  17-years F Thoracal Breast, fallopian tube, Scoliosis China
9 v y bone Tethered cord
VSD
Debnath and Biswas, 2011 Well-formed limb, .
: India
(15) Intestine
Solak et al., 2012 (62) 2-months F Thoracal A malformed UL Lipoma Turkiye
Ringo et al., 2012 (53) 3-days M Lumbosacral LL, Phallus MMC Tanzania
Kota et al., 2012 (29) 5-months M Thoracal Rudimentary limb MMC India
3-months M Gluteal Limb-like structures MMC
1-day F Gluteal Rudimentary limb MMC,
Anorectal anomaly,
Duplication of external genitalia
gtir)'nar and Kumar, 2013 1-year M Thoracolumbar Mass, fngers, phallus MMC, Chiari malformation India
Pandey et al., 2013 (45) 3-days F Lumbosacral UL MMC, Monoparesis India
Murphy et al., 2013 (40) 7-months M Lumbosacral Rudimentary LL LMMC USA
82;” and Nyamal, 2014 g .o M Thoracolumbar LL, UL, phallus Spina bifida, club foot Kenya
Bayri et al., 2014 (6) 1-day M Lumbosacral LL, rudimentary pelvis Meningocele Turkiye
Parks and Mugamba, : . MMC, Kyphosis, Paraplegia,
2014 (47) 6-days F Thoracolumbar UL, lactating breast HCP club foot Uganda
Kim et al., 2014 (46) 1-day F Sacral LL Imperforate anus Korea
Navaei et al., 2015 (42) 10-days F Lumbar LL, hemipelvis, two toes MMC, tethered cord Iran
5-days M Lumbar Scrotum, primitive MMC, neurogenic bladder
phallus
Nadeem et al., 2016 (41)  12-months M Lumbosacral Limb, phallus, scrotum Spina bifida Pakistan
8-months F Lumbosacral Limb Spina bifida
6-months F Lumbosacral Limb LMMC
4.5-months F Lumbosacral Limb, bowel Spina bifida, left leg weakness,
urinary
1.5-months F Lumbosacral Limb incontinence
Spina bifida
Retnam et al., 2016 (52)  4-months M Lumbosacral Rudimentary limb MMC, Tethered cord India
Awad et al., 2016 (5) 1-month F Lumbar LL-foot, leg, knee, thigh, LMMC Egypt
part of pelvis
Samy and Samin, . . )
2016 (57) 28-days F Lumbosacral LL, part of pelvis, phallus Hemangioma, meningocele Egypt
LMMC
Sahlu et al., 2016 (56) 7-months F Lumbar Mass, part of LL, phallus Tethered cord Ethiopia
Syringohydromyelia
Mohammed et al., 2017 3-weeks M Cervicohtoracal UL Spina bifda Nigeria

(38)
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Table I: Cont.
Case Age Localization of Contents of parasite Abnormalities in Autosite Country
appendage
Meningocele Niger
Kelani et al., 2017 (26) 5-days Lumbar LL, phallus Dermal sinus 9
Umbilical herni
Raheja and Muhapatra, ) 2 rudimentary limbs .
2017 (50) 2-years Lumbar Anal dimple India
Bodeliwala et al., LL, foot with syndactyled )
2017 (10) 1.5-year Lumbar toes and nails Club foot India
Solomon et al., 2018 (63) Lumbar Mass, rudimentary bone Meningocele Ethiopia
Dejene et al., 2013 (16) 32-hours Lumbosacral LL, buttock, phallus Cleft lip/palate, club foot Ethiopia
2015 62-hours Lumbosacral Mass, phallus, scrotum MMC, Cardiac (ASD, PDA)
2018 18-hours Lumbosacral 2 LL, phallus, pelvic bone, Rocker bottom feet
bowel
Priyawansha et al., MMC, Umbilical hernia, .
2018 (49) 22-days Thoracolumbar LL Club foot Sri Lanka
Khavanin et al., : ) Bilateral LL, pelvis, Diplomyelia, Lipoma,
2018 (28) 9-months Cervicothoracal scapula Thoracic kidney USA
S 7-months MMC, Diastematomyelia,
Adhikari et al., 2018 (1) (2-year) Thoracal LL Tethered cord, Hemicord Nepal
Shrikesh et al., 2018 (60) 1-month Lumbosacral Rudimentary LL and Large ASD India
genitalia
3-days Lumbosacral Rudimentary LL
Saaiq, 2020 (55) 5-months Lumbosacral LL, bowel MMC, Tethered.cord, Pakistan
Monoparesis
Zewdie, 2020 (70) 1-month Lumbosacral Mass with fngers Meningocele Ethiopia
8-months Lumbosacral Mass with arm, hand MMC, Tethered cord
Lung, lymph node
2-months Lumbosacral Rudimentary limb, phallus Meningocele
Bilateral LL, phallus, part
1.5-months Thoracolumbar of pelvis,bladder Myelocystocele, lipoma tethered
cord, neurogenic bladder
Pati et al., 2020 (48) 1-day Cervical 2 accessory limbs Cervical MMC, India
6-months Lumbosacral Rudimentary LL, phallus Posterior cranial fossa,
Mesocardia, ASD,VSD, Left to
right shunting
LMC, Tethered cord
Mohindra et al., 2021 (39) 3-years Lumbar LL, phallus MMC, Tethered cord India
. . Scalp, skull, cervical
Bikoroti et al., 2021 (7) 1-day Sacrococcygeal spine bone, and brain Congo
Zhi, 2022 (73) 23-days Thoracal Penis and scrotum like China
mass
6-months Sacral Hypoplastic LL with 7
toes,
2-years Thoracal Fatty clumps,
Djibrine, 2022 (18) paravertebral cartilaginous tissue Chad
4-days Sacral LL

354 | Turk Neurosurg 36(3):349-359, 2026



Cigdem G and Boleken ME: Three-Leg Child

Table I: Cont.
Case Age Sex Localization of Contents of parasite Abnormalities in Autosite Country
appendage
Mathur et al., 2022 (35) 1-day M Sacrococcygeal LL with 3 toes Split notochord with MMC India
1-day M Sacral Hypoplastic limb with 2 Ectopic right kidney, MMC
phalanges, rudimentary
phallus
Hailu et al., 2022 (22) 4-days M Lumbosacral LL Hemivertebra, LMMC Africa
Present case 1-day F Lumbosacral  Full developed lower limp ~ udimentary loop bowel, Tirkiye
Uterus, Vesical sacs

M-28

Total, n=65 F-37

F: Female, M: male, LL: lower limb, UL: upper limb, LMMC: lipomyelomeningocele, MMC: meningomyelocele, HCP: hydrocephalus, VSD:

ventricular septal defect, ASD: atrial septal defect.

Table II: Distribution of the Cases in the Study

Frequency (n) Percent (%)

Sex
Female 37 56.9
Male 28 43.1
Accessory Limb/Mass
uL 8 12.3
LL 41 63.1
Rudimental limb and mass 15 23.1
UL+LL 1 1.5

UL: upper limb, LL: lower limb.

The study showed that the lumbosacral region was the most
common site of attachment of the accessory limb or limb-like
mass in rachipagus cases, occurring in 41.5% of cases (n=27),
followed by the lumbar region in 18.5% of cases (n=12). Other
regions, such as the thoracolumbar region (10.8%) and sacral
region (7.7%), had lower frequencies of attachment. The level
of attachment in rachipagus cases with an accessory limb or
mass is depicted in Figure 5.

Comparison of the levels of attachment of the excess limb/
mass between males and females revealed no significant sex-
based differences (Student’s t-test, p>0.05).

The autosites in most cases presented congenital anomalies
such as meningomyelocele, diastematomyelia, spina bifida,
tethered cord, anorectal malformations, ectopic intestinal
loops, neurogenic bladder, and rudimentary external genitalia.

34 (52%) cases with accessory limb or rachipagus were in
Asian countries: India, Pakistan and others. 24 (37%) cases
in Africa: Nigeria, Egypt, Ethiopia. 4 (6%) cases were in USA.
3 (5%) cases in Europe: all of them were in Turkiye (Figure 6).

B DISCUSSION

Interest to congenital disabilities of humans or animals named
as monsters appears since old ages and some of the cases are
still exhibited in museums. Vallisneri in 1721 after observation
of several cases of conjoined twins explained the formation
of this condition as “from two germs or mature eggs, which
by matching closely, over time attack and interpenetrate, so
that they compose a doubled body... or with multiplied limbs,
are born” (34). The progress in the number of the records
with rachipagus for the last decades increased the interest in
this malformation. However, its rarity limits opportunities for
observationandhindersafullunderstandingofitsembryological
etiology and pathogenesis. This malformation represents a
complex interplay of embryological and anatomical features.
Several theories attempt to explain the mechanism for the
development of an excess limb: 1) spontaneous incidence
with a frequency of 10.25/1 000 000 births (25). 2) Incomplete
twinning of monozygotic, monochorionic, and isosexual twins
in the vertebral region associated with an additional limb or
limb like mass and other organs or 3) NTDs resulting from
aberrant neural fold formation during neurulation (11,26).

Kaufman, and Boer et al. suggest the first scientific fission
and fusion theories of conjoined twinning. The fission theory
is explained as an incomplete splitting of the embryo after
fertilization on 13-15 days (11,25). The fusion theory posits
the fusion of two separated embryonic disks around 13
days after fertilization. It means that two embryoblasts of
monozygotic, monochorionic twins, instead of splitting away,
merge together (11).

Grondahl et al. recorded the earliest embryogenesis of con-
joined twins from a single zygote to an expanded blastocyst
(21). Before implantation, the blastocyst contains two types of
cells: the trophectoderm, which subsequently transform into
extra-embryonic tissues and the inner cell mass (ICM), which
is a pluripotent stem cell for embryonic tissues and transforms
to all cell types of any organs of the embryo. The ICM can form
two identical daughter cells through mitotic division (54,64,67).
Failure of the ICM to separate in early embryogenesis may un-
derlie the embryological theory of conjoined twinning (9).
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Figure 5: Level of attachment of the accessory limb/mass.
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Figure 6: Global distribution of rachipagus cases.

Limbs develop between 4-5 weeks of embryonic develop-
ment. Steinman collected data from pregnant women who
gave birth to conjoined monozygotic twins following exposure
to teratogenic factors during pregnancy. The results showed
that pregnant women who used oral contraceptives and were
exposed to teratogenic environmental factors had an increase
in single egg duplication and conjoined twinning due to calci-
um depression and delayed implantation (36,65). According to
Das and Mohanty-Hejmadi, vitamin A can cause polymelia by
turning on or overexpressing limb-specific hox genes through
unknown mechanisms (14). This implies a potential genetic
cause, involving multiple genes responsible for limb develop-
ment (23). Damage to the embryo during the 4-5 week stage
can lead to limb developmental anomalies (68). This complex
process can result in malformations, such as the parasitic twin
occurring as an extra-limb or limb-like mass. Stephens et al.
reported two cases of parasitic legs attached to the abdomen
and suggested that ectopic legs may result from duplication
of the Wolffian ridge. This duplication may more likely produce
lower extremities than upper ones (66). According to our re-
view (Table Il), lower limbs are predominant, accounting for 41
cases (63.1%), often presenting as a parasitic mass.

Kelani et al. related rachipagus to NTDs as embryonic
malformations characterized by an excess limb, classifying
it as a dysraphic appendage (26). Most cases of rachipagus
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are linked to congenital NTDs, including MMC, LMMC, spina
bifida, diplomyelia and tethered cord syndrome (26,31,45,71).
Gardner also linked conjoined twins to neural tube closure
defects, proposing that primary rupture of the neural tube can
lead to secondary development of a limb-like mass or, in rare
cases, a fully formed accessory limb containing skin, cartilage,
bone, muscles, and nerves (20). Amirjamshidi considered
congenital dorsal midline limb-like masses to be a type of
hamartoma (3). According to Drews and Busch, based on his
personal experience, parasitic conjoined twins can be viewed
as extremely disorganized transitional forms, regardless of
whether they manifest as parasites or teratomas (19). Each
theory of rachipagus etiopathogenesis attempts to explain the
formation of an excess limb, but every teratological, genetic,
and embryological theory has its limitations.

The condition is more prevalent in females, with a female-to-
male ratio of 3:1 (11). Our study highlights a significant dispar-
ity in the prevalence of additional limbs or masses between
female and male infants, with females exhibiting a higher
incidence. The distribution of limbs varied, with lower limbs
being the most common, followed by rudimentary limbs and
masses, upper limbs, and a rare occurrence of rudimentary
upper and lower limbs located at the back of the spine. Glob-
ally, cases of the rachipagus are more frequently reported in
Asia and Africa compared to European countries and America
(11). Our study reflects this trend, with over half of the cases
originating from Asian countries followed by African countries.

Conjoined twins are classified according to the site of
attachment of the component of the parasitic twin: asymmetric
or symmetric. The terminology describes the anatomical
location, degree, and relationship of shared structures (25).
These twins may share the spinal cord or have innervation
from the same spinal cord, as observed in our case. Symmetric
conjoined twins may be fused at ventral, dorsal, caudal, or
lateral sites (11,37). Rachipagus twins are a type of symmetric
conjoined twins characterized by dorsal fusion along the
vertebral column above the sacrum (8). The fusion area may
be at cervical, thoracal, or lumbar levels of the vertebral axis.
Twins fused dorsally at the sacrum or coccyx are classified
as pygopagus, distinct from rachipagus, which involves
fusion higher up the vertebral column (3,8,37). Pypopagus
twins often involve a parasite twin with a limb or limb-like



mass. Saaiq et al. described a morphologic classification for
accessory limbs based on degree and differentiation: a) well-
developed, b) moderately developed, c) mildly developed,
d) poorly developed accessory lower limb (55). According to
Saaiq’s classification, our case is a rachipagus with a well-
developed accessory lower limb with spinal dysraphism.

Modern imaging technologies like prenatal USG, MRI, or CT
scans with 3D reconstruction enable early diagnosis of rachi-
pagus anomalies (33). Surgical separation of conjoined twins
poses significant challenges due to shared blood vessels,
nerve roots, and vital organs, and potential cosmetic issues,
necessitating meticulous pre-, intra-, and postoperative plan-
ning. Predicting the type of parasitic twinning, shared organs,
neurological deficits, and associated malformations before
surgery is crucial. A multidisciplinary team of neurosurgeons,
pediatric surgeons, and plastic surgeons is essential for suc-
cessful separation.

We have documented a rare case of rachpagus parasitic
twinning with a fully developed additional low limb, exhibiting
sensory and motor functions. Our case features a unique
combination of anomalies, including three fully formed legs
(tripedus), a protrusion and duplication of the spinal cord,
with a rudimentary bowel loop, uterus, and vesicle sacs. The
exact cause remains unclear, but multiple risk factors may
contribute to the incidence of conjoined parasitic twinning
during the early stage of fertilization.

The rarity of the rachipagus with a fully developed lower limb
is a limitation of this study.

B CONCLUSION

Rachipagus, conjoined or parasitic twins are a rare
embryological anomaly characterized by dorsal fusion at the
vertebral axis above the sacrum. The etiology of this anomaly
is still unclear, but “fission or fusion” and erroneous of neural
tube closure are the main theories of rachipagus. In most
cases of parasitic twinning, the parasitic component typically
consists of a lower limb with varying degrees of development,
often attached to the lumbosacral region. A good prognosis can
be achieved through early diagnosis, thorough preoperative
examination, and meticulous microsurgery performed by a
multidisciplinary team, incorporating spinal canal repair and
cosmetic reconstructions.

Our case contributes to our understanding of rachipagus
anomalies with NTDs. Further research, particularly human
genetic DNA studies, is necessary to elucidate the embryo-
genesis of these congenital abnormalities.
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ABSTRACT

AIM: To present our surgical experience with brainstem cavernomas and to emphasize the importance of the brainstem’s internal
structures.

MATERIAL and METHODS: Based on the clinical data of 25 symptomatic patients who underwent surgery for brainstem
cavernomas, we reviewed their radiological findings, surgical indications, surgical timing, postoperative remnants, and outcomes.
We also performed a statistical analysis of seven parameters that, based on our clinical experience, may influence outcomes in
these challenging cases.

RESULTS: There were 14 male and 11 female patients, with a mean age of 36.6 years (range: 20-66 years). All patients were
symptomatic and had experienced at least one episode of bleeding. Complete resection was achieved in 23 patients (92%), while
two (8%) required reoperation for residual cavernoma. Postoperative mortality occurred in one patient (4%) due to malignant
hyperthermia. As a result, the mean modified Rankin Scale (mRS) scores at admission, discharge, and last follow-up were 2.44,
2.14, and 1.86, respectively. Statistical analyses demonstrated that preoperative neurological status was an important parameter
affecting outcome (p=0.002).

CONCLUSION: Brainstem cavernoma is a benign pathology, but it occurs in a malignant location. Therefore, advanced techniques,
such as tractography, neuronavigation and neuromonitoring, should be employed in these challenging cases. However, we believe
that a thorough knowledge of brainstem neuroanatomy and meticulous surgical technique are even more critical.

KEYWORDS: Brainstem, Cavernoma, Safe entry zone

ABBREVIATIONS: DSA: Digital subtraction angiography, DTI: Diffusion tensor imaging, DVA: Developmental venous anomaly,
MRI: Magnetic resonance imaging, mRS: Modified rankin scale

B INTRODUCTION

he first resection of a brainstem cavernoma (cavernous

I malformation, cavernous hemangioma) was reported
almost 100 years ago by Walter Dandy (19). Howev-

er, owing to its dense concentration of cranial nerve nuclei
and white matter tracts within a small cross-sectional area,
the brainstem has long been regarded as “terra incognita”
(no man’s land). Since the 1990s, brainstem surgery has been
performed more safely due to advances in neurosurgical tech-

niques, modern neuroimaging methods, and an improved un-
derstanding of the brainstem’s internal structure (7,11,22).

Complications in brainstem cavernoma surgery primarily
arise while entering the brainstem and/or cavernoma resec-
tion. Therefore, neurosurgeons must possess a detailed un-
derstanding of both the external and, especially, the internal
structures of the brainstem. Brainstem lesions, resulting from
surgical trauma, may lead to severe cranial nerve dysfunc-
tions, motor/somatosensory deficits, cerebellar symptoms,
and even death.
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We retrospectively reviewed our series of brainstem cavernoma
surgeries, focusing on surgical indications, surgical timing,
postoperative remnants, and factors affecting outcomes. We
also aimed to highlight the importance of safe entry zones and
the brainstem’s intrinsic structures.

B MATERIAL and METHODS

Between 1996 and 2019, 25 patients underwent surgery for
symptomatic brainstem cavernoma. All surgeries were per-
formed by the senior author (S.1.) using high magnification with
a surgical microscope (Pentero, ZEISS, Oberkochen, Germa-
ny). The patients’ files, surgical reports, radiological exam-
inations, surgical videos, and follow-up data were reviewed.
Ethics committee approval and informed consent were not
required, as this study was conducted retrospectively.

All patients underwent preoperative brain MRI with standard
sequences. Diffusion tensor imaging (DTI) with tract recon-
struction was also performed in patients who underwent sur-
gery in more recent years. Digital subtraction angiography
(DSA) was performed in only two patients to rule out an arte-
riovenous malformation.

Throughout the series, we operated exclusively on symptom-
atic patients. Our surgical indications were: 1) cavernomas
with repeated intralesional hemorrhages causing progressive
neurological deficits; 2) symptomatic cavernomas reaching
the pial surface or the fourth ventricular ependyma; and 3)
cavernomas with acute hemorrhage extending beyond the le-
sion and causing mass effect.

All patients were started on corticosteroid therapy upon
hospital admission. Preoperatively, patients and their relatives
were informed about the estimated risk of rebleeding,
potential surgical complications, and the high morbidity rates
associated with the procedure.

Early postoperative MRI was obtained in all patients using the
same sequences and planes as the preoperative scans and
compared accordingly.

Patients’ neurological status at admission, discharge, and
last follow-up was assessed using the modified Rankin Scale
(mRS) (0-6). Scores of 0-2 were considered a good outcome,
while scores = 3 were classified as an unfavorable (poor)
outcome. These evaluations were performed by neurosurgery
residents or junior neurosurgeons who had not participated in
any of the surgeries included in this study.

Surgical Technique

In most cases, the appropriate surgical approach was select-
ed using the two-point method described by Brown et al (8).
In exophytic cavernomas or those adjacent to the pia mater
(or ependymal surface), the lesion itself dictated the entry
zone. Once the safe entry zone was reached, the pia mater
was incised with microsurgical scissors, and the superficial
parenchymal layer was gently dilated using the tip of bipolar
forceps. After evacuating the hematoma, the cavernoma was
internally decompressed, gently dissected from the surround-
ing neural tissue, and resected in a piecemeal manner. During
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resection, en bloc removal was avoided to prevent injury to
the surrounding ascending/descending tracts and cranial
nerve nuclei. Bipolar cauterization was not used unless oblig-
atory. If present, the developmental venous anomaly (DVA)
was preserved to prevent venous infarction. No attempt was
made to remove hemosiderin-stained tissue. After meticulous
hemostasis, the surgical area was carefully examined for cav-
ernoma remnants.

Statistical Analysis

The following seven parameters, which in our experience may
influence patient outcomes, were statistically analyzed: age,
sex, preoperative mRS score, cavernoma location, cavernoma
size, cavernoma depth, and surgical timing. All analyses were
performed using SPSS version 23 (IBM Corp., Armonk, New
York, USA). Data were analyzed using Fisher’s Exact Test or
the Pearson Chi-Square Test, as appropriate. A p-value of
<0.05 was considered statistically significant.

B RESULTS

A total of 14 male and 11 female patients, with a mean age of
36.6 years (range: 20-66 years), were included. The patient’s
demographic characteristics are summarized in Table I.

One patient had previously undergone V/P shunt placement
at another hospital due to obstructive hydrocephalus. Another
patient had also previously received radiotherapy at a different
hospital under the suspicion of a brainstem glioma.

In this series, all patients experienced at least one bleeding
episode. Thirteen patients (52%) presented with a single pre-
operative bleeding episode, 10 patients (40%) had two epi-
sodes, and two patients (8%) had three previous hemorrhag-
es. In total, 39 hemorrhagic episodes were observed over 915

Table I: Characteristics of the Patients.

Total/Average

Number of operated patients 25
Male 14
Female 11
Age at admission (years) Mean 36.6 (20-66)
Cavernoma size (mm) 5-21
Hemorrhagic Event*

1 13

2 10

3 2
Mean mRS score at admission 2.44
Mean mRS score at discharge 2.14
Mean mRS score at last follow-up 1.86
Mortality 1

Follow-up (months) Mean 83.4 (2-128)

*According to past medical history of the patients and magnetic
resonance imaging findings.
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patient-years. Thus, the annual hemorrhage rate was 4.2%
per patient per year. The median time from the last hemor-
rhage to surgery was 22.4 days (range: 3-120 days). Based on
measurements from Tl-weighted MRI, the maximal size of the
cavernomas ranged from 5 mm to 21 mm.

The most common clinical presentation was motor and senso-
ry deficits (80.0%), followed by cranial nerve deficit(s) (72.0%),
cerebellar symptoms (36.0%), headache (28.0%), and vertigo
(24.0%). Interestingly, one patient with mesencephalic cav-
ernoma presented solely with Holmes tremor (4.0%). Another
patient presented with symptoms of obstructive hydrocepha-
lus caused by a cavernoma obstructing the aqueduct of Syl-
vius (Figure 1).

The cavernomas were located on the mesencephalon (10
cases, 40%), the pons (11 cases, 44%), and the medulla ob-
longata (4 cases, 16%). Of the 25 lesions, 16 were intrinsic,
eight were partially abutting the pial surface or fourth ventric-
ular ependyma, and only one was exophytic. The surgical ap-
proaches used throughout this series and the corresponding
safe entry zones are presented in Table Il.

DVA was observed intraoperatively in 10 cases (40%) and was
preserved in all. However, DVA had been identified on preop-

erative MRI in only six cases (24.0%). Complete resection of
cavernoma was achieved in 23 patients (92%), as confirmed
by early postoperative MRI. One patient with a residual cav-
ernoma on postoperative MRI underwent reoperation on the
second postoperative day, resulting in complete excision of
the remnant. One patient developed a hematoma, causing
hemiparesis on the second postoperative day. The hematoma
was evacuated on the same day, and the residual cavernoma
was also excised (see illustrative Case 11). In another patient,
postoperative MRI revealed a suspicious remnant, but reoper-
ation was not performed. This patient underwent MRI surveil-
lance for 4 years.

In all patients, the diagnosis of cavernoma was confirmed
by histopathological examination of the surgically resected
tissue.

Complications

There were no significant intraoperative complications affecting
the prognosis. Intraoperative air embolism developed in one
patient operated in the sitting position, but it did not affect
the course of the surgery. Postoperative pneumocephalus
developed in another patient in the same position. One patient
developed a supratentorial subdural effusion postoperatively

Figure 1: A 19-year-old female patient presented with a headache for several days. Magnetic resonance imaging (MRI) revealed
obstructive hydrocephalus from a cavernoma within the aquaductus Sylvii (A: sagittal T1-weighted, B: axial T2-weighted, C: axial
T1-weighted images). The patient was operated via midline suboccipital craniotomy. The vermis was partially split and the cavernoma
obstructing the aqueduct was seen at the highest point of the 4™ ventricle (D). Gross total resection of the cavernoma was performed
and the aquaductus was opened (E). Post-operative MRI showed no residual lesion (F: sagittal T1-weighted, G: axial T2-weighted, H:
axial T1-weighted images). The patient was discharged with normal neurological examination. She was still neurologically intact at her
latest follow-up 36 months after surgery.
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Table lI: Basic Operative Approaches to Brainstem Cavernomas Used in the Study

Location Sub-location Approaches Number Used Safe Entry Zone
Ventral Pterional/transsylvian 4 Perioculomotor
Mesencephalon Lateral Subtemporal 4 Lat. Mesecephalic Sulcus
Dorsal Supracerebellar infratentorial 2 Infra collicular
Lateral Retrosigmoid 4 Peritrigeminal
Subtemporal 2 Peritrigeminal
Pons
Dorsal Suboccipital transvermian 3 Suprafacial
Suboccipital telovelar 2 Infrafacial
Median suboccipital 2 Post. Median fissure
Dorsal . L .
Medulla Oblongata Median suboccipital 1 Post. Intermediate sulcus
Lateral Far lateral 1 Trans olivary

and required drainage with a burr hole. In the other patient,
temporary postoperative CSF leakage occurred from the
wound but did not require surgical intervention.

Outcome

Based on patients’ preoperative neurological status, post-
operative neurological symptoms improved in nine patients
(36%), remained unchanged in 11 patients (44%), and wors-
ened in four patients (16%). There was no surgery-related
mortality. However, during the early years of this series, one
patient (4%) with known myotonic dystrophy died postopera-
tively due to malignant hyperthermia.

Follow-up

Follow-up data were obtained for all surviving 24 patients.
At followup (mean: 83.4 months; range: 2-128 months), no
patient experienced clinical regression, and no rehemorrhage
was observed. Two of the four patients whose postoperative
status had deteriorated returned to their preoperative neuro-
logical status, while the other two remained unchanged.

As a result, the mean mRS scores at admission, discharge,
and last follow-up were 2.44, 2.14, and 1.86, respectively.

Statistical Results

Seven potential parameters that may affect outcomes were
evaluated using univariate analysis. The effects of six of these
parameters—age, sex, location, size, depth, and timing of
surgery—on the unfavorable outcomes were not statistically
significant (Fisher's Exact Test). Only the preoperative mRS
score was identified as a high-risk factor for unfavorable
outcome (p=0.002, Pearson ChiSquare Test) (Table llI).

lllustrative Cases

Case 11: A 31-year-old male patient presenting with sudden
headache, left eyelid drooping, double vision, and right-sid-
ed eye weakness was referred to us. His past medical histo-
ry revealed a similar but milder episode 3 months ago. MRI
demonstrated a cavernoma located in the left ventral mesen-
cephalon with an old hematoma (Figure 2A, B). DTI tractogra-

phy demonstrated lateral displacement of the left corticospi-
nal tract. Surgery was performed via left pterional craniotomy
using the transsylvian approach. The left oculomotor nerve
was traced to the brainstem. The left ventral surface of the
mesencephalon, the exit of the oculomotor nerve, the pos-
terior cerebral artery, and the superior cerebellar artery were
visualized (Figure 2C). The surface of the mesencephalon ap-
peared entirely normal (Figure 2D). A small incision was made
just lateral to the oculomotor nerve using the tip of the bipolar
forceps, reaching and draining the hematoma approximately
2 mm deep (Figure 2E). The cavernoma was then easily iden-
tified and excised in piecemeal fashion. No venous anoma-
lies were observed. The cavity was carefully examined for any
residual lesions. After achieving hemostasis, the wound was
closed in the usual manner. The patient was transferred to the
intensive care unit with his preoperative symptoms. On the
second postoperative day, his hemiparesis worsened. MRI
revealed a small hematoma and a possible residual caverno-
ma. The patient underwent reoperation, the hematoma was
evacuated, and a small remnant located in the postero-lateral
part of the cavity was excised. Postoperative MRI confirmed
complete excision of the cavernoma (Figure 2F, G). In the
postoperative period, his hemiparesis improved sufficiently
to allow unaided walking, but oculomotor paresis remained
unchanged. At his last follow-up, 8 months after surgery, he
was able to walk independently. His oculomotor paresis had
improved slightly but persisted.

Case 18: A 26-year-old male patient was admitted with left
hemihypoesthesia that began 10 days earlier and hiccups that
started 2 days prior. MRI revealed a hematoma and caverno-
ma on the left dorsal aspect of the medulla oblongata (Fig-
ure 3A, B). DTl-tractography demonstrated displacement of
the pyramidal tract (Figure 3C). The patient was operated on
via low medial suboccipital craniotomy and C1 laminecto-
my. Upon opening the dura, the surface of the medulla ob-
longata appeared completely normal (Figure 3D). Based on
the multiplanar MRI findings, a small vertical myelotomy was
performed along the posterior intermediate sulcus, likely over-
lying the hematoma. The hematoma was reached at a depth
of approximately 1 mm and evacuated. The small cavernoma
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Table llI: Factors that May Affect Unfavorable Outcome and Results of Statistical Analysis

Factors No. of patients No. of unfavorable outcome (%) p-value
1-40 16 8 (50) 0.677*
Age (years)
>40 9 3 (33)
Male 14 7 (50) 0.689*
Sex
Female 11 4 (36.6)
0-2 12 1(8.3) 0.002**
Preop. mRS score
3-5 13 10 (76.9)
Mesencephalon 10 5 (50) 0.757*
Location Pons 11 4 (45.4)
Medulla Oblongata 4 1(25)
5-10 11 3(27.2) 0.227*
Size (mm)
11-21 14 8 (57.1)
Superficial 9 2(22.2) 0.208*
Depth of cavernoma
Deep 16 9 (56.2)
<2 5 3 (60) 0.856*
Timing of surgery (weeks) 2-6 15 6 (40)
> 6 5 2 (40)

*Fisher’s Exact test, **Pearson Chi-Square test.

Figure 2: Case #11. A) T1-weighted sagittal magnetic resonance imaging (MRI) shows ventral mesencephalic cavernoma, B) T2-
weighted axial MRI, C) intraoperative picture after fully splitting the left Sylvian fissure (1: ICA, 2:MCA, 3:Al, 4: Post. Cerebral Artery,
5: Sup. Cerebellar artery, 6: The oculomotor nerve, 7: The optic nerve), D) view of the surgical field with higher magnification, E) a
small incision in the perioculomotor safe entry zone and drainage of the hematoma, F) postoperative T1-weighted sagittal image,
G) postoperative T2-weighted axial image.
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Figure 3: Case #18. A) T1-weighted axial magnetic resonance imaging (MRI) shows a cavernoma on the left dorsal surface of the
medulla oblongata, B) sagittal MRI, C) DTI-tractography shows displacement of the pyramidal tract, D) the dorsal surface of the medulla
oblongata was entirely normal, E) the cavernoma was excised with a small incision but the hemosiderin ring was left intact, F) axial, and
G) sagittal T1-weighted postoperative MR images showed complete resection.

was then easily resected; however, the surrounding hemosid-
erin-stained tissue was not removed (Figure 3E). Postoper-
ative MRI confirmed gross total resection of the cavernoma
(Figure 3F, G). His hiccups resolved completely in the early
postoperative period, and the hemihypoesthesia had also re-
solved by the last follow-up, 17 months later.

B DISCUSSION

Brainstem surgery has several important disadvantages
compared to surgeries performed in other regions of the brain:
1) the surgical corridor is longer; 2) the surgical field of view
is coneshaped and gradually narrows; 3) there is little or no
possibility of using a static retractor during surgery; and 4)
this region contains a high density of critical tracts and cranial
nerves nuclei. In conclusion, a brainstem cavernoma is a
benign pathology, but it is located in a surgically malignant
localization. Consequently, the morbidity rate in brainstem
cavernoma surgery remains high, even in experienced hands
(20,39,41,51).

Neuroradiological Imaging

MRI is the most sensitive and specific method for diagnosing
brainstem cavernomas. Preoperative multiplanar MRI should
be carefully reviewed, with particular attention to the following
aspects: |) If the MRI is more than a few days old, a new scan

should be obtained preoperatively. 2) The size of the caverno-
ma, rather than the hematoma, should be measured. 3) The
relationship of the cavernoma to the pial or ependymal sur-
face should be carefully assessed. This relationship is best
evaluated on Tl-weighted images. T2-weighted images may
falsely suggest pial involvement due to blooming artifacts,
even when the cavernoma is actually embedded within the
brainstem (9,20,26). 4) Identification of some anatomical land-
marks on the brainstem surface is important for accurate lo-
calization, including the exits of the cranial nerves, the lateral
mesencephalic vein, the facial colliculus, the superior and infe-
rior colliculus, and the olive. 5) DTI with reconstruction should
be performed to demonstrate displacement of surrounding
white matter tracts and to minimize the risk of surgical injury
to these critical structures (21,33,47). 6) The presence of any
associated DVA should be noted.

The use of neuronavigation is an important advantage, es-
pecially for deeply located cavernomas. However, it was not
used in most cases in this series, as it was not available in our
department at that time. While neuronavigation is valuable, it
cannot replace careful evaluation of the MRI or, more impor-
tantly, detailed knowledge of the intrinsic brainstem anatomy.
Therefore, the neurosurgeon needs to maintain a clear under-
standing of the three-dimensional anatomy of both external
and, especially, internal brainstem structures during surgery.
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Surgical Indication

The prevailing view among neurosurgeons is that asymptom-
atic patients should not undergo surgery, a position we also
support (4,5,10,26,41,52). Although there is strong consensus
that brainstem cavernomas causing hemorrhage and neuro-
logical symptoms warrant surgical intervention, the specific
criteria for surgical intervention remain controversial. In de-
tailed literature reviews of brainstem cavernoma surgery re-
ported by Gross et al. (27), and Kearns et al. (32), the overall
rates of complete resection were 91% and 92.3%, respective-
ly. At long-term follow-up, the rate of improved or stable clini-
cal symptoms was also 84% and 92.3%, respectively. Despite
these satisfactory results, there remains no consensus on the
specific criteria for surgical indication.

In 2021, an international consensus report on the surgical
treatment of brainstem cavernomas was published (17). To
summarize the report: ) asymptomatic patients or those with
mild symptoms and difficult access to the cavernoma should
not undergo surgery; 2) patients with multiple symptomatic
hemorrhages, progressive deficits, and easy access to the
cavernoma should undergo surgery; 3) patients experiencing
first symptomatic hemorrhage with severe progressive deficits
and mass effect should also undergo surgery; and 4) other
patients who do not meet these criteria may be treated either
surgically or conservatively. The decision should take into
account the patient’s general condition and the characteristics
of the cavernoma.

To our experience, the generalized recommendations in the
literature should be considered when deciding on surgery
for brainstem cavernomas; however, each patient must also
be evaluated individually, taking into account the following
factors: age, comorbidities, neurological symptoms, location/
size of the lesion, and the surgeon’s experience.

Timing of Surgery

The optimal surgical timing for brainstem cavernomas
remains controversial, and there is no uniform consensus.
Most authors recommend performing surgery in the subacute
stage (2-6 weeks) for the following reasons: ) MRI can
better differentiate between the hematoma and cavernoma
itself; 2) during this period, the patient’s neurological status
becomes more stable; 3) this interval allows sufficient time
for reduction of tissue edema; and 4) the hematoma liquefies
within a few weeks and can be easily aspirated, making the
cavernoma itself easier to identify within the cavity formed by
the hematoma (10,26,28,36,40,42). However, some authors
believe that surgery should be performed earlier because: 1)
gliosis developing between the hematoma and neural tissue
can make resection of the cavernoma more challenging; 2)
neural tissue is relieved from compression in the early period;
and 3) there is a risk of rebleeding during the waiting period
(9,42,48).

According to a large series of 397 patients reported by Zaidi
et al., patients treated within 6 weeks after hemorrhage de-
rived the maximum benefit from surgical intervention (51). In a
recently published large clinical series (49), patients who un-
derwent surgery during the acute period (<3 weeks) or chronic
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period (>8 weeks) had poorer outcomes compared with those
who underwent surgery during the subacute period (3-8
weeks). Similarly, a recently published international consen-
sus report recommends that the preferred timing for resection
is between 4 and 8 weeks after the last event (17). Interest-
ingly, however, Samii et al. found no difference in outcomes
between surgery performed in the subacute stage and surgery
conducted more than three months after hemorrhage (39).

We prefer to perform this surgery in the subacute stage, pro-
vided the patient’s condition is suitable. However, we operated
on two patients with acute hematoma and associated severe
neurological deficits at an early stage. In cases of life-threaten-
ing conditions, such as coma, hemi- or quadriplegia/paresis,
rapidly deteriorating neurological status, or cardio/respiratory
instability, emergency surgery should be considered (3,6,46).
This approach can be lifesaving.

Surgical Tips and Tricks

Based on our experience and the literature, the following
points should be considered in brainstem cavernoma surgery:
1) the aim of the surgery should be the complete resection
of the cavernoma, while preserving all neurological structures
and any associated venous anomaly. 2) The “two-point meth-
od” described by Brown et al. should be used to select the
correct surgical approach (8). However, in brainstem surgery,
the shortest route may not always be the safest or most effec-
tive. Therefore, the approach can be adapted to the individual
anatomy of each patient. If the trajectory intersects delicate
structures (venous anomaly, motor tract, or exiting cranial
nerve), the entry point may be slightly modified to avoid these
structures. Hence, the surgeon should choose not only the
shortest but also the safest route. 3) Microsurgical resection is
performed under high-power magnification. 4) When the safe
entry zone is reached, the pial or ependymal incision should be
smaller than the cavernoma itself, and the superficial paren-
chymal layer should be gently dilated using the tip of bipolar
forceps. During this procedure, the bipolar forceps should be
opened and closed parallel to the fibers to avoid injuring them.
5) If present, any extracapsular hematoma should be drained
first using low suction power. Hematoma usually displaces or
pushes white matter tracts but does not disrupt them (1,26).
Therefore, if the surgeon remains inside the hematoma cav-
ity, the probability of tract disruption decreases. 6) The cav-
ernoma is then internally decompressed and gently dissected
from the surrounding neural tissue. 7) The lesion should be
removed in a piecemeal fashion. “En bloc” resection is gen-
erally not safe in this location. 8) The gliotic margins may be
functional and should, therefore, not be handled aggressively.
9) Bipolar cauterization should be used in the brainstem only
when necessary, due to the risk of thermal damage. Bleed-
ing is usually low-pressure from the dilated sinusoidal spaces
and can be easily controlled with gentle pressure. 10) The sur-
rounding hemosiderin-stained tissue should not be removed
(1,37,39,41). A study using DTI-MRI tractography demonstrat-
ed the presence of viable white matter tracts passing through
the hemosiderin-stained tissue (12). 11) Any associated DVA
should be preserved as much as possible to maintain normal
venous drainage and avoid venous infarction (1,26). The rate
of intraoperative identification of venous anomalies in brain-



stem cavernomas varies between 13.9% and 58.3% in the
literature (24,28,34,40). We were able to detect and preserve
the venous anomaly intraoperatively in only 10 cases (40.0%).
However, according to the intraoperative findings from a very
large series, this association rate is 100% (1). Additionally, a
study conducted using a 7 Tesla MRI reported that caverno-
ma-associated venous malformations were observed in all
cases (18). According to these results, the cause of unexpect-
ed postoperative worsening in some patients may be venous
anomalies that are not visible during surgery and can, there-
fore, be injured. 12) Hemostatic agents may be used to control
bleeding, but they should be removed after the procedure, as
they can affect the appearance of the surgical site on post-
operative MRI. 13) At the end of hemostasis, bleeding control
should be confirmed by increasing venous pressure using the
Valsalva maneuver. 14) The patient should be referred to the
intensive care unit at least for 24 hours. If the lesion is close to
the lower cranial nerves, extubation should be performed only
after a satisfactory cough and gag reflex are observed.

Postoperative Remnants

Some cavernomas may be multilobulated (14,35). One of
these lobules may not protrude into the surgical cavity and
can be overlooked. In addition, if scar tissue has formed
around the cavity due to old or multiple hemorrhages, it be-
comes difficult to fully inspect the cavity. For this reason,
even in very experienced hands, the risk of remnant varies
between 6.6% and 11% (1,24). In a systematic review pub-
lished in 2019, which included 2,493 patients who underwent
surgery (32), the rate of remnant was found to be 7.7%. In
our series, the rate of remnant was 8%. Therefore, every neu-
rosurgeon should consider this possibility, and postoperative
MRI should be performed in all cases. If a hypo- or hyper-
intense blood-containing nodule is observed at the edge of
or within the surgical cavity, a cavernoma remnant should be
suspected. If a remnant is clearly identified on postoperative
MRI, early reoperation should be considered, because, as in
one of our cases, the risk of rebleeding from the remnant is
high (1,10,20). According to the literature review by Gross et
al., approximately two-thirds of patients with partially resected
cavernomas experienced rebleeding (27).

However, early postoperative MRI is not very reliable for
detecting small postoperative remnants. According to a
detailed study on this subject (15), early postoperative MRI
has a sensitivity of 66.6% for detecting cavernoma remnants,
a specificity of 76.7%, a positive predictive value of 16.6%,
and a negative predictive value of 97.0%. In other words,
small remnants are not always visible on early postoperative
MRI. This limitation has also been highlighted in large surgical
series (24,43). Accumulated blood in the surgical cavity, tissue
edema, or the use of hemostatic agents can contribute to this
reduced imaging accuracy.

Factors Affecting Outcome

Recently, Garcia et al. developed a surgical risk grading sys-
tem based on their experience with 104 operated patients
(23). The system assigns points according to the following
factors: lesion size (<2 cm, 0 point; > 2 cm, 1 point), crossing
the axial midpoint (no, 0 point; yes, 1 point), presence of DVA
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(no, 0 point; yes, 1 point), age (<40 years, 0 point; > 40 years, 1
point), and hemorrhage acuity (0-3 weeks, 0 point; 3-8 weeks,
1 point; > 8 weeks, 2 points). According to this grading sys-
tem, grades 0 and 1 are associated with universally favorable
functional outcomes, whereas grades 6 and 7 are associated
with universally unfavorable functional outcomes. We consider
this grading system valuable and important. However, based
on our clinical observations and statistical analyses, preop-
erative neurological status also emerges as a key prognostic
factor influencing outcomes (p=0.002). In fact, several authors
have also reported that the preoperative neurological status is
a significant predictor of surgical outcome (14,29,39,45,51).

Another factor to consider is the depth of the cavernoma.
Logically, surgery for deeply located brainstem cavernomas
carries a higher risk, as it requires splitting of healthy brain-
stem parenchyma, increasing the likelihood of injury to the
cranial nerve nuclei and long tracts. Many surgical series have
already emphasized that surgical risk and morbidity are higher
for deep-seated brainstem cavernomas compared with su-
perficial ones (2,20,25,27). However, a few clinical series have
reported contrasting findings. In the study by Bruneau et al.,
cavernoma location (deep, abutting the pial surface, or extrin-
sic) was not significantly associated with postoperative wors-
ening (9). According to Huang et al., a deep intrinsic caverno-
ma location is not necessarily associated with an unfavorable
outcome (30). In another study, although the terms “deep” and
“moderate depth” were not clearly defined, patients with deep
cavernoma were reported to have better outcomes than those
with lesions of moderate depth (16).

Although the effect of cavernoma depth on unfavorable
outcomes was not statistically significant in our study (p =
0.208), a notable difference was observed between patients
with superficial and deep cavernoma (22.2% and 56.2%,
respectively). Therefore, we believe that the impact of
cavernoma depth on outcome remains controversial.

Safe Entry Zones and Related Intrinsic Structures

Recently, we published a comprehensive review on safe
entry zones to the brainstem (31). To our knowledge, 21 safe
entry zones have been described for accessing brainstem
cavernomas, and our series utilized nine of them (50). While
a detailed discussion of safe entry zones is beyond the
scope of this article, we would like to briefly emphasize their
importance.

In brainstem surgery, the brainstem surface is sometimes
entirely normal, with no discoloration or dark-blue area
indicating a bulging hematoma. In such cases, safe entry
zones to the brainstem are essential. These zones represent
entry points and trajectories where tracts and cranial nerve
nuclei are relatively sparse (4,13,26,31,38,44). Performing
brainstem surgery through these corridors minimizes the
possibility of neurological deficit. Otherwise, serious cranial
nerve dysfunctions, motor symptoms, cerebellar symptoms,
and even death may occur. However, it should also be noted
that these safe entry zones may “no longer be safe” if the
normal anatomy is distorted by the cavernoma or associated
hematoma.
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Limitations of this study

The limitations of our study include its retrospective design
and the relatively small number of patients.

B CONCLUSION

Brainstem cavernoma is a benign pathology, but it occurs in
a high-risk location. Therefore, advanced techniques, such as
tractography, neuronavigation and neuromonitoring, should
be employed in these challenging cases. Nevertheless,
we believe that detailed neuroanatomical knowledge of the
brainstem and meticulous surgical technique are even more
crucial.
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ABSTRACT

AIM: To determine case—control differences in tissue miRNA expression and to quantify their ability to distinguish meningioma from
nontumor dura.

MATERIAL and METHODS: Tissue samples from 45 intracranial meningioma cases (WHO grade |, n = 22; grade I, n = 23) and
26 dura controls were analyzed. miRNA expression levels were measured by quantitative real-time PCR (qRT-PCR), normalized to
U6, and relative expression levels were calculated using the 2-22¢t method. Group and grade comparisons were performed using
appropriate parametric or nonparametric tests. Diagnostic performance was evaluated using receiver operating characteristic (ROC)
and area under the curve (AUC) values, with optimal cut-off points determined by the Youden index. Sensitivity and specificity were
reported.

RESULTS: Compared with controls, meningioma tissues showed significant downregulation of miR-221, miR-143, and miR-22 (all
p < 0.001), whereas miR-145 showed borderline significance (p = 0.052). Diagnostic discrimination was highest for miR-221 (AUC,
0.912; cut-off, <0.19; sensitivity, 91.11%; specificity, 88.46%), followed by miR-143 (AUC, 0.810; cut-off, <0.24; sensitivity, 71.11%;
specificity, 92.31%) and miR-22 (AUC, 0.771; cut-off, <0.36; sensitivity, 82.22%; specificity, 65.38%). No significant differences in
expression were observed between grade | and grade Il tumors for any miRNA.

