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INFORMATION FOR THE AUTHORS

The Turkish Journal of Trauma and Emergency Surgery (TJTES) is an official
publication of the Turkish Association of Trauma and Emergency Surgery. It is
a peer-reviewed periodical that considers for publication clinical and experi-
mental studies, case reports, technical contributions, and letters to the editor.
Twelve issues are published annually.

Our journal is indexed in several prestigious databases, with the indexing
history detailed below:

As of 2001, the journal has been indexed in Index Medicus / Medline and
Scopus. Starting from 2005, it is included in Excerpta Medica and EMBASE.
From 2007 onwards, it has been listed in the Science Citation Index Expand-
ed (SCI-E) and the Journal Citation Reports / Science Edition. Since 2014,
the journal is indexed in EBSCOhost and ProQuest. As of 2023, it has been
added to PubMed Central.

The journal’s impact factor in SCI-E indexed journals is 1.1 according to the
2023 Journal Citation Reports (JCR). In PubMed, the journal is cited as ‘Ulus
Travma Acil Cerrahi Derg’.

Submission of a manuscript by electronic means implies: that the work has
not been published before (except in the form of an abstract or as part of a
published lecture, review, or thesis); that it is not under consideration for publi-
cation elsewhere; and that its publication in the Turkish Journal of Trauma and
Emergency Surgery is approved by all co-authors. The author(s) transfer(s)
the copyright to the Turkish Association of Trauma and Emergency Surgery
to be effective if and when the manuscript is accepted for publication. The
author(s) guarantee(s) that the manuscript will not be published elsewhere in
any other language without the consent of the Association. If the manuscript
has been presented at a meeting, this should be stated together with the
name of the meeting, date, and the place.

Manuscripts must be submitted in English. All submissions are initially re-
viewed by the editor, and then are sent to reviewers. All manuscripts are sub-
ject to editing and, if necessary, will be returned to the authors for answered
responses to outstanding questions or for addition of any missing information
to be added. For accuracy and clarity, a detailed manuscript editing is under-
taken for all manuscripts accepted for publication. Final galley proofs are sent
to the authors for approval.

Unless specifically indicated otherwise at the time of submission, rejected
manuscripts will not be returned to the authors, including accompanying ma-
terials.

Priority of publications is given to original studies; therefore, selection criteria
are more refined for reviews and case reports.

Manuscript submission: TJTES accepts only on-line submission via the
official web site (please click, www.travma.org.tr/en) and refuses printed
manuscript submissions by mail. All submissions are made by the on-line
submission system called Journal Agent, by clicking the icon “Online manu-
script submission” at the above mentioned web site homepage. The system
includes directions at each step but for further information you may visit the
web site (http://www.travma.org/en/journal/).

Manuscript preparation: Manuscripts should have double-line spacing,
leaving sufficient margin on both sides. The font size (12 points) and style
(Times New Roman) of the main text should be uniformly taken into account.
All pages of the main text should be numbered consecutively. Cover letter,
manuscript title, author names and institutions and correspondence address,
abstract in Turkish (for Turkish authors only), and title and abstract in English
are uploaded to the Journal Agent system in the relevant steps. The main text
includes Introduction, Materials and Methods, Results, Discussion, Acknowl-
edgments, References, Tables and Figure Legends.

The cover letter must contain a brief statement that the manuscript has been
read and approved by all authors, that it has not been submitted to, or is not
under consideration for publication in, another journal. It should contain the
names and signatures of all authors. The cover letter is uploaded at the 10th
step of the “Submit New Manuscript” section, called “Upload Your Files”.

Abstract: The abstract should be structured and serve as an informative
guide for the methods and results sections of the study. It must be prepared
with the following subtitles: Background, Methods, Results and Conclusions.
Abstracts should not exceed 200 words.

Figures, illustrations and tables: All figures and tables should be numbered
in the order of appearance in the text. The desired position of figures and
tables should be indicated in the text. Legends should be included in the rel-
evant part of the main text and those for photomicrographs and slide prepara-
tions should indicate the magnification and the stain used. Color pictures and
figures will be published if they are definitely required and with the under-

standing that the authors are prepared to bear the costs. Line drawings should
be professionally prepared. For recognizable photographs, signed releases of
the patient or of his/her legal representatives should be enclosed; otherwise,
patient names or eyes must be blocked out to prevent identification.

References: All references should be numbered in the order of mention in
the text. All reference figures in the text should be given in brackets without
changing the font size. References should only include articles that have been
published or accepted for publication. Reference format should conform to
the “Uniform requirements for manuscripts submitted to biomedical journals”
(http://www.icmje.org) and its updated versions (February 2006). Journal titles
should be abbreviated according to Index Medicus. Journal references should
provide inclusive page numbers. All authors, if six or fewer, should be listed;
otherwise the first six should be listed, followed by “et al.” should be written.
The style and punctuation of the references should follow the formats below:

Journal article: Velmahos GC, Kamel E, Chan LS, Hanpeter D, Asensio JA,
Murray JA, et al. Complex repair for the management of duodenal injuries. Am
Surg 1999;65:972-5.

Chapter in book: Jurkovich GJ. Duodenum and pancreas. In: Mattox KL, Fe-
liciano DV, Moore EE, editors. Trauma. 4th ed. New York: McGraw-Hill; 2000.
p. 735-62.

Our journal has succeeded in being included in several indexes, in this con-
text, we have included a search engine in our web site (www.travma.org.tr)
so that you can access full-text articles of the previous issues and cite the
published articles in your studies.

Review articles: Only reviews written by distinguished authors based on the
editor’s invitation will be considered and evaluated. Review articles must in-
clude the title, summary, text, and references sections. Any accompanying
tables, graphics, and figures should be prepared as mentioned above.

Case reports: A limited number of case reports are published in each issue
of the journal. The presented case(s) should be educative and of interest to
the readers, and should reflect an exclusive rarity. Case reports should contain
the title, summary, and the case, discussion, and references sections. These
reports may consist of maximum five authors.

Letters to the Editor: “Letters to the Editor” are only published electronically
and they do not appear in the printed version of TJTES and PubMed. The edi-
tors do not issue an acceptance document as an original article for the “letters
to the editor. The letters should not exceed 500 words. The letter must clearly
list the title, authors, publication date, issue number, and inclusive page num-
bers of the publication for which opinions are released.

Informed consent - Ethics: Manuscripts reporting the results of experimental
studies on human subjects must include a statement that informed consent
was obtained after the nature of the procedure(s) had been fully explained.
Manuscripts describing investigations in animals must clearly indicate the
steps taken to eliminate pain and suffering. Authors are advised to comply
with internationally accepted guidelines, stating such compliance in their man-
uscripts and to include the approval by the local institutional human research
committee.

POLICIES

Open Access Policy: The Turkish Journal of Trauma and Emergency
Surgery - TJTES (Ulusal Travma ve Acil Cerrahi Dergisi) supports the Bu-
dapest Open Access Initiative statement of principles that promotes free ac-
cess to research literature. The declaration defines open access to academic
literature as free availability on the internet, permitting users to read, record,
copy, print, search, or link to the full text, examine them for indexing, use them
as data for software or other lawful purposes without financial, legal, or techni-
cal barriers. Information sharing represents a public good, and is essential to
the advancement of science. Therefore, articles published in this journal are
available for use by researchers and other readers without permission from
the author or the publisher provided that the author and the original source are
cited. The articles in TJTES are accessible through search engines, websites,
blogs, and other digital platforms.

Additional details on the Budapest Open Access Initiative and their guidelines
are available at https://www.budapestopenaccessinitiative.org/, including a
Turkish translation of the recommendations at http://www.budapestopenac-
cessinitiative.org/boai-10-translations/turkish-translation.

Creative Commons License: A Creative Commons license is a public copy-
right license that enables the free distribution of copyrighted work. TITES
articles are licensed under the Attribution-NonCommercial-ShareAlike 4.0 In-
ternational (CC BY-NC 4.0) version. The author grants the right to share and
use original work with the condition that it be appropriately credited, it may



POLICIES

not be used for commercial purposes, and secondary products must also be
made available under the same terms of use. Specific details can be found at
https://creativecommons.org/licenses/by-nc/4.0/.

TJTES is committed to encouraging dissemination of academic work and in-
terdisciplinary cooperation.

Ethics Policy: The observance of ethical principles throughout the research
and publication process is fundamental to ensuring the integrity of the work
and furthering the goal of contributing to and sharing high-quality, objective,
reliable, and useful information.

TJTES has adopted ethical principles based on the guidelines prepared by
the Committee on Publication Ethics (COPE) (https://publicationethics.org/).
We implement these processes to ensure appropriate support for our authors
and their institutions, as well as our readers. It is crucial that all of the stake-
holders in the process (authors, readers and researchers, publishers, review-
ers, and editors) comply with ethical principles.

Ethical Responsibilities of the Authors:

+ Studies submitted for publication must be original work of the author. Ref-
erences to other studies must be cited and/or quoted completely and ac-
curately;

+ Only those who provide a substantial intellectual contribution to the content
of the work may be cited as an author. Other contributors may be recog-
nized with acknowledgements at the conclusion of the article;

« All competing interests or relationships that may be perceived to constitute
a conflict of interest must be declared and explained;

+ All studies involving human or animal subjects must comply with national
and international laws and guidelines regarding privacy and ethical con-
duct (e.g., World Medical Association Declaration of Helsinki, US National
Institutes of Health Policy on the Use of Laboratory Animals, EU Directive
on the Use of Animals) and the details of approval and observance should
be indicated in the Materials and Methods section of the manuscript;

+ Authors must be able to provide documentation showing that they have
the right to use the data analyzed, all necessary permission related to the
research, and appropriate consent;

+ Raw data and other material used in the article must be available and may
be requested from the author(s) in order to verify the validity of the reporting;

+ In the event the author(s) notice an error at any point in the publication
process or after publication, they have the obligation to inform the journal
editor or publisher and cooperate in appropriate corrective action;

+ Authors may not submit their article for publication to more than one journal
simultaneously. Each application must be initiated following the completion
of any previous effort. Previously published articles, will not be accepted,
including translations, without the proper acknowledgement of the original
author;

» Changes in authorship designation (such as adding authors, changing the
printed order of the authors, removing an author) once the evaluation pro-
cess has begun will not be accepted in order to protect all parties involved.

Ethical Duties and Responsibilities of the Editors: The editor is responsi-
ble for everything published in the journal. In the context of this responsibility,
editors have the following duties and obligations:

- Endeavor to meet the needs of readers and authors;
+ Maintain continuous development to improve the journal;

+ Consistently work to ensure quality and academic integrity. The editor is re-
sponsible for confirming that the publishing policies and standards are up-
held;

+ Support freedom of thought;

» Prevent business needs or other considerations from compromising intel-
lectual and ethical standards, including acting in a balanced, objective, and
fair manner in the course of their duties without any discrimination based
on gender, religious or political beliefs, ethnic or geographical origin, spon-
sorship, renown, or other influence;

« Apply the publicly defined publication policies created and enforced to en-
sure a timely and impartial evaluation process for all submissions;

+ Protect intellectual property and to defend the rights of the journal and
author(s);

+ Demonstrate clarity and transparency. The editor is expected to ensure
that any errors, inconsistencies, or misleading statements are corrected
quickly and appropriately acknowledged;

+ Perform a thorough, timely, and objective investigation of any complaint or
allegation of misconduct, including providing the opportunity for the author
to present information refuting accusations, and to share the findings and
conclusions and implement appropriate action, which may include, but is
not limited to rejection of an article.