CONCLUSION: Tissue miR-221, miR-143, and miR-22 are consistently downregulated in intracranial meningioma and demonstrate
clinically meaningful diagnostic performance, with miR-221 showing the highest discriminatory accuracy. These findings support the
potential integration of miRNA assays into tissue-based diagnostics and warrant multicenter validation to refine cut-off values and
evaluate prognostic utility.
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ABBREVIATIONS: AUC: Area under the curve, miRNA: MicroRNA, gRT-PCR: Quantitative real-time PCR, ROC: Receiver operating
characteristic, WHO: World Health Organization
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B INTRODUCTION

eningiomas are extra-axial tumors arising from
Marachnoid cap cells and account for approximate-

ly 13%-26% of all intracranial tumors. They are
more prevalent in females, and headache is among the most
common presenting symptoms (17,21,22). Although most
meningiomas are benign, a subset demonstrates aggressive
behavior and recurrence that are not fully predicted by histo-
pathological features alone (21,22).

Current diagnostic practice increasingly relies on an integrat-
ed approach. The 2021 World Health Organization (WHO)
Classification of Tumors of the Central Nervous System
(CNS5) incorporates molecular criteria alongside morphology.
Specifically, TERT promoter mutations and homozygous dele-
tions of CDKN2A/B now warrant a WHO grade Il designation,
regardless of histology, owing to their strong association with
early recurrence and poor clinical outcomes (14,16).

At the genomic level, meningiomas can be broadly classi-
fied into NF2-mutant and NF2-wild-type groups. The latter
are enriched for alterations in genes such as TRAF7, KLF4
(K409Q), AKT1 (E17K), PIK3CA, and SMO, often displaying
location-specific patterns (e.g., skull-base predilection) and
pathway activation involving PISBK/AKT/mTOR or Hedgehog
signaling. These alterations may co-occur, such as TRAF7
mutations with KLF4 or AKT1, and provide insights into tumor
biology and therapeutic targets (1,3,6).

Beyond individual genetic alterations, epigenetic profiling has
substantially improved risk stratification. DNA methylation-
based classifications outperform histologic grading in predict-
ing recurrence and have been translated into clinically relevant
molecular groups. In addition, recurrent chromosomal loss-
es—particularly of 1p and 14g—are common in higher-grade
tumors and further refine prognostic assessment (4,7,18).

Within this molecular framework, microRNAs (miRNAs) have
emerged as promising biomarkers because they reflect path-
way-level activity and can be reliably quantified from routine
tissue samples. Although prior studies have linked miRNA
dysregulation to meningioma biology and clinical behavior,
actionable diagnostic thresholds remain limited (2,9). Building
on this background, we investigated the expression of miR-
221, miR-143, and miR-22, with miR-145 included as a com-
parator, in an expanded single-center cohort and assessed
their diagnostic performance using ROC-derived cut-off val-
ues.

B MATERIAL and METHODS
Subjects

This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Clinical Practice Ethics
Committee of the Eskisehir Osmangazi University Medical
Faculty (approval date: May 5, 2021; Decision No. 14). Written
informed consent was obtained from all participants. Tissue
samples were collected from 45 patients diagnosed with in-
tracranial meningioma between June 15, 2021, and August
15, 2023, at the Faculty of Medicine, Department of Neurosur-
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gery. Control dura samples were obtained from 26 individuals
who underwent decompressive craniectomy for cerebrovas-
cular events.

Detection of miRNA Expression

Total microRNA was extracted using the Sanprep Column
MicroRNA Mini-Preps Kit (Sangon Biotech Co., Ltd., Shang-
hai, China) according to the manufacturer’s instructions.
Complementary DNA was synthesized using the TagMan
Advanced miRNA cDNA Synthesis kit (Thermo Fisher Sci-
entific, Inc.). Quantitative real-time PCR was performed with
BrightGreen miRNA gPCR MasterMix (Applied Biological
Materials, Vancouver, Canada) on a CFX96 Real-Time PCR
Detection System (Bio-Rad Laboratories, Inc., Hercules, Cal-
ifornia). miRNA-specific primers for miR-143 (#MI0000459),
miR-145 (#MI10000461), miR-221 (#M10000298), and miR-22
(#M10000078) were obtained from OriGene Technologies (Bei-
jing, China). Gene expression levels were normalized to U6
(#MP300001), and relative expression was calculated using
the 2-22¢t method (13).

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statis-
tics version 25. Quantitative variables, including miRNA ex-
pression levels and age, were presented as mean + standard
deviation or median (Q1-Q3), as appropriate, whereas cate-
gorical variables were expressed as frequencies and percent-
ages. The Shapiro-Wilk test was used to assess normality.
Group comparisons were conducted using the Student ¢ test
or Mann-Whitney U test for normally and nonnormally distrib-
uted data, respectively. Gender distributions were compared
using the chi-square test. Spearman correlation analysis was
used to assess linear relationships between quantitative vari-
ables.

Diagnostic performance was evaluated using receiver oper-
ating characteristic (ROC) curve analysis. The area under the
ROC curve (AUC) was used to quantify discriminatory ability.
Optimal cut-off values were determined using the Youden in-
dex, and corresponding sensitivity and specificity values were
reported. A p value < 0.05 was considered statistically signif-
icant. Because several miRNA expression variables exhibited
skewed distributions, group comparisons and biological inter-
pretations were primarily based on median values, which were
considered more representative of gRT-PCR expression data.

B RESULTS
Study Participants

A total of 45 meningioma samples (22 females and 23 males)
and 26 non-tumor-associated dura mater samples (14 fe-
males and 12 males) were included in this study. Among the
meningioma cases, 22 tumors were classified as WHO grade |
and 23 as grade Il. The mean age of the meningioma and con-
trol groups was 58.36 + 11.16 and 56.28 + 12.36 yr, respec-
tively. There were no statistically significant differences in age
or sex distribution between the case and control groups (p >
0.05). Detailed clinical and demographic characteristics of the
study participants are summarized in Table I.



Comparison of miRNA Expression Levels between Case
and Control Groups

Compared with non-tumor-associated dura controls, menin-
gioma tissues exhibited significant downregulation of miR-
221, miR-143, and miR-22 (all p < 0.001). In contrast, miR-
145 showed only a borderline difference between the two
groups (p = 0.052). miRNA expression levels in patients and
controls are presented in Table Il. Although mean expression
values appeared higher for some miRNAs in the meningioma
group, median values consistently indicated lower expression
in tumor tissues, reflecting skewed distributions with outli-
ers. Therefore, conclusions regarding miRNA downregulation
were primarily based on median comparisons.

Comparison of miRNA Expression Levels between WHO
Grade | and Grade Il Meningiomas

No statistically significant differences in miRNA expression
levels were observed between WHO grade | and grade Il me-
ningioma samples (all p > 0.05) (Table IlI).

Table I: Clinical and Demographic Features of Patients and Controls
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ROC Curve Analysis

Receiver operating characteristic (ROC) curve analysis
demonstrated that miR-143 yielded an AUC of 0.81, with a
sensitivity of 71.11% and a specificity of 92.31%. The opti-
mal cut-off value for miR-143 was <0.24, as determined by
the Youden index. miR-22 showed an AUC of 0.771, with a
sensitivity of 82.22% and a specificity of 65.38%, at an opti-
mal cut-off value of <0.36. miR-221 demonstrated the high-
est diagnostic accuracy, with an AUC of 0.912, sensitivity of
91.11%, and specificity of 88.46%, at a cut-off value of <0.19.
AUC values and corresponding cut-off points are summarized
in Table IV. An overview of AUCs is presented in Figure 1, and
sensitivities and specificities at the selected cut-off values are
shown in Figure 2.

Collectively, these findings support miR-221 as a strong tis-
sue-based diagnostic adjunct, with miR-143 providing high
specificity and miR-22 contributing to sensitivity.

Variable Control (n=26) Case (n=45) p-value
Female, n (%) 14 (53.8) 22 (48.9) 0.876
Male, n (%) 12 (46.2) 23 (51.1)

Age, mean+SD 56.28+12.36 58.36+11.16 0.476
Age, median [Q1-Q3] 58 [560-62] 60 [52-66]

Table II: Expression Levels of miRNAs in Patients and Controls

miRNA Control Mean+SD Control Median [Q1-Q3] Case Mean+SD Case Median [Q1-Q3] p-value
miR-143 1.70+£1.94 0.94 [0.35-2.64] 1.09+£3.13 0.05 [0.03-0.33] <0.001
miR-145 2.72+3.48 0.76 [0.30-4.50] 6.99+17.93 0.20 [0.08-1.90] 0.052

miR-22 2.69+4.44 1.22[0.20-3.18] 3.73+13.33 0.06 [0.01-0.25] <0.001
miR-221 2.46+2.65 1.31 [0.26-4.54] 0.11+0.23 0.05[0.01-0.13] <0.001

Table llI: Expression Levels in Grade 1 vs Grade 2 Meningiomas

miRNA Grade 1 MeanzSD  Grade 1 Median [Q1-Q3] Grade 2 Meanx=SD Grade 2 Median [Q1-Q3]
miR-143 1.85+4.31 0.05 [0.03-1.47] 0.36+0.88 0.18[0.05-0.24]
miR-145 8.16+18.48 0.36 [0.15-6.62] 5.87+17.73 0.20[0.01-0.87]
miR-22 3.00+11.89 0.03 [0.00-0.30] 4.43+14.81 0.20 [0.02-0.25]
miR-221 0.16+0.32 0.04 [0.01-0.16] 0.06+0.07 0.05 [0.02-0.05]

Table IV: AUC and Cut-off Values for miRNAs

Test (Biomarker) AUC SE p 95% CI for AUC Cut-off / Sensitivity / Specificity
miR-143 0.810 0.051 <0.001 (0.709-0.910) <0.24/71.11% /92.31%
miR-22 0.771 0.056 <0.001 (0.661-0.882) <0.36 / 82.22% / 65.38%
miR-221 0.912 0.041 <0.001 (0.831-0.992) <0.19/91.11% / 88.46%

AUC: Area Under the Curve, SE: Standard Error, Cl: Confidence Interval
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Diagnostic performance (AUC)

AUC (95% CI)

miR-221 miR-143

Figure 1: Diagnostic performance of miRNAs expressed as area
under the curve (AUC) values. miR-221 demonstrated the highest
discriminatory accuracy compared with miR-143 and miR-22.

Performance at Youden-derived cut-offs

mmm Sensitivity
B Specificity

Percentage (%)

miR-221

miR-143

Figure 2: Sensitivity and specificity of miRNAs at Youden-derived
optimal cut-off values. miR-221 showed balanced sensitivity and
specificity, whereas miR-143 demonstrated higher specificity.

H DISCUSSION

Meningiomas originate from arachnoid membrane cells and
account for approximately 13%-26% of intracranial tumors.
Although generally considered benign, meningiomas exhibit
the second-highest morbidity rate after glial tumors. They typ-
ically grow slowly and are sometimes detected incidentally on
radiologic imaging. The WHO Classification of Tumours of the
Central Nervous System categorizes meningiomas into three
histological grades and 15 subtypes to aid prognostic strat-
ification. Approximately 90% of meningiomas are classified
as WHO grade | (benign), 5%-7% as grade |l (atypical), and
1%-3% as grade lll (anaplastic) (21).

Meningiomas were among the earliest solid tumors inves-
tigated for genetic abnormalities, an important step toward
understanding their biological behavior. Genetic insights may
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inform diagnosis, treatment, and preventive strategies. Famil-
ial studies indicate that first-degree relatives of patients with
meningioma have an approximately twofold increased risk of
developing the disease, although no consistent excess risk
has been demonstrated among distant relatives at the popu-
lation level (15). While this information has limited immediate
diagnostic utility, it supports a heritable component that in-
tersects with known somatic alterations and epigenetic pro-
grams in meningioma biology.

In the present cohort, tissue miR-221, miR-143, and miR-22
were significantly downregulated in meningioma samples
compared with dura controls (all p < 0.001), whereas miR-
145 showed only a borderline difference (p = 0.052). From a
diagnostic perspective, miR-221 demonstrated the strongest
discriminatory ability (AUC, 0.912; cut-off, <0.19; sensitivity,
91.11%; specificity, 88.46%), followed by miR-143 (AUC,
0.810; cut-off, <0.24; sensitivity, 71.11%; specificity, 92.31%)
and miR-22 (AUC, 0.771; cut-off, <0.36; sensitivity, 82.22%;
specificity, 65.38%). No significant differences were observed
between WHO grade | and grade Il tumors for any miRNA, in-
dicating that while these markers may support diagnosis, they
are insufficient for grading when used alone.

Biological Interpretation

miR-22. Although miR-22 upregulation has been reported
in several malignancies and linked to metabolic reprogram-
ming—particularly via repression of ATP-citrate lyase (ACLY)
and modulation of de novo lipogenesis—our data demon-
strate reduced miR-22 expression in meningioma tissue com-
pared with dura controls (20,23). This discrepancy highlights
the content-dependent nature of miRNA regulatory networks
and underscores the importance of tissue-matched controls
in biomarker development.

miR-143. Consistent with previous reports describing tu-
mor-suppressive functions through modulation of KRAS/
MAPK signaling and ERK5-dependent transcriptional pro-
grams, miR-143 expression was lower in meningioma tissues
than in controls (5,19,25). The absence of grade-dependent
differences suggests that miR-143 loss may represent an
early or lineage-stable event rather than a driver of histologic
progression.

miR-145. Prior studies in meningioma have reported down-
regulation of miR-145 in higher-grade tumors and inhibitory
effects on cellular proliferation and migration in experimental
models (11). Across multiple cancer types, miR-145 is gen-
erally regarded as a tumor suppressor (24). The borderline
case—control difference observed in our study may reflect bio-
logic heterogeneity, sample size limitations, or platform-relat-
ed effects and warrants confirmation in larger cohorts.

miR-221/222 axis. Members of the miR-221/222 family are
frequently upregulated and proproliferative in many epithe-
lial cancers through repression of tumor suppressors such
as p27¢*" and PTEN (10,12). In malignant meningioma mod-
els, inhibition of miR-221/222 enhances radiosensitivity and
reduces radiation-induced invasiveness by relieving PTEN
suppression (8). In contrast, the reduced miR-221 expression
observed in our meningioma samples relative to dura controls



suggests lineage-specific regulation and raises the possibili-
ty that miR-221 downregulation reflects tissue identity rather
than tumor aggressiveness.

Clinical Implications and Limitations

The observed downregulation of miR-221, miR-143, and miR-
22, together with their ROC-derived thresholds, supports their
potential use as tissue-based adjuncts to conventional his-
topathological diagnosis. Integration of these markers with
current molecular frameworks, including DNA methylation
classes and chromosomal alterations, may further enhance
diagnostic and predictive accuracy (4,7,14,18). Key limitations
of this study include its single-center design, lack of longitu-
dinal outcome data, and absence of an external validation co-
hort. In addition, potential confounding effects of pre-analyt-
ical variables, such as ischemia time or embolization, cannot
be fully excluded.

Future studies should pursue multicenter validation, evaluate
associations with tumor recurrence and other prognostic out-
comes, and assess multimarker panels that integrate miRNAs
with genomic and epigenomic features to develop clinically
actionable diagnostic and prognostic models. The use of non-
tumor-associated dura mater obtained during decompressive
craniectomy for cerebrovascular events represents a prag-
matic and ethically feasible control strategy in neurosurgi-
cal research. Nevertheless, ischemia, inflammation, or acute
pathological processes may influence miRNA expression in-
dependently of tumor biology. Such effects are expected to
introduce nonspecific biological variability and would likely
bias results toward underestimation rather than overestima-
tion of tumor-specific differences. Multicenter studies incor-
porating alternative control tissues will be valuable for further
validation.

B CONCLUSION

Our findings identify miR-221, miR-143, and miR-22 as prom-
ising tissue-based diagnostic biomarkers for distinguishing
intracranial meningioma from non-tumor—associated dura
mater. Further multicenter validation and integration with
established molecular classifiers are required before routine
clinical implementation.
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ABSTRACT

AIM: To investigate the antitumor effects of ferulic acid (FA) on glioblastoma multiforme (GBM) cells both alone and in combination
with temozolomide (TMZ), and also to determine the potential of this synergy for treatment processes.

MATERIAL and METHODS: Human glioblastoma U87-MG cells were used in this study. To evaluate the potential constructive
interaction between temozolomide (TMZ) and ferulic acid (FA), a sequential treatment protocol was applied in which cells were
first treated with TMZ (20, 40, and 80 pM) for 48 hours, followed by FA (1000 pM and 1500 pM) for an additional 24 hours. Cell
viability was assessed using the MTS assay, clonogenic capacity was evaluated by the clonogenic assay, and nuclear morphological
changes were examined by Hoechst 33258 staining. The expression levels of Cyclin D1 and PARP were also analyzed to explore the
molecular mechanisms underlying the treatment effects.

RESULTS: FA treatment reduced cell viability and increased DNA damage in U87-MG cells. It suppressed the expression of Cyclin
D1 and PARP. Furthermore, the combination of FA and TMZ almost completely inhibited cell proliferation and colony formation and
significantly increased DNA damage.

CONCLUSION: Although FA has demonstrated antitumor activity at high concentrations, this may limit its clinical applicability.
However, its ability to enhance the effects of TMZ suggests that FA could be used as a supportive treatment strategy in GBM therapy.

KEYWORDS: Glioblastoma Multiforme, Temozolomide, Ferulic Acid, DNA Damage, U87-MG

ABBREVIATIONS: GBM: Glioblastoma Multiforme, TMZ: Temozolomide, FA: Ferulic Acid, PARP: Poly (ADP-ribose) polymerase,
BBB: Blood-Brain Barrier, MGMT: O6-Methylguanine-DNAMethyltransferase, BER: Base Excision Repair, PI3K/AKT: Phosphoinositide
3-kinase/Protein kinase B, TG2: Transglutaminase 2, EMT: Epithelial-Mesenchymal Transition, (DMEM)/F12: Dulbecco’s Modified
Eagle’s Medium, DMSO: Dimethyl Sulfoxide, MTS: 3-(4,5 dimethylthiazol-2-yl) 5-(3-carboxymethoxyphenyl)-2-(4 sulphophenyl)-
2H-tetrazolium), PBS: Phosphate Buffered Saline, SDS: Sodium Dodecyl Sulphate, TBS-T: Tris-Buffered Saline-Tween 20, DNA:
Deoxyribonucleic Acid
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B INTRODUCTION

lioblastoma Multiforme (GBM) is the second leading
cause of cancer-related deaths worldwide (8). GBM

originating from glial cells is the most common and ag-
gressive type of human brain tumor and accounts for 81%
of malignant brain tumors (9,23). Surgical resection followed
by chemotherapy and radiotherapy is currently the standard
treatment used in the clinic for GBM (3,16). However, the ther-
apeutic efficacy of standard treatment is low due to the inva-
sive nature of glioblastoma, and 90% of patients experience
tumor recurrence within 6-9 months after initial treatment,
with a median survival time of approximately 15 months (3).

Temozolomide (TMZ), approved by the Food and Drug Ad-
ministration (FDA) and widely used in the treatment of GBM,
is a DNA alkylating agent that can cross the blood-brain bar-
rier (BBB) (7,20). TMZ shows its cytotoxicity through the for-
mation of DNA helix breaks by transferring methyl groups to
the N3 region on adenines and N7, O6 regions on guanines
(15,21,29), and then induces cell cycle arrest in G2/M lead-
ing to cell apoptosis (15). However, O6-methylguanine meth-
yltransferase (MGMT) and base excision repair (BER)-based
repair systems eliminate TMZ-mediated double helix breaks
and methylation that reverses cell cycle arrest (10,24,28). This
mechanism renders GBM resistant to TMZ and leads to de-
creased treatment efficacy. Therefore, finding effective thera-
peutic strategies and alternative compounds for the treatment
of GBM is of foremost importance.

Ferulic acid (4-hydroxy-3-methoxycinnamic acid, FA) is a hy-
droxycinnamic acid and an abundant phenolic phytochemical
with antioxidant and antitumor activities in vegetables and
fruits. It has been detected in plants such as Angelica sin-
ensis, Cimicifuga heracleifolia, and Ligusticum chuangxiong
(7). It has been reported that FA can inhibit the expression
and activity of many cytotoxic enzymes, including nitric oxide
synthase, caspases, and cyclooxygenase (31).

FA has been reported to have a wide range of effects, including
anti-inflammatory, antidiabetic, anticarcinogenic, antiapoptot-
ic, hepatoprotective, neuroprotective, radioprotective, pulmo-
nary protective, antiatherogenic, hypotensive, and vasodilata-
tion effects (6). Recently, the high therapeutic potential of FA
has attracted considerable interest in terms of research. The
therapeutic effects of FA on various cancer types have been
demonstrated in numerous studies. In osteosarcoma cells, FA
stopped the cell cycle and induced apoptosis by suppressing
the PI3K/Akt (Phosphoinositide 3-kinase/ Protein kinase B)
pathway (27). In breast cancer cell lines, it showed cytotoxic
effect by activating caspase-8 and caspase-9 (5). It was re-
ported that nanoparticle forms of FA increased apoptosis by
decreasing tissue transglutaminase 2 (TG2) expression in glio-
blastoma cells and inhibited proliferation by suppressing DNA
synthesis in glioblastoma cells (4). In metastatic breast cancer
cells, it has been shown to prevent metastasis by inhibiting
epithelial-mesenchymal transition (EMT) (30).

These findings show that the anticarcinogenic effects of FA
are multifaceted, and when used together with chemothera-
peutic agents, they may create a potential synergistic effect.
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Considering the limitations in glioblastoma treatment and the
prevalence of TMZ resistance, the present study focused on
whether ferulic acid can improve the efficacy of TMZ and how
it can stop the proliferation of glioblastoma cells. Our results
showed that FA alone and in combination with TMZ sup-
pressed cell proliferation and induced DNA damage by sup-
pressing Cyclin D1 and PARP expression. Our data suggest
that the combination of these two agents may offer a new and
effective way to combat glioblastoma, making a significant
contribution to current treatment strategies.

B MATERIAL and METHODS
Cell Line, Culture Conditions, and Reagents

U87-MG (cat# HTB-14) cells were purchased from the Amer-
ican Type Culture Collection (Manassas, VA, USA). U87-MG
cells were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM)/F12 supplemented with 10% fetal bovine serum
(Sigma Aldrich, St. Louis, MO). Cells were cultured at 37°C
in an incubator humidified with 5% CO2 (12). Ferulic acid and
temozolomide were purchased from Sigma-Aldrich (St. Lou-
is, MO), and stock solution was prepared by dissolving them
in 100% Dimethyl Sulfoxide (DMSO). They were then diluted
with FBS-free medium before application to cells.

Cell Viability and Replication Experiments

Cell viability and proliferation were measured using the MTS
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulphophenyl)-2H-tetrazolium) assay (Promega, Madison,
WI) (1,11). To observe the effects of the agents accurately,
we spread the experiment protocol over a total period of 96
hours.

To start the experiment, we seeded U87-MG cells at a density
of 1.20 x 103 cells per well in 96-well plates and designated the
first 24 hours as the incubation phase to ensure that the cells
adhered completely to the surface. On day 1 of the experiment,
we treated the cells with increasing doses of temozolomide
(10, 20, 40, and 80 uM) during a 48-hour incubation period. On
the third day of the experiment, without removing the existing
medium or TMZ from the medium, we proceeded to the final
24-hour incubation phase by directly adding ferulic acid (dif-
ferent doses ranging from 100-1500 pM) or the specified com-
bination groups (FA 1000+TMZ 40 pM, FA 1500+TMZ 40 pM,
FA 1000+TMZ 80 pM, FA 1500+TMZ 80 pM) to the final 24-
hour incubation phase. After completing the 96-hour protocol,
we added a marker solution containing MTS and Phenazine
Methosulfate (20:1 v/v) to the cells. We incubated the cells at
37 °C for 1 hour for formazan formation. In the ultimate step,
we measured absorbance at 490 nm using an ELISA reader to
determine the density of viable and proliferating cells (2,12).

Colony Formation Assays

To determine the long-term effects of temozolomide and feru-
lic acid on the proliferation capacity and colony-forming ability
of GBM cells, we selected the clonogenic assay method (2,12).
For this purpose, we seeded U87-MG cells at a density of 1.5
x 108 cells per well in 6-well plates and left them to incubate for
48 hours to allow the cells to adhere completely to the surface.



Following this preparation step, the cells were treated with
increasing doses of temozolomide (20, 40, and 80 pM), fe-
rulic acid (1000 and 1500 pM), and their combinations (FA
1000+TMZ 40 pM, FA 1500+TMZ 40 pM). Plates were incu-
bated at 37°C for approximately 2 weeks until colonies in the
control group reached sufficient density (confluency). After the
process was complete, we carefully removed the medium and
washed the cells with Phosphate Buffered Saline (PBS); then,
we made the colonies visible through fixation and crystal vio-
let staining steps. During the analysis phase, we counted col-
onies consisting of more than 50 clearly distinguishable cells
and reported our data as a percentage relative to the control

group.
Western Blot Analysis

To examine changes at the molecular level, we performed
Western blot analyses. We seeded the cells in T-25 flasks and
incubated them for 24 hours to allow the cells to adhere. We
performed our experiment using a 96-hour sequential proto-
col: In the first step, we treated the cells with 80 uM temo-
zolomide for 48 hours from day 1 to day 3. On day 3 of the
experiment, we added ferulic acid (1000-1500 uM) and the
corresponding combination doses (FA 1000+TMZ 40 uM, FA
1500+TMZ 40 pM) to the cells and allowed the interaction to
complete with a final 24-hour incubation.

At 96 hours, we harvested the cells, washed them twice with
cold PBS, and lysed them in lysis buffer at 4°C. We performed
precise measurements to determine protein concentrations
using a commercial kit (DC kit; Bio-Rad, Hercules, CA). A 40-
Mg protein load from each sample was run on a 4-20% gradi-
ent SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and
then transferred to PVDF membranes.

To block nonspecific binding on the membranes, we incubat-
ed them for 60 minutes in a blocking buffer containing 5%
nonfat milk powder (0.1% Triton X-100, TBS-T). After washing,
we targeted the membranes with the following primary anti-
bodies: PARP (Cell Signaling, cat# 9532), Cyclin D1 (Cell Sig-
naling, cat# 9542S), and Beta Actin (Proteintech, cat# 60008-
1-lg) as a loading control. Following the washing steps, we
proceeded with appropriate secondary antibodies (anti-rabbit
or anti-mouse; Bio-Rad). We performed chemiluminescence
detection using Clarity Western ECL Substrate (Bio-Rad) to
visualize the bands; the resulting signals were visualized and
analyzed using the ChemiDoc MP Imaging System (Bio-Rad)
(2,12,13,14).

Apoptosis Analysis (Host Staining)

We performed Hoechst 33258 staining to observe changes in
the nuclear morphology of U87-MG GBM cells and to provide
morphological evidence of apoptotic cell death. Cells were
seeded in 6-well plates at a density of 100,000 cells/well and
allowed to adhere for 24 hours. Treatments were administered
according to the 96-hour sequential protocol: cells were first
treated with temozolomide (40 and 80 uM) for 48 hours, fol-
lowed by the addition of ferulic acid (1000 and 1500 uM) and
their combinations (FA 1000+TMZ 40 pM, FA 1500+TMZ 40
UM) for the final 24 hours. Untreated cells served as the con-
trol group. Following the 96-hour treatment, cells were fixed
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with 4% paraformaldehyde, washed with PBS, and stained
with 200 pl Hoechst 33258 (Sigma, 0.5 mg/mL) for 15 minutes
in the dark.

After staining, the solution was removed, and cells were
washed three times with ice-cold PBS. Changes in nuclear
morphology were assessed using a fluorescence microscope
with 320-350 nm filters (Eclipse Ti, Nikon). Apoptotic cells
were identified by hallmark morphological changes, such as
highly condensed chromatin and fragmented nuclei (12,26).

Statistical Analysis

All experiments were performed at least in triplicate, and re-
sults were summarized as means with standard deviation.
Statistical significance was determined using Student’s t-test.
P-values less than 0.05 were considered statistically signifi-
cant. GraphPad Prism (ver. 8.0.2) software was used for data
evaluation and graphing.

B RESULTS

Ferulic Acid Inhibits GBM Cell Proliferation and Enhances
TMZ Efficacy

To evaluate the effects of ferulic acid (FA) and temozolomide
(TMZ) treatment on glioblastoma (GBM) cell proliferation and
viability, MTS analysis was performed 96 hours after treat-
ment. The results showed that U87-MG cell viability was sig-
nificantly reduced in a dose-dependent manner compared to
the control group (Figure 1).

TMZ (10-80 uM) treatments administered from 24 to 72 hours
showed a marked decrease, particularly at the 80 uM concen-
tration (Figure 1B). For FA application, cells were exposed to
different doses (100-1500 pM) during the final 24-hour peri-
od following a 48-hour pre-incubation. FA application alone
showed a potent inhibitory effect at concentrations of 700,
1000, and 1500 pM (Figure 1A).

In combination groups treated with the same sequential pro-
tocol (48 hours of TMZ followed by 24 hours of FA co-incu-
bation), a synergistic decrease in cell viability was observed.
The lower viability rate observed in the combination treatment
groups compared to the control group and single FA or TMZ
treatments (Figure 1C) confirms that ferulic acid enhances the
cytotoxic effect of TMZ in GBM cells.

Ferulic Acid and Temozolomide Synergistically Inhibit
Colony Formation

We performed clonogenic assays to observe the effects of FA
and TMZ, as well as their combinations, on the clonogenic
capacity of GBM cells. The results showed that when we in-
creased the TMZ dose (20, 40, and 80 pM), the colony-forming
ability of U87-MG cells decreased significantly in a dose-de-
pendent manner compared to the control group (Figure 2A).
However, the most striking results were observed with FA. We
found that colony formation was completely inhibited in cells
treated with FA alone (1000-1500 pM) (Figure 2B). However,
the most noteworthy aspect of the study was the combination
groups; when FA (1000 pM or 1500 pM) was combined with
TMZ (40 pM), colony formation was eliminated (Figure 2C).
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Figure 1: Effects of Ferulic Acid (FA) and Temozolomide (TMZ)
on the viability of U87-MG glioblastoma cells, evaluated using
the MTS assay following a 96-hour sequential treatment proto-
col. A) Cells treated with 100-1500 uM FA for the final 24 hours
of the protocol showed a dose-dependent decrease in viability,
with significance at 1000-1500 pyM. B) Cells treated with 10-80
pM TMZ for a total of 72 hours exhibited a significant viability
decrease at 80 pM. C) Sequential combination of FA (1000-1500
pM) and TMZ (40-80 uM) demonstrated a synergistic reduction in
cell viability compared to the control group (ns: p>0.05; *p<0.05;
**p<0.0001).
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Figure 2: Impact of FA and TMZ on the clonogenic capacity of
U87-MG cells. A) Treatment with 20, 40, and 80 pM TMZ resulted
in a dose-dependent suppression of colony formation. B) Colony
formation was completely inhibited in cells treated with 1000 and
1500 pM FA alone. C) The combination of FA (1000-1500 pM) and
TMZ (40 pM) led to the total abolishment of colony formation, indi-
cating a complete loss of proliferative integrity (ns: not significant;
p>0.05; **p<0.01; **p<0.001; ****p<0.0001).



These data indicate that the strategic addition of FA to TMZ
treatment directly targets both the self-renewal mechanism
and proliferation of U87-MG cells. This intervention results in
the complete loss of the cells’ clonogenic potential.

Ferulic Acid and Temozolomide Combination Suppresses
Cyclin D1 and PARP Expression

To demonstrate the underlying molecular mechanisms of the
anti-proliferative effect we observed, we performed Western
blot analysis following a 96-hour sequential treatment pro-
tocol. At this stage, we focused on the expression levels of
the PARP enzyme, which plays a key role in both DNA repair
mechanisms (BER pathway) and cell death processes, and
the Cyclin D1 protein, which controls the G1/S transition of
the cell cycle (Figure 3A).

Our quantitative analyses revealed that the combination of
FA and TMZ significantly reduced Cyclin D1 expression in
U87-MG cells compared to the control group (Figure 3C). This
decrease in expression directly indicates an extraordinarily
strong arrest in the cell cycle. Additionally, we observed a
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significant decrease in PARP expression levels in the combi-
nation groups compared to the control group (Figure 3B). Giv-
en the DNA damage caused by TMZ, this decrease in PARP
levels is particularly important, as it indicates that ferulic acid
impairs the ability of GBM cells to repair damage and ren-
ders them much more sensitive to TMZ-induced apoptosis.
In summary, the simultaneous inhibition of both proteins con-
firms that the combination of FA and TMZ targets glioblasto-
ma cells for both proliferation and apoptosis simultaneously.

Ferulic Acid and Temozolomide Combination Triggers
Apoptotic Changes in GBM Cells

To demonstrate changes in nuclear morphology and for apop-
tosis analysis, we performed Hoechst 33258 staining follow-
ing a 96-hour sequential treatment regimen. Our data showed
that TMZ (40 and 80 pM) administered alone for 72 hours did
not cause a radical change in nuclear structure compared to
the control group. However, the intense chromatin staining
and structural disruptions characteristic of cells undergoing
apoptosis revealed a profile markedly different from that of
healthy cells (Figure 4A).
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Figure 3: Molecular analysis of PARP and Cyclin D1 expression in U87-MG cells following 96-hour sequential treatment. A) Representa-
tive Western blot images showing the expression levels of PARP (a key BER pathway enzyme) and Cyclin D1 (a cell cycle regulator). B)
Quantitative analysis of PARP expression, showing significant downregulation in combination groups. C) Quantitative analysis of Cyclin
D1 expression, demonstrating a significant decrease compared to the control group. Beta-actin was used as the loading control (ns: not

significant; p>0.05; **p<0.01; **p<0.001; ***p<0.0001).
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In the final 24 hours of the process, we observed that nuclear
morphological changes increased in a dose-dependent man-
ner in cells treated only with FA (1000 and 1500 puM) (Figure
4B). However, the most striking results emerged in the combi-
nation groups where TMZ and FA were administered together.
A substantial proportion of cells in this group exhibited intense
bright blue fluorescence, a characteristic sign of chromatin
condensation and nuclear fragmentation.

The combination groups most clearly observed this trans-
formation, where fragmented apoptotic bodies replaced the
normal nuclear structure. These morphological indicators are
definitive evidence of apoptosis. In conclusion, the micro-
scopic images we obtained confirm that ferulic acid strongly
supports and enhances TMZ-induced programmed cell death
(apoptosis) in GBM cells.

H DISCUSSION

GBM poses a significant clinical challenge due to its high ma-
lignancy, rapid progression, and resistance to current treat-
ment approaches. Traditional treatments, including surgery,
radiotherapy, and chemotherapy, can only extend the aver-

age survival time of GBM patients to a limited extent (22,25).
Therefore, the development of more effective treatment strat-
egies is crucial.

TMZ is a basic alkylating agent used in the standard treatment
of GBM. Although it is known that TMZ triggers cell death
through methylation on DNA (1), at least 50% of treated glio-
blastoma patients do not respond adequately to treatment.
The most important reasons for this treatment resistance in-
clude overexpression of the O6-methylguanine-DNA methyl-
transferase (MGMT) gene and/or defects in DNA repair mech-
anisms in tumor cells. In this context, combined therapies that
may increase the efficacy of TMZ in GBM treatment should be
investigated (17). In our study, the effects of TMZ combination
with ferulic acid (FA), a natural phenolic compound, on GBM
cell line (U87-MG) were investigated, and promising results
were obtained.

The researchers strategically selected the 96-hour sequential
treatment protocol (48 hours of TMZ followed by 24 hours of
FA) to suppress the DNA repair mechanism. This timing en-
sures that the phytochemical reaches cells that are in their
most vulnerable state as they attempt to recover from the ini-
tial chemical attack.
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Previous studies have reported that FA increases DNA dam-
age in GBM cells and exhibits anticancer effects by activating
apoptotic pathways (11). Similarly, Dell’Albani et al. reported
that FA encapsulated in nanoparticles suppressed glioma cell
proliferation four times more than free FA (4). Naumowicz et al.
reported that FA and cinnamic acid compounds reduce cell
viability by causing changes in the membrane surface charges
of glioblastoma cells (19). Studies conducted by Morin et al. on
Hs683 and LN319 cell lines indicate that FA and caffeic acid
phenethyl ester compounds have therapeutic potential (18).

In this study, we demonstrated that the combination of Ferulic
Acid (FA) and Temozolomide (TMZ) significantly suppressed
the proliferation of U87-MG cells, and that this effect was
much more pronounced compared to the use of FA alone.
We determined that this effect is achieved by inhibiting the
expression of Cyclin D1 and PARP, which play a critical role
in DNA repair. This indicates that FA essentially disrupts the
cell’s DNA repair mechanism, renders the damage caused by
TMZ permanent, and ultimately leads to the cell entering an
irreversible death process.

DNA damage caused by TMZ is primarily repaired via Base
Excision Repair (BER). The significant decrease in PARP levels
observed in our analyses indicates that ferulic acid effectively
suppresses this repair mechanism. Silencing PARP-1, an in-
dispensable sensor of the BER pathway, is a known strategy
in literature to enhance the effect of alkylating agents such
as TMZ, but it takes on a new dimension with this combina-
tion. FA prevents the repair of DNA damage caused by TMZ,
leading to the accumulation of lethal double-strand breaks in
the cell and ultimately triggering apoptosis. This mechanism
is clearly supported by our Hoechst 33258 staining results.
The nuclear fragmentation and chromatin condensation ob-
served in the combination groups demonstrate that this is
programmed cell death, not suppression of proliferation, ran-
dom tissue death (necrosis), or simple metabolic slowing.

Although our study only includes vitro experiments, ferulic
acid stands out as a promising natural compound for GBM
treatment. The combination of TMZ and FA could form the
basis for current treatment strategies. Of course, the results
shown in this study using the U87-MG cell line are not suffi-
cient, but the genetic diversity of glioblastoma, especially fac-
tors such as TMZ resistance, is decisive for clinical success.
Therefore, to generalize our findings, it is vital to validate this
synergy in resistant lines such as T98G and in primary cultures
obtained from patients in the next step.

B CONCLUSION

In conclusion, consistent responses obtained from various
analytical methods, such as MTS, colony formation, Western
blot, and Hoechst staining, emphasize that FA may be a po-
tent adjuvant in GBM treatment. However, more comprehen-
sive in vitro and in vivo studies are needed to understand fully
the clinical value of this combination. A detailed analysis of the
mechanisms is required.
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ABSTRACT

AIM: To describe the morphometry of the atlas vertebrae regarding sex and age in posterior cervical surgery, provide a data source
for surgery, and compare with other populations. In surgical operations, the morphology and morphometry of the atlas must be
known.

MATERIAL and METHODS: Computed tomography images of 300 individuals aged 20-69 and referred to the hospital between
2020 and 2023 were used in retrospective research. The 14 parameters determined were examined in five groups formed by dividing
ages into decades. The following parameters were measured: the transverse foramen area (TFA), length of the lateral mass (LLM),
weight of the lateral mass (WLM), anteroposterior diameter of the left transverse foramen (ADTF), transverse diameter of the left
transverse foramen (TDTF), posterior arch area (PAA), distance from the nearest point of the lateral mass on the posterior arch to the
occipital condyle (OLM), posterior arch length (PAL), height of the lateral mass (HLM), and the height of the anterior tubercle of the
atlas (HAT). In statistical analysis, the two-sample T-test, one-way ANOVA, and eta-squared (n?) tests were used.

RESULTS: The HLM, WLM, PAA, PAL, OLM, HAT, TFA, ADTF, and TDTF were more considerable and statistically significant in
males. It was statistically significant that the HAT and OLM were lower in the 2" decade compared to other decades in females

(p<0.05). In males, the LLM was smaller in the 3rd decade compared to individuals in the 2" and 5" decades, which was statistically
significant (p<0.05).

CONCLUSION: Based on the data presented, the present study will guide individuals in producing more appropriate screws
(diameter, length) and safe surgical mediolateral angulation for the anatomical distinction between individuals’ sexes and ages.
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B INTRODUCTION

he atlas (C1), categorized as an anatomically atypical
vertebra with complex and variable constructions com-

pared to other cervical vertebrae, is a crucial anatomi-
cal construction housing the bulbus and contains grooves for
the C1 spinal nerve and vertebral levels (4,22). Instability or
dislocation of the atlanto-occipital knuckle or C1-C2 complex
may result from various sources, such as rheumatoid arthritis,
broken C1-C2, ossa odontoidea, disruption of the transverse
process ligaments, and tumor involvement in the surrounding
area (22). Traumatization of the upper cervical spine can lead
to weight-bearing instability, pain, neurological deficits, and
death (28).

Posterior fixation using C1 pedicle screws and lateral mass
is gaining acceptance among spine surgeons as the modal-
ity of choice for C1 instrumentation due to its preponderant
biomechanical stability compared to other fixation modalities
(16,22). However, proximity to important vascular and neu-
ral structures should be considered when using the fixation
method. The ponticulus posticus (Kimmerle anomaly or arcu-
ate foramen) may be confused with a wide posterior arch of
the C1, while a lateral mass screw arrangement may provoke
wounds to the vertebral artery (27). Additionally, a high-riding
vertebral artery with a small pedicle is a substantial risk factor
for a vertebral artery injury (16).

Determining the screw entry point before placing the screws
is an essential detail for C1 fixation to prevent potentially fatal
complications such as medulla spinalis and vertebral artery in-
jury (28). Thus, the surgeon should have a detailed knowledge
of the anatomy and morphometric features of the atlas.

Therefore, this study was designed to investigate changes
in the atlas based on age for posterior cervical screw fixa-
tion surgery. Additionally, it aimed to obtain basic information
about the anatomical parameters and dimensions of the atlas
in developing innovative instruments.

B MATERIAL and METHODS

The study was planned as a retrospective study, and approval
was obtained from the Izmir Bakircay University Non-Interven-
tional Ethics Board (Reference No: 1236 / Date:11.10.2023).
Cervical computed tomography (CT) images were scanned
between January 1, 2020, and October 10, 2023, in the Ra-
diology Department of the University Hospital. Cervical CT
images of 150 female and 150 male individuals aged between
20 and 69 were randomly selected in the study. Images of
individuals with previous fractures in the cervical vertebrae re-
sulting from trauma to the cranium or cervical region, a tumor,
an infection, or previous surgery involving the cervical verte-
brae were excluded from the study. Images with artifacts that
impeded measurement were excluded from the study. During
the measurements, the patients were categorized by sex and
their initials were written in Excel, considering the personal
data protection law.
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Image Analysis

All measurements were made on the Horos (v3.3.06) worksta-
tion. The images were analyzed with two- and three-dimen-
sional reconstructions in the standard bone screen, and the
images focusing on the first cervical vertebra were positioned
to the orthogonal plane in three planes (transverse, sagittal,
and coronal). The images were then brought to the transverse
and sagittal planes according to the parameters. Measure-
ments were taken from the left half of the atlas only. They were
performed by a radiologist (S.0.) with at least 15 years of ex-
perience, accompanied by two anatomists (PhD). Parameters
were measured in the transverse and sagittal planes:

In the Transverse Plane

Transverse foramen shape (TFS): The shape of the transverse
foramen was evaluated (1). It was classified as type 1 round,
type 2 elliptical (anteroposterior), type 3 elliptical (transverse),
type 4 kite, type 5 leaf, type 6 semicircle, or type 7 irregular.

Transverse foramen area (TFA): Transverse foramen area
(Figure 1A).

Length of lateral mass (LLM): Straight length from the anterior
to the posterior arch passing through the midpoint of the lat-
eral mass of the atlas (Figure 1A).

Weight of lateral mass (WLM): Transverse width passing
through the middle of the lateral mass of the atlas (Figure 1B).

Anteroposterior diameter of left transverse foramen (ADTF):
The distance between the anterior and posterior points of the
left transverse foramen (Figure 1C).

Transverse diameter of left transverse foramen (TDTF): The
shortest distance from right to left of the left transverse fora-
men (Figure 1C).

Nearest point of vertebral foramen (NVF): The angle between
the anterior tubercle of the atlas — the posterior tubercle of the
atlas — and the transverse foramen (closest point to foramen
vertebrae) (Figure 1D).

Furthest point of vertebral foramen (FVF): The angle between
the anterior tubercle of the atlas — the posterior tubercle of the
atlas — and the transverse foramen (farthest point to foramen
vertebrae) (Figure 1E).

In the Sagittal Plane

Posterior arch area (PAA): Cross-sectional area of the posteri-
or arch of the vertebral artery sulcus (Figure 2A).

The distance from the nearest point of the lateral mass on the
posterior arch to the occipital condyle (OLM): The distance
from the nearest point of the lateral mass on the posterior arch
to the occipital condyle (Figure 2B).

Posterior arch length (PAL): Sagittal length of the posterior
arch from the closest point to the lateral mass of the atlas
(Figure 2B).

Height of lateral mass (HLM): The height of the middle of the
lateral mass of the atlas (Figure 2C).
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Figure 1: The horizontal plane measurements: A) TFA: transverse foramen area, LLM: length of lateral mass. B) WLM: weight of
lateral mass. C) ADTF: anteroposterior diameter of left transverse foramen, TDTF: transverse diameter of left transverse foramen.
D) NVF: nearest point of the vertebral foramen. E) FVF: furthest point of the vertebral foramen.

Figure 2: The sagittal plane measurements: A) PAA: Posterior arch area. B) OLM: Distance from the nearest point of the lateral mass on
the posterior arch to the occipital condyle, PAL: Posterior arch length. C) HLM: Height of lateral mass. D) HAT: Height of anterior tubercle

of atlas, HPT: height of posterior tubercle of atlas.

Height of anterior tubercle (HAT): The height at the midpoint of
the anterior tubercle of the atlas (Figure 2C).

Height of posterior tubercle (HPT): The height of the atlas at
the midpoint of the posterior tubercle (Figure 2D).

Statistical Analysis

Statistics were analyzed using IBM SPSS Statistics 22.0. De-
scriptive statistics (mean and standard deviation) were calcu-
lated for the parameters. The suitability of the measurement
data for a normal distribution was judged with the Kolmog-
orov-Smirnov test. The two-sample T-test was used to deter-

mine the distribution based on sex. A one-way ANOVA test
was used for the parameters suitable for a normal distribution
when age was evaluated according to deciles. Post hoc, Tukey,
and Tamhane’s T2 tests were performed in pairwise compar-
isons. In parametric tests, eta-squared (n?) calculations were
performed to determine the degree of significant difference.
Statistical significance was defined as a p-value below 0.05.