Reader Relationship: The editor is to make publication decisions based on
expectations of suitable and desirable material. Studies accepted for publica-
tion must be original contributions that benefit the reader, researcher, practi-
tioner, and the literature. In addition, editors are obliged to take into account
feedback from readers, researchers, and practitioners, and to provide an in-
formative response. Readers will also be informed of any funding provided to
support published research.

Author Relationship:

« The decision to accept an article is to be based on the importance, original
value, validity, and clarity of expression of the work, and the goals and
objectives of the journal;

« Studies accepted for evaluation and publication will not be withdrawn un-
less serious problems are identified;

+ The editor will not disregard positive reviewer comments unless there is a
serious problem with the study;

+ New editors will not change publishing decisions made by previous
editor(s) unless there is a serious problem;

« A description of the submission and evaluation process is publicly avail-
able;

« Authors are provided with descriptive and informative feedback.
Reviewer Relationship:

» Reviewers are to be selected according to the subject of the study;
» Information and guidance for the evaluation phase is provided;

+ Any conflicts of interest between authors and reviewers will be disclosed
and managed appropriately;

» Reviewer identity is to be kept confidential to preserve a blind review pro-
cess;

» Reviewers are to evaluate the study using unbiased, scientific, and con-
structive comments. Unkind or unscientific commentary will not be permit-
ted;

» Reviewers will be evaluated using criteria such as timely response and
quality of observations;

+ The pool of reviewers is to be assessed and supplemented regularly to
ensure a broad scope of expertise.

Editorial Board Relationship: The editor works with the members of the
editorial board to ensure that they are familiar with journal policies and devel-
opments in regular meetings and announcements, and will provide training for
new members and assistance to board members during their tenure in their
role as a supporter of the journal.

« Editorial board members must be qualified and able to contribute to the
journal;

+ Members of the editorial board must evaluate studies impartially and inde-
pendently;

« Editorial board members with the appropriate expertise will be given the
opportunity to evaluate suitable articles;

+ The editor will maintain regular contact with the editorial board and hold
regular meetings regarding the development of editorial policies and other
aspects of journal management.

Creativity and Openness:
+ Constructive criticism is to be encouraged;

+ Authors will be given the opportunity to reply to criticism or lodge com-
plaints;

» Negative results will not be a reason for submission denial.

Ethical Responsibilities of the Reviewers: Peer review of research em-
bodies the scientific method, subjecting the work to the exacting scrutiny of
knowledgeable colleagues. The rigor of the review process directly affects the
quality of the literature; it provides confidence in an objective and independent
evaluation of the published work. TITES uses a double-blind review process.
All comments and the evaluation are transmitted through the journal manage-
ment system. Reviewers should:



+ Only agree to evaluate studies related to their specialty;
+ Return reviews promptly and within the designated timeframe;

+ Evaluate with impartiality. Nationality, gender, religious beliefs, political be-
liefs, commercial concerns, or other considerations must not influence the
evaluation;

+ Refuse to review any work with a potential conflict of interest and inform
the journal editor;

+ Maintain confidentiality of all information. Destroy manuscripts and related
material following the review. Only the final published version may be used
for any purpose;

+ Report any suspicion of misconduct to the editor;

+ Use thoughtful and constructive language intended to improve the quality
of the article. Hostile or derogatory comments are not acceptable.

Ethical Responsibilities of the Publisher: The role of the publisher includes
stewardship of the scholarly record. As such, the publisher should:

+ Abide by ethical principles related to research integrity; the process of ap-
plication, review, and selection; and publication;

+ Collaborate with the editor and the editorial board to maintain and develop
the journal in a relationship that recognizes editorial independence and is
defined by written agreement;

+ Publish content in a timely manner, including corrections, clarifications,
and retractions;

+ Preserve published work.

The publication processes of the journal are conducted in accordance with
the guidelines of International Committee of Medical Journal Editors (ICMJE),
the World Association of Medical Editors (WAME), the Council of Science
Editors (CSE), the Committee of Publication Ethics (COPE), the European
Association of Science Editors (EASE) and National Information Standards
Organization (NISO).

Examples of some activities considered to be contrary to scientific re-
search and publication ethics:

+ Plagiarism: The representation of the ideas, methods, data, or other work
of another, in whole or in part, as one’s own. The original source must be
appropriately acknowledged. Authors are encouraged to offer unique work
that does not rely on substantial use of other sources, regardless of cita-
tion.

» Fraud: The use of fabricated or falsified data or other deceptive misrepre-
sentation of fact.

+ Distortion: Manipulation of the research records, data, images, or results,
or presenting unused devices or materials as if they were used in the
research, particularly in the interests of study sponsors.

* Republication: Duplicate submissions presented as unique publications.

+ Slicing: The use of a portion of data or findings derived from a single re-
search idea in multiple smaller units as separate publications.

+ Inaccurate authorship: The inclusion of individuals as named authors who
were not active contributors, the failure to include contributors, or the inap-
propriate ranking of authors.

+ Lack of acknowledgement of individuals, institutions, or organizations that
provided financial or other substantial support to the work.

+ Use of a thesis or unpublished study without the permission of the owner.

+ Failure to comply with ethical rules for human and animal research, includ-
ing respect for patient rights and animal welfare, or obtaining the required
approval.

+ The misuse of resources, facilities, or devices provided for scientific re-
search.

+ The use of false or misleading statements.

On rare occasions it may be necessary for a journal to impose sanctions on
researchers who have engaged in questionable research practices or publish-
ing ethics malpractice: for example, a ban against publishing any further ar-
ticles in the journal when doing so puts the journal’s reputation demonstrably
at risk, or not permitting a researcher to serve as a reviewer or editor. Bans of
this nature may be implemented for a period of time and revoked or extended
if necessary, upon review at the conclusion of the allotted time period. Sanc-
tions may be appealed by writing to the journal editor.

Plagiarism Policy: Plagiarism is the theft of another’s work and a violation of
ethics, regardless of whether it is intentional or not. It is unacceptable conduct

to submit or publish manuscripts using other sources without appropriately
citing the reference. It is the policy of TJTES, to use plagiarism detection soft-
ware for all submissions and to perform an editorial review when necessary.
The editor or the editorial board may request revision or reject a manuscript
that does not meet publication standards, including plagiarism, citation or
other manipulation, or any fraudulent misrepresentation.

Copyright Transfer: Manuscripts submitted for publication in TJTES should
be original, unpublished work. Upon submission, the authors are obliged to
declare that the study, in whole or in part, has not been previously published
or evaluated for publication on any other platform. Sanctions may be applied
for failure to observe this policy.

Authors agree to transfer copyright privileges upon submission to the TJTES.
This transfer takes effect upon acceptance for publication. No part of pub-
lished material may be used for any other purpose without the written permis-
sion of the publisher.

Authors should obtain any necessary permission from the copyright holder
when using content previously published in printed or electronic format, in-
cluding pictures, tables, or other elements. The legal, financial, and criminal
responsibility resides with the author.

Authors must return a completed copyright transfer form upon submission.

Conflict of Interest: The editor is required to ensure that any conflicts of inter-
est between authors, reviewers, or other parties are disclosed and managed
appropriately to provide an independent and impartial process.

Any potential perception of a financial or personal interest that may affect
decision-making creates a conflict of interest. The presence of a conflict of
interest is independent of the occurrence of inappropriateness. The reliability
of the scientific process and published articles is directly related to the objec-
tive consideration of conflicts of interest during the planning, implementation,
writing, evaluation, editing, and publication of scientific studies.

Financial relationships are the most easily identified conflicts of interest, and if
undisclosed, they undermine the credibility of the journal, the authors, and the
science. However, conflicts can also occur through individual relationships,
academic competition, intellectual approach, and more. Authors should re-
frain as much as possible from any relationship that could restrict their ability
to objectively access data or analyze, interpret, prepare, and publish their
article. Authors must disclose any relationships related to study submissions.

Editors and peer reviewers should also be aware of potential conflicts of inter-
est and refrain from engaging in any activity that could be questionable and
report associations that could be perceived as presenting a conflict.

The publication team works diligently to ensure that the evaluation process is
conducted in an impartial manner in order to protect the interests of all parties.

The conflict of interest form and more detailed information are available at:
http://www.icmje.org/disclosure-of-interest/

Artificial Intelligence (Ai)-Assisted Technology

At submission, the journal should require authors to disclose whether they
used artificial intelligence (Al)— assisted technologies (such as Large Lan-
guage Models [LLMs], chatbots, or image creators) in the production of sub-
mitted work. Authors who use such technology should describe, in both the
cover letter and the submitted work, how they used it. Use of Al for writing
assistance should be reported in the acknowledgment section. Authors who
used Al technology to conduct the study should describe its use in the meth-
ods section in sufficient detail to enable replication to the approach, includ-
ing the tool used, version, and prompts where applicable. Chatbots (such as
ChatGPT) should not be listed as authors because they cannot be respon-
sible for the accuracy, integrity, and originality of the work, and these responsi-
bilities are required for authorship. Therefore, humans are responsible for any
submitted material that included the use of Al-assisted technologies. Authors
should carefully review and edit the result because Al can generate author-
itative-sounding output that can be incorrect, incomplete, or biased. Authors
should not list Al and Alassisted technologies as an author or co-author, nor
cite Al as an author. Authors should be able to assert that there is no plagia-
rism in their paper, including in text and images produced by the Al. Humans
must ensure there is appropriate attribution of all quoted material, including
full citations.

Publishing Fee: In order to further improve the quality and accessibility of the
journal, a fee will be charged as a contribution to the cost of production. This
fee will be charged during the process of application of submitted articles and
will be charged regardless of eventual acceptance/rejection of the manuscript.

Foreign authors can complete the article submission process after depositing



USD 600.- to the USD account.

Turkish authors can complete the article submission process after depositing
5000.- TL to the account.

The article number released at the last stage of the article upload process
must be written in the bank shipment description section.

Fast-track Publication Fee

The Turkish Journal of Trauma and Emergency Surgery, the scientific publica-
tion of the National Association of Trauma and Emergency Surgery, has now
added the option of a Fast-track Publication Fee to meet the demand for an

accelerated publication process. The charge for early publication is 10,000 TL
for Turkish authors and 1000 USD for foreign authors.

Article Processing Charge

Starting with the first issue of 2024, the Turkish Journal of Trauma and Emer-
gency Surgery will be introducing an Article Processing Charge (APC) of 200
USD for articles published in the journal. This charge is necessary to cover the
costs associated with the publication services provided by the journal. These
services include article management costs, the production of articles in PDF
and other formats, and the distribution of published articles to various venues
and other publishing functions.
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ORIGINAL ARTICLE

Evaluation of the impact of donor site size on treatment
outcomes in experimental deep second-degree burns
treated with non-cultured autologous cell spray

Sermet Terzi," ® Omer Cennet,' © Busenur Kirmtay,' ® Kemal Késemehmetoglu,2 © Ali Konan'

'Department of General Surgery, Hacettepe University, Faculty of Medicine, Ankara- Tiirkiye
2Department of Pathology, Hacettepe University, Faculty of Medicine, Ankara- Ttirkiye

ABSTRACT

BACKGROUND: Deep second-degree burn treatment is often time-consuming and expensive, with split-thickness autografts be-
ing the current standard of care. Recently, noncultured autologous cell sprays have shown comparable efficacy. This study utilized an
experimental animal model to determine the optimal donor-to-burn area ratio for this method.

METHODS: Twenty-four male Wistar-albino rats were assigned to three groups (A, B, and C), each receiving two standardized
second-degree burn wounds (2 cm?) on the dorsal skin. On day 5 post-injury, treatments were applied as follows: Group A wounds
were left untreated or underwent tangential excision; Group B received autologous cell spray from 2 cm? and | cm? donor sites; Group
C received cell spray from 0.5 cm? and 0.25 cm? donor sites. On day 14, all animals were sacrificed. Wound healing was assessed mac-
roscopically (necrosis percentage) and histopathologically (ulcer size and inflammation score, 0-3).

RESULTS: Necrotic area percentage in the first and second burn site of the groups A, B, and C were 15+0.15%, 13+0.1%, 6£0.05%,
6+0.05%, 17+0.15%, and 9+0.1% (meanzxstandard deviation [SD]), ulcer size was 1.5£2.0 mm, 0.8+1.6 mm, 0.4£0.7 mm, 0.1£0.4 mm
2.412.1 mm, and .3£1.7 mm (mean+SD), and the inflammatory response was 1.8+1.5, [.5+1.2, 0.8+1.0, 0.5%1.1,2.0£1.1, and [.5%1 .4
(meanxSD), respectively. All evaluated parameters were statistically significantly better in the second burn area of Group B compared
to the untreated group (p=0.007, p=0.041, p=0.043).

CONCLUSION: While previous research supports the use of small donor sites for extensive burns, our findings suggest that, in
smaller burn injuries, a donor-to-burn area ratio of 1:2 provides more effective wound healing than further donor site reduction. The
14-day follow-up and reliance on a single thermal burn model limit the generalizability of these results. Future studies with extended
observation, varied burn etiologies, and molecular or immunohistochemical analyses are needed to validate and expand upon these
findings.

Keywords: Autologous cell spray; keratinocyte suspension; noncultured cell spray.

INTRODUCTION The standard treatment for deep burn wounds typically in-

volves excising the burned tissue and covering the area with
Burns are defined as traumatic injuries to the skin or other

organic tissues resulting from acute destruction caused by
heat, cold, electricity, radiation, or caustic chemicals. The se-
verity of the burn is one of the primary factors determining  the body surface, the limited availability of donor sites, coupled

the treatment approach.["! with complications like infection or unsatisfactory cosmetic

either full-thickness or split-thickness autologous skin grafts.

(231 However, in cases of major burns affecting a large area of
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results at these sites, can lead to prolonged hospitalization,
increased treatment costs, and reduced patient satisfaction.
While cultured epidermal cells have been used in burn treat-
ment for a while, several disadvantages such as the prolonged
treatment period due to the required culture time, the loss of
progenitor cells and epidermal stem cells during the in vitro
culture process, and the subsequent premature differentiation
of these cells have led to ongoing efforts to develop alterna-
tive treatment approaches.P!

The introduction of the noncultured autologous cell spray
technique has eliminated the need for a culture period. Fur-
thermore, since this method does not involve in vitro cell
culture processes, it provides significant advantages over cul-
tured epidermal autografts by reducing both treatment time
and overall costs.! These advantages have led to the growing
popularity of the noncultured epidermal autograft technique
in treating deep burns. Several studies in the literature have
demonstrated that minimizing the ratio between the donor
site area and the treated area can yield both functionally and
cosmetically acceptable outcomes.’® Further reduction of
the donor site required for harvesting autologous graft cells
would allow larger burn areas to be treated with grafts ob-
tained from smaller donor sites, thereby enhancing the ad-
vantages of this technique. Such an approach would minimize
donor site complications, lower treatment costs and hospital-
ization time, and ultimately improve patient satisfaction.

A review of the literature reveals that the autologous cell
grafting method is highly effective in the treatment of burns;
however, no comparative studies have been conducted re-
garding the optimal size of the donor area required for the
preparation of autologous cells. This study aimed to deter-
mine the optimal donor site size using an experimental model
involving noncultured autologous cell grafting.

MATERIALS AND METHODS

The study protocol was reviewed and approved by the
Hacettepe University Animal Experiments Local Ethics Com-
mittee on February 23, 2021 (Project No: 2021/02. Approval
No: 2021/02-07). All experimental procedures were carried
out at the Hacettepe University Experimental Animals Appli-
cation and Research Center, following institutional guidelines,
the European Union Directive 2010/63/EU on the protection
of animals used for scientific purposes, and the ethical prin-
ciples outlined in the Declaration of Helsinki.

In this study, a total of 24 male Wistar albino rats weighing
between 250 and 350 grams were used. The animals were
randomly divided into three groups labeled A, B, and C, with
eight rats in each group. Following recommendations from
prior experimental burn model studies, the dorsal region of
the animals was selected as the burn site to prevent them
from accessing the wound area, thereby minimizing the risk
of additional injury caused by scratching or biting the wound.
Furthermore, the dorsal skin exhibits less contraction com-

1022

pared to other body regions, providing a more stable wound
model.”

Two burn areas, each measuring 2 cm?, were created on the
dorsal skin of each rat. Consequently, six burn area subgroups
were established to receive different treatment protocols

(Fig. 1).

In group A, no treatment was applied to the first burn area
(group 1), while only debridement was performed on the
second burn area (group 2). In Group B, the first burn area
(group 3) was treated with a cell spray prepared from a 2 cm?
donor site, and the second burn area (group 4) received a
cell spray obtained from a | cm? donor site. In Group C, the
first burn area (group 5) received a cell spray derived from a
0.5 cm? donor site, while the second burn area (group 6) was
treated with a cell spray prepared from a 0.25 cm? donor site.
Accordingly, the donor-to-treated burn area ratios were |:|
in group 3, |:2 in group 4, 1:4 in group 5, and 1:8 in Group
6. The distribution of rats across the groups is summarized
in Figure I.

The animals were housed individually in separate cages for
a 10-day acclimatization period before the experiment, with
free access to water and standard chow. They were main-
tained under controlled environmental conditions at a con-
stant temperature with a |12-h light/12-h dark cycle.

Before the experimental procedures, anesthesia was induced
in the rats by intraperitoneal administration of a mixture of
90 mg/kg ketamine hydrochloride (Ketalar®, Eczacibagl, Istan-
bul, Turkey) and 10 mg/kg xylazine HCI (Alfazyne® 2%, 20
mg/mL, 30 mL, Alfasan Int B.V,, The Netherlands). In accor-
dance with the animal model described by Tavares Pereira et
al.'% for inducing second-degree burns, a 5| -g aluminum plate
with a surface area of 2 cm? was immersed in water heated
to 100°C under thermometer control and maintained in the
water until the temperature returned to 100°C. After shaving
the dorsal skin, two deep second-degree burn wounds, each
measuring 2 cm?, were induced on the dorsal area of anes-
thetized rats by applying the heated plate, using its weight,
for 15 s. Immediately after burn induction, analgesia was
provided through subcutaneous administration of 40 mg/kg
metamizole sodium (Onpyron®, Onfarma, Samsun) into the
dorsal neck region, followed by oral administration of 200
mg/kg metamizole sodium mixed into the drinking water. In
addition, to ensure hydration, 5 mL of physiological saline was
injected subcutaneously into the dorsal neck area.l'!

Five days after burn induction, the animals were re-anes-
thetized for debridement and application of autologous cell
spray. Anesthesia was achieved through intraperitoneal ad-
ministration of a mixture of 90 mg/kg ketamine hydrochloride
(Ketalar®, Eczacibasi, Istanbul, Turkey) and 10 mg/kg xylazine
HCI (Alfazyne® 2%, 20 mg/mL, 30 mL, Alfasan Int B.V,, The
Netherlands).

In group A, no treatment was applied to the first burn area
(group ). The second burn area (group 2) was disinfected
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using chlorhexidine (Dermanios Scrub®, Anios) and then
underwent debridement through tangential excision with a
handheld dermatome (Wecprep™ Blades, Pilling Weck Surgi-
cal, PA, USA).

Based on the recommendations of the studies conducted by
Zhai et al.,l''1 the right inguinal region of the subjects was used
as the donor site for skin graft harvesting. Following appropri-
ate anesthesia, the donor sites of the animals in Groups B and
C were disinfected with chlorhexidine (Dermanios Scrub®,
Anios). Two healthy skin grafts were harvested from each
donor site using a scalpel. In Group B, skin grafts measuring
2 cm? (for group 3) and | cm? (for group 4) were obtained
from each animal. In Group C, skin grafts measuring 0.5 cm?
(for group 5) and 0.25 cm? (for group 6) were harvested from
each animal. The skin grafts harvested from the animals in
groups B and C were placed into sterile containers and cut
into small pieces. The specimens were then incubated in pre-
warmed dispase |l solution (Dispase Il Neutral Protease, NC,
USA) at 37°C for 40 min until the separation of the dermis-
epidermis junction was achieved.

Subsequently, the tissue samples were transferred into Ring-
er’s lactate solution to remove residual enzyme. The epider-
mis and dermis were mechanically separated using a scalpel
and forceps in a separate sterile container. The isolated epi-
dermis was then placed into a tube containing Trypsin/ eth-
ylenediaminetetraacetic acid (EDTA) solution (Trypsin EDTA
Solution C 0.05%/0.02%, Biological Industries, USA) and in-
cubated with intermittent agitation for |5 min. Following en-
zymatic digestion, the specimens were washed with Ringer’s
lactate solution to remove any remaining enzyme. The cell
suspension, previously washed with Ringer’s lactate solution,
was filtered through a 70- pm cell strainer (70 pm Cell Strain-
er, Orange Scientific, Belgium). The resulting suspension,
which contained regenerative basal keratinocytes, was then
centrifuged at 200 g for 5 min after adding Ringer’s lactate
solution. Following centrifugation, the supernatant (Ringer’s
lactate) was carefully removed using a syringe, leaving the cell
pellet at the bottom of the tube. Fresh Ringer’s lactate so-
lution was added to the pellet, resulting in the preparation
of the noncultured cell spray containing regenerative basal
keratinocytes.!”]

In Groups B and C, following disinfection of the burn areas
with chlorhexidine (Dermanios Scrub®, Anios), tangen-
tial excision was performed using a handheld dermatome
(Wecprep™ Blades, Pilling Weck Surgical, PA, USA). Noncul-
tured cell suspensions obtained from donor sites measuring 2

cm?and | ecm? (Group 3 and Group 4, respectively) in Group
B, and 0.5 cm? and 0.25 cm? (Group 5 and Group 6, respec-
tively) in Group C, were applied to the debrided wounds us-
ing a syringe with a 22 G black needle tip. The suspension was
sprayed from approximately 5 cm to ensure uniform coverage
of the wound surface. After the procedure, all animals were
housed individually in separate cages. Routine wound care
was continued postoperatively by dressing the burn areas
with sterile gauze soaked in petrolatum.