Power analysis: The calculated power (1-beta) based on this
test is 1, considering a type | error (alpha) of 0.05, sample
size of 300, effect size of 0.81, and a two-sided alternative
hypothesis (H1).
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Table I: Assessment of Measurements by Sex

Parameters Male Female p-valuet n2
Mean=SD (CI) Mean=SD (CI)
TFA (mm?) 46.6+10.0 (45.0-48.2) 41.6+8 (40.3-42.9) 0.00* 0.69
ADTF (mm) 8.0+1.1 (7.8-8.2) 7.3+1.0 (7.1-7.5) 0.00* 0.22
TDTF (mm) 7.5+1.1 (7.3-7.7) 6.5+0.9 (6.4-6.7) 0.00* 0.27
WLM (mm) 15.2+1.5 (15.0-15.5) 12.9+1.3 (12.7-13.2) 0.00* 0.47
LLM (mm) 29.3+16.3 (27.7-28.3) 27.422.0 (27.1-27.8) 0.16 -
PAA (mm?) 54.7+12.5 (52.7-56.7) 40.4+10.1 (38.8-42.0) 0.00* 0.77
HLM (mm) 13.9+1.2 (13.7-14.1) 13.3+1.3 (13.1-13.5) 0.00* 0.35
PAL (mm) 5.3+0.8 (5.2-5.5) 4.9+6.4 (4.8-5.0) 0.00* 0.16
OLM (mm) 5.1+1.4 (4.9-5.3) 4.2+1.0 (4.1-4.4) 0.00* 0.24
HAT (mm) 12.1+1.7 (11.8-12.3) 10.8+1.5 (10.6-11.1) 0.00* 0.34
HPT (mm) 11.0+£1.7 (10.7-11.3) 10.2+6.7 (9.1-11.3) 0.19 -
NVF (°) 38.15+3.27 (37.6-38.6) 37.52+3.22 (37.0-38.0) 0.09 -
FVF (°) 48.33+3.42 (47.7-48.8) 47.76+3.38 (47.2-48.3) 0.15 -

*p<0.001, t: Two-sample T test, n% eta-squared, SD: Standard Deviation, Cl: 95% Confidence Interval for Mean, TFA: Transverse foramen area,
ADTF: Anteroposterior diameter of left transverse foramen, TDTF: Transverse diameter of left transverse foramen, WLM: Weight of lateral mass,
LLM: Length lateral Mass, PAA: Posterior arch area, HLM: Height of lateral mass, PAL: Posterior arch length, OLM: Distance from the nearest
point of the lateral mass on the posterior arch to the occipital condyle, HAT: Height of anterior tubercle of atlas, HPT: Height of posterior tubercle
of atlas, NVF: Nearest point of vertebral foramen, FVF: Furthest point of vertebral foramen.

B RESULTS

A total of 300 individuals, 150 females and 150 males, were in-
cluded in the study. Individuals aged between 20 and 69 were
then divided into five groups, with 30 females and 30 males in
every decade. The average age was 44.48 + 14.66 for females
and 44.32 + 14.41 for males. When examining the ages of
the individuals according to sex, no significant difference was
detected (p>0.05).

The TFA, ADTF, TDTF, WLM, PAA, HLM, PAL, OLM, and HAT
parameters were higher in males, which was statistically sig-
nificant (p<0.05). The LLM, HPT, NVF, and FVF measurements
were higher in males, but the gap was not statistically signifi-
cant (p>0.05). Considering the size effect, it was believed that
the variance observed from the morphometric measurements
of the C1 vertebra was sex-dependent, with the highest rate
of 77% for the PAA, followed by 69% for the TFA, and the
lowest rate of 16% for the PAL (Table I). Figure 3 presents the
distinction of the TFS based on sex.

No statistically significant difference was found between age
groups for the TFA, ADTF, TDTF, WLM, LLM, PAA, HLM, PAL,
HPT, NVF, or FVF parameters in females (p>0.05). The OLM
and HAT measurements were smaller in individuals in the 2
decade than in those in other decades. This difference was
determined as statistically significant (p>0.05; Table Il). Con-
sidering the effect size, it was believed that the variances ob-
served in the decades originating from morphometric mea-
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Sex

female

Figure 3: Distribution of transverse foramen shapes by sex.

surements of the C1 vertebra in females were age-dependent
at rates of 36.7% for the HAT parameter and 41.1% for the
OLM.

In males, it was determined that the differences between the
age groups for the TFA, ADTF, TDTF, WLM, PAA, HLM, PAL,
OLM, HPT, NVF, and FVF were not statistically significant
(p>0.05). The LLM measurement was smaller in individuals in
the 3 decade than in those in the 2™ and 5" decades. The
HAT was smaller for individuals in the 2" decade than those
in the 4%, 5" and 6" decades, and smaller for individuals in



the 3" decade than those in the 6th decade (p<0.05; Table IlI).
Considering the effect size, it was believed that the variances
between decades originating from morphometric measure-
ments of the C1 vertebra in males were age-dependent at a
rate of 32.5% for the HAT and 51.5% for the OLM.

B DISCUSSION

Advances in technology and experience have shown that
screw fixation is preferred over cabling techniques (8). The C1
posterior arch screw technique is becoming a favored option,
especially for short-segment cervical fixation and C1 rigid
stable fixation (29). In cases where occipitocervical fusion is
required, such as atlanto-occipital dislocation treatment (for
conditions causing significant morbidity and mortality), a lat-
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eral mass screw could be used at C1 (21). Serious complica-
tions such as surgical area infection, neurological and vascu-
lar injuries, screw fracture, and bone nonunion may occur in
cervical region surgery (19,20). Age-related atlas changes in
adults are important because this is the first study aiming to
provide a radio-anatomical basis for posterior screw fixation
surgery. The results of this study will be valuable in preventing
neurovascular injury and pedicle fractures due to the selection
of a large screw during C1 laminar screw fixation.

In our study, the mean LLM was 27.4 + 2.0 mm in females and
29.3 + 16.3 mm in males, and the location of the transverse
foramen was between 38° and 48° in males and 37° and 47°
in females based on age group. Safe deviation angles vary
significantly by sex. No previous study was found that exam-

Table II: Measurement Results for the Parameters Examined by Dividing Ages into Decades in Females

2" Decade 3" Decade 4t Decade 5t Decade 6" Decade
Parameters Mean+SD Mean+SD Mean+SD Mean+SD MeanxSD p-value
(Min-Max) (Min-Max) (Min-Max) (Min-Max) (Min-Max)
39.2+8.7 40.17.5 43.0+7.7 42.8+8.5 43.0+8.1
2
TFA (mm?) (25.4-62.6) (25.0-58.0) (29.0-60.2) (30.1-56.9) (24.5-57.2) 0.20
7.041.2 7.3+0.8 7.3+0.9 7.4+1.0 7.5:0.9
ADTF (mm) (4.5-9.9) (5.7-9.5) (6.0-9.5) (5.8-9.7) (5.9-9.8) 0.28
6.7+0.9 6.4+0.8 6.6:0.8 6.4:0.9 6.5+0.9
TOTF (mm) (5.0-9.7) (4.3-8.2) (4.6-8.4) (4.9-8.8) (4.5-8.4) 0.63
12.9+1.6 13.0+1.3 12.7+1.3 13.0x1.1 13.11.5
WLM (mm) (8.7-16.3) (9.6-15.6) (10.8-16.4) (10.6-15.1) (9.5-15.5) 0.91
27.7+2.6 26.9+1.8 27.741.7 27.3+1.9 27.4+2.0
LLM (mm) (20.7-31.5) (22.9-29.4) (23.9-31.4) (22.6-33.0) (20.7-31.8) 0.47
36.3+10.8 40.7+8.2 42.0:9.5 41.7+10.0 41.3+11.2
2
PAA (mm?) (22.3-65.3) (27.8-56.1) (22.0-58.1) (20.1-64.2) (20.4-63.9) 0.16
13.1=1.1 13.7+1.6 13.3+1.3 13.2+1.1 13.121.4
HLM (mm) (11.4-15.7) (11.1-18.2) (10.8-16.5) (11.4-15.9) (10.5-16.8) 0.33
4.8+0.7 5.0+0.6 4.8+0.5 5.0+0.5 4.9+0.7
PAL (mm) (3.5-6.5) (3.7-6.3) (3.8-5.9) (4.0-6.1) (3.5-6.7) 062
3.421.3 4.70.9 4.420.8 4.420.8 4.30.9 .
OLM (mm) (1.2-7.5) (2.1-6.0) (2.4-6.1) (2.0-5.9) (1.8-6.2) 0.00
9.7+1.2 10.9+1.3 11.2+1.1 11.0£1.5 11.3+1.9 .
HAT (mm) (7.1-13.3) (8.4-14.6) (9.1-13.0) (8.7-15.0) (8.9-16.3) 0.00
9.7+2.0 9.7+1.2 9.2+1.5 12.6+£14.7 9.9+1.4
HPT (mm) (6.4-14.0) (8.1-12.8) (6.9-12.0) (6.8-90.0) (6.7-12.9) 0.31
NVE ) 37.94+3.39 37.68+2.93 36.38+3.47 38.05+2.98 37.56+3.21 007
(32.66-48.05)  (31.62-44.69)  (28.09-45.26)  (33.11-45.77)  (29.66-48.05) :
FVE () 47.88+3.92 47.59+3.13 47.20+3.37 48.18+3.13 47.76+3.38 0.82

(41.73-59.78) (42.24-54.51)

(38.54-55.02)

(43.85-55.38) (38.54-59.78)

*p<0.001, SD: Standard deviation, TFA: Transverse foramen area, ADTF: Anteroposterior diameter of left transverse foramen, TDTF: Transverse
diameter of left transverse foramen, WLM: Weight of lateral mass, LLM: Length lateral mass, PAA: Posterior arch area, HLM: Height of lateral
mass, PAL: Posterior arch length, OLM: Distance from the nearest point of the lateral mass on the posterior arch to the occipital condyle, HAT:
Height of anterior tubercle of atlas, HPT: Height of posterior tubercle of atlas, NVF: Nearest point of vertebral foramen, FVF: Furthest point of

vertebral foramen.
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Table Ill: Measurement Results for the Parameters Examined by Dividing Age into Decades in Males

2" Decade 3" Decade 4" Decade 5 Decade 6" Decade
Parameters Mean+=SD Mean+=SD Mean+SD Mean+SD Mean+SD p-value
(Min-Max) (Min-Max) (Min-Max) (Min-Max) (Min-Max)
46.8+11.0 49.4+11.3 44.8+9.2 46.8+10.1 45.2+8.0
2
TFA (mm?) (31.8-76.0) (24.8-86.9) (27.8-65.5) (31.1-72.0) (30.0-62.2) 0.42
7.6+1.1 8.2+1.1 7.941.0 8.2+1.2 7.941.0
ADTF (mm) (5.7-11.2) (6.1-11.9) (6.4-10.6) (6.2-10.5) (6.0-9.6) 0.26
7.9+1.2 7.7£1.2 7.3+x1.1 7.3+0.9 7.3+0.9
TDTF (mm) (6.3-11.0) (5.2-9.7) (5.3-10.0) (6.0-10.0) (6.0-9.8) 0.12
15.0+1.8 14.7+1.4 15.4+1.4 15.541.4 15.541.6
WLM (mm) (11.5-18.6) (1.7-17.0) (11.9-18.1) (11.9-18.1) (11.8-20.0) 0.21
28.6+2.0 27.0+2.1 28.2+2.0 28.51.7 27.8+1.8 .
LLM (mm) (23.3-32.3) (22.0-30.9) (23.5-31.4) (23.8-32.5) (23.3-30.4) 0.01
52.112.8 54.4+11.9 56.4+10.3 57.0+12.9 53.5:14.4
2
PAA (mm?) (31.1-94.3) (30.9-97.1) (40.8-92.1) (34.9-85.9) (27.2-92.4) 0.50
14.041.0 13.641.5 13.8+1.1 14.241.2 13.840.9
HLM (mm) (11.5-16.2) (10.2-16.2) (10.3-16.0) (11.5-16.7) (10.9-15.2) 0.30
5.5:0.8 5.2:0.8 5.3:0.6 5.5:0.8 5.2:0.8
PAL (mm) (3.5-7.5) (4.0-7.4) (3.8-6.9) (3.1-6.9) (4.2-7.4) 0.51
5.2+1.1 5.1+0.9 5.0+1.0 5.0:0.7 5.0+1.5
OLM (mm) (2.5-7.7) (3.8-7.2 (2.5-7.2) (3.2-6.7) (2.0-7.8) 0.98
10.8+1.1 11.6+1.4 12.541.7 12.541.8 12.9415 .
HAT (mm) (9.1-14.3) (8.5-15.3) (10.1-16.4) (8.8-17.6) (10.0-16.1) 0.00
10.9+1.8 10.8+1.6 11.041.4 11.342.2 10.741.7
HPT (mm) (7.3-14.4) (6.3-13.5) (7.7-14.6) (7.8-16.4) (7.6-14.9) 0.62
NVE € 38.75+3.31 37.92+4.11 38.13+3.03 37.60+3.06 38.38+2.76 070
(32.87-46.57)  (30.01-47.56)  (31.37-43.68)  (32.54-45.24)  (31.92-44.59) :
FVE 48.67+3.25 48.47+3.89 48.25+3.09 47.85+3.69 48.42+3.29 -

(44.16-56.79) (37.21-56.22)

(42.17-56.22)

(40.68-58.57) (42.38-56.40)

*p<0.05, SD: Standard deviation, TFA: Transverse foramen area, ADTF: Anteroposterior diameter of left transverse foramen, TDTF: Transverse
diameter of left transverse foramen, WLM: Weight of lateral mass, LLM: Length lateral mass, PAA: Posterior arch area, HLM: Height of lateral
mass, PAL: posterior arch length, OLM: Distance from the nearest point of the lateral mass on the posterior arch to the occipital condyle, HAT:
height of anterior tubercle of atlas, HPT: Height of posterior tubercle of atlas, NVF: Nearest point of vertebral foramen, FVF: Furthest point of

vertebral foramen.

ined the morphometry of the atlas in adult individuals over
decades. This study is the first to provide a safe surgical area
according to age in surgical interventions performed from the
posterior aspect of the atlas.

A study of 135 atlases in the Egyptian population reported
that FTS was observed in four different types, and the most
dominant was type 1 (round) (2). In another study, the most
common type of C1 was elliptical (1). In this study, FTS was
observed in seven different ways in 300 CT scans. Type 1 was
the most dominant in males and females. FTS was found in
more diverse forms in males. We believe the differences be-
tween the studies are due to the number of individuals and
population differences.
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In this study, the TFA was higher in males at 46.6 mm?; it was
41.6 mm? in females. Studies report that this parameter is sig-
nificantly higher in males than in females (7,23).

A study explained that the ADTF was significantly higher in
males than in females, and the TDTF did not differ significant-
ly between sexes (7). Another study reported that the ADTF
was 6.7 + 1.0 mm in females and 7.1 + 1.0 mm in males; the
TDTF was 5.5 + 0.8 mm in females and 5.9 + 0.9 mm in males.
Moreover, the differences were significant (23). This study
found that the average ADTF was 7.3 + 1.0 mm in females
and 8.0 + 1.1 mm in males; the average TDTF was 6.5 + 0.9
mm in females and 7.5 = 1.1 mm in males. These results were
consistent with those of other studies.



In this study, the mean WLM was 12.9 + 1.3 mm in females
and 15.2 + 1.5 mm in males. No directional difference was
explained in an atlas study conducting bilateral evaluation
(25). Lenz et al. reported that the was lower in females than in
males, similar to our study (17).

In this study, the mean LLM was greater in males (29.3 + 16.3
mm) than in females (27.4 + 2.0 mm). In a study conducted
on Asian individuals, the mean LLM on the left was reported
as 30.07 + 1.66 mm (25), and in Thai individuals, the ideal left
screw length was stated as 28.59 + 1.93 mm (28). The effec-
tive screw length for Asian individuals in China was defined
as 21.87 mm (11), and in the Portuguese population, it was
reported as 27.69 + 2.09 mm (n=26) in males and 26.50 + 2.09
mm (n=24) in females (19). A study conducted in the Asian
population estimated the screw length as between 23.2 and
30.2 mm (16). In a study conducted in Austria, the length of
the screw passing through the lateral mass was 30.1 £ 2.1 mm
(n=50) on the left (15). Another study conducted in Germany
reported that the LLM was higher in males (17). When examin-
ing these studies, it was observed that the screw length used
in posterior cervical surgeries was between 21 and 31 mm. In
posterior cervical fixation to C1, care should be taken regard-
ing the screw used, especially in the Harms technique (9,28).
The millimetric differences between studies may be due to the
population differences.

This study’s cross-sectional area of the PAA was 54.7 mm?
in males and 40.4 mm? in females. Since this parameter dif-
fers by sex, we believe attention should be paid to the screw
used in surgery. In the studies examined, this region was not
evaluated by sex; only the average area (55.02 + 18.51 mm?)
(26), height (17), and width (6) measurements were given. The
HLMs in this study were greater in males (13.9 + 1.2 mm) than
in females (13.3 + 1.3 mm). Another study found that only di-
rections were considered and not sex (25). Therefore, PAA and
HLM measurements could not be compared with other stud-
ies. The HLM should be considered for the screw diameter
in surgical operations performed on type 1 and 3 Jefferson
fractures. Additionally, the length of this parameter should
be considered for the C1 lateral mass screws applied for the
Goel-Harms technique (10) and Magerl technique (18).

In a study in Thailand, the left PAL was reported as 4.4 mm in
females and 4.8 mm in males (28), and the average length in
another study of pediatric individuals was 7.0 + 1.5 mm (range
4.2-11.8 mm) (12). The height of the leanest part of the left
vertebral artery groove in Japanese cadavers was determined
as 4.30 + 0.95 mm (14). Another study reported this parame-
ter as 5.39 + 1.58 mm on average (25). The mean PAL in this
study was 4.9 + 6.4 mm in females and 5.3 = 0.8 mm in males.
Similarly, a study conducted with Korean cadavers found that
this parameter was greater in males (13). When examining
studies on posterior cervical screw fixation surgery, it was ob-
served that the screw diameter used in surgeries performed
based on this parameter was 3.5 mm (4), or 3.8, 4.2, 4.5, or
5.5 mm (5, 16). The differences among studies evaluating sex
may be due to population differences.

The mean OLM in our study was greater in males (5.1 = 1.4
mm) than in females (4.2 = 1.0 mm). Among the literature stud-
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ies reviewed, none were found that evaluated this parameter.
Thus, this parameter is original. The average HAT in this study
was longer in males (12.1 £ 1.7 mm) than in females (10.8 +
1.5 mm). The HPT did not differ between males (11.0 = 1.7
mm) and females (10.2 £ 6.7 mm). Of the literature studies
reviewed, none were found evaluating the HAT and HPT ac-
cording to sex.

No difference was found in NVF and FVF angle measurements
by sex for determining the transverse foramen localization.
The transverse foramen is located between 28° and 59° in fe-
males and 30° and 58° in males. One study stated that the
straight screw direction was safe for entry into C1, but a me-
dial angulation of up to 20° could be performed (3). In another
study measuring the lateralization angle, the mean value was
10.79+2.45° (28). In an atlas study, a partial radiological safe-
ty zone was defined between 19.6° medial and 11.6° lateral
from an idealized entry point located 22.8 mm away (17). We
believe the angle difference is due to the different reference
points.

No differences were found between age groups in males and
females in the TFA, ADTF, TDTF, WLM, PAA, HLM, PAL, HPT,
NVF, or FVF. However, it was found that the OLM and HAT
were minor in females in the 2" decade of life compared to
the other decades. Therefore, we recommend exercising more
caution in surgical operations performed on females aged un-
der 30. The LLM in males was lower in individuals in the 3¢
decade than in those in the 2™ and 5" decades. Therefore,
this parameter, which could be used for screw length, must
be handled cautiously due to the difference in age groups in
males.

In the study, males in the 2" decade had smaller HATs than
those in the 4%, 5% and 6" decades, and those in the 3 de-
cade had smaller HATs than those in the 6th decade. The
smallest two age groups for the HAT and HPT parameters in
a pediatric study were reported as significantly smaller than
the other groups (24). Children aged 4-18 in another pediat-
ric study were divided into five groups 3 years apart. Con-
sequently, a significant difference was found among the HPT
groups except for the 7-9 and 10-12 age groups (12). Thus,
we believe age groups should be considered when perform-
ing surgical operations. Although the current study is morpho-
logical, the findings may have potential clinical implications in
surgical procedures involving the atlas, particularly in minimiz-
ing complications and improving surgical outcomes. Future
studies could explore the relationship between morphological
variations and clinical outcomes in a surgical context.

A limitation of this study is that the data were obtained from
a single medical center and only reflect the characteristics of
the local population. Future studies should include and ex-
amine a more diverse sample from different regions to reveal
additional variations and explore their implications for cervical
surgery more comprehensively.

B CONCLUSION

Based on the results of this study, it was concluded that a
maximum lateral angulation of 28° in females and 30° in males
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(NVF-FVF) is safe in posterior cervical screw fixation surgery.
The screw length (LLM) was between 20 and 33 mm in fe-
males and 22 and 32 mm in males. As the PAL is a fragile
parameter, attention should be paid to the screw diameter re-
garding gender and age. If a 3.5 mm diameter screw is used
in operations, it may be unsuitable for individuals with a PAL
below 3.5 mm and may cause surgical complications. There-
fore, the measurements in our study can reduce the use of in-
traoperative fluoroscopy by providing more appropriate screw
selection in occipitocervical stabilization surgery, especially in
screw surgery to the atlas. In cases where screw placement
is required in the lateral mass of the atlas, this study could
be taken as a guide regarding age groups. The results of this
study concerning individuals without variations in the atlas
may support surgeons in preoperative evaluation. However,
these results should not be considered regarding ponticulus
posterior, lateral ponticulus, or vertebral artery variations not
located in the vertebral artery groove. Preoperative CT should
be undertaken under such conditions. Additionally, this will fa-
cilitate a specific approach, as it provides information about
the distances for surgery in the parameters of the transverse
foramen and the vertebral artery groove through which the
vertebral artery passes. We believe these detailed data will
help spine surgeons achieve safe and effective screw place-
ment.
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ABSTRACT

AIM: To provide deeper insights into the biological mechanisms underlying disc degeneration and recurrence by studying
histopathological features of excised disc tissue. Moreover, due to limited predictive role of radiological grading systems like
Pfirrmann and Modic classifications in understanding postoperative outcomes and recurrence mechanisms, to perform holistic
analysis on clinical, patient specific factors, radiological and histological findings on matrix correlation statistics.

MATERIAL and METHODS: We conducted a retrospective study including 87 patients who underwent lumbar discectomy between
2019 and 2024. Detailed preoperative magnetic resonance imaging (MRI) evaluations using Pfirrmann grading, along with semi-
quantitative histopathological analysis, were performed. Statistical analyses included Spearman correlation and ANOVA to explore
relationships between clinical, radiological, and histopathological parameters.

RESULTS: Higher Pfirrmann grades were significantly associated with radiological instability (p<0.001). Histopathological analysis
revealed that matrix disorganization was the only parameter significantly associated with clinical recurrence: all patients with
recurrent disc herniation exhibited Grade 3 matrix disorganization (p<0.001), while only 40.5% of non-recurrent cases showed this
pattern. Spearman correlation matrices further confirmed the absence of strong linear relationships among most individual clinical,
radiological, and histological variables.

CONCLUSION: Our integrated approach underscores the importance of matrix disorganization as a biomarker for recurrence risk
in lumbar disc herniation. Our integrated approach underscores the importance of matrix disorganization as a histopathological
hallmark and potential biomarker for recurrence risk in lumbar disc herniation. In contrast, other histological features—such
as chondrocyte grouping and cellularity—did not demonstrate consistent associations with clinical or radiological parameters.
Radiological instability was reliably associated with advanced disc degeneration (higher Pfirrmann grades), but did not correlate
with histopathological severity. This study advocates for personalized risk stratification tools integrating multi-dimensional data.

KEYWORDS: Lumbar disc herniation, Lumbar discectomy, Predictive biomarkers, Recurrent lumbar disc herniation
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B INTRODUCTION

umbar disc herniation is a leading cause of pain and
Ldisability worldwide. Although surgical intervention of-

ten provides symptomatic relief, recurrence rates re-
main considerable, and the underlying biological mechanisms
remain unclear (12,13,16,17). Magnetic resonance imaging
(MRI) has enabled the development of grading systems such
as the Pfirrmann classification; however, the predictive value
of radiological findings alone for postoperative outcomes is
limited (1,3,8,11). Furthermore, studies report complex and of-
ten inconsistent associations between clinical risk factors and
disease progression (6,17).

Histopathological changes in disc degeneration have been in-
creasingly investigated, but most studies address only a sin-
gle dimension of the disease, involve small cohorts or apply
overly simplistic analyses (2,8,9,13,16). Consequently, the in-
tegration of clinical, radiological, and histopathological data to
identify robust biomarkers for recurrence remains uncommon,
limiting advances in surgical decision-making (10,11). There
is a clear need for comprehensive studies that systematically
evaluate relationships between tissue-level features and pa-
tient outcomes (12,13,14,17).

The present study addresses these gaps through a retrospec-
tive, integrative analysis of patients undergoing lumbar dis-
cectomy, we combined detailed MRI grading with semi-quan-
titative histopathological scoring (15), hypothesizing that
multi-dimensional integration would reveal novel associations,
clarify the biological determinants of recurrence, and improve
prognostic accuracy in lumbar disc disease (16).

B MATERIAL and METHODS
Study Design and Ethics

This retrospective observational study was approved by the
Institutional Review Board (IRB: 2024-068, decision no. 6/28-
09.05.2024) and conducted in accordance with the Declara-
tion of Helsinki. Written informed consent was obtained from
all patients. The study adhered to the Strengthening the Re-
porting of Observational Studies in Epidemiology guidelines.

Power Analysis

An a priori power analysis determined the minimum required
sample size for correlation analyses. Using an alpha level of
0.05 and a statistical power of 0.90, the required sample size
was calculated to be 86 patients. The final cohort included 87
participants.

Patient Population and Follow-Up

Eighty-seven consecutive adults who underwent primary lum-
bar discectomy for symptomatic intervertebral disc herniation
between 2019 and 2024 were retrospectively reviewed. The
inclusion criteria were: age > 18 years, availability of com-
plete clinical records, preoperative lumbar MRI, and adequate
excised disc material for histopathological analysis. Patients
were excluded if they had a history of spinal tumor, infection,
or trauma; prior lumbar instrumentation; or incomplete clinical
or imaging data. The mean follow-up duration was 17 months
(range, 12-60 months).
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Clinical and Demographic Data

Demographic variables included age, sex, and body mass
index. Smoking status, and comorbidities—hypertension,
diabetes mellitus, hypothyroidism, chronic obstructive pul-
monary disease, coronary artery disease, and rheumatologic
diseases—were extracted from electronic medical records.
Surgical details, including operated spinal levels, recurrence
status (defined as symptomatic herniation at the same level
requiring reoperation), and follow-up duration, were recorded.
In patients with multilevel discectomy, all excised disc ma-
terials were pooled and analyzed as a single specimen per
patient.

Radiological Assessment

Preoperative lumbar MRI was performed on a 1.5 T sys-
tem (Achieva, Philips) using sagittal T1-weighted, sagittal
T2-weighted, and axial T2-weighted sequences (slice thick-
ness 4 mm). Two neurosurgeons, blinded to other data, in-
dependently assessed the images for Pfirrmann grade and
herniation type. Discrepancies were resolved by consensus,
and interobserver agreement was calculated using Cron-
bach’s alpha. The following MRI parameters were assessed:
1) disc degeneration, graded using the Pfirrmann classifica-
tion on T2-weighted images (Figure 1); 2) disc morphology,
defined as protrusion (base wider than any other dimension)
or extrusion (maximum diameter greater than the base), ac-
cording to the criteria of Fardon et al. (4); 3) annulus-nucleus
distinction, scored as clear or indistinct; 4) signal intensity,
classified as homogeneous, heterogeneous, or black disc; 5)
disc height, categorized as normal, decreased, or collapsed;
6) facet joint effusion, noted as absent, unilateral, or bilateral,
defined as > 1 mm fluid signal within the facet joint space
on axial T2-weighted images; and 7) radiological instability,
defined as the presence of segmental translation > 3 mm or
angulation > 10° between adjacent vertebrae on dynamic lat-
eral flexion-extension radiographs, or the presence of a pars
interarticularis defect.

Discrepancies between observers were resolved by consen-
sus. Interobserver reliability was assessed using Cronbach’s
alpha.

Histopathological Analysis

Excised intervertebral disc specimens were fixed in 10% buff-
ered formalin, paraffin-embedded, and stained with hematox-
ylin and eosin (H&E). Two pathologists, blinded to all clinical
and radiological data, independently evaluated the speci-
mens, resolving differences by consensus. Four histopatho-
logical parameters were assessed using a semi-quantitative
system adapted from previously published criteria (2,9,14) and
modified for practical applicability and internal consistency:
1) matrix organization (Grades 1-3), 2) chondrocyte grouping
(Grades 1-3), 3) group cellularity (Grades 1-3), and 4) overall
cellularity (excluding cartilaginous endplate areas).

Matrix organization

+ Grade 1: Mild or minimal changes not meeting criteria for
Grade 2 or 3

Turk Neurosurg 36(3):394-405, 2026 | 395



Turk CC. et al: Correlation Matrix in Lumbar Disc Herniation

hat ' | ‘jﬁfﬁ

Figure 1: Representative sagittal T2-weighted magnetic resonance imaging (MRI) scans illustrating the Pfirrmann classification of
lumbar disc degeneration. A) A Grade 2 herniated disc with mild degeneration is observed at the L5-S1 level (red arrow). Adjacent disc
structures at the superior levels show minimal degeneration (Grade 1). B) A Grade 4 herniated disc is shown at the L5-S1 level (red
arrow), with an adjacent Grade 3 disc at the L4-5 level. C) A severely degenerated Grade 5 herniated disc is visible at L5-S1 (red arrow),
characterized by complete structural disorganization and a significant loss of signal. An adjacent Grade 3 disc is seen at the L4-5 level.
The Pfirrmann grading was specifically performed on the surgically treated disc level from which the histopathological specimen was

obtained.

+ Grade 2: Marked myxoid changes visible at low magnifica-
tion (H&E, x40)

+ Grade 3: Marked myxoid change with clear matrix separa-
tion visible at low magnification (H&E, x40)

Chondrocyte grouping
+ Grade 1: Scattered, non-grouping chondrocytes

+ Grade 2: Occasional groups apparent at higher magnifica-
tion (H&E, x40)

+ Grade 3: Numerous groups readily observed at low magni-
fication (H&E, x40)

Group cellularity

«  Score 1: No grouping (as in chondrocyte grouping Grade
1)

+ Score 2: Groups with < 5 chondrocytes

+ Score 3: Groups with > 5 chondrocytes

Overall cellularity

The total number of chondrocytes was counted in the most
cellular field, excluding cartilaginous endplate areas for stan-
dardization, using a x100 objective.

Statistical Analysis

Statistical analyses were conducted using SPSS version 27
(IBM Corp., Armonk, NY, USA). Categorical variables are pre-
sented as counts and percentages; continuous variables as
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mean + standard deviation or median (interquartile range), as
appropriate, normality was assessed with the Kolmogorov-
Smirnov test and Q-Q plots. Categorical variables were com-
pared using the chi-square test; continuous variables were
compared using the independent-samples t-test or analysis of
variance (ANOVA) for normally distributed data; Mann-Whit-
ney U test or Kruskal-Wallis test for non-normally distributed
data.

Correlations among clinical, radiological, and histopathologi-
cal variables were examined using Spearman’s rank correla-
tion coefficient, and correlation matrices were generated for
comprehensive visualization. Interobserver reliability was as-
sessed with Cronbach’s alpha. Statistical significance was set
at p<0.05.

B RESULTS

A total of 87 patients (mean age, 58.6 + 11.4 years; range, 31—
77 years) who underwent lumbar discectomy were included in
the analysis. Females comprised 63.2% (n=55) of the cohort.
The mean body weight was 78.7 + 13.7 kg, mean height 1.64
+ 0.10 m. The mean body mass index (BMI) was 29.0 + 4.5
kg/m2. A history of smoking was reported in 23% (n=20) of
patients, hypertension in 43.7% (n=38), and diabetes mellitus
in 31% (n=27) of patients. The prevalence of hypothyroidism,
chronic obstructive pulmonary disease, coronary artery dis-
ease, and rheumatologic disorders was 8.0%, 6.9%, 12.6%,
and 4.6%, respectively (Table ).



Table I: General Characteristics and Clinical Features of the Study
Cohort

Descriptives Mean values

Age (mean+SD) (years) 58.63+11.36
Gender, Female, n (%) 55 (63.2)
Weight (mean+SD) (kg) 78.65+13.67
Height (mean+SD) (m) 1.64+0.10
BMI (mean+SD) 29.02+4.46
Smoking, n (%) 20 (23.0)
Hypertension, n (%) 38 (43.7)
Diabetes, n (%) 27 (31.0)
Hypotyroid, n (%) 7 (8.0)
COPD, n (%) 6 (6.9)
Coronary Heart Disease, n (%) 11 (12.6)
Rheumatological, n (%) 4 (4.6)
Level of discectomy, n (%)
L5-S1 11 (12.7)
L4-5 42 (48.3)
L3-4 12 (13.8)
L2-3 2 (2.3)
L1-2 1(1.1)
Multiple levels 19 (21.8)
Recurrence in patients, n (%) 13 (14.9)
E)E’fy:’L;de Disk apperance on MRI (78 pt), 40 (51.3)
Radiological instability, n (%) 31 (35.6)

*BMI: Body Mass Index, COPD: Chronic Obstructive Pulmonary
Disease

The most frequently operated levels were L4-L5 (48.3%) and
L5-S1 (12.6%); 21.8% of patients underwent multilevel dis-
cectomy. During a mean follow-up of 17 months (range, 12-60
months), 13 patients (14.9%) experienced recurrent disc her-
niation requiring reoperation.

Preoperative MRI revealed an extruded disc in 51.3% of
patients and a protrusion in 48.7%. Radiological instability
was observed in 35.6% (n=31). The distribution of Pfirrmann
grades was as follows: Grade 2 (7.6%), Grade 3 (20.3%),
Grade 4 (37.9%), and Grade 5 (34.2%); no patients had Grade
1 degeneration. A “black disc” appearance on T2-weighted
MRI was seen in 32.9% of patients. The annulus fibrosus—nu-
cleus pulposus distinction was clear in only 23.1% of cas-
es, indistinct in 50%, and unreported in the remainder. Disc
height was preserved in 24.1% of patients and collapsed in
19%. Facet effusion was absent in 61.2% of cases, unilateral
in 25%, and bilateral in 13.8%.
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Radiological instability was significantly associated with high-
er mean Pfirrmann grades (4.39 + 0.47 vs. 3.78 + 0.75 in sta-
ble patients, p<0.001; Figure 2). No significant association
was found between facet effusion and radiological instability
(p>0.05). Interobserver reliability was excellent for overall MRl
assessment (Cronbach’s alpha = 0.784) and substantial for
Pfirrmann grading (Cronbach’s alpha = 0.709).

Histopathological Findings

Matrix organization was graded as follows: Grade 1 in 16.1%,
Grade 2 in 34.5%, and Grade 3 in 49.4% of cases (Figure
3). Chondrocyte grouping was Grade 1 in 6.9%, Grade 2 in
23%, and Grade 3 in 70.1% of cases (Figure 4). Group cel-
lularity was Grade 1 in 6.9%, Grade 2 in 36.8%, and Grade
3in 56.3% of cases (Figure 5). The mean chondrocyte count
(overall cellularity) was 81.2 + 41.9 (range, 18-252).

Correlation of Radiological and Histopathological
Parameters

When radiological and histopathological variables were com-
pared using ANOVA and chi-square tests, no statistically
significant associations were found between chondrocyte
grouping or group cellularity and any of the following MRI pa-
rameters: disc appearance, radiological instability, Pfirrmann
grade, disc structure, annulus—nucleus distinction, signal in-
tensity, disc height, or facet effusion (all p > 0.05; Tables II-IV).

Matrix organization was significantly associated only with the
annulus—nucleus distinction on MRI (p=0.034) but not with
other radiological features. Patients with radiological instabil-
ity exhibited higher Pfirrmann grades, but no significant dif-
ferences in histopathological parameters were observed be-
tween instability groups.
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Figure 2: Box-and-whisker plot illustrating the distribution of Pfir-
rmann grades according to the presence or absence of radiolog-
ical instability. Patients with radiological instability demonstrated
significantly higher Pfirrmann grades compared to those without
instability (***p<0.001). Statistical comparison was performed us-
ing the Mann-Whitney U test.
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Figure 3: Representative histopathological images demonstrating the grading of matrix organization in intervertebral disc specimens.
A) Grade 1 — Cases not meeting the criteria for grade 2 or grade 3. B) Grade 2 — Marked myxoid changes readily apparent at low mag-
nification (H&E, x40). C) Grade 3 — Marked myxoid change with prominent areas of matrix separation easily visible at low magnification
(H&E, x40). (H&E: hematoxylin and eosin).
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Figure 4: Representative histopathological images illustrating the grading of chondrocyte clustering in intervertebral disc specimens.
A) Grade 1 - Isolated chondrocytes observed singly without forming clusters. B) Grade 2 — Occasional chondrocyte clusters detected
either sporadically or on closer inspection (H&E, x40). C) Grade 3 — Numerous chondrocyte clusters easily identified at low magnification
(H&E, x40). (H&E: hematoxylin and eosin).
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Figure 5: Representative histopathological images showing the grading of group cellularity in chondrocyte clusters within intervertebral
disc specimens. A) Grade 2 — Chondrocyte clusters containing <5 cells per group. B) Grade 3 — Chondrocyte clusters containing >5 cells
per group. C) Grade 1 - cases in which there is no intercellular clustering and chondrocytes are distributed individually (as single cells)
(H&E, x40). (H&E: hematoxylin and eosin).
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Table Il: Comparison of Histopathological Parameters Between Patients with and without Recurrent Lumbar Disc Herniation

Recurrence (n=13) No recurrence (n=74) p-value
Histopathological Cellularity 99.84+57.86 77.91+£37.96 0.148
Grouping Grade, n (%)
Gr 1 1(7.7) 5(6.8)
Gr2 3(23.1) 17 (23) 0.992
Gr3 9 (69.2) 52 (70.2)
Group Cellularity Grade, n (%)
Gr 1 1(7.7) 5(6.8)
Gr2 4 (30.8) 28 (37.8) 0.888
Gr3 8 (61.5) 41 (55.4)
Matrix Organisation, n (%)
Gr1 0 14 (18.9)
Gr2 0 30 (40.5) <0.001
Gr3 13 (100) 30 (40.6)
Table llI: Histopathological Findings Stratified by the Presence and Laterality of Facet Joint Effusions
Facet Effusions
No (n=49) One facet (n=20) Two facet (n=11) p-value
Histopathological Cellularity 84.38+42.56 71.80+40.16 77.45+35.68 0.502
Grouping Grade, n (%)
Gr 1 5(10.2) 1(5) 0
Gr2 10 (20.4) 5 (25) 2(18.2) 0.760
Gr3 34 (69.4) 14 (70) 9 (81.8)
Group Cellularity Grade, n (%)
Gr 1 5(10.2) 1(5) 0
Gr2 17 (34.7) 10 (50.0) 3(27.3) 0.447
Gr3 27 (55.1) 9 (45.0) 8 (72.7)
Matrix Organisation, n (%)
Gr 1 7 (14.3) 5 (25) 2(18.2)
Gr2 15 (30.6) 6 (30) 5 (45.5) 0.670
Gr3 27 (55.1) 9 (45) 4 (36.4)

Recurrent Versus Non-Recurrent Cases

Mean chondrocyte cellularity was higher in recurrent cases
compared with non-recurrent cases (99.8 = 57.9 vs. 77.9 =
38.0), although the difference did not reach statistical signif-
icance (p=0.148). The distributions of chondrocyte grouping,
group cellularity, and overall cellularity grades did not differ
significantly between recurrent and non-recurrent patients (all

p>0.05). Notably, all recurrent cases demonstrated Grade 3
matrix organization, compared with 40.5% of non-recurrent
cases (p<0.001), indicating a strong association between ad-
vanced matrix disorganization and recurrence (Table lI).

Subgroup Analyses

No significant differences in histopathological cellularity,
chondrocyte grouping, group cellularity, or matrix organization
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Table IV: Comparison of Histopathological Features between Patients with and Without MRI-Detected Disc Extrusion

Extrude dis apperance on MRI

Yes No p-value
Histopathological Cellularity 80.25+47.92 79.21+33.67 0.146
Grouping Grade, n (%)
Gr1 3(7.5) 3(7.9)
Gr2 7 (17.5) 10 (26.3) 0.627
Gr3 30 (75) 25 (65.8)
Group Cellularity Grade, n (%)
Gr 1 3(7.5) 3(7.9)
Gr2 14 (35.0) 15 (39.5) 0.908
Gr3 23 (57.5) 20 (52.6)
Matrix Organisation, n (%)
Gr1 5(12.5) 9 (23.7)
Gr2 15 (37.5) 10 (26.3) 0.347
Gr3 20 (50.0) 19 (50.0)

were observed when patients were stratified by the presence
or absence of facet effusion or by disc extrusion versus pro-
trusion on MRI (all p>0.05; Tables IlI-IV).

Correlation Matrix Findings

Comprehensive Spearman correlation matrices were con-
structed to evaluate relationships among clinical, radiological,
and histopathological parameters. No strong or statistically
significant correlations (r > 0.5, p<0.05) were found between
individual demographic, clinical (Figure 6), or radiological vari-
ables (Figure 7) and histopathological parameters (Figure 8).
The most notable correlation was between radiological in-
stability and higher Pfirrmann grade. Heatmaps illustrated a
general absence of robust linear relationships between most
individual parameters.

B DISCUSSION

This study provides a comprehensive evaluation of the in-
terplay between demographic, clinical, radiological, and
histopathological parameters in patients undergoing lumbar
discectomy. By combining detailed MRI grading, objective as-
sessments of radiological instability, and a semi-quantitative
histopathological scoring system, we identified predictors of
disc recurrence and examined the relationships between tis-
sue-level changes and clinical-radiological findings. Notably,
severe matrix disorganization on histopathology emerged as
the most consistent correlate of recurrence, whereas com-
mon patient-specific factors—such as BMI, smoking, and
comorbidities—did not independently predict recurrence or
advanced degeneration. Additionally, higher Pfirrmann grades
were strongly associated with radiological instability, under-
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scoring the prognostic value of MRI grading in risk stratifica-
tion.

Unlike most previous studies, which have examined binary re-
lationships between either radiological and histopathological
features or clinical risk factors and outcomes, our study em-
ployed an integrated, multi-modal approach. Earlier reports
have primarily focused on MRI-based grading systems, such
as the Pfirrmann classification (7,11) or Modic changes (3,5),
in relation to gross disc pathology or symptoms, with relatively
few systematically linking histopathology, imaging, and clini-
cal data within a single cohort. Boos et al. and Rutges et al.
described cellularity and matrix changes in disc degeneration,
but without connecting these features to recurrence or insta-
bility in a unified framework (2,14). Our simultaneous assess-
ment of four histopathological variables—matrix organization,
chondrocyte grouping, group cellularity, and overall cellulari-
ty—alongside MRI parameters and recurrence outcomes of-
fers new insights into the tissue-level mechanisms influencing
surgical prognosis.

Consistent with earlier reports, higher Pfirrmann grades were
prevalent among patients with radiological instability, with
more than 70% of cases graded 4 or 5. This may reflect our in-
stitution’s role as a tertiary referral center. Although advanced
imaging has been proposed as a surrogate for degeneration
severity (10), our study uniquely linked radiological findings
with prospectively scored histopathological changes. Matrix
disorganization was the only histological feature significantly
associated with both radiological and clinical endpoints, being
present in all recurrent cases—a relationship not previously
described in detail (2,14).
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heatmap visualizing the relationships
between radiological findings and
histopathological parameters in lumbar
disc specimens. The color scale
indicates the degree of correlation
(Spearman’s coefficient) between each
radiological and histopathological
variable.

Contrary to reports emphasizing patient-specific risk factors
(6,16,17), we found no significant association between demo-
graphic variables, BMI, smoking, diabetes, or hypertension
and either histopathological severity or recurrence risk. These
findings suggest that the intrinsic biological state of the inter-
vertebral disc—particularly extracellular matrix integrity —may
outweigh traditional risk factors in determining prognosis. Fur-
thermore, while MRI-based features such as facet effusion,
disc extrusion, and annulus—nucleus distinction are frequently
incorporated into assessment algorithms (15), they showed
no consistent or statistically significant correlation with histo-
pathological scores other than matrix organization. This dis-
crepancy highlights the complexity of lumbar disc disease and
underscores the need for integrated, multi-parameter evalua-
tion in both research and clinical practice.

Clinically, our findings have two key implications. First, the
strong association between matrix disorganization and re-
currence suggests that histopathological assessment may
be more prognostically relevant than many conventional risk
factors, particularly in the presence of advanced radiological
degeneration or instability. While MRI remains valuable for
surgical planning, reliance on imaging features alone may lead
to inaccurate recurrence risk estimation (7,17). Second, cor-
relation matrix analysis across clinical, radiological, and histo-
pathological variables—revealed a general absence of strong
linear associations, except for the relationships between
Pfirrmann grade and instability, and between matrix disorga-
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nization and recurrence. This multidimensionality highlights
the potential utility of multi-modal, data-driven approaches—
such as machine learning—for refining prognostication and
enabling personalized management (18).

Strengths of our study include a large, prospectively charac-
terized single-center cohort; standardized MRI interpretation;
blinded, semi-quantitative histopathology; and systematic in-
terobserver reliability assessment. To the best of our knowl-
edge, few studies have conducted correlation matrix analyses
across these domains. The identification of matrix disorga-
nization as a recurrence predictor—independent of conven-
tional clinical and radiological factors—represents a novel and
clinically relevant finding.

However, several limitations should be noted. The retro-
spective, single-center design may limit generalizability, and
although our sample size was determined by a priori power
analysis, multi-center prospective validation is needed. Our
histopathological scoring system, while refined for clarity and
reproducibility, relied exclusively on H&E staining, limiting mo-
lecular-level insights.

Future research should validate these findings in larger,
multi-institutional cohorts, extend follow-up to capture long-
term outcomes such as pain and disability, and incorporate
advanced techniques—including immunohistochemistry, pro-
teomics, and gene expression profiling—to elucidate mech-
anisms underlying matrix disorganization. The dataset gen-



erated here could inform machine learning-based predictive
models for individualized risk stratification. Prospective inte-
gration of multi-modal assessment, potentially including pre-
operative biopsy or non-invasive biomarkers, may bridge the
current gap between imaging, tissue pathology, and clinical
decision-making.

B CONCLUSION

Severe matrix disorganization on histopathology emerged as
the strongest tissue-level predictor of recurrence in lumbar
disc herniation, underscoring the limitations of relying solely
on patient demographics or conventional radiological param-
eters. Through the integration of standardized histopatho-
logical scoring, detailed MRI evaluation, and comprehensive
statistical correlation, this study offers new insights into the
multidimensional nature of lumbar disc disease. These findings
support a more integrated, biologically informed approach to
patient assessment and highlight the need for future research
incorporating advanced analytical and molecular techniques
to refine prognostication, optimize surgical decision-making,
and reduce recurrence risk.
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Histopathological Grouping Grade

Descriptive p-value*
Grade 1 Grade 2 Grade 3
Extrude Disc appearance on MRI 3 pt 7 pt 30 pt 0.637
Radiological instability 2 pt 6 pt 23 pt 0.669
Pfirrman grade 2-3 2 pt 6 pt 14 pt 0.315
Pfirrman grade 4-5 4 pt 11 pt 42 pt 0.573
MR structure of disc- Black disc 2 pt 5 pt 19 pt 0.666
MR distinction of annulus nuscleus- No 2 pt 6 pt 31 pt 0.471
MR signal intensity of disc- Hypointensity 1 pt 5 pt 21 pt 0.490
MR height of intervertebral disc- collapsed 1 pt 3 pt 11 pt 0.318
Facet effusion- no effusion 5 pt 10 pt 34 pt 0.456

*Representative subgroups (e.g., “black disc”, “hypointensity”) are shown as examples. The p values reflect the comparison of all categories

within each radiological feature against grouping grades using Pearson'’s chi-square test.