On day |4 following treatment, all animals from the three
groups were sacrificed under high-dose anesthesia. Biopsy
samples were collected from both the burn areas and from
healthy skin. After sacrifice, all animals were evaluated mac-
roscopically through direct observation, and photographs
were taken for documentation. In all groups, wound healing
and the presence of necrotic areas were assessed using mil-
limetric grid drawings. If more than half of a square showed
signs of healing, it was scored as |; if necrosis was present,
it was scored as 0. Based on the total number of squares,
the percentage of macroscopic wound healing was calculated.
Excisional biopsy samples were collected parallel to the long
axis of the burn areas. The specimens were fixed in formalin
and embedded in paraffin blocks. Sections of 5 pm thickness
were prepared and stained with hematoxylin and eosin. His-
topathological evaluation was performed under a light micro-
scope. Tissue samples were assessed semi-quantitatively for
wound healing parameters, specifically for the presence of
non-epithelialized areas and inflammation. Inflammation was
scored histologically on a scale from 0 to 3. (Table I).

Statistical Analysis

Intra-group and inter-group factors were identified using Gen-
eralized Estimating Equations modeling. The significance of
changes in cross-sectional ulcer size, inflammation score, and
macroscopic necrosis percentage was analyzed by comparing
these variables to the untreated control group. In this model,
ulcer size and necrosis percentage were treated as continu-
ous variables, while the inflammation score was modeled as
an ordinal variable. The correlation between necrosis per-
centage and ulcer size was evaluated using Spearman correla-
tion analysis. A p<0.05 was considered statistically significant.

RESULTS
Macroscopic Evaluation
Evaluation of necrotic area percentage

When evaluating all experimental animals, macroscopic analy-
sis of post-sacrifice photographs revealed that the percentage

Table I. Acute inflammation scoring system
0 1 2 3
Acute inflammation score None Scant Moderate Abundant
Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9 1023
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Figure 1. Allocation of rats across experimental groups.

of necrotic area (meantstandard deviation [SD]) within the
burn sites was 14+0.11%, 6£0.6%, and 13£0.09% in groups
A, B, and C, respectively. A more detailed group-wise as-
sessment revealed necrotic area percentages (the meantSD)
of 15+0.15%, 13£0.1%, 6+0.05%, 6+0.05%, 17+0.15%, and
9+0.1% in the first (control), second, third, fourth, fifth, and
sixth groups, respectively (p=0.43, p=0.035, p=0.007, p=0.70
and p=0.15). Each group was compared to the first control
group. The box plot illustrating the percentage of necrotic
area in experimental animal groups is given in Figure 2.

Histopathological Evaluation
Ulcer size

In the histopathological evaluation, the mean+SD ulcer size

was [.5+2.0 mm, 0.8+1.6 mm, 0.4+£0.7 mm, 0.1£0.4 mm,
2.4+2.1 mm, and 1.3x1.7 mm in the first, second, third,
fourth, and sixth groups, respectively (p=0.009, p=0.I1,
p=0.041, p=0.37, and p=0.77). Each group was compared to
the first control group. Box plots illustrating ulcer size across
experimental animal groups are given in Figure 3.

Inflammation score

When the subjects were assessed for inflammation, the
meanzSD inflammation scores were [.8+1.5, 1.5+1.2,
0.8+1.0, 0.5£1.1, 2.0£1.1, and 1.5t1.4 in the first, second,
third, fourth, fifth, and sixth groups, respectively (p=0.97,
p=0.10, p=0.043, p=0.66, p=0.25). Each group was compared
to the first control group. Box plots illustrating inflammation

By Febe gy

Figure 2. Box plot illustrating the percentage of necrotic area in
experimental animal groups.

1024

Figure 3. Box plot illustrating ulcer size across experimental ani-
mal groups.
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Figure 4. Box plot illustrating inflammation scores across experi-
mental animal groups.

scores across experimental animal groups are given in Figure
4.

The relationship between the percentage of macroscopic
necrosis and ulcer size observed in histopathological evalu-
ation was analyzed. Necrotic area percentages (meanSD)
were 15+0.15%, 13+0.1%, 6+0.05%, 6+0.05%, 17+0.15%, and
9+0.1% in the first (control), second, third, fourth, fifth, and
sixth groups, respectively. The meantSD ulcer sizes were
1.5£2.0 mm, 0.8+1.6 mm, 0.4+0.7 mm, 0.1+£0.4 mm, 2.4+2.1
mm, and 1.3+1.7 mm for the first, second, third, fourth, fifth,
and sixth groups, respectively. A statistically significant posi-
tive correlation was identified between the percentage of ne-
crotic area and the size of non-epithelialized ulcers (r=0.83,
p<0.001), as determined by Spearman correlation analysis.

DISCUSSION

Numerous studies and case series have employed varying
donor-to-burn area ratios, yielding a range of outcomes.
However, the direct impact of donor site size on wound heal-
ing has not been specifically investigated in these reports. In
the present study, the most favorable macroscopic and mi-
croscopic results were observed in the group with a donor-
to-burn area ratio of 1:2. A smaller donor site is inherently
associated with improved cosmetic healing outcomes. Ratios
ranging from 1:10 to 1:100 have been reported in the litera-
ture, accompanied by variable treatment results.®'2'3!

Gerlach et al.l’! described a case series involving eight pa-
tients with deep second-degree burns who exhibited no signs
of re-epithelialization after 14 days of conservative manage-
ment. These patients were treated with a non-cultured au-
tologous cell spray, using donor-to-treated area ratios ranging
from 1:20 to 1:60. All patients achieved complete re-epithe-
lialization within an average of 12-20 days, resulting in cos-
metically acceptable outcomes. In our study, the follow-up
period was limited to 14 days. It is plausible that a longer
follow-up might have resulted in complete re-epithelialization
in the animal models. Nonetheless, it is essential to note that
prolonged epithelialization is generally considered undesir-
able, both from the patient’s perspective and from the per-
spective of healthcare resource utilization. Gerlach et al.l"}
did not assess the relationship between donor-to-burn area

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

ratios and the rate or quality of treatment response. More-
over, histopathological evaluation was not conducted during
the healing period to assess tissue regeneration across dif-
ferent donor-to-treated area ratios. Long-term complications
such as hypo- or hyperpigmentation, hypertrophic scarring,
and functional or cosmetic sequelae like contracture forma-
tion were evaluated at 6-month follow-up as treatment out-
come. However, in our study, the experimental period was
limited to 14 days; thus, long-term consequences were not
assessed, as they fell beyond the scope of this investigation.
Esteban-vives et al.®! examined the therapeutic outcomes of
non-cultured cell spray using donor-to-treated area ratios of
1:40—1:100 in six patients with burns of varying etiologies.
Clinical assessments were performed between post-opera-
tive days 14 and 20, focusing on contracture development,
hypertrophic scarring, and pigmentary alterations (i.e., hyper-
pigmentation or hypopigmentation). All patients exhibited
rapid re-epithelialization, with both functional and aesthetic
outcomes deemed satisfactory. No histopathological evalua-
tion was performed, and the effect of different burn etiolo-
gies on treatment outcomes was not analyzed. In our experi-
mental model, burn injuries were consistently induced using
an aluminum bar, following the thermal contact burn protocol
described by Tavares Pereira et al.l' Consequently, only the
therapeutic response to thermal contact burns was evalu-
ated. Future studies should aim to compare the efficacy of
non-cultured autologous cell therapies across various types
of burn injuries to better understand the generalizability of
this treatment modality.

In our study, the lowest mean inflammation score (0.5%1.1,
p=0.043) was observed in Group 4, in which the donor-to-
burn area ratio was |:2. Burn wound healing proceeds through
distinct and sequential phases: inflammation, proliferation,
and remodeling.'" The inflammatory phase represents an es-
sential immune response that initiates tissue repair and regen-
eration. However, excessive or prolonged inflammation may
hinder this process, resulting in adverse outcomes such as
increased fibrosis and scar formation.['"® Chronic, non-healing
wounds are often characterized by persistent inflammation,
which is recognized as a significant contributing factor to im-
paired wound healing.['¥]

Recent studies have shown that the type and timing of im-
mune cells present in the wound, and more importantly, the
level of inflammation, are key indicators of whether the heal-
ing process is proceeding appropriately.l'""! These observa-
tions support our findings, where improved outcomes were
associated with a donor-to-burn area ratio of 1:2, in terms
of both reduced inflammation and enhanced healing. In our
study, groups with elevated levels of inflammation also exhib-
ited a higher proportion of necrotic tissue relative to other
groups. An increased percentage of necrotic tissue may be re-
garded as a macroscopic indicator of impaired wound healing.
Considering that the evaluation was conducted on postop-
erative day 14, it can be inferred that wound healing was de-
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layed in groups with higher inflammation and necrosis scores.

A statistically significant correlation was identified between
the macroscopic percentage of necrosis and the ulcer area as
determined by histopathological analysis. These findings sug-
gest that macroscopic necrosis may serve as a reliable sur-
rogate endpoint for evaluating treatment efficacy, potentially
minimizing the need for time- and resource-intensive histo-
pathological assessments. The lowest percentage of necrotic
tissue was recorded in Group 4 (6+0.05%, p=0.007), which
had a donor-to-treated area ratio of 1:2. This outcome indi-
cates superior wound healing in this group. It suggests that
a |:2 ratio may offer an optimal balance between donor site
limitations and therapeutic effectiveness.

On postoperative day 14, inadequate wound healing was ob-
served both macroscopically and histopathologically in the
group treated solely with tangential excision. This observa-
tion is consistent with existing literature, which indicates that
tangential excision alone is insufficient for the effective man-
agement of deep second-degree burns.I'”? Failure to achieve
appropriate wound coverage following excision frequently
leads to invasive infection or, at best, desiccation of the ex-
posed wound surface. It is, in fact, widely acknowledged that
performing excision without the capacity to ensure proper
coverage may be more detrimental than leaving the eschar
intact.

Based on the overall findings, the most favorable macroscopic
and histopathological outcomes were achieved using the non-
cultured autologous cell spray technique with a donor-to-
burn area ratio of I:2.

This study has several notable limitations. First, the follow-up
period was limited to 14 days, which may have been insuf-
ficient to observe complete re-epithelialization or long-term
healing outcomes. Extending the observation period could
provide more comprehensive data on scar maturation, tis-
sue remodeling, and functional recovery. Second, although
the burn model employed—contact burns induced using an
aluminum bar—is widely accepted in experimental research,
it may not fully replicate the clinical characteristics and vari-
ability of scald or flame burns commonly encountered in pa-
tients. In addition, the absence of burn depth standardization
due to uneven heat distribution may have introduced variabil-
ity in injury severity, potentially affecting the consistency of
results. Finally, the study focused exclusively on macroscopic
and histological parameters, without incorporating molecular
or immunohistochemical analyses, which could have offered
more profound insights into the biological processes underly-
ing wound healing.

CONCLUSION

While existing research suggests that smaller donor sites may
be enough for treating extensive burns, our study results in-
dicate that for smaller burn injuries, the best wound healing
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is more likely with a donor-to-burn area ratio of 1:2, rather
than further reducing donor site size. In addition, the strong
link between macroscopic necrosis and the ulcer area mea-
sured histopathologically supports using macroscopic necro-
sis as a practical marker for evaluating treatment response.
The limited follow-up period of 14 days and the use of only a
single thermal burn model limit how broadly these results can
be applied. Future studies should include longer observation
times, different burn causes, and molecular and immunohis-
tochemical analyses to validate and build on these findings.
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ORIJINAL CALISMA - 0Z

Kiiltiire-edilmemis otolog hiicre spreyi ile tedavi edilen derin ikinci derece yaniklarin
deneysel modelinde dondr alani biiyiikliigiiniin tedavi sonuglarina etkisinin
degerlendirilmesi

AMAGC: Derin ikinci derece yaniklarin tedavisi genellikle zaman alici ve maliyetlidir; bu durumda, kismi kalinlikta deri greftleri halen standart tedavi
yontemidir. Son yillarda, kiiltiire-edilmemis otolog hiicre spreyleri benzer etkinlik géstermeye baglamistir. Bu calismada, bu yontemin uygulanmasin-
da en uygun dondr alani/yanik alani oranini belirlemek amaciyla deneysel bir hayvan modeli kullanilmistir.

GEREC VE YONTEM: Yirmi dért erkek Wistar-albino sigan i gruba (A, B ve C) ayrildi ve her birinin sirt bélgesine standart boyutta (2 cm2) iki adet
ikinci derece yanik olusturuldu. Yanik sonrasi 5. glinde asagidaki tedaviler uygulandi: Grup A'da yaralar ya tedavisiz birakildi ya da tangensiyel eksiz-
yon uygulandi; Grup B'de 2 cm? ve | cm? dondr alanlarindan elde edilen otolog hiicre stispansiyonu uygulandi; Grup C'de ise 0.5 cm? ve 0.25 cm?
donér alanlarindan elde edilen hiicre stispansiyonu uygulandi. Tim hayvanlar |4. giinde sakrifiye edildi. Yara iyilesmesi makroskopik olarak nekroz
ylizdesi, histopatolojik olarak ise iilser boyutu ve inflamasyon skoru (0-3) ile degerlendirildi.

BULGULAR: Grup A, B ve C’nin birinci ve ikinci yanik alanlarinda gézlenen ortalama nekrotik alan ylizdeleri sirasiyla %15%0.15, %13£0.1, %6%0.05,
%620.05, %17%0.15 ve %9%0.1 idi. Ortalama Ulser boyutlar sirasiyla 1.5£2.0 mm, 0.8£1.6 mm, 0.4£0.7 mm, 0.1£0.4 mm, 2.4%2.] mm ve
[.3£1.7 mm olarak &lctildi. Enflamatuvar yanit skorlari ise sirasiyla 1.8%1.5, 1.5+1.2, 0.8£1.0, 0.5%1.1, 2.0 1.1 ve 1.5%1.4 idi. Grup B’nin ikinci
yanik alaninda degerlendirilen tim parametrelerde, tedavisiz gruba kiyasla istatistiksel olarak anlamli diizeyde daha iyi sonuglar elde edildi (p=0.007,
p=0.041, p=0.043).

SONUC: Onceki calismalar genis yaniklar icin kiiglik dondr alanlarinin yeterli olabilecegini 6ne siirerken, bu calismanin bulgulari kiiglik ylizeyli ya-
niklarda donér/yanik alan oraninin |: 2 olarak belirlenmesinin yara iyilesmesini daha etkin sekilde destekledigini gostermektedir. Ancak 14 glinlik
takip slresi ve yalnizca tek bir termal yanik modelinin kullaniimasi, sonuglarin genellenebilirligini sinirlamaktadir. Gelecekte daha uzun takip stireleri,
farkli yanik etiyolojileri ve molekdiler ya da immiinohistokimyasal analizlerin yer aldigi calismalar ile bulgularin dogrulanmasi ve genisletilmesi gerek-
mektedir.

Anahtar sozclikler: Keratinosit stispansiyonu; kiiltlire-edilmemis hiicre spreyi; otolog hiicre spreyi.
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Evaluation of predictive factors for morbidity and
mortality in patients undergoing surgery for peptic ulcer
perforation
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ABSTRACT

BACKGROUND: Peptic ulcer perforation (PUP) is a life-threatening complication with high mortality caused by the leakage of
gastric contents into the peritoneal cavity, leading to peritonitis. Systemic inflammatory indices, such as the C-reactive protein (CRP)/
lymphocyte ratio, neutrophil-to-lymphocyte ratio (NLR), and multi-inflammatory indices (Mll), reflect inflammation severity. This study
aimed to investigate the predictive value of the CRP/Lymphocyte ratio, NLR, platelet-to-lymphocyte ratio (PLR), systemic immune-
inflammation index (SII), and Ml indices for estimating morbidity and mortality in patients undergoing surgery for PUP.

METHODS: This retrospective analysis included 319 patients who underwent surgery for PUP between October 2012 and January
2025. Pre-operative inflammatory indices were calculated from laboratory data and correlated with post-operative complications,
length of hospital stay, and mortality.

RESULTS: Higher CRP/Lymphocyte ratio, PLR, Mll-1, MII-2, and MII-3 values were associated with fatal outcomes (p<0.05). The
MII-2 and MII-3 indices best predicted post-operative complications with superior area under the curve (AUC) values (AUC: 0.655,
0.661, respectively) (p<0.001). All analyzed markers were significantly elevated in patients with prolonged hospitalization. Notably, the
MII-2 index and CRP/lymphocyte ratio showed balanced sensitivity and high specificity for predicting mortality (AUC: 0.780, 0.787,
respectively) (p<0.001).

CONCLUSION: The MII-2 index and CRP-to-lymphocyte ratio are strong predictors of mortality in PUP patients, whereas the Mll-2
and MII-3 indices are most effective for predicting complications. Incorporating these easily calculated indices into clinical practice can
enhance risk stratification and decision-making.

Keywords: C-reactive protein/lymphocyte ratio; inflammatory markers; multi-inflammatory index; peptic ulcer perforation; prognosis.

INTRODUCTION

Peptic ulcer disease (PUD) is defined as ulceration result-
ing from full-thickness disruption of the gastric or duodenal
mucosa. Although its prevalence varies geographically, South
Asian countries represent the region with the highest re-
ported rates. Helicobacter pylori infection, the use of non-

steroidal anti-inflammatory drugs (NSAIDs), and aspirin in-
take are among the major etiological factors. The disease may
present asymptomatically or with clinical manifestations such
as retrosternal discomfort, epigastric pain, nausea, and vomit-
ing. However, in cases complicated by bleeding or perforation
(19.5-57% and 3.8-14%/100,000 individuals, respectively), it
can lead to clinical scenarios associated with high mortality
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rates. Although the incidence of perforation as a complication
has declined over time due to advances in medical therapy,
it remains an important cause of mortality and accounts for
approximately 10.4% of hospital admissions related to PUD.I"
In patients presenting with peptic ulcer perforation (PUP), the
initial assessment should include prompt resuscitation, initia-
tion of broad-spectrum antibiotics, and discontinuation of oral
intake. The most frequently utilized surgical approach involves
laparoscopic closure of the perforated site using a combina-
tion of an omental patch and suturing techniques.?!

As a consequence of a perforated peptic ulcer (PPU), the entry
of gastric contents, including gastric acid, into the peritoneal
cavity leads to severe pain with initially localized and subse-
quently generalized peritonitis. Laboratory parameters are not
diagnostic; however, they play a significant role in detecting in-
flammatory responses, assessing organ functions, and exclud-
ing differential diagnoses. Furthermore, they are essential for
identifying life-threatening conditions such as systemic inflam-
matory response syndrome, multiple organ failure, and sepsis,
as well as for predicting prognosis.®! In response to conditions
in which systemic inflammation is activated, alterations occur
in hematological parameters, including neutrophilia, lympho-
penia, thrombocytosis, and elevated C-reactive protein (CRP)
levels.! Using these hematological parameters, several indices
reflecting the severity of inflammation have been developed,
including the neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), systemic immune-inflammation
index (SII; NLR x platelet count), multi-inflammatory index-|
(Mll-1; NLR x CRP), multi-inflammatory index-2 (MII-2; PLR
x CRP), and multi-inflammatory index-3 (MlI-3; SIl x CRP). In
the literature, these indices have been shown to play a decisive
role in various diseases associated with inflammation.l*”! Their
major advantage is that they can be measured from routine
hematological parameters obtained from peripheral venous
blood without incurring additional costs. Such scoring systems
enhance clinical risk assessment and allow the pre-operative
identification of patients at high risk for post-operative mor-
bidity and mortality.[®

Systemic inflammation develops in PPU; however, there is a
paucity of research in the literature regarding the efficacy of
various laboratory markers in predicting morbidity and mor-
tality. In our study, we aimed to investigate the relationship
between clinical outcomes and these markers in patients who
underwent surgery for PPU.

MATERIALS AND METHODS

Study design and setting

The medical records of patients aged 18 years and older
who were diagnosed with PPU and underwent surgical in-
tervention between October 2012 and January 2025 in the
emergency medicine and general surgery departments of a
tertiary care hospital were retrospectively reviewed using
data from the hospital’s electronic medical record system.
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The preliminary diagnosis of PPU was established based on
clinical examination and the detection of free air on an erect
chest radiograph, an upright abdominal radiograph, or ab-
dominal computed tomography, with the definitive diagnosis
confirmed intraoperatively. Before the commencement of the
study, approval was obtained from the Gaziantep University
Clinical Research Ethics Committee (Date: 26.03.2025, Deci-
sion no: 2025/54). The study was conducted in accordance
with the ethical principles of the Declaration of Helsinki.

A total of 326 patients underwent surgery for PPU; seven
patients were excluded due to incomplete laboratory data,
and 319 patients were included in the study.

Inclusion and exclusion criteria
Inclusion criteria

Patients aged 218 years with a diagnosis of PPU were in-
cluded in the study.

Exclusion criteria

Patients aged <8 years; pregnancy or lactation; presence of
chronic inflammatory disease, hematologic or autoimmune
disorders, malignancy, chronic hepatic or renal failure; receipt
of specific treatments such as radiotherapy or chemotherapy
before surgery; and death attributable to causes unrelated to
PUP were excluded from the study.

Data collection

The data collected for each patient included: Demographic
characteristics (age and sex), comorbidities, smoking status,
alcohol abuse, illicit drug use (amphetamine [AMP], meth-
amphetamine, cannabis, and heroin), use of chronic medica-
tion, type of surgical procedure performed (primary closure
+ omental patch, gastroenterostomy, and others), location
of perforation (corpus, antrum, prepylorus, pylorus, duode-
num, and anastomosis), long-axis diameter of the perfora-
tion site (cm), post-operative intubation status, estimated
duration between onset of symptoms and surgery (days),
laboratory parameters (white blood cell count, neutrophil
count, lymphocyte count, platelet count, hemoglobin, CRP,
albumin, urea, creatinine, and amylase), histopathology re-
port of the specimen (benign or malignant), post-operative
hospital length of stay (days), presence of post-operative
complications, need for reoperation, etiology (NSAIDs use,
illicit drugs, PUD, gastritis, marginal ulcer, and others), and
outcome (mortality or survival).