Supplementary Table II: Association Between Radiological Features and Group Cellularity Grades in Excised Disc Tissue

Histopathological Group Cellularity

Descriptive p-value*
Grade 1 Grade 2 Grade 3

Extrude Disc appearance on MRI 3 pt 14 pt 23 pt 0.911
Radiological instability 2 pt 13 pt 16 pt 0.988
Pfirrman grade 2-3 2 pt 7 pt 13 pt 0.353
Pfirrman grade 4-5 4 pt 23 pt 30 pt 0.608
MR structure of disc- Black disc 2 pt 9 pt 15 pt 0.954
MR distinction of annulus nuscleus- No 2 pt 12 pt 25 pt 0.64
MR signal intensity of disc- Hypointensity 1 pt 10 pt 16 pt 0.626
MR height of intervertebral disc- collapsed 1 pt 5 pt 9 pt 0.216
Facet effusion- no effusion 5 pt 17 pt 27 pt 0.453

*Representative subgroups (e.g., “black disc”, “hypointensity”) are shown as examples. The p values reflect the comparison of all categories
within each radiological feature against group cellularity grades using Pearson’s chi-square test.
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Supplementary Table Ill: Radiological Features according to Matrix Organization Grades in Histopathological Analysis

Histopathological Matrix Organization

Descriptive p-value*
Grade 1 Grade 2 Grade 3
Extrude Disc appearance on MRI 5 pt 15 pt 20 pt 0.356
Radiological instability 2 pt 12 pt 17 pt 0.589
Pfirrman grade 2-3 1 pt 11 pt 10 pt 0.095
Pfirrman grade 4-5 13 pt 14 pt 30 pt 0.106
MR structure of disc- Black disc 7 pt 6 pt 24 pt 0.106
MR distinction of annulus nuscleus- No 9 pt 6 pt 24 pt 0.034
MR signal intensity of disc- Hypointensity 7 pt 6 pt 14 pt 0.127
MR height of intervertebral disc- collapsed 4 pt 3 pt 8 pt 0.076
Facet effusion- no effusion 7 pt 15 pt 27 pt 0.473

*Representative subgroups (e.g., “black disc”, “hypointensity”) are shown as examples. The p values reflect the comparison of all categories
within each radiological feature against matrix organization grades using Pearson’s chi-square test.
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ABSTRACT

AIM: To retrospectively review the patients who had disc herniation at C7-T1 level and were treated using the senior author’s
anterior contralateral simple microdiscectomy without fusion technique.

MATERIAL and METHODS: From January 2000 to December 2021, 27 patients underwent surgery for C7-T1 disc herniation, all
of which were performed by the same neurosurgeon. Clinical and radiological data were collected before surgery and at 3 and 24
months after surgery. The Short Form-36 and Neck disability questionnaire were used to assess the quality of life.

RESULTS: All patients presented with radiculopathy. There were 16 male and 11 female patients, with an average age of 40 years.
The average follow-up period was 9.7 years. The postoperative Short Form-36 and Neck Disability Index scores were significantly
different from the preoperative scores. Overall scores at the postoperative 24" month did not differ significantly from those obtained
at the postoperative third month.

CONCLUSION: We propose that patients with symptoms of disc herniation at C7-T1 level benefit from an anterior contralateral
microdiscectomy without fusion.

KEYWORDS: Anterior cervical microdiscectomy, C7-T1 disc herniation, Cervicothoracic junction, Contralateral approach

ABBREVIATIONS: AF: Annulus fibrosus, C: Curette, CTJ: Cervicothoracic junction, HD: Herniated disc, LCM: Longus colli muscle,
MCS: Mental component score, MRI: Magnetic resonance imaging, NCSS: Number cruncher statistical system, NDI: Neck Disability

Index, PCS: Physical component score, PLL: Posterior longitidunal ligament, SF-36: Short Form-36

B INTRODUCTION

he C7-T1 level, known for its unique anatomical and
Tbiomechanical characteristics as well as imaging diffi-

culties, continues to pose a challenge for surgeons due
to the differences in therapeutic approach. The herniation at
this level makes up 1.11% to 8% of all cervical disc hernia-
tions (1,2,4,11,14,16-18). This level marks the transition of the
spine from a highly mobile cervical segment to an immobile
thoracic segment. Because it is both a cervical segment level
and the cervicothoracic junction segment, it is often referred
to as a member of the thoracic segment.

The absence of the Luscka joint, which allows for axial rotation
and flexion-extension movements, is the most important an-
atomical feature that distinguishes the cervicothoracic region
and its important member C7-T1 level from the upper cervical
levels, which are said to be biomechanically more similar to
the lumbosacral junction when compared with other junction
regions (12). This anatomical difference has a significant con-
sequence; herniations almost always cause symptoms and
signs of lateral-radiculopathy because they weaken the annu-
lus laterally than centrally (9,11,13,14,16-18).

The anterior contralateral microdiscectomy for the treatment
of cervical disc hernias is based on the principle of relieving the
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pressure on the neural elements without causing instability by
employing different approaches and instruments developed
by the senior author, which differ from classical methods.
Because of the anatomy of the C7-T1 level, anterior accesses
present a challenge for surgeons. The technique we have
described is equally applicable to the C7-T1 distance as it is to
higher levels. In this study we present retrospective analyses
of our unique contralateral microdiscectomy technique at the
cervicothoracic junction (CTJ).

B MATERIAL and METHODS

Between January 2000 and December 2021, a total of 694
patients were treated for cervical disc herniation with the con-
tralateral simple microdiscectomy technique. Twenty-seven
patients presented with such a disease at the C7-T1 level.
This study included patients who met at least one of the fol-
lowing criteria:

1) The presence of motor weakness indicating radiculopathy,
2) correlation between clinical and magnetic resonance
imaging (MRI) findings, 3) failure of conservative treatment
for at least three weeks, and 4) no prior surgery for cervical
pathology.

All patients underwent clinical examinations and MRI scans
before surgery. A neuroradiologist interpreted MRI scans of
the cervical spine taken 24 months after surgery. The Neck
Disability Index (NDI) and Short Form-36 (SF-36) question-
naires, which are patient-rated instruments, were used to
evaluate each patient’s surgical outcome before surgery as
well as 3 months and 24 months later. The NDI includes 10
items that assess the outcome of neck pain in daily life (19).
SF-36 is a 36-item questionnaire that measures primarily two
components made up of eight variables: physical component
score (PCS) and mental component score (MCS) (21).

All procedures in studies involving human participants were
carried out in accordance with the ethical standards of the
Local Ethics Committee (Project No. 2024/4397) as well as the
1964 Helsinki Declaration and its subsequent amendments or
comparable ethical standards. All individual participants in the
study provided informed consent.

The study data were analysed statistically using the Number
Cruncher Statistical System (NCSS) 2007 Statistical Software
package (Utah, USA). In addition to descriptive statistics
(mean and standard deviation), the Shapiro-Wilk normality test
was used to examine the distribution. For time comparisons
of normally distributed variables, paired one-way analysis of
variance was used, and subgroup comparisons were made
using the Newman-Keuls multiple comparison test. The
statistical significance was set at p<0.05.

Surgical Technique

The operation is performed in a similar fashion to the previously
described anterior simple discectomy, but it is performed
on the contralateral side of the radiculopathy with some
modifications. The head is held in a neutral position with a
towel roll under the neck, preserving the cervical lordosis. The
entire procedure is carried out using an operating microscope.

Kahyaoglu O. et al: Anterior Microdiscectomy at C7-T1

A 2-cm transverse skin incision is made just on the median of
the medial border of the sternocleidomastoid muscle. After
splitting the platysma muscle longitudinally, finger dissection is
used to separate the areolar tissue between the carotid sheath
and the tracheoesophageal bundle down to the vertebral
bodies’ anterior surface. Because the automatic retractors are
too large to fit through a small incision, a 15-mm-wide mini-
size Zenker hand retractor is used to retract the skin, trachea,
and esophagus medially. A C-arm scope verifies the proper
level. In contrast to the conventional technique, the longus colli
muscles are not stripped. The anterior longitudinal ligament
between the longus colli muscles is incised in a rectangular
shape just next to the ipsilateral muscle’s medial border, with
a scalpel. The disc material is removed with micro-curettes
and punches down to the posterior longitidinal ligament (PLL)
without the use of a spreader, taking care not to remove
cartilaginous endplates. However, it is not intended to remove
the lateral portions of the annulus fibrosus aggressively. The
lateral border of the annulus fibrosus on the intervention
side and the ventrolateral part on the opposite side remain
intact. If there are posterior osteophytes associated with the
disc herniation, they are removed with micro-curettes and/or
an air drill to decompress the spinal canal, taking care not
to remove cartilaginous endplates. Following PLL excision,
the epidural space, foramen, and nerve root are monitored
for free sequester. The contralateral approach used in this
procedure provides an additional benefit of direct microscopic
visualization of the target area (Figure 1). Since 2012, 20 of all
patients have undergone an interbody fat graft. The operation
is complete once decompression is confirmed by direct
inspection under a surgical microscope.

Figure 1: lllustrative drawing of anterior contralateral approach
showing a wider angle of exposure to the foramen for cervical
microdiscectomy. AF: annulus fibrosus; C: curette; HD: herniated
disc; LCM: longus colli muscle.
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B RESULTS

Our cohort consisted of 16 males and 11 females with ages
ranging from 29 to 52 years (mean + standard deviation, 40.48
+ 5.76). Twenty-four of them had one level of herniation, while
three had two. No patient had any signs of myelopathy. The
primary complaint was the neck pain, that spread through the
forearm to the fourth and fifth digits, accompanied by numb-
ness and tingling. Twenty-two of the patients demonstrated
motor weakness in their intrinsic hand muscles.

The follow-up period varied from 2 to 21 (mean=9.7) years. All
27 patients recovered immediately after the operation, with no
radicular pain and a normal range of motion in their neck. No
patient had hoarseness, however, six patients complained of
minimal transient dysphagia immediately after the operation.

Within 4 weeks of being discharged, 17 of the 22 patients
with radicular motor weakness, had returned to normal. The

weakness of the involved muscles did not improve in the other
five patients with neurological deficits lasting more than 6
months, necessitating the use of physical therapy.

The SF-36 and NDI scores are shown in Tables I-1ll. Postop-
erative SF-36 and NDI scores were significantly different from
the preoperative values. Except for physical role function-
ing, there was no statistically significant difference in overall
scores at the third and 24th months after surgery. Figure 2A,
B shows the sagittal and axial T2-weighted MRI scans of a
51-year-old female with left C7-T1 herniation. Control MRI
scans at the 24th month showed healing without fusion and
good alignment (Figure 3A, B). During the follow-up period, no
recurrences were observed in all patients. In the late postop-
erative period, no fusion was observed at the operated level
in all patients.

Table I: Short Form 36 (SF-36) and The Neck Disability Index (NDI) Scores of Patients

Preop. 3 Month 24" Month p-value*
Physical Functioning 66.67+8.55 90.19+4.90 89.42+4.32 0.0001
Physical role functioning 44.41+£17.49 89.81+12.52 99.87+4.69 0.0001
SF-36 PCS
Pain 31.67+14.58 86.76+6.75 89.23+2.72 0.0001
General health 49.26+11.99 67.96+8.00 66.92+9.17 0.0001
Vitality 51.48+14.60 71.11+7.89 71.73+7.74 0.0001
Social functioning 41.67+12.50 95.37+11.58 96.64+10.34 0.0001
SF-36 MCS
Emotional role 66.68+20.68 92.60+14.11 88.47+16.16 0.0001
Emotional well-being 73.67+7.08 83.70+5.08 84.15+5.82 0.0001
NDI 28.15+8.21 8.19+2.40 7.81+2.58 0.0001

*One way ANOVA.

Table lI: Results of Newman Keuls Multiple Comparison Test for Subgroup Comparisons for SF-36 Physical Component Scores

SF-36 PCS
Physical functioning Physical role functioning Pain General health
Preoperative / 3@ Month 0.0001 0.0001 0.0001 0.0001
Preoperative / 24" Month 0.0001 0.0001 0.0001 0.0001
Postoperative 3@ Month / 24" Month 0.134 0.001 0.100 0.271

Table IlI: Results of Newman Keuls Multiple Comparison Test for Subgroup Comparisons for SF-36 Mental Component Scores and NDI

SF-36 MSC
Vitality  Social functioning Emotional role Emotional well-being ND!
Preoperative / 3® Month 0.0001 0.0001 0.0001 0.0001 0.0001
Preoperative / 24" Month 0.0001 0.0001 0.0001 0.0001 0.0001
Postoperative 3@ Month / 24t Month 0.691 0.265 0.256 0.490 0.057
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B DISCUSSION

We used the simple microdiscectomy, which the senior au-
thor (YA) has constantly modified since the 1990s (2,3,7). A
literature search for the simple microdiscectomy technique
yields numerous publications with positive results before the
generalization of the instrumented fusion techniques (4-6,8).
For many years, the senior author has advocated for the use
simple microdiscectomy, and he has also made some mod-
ifications to overcome the limitations of the traditional tech-
nique. Except for the left-handed surgeons, the majority of
medical literature recommends a right-sided approach and
incision site on the neck (4,6,8). Based on the preference of
left-handed surgeons in the classical literature, the senior au-
thor described the contralateral approach: The incision site is
on the opposite side of the brachialgia which corresponds to
the site of disc extrusion (2,3,7). Given that C7-T1 disc herni-
ations are typically found on the lateral-foraminal, providing a
contralateral view is critical. It enables resection by directly vi-
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Figure 2: Preoperative
sagittal (A) and axial (B)
T2-weighted magnetic
resonance imaging scans
of a 51-year-old female
with left C7-T1 herniation.

Figure 3: Sagittal (A)

and axial (B) magnetic
resonance imaging scans
taken at postoperative 24
months, showing healing
without fusion and good
alignment.

sualizing the pathology, and by directly viewing the disc piece
and foramen from the opposite direction.

The most significant change is the selection of retractor
system, which eliminates the bulky automated equipment. The
conventional Cloward hand held retractor system, designed
in the pre-microscope era, has been replaced by the Zenker
hand-held retractor, which is 10-12 mm wide and available in
a variety of lengths. The assistant’s Zenker retractor allows
for instant and intermittent retraction of the esophagus and
trachea and, unlike constant retractors, does not cause
blood supply issues. When the assistant becomes tired or
when retraction is no longer required, the Zenker retractor is
released.

The surgical incision is typically made slightly lower in the
index level checked by the C-arm and close to the midline.
The incision site is localized after tangential retraction of the
trachea-esophageal structure to prevent lateral retraction
during surgery. This is critical for the contralateral technique
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due to the use of a one-sided Zenker retractor. The incision
measures 15-20 mm and does not allow the surgeon to use
an additional retractor. The surgeon uses a suction tube to
retract the lateral part.

The intervertebral cartilage has the shape of a convex roof
and faces each other as a dome. Preventing postoperative
collapse involves sparing the anterior borders of the vertebrae
and remaining intradiscally by avoiding end plate violation. It
is not advisable to clean the lateral parts of this cupola unless
there are mobile, degenerated, or floating free fragments. The
lateral parts of the annulus fibrosus remain relatively stable and
behave like a washer, and the dome shape of the intervertebral
surface helps to maintain the physiological alignment column.
After achieving all of these during the operation, postoperative
vertebral collapse and alignment issues, which are common
after conventional simple microdiscectomy surgery, could
be avoided, making this technique extremely minimally
invasive. Microforceps designed for endoscopic procedures
are also useful in our technique, particularly for the removal of
foraminal fragments.

Osteophytic changes are common in chronic cervical disc
herniations, accompanying soft protrusions. During the de-
compression process, the surgeon should not only clean up
the degenerated nucleus pulposus but also remove any os-
teophytes. Removal of osteophytes should be done behind
the open cancellous bone surfaces at the upper and lower
vertebral corpus edges; otherwise, it may promote bone heal-
ing and result in spontaneous fusion. The idea behind put-
ting a fat graft into the disc space is to treat pseudoarthrosis,
which preserves the motion segment by preventing fusion be-
tween the corpus edges.

The preservation of the motion segment is the most important
aspect of cervical total disc replacement, also known as
cervical disc prosthesis application techniques. It has gained
popularity and is widely used, but in the long run, it has risks
of heterotopic ossification, which reduces (15,20).

A head-down position is required to adjust the surgical
microscope light array. Being parallel to the intervertebral
surface is critical to avoiding end plate injury and exposing
the midline of the intervertebral level. This critical procedure
allows the surgeon to approach the site of protrusion directly
while also gaining lateral access.

Despite difficulties in axial imaging parallel to the disc, MRI
remains the gold standard for displaying the disc at the C7-
T1 level. If the neurological examination findings strongly
indicate this level and the MRI does not help, we will try again
with thinner sections. Computed tomographic imaging at the
C7-T1 level is difficult due to axial image distortion caused
by the majority of the shoulders. It is also challenging to see
the C7-T1 level in lateral X-rays. We do not routinely perform
tomography and X-ray examinations for C7-T1 disc herniation.

In the literature, a series of interventions at this level con-
sists of either large cervical series or only the patient series
related to this level, which are presented in this article. Ryu
et al. reported 36 cases of disc herniations at the cervicotho-
racic junction. In 21 patients, they used the Smith-Robinson
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technique for the anterior approach, while 15 patients had a
posterior foraminotomy with discectomy. This is the largest
study to date looking into the characteristics, symptom du-
ration, clinical course, and biomechanics of cervicothoracic
junction disc herniation (17). In the series of Falavigna et al.,
in which they evaluated the radiological diagnosis, clinical ap-
pearance, neurological outcomes and surgical planning of the
anterior approach to disc herniations at the C7 — T1 level, 19
patients were operated by the anterior approach mostly from
the side opposite to the herniation to optimize visualization,
and they concluded that a single cage was insufficient despite
the discectomy and fusion, and recommended the use of an
anterior cervical plate (9). Post et al. performed anterior cer-
vical discectomy and fusion on 10 patients, focusing on their
experience with operative management, especially in terms
of clinical presentation, imaging, operative exposure issues,
and neurological outcomes. They encountered no difficulties
during the initial intervention (16). Ozer et al. described their
experience with eight patients who had C7-T2 soft foraminal
disc herniations (14). In their series, they operated on patients
with anterior fusion and, at one level, partial corpectomy, and
they examined preoperative and postoperative neurologic
charts, surgical techniques, and clinical outcomes Lee et al.
investigated the clinical characteristics of 13 patients with cer-
vicothoracic junction disc herniation. In 10 of them, anterior
intervention using the standard suprasternal Smith-Robinson
approach was sufficient, while two patients required manu-
briotomy-sternotomy, and one patient was operated on at
the incorrect level (11). Mostofi et al. operated on 21 patients,
with 13 undergoing posterior simple discectomy and eight
undergoing anterior discectomy with fusion (13). Except for
the study by Takeuchi et al. (5), which included five patients
(9,11,13,14,16-18), all of the reported series involving an an-
terior approach for C7-T1 disc herniation used bone fusion,
cage replacement, and/or anterior instrumentation. They per-
formed an anterior keyhole foraminotomy without fusion by
drilling the C7 corpus; however, only the disc fragments or
osteophytes compressing the nerve root were removed.

Most series agree that the anterior approach is sufficient, but
the difficulties encountered during the anterior approach are
highlighted (9,11,14,16,18). Thoracic kyphosis causes the ver-
tebral bodies at the C7-T1 level to be deeply inclined away
from the surgeon. This is more of an issue for short and obese
patients. The “narrowed operative space” caused by verte-
bral bone occlusion makes vital anatomical structures such
as large blood vessels, the esophagus, the trachea, and the
recurrent laryngeal nerve difficult to access. To deal with this,
turn the operating table upside down in Trendelenburg posi-
tion and then raise it as we do at all levels, so that the micro-
scope is in the same plane as the distance. In our series, the
technique we used posed no threat to these risky anatomical
formations; no sternotomy was required in any of our patients.
Except for a short-necked obese patient, we encountered no
difficulties during anterior route intervention, as did Post et
al. (16). In this patient, we made an incision but did not show
the level. Using the C6-7 marking as a reference for the C6-7
distance, we found that we were having difficulty because it
remained above the level, so we had to use a modified Zen-



ker retractor. Again, keep in mind that there may be individu-
al differences in bone anatomy.Some authors recommend a
posterior approach to the CTJ due to the difficulty of access-
ing it anteriorly (1). Some studies combined anterior fusion or
posterior intervention with microforaminotomy (13,17), while
others only performed posterior intervention (1). It was stated
that posterior intervention is also appropriate because the ma-
jority of herniations are foraminal. Posterior approaches pro-
vide limited surgical workspace and the possibility of entering
the wrong level (1). Excessive resection of more than 50% of
the facet joint can lead to instability and hypermobility (10).
There is also the view that facet joint protection is not required
due to other biomechanical features of the sternum and cervi-
cothoracic junction, which argue the opposite (13).

B CONCLUSION

We believe that the contralateral approach we use at the
upper cervical levels, the anterior microdiscectomy technique
without fusion and the fat graft procedure are equally
beneficial at the C7-T1 level and are not different from other
cervical levels. Because this minimally invasive technique
does not compromise stability, no interbody fusion materials
or anterior instrumentation are required, which may result in
complications such as manubrium, mediastinum, and other
injuries as well as subsidence, displacement, or improper
placement of the intervertebral material
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ABSTRACT

AIM: To evaluate the orientation of the sacrum, its influence on sagittal balance, and its practical relevance in identifying a sacralized
L5 or lumbarized S1 as an lumbosacral transitional vertebrae (LSTV) to help prevent complications.

MATERIAL and METHODS: Lumbosacral vertebral roentgenograms from 633 outpatients who visited our hospital between June
2018 and August 2018 were retrospectively reviewed.

RESULTS: All participants were young males with a mean age of 18.41 years (range 17-21 years). The mean ATA1 distance was
16.84 mm + 6.28 in the 527 normal cases, 4.21 mm + 5.32 in the 71 sacralization cases, and 21.17 mm = 6.68 in the 35 lumbarization
cases The angle distribution among the 527 patients with normal anatomy was 10.58° + 1.3. In the 71 patients with sacralization, the
angle was 8.89° + 1.13. Among the 35 patients with lumbarization, the angle was 9.86° + 1.76.

CONCLUSION: A new index formula, comprising the Anterior Translational Arch (ATA1) and Anterior Translational Angle (ATA2) is
proposed. ATA1 as a distance measurement and ATA2 as an angular measurement were evaluated. These measurements can be
easily obtained using either lumbosacral vertebral radiographs or sagittal MRI, owing to the simplicity of the calculation. This allows
an easy identification of lumbarization and sacralization.

KEYWORDS: Transitional vertebra, Sacrum, Lumbosacral, Spine, Distance

ABBREVIATIONS: ATA1: Anterior translational arch (distance), ATA2: Anterior translational angle, L5: Fifth lumbar vertebra, S1: First
sacral vertebra, C2: Second cervical vertebra, §5: Fifth sacral vertebra, LSTV: Lumbosacral transitional vertebrae, ROC: Receiver
operating characteristic, MRI: Magnetic resonance imaging
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B INTRODUCTION

The configuration of the lower lumbar vertebrae and sacrum,
along with pelvic orientation and lumbosacral parameters, con-
stitutes the foundation of the vertebral column and play a cru-
cial role in neurosurgical procedures involving this region (14).

The anatomical orientation of the L5 vertebra and the first
sacral segment (S1) is primarily influenced by the interverte-
bral disc and facet joints (13). The structural features of the
L5 vertebra and the sacral dome may also contribute to this
alignment to some degree. The sacrum is anatomically com-
plex; it is a pyramidal bone formed by the fusion of five sacral
vertebrae (17), and it consists of five distinct surfaces: a mid-
line dorsal canal, four ventral sacral foramina, and four dorsal
sacral foramina (10). Longitudinally, the sacrum exhibits a cur-
vature with a concave ventral (pelvic) surface and a convex
dorsal surface.

The term “lumbosacral transitional vertebrae” (LSTV) refers to
a vertebra that is either a “sacralized L5” or a “lumbarized
S1.” We hypothesized that lumbarization results in the sacral
concave surface acquiring a convex contour and that the pre-
operative identification of the anatomical orientation in this re-
gion is of increased importance. This mainly radiological and
anatomical study aimed to determine the orientation of the S1
vertebral body in the context of sagittal balance assessment
and to explore its practical application in identifying sacral-
ized or lumbarized S1 segments as LSTV, to prevent surgical
complications.

B MATERIAL and METHODS
Subjects

All participants in the study were healthy individuals under-
going medical evaluation as pilot candidates to obtain the
required certification for eligibility. Lumbosacral vertebral
roentgenograms from 633 outpatients who visited our hos-
pital between June 2018 and August 2018 were retrospec-
tively reviewed by two senior surgeons, each blinded to the
other’s assessments. These radiographic images were com-
pared with sacral vertebrae classified as anatomically normal,
sacralized, or lumbarized. Patients presenting with low back
pain, radiculopathy, or both were excluded from the study.

Ethical approval for this study was granted by the Ethics Com-
mittee of the University of Health Sciences Turkiye, Diskapi
Yildirim Beyazit Training and Research Hospital (March 08,
2021- Approval code: 106/07). Consent was not required be-
cause this study involved no human subject.

Imaging Methods

Lumbosacral vertebral roentgenograms were obtained from
all subjects. The lumbosacral region was imaged in the “su-
pine” position for both anteroposterior and neutral lateral ra-
diographic views. The L5 and S1 vertebrae were identified by
a radiologist. For lateral imaging, the patient was positioned
on the table in a lateral decubitus position, with the vertebral
column centered on the table. Radiolucent pillows were used,
if necessary, to ensure that the vertebral column remained
parallel to the table surface. In the digital X-ray system, the
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central portion of the detector was positioned 6 cm above
the iliac crest. The patient’s arms were extended forward and
placed on either side of the head. Gonadal shielding was ap-
plied for male patients. The distance between the X-ray tube
and the film was maintained at 100 cm.

Initially, all cases were categorized into three groups by radiol-
ogists: a normal group (control), a sacralization group (study
group 1), and a lumbarization group (study group 2), based on
the type of sacral transition present.

We aimed to propose a new index formula to assist in iden-
tifying sacralization or lumbarization. To achieve this, we de-
vised a simple calculation by measuring angles and distances
between lines drawn in accordance with sacral anatomy, in
order to assess differences between sacralized and lumba-
rized vertebrae.

Measurement Methods

Anteroposterior and lateral radiographs of the entire spine
were obtained from all participants using the standard tech-
niques previously described. All radiographs were interpreted
by a single radiologist with 18 years of experience in con-
ventional radiography. Radiographic assessments and mor-
phometric measurements were carried out using a picture ar-
chiving and communication system (Extreme PACS, Ankara,
Turkey). The initial radiographic evaluation focused on verte-
bral identification and numbering. The total number of verte-
brae was determined by summing the cervical, thoracic, and
lumbar segments located above the sacrum. The first seven
vertebrae were identified as cervical vertebrae, those bearing
ribs directly beneath them were classified as thoracic verte-
brae, and the vertebrae without ribs below those were clas-
sified as lumbar vertebrae. The first non-rib-bearing vertebra
was designated as L1. A fifth lumbar vertebra that displayed
characteristics of the adjacent sacral segment was classified
as sacralized, whereas a first sacral vertebra showing char-
acteristics of the adjacent lumbar segment was classified as
lumbarized. The total vertebral count was documented. Using
the lateral projections as the reference standard, we measured
the “Anterior Translational Arch (ATA1)” as a distance and the
“Anterior Translational Angle (ATA2)” as an angular value.

Measurement method for ATA1

The method for measuring the distance in millimeter (mm) re-
ferred to as ATA1 is illustrated in Figure 1. ATA1 represents
the distance between the midpoint of the line connecting the
anterior margins of the superior end of the first sacral vertebra
and the inferior end of the last sacral vertebra (blue line) and
the anterior surface of the sacral slope (yellow line) (Figure 1A).

Measurement method for ATA2

The method for measuring the angle in degree (°) (ATA2) is
shown in Figure 1A. A transverse line was drawn through the
superior endplate of the first sacral vertebra (S1) to identify the
midpoint of its anteroposterior dimension (red line). A second
line was then drawn from this midpoint to the anterior margin
of the inferior end of the last sacral vertebra (green line). The
ATA2 angle was defined as the angle formed between the line
connecting the anterior margins of the superior end of the first



and the inferior end of the last sacral vertebrae (blue line) and
the green line was termed as the ATA2 angle (Figure 1B).

Statistical Analysis

All statistical analyses were performed using SPSS version
22 (IBM Corp., Armonk, NY, USA) and Jamovi version 2.6.22.
The Shapiro-Wilk test was employed to assess the normality
of data distributions. Group differences were analyzed using
the Kruskal-Wallis H test. In cases where the overall test was
statistically significant, post hoc pairwise comparisons were
conducted using the Dwass-Steel-Critchlow-Fligner meth-
od to identify specific group differences. Logistic regression
analysis was used to evaluate the association between ver-
tebral variation types (sacralization and lumbarization) and ra-
diographic measurements (ATA1 and ATA2). Since the study
cohort consisted exclusively of asymptomatic male patients
aged 17-21 years, the models did not include additional co-
variates such as age or anthropometric variables, to avoid
over-adjustment in a demographically homogeneous sample.

When compared with individuals without anatomical varia-
tions, the distance value was found to be a statistically signif-
icant risk factor in patients with lumbarization or sacralization.
In individuals with sacralization, distance values significantly
decreased compared to those with normal vertebral anatomy
(OR =0.74; 95% CI: 0.69-0.78), whereas in lumbarization cas-
es, distance values significantly increased (OR = 1.13; 95%
Cl: 1.06-1.19). ROC analysis was used to identify the optimal
cutoff value for the distance measurement based on the x-axis
(1-specificity) or y-axis (sensitivity) in relation to the presence
of lumbarization or sacralization. A similar ROC analysis was
also performed for the “angle measurement” to determine the
appropriate cutoff value.

B RESULTS

All participants were young males with a mean age of 18.41
years (range 17-21 years) (Table I). None of the subjects were
older than 21 years, and none reported back pain, radiculop-
athy, or both. A total of 527 cases were identified as anatomi-
cally normal sacra. On anteroposterior radiographs, 35 cases
were confirmed as lumbarization, indicated by the presence of
6 lumbar vertebrae; on lateral lumbosacral radiographs, these
cases showed a convex ventral sacral surface. Additional-
ly, 71 cases were confirmed as sacralization, indicated by 6
sacral vertebrae on anteroposterior views and a concave ven-
tral surface on lateral lumbosacral radiographs. These cases
were classified as transitional vertebrae.

The mean ATA1 distance was 16.84 mm + 6.28 in the 527
normal cases (Figure 2A), 4.21 mm + 5.32 in the 71 sacral-
ization cases (Figure 3A), and 21.17 mm + 6.68 in the 35
lumbarization cases (Figure 4A). The differences among the
three groups were statistically significant (p < 0.05). Pairwise
comparisons also showed statistically significant differences
(sacralization < normal; normal < lumbarization; sacralization
< lumbarization; p < 0.05) (Table II).

The angle distribution among the 527 patients with normal
anatomy was 10.58° + 1.3 (Figure 2B). In the 71 patients with
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Figure 1: Lateral lumbosacral radiograph demonstrating the mea-
surement methods of “ATA1” distance (d) in “mm” (A) and “ATA2”
angle (a) in “degree °” (B).

Figure 2: Lateral lumbosacral radiograph of a 20-year-old man with
normal alignment of the lumbosacral segments. The measurement
of the ATA1 and ATA2 are shown in (A) and (B), respectively.

Figure 3: Lateral lumbosacral radiograph of a 20-year-old man
with sacralization. The measurement of the ATA1 and ATA2 are
shown in (A) and (B), respectively.

sacralization, the angle was 8.89° + 1.13 (Figure 3B). Among
the 35 patients with lumbarization, the angle was 9.86° +
1.76 (Figure 4B). The difference among the three groups was
statistically significant (p < 0.05). Pairwise comparisons also
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showed statistically significant differences (sacralization <
lumbarization; sacralization < normal; lumbarization < normal;
p < 0.05) (Table IlI).

Angle measurements in sacralization cases were significant-
ly lower than in the normal vertebral anatomy group (OR =
0.28; 95% CI: 0.21-0.38), corresponding to an approximate-
ly 72% reduction. In lumbarization cases, angle values were
also reduced (OR = 0.64; 95% CI: 0.48-0.84), indicating a
36% decrease compared to the normal group. Distance val-
ues showed differential patterns: in sacralization, distance
decreased (OR = 0.74; 95% CI: 0.69-0.78), reflecting a 26%

Table I: The Mean Age of the Cases was 18.41 Years

Patients’ age

Vertebrae Mean (years) Range (years)
Normal (n=527) 18.46 17-21
Sacralization (n=71) 18.53 17-20
Lumbarization (n=35) 18.25 18-19

Table II: The Properties of 633 Cases of Distance Value

reduction, whereas in lumbarization, distance increased (OR
=1.13; 95% CI: 1.06-1.19), corresponding to a 13% increase.
These results suggest that both distance and angle values are
significant predictors of anatomical variation (Table IV).

Figure 4: Lateral lumbosacral radiograph of a 19-year-old man
with lumbarization. The measure-ment of the ATA1 and ATA2 are
shown in (A) and (B), respectively.

Vertebrae
ATA1 Normal ' (n=527) Sacralization 2 (n=71) Lumbarization 2 (n=35) Total (n=633)
Mean SD Mean SD Mean SD Mean SD
Distance (mm) 16.84 6.28 4.21 5.32 21.17 6.68 15.66 7.48
p-value (general) 0.0001* (p,,,<0.001**; p,,.<0.001**; p,,.<0.001**;

ATA1: Anterior Translational Arch, SD: standard deviation, *Kruskal Wallis H Test, ** Dwass-Steel-Critchlow-Fligner

Table IlI: The Properties 633 Patients with Angle Values

Vertebrae
ATA2 Normal ' (n=527) Sacralization 2 (n=71)  Lumbarization 3 (n=35) Total (n=633)
Mean SD Mean SD Mean SD Mean SD
Angle (°) 10.58 1.30 8.89 1.13 9.86 1.76 10.35 1.42

p-value (general)

0.0001* (p,,,<0.001**; p,, <0.03**; p,,, <0.01**;

ATA2: Anterior Translational Angle, SD: standard deviation Kruskal Wallis H Test, ** Dwass-Steel-Critchlow-Fligner

Table IV: Association of Sacralization/Lumbarization with Distance and Angle

95% Confidence Interval

Predictor Estimate SE p-value Odds ratio Lower Upper
Distance! -0.30 0.029 <0.001 0.74 0.69 0.78
Distance? 0.12 0.031 <0.001 1.13 1.06 1.19
Angle! -1.27 0.15 <0.001 0.28 0.21 0.38
Angle? -0.45 0.15 0.002 0.64 0.48 0.84

SE: Standard Error, Estimates represent the log odds of comparison: 1 = Sacralization vs. Normal, 2 = Lumbarization vs. Normal.
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Figure 5: ROC Curves: A) sacralization vs. normal; B) lumbarization vs. normal.

ROC analysis revealed that distance values had a higher di-
agnostic accuracy than angle measurements for detecting
sacralization (AUC = 0.926) and lumbarization (AUC = 0.710).
The optimal cut-off point for distance in sacralization cases
was 12.75 mm, with a sensitivity of 95.8% and specificity of
77.4%, while for lumbarization cases, the cut-off was 16.75
mm with moderate sensitivity (47.2%) and high specificity
(88.5%) (Figure 5).

B DISCUSSION

The sacrum is an anatomically complex and variable structure.
Its ventral surface is concave in both vertical and horizontal
planes and is smoother compared to the dorsal surface. The
first sacral vertebral body is the largest and is most common-
ly utilized for dorsal or iliosacral screw fixation. A thorough
understanding of sacral anatomy is essential for proper lum-
bosacral orientation and the management of spinal disorders.
LSTV are relatively rare in the general population, though in
some instances, the condition may be inherited. The relation-
ship between low back pain and the presence of LSTV was
initially described by Bertolotti in 1917, and the condition is
sometimes termed “Bertolotti’s syndrome” (12). This associ-
ation was later questioned by Elster (4). Nevertheless, sub-
sequent studies have reported a higher-than-expected prev-
alence of LSTV among patients undergoing imaging for back
pain or surgery for a herniated disc (5).

The most reliable method for identifying an LSTV is through
lumbosacral radiographs with vertebral counting beginning at
the T12 level. However, in cases where MRl is performed with-
out accompanying plain radiographs, careful attention must
be paid to the presence of LSTV, and additional knowledge
and techniques may be required for accurate identification (6).
Correct spinal segmentation is crucial to avoid surgical errors,
as the majority of such mistakes have been associated with
patients presenting with segmental anomalies, including LST-

Vs (15). Accurately identifying vertebral levels is essential to
localize the pathology precisely and to prevent level-related
errors. Lian et al. proposed that whole-spine imaging with cau-
dal counting from C2 represents the gold standard (8). None-
theless, this approach is often impractical. Frequently, lumbar
spine MRI is interpreted without access to plain radiographs,
either because they were not performed or are unavailable.
There remains no consensus on the definition of LSTV (1).
Techniques such as counting from C2 downward, from S5
upward, or using anatomical landmarks like the aortic bifur-
cation, the right renal artery, and the iliolumbar ligament have
been described. However, ATA1 and ATA2 measurements, as
introduced in our study, have not been previously evaluated.

Identifying LSTV on MRI can be challenging. When LSTV is
suspected, it is important to determine whether it represents a
“sacralized L5” or “lumbarized S1.” Incorrect identification of
disc levels may lead to surgery being performed at the wrong
site (9). Zhou et al. examined how variations affect the se-
lection of the sacral endplate in LSTV cases and noted that
no standardized approach exists for measuring sagittal align-
ment in these patients (16).

Additionally, MRI findings have demonstrated that the disc
space between an LSTV and the sacrum is significantly nar-
rower than that of a normal lumbosacral intervertebral disc
space (11). To address abnormalities associated with lumba-
rization, it is advisable for patients suspected of having sacral
anomalies to undergo an anteroposterior sacral view via con-
ventional radiography, as was done in our study.

Castellvi et al. identified LSTV based on the morphology of
the transverse processes (2), while Desmond and Buirski used
the presence of disc material on T2-weighted MRI for clas-
sification (3). O’Driscoll et al. defined sacral morphology by
examining whether residual disc material existed between the
uppermost sacral segment (S1) and the rest of the sacrum
(12). Hughes and Saifuddin recommended obtaining both
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138.19mm

Figure 6: Lateral lumbosacral radiogram (A) and T2-weighted
magnetic resonance mid-sagittal image of the lumbosacral ver-
tebrae (B) of a patient with sacralization. The measurement of the
ATA1 on radiograph and magnetic resonance image is shown in
(A) and (B), respectively.

sagittal MRI and lateral plain radiographs before surgery (7). In
the present study, we relied solely on lateral plain radiographs
to confirm the presence of LSTV based on observed ventral
sacral convexity. While some prefer using sagittal MRl imag-
es for straightforward measurements, we believe that X-ray
imaging provides clearer visualization of bone structure and
definition. However, when we adapted the measurement cri-
teria to MRI, we found that the results were similar to those
obtained from plain radiographs (Figure 6,7).

The anatomical reference points used for the new measure-
ment method in this study included the sacral endplate, the
midpoint of the anteroposterior dimension of the S1 vertebra,
the angle formed by the line connecting the anterior mar-
gins of the upper end of the first and the lower end of the
last sacral vertebrae, and the anterior longitudinal line of the
S1-S5 vertebrae. These landmarks are easily identifiable using
fluoroscopy, both before and during surgery. It is proposed
that the ATA1 and ATA2 indices could serve as alternatives to
conventional reference lines, particularly in situations where
identifying the full lateral spine from C2 to S5 is challenging.
The clinical reflection of these findings is of great importance
in daily practice. Because the effect of providing the gener-
al sagittal balance of the spine and restoring lumbar lordosis
on surgical outcomes is now accepted by all spine surgeons.
Lumbar lordosis is no longer viewed as a static parameter as
it once was. Lumbar lordosis is rather a dynamic parameter
that can change both the peak and the diameter of the lor-
dosis circle, that is, the characteristic of the lordosis curve,
with the number of lumbar vertebrae of the patient, in other
words, the presence of lumbarization or sacralization. In addi-
tion, the orientation and dome shape of the sacrum are among
the parameters that should be taken into consideration in the
restoration of lordosis. This condition reveals the importance
of considering ATA1 and ATA2 parameters in daily spine sur-
gery practice.
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Figure 7: Lateral lumbosacral radiogram (A) and T2-weighted
magnetic resonance mid-sagittal image of the lumbosacral ver-
tebrae (B) of a patient with sacralization. The measurement of the
ATA2 on radiograph and magnetic resonance image is shown in
(A) and (B), respectively.

A potential limitation of this method is that image clarity may
be compromised in obese patients. The clinical implications
of this anatomical and radiologic study are crucial during the
preoperative evaluation phase. By design, this is an anato-
mo-radiologic study proposing practical indicators aimed at
preoperative level identification and mitigating wrong-level
surgery. Although the study is based on radiologic parame-
ters, it provides a radiologic definition that will minimize po-
tential complications in lumbar surgery. Although there are no
direct clinical outcome data, this can be acknowledged briefly
as a limitation with a suggestion for future validation studies.

B CONCLUSION

The most critical complications when interpreting MRI in pa-
tients with LSTV is the possibility of surgery being performed
at the wrong spinal level. Furthermore, precise identification
and numbering of the thoracolumbar transition vertebrae are
essential for the accurate planning of transpedicular stabili-
zation procedures. This underscores the importance of de-
tecting LSTV. In cases where ventral sacral convexity raises
suspicion of LSTV, we emphasize the importance of obtaining
lateral plain radiographs preoperatively. The ATA1 and ATA2
measurements are simple, practical, and effective tools that
may support the development of a clinical consensus. We be-
lieve this contribution addresses a critical need in daily surgi-
cal practice, particularly given the lack of a widely accepted
standard approach. Careful radiological assessment is espe-
cially crucial in facilities that do not use neuronavigation and
continue to perform stabilization and fusion using the free-
hand technique, where this method and its measurements
may help avoid numerous surgical errors.

A special tribute is due to someone no longer with us: Mustafa
Kemal Ataturk, the founder of the Republic of Turkiye —affec-



tionately remembered as “ATA” by the Turkish people—whose
vision made it possible for Turkiye to emerge as a modern
nation. If scientific endeavors continue in this country today, it
is thanks to the foundation he laid.
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ABSTRACT

AIM: To investigate lumbar motion and muscle change following hybrid surgery in adolescent idiopathic scoliosis (AlS).

MATERIAL and METHODS: We conducted a prospective study design including 16 patients (14 female, 2 male) who underwent
either hybrid surgery or selective thoracic fusion surgery (STF) for AIS. Trunk extensor and flexor muscle strength and endurance
were assessed using an isokinetic dynamometer. Range of motion (ROM) of the lumbar region was measured by a dual inclinometer.
Muscle mass was calculated by evaluating the paraspinal muscles at the L2 and L5 vertebral levels in T2W axial sections of the
magnetic resonance imagings. The degree of fatty degeneration was assessed by the Goutallier classification.

RESULTS: The hybrid group comprised eight female patients with a mean surgical age of 14+1.7 years and a mean follow-up time of
16.4+8.8 months. The STF group included eight patients (six females, two males) with a mean surgical age of 14.6+1.8 and a mean
follow-up time of 29.5+15.4 months were included. No significant difference was observed between the lumbar ROM, trunk flexion—
extension strength, and endurance (p>0.05) of both groups. Similarly, no significant difference was observed between the paraspinal
muscle cross-sectional area and the degrees of fatty degeneration in the patient’s preoperative and last follow-up. Moreover, no
differences were observed in the overall Scoliosis Research Society-22 scores between the two groups (p=0.442).

CONCLUSION: These preliminary findings show that hybrid surgery preserves lumbar motion and does not cause iatrogenic damage
to the paraspinal muscles, including the psoas major.

KEYWORDS: Vertebral body tethering, Selective thoracic fusion, Hybrid, motion-preserving surgery, Cross-sectional area

ABBREVIATIONS: VBT: Vertebral body tethering; PSF: Posterior spinal fusion; AlS: Adolescent idiopathic scoliosis; STF: Selective
thoracic fusion surgery; ROM: Range of motion; LIV: Lowest instrumented vertebra; MRI: Magnetic resonance imaging; ODI:
Oswestry Disability Index; CSA: Cross-sectional area; CVMI: Cervical vertebral maturity index; SRS-22: Scoliosis Research
Society-22; Cl: Confidence interval
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B INTRODUCTION

Fusion surgery with posterior instrumentation is the gold-stan-
dard surgical method for treating adolescent idiopathic sco-
liosis (AIS), demonstrating low complication rates and suc-
cessful radiological results (14). Despite these advantages,
long-term problems related to fusion surgery may occur (20).
These negative effects are more common when the mobile
lumbar region is included in the fusion area (22,31). Selective
fusions reduce the fusion level, thereby preserving lumbar mo-
bility as much as possible. In selective fusion, fusion surgery
is applied to the major curves, while the other curves are left
to resolve spontaneously (17). However, this technique carries
the risk of estimating the residual deformity or adding to the
existing deformity.

Non-fusion methods for controlling the curvature in AIS
avoid fusion surgery problems. Some of these methods are
growth-friendly approaches applied until bone maturation is
achieved and ultimately result in fusion (9). Vertebral body
tethering (VBT) allows both spine movement and keeps the
curvature under control. It is described as a promising method
in preadolescent patients (7,10). After the successful results
obtained in studies on pigs, humerous case series regard-
ing VBT were published. While VBT is a safe and effective
treatment for thoracic and thoracolumbar idiopathic scoliosis
based on approximately a decade of experience, researchers
have raised concerns regarding the challenges in curve con-
trol post-VBT, including tether overcorrection and breakage,
leading to elevated reoperation rates (15,33,34).

While VBT was initially described as a motion-preserving
technique for skeletally immature patients with growth poten-
tial, recent reports indicated that its use gradually expanded
to include skeletally mature adolescents and even selected
adult cases, particularly for the lumbar curves. Consequently,
hybrid systems incorporating posterior spinal fusion (PSF) for
the less mobile thoracic region and VBT for the lumbar spine
have recently emerged. This novel system allows for excellent
three-dimensional (3D) correction in the thoracic region with
PSF while preserving relative mobility in the lumbar segments
with VBT (5).

The most important advantage of VBT over fusion surgery
is the preservation of the arc of motion. Another advantage
of VBT is its minimally invasive nature that reduces the risk
of injury to the posterior paraspinal muscles (16). However,
during anterior vertebral surgery (e.g., VBT), the psoas mus-
cle, which is a large muscle located on either side of the spine
in the lower back, may be affected (8). In clinical studies that
evaluated the VBT results for the thoracic region, the thoracic
region’s mobility was preserved (28). Another study applied
double-sided VBT and showed that the arc of motion was bet-
ter compared to fusion surgery (29). However, no study has
yet been conducted to evaluate the lumbar muscle structure
and the range of motion (ROM) in patients undergoing a hybrid
procedure.