Definitions

Smoking status: Patients’ smoking habits were categorized
into two groups: Never smokers and former or current daily
smokers. Never smokers were defined as individuals who had
never smoked in their lifetime. Former smokers were defined
as those who had smoked regularly in varying amounts or
intermittently in the past but had quit. Current daily smokers
were defined as individuals who smoked every day, with vari-
able daily consumption.
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Table I. Baseline characteristics of the patients

n (%)
Gender
Man 245 (76.80)
Woman 74 (23.20)
Chronic illness
No 182 (57.05)
Yes 137 (42.95)
Smoking status
No 236 (73.98)
Yes 83 (26.02)
Alcohol consumption status
No 307 (96.24)
Yes 12 (3.76)
Illicit drugs abuse
AMP
No 313 (98.12)
Yes 6 (1.88)
MAMP
No 310 (97.18)
Yes 9 (2.82)
Cannabis
No 310 (97.18)
Yes 9 (2.82)
Heroin
No 314 (98.43)
Yes 5 (1.57)
Chronic medication use
No 223 (69.91)
Yes 96 (30.09)
Type of surgical procedure performed
PC+OP 308 (96.55)
Gastroenterostomy 6 (1.88)
Others 5 (1.57)
Location of perforation
Corpus 16 (5.02)
Antrum 14 (4.39)
Pre-pylorus 111 (34.8)
Pylorus 125 (39.18)
Duodenum 39 (12.23)
Anastomosis 14 (4.39)
Postoperative intubation status
No 260 (81.5)
Yes 59 (18.5)
Histopathology report of the specimen
Benign 287 (89.97)
1030

Aytekin et al. Predictive factors in peptic ulcer surgery

Malignant 9 (2.82)

No 23 (7.21)
Presence of postoperative complications

No 274 (85.89)

Yes 45 (14.11)
Need for Re-operation

No 313 (98.12)

Yes 6 (1.88)
Etiology of perforation

Unknown 149 (46.86)

NSAID 9 (2.8)

lllicit drug” 14 (4.4)

Peptic Ulcer 90 (28.3)

Gastritis 8 (2.52)

Marginal Ulcer 15 (4.72)

Others 33 (10.38)
Postoperative length of hospital stay

Short (<8 days) 189 (59.25)

Long (>8 days) 130 (40.75)

Outcome

Mortality 67 (21)

Survival 252 (79)

PC+OP: Primary closure+Omental Patch; NSAID: Non-steroidal anti-in-
flammatory drug; AMP: Amphetamine; MAMP: Methamphetamine.

Alcohol consumption status: Individuals who had never
consumed alcohol in their lifetime were classified as “never
consumers;” those who had consumed alcohol in the past
but had abstained for at least the past year were classified as
“former consumers;” and those who had consumed alcohol
within the past 12 months were classified as “current con-
sumers.”

Post-operative complications: Defined as the occurrence
of infection, anastomotic leakage, intra-abdominal abscess,
peritonitis, ileus, respiratory complications, cardiovascular
complications, hemorrhage, fistula formation, multiple organ
failure, or wound complications.

Length of hospital stay: A short hospital stay was defined
as <8 days, and a long hospital stay as >8 days.
Inflammatory indices calculation

From the data collected in each patient’s medical record, the
following indices were calculated using neutrophil, lympho-
cyte, and platelet counts, as well as CRP levels:

NLR=Neutrophil/lymphocyte, PLR=Platelet/lymphocyte,
SlI=NLRxPlatelet, MIl-I=NLRxCRP, MII-2=PLRxCRP, MIl-
3=SIIxCRP.
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Statistical analysis

The dataset was constructed, and all statistical analyses were
conducted using the Statistical Package for the Social Sci-
ences (SPSS) software, version 22.0 (SPSS Inc., Chicago, IL,
USA). Descriptive statistics of the data obtained from the
study were presented as mean, standard deviation, median,
minimum, and maximum values for numerical variables, and
as frequency and percentage for categorical variables. The
normality of distribution for numerical variables was assessed
using the Shapiro—Wilk test. Comparisons of numerical vari-
ables according to categorical variables were performed us-
ing the Mann—Whitney U test. In addition, receiver operating
characteristic (ROC) analysis was applied to determine the
cutoff values of inflammatory parameters. All analyses were
conducted using SPSS version 22.0, with a significance level
set at p<0.05.

RESULTS

A total of 319 patients were included in the study. The
mean age of the patients was 50.72+20.81 years, and 76.8%
were male. Chronic comorbidities were present in 42.95%
of patients, whereas the rates of smoking, alcohol consump-
tion, and illicit drug use were 26.02%, 3.76%, and 5.33%, re-
spectively. The most common site of PUP was the pylorus
(39.18%). In most patients (46.86%), the etiology could not be
determined; among the identified causes, the most frequent
was PUD (28.3%). The most commonly performed surgical
procedure was a primary closure with an omental patch and
suturing (96.55%). Post-operative complications occurred in
14.11% of patients, and reoperation was required in six cases.
Of the pathological specimens sent for post-operative analy-
sis, the majority (89.97%) were benign; pathological results

were unavailable for 23 patients. The mean hospital length of
stay was 9.1+4.57 days, with more than half of the patients
(59.25%) hospitalized for <8 days. Mortality was observed in
67 patients (21%) (Table I).

The comparison of inflammatory indices according to survival
status is presented in Table 2. Accordingly, CRP/lymphocyte
ratio, PLR, Mll-I, MII-2, and MII-3 values showed statistically
significant differences based on survival status (p<0.05), with
significantly higher levels observed in patients with a fatal
course compared to survivors. In contrast, the NLR and Sl
inflammatory indices did not demonstrate statistically signifi-
cant differences according to survival status (p>0.05).

The comparison of inflammatory indices according to the
development of post-operative complications is presented in
Table 3. CRP/lymphocyte ratio, PLR, SlI, Mil-1, MIl-2, and MiIl-
3 values showed statistically significant differences based on
complication status (p<0.05), with significantly higher levels
observed in patients who developed complications compared
to those who did not. In contrast, the NLR inflammatory in-
dex value did not demonstrate a statistically significant differ-
ence according to the occurrence of complications (p>0.05).

When the statistical relationship between post-operative
length of hospital stay and inflammatory indices was evalu-
ated, CRP/lymphocyte ratio, PLR, NLR, SlII, Mll-1, Mll-2, and
MII-3 values showed statistically significant differences ac-
cording to hospital stay duration (p<0.05), with significantly
higher levels observed in patients with prolonged hospitaliza-
tion compared to those with shorter stays (Table 4).

According to the results of the ROC analysis for predicting
mortality, the CRP/lymphocyte ratio, Mll-1, MII-2, and MII-3
indices demonstrated significant and good discriminatory per-

Table 2. Comparison of inflammatory indices according to survival status
Mortality Survival
Variables MeantSD Median (QI1-Q3) MeantSD Median (QI1-Q3) P
CRP/Lymphocyte 0.38+0.43 0.3 (0.07-0.56) 0.31+3.16 0.02 (0-0.12) 0.001*
PLR 516.55+440.58 373.02 (218.31-670.97) 2212.96+30267.52 243.95 (127.63-378.71)  0.001*
NLR 13.03+12.31 9.03 (4.25-17.18) 98.1+1365.78 8.73 (3.87-16.48) 0.440
Sl 4183753.68+ 2915000 25086596.51+ 2324548.25 0.141
4481890.23 (1195833.33-4823404.96) 341422057.99 (980897.31-4478973.66)
Mil-1 2949.43+3493.15 1798.3 (559.83—-3956) 3559.98+35695.17 192.49 (21.31-1141.01)  0.001*
Mil-2 121237.72+145953.36 75150 80700.67+790677.65  5485.5 (588.01-34061.93) 0.001*
(17690.63-181325.4)
MIl-3 979471847.83+ 532145833.33 965560181.69+ 45192325.56 0.001*

1245174079.5

(132679687.5—1143720172.66)

8943159338.83 (5817808.86—301586958.27)

*p<0.05; Mann—Whitney U Test. NLR: Neutrophil/lymphocyte ratio; PLR: Platelet/lymphocyte ratio; Sl: Systemic immune inflammation index (NLR X platelet);
MIl-1: Multi-inflammatory index-1 (NLR*CRP); MII-2: Multi-inflammatory index-2 (PLRXCRP); MiII-3: Multi-inflammatory index-3 (SIIXCRP).
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Table 3. Comparison of inflammatory indices according to the development of complications

No Yes
Variables MeantSD Median (QI1-Q3) MeantSD Median (QI1-Q3) P
CRP/Lymphocyte 0.34+3.04 0.03 (0-0.18) 0.2+0.21 0.11 (0.02-0.3) 0.002*
PLR 2091.99+£29025.64 246.26 (135.15-406.45) 423.75+345.89 306.38 (235.57-519.15) 0.039*
NLR 91.15+1309.81 8.06 (3.75-16.62) 13.75+10.66 11.33 (5.32-16.82) 0.134
N | 23304551.36% 226128431 4815260.94+ 3368712.33 0.043*
327432163 (994953.85-4448707.32) 5298696.34 (1912500-4658636.36)
Mil-1 3626.82+34249.07 269.2 (22.23-1580.95) 2243.96+2750.34 1477.15 (180.12-3121.59) 0.001*
Mil-2 92860.58+£760957.98  9046.9 (682.03—48564.29)  67015.52+82915.12  40815.5 (8933.64-77529.49) 0.001*
MII-3 998387169.44+ 72196954.55 786393225.85+ 283108800 0.001*
8583367379.02 (6555939.56—428378600) 1192332280.97 (59080000—1023144022.73)

*p<0.05; Mann-Whitney U Test. NLR: Neutrophil/lymphocyte ratio; PLR: Platelet/lymphocyte ratio; SlI: Systemic immune inflammation index (NLRxplatelet);
MIl-1: Multi-inflammatory index-1 (NLRXCRP); MII-2: Multi-inflammatory index-2 (PLRxCRP); MIl-3: Multi-inflammatory index-3 (SIIxCRP).

Table 4. Comparison of inflammatory indices according to hospital length of stay

<8 (n=189) Short >8 (n=130) Long

Variables MeantSD Median (QI1-Q3) MeantSD Median (QI1-Q3) o]

CRP/Lymphocyte 0.4+3.65 0.01 (0-0.14) 0.22+0.27 0.09 (0.02-0.34) 0.001*
PLR 2857.6+34949.35 217.42 (119.62-383.13) 401.45+£322.8 293.15 (210-525.26) 0.001*
NLR 125.67£1577.12 7.58 (3.31-15.9) 14.18%14.14 9.79 (4.96-17.49) 0.048*
N | 31817518.56+ 2126380.95 4527867.75% 2882852.94 0.019*

394255259.68 (953286.22—4267301.59) 5370262.38 (1195833.33-5246290.6)

Mil-1 4214.69+41173.42 134.21 (14.62—1224.32) 2293.47+3569.98 814.01 (177.91-2992) 0.001*
MIl-2 107228.35+914863.25 3565.57 (458.76-37376.27) 63025.68+83950.04 26620 (7689.71-81700) 0.001*
MIl-3 1129757664.18+ 32360000 734012162+ 233004499.86 0.001*

10302991363.73 (3813144.88-330205586.21) 1272170681.72 (44616774.19-760519328.24)

*p<0.05; Mann—Whitney U Test. NLR: Neutrophil/lymphocyte ratio; PLR: Platelet/lymphocyte ratio; SlI: Systemic immune inflammation index (NLRxplatelet);
MIl-1: Multi-inflammatory index-1 (NLRXCRP); MII-2: Multi-inflammatory index-2 (PLRxCRP); MII-3: Multi-inflammatory index-3 (SIIxCRP).

formance (area under the curve [AUC] values: 0.780, 0.741,  to the other parameters (Fig. 2). In contrast, the NLR index,
0.787, and 0.751, respectively; p<0.001). Notably, Mll-2 and  with a low AUC value (0.570) and a statistically non-signifi-
the CRP/lymphocyte ratio stood out with balanced sensitivity ~ cant result (p=0.123), did not have clinical value as a predictor

and high specificity values (Fig. 1). In contrast, the NLR and of the development of post-operative complications.
Sll indices had low AUC values (0.53 1 and 0.559, respectively)

and statistically non-significant results, indicating no clinical DISCUSSION

value as predictors of mortality.