The primary objective of this study is the comparison of the
qualities of life, trunk muscle strengths and endurance, and
ROM in the lumbar region between two groups of patients
with AIS. One group underwent selective thoracic fusion sur-

Tasdemir EN. et al: Adolescent Idiopathic Scoliosis

gery (STF), a known technique for preserving the lumbar ROM,
while the other underwent a hybrid procedure. Our secondary
objective is the investigation of the effects of the hybrid pro-
cedure on the paraspinal muscle morphology.

B MATERIAL and METHODS
Study Design and Sample

This work is a case—control study. The literature provides
no clear information regarding the sample size of our study;
therefore, the sample size cannot be calculated. The study
population comprised patients who underwent surgery at our
center between 2021 and 2023. Patients who underwent hy-
brid surgery with a minimum follow-up of 1 year were includ-
ed. Lenke 1C, 3C, 5C, and 6C patients were included in the
hybrid group. The lowest instrumented vertebra (LIV) above L3
was excluded because it was intended to study the effect of
VBT on the lumbar region. Patients with a history of previous
spinal surgery or spondylolisthesis were excluded, consider-
ing that these conditions could affect the quality of life and
functional outcomes. We compared the outcomes of the VBT
group by selecting an age—-gender and minimum follow-up
duration-matched STF group from the cases operated in the
same institution by the same surgical team. Lenke 1B and 1C
patients were included in the STF group (Figure 1).

Patient Selection Criteria

The patient selection for STF in our center was based on the
Moe criteria. STF was recommended in cases with a thorac-
ic-to-lumbar (T/L) apical vertebral translation ratio greater than
1.2, thoracic apical rotation exceeding 20°, and a T/L Cobb
angle ratio above 1.2 in the absence of thoracolumbar junc-
tional kyphosis. Currently, there is no consensus in the liter-
ature regarding lumbar VBT indications. In our practice, VBT
was considered as a lumbar fusion alternative when the lum-
bar deformity was flexible. The radiological criteria included a
lumbar Cobb angle below 60° with at least 50% correction on
the side-bending radiographs. The patient’s preference and
expectations also played a significant role in the treatment
decision. Hybrid surgery was generally performed in patients
who were unwilling to accept residual lumbar asymmetry fol-
lowing STF. All patients and families were informed about the
potential complications and limitations of each technique.
The treatment allocation was finalized through a shared deci-
sion-making process (Figure 1).

Surgical Technique

The intraoperative objective of the STF group was to achieve a
residual main thoracic curve of <10-15° on coronal fluorosco-
py while maintaining overall coronal and sagittal alignment. A
correction was performed using a combination of rod derota-
tion, segmental translation, and compression—distraction ma-
neuvers, giving particular attention to preserving the lumbar
curve flexibility and preventing a junctional malalignment. The
instrumentation levels for VBT were selected as “Cobb-to-
Cobb.” In the hybrid group, lumbar VBT was performed first in
the lateral decubitus position, followed by posterior thoracic
fusion. The intraoperative aim was to achieve the maximum
Cobb angle correction. A reduction to less than 10° was ob-
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Hybrid

PSF + Lumber VBT
N=14 (12 females, 2 males)

Included:
AlS,
Age 10-18 (years),
LIV L3/L4,
Preoperative TL/L curve >35 with MT curve >45, %50
reduction cobb angle flexibility X-ray Lenke 1,3
=  Preoperative TL/L curve >40, %50 reduction cobb angle
flexibility X-ray

Excluded:
= Congenital anomaly (spina bifida, hemivertebra, etc.)

= Secondary scoliosis

= Fusion of lumbar vertebrae
Patients included in the study:

Patients excluded from the study
N=6 (4 females, 2 males)

3 patients: unwilling to participate
2 patients: Detection of spondylolysis

1 patient : Previous spinal surgery

N:8 (8 females)

STF

STF
N=16 (13 females, 3 males)

Included:
AlS,

Age 10-18 (years),
LIVTI2
Lenke 1A, IBor IC

Excluded:
» Congenital anomaly (spina bifida, hemivertebra, etc.)

= Secondary scoliosis

Fusion of lumbar vertebrae

\.

Patients excluded from the study
N=8 (7 females, 1 males)

4 patients: unwilling to participate

2 patients: living in another city

1 patient : Detection of spondylolysis

1 patient : Previous spinal surgery

Figure 1: Study population flowchart.

PSF: posterior spinal fusion, VBT: vertebral
body tethering, AlS: adolescent idiopathic
scoliosis, LIV: lowest instrumented

Patients included in the study:

N:8 (6 females, 2 males)

vertebra,TL: thoracolumbar, L: lumbar,
MT: main thoracic, STF: selective thoracic
fusion surgery

tained in the lateral decubitus position of all patients before
proceeding to posterior instrumentation.

A single cord and one screw per vertebra were used in the
first three hybrid cases. Based on the evolving literature and
surgical experience, our routine technique was subsequently
modified to employ a double screw—-double tether configura-
tion for each level, except for the cranial transitional vertebra.
As stated, the instrumentation levels were generally selected
from Cobb-to-Cobb. For STF, the LIV was chosen as the neu-
tral and stable vertebra as defined by the central sacral verti-
cal line. One anterior screw and two posterior pedicle screws
were typically applied at the transitional vertebra.

Ethical Considerations and Data Collection

Our study was approved by the Ethics Committee of Istanbul
University, Istanbul Faculty of Medicine (No: 1U2022/272). All
procedures were conducted in accordance with the Declara-
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tion of Helsinki. The trial was registered at ClinicalTrials.gov
(NCT05347056; registration date: April 26, 2022). Following
ethical approval, follow-up magnetic resonance imaging (MRI)
scans were conducted during the patients’ first year after sur-
gery or at subsequent visits, contingent upon the consent of
both patients and parents for their participation in this work.
Written informed consent was obtained from all the partic-
ipants and their parents. The data collection for the clinical
outcome measures was performed prospectively as patients
applied.

Outcome Measures
Clinical Evaluation

The Scoliosis Research Society-22 (SRS-22) and the Os-
westry Disability Index (ODI) questionnaires were used to
evaluate the clinical quality of life and the functional outcomes
of the patients included in this study. The clinical measure-



ments were made by an experienced sports physician us-
ing an isokinetic dynamometer and a dual inclinometer. The
“Cybex Norm” (CSMI, Stoughton, MA, USA) isokinetic dyna-
mometer was used to evaluate the trunk extensor and flexor
muscle strengths and endurance (17,24). The measurements
were taken at —10° to 45° joint ROM for the trunk and at 60%s
(strength) and 120%s angular velocities (endurance). From the
results obtained, the peak torque and peak torque values per
kg at 60 and 120% were evaluated for both flexion and ex-
tension.

The lumbar region ROM was measured using a dual inclinom-
eter (Acumar, Lafayette Instrument, Lafayette, IN, USA). During
the measurements, the main inclinometer unit was placed in
the T12 spinous process. The auxiliary unit was placed in the
S1 spinous process (11) (Figure 2). The patients were asked to
stand upright while the flexion and the extension were mea-
sured. For the flexion measurement, the patients were asked
to bend forward as far as they could without bending their
knees. For the extension measurement, the patients were
asked to take their trunk as far as possible from the neutral
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position without bending their knees. For the right-left lateral
flexion measurements, the patients were asked to bend side-
ways without lifting their feet from the ground or leaning for-
ward while standing upright. For the rotation measurements,
the patients were asked to bend forward 90° without bend-
ing their knees. An inclinometer was placed at the previously
mentioned reference points. The patients were then asked to
rotate left and right.

Radiological Evaluation

The curvatures were measured by an experienced spinal sur-
geon who used the Cobb method and Surgimap software in
all spinal anterior-posterior and lateral radiographs that were
taken preoperatively, first erect and at last follow-up. The
skeletal maturity in both groups was assessed through Riss-
er staging. In addition, the cervical vertebral maturity index
(CVMI) and the triradiate cartilage status were evaluated.

For the evaluation of paravertebral muscle changes, pre-
operative MRI and postoperative MRI with metallic artifact
suppression sequence (Metal Artifact Reduction Software)

1

;
| /

e | Y

Figure 2: Lumbar spinal motion measurements using an inclinometer: A) flexion, B) rotation, and C) lateral flexion.
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were used. The cross-sectional areas (CSAs) of the individual
paraspinal muscles (i.e., multifidus, erector spinae, and psoas
major) were evaluated on the T2A axial sectional images from
the L2 and L5 vertebral corpus plateau superior (Figure 3). At
the same time, the CSAs of the vertebral corpus were mea-
sured. We analyzed the CSA ratio to reduce the bias arising
from the differences in individual body size, disk pathology,
and potential patient growth during the follow-up period. This
was performed by comparing the sizes of each muscle to the
vertebral body (individual muscle CSA/vertebral body CSA)
and expressing it as a percentage. The muscle and vertebrae
corpus contours were carefully outlined. Their areas were
measured independently by two musculoskeletal radiologists.
The CSAs were measured in mm? using Extreme PACS Client
(Ankara, Turkey). The Goutallier classification was employed
to evaluate the degree of fatty degeneration in the lumbar re-
gion muscles (Grade 0: no fat; Grade 1: fatty streaks; Grade
2: muscle > fat; Grade 3: muscle=fat; and Grade 4: muscle <
fat) (4).

Figure 3: Measurements of the vertebrae body (VB) and the mus-
cle cross-sectional area (CSA). CSA measurements comprised
the psoas major (PM), erector spinae (ES), and multifidus (MF).

Statistical Analysis

The Shapiro-Wilk test was used to assess the normality of
continuous data, confirming that the normality assumption
was met. The chi-square test was performed to compare the
categorical data and treatment methods. Independent sample
t-test was used to compare the continuous data and treat-
ment methods. The repeated measures analysis of variance
was used to compare the differentiations of the presurgical
post-control change between the surgical treatment methods.
The McNemar chi-square test was employed to evaluate the
categorical differences before the surgery post-control. The
statistical significance level (a) was determined as 0.05 (P <
0.05). In addition to the statistical significance, 95% confi-
dence intervals (Cls) were calculated. The clinical relevance
was assessed by using the effect size analyses (Hedges’ g)
for key outcomes, including Cobb angles, lumbar ROM, and
isokinetic trunk muscle strength. All statistical tests were per-
formed using SPSS software for Windows version 12.0 (SPSS,
Chicago, IL, USA).

B RESULTS

Eight female patients with a mean surgical age of 14+1.7 and
a mean follow-up time of 16.4+8.8 months were included in
the hybrid group (Table |, Supplementary Table I). The most
proximal and distal VBT instrumentation levels were T12 and
L4, respectively. The hybrid group included five patients with
Lenke 1C curvature and one patient with Lenke 3C, 5C, and 6
curvatures. An average of 3.7 (3—4) tethering levels was applied
to the patients. All eight patients showed a left thoracolumbar/
lumbar curvature. The VBT intervention was performed from
the left anterolateral. The preoperative main thoracic curvature
Cobb angle was 51°+6°, whereas the thoracolumbar/lumbar
curvature Cobb angle was 46°+5°. The last follow-up thoracic
curvature Cobb angle was 10°+6°, whereas the thoracolum-
bar/lumbar curvature Cobb angle was 11°+5° (Table I; Figure
4). The postoperative “first erect” radiographs were available
for all patients. In the hybrid group, the mean thoracic curve
changed by 4°+3°, and the lumbar curve changed by 2°+4°
between the first erect and final follow-up. No complications

Figure 4: A) Preoperative, B) first erect, C) 6-month, and D) last follow-up standing anteroposterior and lateral orthoroentgenograms of
an adolescent idiopathic scoliosis patient undergoing treatment for hybrid surgery.
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Table I: Demographic and Radiographic Data of the Study Population
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Hybrid (n=8) STF (n=8) p-value Hedges’' g 95% CI

Follow-up, Mean+SD (months) 16.4+8.8 29.5+15.4 0.065
Female Sex, n (%) 8 (100.00) 6 (75.00)
Age, Mean+SD (years) 14 £1.7 14.6+1.8 0.442
Risser Score, Median (Range) 4 (0-5) 4 (2-5)
Triradiate cartilage closed, n (%) 8 (100) 8 (100)
CVMI Score, Median (Range) 5 (2-6) 5 (3-6)
Lenke Classification

1A N (%) 4 (50.0)

1B n (%) 2(25.0)

1C n (%) 5 (62.5) 2 (25.0)

3C n (%) 1(12.5)

5C n (%) 1(12.5) -

6C n (%) 1(12.5) -
Levels Tethered, Median (Range) 3.7 (3-4) -
Levels Fusion, Median (Range) 7.1 (6-10) 9.5 (8-10)
LIV

L3 n (%) 6 (75.0) -

L4 n (%) 2 (25.0) -

T12 n (%) 8 (100.0)
Preoperative MT curve® Mean+SD (Range) 5146 (41-62) 51+10(40-68) 0.872 0.00 [-0.98, 0.98]
First erect MT curve® Mean+SD (Range) 8+3 (4-12) 11+4 (6-20) 0.109 -0.81 [-1.83, +0.22]
Last follow-up MT curve® Mean+SD (Range) 10+6 (3-20) 14+7 (5-26) 0.727 -0.58 [-1.583, 0.423]

i ¢ (Fi — -
Change in MT curve?® (First erect — Last follow-up) 443 343 0.871 0.32 [-0.67, +1.31]
Mean+SD (Range)
Preoperative L/TL curve® Mean+SD (Range) 46+5 (38-51) 35+8 (29-50) 0.027* 1.56 [0.422, 2.697]
First erect L/TL curve® Mean+SD (Range) 9+3 (6-14) 12+8 (1-28) 0.351 -0.46 [-1.45, +0.54]
Last follow-up L/TL curve® Mean+SD (Range) 115 (1-18) 13+10 (0-27) 0.952 -0.24 [-1.223, 0.745]
i ¢ (Fi - -

Change in L/TL curve® (First erect — Last follow-up) 0.4 145 0.670 0.21 [0.77, +1.19]

Mean+SD (Range)

n: number, SD: standard deviation, LIV: lower instrumented vertebra, MT: main thoracic, TL/L: thoracolumbar/lumbar, CVMI: Cervical Vertebral

Maturity Index. ¢ degree, cobb angle magnitude, * p<0.05

related to rod rupture or surgical access were observed. How-
ever, one patient’s curve showed an overcorrection in the last
6 months after completing measurements for the study, and
the tether was cut with revision surgery. All clinical, radiolog-
ical, and MRI assessments were completed before the revi-
sion; therefore, the analyses of paraspinal muscle CSA and
fatty degeneration for this patient reflected the pre-revision
state. No post-revision measurements were included.

Eight patients (six females, two males) with a mean surgical
age of 14.6+1.8 and a mean follow-up period of 29.5+15.4
months were included in the STF group (Table |, Supplementa-
ry Table I). The most proximal and distal fusion levels were T2
and T12, respectively. All patients in the STF group exhibited a
Lenke 1B or 1C curvature. An average of 9.5 fusion levels (8-

10) was applied to the patients. The preoperative main thorac-
ic curvature Cobb angle was 49.8°+10°. The thoracolumbar/
lumbar curvature Cobb angle was 35.5°+8°. The last follow-up
thoracic curvature Cobb angle was 14.1°+7°. The thoracolum-
bar/lumbar curvature Cobb angle was 12.8°+10°. The corre-
sponding changes in the STF group were 3°+3° for the tho-
racic curve and 1°+5° for the lumbar curve. No statistically
and clinically significant differences were observed between
the two groups in terms of the mean age at surgery (p=0.442),
mean follow-up time (p=0.065), preoperative main thorac-
ic curve Cobb angle (p=0.872), last control thoracic curve
Cobb angle (p=0.727), last follow-up thoracolumbar/lumbar
curvature Cobb angle (p=0.952), or the changes in the tho-
racic (p=0.871) and thoracolumbar/lumbar curves (p=0.670)
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between the first erect and the last follow-up. The preopera-
tive thoracolumbar/lumbar curvature Cobb angle was signifi-
cantly higher in the hybrid group than that in the STF group
(p=0.027). The effect size was large (Hedges’ g=1.56, 95% ClI:
0.42-2.69), indicating a clinically meaningful baseline differ-
ence between the groups (Table |; Figure 4).

Among the groups, no differences were found in the SRS-22
sub-scores (pain [p=0.328], self-image/view [p=0.442], func-
tion/activity [p=0.645], mental health [p=0.234], and treatment
satisfaction [p=1.000]) and total scores (p=0.442) (Table ll).

Table lI: Last Follow-Up Scoliosis Research Society-22r
Questionnaire (SRS-22r), VAS, ODI Scores, and Early Clinical
Parameters

Parameter Hybrid STF  p-value
SRS22 Pain (Mean+SD) 4.4+0.65 4.1+0.62 0.328
SRS22 Sl (Mean+SD) 3.9£0.70 3.6+£0.73 0.442
SRS22 Function (Mean+SD) 4.6£0.25 4.4+0.45 0.645
SRS22 MH (Mean+SD) 3.6+0.91 3.3+0.65 0.234
SRS22 Satisfaction (Mean+SD) 4.1+1.01 4.2+0.7 1.000
SRS22 Total (Mean+SD) 4.1+0.59 3.9+0.47 0.442
VAS Mean (Min-Max) 1.3(0-4) 1.2(0-5) 0.959
ODI Mean (Min-Max) 6.1 (0-11.1) 7.6 (2-15.5) 0.442
Length of stay (days) 41+1.1 3.8+0.7 0.441
Return to school (days) 245+2.7 23.8+x1.4 0.497

SI: self-image, MH: mental-health, SD: standard deviation, VAS: visual
analogue scale, ODI: Oswestry disability index, STF: selective thoracic
fusion surgery.

Table Ill: Complication Rates of the Study Groups

Additionally, no significant differences were found between
the two groups in terms of the VAS (p=0.959) and ODI scores
(p=0.442) (Table Il). Moreover, no significant differences were
observed between the two groups regarding hospital stay du-
ration (4.1+£1.1 vs. 3.8+0.7 days; p=0.441) or return-to-school
time (24.5+2.7 vs. 23.8+1.4 days; p=0.497). In other words,
the addition of lumbar VBT to STF did not prolong early post-
operative recovery. Six of the patients in the VBT group stated
they experienced anterior thigh pain or hip flexor weakness
in the postoperative period. Only one patient stated that hip
flexor weakness continued at the last follow-up (Table Ill). All
participants had an ODI score of 20 or below.

Meanwhile, the hybrid group showed a lumbar flexion of
56.1°+£5.18° and an extension of 22.1°+4.31°. The right and
left lateral flexions were 17.9°+1.62° and 19.7°+1.82°, re-
spectively. The right and left rotations were 7.2°+3.15° and
6.7°+3.52°, respectively. The SFT group depicted a lumbar
flexion of 55.3°+3.67° and an extension of 22.5°+3.96°. The
right and left lateral flexions were 19.7°+2.42° and 19.9°+2.66°,
respectively. The right and left rotations were 7.2°+£3.15° and
7.1°+3.80°, respectively. No statistically and clinically signifi-
cant differences were found in these values between the two
groups (p>0.05) (Table IV).

Based on the isokinetic strength test findings, the effect size
analyses revealed small to moderate values (Hedges’ g=0.2—
0.7) for the strength and endurance measures. In line with the
non-significant p values (p>0.05), the differences between the
groups were not clinically meaningful (Supplementary Table II).

No significant difference was observed between the CSA ratio
and the fatty degeneration of the multifidus, erector spinae,
and psoas muscles before and after surgery in both groups
(Tables V-VII).

Complication Hybr:i?) /§|)1=8) STnF (9/38)
Transient neurological symptoms (anterior thigh pain / hip flexor weakness) 6 (75.0) 0 (0)
Persistent neurological symptoms 1(12.5) 0 (0)
Overcorrection 1(12.5) 0 (0)
Rod breakage 0 (0) 0 (0)
Table IV: Data Regarding Lumbar Range of Motion

Hybrid (Mean+SD) STF (Mean=SD) p-value Hedges’ g 95% ClI
Flexion 56.1+5.18 55.3+3.67 0.328 +0.17 [-0.81, 1.15]
Extension 22.1+4.31 22.5+3.96 0.878 -0.09 [-1.07, 0.89]
Lateral Bending (right) 17.9+1.62 19.7+2.42 0.105 -0.83 [-1.85, 0.20]
Lateral Bending (left) 19.7+1.82 19.9+2.66 1.000 -0.08 [-1.06, 0.90]
Rotation (right) 7.2+3.15 7.2+1.68 0.442 0.00 [-0.98, 0.98]
Rotation (left) 7.1+3.80 7.5+1.62 0.279 -0.13 [-1.11, 0.85]

SD: standard deviation, STF: selective thoracic fusion surgery.
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Table V: Cross-Sectional Areas of the Paraspinal Muscles at Each L2 Vertebra Level

Preoperative Hybrid Last Follow Up Hybrid Preoperative STF Last Follow Up STF
Mean+SD Mean=SD p-value Mean=SD Mean+SD p-value

L2 Multifidus CSA ratio (%)

Right 23.3+5.4 23.3+5.4 0.202 26.6+5.1 26.6+5.1 0.696

Left 23.8+4.7 25.1+£3.3 0.325 26.4+4.4 26.4+4.3 0.754
L2 Erector spina CSA ratio (%)

Right 128.7+45.3 128.7+45.3 0.450 142.8+34.3 142.9+34.2 0.315

Left 130.4+47.5 130.5+47.5 0.743 139.8+29 142.8+33.6 0.367
L2 Psoas major CSA ratio (%)

Right 33.7+11.3 33.7+11.3 0.144 33.4+9.1 33.3+9.1 0.403

Left 32.6+9.6 32.6+9.6 0.089 34.5+7.8 34.8+7.9 0.170
SD: standard deviation
Table VI: Cross-Sectional Areas of the Paraspinal Muscles at Each L5 Vertebra Level

Preoperative Hybrid Last Follow Up Hybrid Preoperative STF Last Follow Up STF
Mean+SD Mean+SD p-value Mean+SD Mean+SD p-value

L5 Multifidus CSA ratio (%)

Right 59.2+5.8 59.2+5.8 0.341 61.5+3.8 61.6+3.8 0.710

Left 60.5+6.4 60.6+6.4 0.142 61.4+4.3 61.5+4.2 0.707
L5 Erector spina CSA ratio (%)

Right 68.7+17.3 69.6+17.0 0.341 84.7+13.4 84.8+13.6 0.754

Left 68.2+15.8 68.2+15.8 0.696 83.0+12.9 83.1+13.0 0.792
L5 Psoas major CSA ratio (%)

Right 70.9+14.7 70.9+14.7 0.244 80.9+12.0 80.9+11.7 0.877

Left 70.2+4.5 70.2+4.5 0.476 85.2+19.0 85.3+18.8 0.734

SD: standard deviation

Table VII: Preoperative and Last Follow-Up Fatty Atrophy of The Paraspinal Muscles According to The Goutallier Classification

Preoperative Hybrid Last Follow Up Hybrid Preoperative STF
Goutallier Grade 1* (%)  Goutallier Grade 1* (%)  Goutallier Grade 1* (%)

Last Follow Up STF
Goutallier Grade 1* (%)

Multifidus
Right 25 25 37.5 37.5
Left 25 25 37.5 37.5
Erector spina
Right 25 25 37.5 37.5
Left 25 25 37.5 37.5
Psoas major
Right 0 0 0 0
Left 0 0 0 0

*None of the muscles had atrophy higher than Goutallier Grade 1.
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B DISCUSSION

Anterior VBT is a surgical technique that has become popular
in recent years because it is thought to prevent the function-
al complications caused by spinal fusion (30). Although VBT
is recommended in patients with growth potential, its use in
adult patients has also been increasing (3). With the VBT tech-
nigue, contrary to the fusion technique, the biomechanics of
the spinal functional unit, which is the smallest functional unit
of the vertebral column, are preserved. latrogenic damage to
the posterior paraspinal muscles is also thought to be mini-
mized by anterolateral intervention instead of posterior sur-
gery. Therefore, the ideal realization of movement and load
distribution (shock absorption), which are the main functions
of the vertebral column, can be ensured. Furthermore, the de-
velopment of the adjacent segment disease can hopefully be
prevented in the long term.

As the tethering technology advances, surgeons are facing the
challenge of balancing the advantages of motion preservation
against the potential for increased complications or the need
for further surgery (5). In VBT, the primary complications in-
clude tether breakages and overcorrection. In contrast, these
issues are not observed in the PSF group. The tether breakage
risk is increased in cases involving larger, lumbar, and rigid
curves (2). In addition to these clinical considerations, note
that VBT generally requires a longer operative time, additional
operating room resources, and a specialized instrumentation
system that is more costly than conventional fusion implants.
These factors may increase the institutional resource utiliza-
tion compared with PSF and must be considered during treat-
ment planning.

STF is a surgical method frequently used in patients with ma-
jor thoracic curvature. Its long-term results are known. The
quality of life of patients who underwent STF is similar to that
of the normal population, even years after surgery (12). Al-
though some residual lumbar curvature can be found in these
patients, balanced and acceptable coronal curvatures do not
have a negative effect on the daily life of the patients. More-
over, the preservation of the lumbar region’s arc of motion
(lumbar functional units) is clinically important in the long term
(25).

In patients who do not meet the selective thoracic fusion cri-
teria and require inclusion of both the lumbar and thoracic re-
gions in the surgical field, the hybrid procedure may offer the
combined benefits of rigid fixation and motion preservation
while potentially reducing the likelihood of complications and
the need for reoperation. Consistent with this approach, in
our series, hybrid surgery was mainly applied in cases where
STF was not feasible, prioritizing lumbar motion preservation
and curve correction by intraoperative techniques rather than
growth modulation. Furthermore, hybrid surgery was particu-
larly recommended in patients who were unwilling to accept
residual lumbar asymmetry or deformity. Patient preference
played an important role in the decision-making process. In
our center, costs of both STF and hybrid surgery are fully cov-
ered by the state health insurance system; therefore, financial
considerations did not influence patient preference.
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This study aimed to evaluate the effect of adding lumbar VBT
to selective thoracic fusion on the quality of life and the lumbar
region. We performed the evaluation on patients undergoing
STF and who exhibited similar lumbar curves to reduce the
adverse effects from residual deformities. In this manner, the
negative effects of lumbar fusion or lumbar region surgeries
were eliminated from the study. The positive effects were elim-
inated by not including the healthy control groups without a
lumbar curvature or surgical treatment. The effect of VBT on
the lumbar region muscles was evaluated using presurgical
and postsurgical MRls.

VBT is introduced as a dynamic system in the literature; how-
ever, only a few studies have evaluated the functional results
after VBT. Pehlivanoglu et al. reported that VBT preserves
spinal mobility, based on an analysis of lumbar ROM in three
planes (29). This study, which used fusion patients as the con-
trol group, demonstrated that VBT preserves motion but did
not show how much loss of motion it creates in individuals
who were not fused. Pahys et al. separately evaluated the tho-
racic and lumbar region motions in VBT and in the posterior
fusion groups using a 3D motion analysis system, which is the
gold-standard method for the ROM evaluation. The subgroup-
ing was performed according to the levels at which the sur-
gery ended (<L1, L2, L3, and L4). The statistical analysis was
performed in this manner. This study identified significantly
less motion loss in patients treated with VBT in the second
year after the surgery compared to the posterior fusion pa-
tients (15).

The STF group that did not undergo fusion to the lumbar re-
gion and the hybrid group that underwent VBT to the lumbar
region were then compared. No statistically or clinically signif-
icant differences were observed between the two groups in all
the parameters tested. The lumbar movement of the patients
in both groups was within the normal range (19,27). Howev-
er, the patients may possibly encounter problems as the fol-
low-up periods get longer.

In a previous study evaluating the trunk flexor-extensor en-
durance in a VBT group, the VBT patients were compared
with those who underwent posterior fusion surgery. The trunk
flexor-extensor endurance of the VBT group was significant-
ly superior to that of the posterior fusion surgery group (29).
Therefore, we evaluated both the strength (60°/s) and the
endurance (120°/s) of the trunk muscles using an isokinetic
dynamometer by choosing protocols and angular velocities
with proven validity and reliability during the study’s planning
phase. No significant differences were found between the two
groups in terms of the strength and endurance of the trunk
muscles. In conclusion, adding lumbar VBT to STF did not
have a negative effect on strength and endurance.

The paraspinal muscle morphology is believed to play a crit-
ical role in low back pain, various spinal deformity diseases,
and other pain-related pathologies (13). The postoperative
morphological changes in the paraspinal muscles may affect
the patient outcomes and contribute to the development of
adjacent segment disease in the long term. Kumaran et al.
developed a finite element model and found that the reduction
in the CSA after the lumbar fusion can lead to changes in the



spinal element stresses in the adjacent segments, potentially
resulting in permanent postoperative low back pain (23,32).
After the spinal fusion, paraspinal muscle atrophy occurs as a
result of both iatrogenic damage and loss of movement in the
relevant segment (18). Lu et al. suggested that the paraspinal
muscle atrophy in the thoracic region and the paraspinal mus-
cle hypertrophy in the lumbar region may develop after STF
(26). In their long-term study, Kim et al. showed a significant
decrease in the CSA of the paraspinal muscles in the non-
fused segment, associating this change with iatrogenic dam-
age (21). After the usage of a dynamic system (e.g., VBT), how
the paraspinal muscles involved in segmental stabilization will
be affected is quite important. The only literature study evalu-
ating the multifidus fatty degeneration and atrophy in the VBT
group found that mild/moderate fatty degeneration on the
concave side of the preoperative curve remained unchanged
after VBT (16).

In the VBT surgical technique, the lumbar vertebrae are ac-
cessed with a mini-open retroperitoneal approach by laterally
opening an oblique incision. This procedure involves a retro-
peritoneal dissection and a posterior retraction of the psoas
muscle, although it spares posterior paraspinal muscles, such
as the multifidus and the erector spinae (1). Courvoisier et al.
reported that paresthesia in the proximal and anteromedial
parts of the thigh is common after this surgery, even if the
nerve is not damaged (6). Currently, there is a lack of research
or scientific studies specifically examining the effect of VBT
surgery on the psoas muscle, despite its significant role in hip
flexion and lumbar spine stabilization.

In this work, no significant difference was observed in the CSA
ratios of multifidus, erector spinae, and psoas at both levels
(i.e., L2 and L5) in the two groups. The effect size analyses
were not performed for the CSA ratios because the changes
were minimal and not considered clinically relevant. In some
patients under both groups, the preoperative mild fatty de-
generation of the multifidus and the erector spinae remained
unchanged after the surgery. In our cohort, both groups were
predominantly in the late pubertal stage; however, the hybrid
group included skeletally immature patients. Considering their
remaining growth potential, immaturity could theoretically
influence the paraspinal muscle CSA, thereby representing
a study limitation. For this reason, we specifically aimed to
evaluate whether or not a denervation-related atrophy devel-
oped by comparing preoperative and postoperative fatty de-
generation. We found no significant difference between the
preoperative and postoperative fatty degeneration grades in
either group, which we considered as a valuable finding. We
believe that no significant difference exists in the CSA ratio of
the psoas muscle on the surgical side (left side), and that the
absence of fatty atrophy signs is an important finding in the
hybrid group, especially at the L2 level.

Recent studies have reported positive effects of VBT on
patients’ quality of life (28,29). Few studies have compared
clinical outcomes of thoracic VBT (34,35). Pehlivanoglu et al.
compared the posterior fusion between T5-L3 and VBT sur-
gery performed at the same levels in the study they previously
published, stating that the SRS-22 scores of the VBT group
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were statistically significantly higher than those of the pos-
terior fusion group (29). Pahys et al. compared the patient
SRS-22 scores between the posterior fusion and VBT groups
subgrouped according to the levels at which the surgery end-
ed. In the data obtained from this work, no differences were
found in terms of the SRS-22 scores in cases where the last
instrumented vertebra was L3 or above (28). The present
study found no statistically significant differences between
the STF and hybrid groups in terms of the SRS-22 and ODI
scores. Although several patients in the hybrid group report-
ed anterior thigh pain or transient hip flexor weakness in the
early postoperative period, these symptoms resolved in most
cases and did not result in significant differences in overall re-
covery parameters, including hospital stay or return-to-school
time, when compared with the STF group. However, the only
last-visit scores of SRS-22, ODI, and VAS were available, lim-
iting our ability to evaluate the longitudinal recovery trends.

To the best of our knowledge, no studies have yet evaluated
the ROM, quality of life, or muscle morphology in the patient
group who underwent hybrid surgery. Cherian et al., in their
study publishing early radiological outcomes following hybrid
surgery, indicated that the combined PSF and VBT approach
could be safe and effective for idiopathic scoliosis (5). Our re-
sults indicate that, while further studies are required, the hy-
brid procedure can potentially serve as a technique for main-
taining lumbar mobility and avoiding iatrogenic muscle injury
and does not detrimentally impact the quality of life.

Limitations

This study had certain limitations. The Lenke patient classi-
fications were different. Although radiological correction was
not the primary outcome, the curve-type distribution variabil-
ity may have introduced heterogeneity and can represent a
potential source of bias or confounding in the interpretation of
the functional outcomes. The second limitation is that skele-
tal maturity was assessed without Sanders staging, which is
recommended in the current literature, especially for hybrid
surgery. Although Sanders staging data were available for
patients in the hybrid group, some preoperative evaluations
in the STF group relied on retrospective data, and hand ra-
diographs were not consistently available; therefore, Sand-
ers staging could not be applied uniformly across the entire
cohort. However, the CVMI and the triradiate cartilage status
were evaluated, both of which were considered reliable meth-
ods for the maturity assessment. All patients had a closed
triradiate cartilage. The majority of patients in both groups
were in the late adolescent period; however, the hybrid group
included relatively more skeletally immature patients, which
may have influenced the results. Another important study
limitation is the relatively small sample size. With only eight
patients per group, the study had limited power to detect clin-
ically meaningful differences, consequently increasing the risk
of the type Il error. While the effect size analyses were per-
formed to provide additional clinical context, the small cohort
restricts the generalizability of our obtained findings. In this
regard, it may be beneficial to conduct studies in more homo-
geneous and larger patient cohorts. Another limitation is the
absence of the preoperative assessments on the quality of life
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(SRS-22), disability (ODI), pain (VAS), lumbar ROM, and trunk
muscle strength and endurance in patients with AlS, which
limits the longitudinal assessment of functional recovery and
reduces the ability to evaluate changes over time.

B CONCLUSION

Probably for the first time in the literature, patients who under-
went a hybrid procedure were compared herein with patients
who underwent STF. VBT applied to the lumbar region pre-
served the lumbar region movement and did not cause iatro-
genic damage to the paraspinal muscles, even on the side of
the surgery. Longitudinal studies are needed to observe the
long-term effects of the hybrid procedure and determine the
changes in the follow-up period. Studies that include larger
sample groups are needed to generalize the results.
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Supplementary Table I: Summary of All 16 Cases Included in the Study

No Gender Age Risser CMVI  Fusion VBT LIV Lenke TCobb TI/LCobb Complication
Pre/Last Levels Levels Pre/Last Pre/Last

VBT1 F 15 4 /4 5/5 T5-11(6) T11-L3(4) L3 5C 41/11 45/12 -

VBT2 F 12 01 2/3 T7-11(4) T11-L3(4) L3 1C 58/12 48/1 Overcorrection

VBT3 F 14 1/2 3/4 T4-12(8) T12-L3(3) L3 1C 49/3 38/7 -

VBT4 F 14 4/4 5/5 T3-12(9) T12-L3(@3) L3 1C 50/3 50/11 -

VBT5 F 17 5/5 6/6 T5-12(7) T12-L4(4) L4 6C 47/13 50/14 -

VBT6 F 14 3/4 4/5 T5-12(7) T12-L4(4) L4 1C 50/14 46/13 -

VBT7 F 15 4/5 5/5  T2-12(10) T12-L3(3) L3 1C 62/20 39/18 -

VBT8 F 11 0/2 2/4 T5-11(6) T11-L3(4) L3 3C 48/5 51/9 -

Mean L3 51/10 46/11

SD 6/6 5/5

STF1 F 12 3/4 4/5  T2-12(10) - T12 1A 44/5 30/6 -

STF2 M 14 4 /4 5/5  T2-12(10) - T12 1B 53/26 32/27 -

STF3 F 15 2/4 3/5 T4-12(8) - T12 1B 43/8 30/8 -

STF4 F 17 5/5 6/6 T2-12(10) - T12 1A 40/8 30/0 -

STF5 F 15 4/5 5/6  T2-12(10) - T12 1C 68/22 50/25 -

STF6 M 16 4/5 5/6  T2-12(10) - T12 1C 59/17 48/17 -

STF7 F 12 4 /4 5/5 T3-12(9) - T12 1A 58/17 35/16 -

STF8 F 16 4/5 5/6 T3-12(9) - T12 1A 41/10 29/4 -

Mean T12 51/14 35/13

SD 10/7 8/10

LIV: Lowest instrumented vertebra, SD: standard deviation

Supplementary Table Il: Comparison of the Lumbar Strengths and Endurance Scores of Both Groups

Hybrid (Mean+SD) STF (Mean+SD) P Hedges’ g 95% CI

Flexion Peak torque at 60 °/s (Nm) 113.75+20.37 111.87+34.41  0.645 +0.06 [-0.92, 1.04]
Peak torque at 60°/s %BW (Nm/kg) 215.88.37+33.97 182.87+65.02 0.161 +0.60 [-0.40, 1.61]
Peak torque at 120 °/s (Nm) 84.75+22.11 68.87+20.55  0.195 +0.70 [-0.31,1.72]
Peak torque at 120 °/s %BW (Nm/kg) 132.75+68.60 117.00+53.01 0.574 +0.24 [-0.74,1.23]

Extension Peak torque at 60 °/s (Nm) 98.88+22.09 93.37+27.75  0.721 +0.21 [-0.78,1.19]
Peak torque at 60°/s %BW (Nm/kg) 187.75+39.73 156.75+64.11  0.195 +0.55 [-0.45, 1.55]
Peak torque at 120 °/s (Nm) 53.38+23.71 60.37+18.66  0.442 -0.31 [-1.30, 0.68]
Peak torque at 120 °/s %BW (Nm/kg) 101.75+44.61 102.12+45.36  1.000 -0.01 [-0.99, 0.97]

Nm: Newton-meter, BW: body weight, SD: standard deviation
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ABSTRACT

AIM: To investigate which pedicle level and wall were most affected by screw malposition in osteoporotic and non-osteoporotic
patients undergoing thoracolumbar stabilization, and to determine whether significant differences existed between the groups.

MATERIAL and METHODS: This retrospective study analyzed pedicle screw malpositions and the specific walls involved in
thoracolumbar stabilization procedures performed between 2014 and 2025 using the freehand technique with fluoroscopic guidance
by the same surgical team. A total of 972 patients were included: those with a T-score <-2.5 (osteoporotic group) and those with a
T-score > -2.5 (non-osteoporotic group). Indications for surgery included traumatic vertebral fracture, spinal stenosis, recurrent disc
herniation, spinal tumor, or spondylolisthesis. All patients underwent preoperative MRI, CT, bone mineral densitometry, and X-rays,
as well as postoperative CT and X-rays. Patients with acute decompression without preoperative densitometry and those treated
with vertebroplasty/kyphoplasty were excluded. In cases of malposition, postoperative CT scans were used to evaluate superior,
inferior, lateral, medial, and anterior cortical breaches, and comparisons were made between groups.

RESULTS: Screw malposition rates were significantly higher in osteoporotic patients across all levels, particularly in thoracic
vertebrae. The medial pedicle wall was most frequently affected in this group.

CONCLUSION: In osteoporotic patients, transpedicular screw fixation using the freehand technique with fluoroscopic guidance was
associated with higher malposition rates, especially involving the medial pedicle wall. These complications may be reduced through
greater surgical experience and careful intraoperative technique.

KEYWORDS: Osteoporosis, spinal fusion, vertebral anatomy

B INTRODUCTION

n 1948, King introduced the use of transpedicular screws
Ifor internal fixation in lumbosacral fusion (18). Intraoper-

ative evaluation of pedicle screw placement is typically
performed with fluoroscopy in posteroanterior (PA) and lateral
projections, while postoperative computed tomography (CT)
provides precise visualization of cortical breaches. Histor-
ically, malposition rates with freehand techniques using flu-
oroscopic guidance have ranged from 30% to 40% (3,8). In
contrast, intraoperative CT-guided navigation systems have
recently improved accuracy to more than 95.5% (24).

Postoperative CT remains the gold standard for assessing
pedicle screw malposition, and several classification systems
have been proposed. The Gertzbein and Robbins classifi-
cation assesses the extent of pedicle breach in millimeters
but accounts only for spinal canal violations and not lateral
breaches (9). The Youkilis classification, although numeric, is
limited to thoracic vertebrae (32). Heary’s classification incor-
porates lateral, medial, superior, inferior, and anterior breach-
es but lacks quantitative measurement and is also restricted
to thoracic vertebrae (12). The Wiesner classification, which
was used in our study, evaluates breach distances in lumbar
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vertebrae and considers all pedicle walls, defining them as
minor (0-3 mm), moderate (3-6 mm), or severe (>6 mm) (31).

In this study, we aimed to determine the incidence of pedicle
screw malposition and related complications in 5,552 screws
placed in the thoracic and lumbosacral regions using the con-
ventional freehand technique with fluoroscopic guidance in
osteoporotic and non-osteoporotic patients. We further com-
pared the levels of breach and the specific pedicle walls af-
fected between the two groups.

B MATERIAL and METHODS

This retrospective study was approved by the Institutional Re-
view Board of Ankara Training and Research Hospital (proto-
col number E-25-619). The requirement for informed consent
was waived due to the retrospective and observational de-
sign. All patient data were anonymized during collection and
analysis to ensure confidentiality.

Study Design and Patient Selection

Patients who underwent transpedicular screw fixation in our
spine surgery unit between 2014 and 2025 were included. In-
dications for surgery were spinal stenosis, spondylolisthesis,
traumatic fracture, recurrent disc herniation, or spinal tumor.
Only patients who underwent stabilizing procedures for spinal
tumors were considered. Emergency cases without preopera-
tive bone densitometry were excluded.

Data Collection

Demographic data, clinical diagnoses, number of screws in-
serted, malposition rates, and revision procedures were col-
lected retrospectively. Osteoporosis was defined as a T-score
<-2.5 measured by dual-energy X-ray absorptiometry (DEXA);
patients with T-scores >-2.5 were classified as the non-oste-
oporotic group.

Imaging and Evaluation

All patients underwent preoperative magnetic resonance im-
aging (MRI), CT, DEXA, and radiographs, as well as postop-
erative CT and radiographs. Screw placement was assessed
on axial and coronal CT scans. Screw length and diameter
were determined according to pedicle diameter and vertebral
body length. Malpositions were categorized as anterior, medi-
al, or lateral. Medial and lateral breaches were further graded
as Grade 1 (0-3 mm), Grade 2 (3-6 mm), and Grade 3 (>6 mm)
(Figure 1A-D).

Surgical Technique and Evaluation Criteria

All procedures were performed using an open surgical tech-
nique with intraoperative fluoroscopy by experienced spine
surgeons following consistent surgical principles. In the lum-
bar spine, entry points were defined at the junction of the
transverse and superior articular processes, while in the tho-
racic spine, they were defined by the bony triangle formed
by the superior articular facet, transverse process, and pars
interarticularis (5,7). Patients were positioned prone, and
C-arm fluoroscopy was used in PA and lateral views. Entry
holes were prepared with an awl and probed before screw

434 | Turk Neurosurg 36(3):433-439, 2026

insertion. Titanium screws were used to minimize imaging
artifacts. Data collected included patient age, sex, pre- and
postoperative neurological deficits, number of screws per lev-
el, malposition sites, and revision procedures. Postoperative
complications evaluated were wound infections, dural tears,
cerebrospinal fluid (CSF) leaks, and delayed wound healing.

Postoperative CT scans with 1-mm slices were obtained
within 12 h after surgery, or earlier if new neurological defi-
cits occurred, and were reviewed in axial, coronal, and sag-
ittal planes. Screw placement was assessed independently
by both the operating surgeons and radiologists. Cortical
breaches in medial, lateral, superior, inferior, or anterior di-
rections were measured in millimeters and classified as mild,
moderate, or severe according to Wiesner’s criteria. Screws
that caused neurological symptoms or mechanical instability
were revised.

The study addressed the following questions:
1. Does the breach rate increase as T-score decreases?

2. Are malposition rates higher in thoracic or lumbosacral re-
gions?

3. Which pedicle wall is most frequently violated at each lev-
el?

Statistical Analysis

Malposition and revision rates, breach patterns, and the prev-
alence of osteoporosis across pathologies were compared
using the chi-squared (x?) test. Binary logistic regression was
performed to identify risk factors for malposition, with the out-
come variable defined as the presence of malposition (1, yes;
0, no). Predictors included osteoporosis (T-score < -2.5), an-
atomical region (thoracic vs. lumbosacral), sex, and diagnosis.
Odds ratios (OR) and 95% confidence intervals (Cl) were cal-
culated. A p-value <0.05 was considered statistically signif-
icant. All analyses and figures were generated using Python
version 13.3.

B RESULTS

A total of 972 patients were included, comprising 612 wom-
en (62.96%) and 360 men (37.03%). The osteoporotic group
(T-score < -2.5) consisted of 202 patients (20.78%) with a
mean T-score of -2.9, while the non-osteoporotic group
(T-score > —2.5) included 770 patients (79.22%) with a mean
T-score of —1.3.

Of 475 patients with spinal stenosis, 102 (21.47%) were os-
teoporotic. Among 142 patients with spondylolisthesis, 45
(81.69%) were osteoporotic. Of 285 patients with fractures, 26
(9.12%) were osteoporotic. In 47 patients with recurrent disc
herniation, 7 (14.89%) were osteoporotic. Among 23 patients
with tumors, 2 (8.69%) were osteoporotic (Table ).

Of 4,538 screws placed in non-osteoporotic patients, 257
(5.66%) were malpositioned, of which 32 (12.45%) required
revision. In osteoporotic patients, 92 of 1,014 screws (9.07 %)
were malpositioned, with 28 (30.43%) revised (p < 0.001) (Ta-
ble I).
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Ideal Screw
Position

Figure 1: Examples of malpositioned pedicle screws. A) Schematic representation of Wiesner’s classification of pedicle screw malpo-
sition: minor (0-3 mm, yellow line), moderate (3-6 mm, red line), and severe (>6 mm, blue line) (31). B) Computed tomography (CT) scan
example of a medial malposition. C) Example of a lateral malposition. D) Example of an inferomedial malposition.

Table I: Distribution of Patients According to Diagnoses and Osteoporosis Status

Diagnosis Patients Non-osteoporotic Group Osteoporotic Group p-value
n (%) n (%) n (%)

Spinal Stenosis 475 (48.8) 373 (47.2) 102 (56.0) 0.039

Spondylolisthesis 142 (14.6) 97 (12.2) 45 (24.7) <0.001
Traumatic Fracture* 285 (29.3) 259 (31.7) 26 (14.2) <0.001
Recurrent Disc Herniation 47 (4.8) 40 (5.0) 7(3.8) 0.618

Spinal Tumour** 23 (2.3) 21 (2.6) 2(1.0) 0.328

Total 972 (100.0) 790 (100.0) 182 (100.0)

*A total of 94 trauma patients requiring emergency decompression who could not undergo bone mineral densitometry were excluded from
the study.
**Only patients with spinal tumours requiring stabilisation were included in the study.

Table Il. Malposition and Revision Rates in Osteoporotic and Non-Osteoporotic Patients

Screw Counts Malposition Revision
n (%) n (%) n (%)*
Non-osteoporotic group 4538 (81.7) 257 (5.6) 32 (12.4)
Osteoporotic group 1014 (18.3) 92 (9.0) 28 (30.4)
Total 5552 (100.0) 349 (6.2) 60 (17.1)
p-value <0.001 <0.001

*Cases with grade 3 malposition were revised due to the potential risk of future instability. In addition, all patients with grade 1, 2, or 3 malpo-
sition who developed postoperative sciatica or neurological deficits underwent screw revision.
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Table llI: Perforation Sites and Grading in Axial CT Imaging

n (%) F(!rtlazlzez\;v n (%) F(t::lzes\;v p-value
Anterior perforation* Grade 1 (0-3 mm) 28 (10.8) 0 9(9.7) 0 0.92
Grade 1 (0-3 mm) 64 (24.9) 4 28 (30.4) 2 0.37
Medial perforation Grade 2 (3-6 mm) 18 (7.0) 0 15 (16.3) 8 0.02
Grade 3 (> 6 mm) 10 (3.8) 10 10 (10.8) 10 0.03

Grade 1 (0-3 mm) 92 (35.7) 0 14 (15.2) 0 <0.001
Lateral Perforation Grade 2 (3-6 mm) 37 (14.3) 0 8 (8.6) 0 0.22
Grade 3 (> 6 mm) 8 (3.1) 8 8 (8.6) 8 0.06

*In 37 patients with anterior perforation, the amount of perforation ranged from 0 to 3 mm and there was no contact with any vital organs.

Therefore, none of them required revisions.

On axial CT imaging, the 257 malpositions in the non-os-
teoporotic group included 42 anterior (16.34%), 92 medial
(85.79%), and 137 lateral (53.30%) breaches. In the osteopo-
rotic group, the 92 malpositions included 9 anterior (9.78%),
53 medial (57.60%), and 30 lateral (32.60%) breaches. Ante-
rior breaches (0-3 mm) did not involve critical structures and
were not revised.

Grade 3 lateral breaches (8 cases) and Grade 1-3 medial
breaches (26 cases) were revised due to nerve root irritation.
Similar revision patterns were observed in the osteoporotic
group. While lateral breaches predominated in non-osteopo-
rotic patients, medial breaches were most common in osteo-
porotic patients.

At the thoracic level, 36 of 728 screws (4.94%) in non-osteo-
porotic patients and 24 of 164 screws (14.64%) in osteopo-
rotic patients were malpositioned. At the lumbar level, 221 of
3,810 screws (5.80%) in non-osteoporotic patients and 68 of
850 screws (8.00%) in osteoporotic patients were malposi-
tioned. Malposition rates were consistently higher in osteopo-
rotic patients at both levels, particularly in the thoracic spine
(Table Il1).

Coronal CT revealed distinct breach patterns. In non-osteo-
porotic patients, breaches included 78 medial, 6 medial-crani-
al, 8 medial-caudal, 122 lateral, 9 lateral-cranial, 6 lateral-cau-
dal, 4 cranial, and 1 caudal. In osteoporotic patients, breaches
included 43 medial, 4 medial-cranial, 6 medial-caudal, 24 |at-
eral, 4 lateral-cranial, 2 lateral-caudal, and 1 caudal breaches

(Table IV).

Postoperative complications included wound infection in nine
non-osteoporotic and six osteoporotic patients, all treated
successfully with antibiotics. CSF-related complications oc-
curred in 29 and 26 patients, respectively (p < 0.001).

The most frequent malposition levels in non-osteoporotic pa-
tientswere L5 > 14 >13>12>1L1>S1>T12>T11>T10 >
T9 >T7 > T8 > T6 > T5. In osteoporotic patients, the distribu-
tionwas L5>L1>L3>01L4>81>T11>T10>T8 > T7, with
no malpositions noted at T5, T6, or T9.

436 | Turk Neurosurg 36(3):433-439, 2026

Table IV: Perforation Sites and Grading in Coronal CT Imaging

Non-osteoporitic Osteoporotic

n=234 n (%) n=84 n (%)
Medial 78 (33.3) 43 (51.1)
Medial-cranial 6 (2.5) 4 (4.7)
Medial-caudal 8 (3.4) 6 (7.1)
Lateral 122 (52.1) 24 (28.5)
Lateral-cranial 9 (3.8) 4(4.7)
Lateral-caudal 6 (2.5) 2 (2.3)
Cranial 4(1.7)* 0 (0.0)
Caudal 1(0.4)* 1(1.1)"

*Patients with anterior perforation on axial CT

Malposition rates in the lumbosacral region were 8% in oste-
oporotic versus 5.8% in non-osteoporotic patients (p = 0.02).
Thoracic malposition rates were also significantly higher in os-
teoporotic patients (p < 0.001) (Table V).

Logistic regression analysis identified osteoporosis as a sig-
nificant risk factor for screw malposition (OR, 1.6; 95% CI,
1.23-2.07; p = 0.0004). Thoracic region, male sex, and frac-
ture diagnosis were not statistically significant predictors.

Overall, 257 of 4,538 screws (5.66%) in non-osteoporotic pa-
tients and 92 of 1,014 screws (9.07 %) in osteoporotic patients
were malpositioned. By anatomical region, malposition rates
in the thoracic spine were 4.94% in non-osteoporotic versus
14.63% in osteoporotic patients, and in the lumbosacral spine
were 5.80% versus 8.00%, respectively. These findings indi-
cate that lower T-scores are associated with higher malposi-
tion risk, particularly in thoracic vertebrae.
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Table V: Distribution of Malposition Ratios by Thoracic and Lumbosacral Regions and Vertebral Levels

Thoracal

Lumbosacral

Total screws Non-osteoporotic Osteoporosis

Total screws Non-osteoporotic Osteoporosis

applied (n=892) (n=728) (n=164) applied (n=4660) (n=3810) (n=850)
Levels Malposed screws Levels Malposed screws

T5 1 0 L1 12 10
T6 2 0 L2 28 15
T7 4 1 L3 44 9
T8 3 1 L4 52 7
T9 5 0 L5 76 21
T10 6 2 S 9 6
T11 7 3 Total 221 68
T12 8 17

Total 36 24

BN DISCUSSION

Freehand transpedicular screw insertion under fluoroscopic
guidance is essentially a blind technique and carries inherent
risks of neurological or vascular complications (2,7,19). Re-
ported rates of nerve root irritation reach up to 11% in cases
of malposition, and revisions are frequently required (1). Ana-
tomical factors such as canal shape may influence the direc-
tion of breaches, with round canals predisposing to medial
violations and narrow canals to lateral misplacements (15).

Malposition rates as high as 40% have been reported with
conventional methods (3,8). Variations in surgical technique
and surgeon experience contribute substantially to these
outcomes; greater experience is associated with lower mal-
position rates, regardless of whether conventional or naviga-
tion-assisted techniques are used (6,25).

Although intraoperative navigation systems improve screw
placement accuracy (22,26), they do not appear to significant-
ly reduce neurological complications (29). Furthermore, most
existing classification systems inadequately reflect the clinical
impact of breaches (9,12,31,32). For example, even a Grade
1 medial violation—considered “minor” by definition—can still
cause sciatica and necessitate revision.

In this study, we applied the Wiesner classification for grad-
ing pedicle screw breaches but based revision decisions on
a combination of postoperative neurological findings, me-
chanical instability, and sagittal balance considerations. More
recently, EI-Meshtawy et al. proposed a scoring system that
integrates both radiological breach severity and clinical neuro-
logical deficits to better guide revision decisions (5).

Our findings align with the existing literature underscoring the
clinical significance of medial wall violations, particularly given
their proximity to neural structures (23,27). Medial breaches
exceeding 2 mm have been shown to strongly correlate with

symptomatic complications (23). Although lateral breaches
are generally less likely to produce neurological symptoms,
they may still warrant revision surgery due to their potential
impact on patient function and pain scores, even in cases
where fusion integrity is not compromised (20).

The higher revision rates observed in osteoporotic patients
are likely attributable to impaired bone quality and diminished
tactile feedback during screw insertion, which increase the
risk of cortical wall violations and hinder intraoperative detec-
tion (11,21). Surgical experience also plays a crucial role in
minimizing malpositions and subsequent revisions, as more
experienced surgeons can better adjust their techniques to
the challenges of osteoporotic bone (30).

Variability in revision rates across centers may reflect differ-
ences in intervention thresholds. The scoring system pro-
posed by El-Meshtawy et al. (5), which integrates radiological
breach severity with clinical symptoms, offers a more stan-
dardized and comprehensive framework for guiding revision
decisions.

To our knowledge, no prior study has specifically investigat-
ed which spinal levels or pedicle walls are more susceptible
to violation in osteoporotic patients. However, biomechanical
evidence suggests that lateral wall violation in osteoporotic
thoracic vertebrae reduces pullout strength by approximately
14.1%, with outcomes influenced by screw thread design (16).

Pedicle wall violation often results from incorrect insertion
angles or intraoperative deviation, comprising screw stability.
Careful preoperative planning, thorough anatomical knowl-
edge, surgical experience, and osteoporosis management are
essential to reduce the risk of malposition (13).

In osteoporotic patients, higher rates of pedicle wall viola-
tions—particularly at thoracic levels and along the medial
walls—can be attributed to reduced bone mineral density and
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altered microarchitecture (28), which render the pedicle cortex
thinner and more fragile. These changes increase the likeli-
hood of wall breaches during screw insertion (10). Moreover,
the diminished tactile feedback encountered in osteoporotic
bone makes it difficult for surgeons to detect subtle cortical
violations (17). Unlike healthy bone, osteoporotic bone pro-
vides softer resistance during probing and screw placement,
thereby increasing the risk of unintended breaches, especially
medially (14). Because surgeons rely heavily on this “sense of
touch” for guidance, surgical experience and meticulous tech-
nigue remain critical. To further reduce malposition rates in
this vulnerable population, the importance of comprehensive
preoperative imaging, careful intraoperative technique, and—
where available—the use of advanced navigation or guidance
technologies should be emphasized (4,10).

H CONCLUSION

The conventional freehand technique with fluoroscopy re-
mains a practical, safe, and effective option for lumbosacral
fixation. Postoperative CT imaging provides reliable assess-
ment of screw positioning. However, in osteoporotic patients,
the higher incidence of pedicle wall violations —particularly at
thoracic levels and along the medial walls—underscores the
need for heightened vigilance. Greater surgical experience,
meticulous technique, and careful intraoperative planning are
essential to minimize complications in this high-risk popula-
tion.
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ABSTRACT

AIM: To evaluate the long-term clinical outcomes and histopathological classifications of anterior temporal lobectomy in adult
patients with mesial temporal lobe epilepsy (TLE) associated with hippocampal sclerosis.

MATERIAL and METHODS: This was a retrospective study of 168 adult patients diagnosed with drug-resistant mesial temporal lobe
epilepsy who underwent resection surgery and were histopathologically confirmed to have hippocampal sclerosis between 2006 and
2025. Preoperative evaluations included video-EEG, high-resolution brain Magnetic Resonance Imaging, neuropsychological tests,
and PET-CT. Postoperative outcomes were assessed using the Engel classification. The impact of demographic characteristics, age
at epilepsy onset, epilepsy duration, initial precipitating injury, family history, histopathological findings, and diagnostic evaluations
on long-term seizure outcomes was evaluated using Kaplan-Meier and multivariate analyses.

RESULTS: Among the 168 patients included in the study, 95.2% achieved Engel Class | seizure freedom in the first year, with a long-
term seizure freedom rate of 85.1%. The mean follow-up duration was 117.74 months. Histopathological evaluations revealed that
HS-ILAE Type 1 was the most common histopathological classification, (73.8%). Longer preoperative epilepsy duration (p=0.009)
and positive family history were risk factors for seizure recurrence (p=0.021). There was no significant association between
histopathological classification and seizure control (p>0.05).

CONCLUSION: Anterior temporal lobectomy are effective surgical options for achieving high rates of seizure freedom in patients
with mesial TLE associated with hippocampal sclerosis. Longer preoperative epilepsy duration and a positive family history were
identified as negative prognostic factors for seizure recurrence. This study makes a significant contribution to the literature, with
long-term outcomes of these procedures in a large cohort of adult patients with TLE.

KEYWORDS: Hippocampal sclerosis, Temporal lobe epilepsy, Anterior temporal lobectomy, Amygdalohippocampectomy, Engel
classification, Histopathological classification, Outcome
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ABBREVIATIONS: EEG: Electroencephalography, MRI: Magnetic resonance imaging, PET: Positron emission tomograp-
hy, CT: Computed tomography, NPT: Neuropsychological testing, DRE: Drug-resistant epilepsy, TLE: Temporal lobe epilepsy,
HS: Hippocampal sclerosis, ILAE: International league against epilepsy, FCD: Focal cortical dysplasia, SD: Standard deviation,
SAH: Subarachnoid hemorrhage, WAIS: Wechsler adult intelligence scale, WMS: Wechsler memory scale, MRS: Magnetic reso-

nance spectroscopy

B INTRODUCTION

pilepsy is a common neurological disorder affecting
approximately 1% of the global population, impacting

millions of individuals worldwide (47). The quality of life
of individuals with epilepsy is significantly compromised, not
only by seizures but also by the profound social, economic, and
psychological consequences of the condition. Despite being a
treatable disorder, a substantial proportion of individuals with
epilepsy lack access to appropriate treatment, a phenomenon
referred to as the “treatment gap.” This disparity is particularly
pronounced in developing countries, where the treatment gap
can reach as high as 75%. In the United States, approximately
1% of surgical candidates are able to access specialized
epilepsy centers (35).

Approximately 20%-30% of epilepsy cases continue to
experience seizures despite receiving antiepileptic treatment,
including appropriate doses and durations (40). These patients
are classified as having drug-resistant epilepsy (DRE), making
them ideal candidates for epilepsy surgery. The management
of DRE poses a significant challenge, and for this subset of
patients, surgical intervention, particularly resective surgery,
has emerged as an effective method for achieving seizure
control.

Temporal lobe epilepsy (TLE) accounts for a substantial portion
of DRE cases and is among the subgroups most responsive
to surgical intervention. Notably, hippocampal sclerosis is
identified as the primary histopathological cause in nearly 80%
of TLE cases, often considered the hallmark of DRE (1,5,12).
Characterized by neuronal loss and gliosis, predominantly in
the CA1 and CA4 regions, hippocampal sclerosis remains a
complex condition with pathophysiological mechanisms that
are not yet fully elucidated (2,5). Various factors have been
implicated in its development, including febrile convulsions,
head trauma, central nervous system infections, and genetic
predisposition (6,50).

Epilepsy surgery has emerged as an effective treatment mo-
dality for achieving seizure control, particularly in patients with
drug-resistant TLE. Surgical procedures commonly employed
in this patient population include anterior temporal lobectomy
and selective amygdalohippocampectomy (16,38,39). Sur-
gical intervention can achieve complete seizure freedom in
48% -84% of patients, depending on the duration of follow
up (15,28,43,45).

The aim of this study was to evaluate the long-term clinical
outcomes and histopathological classifications of anterior
temporal lobectomy in adult patients with TLE caused by hip-
pocampal sclerosis, with a follow up period spanning nearly
two decades. Additionally, the study examined the impact of
preoperative evaluation processes, the prognostic signifi-

cance of histopathological classifications on surgical success,
and the insights gained from surgical experience.

B MATERIAL and METHODS
Patient Selection and Data Collection

This study was conducted with the approval of the Basaksehir
Cam and Sakura City Hospital Ethics Committee under
decision number 2025-67. This study includes adult patients
diagnosed with drug-resistant mesial temporal lobe epilepsy
who underwent resection surgery at Basaksehir Cam and
Sakura City Hospital and Bakirkoy Prof. Dr. Mazhar Osman
Training and Research Hospital for Psychiatry, Neurology and
Neurosurgery and were histopathologically confirmed to have
hippocampal sclerosis between 2006 and 2025. A total of 179
patients who underwent anterior temporal lobectomy were
initially included. Eight patients were excluded due to a lack
of regular follow-up, and three patients were excluded due
to death from non-epilepsy-related causes. The most recent
status of all patients was verified through teleconferencing.

All patients underwent a comprehensive preoperative eval-
uation conducted by an experienced local epilepsy surgery
council, comprising epileptologists, neurosurgeons, and neu-
ropsychologists. DRE was defined as the persistence of sei-
zures for =2 years despite the use of at least two antiepileptic
drugs at tolerable doses and appropriate durations. Detailed
medical histories were obtained from all patients, investigating
potential risk factors for hippocampal sclerosis, such as trau-
ma, febrile convulsions, family history, central nervous system
malignancies, and infections.

The comprehensive preoperative evaluation included inter-
ictal electroencephalography (EEG), video-EEG monitoring
with scalp electrodes, formal neuropsychological testing, and
high-resolution magnetic resonance imaging (MRI) performed
under an epilepsy protocol. Additional diagnostic modalities
such as Wada testing, magnetic resonance spectroscopy, and
positron emission tomography (PET), were employed in se-
lected cases. Patients exhibiting a single seizure semiology,
corroborated by clinical and electrophysiological recordings
from video-EEG and other noninvasive tests, were considered
suitable candidates for surgery, provided that these findings
converged to lateralize the hypothesized epileptogenic zone.
All patients underwent with high-resolution brain MRI using
1.5- or 3-Tesla devices, adhering to epilepsy-specific imaging
protocols. The diagnosis of hippocampal sclerosis was con-
firmed through qualitative MRI assessments performed by the
epilepsy surgery team. Hippocampal volume was assessed
using T1-weighted sequences, while T2 and FLAIR sequences
were examined for increased signal intensity. A standardized
neuropsychological test battery was administered preopera-

Turk Neurosurg 36(3):440-449, 2026 | 441



Hasimoglu O. et al: Anterior Temporal Lobectomy in Adults

tively and repeated one year after surgery. This included the
Wechsler Adult Intelligence Scale intelligence test, Edinburgh
Handedness Inventory, digit span memory test, verbal mem-
ory processing test, Wechsler Memory Scale (WMS) story
learning test, WMS visual memory subtest, and frontal func-
tion assessments including the Wisconsin Card Sorting Test,
Stroop test, and verbal fluency test. Furthermore, left hemi-
sphere functions were evaluated through language assess-
ments and visuospatial skills testing using the Benton Facial
Recognition Test and Line Orientation Test. Postoperative fol-
low-up evaluations were conducted in the first month, third
month, sixth month, first year, and annually thereafter. During
these follow-ups, epileptologists were primarily responsible
for adjusting or discontinuing antiepileptic medications as
necessary.

Histopathological classification was performed adhering
to the criteria outlined in the 2013 International League
Against Epilepsy (ILAE) Commission consensus report. To
ensure consistency, specimens from patients diagnosed with
hippocampal sclerosis before 2013 were retrospectively re-
evaluated and classified based on these criteria. Hippocampal
sclerosis with widespread neuronal loss and gliosis across all
regions, with predominant involvement of the CA1 and CA4
segments, was classified as HS-ILAE Type 1. Cases exhibiting
predominant neuronal loss in the CA1 region were classified
as HS-ILAE Type 2, whereas those with predominant CA4
involvement were classified as HS-ILAE Type 3. Patients with
coexisting focal cortical dysplasia were classified as FCD-3A,
and cases showing reactive gliosis without accompanying
neuronal loss were categorized as no-HS. Specimens that
could not be excised en bloc during surgery were classified
as fragmented-HS (4).

Postoperative evaluation was conducted using the Engel
classification system (17), which categorizes patients into
four distinct classes based on their seizure frequency. Spe-
cifically, Engel Class | indicates complete seizure freedom
or the presence of only auras; Engel Class Il indicates rare
seizures, occurring only a few times per year; Engel Class llI
indicates a significant reduction in seizure frequency, despite
the persistence of seizures; and Engel Class IV indicates sei-
zures that are unchanged or worse following surgery. Seizures
occurring within the first postoperative month were excluded
from the analysis, as they may be attributed to the early re-
covery process or intraoperative exposure to blood products.
Demographic and clinical variables, preoperative findings,
histopathological classifications, and early postoperative out-
comes were subjected to statistical analyses to identify prog-
nostic factors predictive of surgical success. In this study,
only patients classified as Engel Class | were considered sei-
zure-free.

Statistical Analysis

Statistical analyses were performed using SPSS version 22,
while Kaplan-Meier survival analysis was conducted using
Python-based statistical libraries. Continuous variables were
presented as mean + standard deviation, while categorical
variables were presented as frequencies and percentages.
Chi-square tests were utilized to evaluate the associations
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between pathological classifications (ILAE) and clinical-
demographic variables. Differences between continuous
variables and ILAE pathological classifications were assessed
using parametric methods for independent groups. Epilepsy
duration was defined as the number of years from seizure
onset to the time of surgery. Patients were divided into groups
based on the epilepsy duration (0-10 years, 11-20 years,
21-30 years, and >30 years) to analyze its association with
ILAE pathological classifications. Similarly, epilepsy onset age
was categorized into four groups: <5 years, 5-12 years, 13-18
years, and >18 years. The association between onset age and
ILAE classification was evaluated using the chi-square test.
The normality of continuous variables was assessed using the
Shapiro-Wilk test.

Seizure control probabilities over time were calculated using
Kaplan-Meier survival analysis, and between-group differenc-
es were assessed for statistical significance using the log-rank
test. The distribution of patients and seizure recurrence over
time intervals was analyzed using categorical classifications,
with results presented as percentages.

Additionally, the frequency of postoperative complications
was analyzed, and their clinical management was described
in detail. Multivariate analyses were performed to identify
independent prognostic factors influencing surgical outcomes.
A significance threshold of p<0.05 was applied for all statistical
evaluations.

B RESULTS

A total of 168 patients (58.9% female and 41.1% male; mean
age: 31.1 years) were included in the study, with a mean
postoperative follow-up duration of 117.74 months. The mean
age at seizure onset was 13.6 years, and the mean epilepsy
duration was 17.6 years. Regarding medical history, 47.6% of
patients had a history of febrile convulsions, 25.6% reported
head trauma, 8.9% had a history of central nervous system
infections, 0.6% had central nervous system malignancies,
and 17.9% had a family history of epilepsy.

In terms of laterality, 45.8% of patients (n=77) underwent sur-
gery on the right side and 54.2% (n=91) underwent surgery
on the left side. Preoperative MRI examinations were con-
ducted for all patients, revealing right hippocampal sclerosis
in 44% (n=74), left hippocampal sclerosis in 52.4% (n=88),
normal findings in 3% (n=5), and bilateral findings in 0.6%
(n=1). Video-EEG monitoring was also performed on all pa-
tients, demonstrating epileptic activity in the right hemisphere
in 45.2% (n=76), in the left hemisphere in 54.2% (n=91), and
bilaterally in 0.6% (n=1). Neuropsychological tests (NPT) were
conducted on 165 patients revealing right-sided dysfunction
in 35.2% (n=58), left-sided dysfunction in 40.6% (n=67), nor-
mal findings in 6% (n=10), and bilateral dysfunction in 18.2%
(n=30). Interictal PET was performed on 96 patients, revealing
hypometabolism in the right mesial temporal region in 40.6%,
the left mesial temporal region in 55.2%, and normal findings
in 4.2%. The concordance rate between MRI and Video-EEG
lateralization was 94.64% (n=159). Among these, 64.29% of
patients (n=108) showed concordance between MRI, Vid-
eo-EEG, and NPT lateralization, while 33.33% (n=56) exhibit-



ed concordance across MRI, Video-EEG, NPT, and PET find-
ings (Table l). Postoperative complications occurred in 4.76%
of patients. One patient required a second surgery the day
after the initial operation to remove a retained surgical pad;
one patient developed a subcutaneous infection that was suc-
cessfully treated with wound debridement and antibiotic ther-
apy; one patient underwent epidural hematoma drainage on
the evening of surgery and recovered without sequelae. Other
complications included otorrhea caused by surgical trauma
to the external auditory canal, which resolved with medical
treatment, and a subarachnoid hemorrhage (SAH) that healed
without sequelae under clinical observation. Additionally, one
patient developed foot drop of unknown etiology, which im-
proved with physiotherapy, and another patient experienced
carbamazepine-induced hyponatremia that resolved with
medical treatment and medication change. Lastly, one patient
underwent surgery two weeks postoperatively due to a sus-
pected intracranial abscess caused by a cystic lesion; howev-
er, no abscess was found, and the patient was placed under
follow-up.

Prognostic Variables

At the 1-year follow-up, 95.2% of patients were classified
as Engel Class |, indicating complete seizure freedom or the
presence of auras. Additionally, 1.8% of patients were classi-
fied as Engel Class Il, 1.2% as Engel Class lll, and 1.8% as
Engel Class IV. In the long-term follow-up, 85.1% of patients
maintained their Engel Class | status, while 10.7% were clas-
sified as Engel Class I, 3.6% as Engel Class lll, and 0.6% as
Engel Class IV (Figure 1). No statistically significant relation-
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Table I: Clinical and Demographic Summary

Characteristic Value
Age (Mean = SD) (years) 31.1+£9.2
Gender; M, F (%) 41.1,58.9
Epilepsy Onset Age (Mean + SD) (years) 1369
Epilepsy Duration (Mean + SD) (years) 17.6 £ 9.9

Follow-Up Duration (Mean + SD) (months) 117.74 = 64.99

Febrile Seizures (n) 80
Trauma (n) 43
Infection (n) 15
Malignancy (n) 1

Family History (n) 30

MTS Side [R; L (%)] 45.8; 54.2

MR Lateralization [(R; L; N; B (%)] 44.0; 52.4; 3.0; 0.6
Video EEG Lateralization [R; L; B (%)] 45.2; 54.2; 0.6
PET Lateralization [R; L; N (%)] 40.6; 55.2; 4.2

NPT Lateralization [R; L; N; B (%)] 35.2; 40.6; 6; 18.2

R: Right, L: Left, B: Bilateral, N: Normal, SD: Standard deviation, EEG:
Electroencephalography, MRI: Magnetic resonance imaging, PET:
Positron emission tomography, NPT: Neuropsychological testing, M:
male, F: female.
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Figure 1: This figure illustrates the distribution of Engel scores at the 1-year follow-up and the long-term follow-up. The scores are
categorized to evaluate seizure outcomes over time, providing a visual comparison of the immediate and sustained effects of the
intervention. The chart highlights the proportion of patients achieving favorable seizure control (Engel Class I) and those with less optimal

outcomes (Engel Classes lI-IV) in both time frames.
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ship was found between early or long-term Engel scores and
any of the demographic or clinical variables analyzed.

A total of 26 patients (15.5%) experienced seizure recurrence
or incomplete seizure control (Engel Classes II-1V). The aver-
age time to seizure recurrence after surgery was 27.9 months.
Notably, 11.3% of patients who were seizure-free during the
first year postoperatively experienced recurrence afterward
(Figure 2). The relationship between age and seizure recur-
rence was evaluated using logistic regression analysis, which

showed no statistically significant effect of age (p=0.061). Ad-
ditionally, no significant association was observed between
sex and seizure recurrence (p=0.221).

Analysis of the relationship between epilepsy onset age and
seizure recurrence revealed no significant difference between
early- and late-onset (p=0.717). However, analysis of epilepsy
duration revealed a significant association between seizure
recurrence and preoperative epilepsy duration (p=0.009).
Patients with a longer duration of DRE before surgery had
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Figure 2: This composite figure combines two graphical representations related to seizure outcomes and patient follow-up. A) Kaplan-
Meier Curve: This panel illustrates the seizure-free probability over time following surgical intervention. The x-axis represents the months
since surgery, and the y-axis indicates the probability of remaining seizure-free. The stepwise declines in the curve reflect the occurrence
of seizure recurrence events, providing a temporal overview of long-term seizure control among patients. B) Patient Distribution by Time
Intervals: This panel displays the percentage distribution of patients across follow-up intervals. The x-axis categorizes patients into time
intervals (in months), while the y-axis shows the proportion of the total patient population.
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significantly lower postoperative seizure freedom rates. There
was no significant association between a history of febrile
convulsions, infections, trauma, or malignancy and seizure
recurrence. However, family history was a significant risk factor
for seizure recurrence (p=0.021). Concordance between MRI,
video-EEG, PET, and NPT lateralization findings regarding
hippocampal sclerosis showed no significant association
with seizure recurrence (p=0.327). Concordance between
these diagnostic modalities did not appear to influence
postoperative seizure control outcomes.

Histopathological Evaluation

Histopathological classification of hippocampal sclerosis re-
vealed that the majority of patients were categorized as HS-
ILAE Type 1 (73.8%), followed by HS-ILAE Type 2 (17.3%)
and Fragmented-HS (7.1%). HS-ILAE Type 3 (1.8%) was the
least common classification. This classification was based on
the criteria outlined in the ILAE report. Dual pathology was
most frequently observed as FCD-3A, occurring in 3.57% of
patients. Additionally, three patients (1.79%) were diagnosed
with ganglioglioma, and one patient (0.60%) had low-grade
astrocytoma in the neocortical resection specimen alongside
hippocampal sclerosis. Analysis of HS-ILAE classifications
by age group revealed that HS-ILAE Type 1 was the most
prevalent classification across all age groups. Notably, no
significant relationship was found between age groups and
ILAE classifications (p=0.843). Similarly, sex showed no sig-
nification association with ILAE classifications (p=0.071). Ad-
ditionally, the relationship between epilepsy onset age and
ILAE classifications was not statistically significant (p=0.435).
However, epilepsy duration showed a significant association
with HS-ILAE classifications (p=0.044), with HS-ILAE Type 1
being more commonly observed in patients with longer ep-
ilepsy duration. An analysis of the relationship between the
side of mesial temporal sclerosis (MTS) and ILAE classifica-
tions revealed a borderline significant association (p=0.054).
Notably, HS-ILAE Type 1 was more frequently observed in
patients with left-sided MTS, while HS-ILAE Type 2 was more
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common in right-sided MTS. No significant associations were
identified between initial precipitating injuries (e.g., febrile sei-
zures, trauma, infections, malignancies, or family history) and
ILAE pathological classifications (p>0.05). Furthermore, ILAE
pathological classifications showed no significant association
with postoperative seizure freedom (p=0.166) (Table II).

B DISCUSSION

This study evaluated the long-term clinical outcomes and his-
topathological classifications of anterior temporal lobectomy
in patients with TLE caused by hippocampal sclerosis. With a
follow-up period of approximately 20 years and a large cohort
of 168 patients, our study provides a robust and comprehen-
sive dataset that surpasses similar studies in the literature. All
surgeries were performed by the same surgical team, ensuring
a homogenous patient group. This study offers an extensive
evaluation of long-term follow-up results, epilepsy-related
factors, surgical nuances, and histopathological findings.

In our study, 95.1% of patients achieved Engel Class | seizure
freedom (complete seizure freedom) at the 1-year follow-up,
and this rate was maintained at 85.2% in the long-term fol-
low-up. In a meta-analysis of randomized controlled trials by
Lee et al., the average rate of complete seizure freedom fol-
lowing surgery for adult TLE was 72.4% (29). Studies con-
ducted independently of surgical technique have reported that
patients undergoing surgery for hippocampal sclerosis-asso-
ciated TLE, a more homogenous subgroup, achieved seizure
freedom rates of 86-90% during the first two years of follow-up
(18,33,37,44,45). However, these rates decline to 62-83%
in follow-ups exceeding five years (13,24,32,51). Our results
exceed the rates reported in previous studies. The superior
seizure control rates in our study may be attributed to several
factors. A meta-analysis by Mclntosh et al. revealed worse
outcomes in series that included cases without radiological or
histopathological lesions (33). In our cohort, all patients had
histopathological confirmation of hippocampal sclerosis, and

Table lI: Clinical and Demographic Characteristics by ILAE Pathology Types

HS-ILAE Type 1 HS-ILAE Type 2 HS-ILAE Type 3 Fragmented-HS
Age (Mean, SD) (years) 31.05 (9.63) 30.93 (8.06) 34.33 (9.87) 31.92 (8.36)
Gender; F, M (%) 60.0; 40.0 69.0; 30.0 0.0; 100.0 42.0; 58.0
Epilepsy Onset Age (Mean, SD) (years) 12.76 (8.50) 17.24 (9.99) 11.67 (8.08) 13.42 (9.95)
Epilepsy Duration (Mean, SD) (years) 18.31 (9.91) 13.69 (9.52) 22.67 (17.24) 18.42 (7.45)
Febrile (%) 51.61 34.48 66.67 33.33
Trauma (%) 28.23 20.69 0.00 16.67
Infection (%) 8.06 6.90 0.00 25.00
Malignancy (%) 0.81 0.00 0.00 0.00
Family History (%) 17.74 20.69 33.33 8.33
MTS Side L; R (%) 57; 43 34; 66 100; 0 58; 42

R: Right, L: Left, SD: Standard Deviation, HS-ILAE: International League Against Epilepsy classification system for hippocampal sclerosis.
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97% had corresponding findings on MRI. Additionally, all cas-
es in our series exhibited focal semiological and electrophys-
iological findings pointing to the hypothesized epileptogenic
side. In the study by Siegel et al., focal epileptiform activity
concordant with MRI-detected lesions was a predictor of fa-
vorable prognosis (41). Although not statistically significant,
the large proportion of patients in our series with concordant
radiological, electrophysiological, and neuropsychological
findings suggesting the same epileptogenic focus likely con-
tributed to the favorable outcomes. Similar concordance-re-
lated findings have been linked to good seizure control in pre-
vious studies (16,22). Lastly, increasing surgical experience
appears to play a critical role in improving outcomes. In our
earlier series with less experience, Engel Class | seizure free-
dom rates were 84% at 1 year and 68.8% at 5 years (49). Over
the past 15 years, advances in patient selection and surgical
expertise have likely contributed to the improved outcomes
observed. Although anterior temporal lobectomy are well-es-
tablished procedures, attaining consistent and safe surgical
outcomes necessitates navigating an adequate learning curve
(20,42). Mastery of anatomical knowledge, refined subpial
dissection techniques, and precise resection boundaries sig-
nificantly enhance surgical success with growing experience.
Consistent with this, previous studies have demonstrated that
total or extended resections can effectively achieve better sei-
zure control, highlighting the importance of surgical precision
and expertise in optimizing patient outcomes (10,18,53).

Studies have consistently shown that the majority of seizure
recurrences occur within the first two years after surgery
(7,27,45). For instance, Yoon et al. reported that 17% of pa-
tients who were seizure-free in the first year experienced re-
currence within five years, and 30% experienced recurrence
within ten years. Similarly, another study found a 14% recur-
rence rate within the first five years (33,52). In the present
study, 15.5% of patients who achieved seizure freedom in
the first year experienced seizure recurrence, with an average
time to recurrence of 27.9 months. After the fifth year, the sei-
zure recurrence rate significantly declined (Figure 2), aligning
with the trends observed in the literature. Of note, all patients
who experienced seizure recurrence after the first year were
classified as Engel Class Il or lll, implying that their seizure
frequency remained significantly reduced compared to the
preoperative period (Figure 1).

In our series, the risk factors for seizure recurrence included
a longer preoperative epilepsy duration and a family history
of epilepsy. There is no clear consensus on the relationship
between epilepsy duration and seizure recurrence in the liter-
ature. While some studies have reported a similar association,
others have found no significant relationship (14,17,19,28).
Prolonged epilepsy duration may promote the development
of secondary epileptic foci, thereby increasing the risk of re-
currence (26). Long-standing epilepsy has been shown to
cause structural changes, such as bilateral hippocampal vol-
ume reduction and altered glucose metabolism (29). poten-
tially triggering ipsilateral or contralateral epileptogenesis (25).
However, no previous studies have established a clear link be-
tween a family history of epilepsy and seizure recurrence. This
may be related to the genetic basis of familial epilepsy. Further
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research incorporating genetic evaluations is required to ad-
dress this question. There is a consensus that age, epilepsy
onset age, sex, and the side of resection do not significantly
influence surgical outcomes (31,34,48,53). In our series, we
observed no significant relationship between initial precipitat-
ing injuries (including febrile convulsions, central nervous sys-
tem infections, malignancies, and head trauma) and surgical
outcomes. This finding appears consistent with the existing
literature (28). However, some studies have reported an asso-
ciation between prolonged febrile convulsions and favorable
outcomes (33,48).

Another focus of our study was to investigate the etiological
and prognostic implications of the histopathological hippo-
campal sclerosis classification proposed by the ILAE in 2013
(4). Given the relatively recent introduction of this classifica-
tion system, long-term follow-up studies incorporating this
framework are scarce in the literature. The re-evaluation and
reclassification of previously collected surgical specimens ac-
cording to the ILAE criteria enabled us to conduct these as-
sessments. Consistent with existing literature, HS-ILAE Type 1
was the most common histopathological subtype identified in
our cohort (21,28,46). Our study found no significant associa-
tion between histopathological subtypes and factors such as
age, sex, or initial precipitating injury. This finding aligns with
some previous studies (9,21). However, other studies have
identified associations between specific events, such as ear-
ly-onset febrile seizures, and histopathological subtypes (36).
In patients with a longer epilepsy duration, HS-ILAE Type 1
was more frequently observed. This finding remains contro-
versial. Na et al. attributed this association to the vulnerability
of the CA1 subfield (36). Prolonged epilepsy is expected to
cause widespread neuronal loss across all Cornu Ammonis
regions, a finding supported by some studies but refuted by
others (8). Finally, our study found no significant association
between histopathological subtypes and surgical outcomes.
This topic remains contentious, with most studies failing to
detect a strong correlation between subtypes and outcomes.
However, some studies suggest that Type 1 may be associat-
ed with better seizure control (3,11,21,36). More robust stud-
ies with homogenous datasets are required to validate these
findings.

Limitations

Some limitations of this study should be considered while
interpreting the findings. First, its retrospective design inher-
ently introduces methodological constraints in data collection
and evaluation. Additionally, the relationship between seizure
types, genetics, and surgical outcomes was not explored.
Moreover, psychiatric and cognitive outcomes were beyond
the scope of this research.

Furthermore, electrophysiological evaluations were limited
to non-invasive methods, and only cases that did not require
invasive electrophysiology were included, focusing on safer
patients. This approach reduced the opportunity to evaluate
outcomes in more complex cases. Although no patients in our
series underwent invasive EEG evaluations, such cases are not
uncommon among drug-resistant epilepsy populations. The
lack of detailed presentation of electrophysiological findings



also restricted the ability to investigate potential correlations
between surgical outcomes and electrophysiological data.

Despite these limitations, our study offers valuable insights
due to its extended long-term follow-up, sizable cohort, and
comprehensive evaluation processes. Future studies address-
ing these limitations can yield more robust findings.

B CONCLUSION

This study comprehensively evaluated long-term clinical
outcomes and histopathological classifications of anterior
temporal lobectomy in adult patients with TLE caused by
hippocampal sclerosis. With an extended follow-up period
of nearly 20 years and a large, homogenous cohort of 168
patients, our study provides a significant reference in the field
of epilepsy surgery. A notable strength of our research is its
multifaceted approach to assessing DRE in adult patients,
offering a broad perspective from preoperative evaluations
to postoperative outcomes. The study also presents an in-
depth analysis of the relationship between histopathological
classifications and clinical outcomes. The high seizure
freedom rates observed during long-term follow-up (85.1%)
and the detailed analysis of prognostic factors underscore the
efficacy of surgical intervention.

In conclusion, our study highlights the importance of evaluat-
ing the impact of histopathological classifications on clinical
outcomes and conducting multidimensional assessments of
surgical success. These findings significantly contribute to in-
formed patient selection and the development of tailored sur-
gical strategies in epilepsy surgery. Future studies with more
homogeneous datasets are necessary to validate these find-
ings and further refine the understanding of the complex re-
lationships between histopathological classifications, clinical
outcomes, and surgical success.
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ABSTRACT

AIM: To investigate the clinical features, treatments, and outcomes of pediatric patients with brain metastasis from extracranial solid
tumors, which has been known as a rare condition.

MATERIAL and METHODS: Over a 20-year period, 520 children treated for extracranial solid tumors in our radiotherapy clinic were
reviewed, and 12 cases (2.2%) of brain metastases were identified. The primary tumors included neuroblastoma (n=5), osteosarcoma
(n=3), Ewing sarcoma (n=2), rhabdoid tumor of the kidney (n=1), and Wilms tumor (n=1). Retrospective analysis was performed
to evaluate tumor and treatment features. Overall survival was measured from the initial diagnosis. Overall survival after brain
metastasis, local control, and brain metastasis progression-free survival were calculated from the time of brain metastasis diagnosis
to death.

RESULTS: Median follow-up was 31 months (range, 13-72 months). Brain metastasis developed at a median of 13 months after
primary diagnosis (range, 3-69 months). Most brain metastases were supratentorial and solitary, with nine of 12 patients (75%)
having solitary lesions and eight of 12 (67%) having supratentorial lesions. Surgical excision was performed in 9 patients (75%).
Radiotherapy was administered locally (20-30 Gy, n=7) or to the craniospinal axis (21.6 or 23.4 Gy, n=2). Ten patients died during
follow-up, 70% of whom did not experience cranial progression. Local control rate for irradiated lesions was 81.5% (median duration:
22 months). The brain metastasis-free survival was 71.4% (95% confidence interval [Cl]: 2.59%-55.41%) with a median of 10 (range,
1-41) months. The 2-year survival rate was 58.3% (95% Cl: 6.15%-71.84%). The 2-year overall survival rate after brain metastasis
was 16.7% (95% Cl: 7.13%-21.53%).

CONCLUSION: Brain metastasis remains rare in pediatric solid tumors. Most patients died from extracranial disease progression
rather than cranial relapse. Radiotherapy can effectively relieve symptoms and may delay the progression of brain metastasis.
Guidelines may help optimize the treatment of patients with brain metastasis.

KEYWORDS: Brain metastasis, Imaging, Pediatric tumors, Radiotherapy

ABBREVIATIONS: BMPFS: Brain metastasis progression-free survival, BM: Brain metastasis, CNS: Central nervous system,
MRI: Magnetic resonance imaging, RT: Radiotherapy, CT: Chemotherapy, GTR: Gross total resection, STR: Subtotal resection,
CSI: Craniospinal irradiation, CSF: Cerebrospinal fluid
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B INTRODUCTION

rain metastasis (BM) is the most common tumor of the
Bcentral nervous system (CNS) in adults, accounting

for approximately 30% of all intracranial neoplasms.
It most commonly arises from primary cancers of the lungs,
breast, gastrointestinal tract, kidneys, and melanoma (1,12).
In contrast, in the pediatric population, most CNS tumors are
primary, and metastatic lesions are rarely identified (10,12,22).
Consequently, evidence-based treatment options and prog-
nostic data remain limited (12-14). The reported frequency of
BM in pediatric patients ranges from 1.5% to 4.9% in the liter-
ature, while autopsy studies report an incidence of 6%-13%
(12-14,24). The most common cancers metastasizing to the
brain in pediatric patients are soft tissue and osteogenic sar-
comas, neuroplastic tumors, and nephroblastoma (15,16,18-
21,24,25).

The protective function of the blood-brain barrier may explain
why BM is uncommon in children. The blood-brain barrier is a
physical barrier that prevents hematogenous spread of tumor
cells to the brain. Therefore, it is thought to reduce the risk
of BM in pediatric patients, even in the presence of systemic
disease (2,26,27). The brain microenvironment is relatively re-
sistant to metastatic growth due to its unique metabolic con-
straints and limited lymphocyte infiltration, which hinder the
survival and colonization of circulating tumor cells. Further-
more, the absence of specific molecular signals or pre-condi-
tioning factors that promote BM in adults might be less signif-
icant in pediatric cancers (9).

Since BM is uncommon in pediatric patients, routine cranial
imaging is rarely performed, and BM is usually detected only
after CNS imaging prompted by symptoms. BM is typically
diagnosed between the ages of 11 and 13 years. It generally
occurs 8 to 16 months after the primary tumor is diagnosed
(19,23). Common symptoms of BM include signs of increased
intracranial pressure, motor weakness or sensory deficits, sei-
zures, changes in mental status, headache, nausea and vom-
iting, nystagmus, ptosis, and visual field defects, all of which
indicate focal neurological deficits (16, 25).

Because of the rarity of the condition and variability in clinical
protocols, this study examines the frequency and treatment
outcomes of CNS metastases in pediatric patients with extra-
cranial solid tumors treated at our radiotherapy clinic over the
past 20 years.

B MATERIAL and METHODS
Study Design

This retrospective study was approved by the Marmara Uni-
versity Ethics Committee for Non-Interventional Studies (date:
October 2024, approval number: 09.2024.1003) and con-
formed to the ethical principles of the Declaration of Helsinki
(2024). A total of 530 patients underwent radiotherapy (RT)
for extracranial pediatric tumors between 2000 and 2020. Ten
patients were lost to follow-up, and the analyses were based
on 520 patients who continued follow-up at our center. In our
analysis, 12 (2.2%) patients with BM were included. The char-
acteristics of the study population are summarized in Table I.
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Table I: Clinical and Demographic Characteristics of Pediatric
Patients with Brain Metastases from Extracranial Solid Tumors
(n=12)

Characteristic Value
Age (Median-ROlI) (years) 5.5 (1-18)
Gender (Girl: Boy) (n) 5:7

Brain metastasis in all related tumors*, (%)

Neuroblastoma 21.7
Osteosarcoma 18.7
Ewing sarcoma 3.6
Wilms’ tumor 3.1
Kidney rhabdoid tumor 25.0
Diagnosis in the study cohort (n=12), n (%)
Neuroblastoma 5(41.7)
Osteosarcoma 3(25.0)
Ewing sarcoma 2 (16.7)
Wilms tumor 1(8.3)
Kidney rhabdoid tumor 1(8.3)
Complaints, n (%)
Nausea-vomiting 5(41.6)
Seizure 4 (33.0)
Ataxia 3 (25.0)
Hemiparesis 2 (16.6)
Abducens palsy 2 (16.6)
Tumor location, n (%)
Supratentorial 8 (66.7)
Infratentorial 3(25.0)
Infra- and supratentorial 1(8.3)
Extracranial metastatic tumor site, n (%)
None 5(41.6
Multiple 3(25.0
Lung 1(8.3
Bone 1(8.3)

Radiotherapy details (n=9), n (%)
30 Gy/10 fractions to the tumor bed 4444
21.6 Gy/12 or 23.4 Gy/13 fractions to CSI** 2 (22.2
2(22.2
10111

20 Gy in 5 fractions to the tumor bed
25 Gy/5 fractions to the tumor bed

*Total number of patients who were referred to the radiotherapy
department due to the risk groups, clinical situations, or protocols;
**CSl: Craniospinal irradiation

)
)
)
)
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Patients who were referred to the radiotherapy clinic either
presented with BMs at diagnosis or developed them after
treatment for the primary tumor. All BMs were diagnosed
using magnetic resonance imaging (MRI) during staging or
following the onset of any neurological symptom indicating
an intracranial event. In asymptomatic patients, MRI was per-
formed during primary disease progression following system-
ic treatment.

Statistical Analysis

Overall survival (OS) was calculated from the date of patho-
logical diagnosis to the date of death or last follow-up. BM
progression-free survival (BMPFS) was defined as the time
from the detection of BM to CNS progression, including the
progression of the irradiated lesion or the appearance of a
new lesion. Local control was defined as the time from the
start of RT to the clinical and radiological progression of the
irradiated lesions. Kaplan-Meier analysis was used to assess
survival outcomes.