A review of the literature revealed no studies evaluating the
inflammatory indices investigated in our study for predict-
ing morbidity and mortality in patients undergoing surgery
for PUP. This study aimed to elucidate the potential value of
these novel markers in predicting survival, the development
of complications, and the length of hospital stay.

In the ROC analysis results for predicting the development
of post-operative complications, the CRP/lymphocyte ratio,
PLR, SlI, Mll-1, MII-2, and MII-3 indices were statistically sig-
nificant and demonstrated low-to-moderate discriminatory
performance (AUC values: 0.648, 0.596, 0.594, 0.654, 0.655,
and 0.661, respectively; p<0.05). Among these, the MII-2 and
MII-3 indices stood out with higher AUC values compared In our study, the CRP/lymphocyte ratio, PLR, Mll-1, MIl-2,
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Figure 1. Receiver operating characteristic curve analysis of multi-inflammatory index (MIl)-2 (a) and MII-3 (b) for predicting complications.
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Figure 2. Receiver operating characteristic curve analysis of C-reactive protein/lymphocyte ratio (a) and Multi-inflammatory index-2 (b) for

predicting mortality.

and MII-3 indices were found to be significantly associated
with mortality, whereas the NLR and SII inflammatory indi-
ces did not demonstrate statistically significant differences
according to survival status. Based on the ROC analysis re-
sults for predicting mortality, MII-2 and the CRP/lymphocyte
ratio, in particular, stood out with balanced sensitivity and
high specificity values (AUC: 0.787 and 0.780, respectively;

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

p<0.001) and hold clinical value as predictors of mortality.
These findings suggest that inflammatory indices and their
combinations may aid in risk stratification for mortality. In a
study by Gozdas et al.l’! evaluating mortality associated with
COVID-19 infections, multiple logistic regression analysis
revealed that the MIll-1 index (odds ratio [OR]: 0.999; 95%
confidence interval [CI]: 0.9991-0.9998; p=0.003) had the
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strongest independent predictive value compared to the oth-
er indices. In another multicenter study comparing inflamma-
tory marker scoring systems with conventional inflammatory
markers in patients over 65 years of age admitted to the in-
tensive care unit, the importance of monitoring CRP/albumin
ratio, NLR, SlI, and MIl-I, -2, and -3 indices was emphasized
for accurately predicting 28-day mortality.”’? In another study
conducted on intensive care patients, it was reported that
higher values of the NLR and PLR indices were significantly
associated with mortality prediction.l'” In a multicenter pro-
spective study investigating the predictive effects of the NLR
index on mortality during hospitalization in geriatric patients,
regardless of diagnosis, it was suggested that NLR could be
used as a cost-effective marker.l']

CRP is an acute-phase reactant synthesized by the liver in
inflammatory conditions such as infection, malignancy, and
sepsis, and it rises markedly in persistent inflammatory states.
Therefore, the significant association observed between mor-
tality and indices incorporating CRP multipliers, such as Ml
and the CRP/lymphocyte ratio, may be attributable to this
mechanism. Furthermore, neutrophilia and lymphopenia,
which occur in trauma and systemic inflammatory response
states, together with the interaction of cytokines released
into the circulation in conditions of heightened inflammatory
activity, may stimulate platelet production in the bone mar-
row,!'? leading to increases in NLR and PLR values.

In recent years, inflammatory indices derived from routine
laboratory parameters have increasingly been investigated in
various surgical emergencies. Several studies have demon-
strated that biomarkers such as the Sll and the pan-immune-
inflammation value (PIV) may provide valuable prognostic
information in acute abdominal conditions, including appen-
dicitis and other emergency surgical pathologies. These indi-
ces reflect the balance between inflammatory and immune
responses and have been associated with disease severity,
post-operative complications, and overall clinical outcomes.
Because they are easily calculated from routine hematological
parameters without additional cost, they have been proposed
as practical tools for early risk stratification in emergency
surgical settings. Recent studies evaluating inflammatory bio-
markers in emergency surgical patients have also highlighted
the potential clinical value of indices such as Sll and PIV in
predicting disease severity and clinical outcomes.['3'*]

The results in the literature regarding the predictive value
of these markers for mortality are inconsistent. Some stud-
ies have reported that indices such as NLR, PLR, and Sl are
strong predictors and should be monitored. These discrepan-
cies may be attributable to a variety of factors, including dif-
ferences in demographic distribution, etiological causes, and
clinical parameters. For this reason, we believe that instead
of relying solely on inflammatory indices, it would be more
reasonable to interpret them in conjunction with clinical
evaluation and established traditional indices or scoring sys-
tems. Multicenter studies with more heterogeneous patient
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populations and a more standardized design may contribute
to improving the assessment of the clinical course.

In the comparison of inflammatory indices according to the
according to the development of post-operative complica-
tions, the CRP/lymphocyte ratio, PLR, Sll, Mll-1, MII-2, and
MII-3 values were found to be significantly higher in patients
who developed complications (p<0.05), whereas the NLR
index did not show a significant difference (p>0.05). In the
ROC analysis results, the MII-2 and MII-3 indices, in particular,
stood out with higher AUC values compared to the other
parameters. In contrast, the low AUC value of the NLR index
(0.570) and its statistically non-significant result (p=0.123)
indicate that its clinical value in predicting the development
of post-operative complications is limited. Inflammation and
infection are the most critical determinants in the etiology
of preterm premature rupture of membranes (PPROM), a
complication that initiates the onset of labor. In a study in-
vestigating the predictive value of inflammatory indices during
the latency phases of delivery (<72 h and >72 h) in PPROM,
the MII-1, MII-2, and MII-3 indices were found to be higher in
the <72-h group. ROC analysis revealed that, although these
indices had weaker discriminatory performance compared to
other indices, they were statistically significant (AUC = 0.6;
p<0.05). In several other studies, the NLR and PLR indices
did not predict the timing of delivery within 72 h and, in this
regard, were not shown to have prognostic value.l'?"*! In a
study evaluating the indices for predicting the development
of walled-off pancreatic necrosis (WOPN), a complication of
acute pancreatitis characterized by a localized, encapsulated
collection of necrotic tissue, ROC analysis demonstrated that
MIl-1, MIl-2, and MII-3 had statistically significant predictive
value (AUC: 0.676, 0.706, and 0.674, respectively; p<0.05),
whereas SIl was found to be non-predictive (AUC: 0.570;
p=0.313).l' In the aforementioned study, elevated CRP lev-
els were found to be associated with the development of
WOPN, and it was emphasized that, since the Mlls are cal-
culated using a CRP multiplier, their elevation may serve as
an important parameter for predicting this complication of
acute pancreatitis. In contrast to our findings, Aziret et al.l'’]
reported that among patients who underwent surgery for
WOPN, those with higher NLR values at admission had a
greater likelihood of developing complications and experienc-
ing poor prognosis (p=0.01). In a study conducted in China
investigating risk factors for poor prognosis in gastrointestinal
perforations, multiple regression analysis identified elevated
NLR as an independent risk factor for predicting poor prog-
nosis (p=0.03) and septic shock (p=0.007).l'1 The results in
the literature regarding the prognostic value of NLR are in-
consistent. For example, in certain specific clinical conditions
such as gastrointestinal perforation and WOPN, elevated
NLR has been associated with poor prognosis, whereas in
some studies — particularly those involving obstetric condi-
tions such as PPROM — the predictive value of NLR and PLR
has been shown to be limited. These discrepancies may be at-
tributed to patient heterogeneity, differences in the etiology
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of inflammation, and variations in the timing of blood param-
eter measurements. Regarding the subject of our study, no
prior research has investigated inflammatory indices for pre-
dicting the likelihood of complication development following
surgery for PUP. This limits the possibility of directly compar-
ing our results with those of similar studies. We believe that
although inflammatory indices and their combinations may be
statistically significant when considered in isolation, in clinical
practice, they should be interpreted alongside other factors
to ensure a comprehensive, patient-centered approach.

In our study, the CRP/lymphocyte ratio, PLR, NLR, SlI, MlI-1,
MIl-2, and MII-3 values were significantly higher in patients
with prolonged hospital stays compared to those with short-
er stays (p<0.05). In a study investigating the diagnostic utility
of pre-operative and post-operative NLR, PLR, and MI-I and
MI-2 indices in pain scoring for degenerative intervertebral
disc disease, a strong positive correlation was found between
MI-1 and MI-2 indices and length of hospital stay (r=0.613
and r=0.741, respectively; p<0.001).'"7 A study conducted in
Romania investigated the importance of systemic inflamma-
tory indices in predicting early post-operative complications
in patients with colorectal cancer. The results demonstrated
a significant association between post-operative length of
hospital stay and NLR, SIlI, and PLR values (p<0.001).! In a
separate study investigating the predictive value of inflamma-
tory markers derived from complete blood count in terms of
the risk of developing pneumothorax and length of hospital
stay in cases with thoracic trauma, a positive correlation was
identified between NLR and Sll and the length of hospital
stay (p<0.05).2% When evaluated in conjunction with the
aforementioned studies, our findings are consistent with the
existing literature. We believe that, when applied alongside
clinical assessment, systemic inflammatory indices may play a
determinative role in predicting patients’ clinical course and
length of hospital stay.

One of the major limitations of our study is its single-center
design and retrospective evaluation of a population-specific
cohort. Therefore, the results should not be generalized,
as they are not supported by multicenter studies. Another
important limitation is the lack of comparison between the
inflammatory markers investigated and conventional inflam-
matory biomarkers. The validity of our findings should be sup-
ported by multicenter, large-scale, population-based studies.

CONCLUSION

In our study, the predictive value of simple, easily calculable,
and cost-effective indices derived from the blood parameters
of patients who underwent surgery for PUP was investigated
in terms of morbidity and mortality. Among these indices,
MII-2 and the CRP/lymphocyte ratio stood out in mortality
prediction due to their balanced sensitivity and high speci-
ficity, whereas MII-2 and MII-3 were found to have greater
clinical predictive power than other parameters in anticipat-

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

ing the development of complications. CRP/lymphocyte ratio,
PLR, NLR, SlI, Mll-1, MII-2, and MII-3 indices also demon-
strated clinically significant value in predicting the length of
hospital stay.