B RESULTS

Nine of 12 patients (75%) had solitary lesions, and eight of 12
(67%) were supratentorial. Six of nine patients with solitary
lesions (67%) had supratentorial metastases. The remaining
three solitary lesions were infratentorial. Among patients with
multiple lesions (n=3), two had supratentorial lesions, and one
had an infratentorial lesion.

One-third of patients (n=4) were asymptomatic at the time of
BM diagnosis. Brain progression was detected in these pa-
tients during extracranial disease progression in Wilms tumor
(n=1), osteosarcoma (n=1), neuroblastoma (n=1), and Ewing’s
sarcoma (n=1). One of these patients was diagnosed with ex-
trarenal (intradural extramedullary) Wilms tumor, and an MRI
was performed to assess systemic disease spread, given the
unusual localization. The patient diagnosed with osteosarco-
ma did not receive systemic treatment because the parents
declined therapy. The patient diagnosed with neuroblastoma
was 18 months old, and an MRI was performed following an
unusual and unexpected multiple systemic disease progres-
sion. The patient with Ewing’s sarcoma received multiple che-
motherapy (CT) and RT according to the protocols, and an
MRI was performed before the last CT treatment.

The frequent initial symptoms were nausea and vomiting; oth-
er symptoms included ataxia and abducens palsy. All patients
received antiseizure medications following BM diagnosis, per
our neurosurgery protocol, until death. Surgical excision was
performed in 75% (n=9) of patients. Ten patients died during
follow-up, and 70% had no evidence of cranial progression
at death.

At the time of BM diagnosis, most patients (66%) also had
extracranial metastasis. Regarding BM treatment, seven pa-
tients (58%) received a combined regimen including surgery,
RT, and CT. Parents of one patient declined all treatments,
and the patient died 3 months after the BM diagnosis. Two
patients did not undergo RT for BM. Both were <2 years old at
the time of diagnosis, with one having a gross total resection
(GTR) and the other a subtotal resection (STR). RT was not
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considered due to the patients’ young age or the possibility of
postoperative septic shock.

Patients undergoing surgery had the following profiles: GTR in
7, STR in 1, and biopsy in 1. The purpose of surgery in these
patients was to provide both symptomatic relief and oncologi-
cal treatment, including cytoreduction. RT was primarily deliv-
ered to one of two patients for whom surgery was not feasible
due to tumor location. One of them indicated CT due to lung
metastases but died of respiratory distress before starting
treatment. The other patient completed both RT and CT.

Nine patients received RT, either locally (20 to 30 Gy, n =7) or
through the craniospinal route (21.6 to 23.4 Gy, n = 2). Cranio-
spinal irradiation (CSI) was administered due to positive cere-
brospinal fluid (CSF) cytology, despite the absence of spinal
MRI findings. Both patients had previously undergone GTR for
cranial BM. In one patient, a second metastatic brain lesion
was detected 18 months after completing initial GTR and RT.
During follow-up, MRI-confirmed spinal seeding was identi-
fied, and the patient later received CSI. However, 6 months
after finishing CSl, this patient died from disease progression.

The median follow-up time from the initial diagnosis was 31
months (range, 13-72). The 2-year survival rate was 58.3%
(95% confidence interval [Cl]: 6.15%-71.84%) (Figure 1).
BM developed a median of 13 months (range, 3-69) during
treatment and follow-up. The local control rate for irradiated
metastatic brain lesions was 75.8%, with a median duration
of 22 months (Figure 2). BMPFS was 71.4% (95% CI: 2.59%—
55.41%) at a median of 10 (range, 1-41) months (Figure 3).
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Figure 1: The Kaplan-Meier curve shows the overall survival of
pediatric patients with brain metastases from extracranial solid
tumors. Censored cases are indicated by tick marks on the sur-
vival curve. Months indicate time from primary diagnosis to death
or last follow-up.
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Figure 2: The Kaplan—-Meier curve demonstrates local control
rates of irradiated brain metastases in pediatric patients with
extracranial solid tumors. Tick marks indicate censored obser-
vations. Months represent the duration from the start of radiother-
apy to clinical or radiological progression of the irradiated lesions.

The 2-year OS rate after BM was 16.7% (95% ClI: 7.13%-
21.53%) (Figure 4).

In the neuroblastoma group (n=5), the 2-year OS was 40%
(95% ClI: 14.26%-35.73%) and the BMPFS was 30% (95%
Cl: 6.52%-31.47%), with a median follow-up of 25 months
(range, 15-47). All five neuroblastoma patients had high-risk
disease and were referred to RT.

H DISCUSSION

The median time from the diagnosis of the primary tumor to
the detection of BM in pediatric solid tumors has been report-
ed to range from 13 to 22 months (2,6-8,12,15). Consistent
with previous reports, the median interval in our series was 13
months, with a range of 3 to 69 months. The median follow-up
time was 31 (range, 13-72) months from the first diagnosis of
the disease.

Neuroblastoma is the most common primary solid tumor that
leads to BM in pediatric patients (5,6,8,15). At initial diagnosis,
more than 50% of neuroblastoma cases present with wide-
spread disease (5,6,8,15,19). However, BMs account for only
5% of all neuroblastoma cases (8,15,18). In neuroblastoma,
CNS metastasis usually arises from adjacent skull metasta-
ses, which may lead to parenchymal BM (18). Lung metasta-
ses are also rare at diagnosis (6). DuBois et al. reported that
100 out of 2,708 patients with neuroblastoma (3.7%) had lung
metastasis. Nearly all patients with lung metastases also have
other metastatic sites, and 9% of these patients have BM (6).

Figure 3: The Kaplan—-Meier curve illustrates brain metastasis-free
survival in pediatric patients with extracranial solid tumors. Tick
marks denote censored events. Months represent the interval
from the diagnosis of brain metastasis to the progression of ir-
radiated lesions or the appearance of a newly diagnosed lesion.
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Figure 4: The Kaplan-Meirer curve demonstrates the overall
survival in patients with extracranial solid tumor following brain
metastasis. Tick marks indicate censored observations. Months
represent the duration from brain metastasis to death or last fol-
low-up.
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In our study, five patients with neuroblastoma were included;
all had high-risk diseases and were referred to RT according
to their risk classification. One patient presented with a sin-
gle supratentorial metastatic focus and no other extracranial
metastases. Another patient had multiple metastases, includ-
ing spinal involvement. Two of the neuroblastoma cases were
alive at the time of analysis. Both patients initially presented
with multi-organ metastases. On meta-iodobenzylguanidine
scans, neither patient showed any uptake, and all MRI evalu-
ations appeared normal. In our cohort, approximately 20% of
neuroblastoma cases who were referred to RT developed BM
during their treatment and follow-up. However, this rate likely
reflects a selection bias, as these patients had high-risk or
advanced disease and were referred for RT. Therefore, it may
not be representative of the general neuroblastoma popula-
tion. Moreover, routine cranial imaging may be considered for
selected high-risk neuroblastoma patients, particularly those
with advanced disease or unusual presentations. Nonetheless,
it should be interpreted in the context of selection bias and
the rarity of BM in the broader pediatric population. However,
more careful cranial imaging evaluation may be warranted in
patients with age, myc proto-oncogene, bHLH transcription
factor positivity, and a high systemic disease burden (12,28).

Pulmonary metastases are the most common in osteosar-
coma, whereas the brain is a rare site of distant metastasis
(8,16). Nonetheless, the presence of lung metastases is the
most significant factor associated with BMs in children (21).
BMs likely originate from hematogenous tumor emboli derived
from lung metastases (12). In our study, three patients with
osteosarcoma developed BMs, and one of them had lung me-
tastasis at the time of diagnosis. Six of 12 patients had lung
metastases when they were diagnosed with BMs.

In our study, the typical presenting symptoms were nausea,
vomiting, and seizures. The primary neurological symptoms
in children included headaches, lethargy, and seizures (2,7,
11,12). For pediatric patients with non-hematological malig-
nancies and BMs, approximately 10%-15% experience sei-
zures as part of their clinical course. Seizure risk in metastat-
ic cases may be more strongly associated with factors such
as multiple lesions, involvement of highly epileptogenic brain
regions, cortical involvement, hemorrhagic events, or treat-
ment-related factors. The incidence of seizures was 33% in
our cohort, which is higher than that in published reports for
pediatric brain tumors and BMs. All metastatic lesions were
located in or near the motor cortex. Speech disturbances,
hemiparesis, diplopia, and facial palsy due to cranial nerve
involvement were also observed, consistent with our cases.
Two patients received CSlI in our study. Leptomeningeal dis-
semination has been reported in the literature, in which case
CSI may be recommended (4). However, in our cohort, pa-
tients received CSI specifically for positive CSF cytology.

Symptomatic treatment of BM involves corticosteroids to re-
duce peritumoral edema and anticonvulsants to control sei-
zures (7,8,10,11,13). A curative approach includes surgery
and/or RT, along with CT. However, the role of chemotherapy
in treating BMs remains uncertain. For patients with a single
metastasis and no systemic disease, surgery followed by RT
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and/or CT may be the preferred option. In such cases, com-
bining RT with surgery might be recommended. For patients
with multiple BMs, surgery may not be beneficial unless there
is a life-threatening symptomatic lesion.

Most affected children ultimately die from their disease, even
when brain lesions are successfully managed (12). Many of
these children also develop metastases at other sites, which
further negatively impact their overall prognosis. Although de-
termining the cause of death in patients with multifocal tumors
is challenging, our study found that neurological deterioration
was the sole or a contributing cause of death in four of 10
patients who died. In seven patients, death was caused by
progression of the primary disease, with no evidence of cra-
nial progression at the time of death, accounting for 70% of
cases.

Case series and systematic reviews published through 2024
indicate that cranial metastasis remains rare in pediatric pop-
ulations, with MRI used selectively (11,16). Meanwhile, clinical
management protocols have been actively refined for neuro-
blastoma, sarcoma, and germ cell tumors. Therefore, routine
screening brain MRI is not standard for all patients, but may
be considered in high-risk neuroblastoma, alveolar rhabdo-
myosarcoma, and selected clinical scenarios (neurologic
symptoms or highly advanced/metastatic disease).

Our study has several limitations. The retrospective nature of
the study, along with differences in RT doses and fields, and
variability in patient diagnoses, constituted the foremost lim-
itations. Despite these limitations, RT may improve freedom
from neurological progression and increase BMPFS. Our pa-
tient cohort was small and included five different tumor types
with diverse biological behavior, limiting the interpretation
of pooled survival analyses. Therefore, survival and BMPFS
rates should be interpreted with caution because of the small
cohort size and heterogeneity. No subgroup analyses by di-
agnosis could be performed to enable robust comparisons or
clinical recommendations. The wide confidence intervals for
survival outcomes reflected a small sample size and limited
statistical power. Therefore, these results should be consid-
ered exploratory rather than conclusive, and larger studies are
needed for validation.

The limited number of cohorts also restricted the standardiza-
tion of RT for BM. No stereotactic radiosurgery was planned,
none received whole-brain RT, and almost all underwent lim-
ited-field (tumor bed) RT. Currently, radiosurgery is not rou-
tinely recommended for pediatric patients (17). Furthermore,
routine MRI should be included in protocols only for patients
with high-risk disease. The frequency of BM in the high-risk
group referred for RT might reflect a selection bias and there-
fore could overestimate the overall incidence. Finally, since
this study relied on retrospective data analysis, the outcomes
assessed were primarily clinical rather than quality-of-life re-
lated.

H CONCLUSION

In summary, BM remains a rare event in pediatric extracranial
solid tumors. Mortality is predominantly driven by the progres-



sion of systemic disease rather than cranial relapse, and BMs
themselves are not the primary cause of death in most cases.
The role of CT in treating BMs remains uncertain. Surgery may
be considered for patients with a single and/or symptomatic
metastatic lesion. RT can effectively relieve symptoms and
may delay BM progression. Tailored localized RT may also
be recommended to address both the immediate and late ra-
diation-related toxicities. Including the spinal region in imag-
ing and sampling CSF cytology may be recommended before
RT, as spinal dissemination can be detected in some patients.
Further multicenter studies are needed to better elucidate
clinical outcomes and refine imaging recommendations.
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ABSTRACT

AIM: To define the existence and precise anatomical boundaries of the medial corridor (MC) within the cavernous sinus (CS), using
an endoscopic endonasal transsphenoidal approach, and to correlate these anatomical findings with clinical patterns of CS invasion
in patients with pituitary adenomas.

MATERIAL and METHODS: An endoscopic endonasal transsphenoidal technique was used to perform anatomical dissections
on 10 CSs obtained from 5 adult cadaveric heads. Key neurovascular landmarks were systematically identified, and quantitative
measurements of their spatial relationships were recorded. To establish clinical relevance, anatomical observations were correlated
with radiological and intraoperative findings from 20 patients with pituitary adenomas demonstrating CS invasion on preoperative
imaging.

RESULTS: The MC was consistently identified in all cadaveric specimens, confirming its reproducible anatomical presence. The
mean distance between the anterior genu of the internal carotid artery (ICA) and the pituitary gland was 5.0 = 1.5 mm. Clinical
correlations revealed that pituitary adenomas preferentially invade the superior compartment of the CS via the MC prior to lateral
and posterior extension. The oculomotor nerve (cranial nerve Ill) was a reliable anatomical landmark defining the lateral boundary of
the MC.

CONCLUSION: Comprehensive anatomical delineation of the MC is critical for refining endoscopic surgical strategies, maximizing
the extent of safe tumor resection, and minimizing neurovascular morbidity. The consistently identified interval of approximately 5
mm between the anterior genu of the ICA and the pituitary gland provides a robust and practical intraoperative reference point for
safe navigation through the MC of the CS.

KEYWORDS: Cavernous sinus, Pituitary adenoma, Internal carotid artery, Endoscopic surgical procedure

ABBREVIATIONS: 3D: Three-dimensional, C4: Cavernous segment, CN: Cranial nerve, CS: Cavernous sinus, EETA: Endoscopic
endonasal transsphenoidal approach, ICA: Internal carotid artery, MC: Medial corridor, SOF: Superior orbital fissure
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B INTRODUCTION

ver the past two decades, the progressive evolution
of transsphenoidal surgical techniques has greatly

advanced the understanding of skull base anatomy.
In particular, the integration of endoscopic visualization into
transsphenoidal surgery has enabled unparalleled exposure
of the deep and previously concealed anatomical regions sur-
rounding the sella turcica, including the planum sphenoidale,
clivus, and neurovascular prominences of the optic nerves and
internal carotid arteries (4,15). These advancements have not
only expanded the anatomical reach of endonasal approach-
es but also fundamentally reshaped surgical paradigms for
lesions involving the parasellar and cavernous regions.

Among these regions, the cavernous sinus (CS) is one of the
most anatomically complex and surgically challenging struc-
tures of the skull base. Its dense neurovascular content, intri-
cate venous architecture, and intimate relationship with the
internal carotid artery (ICA) necessitate a precise and com-
partmentalized anatomical understanding to ensure surgical
safety and efficacy (8). Classical anatomical descriptions by
Harris and Rhoton subdivided the CS into four venous re-
gions, namely, anteroinferior (ventral), posterosuperior (dor-
sal), medial, and lateral, based on their spatial relationships
with the ICA (14). Subsequent refinements by Fernandez-Mi-
randa et al. proposed a compartmental framework consisting
of superior, posterior, lateral, and inferior regions, which again
considered the cavernous ICA (12). More recently, Ceylan et
al. further refined this anatomical concept by identifying four
distinct compartments, namely, superior, lateral, anteroinferi-
or, and posterior, underscoring the evolving and dynamic na-
ture of CS anatomy (3).

From a surgical perspective, endoscopic approaches to the
CS have converged on the definition of two principal operative
corridors, namely, the medial corridor (MC) and lateral corri-
dor (7). The MC of the ICA is formed by the C-shaped cav-
ernous segment (C4) of the artery and is medially constrained
by the dorsum sellae, providing a potential pathway for medi-
al-to-lateral access. Conversely, the lateral corridor is bound-
ed posteriorly by the cavernous ICA, inferiorly by the vidian
nerve, and anteriorly by the medial pterygoid prominence (5).
Consistent with this corridor-based concept, Fernandez-Mi-
randa et al. characterized the CS as comprising two princi-
pal wall structures, namely, the medial and lateral walls, with
each assuming distinct surgical relevance depending on the
chosen approach (11). Notably, the medial wall represents the
primary interface encountered during endoscopic endonasal
surgery, whereas the lateral wall is more frequently addressed
via transcranial routes.

Accumulating anatomical and clinical evidence suggests that
pituitary adenomas preferentially invade the CS through in-
volvement of the medial wall. Our previous work has demon-
strated that medial wall infiltration or compression constitutes
a defining feature of CS invasion. However, medial wall dis-
ruption alone does not fully explain the observed patterns
of tumor extension. Rather, engagement of the venous tra-
becular network located posterior to the medial wall appears
to serve as a critical permissive factor that facilitates tumor
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progression into the CS (3,5,6). This observation highlights a
complex, multistep mechanism of invasion that extends be-
yond simple wall penetration.

Against this backdrop, the present study was designed to
precisely delineate the presence and anatomical boundaries
of the MC using the endoscopic endonasal transsphenoidal
approach (EETA) while simultaneously elucidating its role in
the pathophysiology of CS invasion by pituitary adenomas.
A refined understanding of the MC is essential for strategic
surgical planning, reduction of neurovascular morbidity, and
maximization of safe tumor resection. By integrating meticu-
lous anatomical dissection with clinical correlation, this study
aims to further clarify the anatomical-surgical interface of the
CS and to contribute to the ongoing refinement of endoscopic
skull base surgery.

B MATERIAL and METHODS

This anatomical study examined 10 CSs obtained from five
adult cadaveric heads. Specimens were either freshly fro-
zen or prepared using arterial silicone injection to enhance
vascular visualization. All dissections were performed at the
Bahcesehir University Rhoton Laboratory. The study was con-
ducted in accordance with the principles of the Declaration of
Helsinki and was approved by the Local Ethics Committee of
the Kocaeli University Faculty of Medicine (approval number:
KAEK-233; September 20, 2017).

Both three-dimensional (3D) and two-dimensional digital video
data were obtained during the dissections. Two-dimensional
imaging was performed using 0° and 30° rigid endoscopes
(Karl Storz, Tuttlingen, Germany), whereas stereoscopic visu-
alization was achieved using the XION 3D endoscopic imag-
ing system (XION, Berlin, Germany). The 3D endoscopy setup
consisted of a MATRIX P Spectar camera processor (XION),
a high-definition 3D camera head, and 3D endoscopes with
diameters of 2.7 mm and 4 mm.

All endoscopic dissections were conducted through the right
nasal cavity using a standard EETA. Following entry into the
right nostril, key intranasal landmarks, including the nasal sep-
tum and the inferior, middle, and superior nasal turbinates,
were systematically identified. The choana and sphenoeth-
moidal recess were visualized along the medial turbinate and
nasal septum. After bilateral identification of the sphenoid os-
tia, the sphenoid sinus was entered via drilling, and an anterior
sphenoidotomy was performed using a binostril technique.

Subsequently, critical skull base landmarks were exposed,
including the sellar floor, planum sphenoidale anteriorly, cli-
vus inferiorly, and prominences of the optic nerve and ICA
laterally, along with the opticocarotid recesses. The lateral an-
atomical limits accessible through the endoscopic approach
were carefully delineated. The superior sellar wall was opened
using a high-speed drill, followed by bone removal and en-
largement with a Kerrison rongeur. After dural opening, the
anatomical boundaries of the MC were directly visualized.

A complete EETA was employed to define the surgical limits
using natural nasal corridors, without the need for any external
incisions on the cadaveric specimens. The bone overlying the
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Figure 1: Cavernous (C4) and clinoid (C5) segments of the internal carotid artery; a: short vertical segment, b: posterior genu, c:
horizontal segment, d: anterior genu. PG: pituitary gland, OA: ophthalmic artery.

ICA was subsequently removed using a high-speed drill and
Kerrison rongeur, allowing extension of the dissection laterally
toward the CS and inferiorly toward the clivus. This technique
enabled wide endoscopic exposure of the region extending to
the foramen lacerum and proximal carotid ring.

For clinical correlation, the anatomical boundaries of the MC
were intraoperatively identified in 20 patients undergoing
endoscopic transsphenoidal surgery for pituitary adenomas
with lateral and posterior CS extension. In these cases, tumor
growth was initially observed within the superior compartment
via the MC, followed by secondary extension into the lateral
and posterior compartments. These clinical observations pro-
vided a practical framework for conceptualizing the 3D archi-
tecture and surgical relevance of the MC. The primary surgical
objective in all cases was to achieve gross total tumor resec-
tion while preserving the integrity of adjacent cranial nerves
(CNs) and vascular structures.

B RESULTS

In all cadaveric specimens, the C4 segment of the ICA was
found to terminate at the proximal dural ring, beginning at
the superior margin of the petrolingual ligament encircling the
artery. This segment was consistently surrounded by areo-
lar tissue, adipose tissue, the cavernous venous plexus, and
postganglionic sympathetic nerve fibers. Anatomically, the
cavernous ICA was composed of a vertical segment, posteri-
or bend (medial loop), horizontal segment, and anterior bend
(anterior loop). These characteristic anatomical configurations
were clearly and consistently identified in all five cadaveric
specimens examined in the present study (Figure 1).

The paraclival ICA was observed to continue superiorly into
the cavernous portion. The junction between the horizontal
segment of the cavernous ICA and the short vertical segment
extending from the posterior genu to the proximal dural ring

Figure 2: View when the ophthalmic branch of the trigeminal
cranial nerve (CN) and the abducens CN are eliminated laterally.
C4: cavernous segment of the internal carotid artery, PG: pituitary
gland, V1: ophthalmic branch of the trigeminal CN, V2: maxillary
branch of the trigeminal CN, V3: mandibular branch of the
trigeminal CN.

was designated as the C4 segment. Careful stripping of the
sellar dura and the dural layer overlying the ICA allowed ex-
posure of the neurovascular structures within the CS, includ-
ing the oculomotor and abducens CNs as well as the pituitary
gland (Figure 2).

The neurovascular elements that were systematically ex-
amined included the oculomotor (CN Ill), abducens (CN VI),
ophthalmic (V1), and maxillary (V2) divisions of the trigeminal
nerve, and the C4 segment of the ICA. In addition, the proxi-
mal dural ring, ophthalmic artery, and optic nerve were iden-
tified. Following removal of the bone overlying the ICA, the
bony lateral sellar compartment was excised to enable tracing
of the CNs within the CS. The oculomotor nerve was observed
coursing within the lateral wall of the CS at the level of the hor-
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Table I: The measurement of the distance between the anterior genu and the pituitary gland to enter the medial corridor in the

study on 5 cadavers and 10 cavernous sinuses (CS)

The measurement between the anterior First Second Third Fourth Fifth

o Mean=SD
genu and the pituitary gland (mm) cadaver cadaver cadaver cadaver cadaver
Right CS 6.4 6.2 5.6 41 2.9 5.0£1.5
Left CS 5.9 5.3 6.8 3.2 3.4 4.9+1.6

CS: cavernous sinus.

Figure 3: Examination of the medial corridor following mobilization
of the cavernous segment of the internal carotid artery. C4:
cavernous segment of the internal carotid artery, PG: pituitary
gland, PR: proximal ring.

izontal ICA segment, bending around the C4 segment before
entering the superior orbital fissure (SOF). The intradural seg-
ment of the oculomotor nerve was preserved unless patholog-
ical extension involved the roof or lateral wall of the CS.

The most vulnerable portion of the oculomotor nerve was con-
sistently identified adjacent to the anterior genu of the ICA, a
region that remains difficult to access through a medial-to-lat-
eral endoscopic approach. The abducens nerve followed a
trajectory corresponding to the mid-portion of the vertical C4
segment after exiting Dorello’s canal, coursing near the ICA
en route to the SOF. The ophthalmic division of the trigeminal
nerve traveled parallel to the abducens nerve before entering
the SOF. Upon lateral displacement of the abducens nerve
and ophthalmic division, the trochlear nerve was identified
running parallel to the oculomotor nerve. A clear visualization
of the anatomical relationship between the CS and the optic
nerve was obtained by opening the dura overlying the optic
nerve, planum sphenoidale, and optic protuberance, and trac-
ing it anteriorly to the optic canal (Figure 2).

The MC, as previously described by Fernandez-Miranda et al.
(11), and utilized by our group to access the superior compart-
ment of the CS, was distinctly identifiable in all specimens.
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The anatomical boundaries of the MC were defined superiorly
by the proximal dural ring, medially by the pituitary gland, and
laterally by the ICA (Figure 3).

During pituitary adenoma surgery, the oculomotor nerve, pre-
viously identified and dissected in cadaveric specimens, be-
came visible upon entry into the MC and served as a critical
lateral surgical boundary (Figure 4). To further characterize the
MC, the horizontal distance between the anterior genu of the
ICA and the lateral margin of the pituitary gland was mea-
sured, defining a practical entry point into the corridor (Figure
5). The mean distance was approximately 5 mm, and this may
have clinical relevance for guiding safe surgical access. For
comparative analysis, measurements were categorized into
the following two groups: greater than 5 mm and less than 5
mm (Table I).

In the clinical series, pre- and postoperative magnetic reso-
nance imaging of pituitary adenomas confined to the superior
compartment clearly demonstrated MC involvement, support-
ing its role as a preferential pathway for tumor invasion, in
close association with the carotid siphon (Figure 6). Intraoper-
atively, tumor tissue within the MC was removed using a com-
bination of suction and curettage. As dissection progressed
toward the lateral aspects of the anterior and posterior ICA
segments, suction pressure was deliberately reduced to en-
sure safe tumor removal. Once the MC was fully exposed and
tumor evacuation was completed, the oculomotor nerve was
visualized laterally (Figure 7), indicating the lateral limit of the
corridor. At this stage, the surgical procedure was terminated
to avoid CN injury.

Across the clinical cohort of 20 patients, the patterns of CS
compartment invasion, resection extent, patient age, tumor
secretory status, and biochemical remission outcomes were
systematically analyzed. These findings are summarized in
Table II.

B DISCUSSION

The CS represents one of the most anatomically intricate re-
gions of the skull base, harboring neurovascular structures of
critical functional significance. Consequently, it is a surgically
formidable area. A precise understanding of the spatial rela-
tionships among the neural and vascular components within
the CS is indispensable for effective surgical planning and risk
mitigation. Nevertheless, any attempt to classify or compart-
mentalize such a complex anatomical structure inherently car-
ries the risk of subjective interpretation and artificial boundary
definition.
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Figure 4: A) Clinical case image demonstrating the oculomotor cranial nerve (CN) indicated by an arrow, the internal carotid artery at the
cavernous segment (C4), and the pituitary gland (PG). B) Cadaveric dissection showing the detailed anatomy of the relevant structures.
C) Preoperative magnetic resonance imaging (MRI) revealing tumor extension into both the superior and lateral compartments of the
cavernous sinus. D) Postoperative MRI demonstrating the absence of residual tumor within the superior and lateral compartments,
corroborating intraoperative assessments and confirming the completeness of the resection.

Figure 5: Horizontal measurement between the pituitary gland
(PG) and the anterior genu of the cavernous segment (C4) of the
internal carotid artery. BA: basilar artery, OA: ophthalmic artery,
ON: optic nerve.

Traditionally, transcranial approaches targeting the lateral and
superior walls of the CS have been favored for lesion removal.
These include the subtemporal approach via the lateral wall,
the pterional approach through the superior wall, the trans-
petrosal-transtentorial approach via the posterior wall, and
the contralateral pterional-transsylvian approach through the
medial wall (1). However, the effectiveness of transcranial ap-
proaches is frequently compromised by the need for brain
retraction and the dense concentration of CNs, particularly
the oculomotor, trochlear, and abducens nerves, traversing
the lateral wall of the CS. Thus, modified endoscopic endo-
nasal approaches through the inferior and medial walls have
increasingly been recognized as safer and more anatomically
favorable alternatives for CS access.

In the present study, we clearly demonstrated the consistent
presence and definable anatomical boundaries of the MC us-
ing an EETA. Our findings are consistent with those of Kitano
et al. (16), who described a vertical dural incision extending
from the posterior to the anterior aspect of the cavernous ICA
through the MC, allowing tumor resection up to the superior
wall of the CS. In contrast, our technique employed a trans-
verse dural incision with window-shaped dural excision, facil-
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Figure 6: Perioperative (A) demonstration of the medial corridor (MC) in one of the cases from our clinical series, along with pre- (B,C)
and postoperative (D,E) magnetic resonance imaging of the same case. C4: cavernous segment of the internal carotid artery.

Figure 7: A) The thick C-shaped structure represents the internal carotid artery siphon (C4). The arrow points to the medial corridor
(MC), whose lateral boundary is the third cranial nerve (3rd CN). B) Preoperative magnetic resonance imaging (MRI) demonstrating tumor
extension into the medial corridor. C) Postoperative MRI confirming gross total resection of the tumor. PA: pituitary adenoma.

itating direct visualization of the spatial relationship between
normal pituitary tissue and the posterior genu, horizontal seg-
ment, and anterior genu of the ICA. When advancing through
the intersegmental space between these ICA components via
the MC, the oculomotor nerve was consistently encountered,
defining the lateral boundary of the corridor. Accordingly, we
propose that intraoperative visualization of the oculomotor
nerve during tumor excision within the MC reliably indicates
that the lateral extent of safe resection has been reached.

In typical clinical settings, the oculomotor nerve is often vi-
sualized indirectly as a reflexive structure during CS surgery.
However, in the clinical cases included in our study, invasive
tumors occupied the CS and infiltrated its lateral wall, en-
abling direct and unambiguous visualization of the third CN.
This finding underscores the practical surgical relevance of
the MC in cases of advanced CS involvement.
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Theodosopoulos et al. emphasized that the distance between
the ICA and the pituitary gland plays a pivotal role in facilitat-
ing access to the lateral CS, and they introduced the concept
of a “wide-area” MC (19). Our findings corroborate this obser-
vation, particularly in cases where the pituitary gland remains
uninvolved and tumor extension is confined to the CS. In the
present cadaveric series, a threshold distance of approxi-
mately 5 mm between the anterior genu of the ICA and the
lateral margin of the pituitary gland was found to be a clinically
meaningful parameter. When this distance was =5 mm, entry
into the MC was consistently more feasible, and controlled
ICA manipulation could be performed with greater safety.

It is well recognized that many nonfunctioning pituitary ade-
nomas extending toward the CS are neither biologically ag-
gressive nor truly invasive (18), a phenomenon often attributed
to tumor growth through structurally weak regions of the CS
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Table lI: Distribution of cavernous sinus compartment invasion, extent of resection, age, hormonal activity (secretory vs. non-se-
cretory), and remission status of 20 patients included in the series

Gender Age Hormo_ne Cavernous Sinus Invasion - Complication  Resection Remission
(years) secretion Compartment

M 28 GH Superior-Posterior None NT No
M 34 GH Superior None GT Yes
F 23 NS Posterior None GT -
F 33 GH Superior-Posterior None ST No
M 37 PRL Superior None GT Yes
F 50 GH Superior None GT Yes
F 29 NS Superior-Posterior CSF Leak GT -
M 27 GH Superior None GT Yes
M 37 GH Superior-Posterior None NT No
M 27 GH Superior None GT Yes
M 57 GH PRL Superior, Anteroinferior, Posterior Epistaxis ST No
F 40 GH Superior None GT Yes
F 28 GH Superior None GT Yes
M 40 NS Superior-Posterior None NT -
M 46 NS Superior-Posterior None GT -
M 37 GH Superior None GT Yes
M 33 NS Superior-Posterior None GT -
F 44 NS Superior None GT -
F 36 GH Superior None NT No
M 29 GH Superior None GT Yes

GH: growth hormone, PRL: prolactin, NS: non-secreting, CSF: cerebrospinal fluid, GT: gross total, NT: near total, ST: subtotal, M: male, F: female.

wall. Clinical series have demonstrated that when pituitary
adenomas invade the CS, progression most commonly oc-
curs via the MC (5,13). At present, no neuroimaging modali-
ty allows definitive visualization of the medial wall of the CS.
Anatomical studies have variably described this structure as
single-layered, double-layered, or thin and loosely organized
with focal histological defects (7,9,10). Consequently, while
some authors have emphasized tumor histology as the pri-
mary determinant of CS invasion, others have highlighted the
inherent structural vulnerability of the medial wall as the key
facilitating factor (9).

Pituitary adenomas may originate within either the medial or
lateral corridors of the cavernous ICA. Lesions extending lat-
erally within the CS frequently invade the anteroinferior ICA
region or the MC. Songtao et al. (17) demonstrated that the
lamina propria lines the inner surface of the pituitary gland,
while the pituitary capsule envelops its outer surface, with the
inferolateral capsule being relatively thick and the medial wall
being structurally weaker. Following invasion of the lamina
propria and pituitary capsule, adenomas may exploit these
weak points of the medial wall and extend along the charac-
teristic C-shaped course of the ICA, thereby creating a surgi-
cally exploitable endoscopic corridor medial to the cavernous
ICA (2). The present series also illustrates a notable anatomi-
cal variation in which the horizontal ICA segment coursed un-

usually close to the midline (Figure 8), further emphasizing the
importance of individualized anatomical assessment.

Multiple surgical corridors between neurovascular structures
have been described to facilitate endoscopic access to the
CS. Corridors lateral to the ICA are generally more directly
accessed via ipsilateral expanded endonasal or far-lateral
transethmoidal or transsphenoidal approaches. In contrast,
the MC of the ICA was more effectively explored through a
contralateral endoscopic route, consistent with prior anatom-
ical and clinical studies. In a representative case, advance-
ment through the MC enabled access to the lateral compart-
ment via meticulous dissection along the lateral aspect of the
ICA (Figure 9).

From a surgical standpoint, the MC represents the only en-
doscopic route capable of addressing lesions extending from
the sella into the lateral CS while displacing the CNs and ICA
laterally, thereby providing access to the lateral sellar com-
partment (16).

Despite these findings, several limitations inherent to cadaver-
ic studies must be acknowledged. Differences in tumor con-
sistency, prior treatment effects, displacement of neurovas-
cular structures, and anatomical variability of the ICA within
the CS may limit direct clinical extrapolation. Most notably,
the absence of tumor tissue within the CS in cadaveric speci-
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Figure 8: A) This case presents

a variation in the anatomy of the
internal carotid artery. The tumor is
excised by directly accessing the
superior and lateral compartments
through the medial corridor (MC).
Atherosclerotic changes within the
horizontal segment extending toward
the midline are clearly observed. The
medial corridor is delineated by dense
fibrotic bands, marked with a star.

B) The tumor tissue is accessed

via the MC using an aspirator, and
surgical excision is performed.

C,D) Pre- and postoperative magnetic
resonance imaging demonstrating

the tumor status before and after
resection.

Figure 9: Tumor extension and
surgical approaches. In the
present case, the tumor extends
into the superior and lateral
compartments. A) The anterior
and horizontal segments of the
cavernous segment of the internal
carotid artery are exposed. Entry
is achieved via the medial corridor
(marked with a star), allowing
access to the tumor located in the
superior compartment using an
aspirator. B) Surgical dissection
proceeds laterally to the cavernous
segment of the internal carotid
artery, and the tumor tissue within
the lateral compartment (marked
with a pentagon) is accessed

and excised. C,D) Pre- and
postoperative magnetic resonance
imaging findings.
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mens precludes the assessment of tumor-induced distortion,
compression, and fibrotic adhesions that affect critical neu-
rovascular elements. Consequently, the applicability of an-
atomical observations may vary depending on the extent of
tumor invasion and the degree of neurovascular displacement
encountered in clinical practice.

B CONCLUSION

We have provided a precise anatomical definition and repro-
ducible delineation of the MC using the EETA. The anatomical
and clinical findings of this study support the concept that
the MC represents a fundamental and preferential pathway
for the extension of pituitary adenomas and other intrasellar
lesions into the superior, lateral, and posterior compartments
of the CS. As such, the MC should be regarded not merely as
a surgical access route but as a critical anatomical interface
that governs both tumor invasion dynamics and the limits of
safe endoscopic resection.

We further demonstrated that the approximately 5-mm inter-
val between the anterior genu of the ICA and the lateral margin
of the pituitary gland constitutes a pivotal anatomical determi-
nant at the entry point of the MC. This spatial parameter ap-
pears to directly influence surgical accessibility to the MC and
the adjacent CS compartments, thereby defining a practical
threshold for safe and controlled endoscopic advancement.
By integrating high-resolution anatomical measurements with
intraoperative and radiological clinical correlations, the find-
ings of our study underscore that a nuanced, quantitative
understanding of MC anatomy is indispensable for refining
surgical decision-making, maximizing the extent of safe tumor
removal, and minimizing the risk of neurovascular morbidity.
Collectively, the findings of this study position the MC as a
central anatomical and surgical concept in contemporary en-
doscopic CS surgery.
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ABSTRACT

Takayasu arteritis (TA) is a chronic granulomatous large-vessel vasculitis that primarily affects the aorta and its major branches,
such as the subclavian, carotid, and renal arteries. Pathologically, it is characterized by transmural infiltration of lymphocytes and
macrophages with granulomatous inflammation, leading to intimal fibrosis and thickening, destruction of medial elastic fibers, and
subsequent luminal stenosis or occlusion. Aneurysmal dilation may occur in some cases. We here report a case of TA complicated
by a vertebral artery dissecting aneurysm. Our patient was a 47-year-old male who had previously undergone surgical interventions
at our institution for a common iliac artery aneurysm and splenic artery aneurysm 6 years and 2 years prior to the present admission,
respectively. Most recently, the patient was presented with right shoulder pain and was subsequently diagnosed with a right vertebral
artery dissecting aneurysm, for which endovascular intervention was performed. This case underscores the critical importance of
long-term clinical surveillance in patients with TA, along with the necessity for aggressive treatment of aneurysms that are identified

to have a high risk of rupture.

KEYWORDS: Takayasu arteritis, Aneurysm, Arterial dissection, Interventional radiology

B INTRODUCTION

akayasu arteritis (TA) predominantly affects young wom-
en aged < 40 years, with a reported prevalence ranging

from approximately 1.1 to 40 cases per million popula-
tion (4,11). The disease is primarily characterized by intimal
thickening of the aorta and its major branches, leading to ves-
sel wall thickening and luminal stenosis (9). In a subset of pa-
tients, inflammatory destruction of the arterial media, elastic
fibers, and smooth muscle fibers may result in the formation of
aneurysms (12,13). Rupture of these aneurysms is associated
with high rates of morbidity and mortality, significantly com-
promising patient prognosis (7). Therefore, early diagnosis

and prompt therapeutic intervention are critical to improving
outcomes in affected individuals.

Here, we present the case of a 47-year-old male patient with
concomitant TA and vertebral artery dissecting aneurysm
who underwent endovascular interventional therapy, and we
review the related literature.

B CASE REPORT

This study was conducted according to the latest revision of
the Helsinki Declaration regarding medical research involving
human subjects. Informed written consent was acquired from
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the patient before the study. No IRC board approval was
needed for this case report because the patient’s identity was
kept anonymous.

In March 2019, a 47-year-old male patient who presented with
abdominal pain underwent abdominal and lower extremity
vascular ultrasound as well as computed tomography
angiography (CTA) at our hospital. The imaging revealed an
aneurysm of the right common iliac artery, aneurysmal dilation
of the superior mesenteric artery, a right renal artery aneurysm,
and ulceration of the left renal artery. After consultation with
the radiology and rheumatology departments, the patient
was diagnosed with TA. During hospitalization, the patient
underwent an aortobifemoral bypass graft procedure.
In December 2022, the patient experienced rupture and
hemorrhage of a splenic artery aneurysm and was admitted
to our hospital for splenic artery ligation, during which a blood
transfusion was administered (Figure 1).

Two years later, the patient was admitted with a 2-day history
of pain in the right shoulder radiating to the occipital and right
temporal regions, accompanied by nausea, vomiting, limb
weakness, and mental lethargy. A cranial CT scan performed
at a local hospital revealed a high-density lesion anterior
to the brainstem in the posterior cranial fossa, suggestive
of an aneurysm. For further management, the patient was
transferred to the neurosurgery department of our hospital.
CTA of the head and neck identified a dissecting aneurysm of
the right vertebral artery (Figure 2).

Cerebral angiography revealed a dissecting aneurysm at
the V4 segment of the right vertebral artery, with a size of
approximately 7.8 x 7.5 mm. Subsequently, the aneurysm was
treated with LVIS stent-assisted embolization. Intraoperative
angiography showed dense embolization of the aneurysm,
with the stent deployed effectively and the vertebral artery
remaining patent. At the 12-month postoperative evaluation,
magnetic resonance angiography imaging showed successful
aneurysm exclusion with no signs of recurrence in the right
vertebral artery dissection segment (Figure 2).

B DISCUSSION

The prevalence of aneurysms in patients with TA is relatively
low, with aneurysms predominantly localized in the aorta and
its major branches, particularly the subclavian artery, carotid
artery,renalartery,andabdominalaorta. Epidemiologicalstudies
have reported that the incidence of aneurysms in patients with
TA ranges from approximately 16.6% to 31.1% (2,8). In the
management of TA-associated aneurysms, pharmacological
therapy plays a central role in controlling inflammatory activity,
mitigating disease progression, and reducing the risk of
aneurysm expansion. Therapeutic regimens typically include
glucocorticoids, immunosuppressants (e.g., methotrexate
and azathioprine), and biologic agents (e.g., infliximab and
tocilizumab). Emerging evidence from recent studies suggests
that biologic agents demonstrate superior efficacy and a more
favorable safety profile compared with glucocorticoids, with
lower complication rates and improved clinical outcomes
(5,10). Surgical intervention remains a critical component of
treatment, especially for patients with significant compressive
symptoms or those at high risk of rapid aneurysm expansion
or rupture. Traditional open surgery is generally reserved for
cases where endovascular approaches are not feasible. In
contrast, endovascular intervention has become the preferred
modality for patients with anatomically complex aneurysms or
those deemed unsuitable for open surgical procedures due to
comorbidities or other risk factors (6,14).

In this case, the patient had a history of ruptured splenic
artery aneurysm, and the presence of a large vertebral artery
dissecting aneurysm posed an imminent risk of rupture, thus
necessitating prompt intervention. Vertebrobasilar artery
dissecting aneurysms (VBDASs) are relatively rare, accounting
for approximately 3.2-5.5% of all intracranial aneurysms (1).
Rupture of such aneurysms can lead to acute hydrocephalus
due to hematoma obstruction of the fourth ventricle, and in
severe cases, brainstem compression by the hematoma may
result in respiratory and circulatory compromise (3). Given
the challenges associated with the complex anatomical
location of VBDAs, including difficult surgical exposure and
high perioperative risks, endovascular intervention has
emerged as the preferred treatment modality. Endovascular

Figure 1: A) Aneurysm of the right common iliac artery (indicated by the blue arrow). B) Aneurysmal dilation of the superior mesenteric
artery (indicated by the green arrow), and aneurysm of the right renal artery (indicated by the blue arrow). C) Aneurysm of the splenic
artery (indicated by the blue arrow). These illustrations address the question at hand.

468 | Turk Neurosurg 36(3):467-470, 2026



Wang H. et al: Takayasu Arteritis

Figure 2: A) Computed tomography angiography (CTA) of the patient showing a dissecting aneurysm of the right vertebral artery. B, C)

Digital subtraction angiography and three-dimensional reconstruction images showing the dissecting aneurysm of the vertebral artery
(indicated by the blue arrow). D) Workhorse view of stent-assisted embolization of the aneurysm. E) Intraoperative angiogram showing
dense embolization of the aneurysm with the parent artery remaining patent, thereby addressing the question at hand. F) Postoperative
magnetic resonance angiogram obtained at a 1-year follow-up showing no evidence of aneurysm recurrence.

treatment options for VBDAs primarily include stent-assisted
coil embolization, flow diverter implantation, and parent artery
occlusion. Stent-assisted coil embolization involves placing a
stent within the parent artery combined with coil embolization
of the aneurysm, which effectively seals the aneurysm sac
while maintaining patency of the parent artery (15). Flow
diverters, such as the Pipeline embolization device, promote
intra-aneurysmal thrombosis and vessel wall reconstruction
through their dense mesh design, making them suitable for
complex or giant aneurysms. In cases where preservation of
the parent artery is not feasible, parent artery occlusion may
be performed, provided that adequate collateral circulation is
confirmed, to completely disrupt blood flow to the aneurysm.

B CONCLUSION

The management of TA complicated by aneurysms necessi-
tates an individualized approach that integrates pharmacolog-
ical therapy, surgical or endovascular interventions, and long-
term follow-up. Early screening and proactive intervention
are crucial for aneurysms with irregular morphology or high
rupture risk to reduce the likelihood of aneurysm rupture and
hemorrhage and improve patient outcomes.
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ABSTRACT

Loey-Dietz Syndrome (LDS) is a rare, autosomal dominant connective tissue disorder with an estimated prevalence of less than 1
in 100,000. LDS results from one of several genetic mutations altering the transforming growth factor B (TGF- B) signaling pathway.
LDS portends a higher risk of vascular pathology including dissections and aneurysms throughout the arterial system. Though not
commonly described, this higher incidence of vascular pathology extends to the cerebrovascular system with several case reports
of cerebral aneurysms in patients afflicted with LDS.

Herein, we describe the case of a 39-year-old female with a family history of cerebral and aortic aneurysms who presented with
acute onset headache, neck pain, and lower extremity paresis prompting a CT head and subsequent magnetic resonance angiogram
remarkable for a subarachnoid hemorrhage secondary to rupture of a large fusiform V4 segment vertebral artery aneurysm. Formal
angiogram confirmed this diagnosis, and endovascular treatment was pursued with coil embolization of the aneurysm and parent
vertebral artery distal occlusion. Subsequent genetic testing confirmed the patient to be positive for the mutation indicative of type
4 LDS.

Though rare, LDS should be considered as a possible diagnosis in patients presenting with aneurysmal subarachnoid hemorrhage
when a family history of systemic vascular pathology is elicited. Confirmatory diagnosis of LDS appropriately spurs additional
vascular imaging and family screening to proactively minimize the morbidity of this rare disease.

KEYWORDS: Loeys-Dietz Syndrome, Intracranial aneurysm, Endovascular neurosurgery

ABBREVIATIONS: LDS: Loeys-Dietz Syndrome, TGF-B: Transforming growth factor 3, ED: Ehlers-Danlos Syndrome, MEN2A:
Multiple endocrine neoplasia type 2A, TGFBR1: TGF-f receptor 1, TGFBR2: TGF-p receptor 2, SMAD3: Mothers against
decapentaplegic homolog 3, TGFB2: Transforming growth factor p2 ligand gene, TGF33:TGF-Beta 3 ligand gene, FBN1: Fibrillin 1
gene, COL3A1: Collagen Type Ill Alpha 1 Chain, COL1A1: Collagen Type | Alpha 1 Chain

B INTRODUCTION transforming growth factor B (TGF- B) signaling (11). Though
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Ehlers-Danlos Syndrome (EDS) type IV, a robust association
has not yet been established between cerebrovascular arterial
pathology and LDS. However, there are several case reports
of intracranial aneurysms being treated in individuals with LDS
(3,5,8). We describe the case of a 39-year-old female with pre-
viously undiagnosed LDS who presented with an intradural
ruptured right vertebral artery aneurysm successfully treated
with endovascular occlusion of the parent vessel.

B CASE REPORT

A 39-year-old female with pertinent past medical history of
multiple endocrine neoplasia type 2A (MEN2A) syndrome and
medically controlled hypothyroidism status post thyroidec-
tomy presented to the emergency department with severe
headache, neck pain, photophobia, and paresis. Of note, the
patient also had a significant family history of both aortic and
cerebral aneurysms. On arrival to the emergency room, she
had bilateral lower extremity weakness, but was otherwise
neurologically intact. CT head revealed a subarachnoid hem-
orrhage ventral to the brainstem as well as some additional
blood products posteriorly layering in the left lateral ventricle
(Figure 1). Subsequent MR cervical spine demonstrated addi-
tional hemorrhage extending ventrally through the thecal sac
to the thoracic spine. MRI/MRA head and neck revealed a 9
mm x 5mm aneurysm in the right V4 segment of the vertebral
artery (Figure 2).

Following identification of the aneurysm, the patient underwent
a formal digital subtraction angiogram which confirmed a
fusiform, eccentric right vertebral artery dilatation measuring 8
X 7.5 x 9 mm just distal to the right posterior inferior cerebellar
artery origin (Figure 3). A guide wire and microcatheter
were successfully navigated into the right vertebral artery
aneurysm. A series of coils were subsequently deployed
into the aneurysm and parent vertebral artery with resultant

sacrifice of the right vertebral artery distal to the aneurysm.
Upon completion of coiling, complete flow obstruction to the
right vertebral artery distal to the aneurysm was obtained
(Figure 4A, B). A left vertebral artery injection revealed no
retrograde flow into the aneurysm (Figure 4C, D).

Given the patient’s significant family history of aortic and ce-
rebral aneurysms as well as a subsequently elicited suspicion
for a paternal history of connective tissue disease, Loeys-Di-
etz Syndrome was proposed as a possible underlying diag-
nosis and genetic counseling was obtained. While awaiting
formal genetic testing results, a screening MR angiogram of
the chest, abdomen, and pelvis was performed to assess the
patient’s systemic vasculature. The aortic arch, thoracic aorta,
and abdominal aorta were all without evidence of aneurysm
or dissection. However, the patient did have evidence of an
11cm splenic artery aneurysm and was appropriately sched-
uled with vascular surgery follow up. The patient was ultimate-
ly found to have a paternal lineage, pathogenic mutation in
the TGFb2 gene. This gene mutation is passed down in the
autosomal dominant fashion and diagnostic of Loeys-Dietz
Syndrome type 4. (10)

B DISCUSSION

LDS is a relatively new clinical entity with a highly aggres-
sive vascular course. Originally described in 2005, LDS and
its typical phenotypic manifestations are the result of variable
expressivity mutations in multiple genes which alter TGF- 8
signaling resulting in altered cardiovascular, craniofacial,
neurocognitive and skeletal development. (9) Individuals are
predisposed to systemic arterial aneurysms and pregnan-
cy-related complications including uterine rupture and death,
as well as allergic/inflammatory diseases and increased inci-
dence of gastrointestinal inflammation. Patients afflicted with
LDS classically express the triad of hypertelorism, bifid uvu-

Figure 1: CT head without contrast. Series of axial views portraying subarachnoid hemorrhage ventral to the brainstem (A,B) along with
layering of blood products within the posterior left lateral ventricle (C).
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Figure 2: Magnetic Resonance Imaging (MRI) head and neck. A) MR Angiogram axial view reveals a 9 x 5 mm aneurysm in the right V4
segment of the vertebral artery (orange arrow). B) T2-Weighted MRI cervical spine sagittal view redemonstrating said aneurysm (orange

arrow).

la and or/cleft palate, and generalized arterial pathology. (13)
At the time of its initial description, affected individuals were
found to have heterozygous mutations in the genes encoding
either the type | or type Il TGF-b receptor, with the specific
phenotypic manifestation being associated with the specific
gene affected, resulting in two subtypes; LDS type 1 (mutation
in TGF-b receptor 1 (TGFbR1)) and LDS type 2 (mutation in
TGF-b receptor 2 (TGFbR2)). This classification system was
subsequently expanded to include two additional subtypes,
LDS type 3 and LDS type 4, which are associated with gene

Figure 3: Digital Subtraction
Angiogram with 3-dimensional
reconstruction. A) Rotated antero-
posterior and B) lateral views
demonstrate a fusiform, eccentric
right vertebral artery dilatation
measuring 8 x 7.5 x 9 mm just
distal to the right posterior inferior
cerebellar artery origin.

mutations in the mothers against decapentaplegic homolog 3
(SMAD3) gene and the transforming growth factor b2 ligand
gene (TGFb2), respectively. (15) There has also been literature
suggesting a fifth variant, LDS 5, which is associated with mu-
tations in the TGF-Beta 3 ligand gene (TGFb3). (7) Regardless
of the particular subtype, phenotypic manifestations are vari-
able and range from mild to severe LDS independent of geno-
typic makeup. Patients most often present with thoracic aortic
aneurysms and dissections, but as seen in our case, these are
not always present. Surveillance for intracranial aneurysms

Turk Neurosurg 36(3):471-475, 2026 | 473
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Figure 4: Post-embolization angiogram. A) Antero-posterior (AP) and B) lateral views of the right vertebral artery after coil embolization
showing complete occlusion of the aneurysm along with the parent vessel distal to the aneurysm. C) AP and D) lateral left vertebral
artery injections showing satisfactory perfusion of the posterior circulation via the left vertebral artery with no evidence of retrograde

flow into the aneurysm.

should be implemented for all patients with LDS regardless of
their genotypic type or phenotypic manifestations.

The first reported case of an intracranial aneurysm in an
LDS patient was that of a 20-year-old female with a right
carotid ophthalmic aneurysm and fusiform paraclinoid carotid
aneurysm treated with an open aneurysm treatment approach.
(14) In recent multicenter analyses, the prevalence rate of
intracranial aneurysms in LDS patients has been found to be
23-30%. (13) Other studies have shown a significant presence
of Chiari malformation type | with those LDS patients who
were found to have intracranial aneurysms. (6)

Treatment of intracranial aneurysms in patients with LDS has
been accomplished through both open and endovascular
methods. Cases have reported successful treatment of an-
eurysms in LDS patients via open craniotomy and clipping.
(5) There have also been reports of successful aneurysm em-
bolization via stent assisted coiling in this patient population.
(8) Furthermore, there have been reports of utilizing the pipe-

474 | Turk Neurosurg 36(3):471-475, 2026

line embolization device for flow diversion and curative parent
vessel reconstruction in LDS patients without evidence of inju-
ry or vessel dissection. (3) This report details the novel case of
an adult patient with LDS4 successfully treated for a ruptured
vertebral artery aneurysm. Intracranial aneurysm treatment in
a patient with LDS 4 has not yet been described.

LDS has a close connection with other connective tissue
disorders, having at one point thought to have been a variant
of Marfan Syndrome and often being misdiagnosed as such.
Each child of an individual with LDS has a 50% chance of
developing the pathogenic variant of the disorder. Marfan
Syndrome is also inherited in an autosomal dominant fashion
and involves skeletal, cardiovascular, and ocular systems, but
is caused by a mutation in the fibrillin 1 gene (FBN1) coding
for extracellular matrix protein fibrillin-1. (4) Interestingly, the
mutation in fibrillin-1 leads to enhanced TGFb signaling,
prominently contributing to the pathology of Marfan Syndrome,
whereas cytoplasmic kinase mutations in the TGF-b receptors



or ligands are the underlying cause of LDS. (2) Marfan
Syndrome is not associated with brain aneurysms, further
supporting the role of TGF-b in brain aneurysm formation and
the role mutations in signaling pathways can have on clinical
presentation.

B CONCLUSION

Vascular Ehlers-Danlos Syndrome can also clinically resemble
LDS, but is characterized by pathogenic variance in the
COL3A1 or COL1A1 genes, which play a role in collagen
formation. (1) The TGF-b pathway is an important mediator of
immunological maturity, cancer, inflammation and fibrosis, in
addition to skeletal, vascular and hematopoietic homeostasis.
(12) Further exploration of this pathway and its regulators
could lead to novel therapeutic options for connective tissue
disorders such as LDS and better understanding of the
mechanisms underlying aneurysm formation.
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ABSTRACT

Penetrating cerebrovascular injuries (PCVIs) are often life-threatening, with trauma to the carotid or vertebral arteries potentially
causing severe neurological deficits. This study aimed to retrospectively examine two cases of severe penetrating cerebrovascular
injury with unstable hemodynamics that resulted in markedly different neurological outcomes. The first patient was struck by a
high-speed metal rod, sustained injuries to the right common carotid and right vertebral arteries and was admitted to our hospital
10 h after the trauma. The second patient, who was stabbed, sustained an injury to the right vertebral artery and was admitted to
our hospital 1 h after the trauma. Both patients had injuries in zone Il of the right lateral neck. The first patient underwent ligation of
the right vertebral artery and anastomosis of the right common carotid artery using an interposition graft from the autologous great
saphenous vein, resulting in an asymptomatic infarction of the ipsilateral frontal lobe. The second patient only underwent ligation of
the right vertebral artery, which ultimately led to an occipital lobe infarction and subsequent visual field deficits. These contrasting
outcomes underscore the critical influence of cerebrovascular anatomical variations. Penetrating cerebrovascular injuries may pose
significant risks of neurological impairment, particularly in the presence of important vascular anatomical variants. Revascularization
should be considered as a primary treatment option for patients with cerebral vessel malformations.

KEYWORDS: Cerebrovascular trauma, Carotid artery injuries, Traumatic vertebral artery dissection, Neurologic deficits, Anatomic
variation

ABBREVIATIONS: BP: Blood pressure, CCA: Common carotid artery, CT: Computed tomography; CTA: CT angiography, DSA:
Digital subtraction angiography, PCVI: Penetrating cerebrovascular injury, PComA: Posterior communicating artery, PRBC: Packed
red blood cells, VA: Vertebral artery

B INTRODUCTION

enetrating cerebrovascular injury (PCVI) is an uncom-
Pmon, but fatal condition (4,23). The common carotid

artery (CCA), a major conduit of blood to the head and
neck, and the vertebral artery (VA), which is responsible for
supplying the posterior part of the brain, are crucial compo-
nents of the cervical vascular system. Injuries to these arter-
ies, whether blunt or penetrating, carry high morbidity and
mortality rates (16,25).

For penetrating neck injuries, clinicians typically opt for se-
lective surgical interventions following a thorough examina-
tion, particularly to assess digestive and respiratory functions
(21,25). Surgical exploration becomes mandatory in patients
with hemodynamic instability, whereas a selective treatment
strategy is employed for stable patients, reducing unneces-
sary surgeries by approximately 59% (21). Studies have pri-
marily reported general treatment outcomes, indicating that
these approaches are safe (17).
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However, few investigations have examined the relationship
between neurological dysfunction, the severity of penetrating
cerebrovascular injuries, and cerebrovascular anatomy. This
study aimed to analyze the treatment outcomes in two PCVI
cases, with a particular focus on neurological deficit compli-
cations.

B CASE REPORT
Case 1

A 57-year-old female was struck on the right lateral neck
(zone ll) by a high-speed, 10 cm metal rod (Figure 1A and 1B).
Upon admission to a local hospital, computed tomography
(CT) angiography (CTA) indicated suspected perforations of
the CCA and VA (Figure 1C). An initial exploratory surgery
failed to control the bleeding. The patient was intubated,
sedated, maintained on the vasopressor norepinephrine, and
transferred to our emergency room approximately 10 h post-
injury. Exploratory surgery was immediately performed again
in the operating room.

Intraoperatively, both the right CCA and VA were found to be
lacerated with near-complete transection (both Biffl grade V)
(Figure 2A, Table 1) (2,6). The VA was ligated first. The CCA was
debrided and temporarily shunted using a modified T-tube,

Table I: Biffl Classification for Traumatic Cerebrovascular Injury (2)

Lei J. and Wei G: Penetrating Cerebrovascular Injuries

followed by definitive reconstruction with an autologous great
saphenous vein graft harvested from the contralateral thigh
(Figure 2B-D). CCA repair was completed in approximately
30 min, after which the patient’s hemodynamics stabilized.
The total intraoperative blood loss was 1,500 mL, requiring
transfusion of 6 units of packed red blood cells (PRBCs) and
950 mL of autologous whole blood.

Postoperatively, non-contrast cranial CT revealed a small ipsi-
lateral frontal lobe infarction (Figure 3A), although the patient
remained neurologically intact. Routine Doppler ultrasonogra-
phy revealed thrombosis at the CCA anastomotic site. A sub-
sequent CTA revealed vascular occlusions measuring 5 cm in
the right CCA and 3.5 cm in the right VA (Figure 3B and 3C).
Although stent graft placement via digital subtraction angiog-
raphy (DSA) was attempted, contralateral CCA stenosis pre-
cluded this intervention. The patient received dual antiplatelet
therapy (aspirin 100 mg/day and clopidogrel 75 mg/day) for
3 months along with a therapeutic dose of enoxaparin (4,000
AXalU/day).

The patient developed a midsternal wound infection that
resolved following debridement and negative pressure wound
therapy. In addition, the patient experienced hoarseness, and
ipsilateral vocal cord paralysis was detected via laryngoscopy.
The patient ultimately achieved complete recovery and was
discharged without any residual complications.

Biffl grade Description

| Luminal irregularity or dissection with < 25% luminal narrowing

] Dissection or intramural hematoma with > 25% luminal narrowing, intraluminal thrombus, or raised intimal flap
Il Pseudoaneurysm

\% Occlusion

\Y Transection with free extravasation

Figure 1: Preoperative images of case 1.
A) The location of penetrating injury in the
neck. B) Metal rod penetrating the neck.
C) Preoperative CTA showing injured
segments of the right CCA and VA. The
blue arrow indicates the injured segment of
the right VA and the black arrow indicates
the injured segment of the right CCA.
Abbreviations: CCA: common carotid
artery; CTA: computed tomography
angiography; VA: vertebral artery.
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C) Trimming the injured right CCA segment. D) Anastomosis was performed using a self-great saphenous vein graft from the contralateral

thigh. Abbreviations: CCA, common carotid artery.

Case 2

A 31-year-old male presented to our trauma center approxi-
mately 1 h after sustaining multiple stab wounds involving the
right lateral neck (zone ll), head, right anterior chest, and left
elbow. On admission, the patient was conscious but hemo-
dynamically unstable with tachycardia (heart rate, 120 beats
per minute), tachypnea (respiratory rate, 24 breaths per min-
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Figure 3: Postoperative images of
case 1. A) Non-contrast cranial CT
showing a small ischemic infarction
in the ipsilateral frontal cerebral lobe.
B) Postoperative occlusion of the
injured CCA and VA segments. The
red circle indicates the occluded right
CCA segment. Red arrow indicates
an occluded segment of the right

VA. C) CTA showing the relative
occluded lengths of the right CCA
and VA. CCA: Common carotid artery;
CT: Computed tomography; CTA:
computed tomography angiography;
VA: vertebral artery.

ute), and hypotension (blood pressure (BP) 70/50 mmHg).
Active hemorrhage from the right neck wound was noted,
accompanied by hematemesis. Initial hemorrhage control
was achieved using a Foley catheter with balloon tamponade
(Figure 4A). Resuscitation included transfusion of 2 units of
PRBCs and vasopressor support through a central venous
catheter, resulting in hemodynamic improvement (systolic BP
> 90 mmHg). Emergency CTA demonstrated luminal narrow-
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Figure 4: Pre-, intra-, and postoperative images of case 2. A) Foley catheter with a balloon tamponade was used to control the
hemorrhage. B) Preoperative CTA showing injured segments of the right VA (red arrow). C) Laceration of proximal esophagus (white
arrow). D) Grayscale visual field analysis showing complete left eye blindness and right homonymous hemianopsia (upper panel: left eye;
lower panel: right eye). E) Postoperative non-contrast cranial CT imaging showing an ischemic infarction in the left occipital lobe (blue
arrow). F) Postoperative occlusion of the injured VA segment (red circles). G) CTA showing occlusion of the left PComA (white arrow) and
hypoplasia of the right PComA (blue arrow). CT: Computed tomography; CTA: Computed tomography angiography, VA: Vertebral artery;

PComA: Posterior communicating artery.

ing of the right vertebral artery at the C5 transverse foramen
segment, consistent with a vascular injury (Figure 4B). Subse-
quently, the patient was transported to the operating room for
exploratory surgery.

Surgical exploration confirmed complete transection (Biffl
grade V) of the right VA and the accompanying vein, along
with laceration of the proximal esophagus (Figure 4C).
The vertebral vessels were surgically ligated and primary
esophageal repair was performed by placing a closed suction
drain adjacent to the repair site. The procedure resulted in
an estimated blood loss of 500 mL, requiring transfusion of
6 units of PRBCs and 350 mL of fresh frozen plasma. The
patient received enoxaparin monotherapy (4,000 AXalU/day)
for thromboembolic prophylaxis.

The patient developed almost complete left eye blindness and
right homonymous hemianopia postoperatively, with visual

field defects confirmed by standardized ophthalmic perimetry
(Figure 4D). Non-contrast cranial CT revealed an acute
infarction in the left occipital lobe. Subsequent CTA revealed
occlusion of the right VA and left posterior communicating
artery (PComA) along with hypoplasia of the right PComA
(Figures 4E-G). The patient was discharged with persistent
visual field deficit.

B DISCUSSION

PCVI accounts for approximately 25% of penetrating neck
injuries, with the carotid artery involved in 80% of cases and
the vertebral artery in 43% (13). These injuries carry high
risks of hypovolemic shock, ischemic cerebral infarction, and
mortality. Reported mortality rates range from 2.6% to 26%,
whereas ischemic infarction ranges from 9% to 30% (5,18).
Persistent neurological deficits have been reported in up to
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Penetrating Neck Injury

Penetrating Platyy

Hemodynamic Status

Unstable

Stable

\

CTA

Blood Transfusion and Resuscitation

WSible
Urgent
g CTA

combined with (+)

Wnetrating Platysma

Debridement

DSA <€

— O\,

Stent Insertion (for common
carotid artery and internal
carotid artery; for vertebral
artery with abnormal artery
anatomy)

combined with (+)

Embolization (for vertebral artery
with no abnormal artery anatomy)

\
Surgical Exploration

v \
Revascularization Ligation

(for common carotid artery
and internal carotid artery;
for vertebral artery with
abnormal artery anatomy)

(for vertebral artery
with no abnormal artery
anatomy)

Figure 5: Treatment algorithm of penetrating neck injury involving cerebrovascular injuries. CTA: computed tomography angiography,

DSA: digital subtraction angiography.

80% of cases (26). Both cases in this study involved severe
Biffl grade V cerebrovascular injuries. Previous studies have
consistently demonstrated that higher Biffl grades are strongly
correlated with an increased incidence of in-hospital stroke
(22,26).

The CCA and internal carotid artery serve as the principal
conduits for the anterior cerebral circulation. As such, inju-
ries to these arteries are particularly threatening to cerebral
perfusion. Current management protocols recommend DSA
for hemodynamically stable patients with zone | (between the
cricoid cartilage and clavicle) or zone Ill (above the mandible)
injuries, where the anatomical complexity favors endovascu-
lar approaches (18). In contrast, hemodynamically unstable
patients require immediate surgical exploration regardless of
the injury location. Both cases presented here involved zone |l
injuries (between the mandible and the cricoid cartilage) that
necessitated open surgical intervention.

Revascularization of the CCA or internal carotid artery remains
the preferred treatment for eligible patients, except in cases
of preoperative neurological deficits, in which arterial ligation
may be required (7,18). Current evidence suggests that CCA
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ligation should be considered only in comatose patients with
prograde flow during surgical exploration, as documented in a
previous study (12). The available revascularization options in-
clude primary repair and interposition grafting when anatomi-
cally feasible. Temporary intravascular shunt placement, while
serving as a damage-control technique, has been associated
with an increased risk of stroke and mortality (5).

The unique hemodynamic characteristics of the circle of Wil-
lis predispose patients to cerebral infarction when ipsilateral
arterial supply is diminished or absent (19). In the first case,
the patient was sedated upon arrival at the emergency depart-
ment, which prevented immediate neurological assessments.
Despite a 10-h delay from injury to treatment, successful in-
terposition grafting was achieved using the contralateral great
saphenous vein. Postoperative imaging revealed thrombosis
at the anastomotic site with subsequent development of a
small, asymptomatic right frontal lobe infarction. The like-
ly pathophysiological mechanisms include: (a) cerebral hy-
poperfusion secondary to hemorrhagic shock and (b) throm-
boembolic events originating from the injured right CCA. The
preserved blood flow through the contralateral CCA and VA
(Figure 3C) likely limited the extent of the cerebral infarction.



Literature typically recommends ligation or embolization for
unilateral VA injuries (10,18,21). VA ligation is generally con-
sidered to carry minimal risk of cerebral complications, par-
ticularly unilateral injuries (10). Notably, bilateral VA injuries
require prompt intervention through endovascular techniques
or cervical immobilization to maintain adequate posterior cir-
culation perfusion and prevent catastrophic neurological out-
comes (9). Hypotension has been found to increase the risk of
stroke by 1.32-fold compared to patients without hypotension,
particularly in those with internal watershed infarctions (3,22).
In case 2, the patient developed a left occipital lobe infarction
and bilateral visual field defects after the injury. Left occipital
lobe infarction may partially contribute to the bilateral visual
field defects. However, near-blindness of the left eye cannot
be explained only by left occipital lobe infarction and requires
further investigation. The infarction area is always ipsilateral
to the injured vertebral artery; however, this was not the case
here (1). The infarction likely resulted from multiple contrib-
uting mechanisms: (a) cerebral hypoperfusion secondary to
hypotensive shock, leading to a critical reduction in effective
cerebral blood flow; (b) ligation of the right VA, which signifi-
cantly diminished posterior circulation; (c) occlusion of the left
PComA combined with hypoplasia of the right PComA, further
limiting collateral perfusion to the posterior cerebral circula-
tion and exacerbating ischemia in the left occipital lobe; and
(d) thromboembolism originating from the site of injury to the
right VA. A previous study also revealed that small (<1 mm in
diameter) or absent ipsilateral PComAs contribute to the oc-
currence of ischemic infarction (19). This finding underscores
the need for a cautious approach to VA injury management,
particularly in cases of hypovolemic shock and vascular ana-
tomical variants.

Preoperative CTA plays a critical role in detecting circles of
Willis abnormalities, including stenoses or congenital malfor-
mations, which may worsen cerebral ischemia during hypo-
tensive shock or reduced arterial flow. Research has highlight-
ed several aspects of the risks associated with VA injuries.
Anatomical predispositions to injury, such as artery placement
relative to cervical structures, increase susceptibility to trau-
ma-induced vertebrobasilar insufficiency (15). Even when
ligation appears successful, pseudoaneurysms and throm-
boembolisms have been reported, necessitating long-term
monitoring (14). Preoperative CTA is particularly valuable for
evaluating potential collateral pathways, including deep cervi-
cal arterial networks, which may significantly influence post-li-
gation ischemic outcomes (20). Studies have also confirmed
that unilateral vertebral artery ligation can be performed safely
only when preoperative evaluations demonstrate adequate
compensatory flow from the contralateral artery (8). Thus, the
second patient’s severe neurological deficits following VA li-
gation directly correlated with the preexisting circle of Willis
abnormalities. Occlusion of the left PComA in case 2 further
contributed to decreased blood flow in the posterior cerebral
circulation, particularly on the left side. In contrast, the first
patient avoided major complications despite combined carot-
id and vertebral injuries, probably because of the preserved
normal vascular anatomy.
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The revascularization of VA injuries typically involves the use of
endovascular stents (17). A significant limitation was the lack
of suitable-caliber stents (11). Embolization is a viable salvage
option when distal stent deployment is not feasible. The
complex anatomical course of the VA through the transverse
foramina and cervical plexus makes open surgical repair
particularly demanding. However, innovative techniques show
promise. V3 segment-deep cervical artery anastomosis may
effectively restore posterior circulation perfusion (24), whereas
bypass grafting from the ipsilateral external carotid artery to
the VA at the C1 level has demonstrated clinical efficacy (8).

The two cases in this series collectively demonstrate that re-
vascularization should constitute the primary treatment strate-
gy for both CCA and VA injuries. Methods such as open surgi-
cal ligation or embolization may be acceptable under specific
circumstances as mentioned above. Based on these findings,
we proposed a promising treatment algorithm (Figure 5). A
critical component of this approach is comprehensive preop-
erative vascular imaging (initially with CTA, and DSA if neces-
sary) of the carotid arterial and vertebral arterial systems to
identify potentially compromising anatomical variants before
ligation of the great vessels. Therefore, DSA may be an option
for the diagnosis, treatment, and follow-up of patients with
stable disease. Careful consideration should be given to avoid
ligation or embolization to minimize the risk of symptomatic
cerebral infarction in certain cases. Additionally, the anatom-
ical zone of neck injury should be considered when selecting
the appropriate treatment strategy.

B CONCLUSION

Anatomic variation is a critical determinant of outcomes in
penetrating cerebrovascular injury. Revascularization is es-
sential to prevent cerebral infarction and permanent neurolog-
ic impairment when treating patients with significant cerebro-
vascular variants.
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Accessory Nerve Meningioma of the Foramen Magnum:

A Rare Neurosurgical Entity
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ABSTRACT

Meningiomas, which are the most common primary intracranial tumors, frequently arise from the dura of the convexities, parasagittal
regions, and skull base. The accessory nerve (cranial nerve Xl) at the level of the foramen magnum is an exceptionally uncommon
site of origin. To date, only a few cases have been clearly documented in the literature. We report the case of a 66-year-old
woman who presented with dizziness, headaches, and left-sided shoulder weakness. The lesion was initially presumed to be a
regular foramen magnum meningioma. Intraoperatively, the spinal accessory nerve was centrally engulfed by the tumor, with gross
invasion of the nerve sheath and no identifiable dissection plane. The final histopathology confirmed the diagnosis of a World Health
Organization Grade | meningioma. Accessory nerve meningiomas are exceedingly rare and can closely mimic the more common

dural-based foramen magnum tumors.

KEYWORDS: Accessory nerve, Meningioma, Foramen magnum, Cranial nerve, Microsurgical resection

ABBREVIATIONS: MRI: Magnetic resonance imaging, SSTR2A: Strong Somatostatin Receptor 2A, CN: Cranial nerve

B INTRODUCTION

eningiomas are the most common primary intracra-
Mnial tumors, accounting for approximately half of all

benign central nervous system neoplasms. They
arise from the arachnoid cap cells of the meninges and can
theoretically occur at any location within the central nervous
system (11). While most meningiomas involve the cerebral
convexities, parasagittal region, or skull base, some may orig-
inate in association with the cranial nerves (CNs) (4). Although
optic nerve sheath meningiomas are well-documented and
represent approximately 1% of all intracranial meningiomas

(2), meningiomas may also originate from other CNs. Report-
ed cases include those involving the trigeminal nerve (CN V)
(3) and the oculomotor nerve (CN lll) (1), among others, each
presenting with distinct clinical features. In contrast, menin-
giomas arising from or intimately associated with the lower
CNs—particularly the accessory nerve (CN Xl)—are exceed-
ingly rare.

Extra-axial solid tumors at the level of the foramen magnum
are typically diagnosed as meningiomas. Schwannomas are
less common but may be considered when there is a single
CN deficit and no clear dural tail on imaging. However,
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accessory nerve meningiomas are extremely rare and can
easily be overlooked by both radiologists and neurosurgeons.
Surgical resection remains the mainstay of treatment for large
lesions, but its complex relationship with the accessory nerve
poses considerable challenges.

The present report aimed to describe a rare case of a foramen
magnum meningioma originating from the accessory nerve,
highlighting the diagnostic challenges associated with non-
dural-based foramen magnum CNs meningiomas, discussing
the surgical approach and nerve preservation strategy, and
sharing the histopathological properties and radiological find-
ings of this rare clinical entity.

B CASE REPORT

A 66-year-old woman without any relevant medical history
was referred to our neurosurgery outpatient clinic due to a
6-month history of dizziness, occipital headaches, and left-
sided shoulder pain. Neurological examination revealed
mild weakness of the left shoulder upon elevation (Medical
Research Council Grade 3/5) and a positive Romberg sign.
No other CN deficits or other myelopathic signs were noted.

Brain magnetic resonance imaging (MRI) demonstrated a ho-
mogeneously enhancing lesion at the foramen magnum (Fig-
ure 1). The lesion was radiologically consistent with a foramen
magnum meningioma, although no clear dural tail was noted
on imaging. Computed tomography scans showed no hyper-
ostosis or bony involvement.

The patient was offered surgical resection and provided in-
formed consent. She was placed in a lateral position and un-
derwent a left-sided far-lateral craniotomy. Intraoperatively,
the tumor was found to encase the accessory nerve (Figure
2). A specimen was sent for frozen section analysis, which
revealed that the tumor was most consistent with a meningio-
ma. Notably, no dural attachment of the lesion was observed.

Upon careful microsurgical dissection, the tumor was found
to invade the nerve sheath of the accessory nerve, and a
clear surgical plane could not be identified. Dissection was
performed by identifying the intact nerve’s proximal and distal
ends and carefully navigating through the lesion with the goal
of preserving the nerve’s anatomical and functional integrity
(Figure 2).

Histopathological examination confirmed the diagnosis of a
meningioma, with immunohistochemical negativity for S100
and SOX10, thus ruling out the diagnosis of a schwannoma,
and strong somatostatin receptor 2A positivity confirming the
diagnosis of a meningioma arising from the accessory nerve
(Figure 3).

The patient tolerated the procedure well and exhibited no new
neurological deficits postoperatively. Follow-up MRI showed
complete resection of the lesion, with the 6-month follow-up
MRI scan demonstrating no residual or recurrent tumor (Figure
4).

B DISCUSSION

Although the foramen magnum is a recognized site for
meningioma development, most of these tumors originate
from the dura in the lower posterior fossa and foramen
magnum. Yasargil et al. have reported that foramen magnum
meningiomas originate from the dural entry point of the
vertebral artery on the intradural side (12). However, although
rare, foramen magnum meningiomas may arise directly from
the accessory nerve. The preoperative diagnosis of such
lesions can be challenging; yet clinicians should maintain a
high index of suspicion for accessory nerve meningiomas
when encountering homogeneously enhancing masses that
lack a dural tail and lie in close anatomical proximity to the
course of the accessory nerve.

B

—

Figure 1: Preoperative contrast enhanced T1W magnetic resonance imaging scans revealed a well-circumscribed, diffusely enhancing
left-sided lesion at the level of the foramen magnum (A: axial, B: sagittal, C: coronal sections). The imaging characteristics were
suggestive of a meningioma; however, the absence of a clear dural attachment raised the differential diagnosis of other pathologies,
including a schwannoma or, less commonly, a meningioma not originating from the dura.
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Figure 2: Intraoperative views of accessory nerve meningioma resection via a far-lateral approach. A) Intraoperative photograph following
surgical exposure via a left-sided far-lateral approach. A well-circumscribed tumor (t) is visualized at the level of the foramen magnum. B)
Intraoperative view demonstrating the tumor dissection process. The accessory nerve (*) is seen after being dissected from the tumor (t),
revealing gross invasion of the nerve sheath and absence of a clear dissection plane. Microsurgical dissection was performed between
the proximal and distal nerve segments under high magnification to preserve the nerve’s integrity. C) Intraoperative view showing the
accessory nerve (XI) after complete circumferential dissection and separation of the tumor. The label (p) marks the cottonoid patties
within the operative field.
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Figure 3: Histopathological and immunohistochemical features of the tumor confirming the diagnosis of meningioma. A) Histopathological
appearance of the tumor. The lesion comprised cells with abundant eosinophilic cytoplasm, oval nuclei, and a syncytial growth pattern
(hematoxylin & eosin staining; magnification x400). B) Tumor cells demonstrate diffuse immunoreactivity for somatostatin receptor 2A
(SSTR2A), consistent with a diagnosis of a meningioma (x200). C) SOX10 expression was not observed in the tumor cells, supporting
the exclusion of a schwannoma or other neural crest-derived neoplasms (x200). D) Diffuse strong S100 staining was not observed in
the tumor cells (x200).
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Figure 4: A six-month postoperative magnetic resonance imaging scans demonstrating gross total resection of the lesion, with no
evidence of residual or recurrent tumor (A: axial, B: sagittal, C: coronal sections).

Apart from optic nerve sheath meningiomas—which are
uniquely encased by true meningeal layers—accessory nerve
meningiomas are exceedingly rare and, by definition, lack
a dural attachment. The origin of these tumors may involve
ectopic arachnoid cap cells along the perineural arachnoid
extensions or displaced meningeal elements in the CN sheath.

Unlike most foramen magnum meningiomas, which displace
or encase nearby nerves, direct infiltration of the nerve sheath
considerably complicates surgical resection. In such cases,
the absence of a dissection plane between the tumor and
nerve makes microsurgical dissection a difficult and tedious
process. A practical approach, as in our case, involves iden-
tifying the nerve’s proximal and distal ends, followed by intra-
tumoral dissection to preserve the nerve’s continuity. In our
experience, intraoperative neurophysiological monitoring was
valuable in guiding the resection process and avoiding irre-
versible damage. Ultimately, in these rare cases, a meticulous
microsurgical technique remains critical for accessory nerve
preservation.

The present case report emphasizes the importance of under-
standing the normal anatomy, particularly in certain locations
such as the foramen magnum region where critical neurovas-
cular structures are densely clustered and lie in close proxim-
ity to each other. The accessory nerve is purely a motor nerve
that innervates the sternocleidomastoid and trapezius mus-
cles. In foramen magnum lesions, the absence of a dural tail,
in addition to their homogeneous enhancement, anatomical
proximity to the course of the spinal accessory nerve, and the
presence of accessory nerve paresis can help raise suspicion
for an accessory nerve meningioma. However, it is still difficult
to include accessory nerve meningioma in the differential di-
agnosis because only a few cases have been reported in the
literature. When surgically treating these lesions, comprehen-
sive knowledge of the anatomy and microsurgical principles
as well as careful neuromonitoring are of utmost importance
to preserve the nerve. When the neurosurgeon is familiar with
the anatomical course of the CNs, particularly the accessory
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nerve, as in the present case, it is possible to identify that
the nerve ends within the tumor and originates from the site
of engulfment. Neuromonitoring, including nerve stimulation,
can easily confirm the nerve and facilitate the surgical course.
Another unusual aspect for the neurosurgeon is that this me-
ningioma is not attached to the dura at any point. In the pres-
ent case, the lesion seemed to be floating, freely movable,
and to be easily pulled out; however, this situation can be very
deceiving, as forcing the lesion out may lead to the avulsion or
transection of the accessory nerve.

To the best of our knowledge, only six cases of accessory
nerve meningiomas have been reported in the literature (Table
l). Among these, only three cases were foramen magnum
meningiomas (5,7,9), whereas the remaining cases were upper
cervical lesions. Kobyakov et al. have described a cystic tumor
with a solid component arising from the nerve sheath, whereas
Mohri et al. reported a solid lesion eccentrically adherent to
the accessory nerve with a favorable dissection plane (5,7).
Contrarily, our case involved the spinal accessory nerve
being centrally engulfed by the tumor, with clear evidence
of gross nerve sheath invasion and no identifiable dissection
plane (Figure 2). This reinforces the uniqueness of our case,
both anatomically and surgically, contributing to the limited
literature on this rare entity.

Accessory nerve meningiomas are exceedingly rare and can
radiologically mimic common dural-based foramen magnum
meningiomas. The present case highlights the importance of
including the accessory nerve meningiomas in the differential
diagnosis of foramen magnum lesions, particularly when a
dural tail cannot be identified on the MRl scan. Intraoperatively,
the absence of a favorable dissection plane and gross nerve
sheath invasion—as seen in our case —can pose considerable
surgical challenges. Nevertheless, functional preservation may
still be achievable through meticulous microsurgical dissection
performed under high magnification and illumination, guided by
anatomical knowledge and intraoperative neurophysiological
monitoring. The present case contributes to the limited
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literature on accessory nerve meningiomas and underscores
the need for a high preoperative index of suspicion and
surgical adaptability in managing atypical skull base tumors.

B CONCLUSION

Accessory nerve meningiomas are exceedingly rare and can
radiologically mimic regular foramen magnum meningiomas.
Although there is no clear cleavage plan between the nerve
and tumor, functional preservation may still be achievable
through meticulous microsurgical dissection, guided by
anatomical knowledge and neurophysiological monitoring.

Declarations

Funding: This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
Availability of data and materials: The datasets generated and/or
analyzed during the current study are available from the corresponding
author by reasonable request.

Disclosure: The authors declare no competing interests.

Informed consent: The patient’s written informed consent was
acquired.

AUTHORSHIP CONTRIBUTION

Study conception and design: MSG, MA, MAK

Data collection: MAK, SS, Gi

Analysis and interpretation of results: MSG, MA, TSA

Draft manuscript preparation: MA, MAK

Critical revision of the article: MSG

Other (study supervision, fundings, materials, etc...): BB, MSG

All authors (MA, MAK, SS, GlI, BB, TSA, MSG) reviewed the
results and approved the final version of the manuscript.

B REFERENCES

1. Doi K, Otani N, Hagita D, Horiuchi M, Takeuchi S, Toyooka T,
Wada K, Hayashi M, Mori K: A case of meningioma originating
from the oculomotor nerve. World Neurosurg 143:197-201,
2020. https://doi.org/10.1016/j.wneu.2020.07.089

2. Dutton JJ: Optic nerve sheath meningiomas. Surv
Ophthalmol 37:167-183, 1992. https://doi.org/10.1016/0039-
6257(92)90135-g

488 | Turk Neurosurg 36(3):483-488, 2026

10.

11.

12.

Fujimoto Y, Kato A, Taniguchi M, Maruno M, Yoshimine T:
Meningioma arising from the trigeminal nerve: A case report
and literature review. J Neurooncol 68:185-187, 2004. https://
doi.org/10.1023/b:neon.0000027774.19801.af

Huntoon K, Toland AMS, Dahiya S: Meningioma: A review
of clinicopathological and molecular aspects. Front Oncol
10:579599, 2020. https://doi.org/10.3389/fonc.2020.579599

Kobyakov NG, Bezbabicheva TS, Shishkina LV, Arustamyan
SR, Pitskhelauri DI: Meningioma obolochek dobavochnogo
nerva. Klinicheskii sluchai i obzor literatury [Accessory nerve
meningioma. A case report and literature review. Zh Vopr
Neirokhir Im N N Burdenko 88:90-95, 2024. https://doi.
org/10.17116/neiro20248803190

Liechty P, Tubbs RS, Loukas M, Blount JP, Wellons JC,
Acakpo-Satchivi L, Oakes WJ, Grabb PA: Spinal accessory
nerve meningioma in a paediatric patient: A case report. Folia
Neuropathol 45:23-25, 2007.

Mohri M, Yamano J, Saito K, Nakada M: Spinal accessory
nerve meningioma at the foramen magnum with medullar
compression: A case report and literature review. World
Neurosurg 128:158-161, 2019. https://doi.org/10.1016/j.
wneu.2019.05.013

Tatagiba M, Koerbel A, Bornemann A, Freudenstein D: Menin-
gioma of the accessory nerve extending from the jugular fora-
men into the parapharyngeal space. Acta Neurochir 147:909-
910, 2005.https://doi.org/10.1007/s00701-005-0520-8

Thomé C, Grobholz R, Boschert J, Schmiedek P: Bilateral
meningiomatous lesions of the spinal accessory nerves. Acta
Neurochir 145:309-313; discussion 313, 2003. https://doi.
org/10.1007/s00701-002-1059-6

Ueno H, Tsutsumi S, Hashizume A, Sugiyama N, Ishii H:
Atypical meningioma originating from the spinal accessory
nerve. Surg Neurol Int 13:598, 2022. https://doi.org/10.25259/
SNI_1085_2022

Wiemels J, Wrensch M, Claus EB: Epidemiology and etiology
of meningioma. J Neurooncol 99:307-314, 2010. https://doi.
org/10.1007/s11060-010-0386-3

Yasargil MG, Mortara RW, Curcic M: Meningiomas of the
basal posterior cranial fossa. In: Krayenbuhl H, (ed). Advanc-
es and Technical Standards in Neurosurgery. Vol. 7. Wien:
Springer-Verlag 1980:1-115. https://doi.org/10.1007/978-3-
7091-7051-9.



Turk Neurosurg 36(3):489-490, 2026
DOI: 10.5137/1019-5149.JTN.49720-25.2

: Received: 20.08.2025
Obltuary Accepted: 05.12.2025

Published Online: 22.05.2026

In Memory of Dr. Zeki Oral

llhan ELMACI

Professor of Neurosurgery, Acibadem Kent Hospital, izmir, Tirkiye

Corresponding author: Ilhan ELMACI = ilhanelmaci@yahoo.com

ABSTRACT

Dr. Zeki Oral was born in Anamur in 1940. He completed his primary and secondary education in Anamur and his high school
education in Bursa. In 1966, he graduated from Istanbul Faculty of Medicine and, in the same year, began his neurosurgery residency
at Hacettepe Faculty of Medicine. Following his residency, he completed his military service at Kasimpasa Naval Hospital, where
he subsequently continued to work as a specialist physician. He then began his first post-residency instructor position at Taksim
Training Hospital. With the enactment of the full-time practice law, he resigned from public service. After working for a period as a
private practitioner, he accepted an invitation to serve as Chief of Neurosurgery Deparment at Bakirkdy Mental and Neurological
Diseases Hospital. After twenty years in this role, he decided to retire in 2012. He passed away on March 4, 2025.
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his primary and secondary education in Anamur and

attended high school in Bursa. He graduated from
the Istanbul Faculty of Medicine in 1966, and in that same
year, he began his neurosurgery residency at Hacettepe Uni-
versity Faculty of Medicine. Upon completing his residency,
he fulfilled his military service at Kasimpasa Naval Hospital,
where he continued to serve as a specialist physician. His
first academic appointment after residency was at Taksim
Training Hospital. With the enactment of the full-time law, he
was required to resign from public service. After several years
working as a private practitioner, he accepted an invitation to
become Clinical Chief at Bakirkdy Mental and Neurological
Diseases Hospital, a position he held for twenty years until his
retirement in 2012. Dr. Oral passed away on March 4, 2025.

D r. Zeki Oral was born in Anamur in 1940. He completed

As a distinguished neurosurgeon and dedicated educator, Dr.
Oral was a quintessential master of his field, embodying ex-
ceptional knowledge, experience, clarity, and patience. He ex-
emplified the principle that professional success in neurosur-
gery arises from a rigorous clinical process—beginning with
the initial patient encounter and neurological examination,
proceeding through the selection of appropriate radiological
studies, and culminating in thoughtful treatment planning.
These principles, together with surgical proficiency, form the
foundation of neurosurgical training worldwide, and Dr. Oral’s
teaching reflected them fully as he guided his students to lis-
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ten attentively, ask the right questions, and manage each step
of patient care with professionalism.

We experienced this firsthand in the outpatient clinic with Dr.
Oral. We presented patients’ medical histories along with the
findings of their physical and neurological examinations, re-
viewed the radiological studies together, and formulated treat-
ment plans under his guidance. This process was profoundly
instructive, teaching each of his students the importance of
professional demeanor, attentive listening to patients and their
families, and effective clinical management through asking the
right questions.

| recall the engaging and educational morning rounds during
which in-patients were reviewed and updates were present-
ed by the senior resident. Decisions regarding follow-up and
treatment planning were made collectively. As a fair and im-
partial professional Dr. Oral maintained an equitable and im-
partial approach toward all trainees. At the end, each resident
performed all surgical procedures required by their level of
seniority in a timely manner, completed their thesis by the res-
idency exam date, therefore passing their exam successfully,
and obtaining their specialty certification.

Dr. Zeki Oral’s character was shaped by strong principles, in-
tegrity, and a clear worldview. He spoke directly and expressed
his thoughts without ambiguity. He valued clarity and had lit-
tle tolerance for unnecessary complexity. His humanistic and
democratic perspective guided his conduct in both clinical
and personal interactions. He did not approve of secrecy or
closed-door dealings. In difficult or contentious situations he
would first listen to both sides, understand the issue in detalil,
before expressing a considered opinion. Especially during our
daily morning clinic meetings, he would raise a topic or tell a
relevant anecdote to point to the solution to the problem. The
intended message was always delivered effectively.

He was a good man, a skilled neurosurgeon, an instructive
clinical chief, and a mentor. Although he appeared strict due
to his adherence to principles, he was open to progress and
new practices.

We trained during a period when microsurgery was rapidly ex-
panding in scope and influence. Dr. Oral welcomed our eager-
ness to learn with genuine enthusiasm and unwavering sup-
port. He set clear expectations within the limits of the available
resources and ensured that our development progressed ap-
propriately. Before attempting any technique we had not yet
mastered, he emphasized the necessity of completing the

Like the sea that guirfes each vessel tﬁrougﬁ the m’gﬁt,
A mentor stands constant, a calm and steady (ight.
With wisdom deep as oceans and patience like the tide,

’Tﬁey featf us fUWllYl{ ﬁorizons we oncefem’et{ toﬁmi
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requisite “learning curve” or performing the procedure under
the guidance of an experienced mentor.

Neurosurgery residency training is not solely about perform-
ing operations or developing technical skills; it is fundamen-
tally about shaping a professional. The discipline comprises
both art and craft. The first involves the human and aesthetic
approach, while the second encompasses skill. It is through
the harmony of these two that professional depth can be
achieved. What follows then depends on the energy, ambi-
tion, and choices of the specialist after training.

| have many colleagues who were trained under his guidance.
Each of them worked and continues to work as neurosur-
geons who are recognized for their knowledge, experience,
dedication, and diligence.

Among Dr.Oral’s, the main awards were:
e Service Award, Turkish Neurosurgical Society, 2004
* Service Award, Society of Nervous System Surgery, 2015

» Certificate of Appreciation, 50th year as a specialist in
neurosurgery, Turkish Neurosurgical Society, 2021

Dr. Oral also served as founding editor of the “Dlislinen Adam
Dergisi - The Journal of Psychiatry and Neurological Sciences.
His leadership and vision have made significant contributions
to the academic field beyond his roles in surgery and teaching.

He emphasized the importance of learning new things and
pursuing activities outside of one’s career. After retiring in
2012, he returned to his hometown of Anamur in Mersin and
devoted himself to agriculture, particularly to growing banan-
as, one of the region’s most important crops. He gained suf-
ficient knowledge in this field and obtained a certificate. The
happiness he felt from working the land and ultimately ob-
taining a tangible product brought him great joy. (Reference:
Mehmet Secer, “Ustalardan Hayata Dair: Zeki Oral,” Spinal Pe-
ripheral Nerve Surgery Bulletin Journal, April 2019, Issue: 83)

He saw his profession not only as a job that brought him hap-
piness, but also as a field that defined meaningful human rela-
tionships. He was charming at social gatherings and meetings,
and his circle was always crowded. He was a respected person
in terms of his personal and professional relationships, whose
opinions were held in high regard, sought after, and missed.

We remember and commemorate our esteemed Dr. Zeki Oral
with respect, gratitude, and longing.

Dr. ilhan Elmaci

Editorial Response

Dr. Zeki Oral will be remembered as a prominent neurosur-
geon, a committed teacher, and a person of morality and a
mentor whose influence extended to generations of trainees.
His dedication to clinical excellence, ethical practice and
thoughtful mentorship exemplify the enduring values of neuro-
surgery. The academic community remembers him with deep
respect and gratitude.

Editorial Board of Turkish Neurosurgery
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