Considering the studies available in the literature, these eas-
ily accessible and calculable indices may be incorporated into
standard clinical practice to aid in early risk assessment in
the management of patients operated on for PUP, thereby
contributing to the decision-making process.

This study was presented as an oral presentation at the 5th
International Emergency Congress, held on October 27-30,
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ORIJINAL CALISMA - 0Z

Peptik iilser perforasyonu nedeniyle cerrahi uygulanan hastalarda morbidite ve mortaliteye
yonelik prediktif faktorlerin degerlendirilmesi

AMAG: Peptik iilser perforasyonu (PUP), mide igeriginin periton bosluguna sizmasi sonucu gelisen peritonit nedeniyle yiiksek mortaliteye yol agabi-
len, yasami tehdit eden bir komplikasyondur. C-reaktif protein (CRP)/lenfosit orani, notrofil/lenfosit orani (NLR) ve multi-enflamatuvar indeksler
(MII) gibi sistemik enflamatuvar belirtegler; enflamasyonun siddetini yansitmaktadir. Bu alismada, CRP/lenfosit orani, NLR, trombosit/lenfosit
orani (PLR), sistemik immiin-enflamasyon indeksi (SIl) ve Mil’nin, PUP nedeniyle cerrahi uygulanan hastalarda morbidite ve mortaliteyi 5ngérmedeki
degerinin arastirilmasi amagland.

GEREC VE YONTEM: Bu retrospektif galismaya, Ekim 2012-Ocak 2025 tarihleri arasinda PUP nedeniyle cerrahi uygulanan 319 hasta dahil edildi.
Preoperatif enflamatuvar indeksler laboratuvar verilerinden hesaplanarak postoperatif komplikasyonlar, hastanede yatis siresi ve mortalite ile
iliskilendirildi.

BULGULAR: Yiiksek CRP/lenfosit orani, PLR, MIl-I, MII-2 ve MII-3 degerleri fatal sonuglarla iligkili bulundu (p<0.05). MII-2 ve MII-3 indeksleri,
postoperatif komplikasyonlari en iyi 6ngoren ve en ylksek egri altinda kalan alan (AUC) degerlerine sahip parametrelerdi (AUC: 0.655 ve 0.661;
sirasiyla) (p<0.001). incelenen tiim belirtecler, hastanede yatis siiresi uzamis olan hastalarda anlamli diizeyde yiiksek saptandi. Ozellikle MII-2 indeksi
ve CRP/lenfosit orani, mortalite dngoriisiinde dengeli duyarlilik ve yliksek 6zglilliik gosterdi (AUC: 0.780 ve 0.787; sirasiyla) (p<0.001).

SONUC: MII-2 indeksi ve CRP/lenfosit orani, PUP hastalarinda mortalite icin gliclii prediktorlerdir; MII-2 ve MII-3 indeksleri ise komplikasyon
ongorusiinde en etkili parametrelerdir. Klinik uygulamaya kolayca entegre edilebilen bu indekslerin kullanimi, risk siniflandirmasini ve klinik karar
verme siireglerini gelistirebilir.

Anahtar sozclikler: CRP/lenfosit orani; enflamatuvar belirtegler; multi-enflamatuvar indeks (Mll); peptik ilser perforasyonu; prognoz.
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ORIGINAL ARTICLE

Predictors of surgical intervention and timing of ileus
presentation in patients with adhesive small bowel
obstruction

ismail Ege Subasi, ©® Ahmet Topgu, © Furkan Saydin

Department of General Surgery, University of Health Sciences, Sancaktepe Sehit Prof. Dr. ilhan Varank Training and Research Hospital,
istanbul-Tiirkiye

ABSTRACT

BACKGROUND: Adhesive small bowel obstruction remains a common long-term complication following abdominal surgery and
continues to represent a significant cause of morbidity and healthcare utilization. While several factors contributing to adhesion forma-
tion have been described, determinants influencing both the need for surgical intervention and the timing of clinical presentation are
not yet fully understood. This study aimed to identify factors associated with surgical management in patients presenting with adhesive
ileus after a single prior abdominal operation and to evaluate the relationship between operative duration and the timing of ileus onset.

METHODS: This retrospective study included 450 patients (n=450) diagnosed with adhesive ileus at a tertiary care center between
January I, 2021 and January |, 2026. Patients with mechanical obstruction or multiple prior abdominal surgeries were excluded. Pa-
tients were categorized into operative (n=302) and conservative (n=148) management groups. Baseline characteristics, including age,
sex, and American Society of Anesthesiologists scores, were comparable between groups (p>0.05). Clinical variables such as type of
prior surgery, operative duration, surgical approach, contamination status, and time to ileus presentation were analyzed. Statistical
analyses included an independent samples t-test, Chi-square test, Pearson correlation analysis, and multivariate logistic regression.

RESULTS: Of the 450 patients, 302 (67.1%) required surgical intervention. Operative duration was significantly longer in the opera-
tive group compared to the conservative group (4.3£1.8 vs. 3.1£1.6 h, p=0.003). Open surgery (75% vs. 52%, p=0.037) and contami-
nated surgical fields (78% vs. 60%, p=0.030) were more frequent in the operative group. The time to ileus presentation was significantly
shorter in patients requiring surgery (5.5+1.9 vs. 6.8+2.1 months, p=0.002). A significant inverse relationship was observed between
operative duration and time to ileus presentation (r=—0.32, p<0.05).

CONCLUSION: Operative duration, surgical approach, and intraoperative contamination are important determinants of surgical
management in adhesive ileus. The inverse relationship between operative duration and time to presentation suggests that increased
surgical burden may contribute to an earlier onset of clinically significant obstruction. These findings highlight the potential value of
surgical factors in risk stratification and post-operative surveillance.

Keywords: Abdominal surgery; adhesive ileus; ileus onset; operative duration; post-operative adhesions; small bowel obstruction; surgi-

cal trauma.

INTRODUCTION leading cause of small bowel obstruction globally.l'*! Adhesive
small bowel obstruction (ASBO) represents a significant clini-

Post-operative adhesions are among the most common long-  cal burden, frequently resulting in recurrent hospital admis-

term consequences of abdominal surgery and constitute a  sions, increased healthcare utilization, and the need for re-
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peated surgical interventions.>*] Despite advances in surgical
techniques, adhesion-related complications remain difficult to
prevent and continue to pose challenges in both acute man-
agement and long-term follow-up.

The development of post-operative adhesions is a multifac-
torial process influenced by surgical trauma, inflammatory
response, and alterations in peritoneal healing mechanisms.
671 Several intraoperative factors, including surgical approach,
operative duration, and the presence of contamination, have
been identified as important contributors.”?! Minimally inva-
sive techniques are generally associated with reduced adhe-
sion formation due to less tissue manipulation, whereas open
procedures and contaminated surgical fields may exacerbate
peritoneal injury and inflammatory activation.®'"! In this con-
text, operative duration may also reflect the overall surgical
burden, encompassing procedural complexity and intraopera-
tive tissue stress.['2"?]

Although the risk factors for adhesion formation have been
widely investigated, the timing of clinical presentation remains
less clearly understood. Adhesion-related ileus may occur
at variable intervals following surgery, and the determinants
of early versus delayed onset are not well established.l'*!!
Furthermore, most existing studies include heterogeneous
patient populations with multiple prior operations, which
may confound the interpretation of surgical risk factors.>!*!%
Therefore, evaluating these associations in a more homoge-
neous cohort may provide clearer insights into the relation-
ship between surgical characteristics, the need for operative
intervention, and the timing of ileus development. In this con-
text, the present study aimed to identify predictors of surgical
management and to examine the association between opera-
tive duration and time to ileus presentation in patients with a
history of a single prior abdominal surgery.

MATERIALS AND METHODS

This retrospective study was conducted at a tertiary care
center and included patients treated between January |, 2021
and January |, 2026. Patients diagnosed with adhesive ileus
who had a history of only one prior abdominal surgery were
included in the study. Patients with obstructive bowel ob-
struction due to mechanical causes and those with a history
of multiple abdominal surgeries were excluded.

Demographic and clinical data were obtained from the hospi-
tal database. Baseline demographic characteristics, including
age, sex, and American Society of Anesthesiologists (ASA)
score, were recorded. The evaluated parameters included
type of prior surgery, duration of surgery (hours), surgical
approach (open vs. laparoscopic), contamination status of the
surgical field (contaminated vs. clean), time to presentation
with ileus after the initial surgery (months), and treatment
modality (operative vs. conservative). Patients were divided
into two groups: those who required surgical intervention
and those who were managed conservatively.
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Baseline characteristics, including age, sex, and ASA score,
were compared between groups to assess comparability.

Ethics committee approval was obtained from the Ethics
Committee of University of Health Science Sancaktepe Sehit
Prof. Dr. Training and Research Hospital, (File No: 336; Date:
October 23, 2024). The study was conducted in accordance
with the Declaration of Helsinki. As the analysis was retro-
spective in nature, the requirement for informed consent was
waived by the ethics committee.

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences software (IBM Corp., Ar-
monk, NY, USA). Continuous variables were expressed as
meanztstandard deviation, whereas categorical variables were
presented as frequencies and percentages. The normality of
data distribution was assessed using appropriate tests.

Comparisons between the operative and conservative groups
were performed using the independent samples t-test for
continuous variables and the chi-square test for categorical
variables. Baseline characteristics were specifically analyzed
to confirm group comparability.

The relationship between operative duration and time to
ileus presentation was evaluated using Pearson correlation
analysis.

To identify independent predictors of surgical intervention,
multivariate logistic regression analysis was performed, in-
cluding variables that were clinically relevant and/or found
to be significant in univariate analyses. Odds ratios with 95%
confidence intervals were calculated. A value of p<0.05 was
considered statistically significant.

RESULTS

A total of 450 patients were included in the study. The mean
age of the study population was approximately 54.3t14.1
years, and 252 patients (56%) were male. When the opera-
tive and conservative groups were compared, no statistically
significant differences were observed in terms of age, sex dis-
tribution, or ASA scores (p>0.05 for all), indicating that the
groups were comparable (Table I).

Appendectomy was the most common prior surgery (39.5%),
followed by colon resection (22.4%) and trauma-related small
bowel resection (13.7%). Regarding surgical approach, 67.6%
of patients had undergone open surgery, whereas 32.2% had
laparoscopic procedures. Contaminated surgical fields were
observed in 72.2% of patients, whereas 27.5% had clean pro-
cedures. The mean operative duration was approximately
3.8£2.0 h, with a median of approximately 3.5 h (range: 0.5-8
h). The mean time to presentation with ileus after the initial
surgery was approximately 6.1+£2.2 months.

Of the patients, 302 (67.1%) required surgical intervention,
whereas 148 (32.9%) were successfully managed conserva-
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Table |. Baseline characteristics of operative and conservative groups

Variable Operative (n=302) Conservative (n=148) P
Age (years) 54.8+14.2 53.6x13.9 0.42'
Male, n (%) 172 (57) 80 (54) 0.582
American Society of Anesthesiologists score (meanstandard deviation) 2.310.7 2.2+0.6 0.31'
'Independent samples t-test. 2Chi-square test.

Table 2. Comparison of operative and conservative groups

Variable Operative (n=302) Conservative (n=148) P
Operative duration (hours) 4.3+1.8 3.1%1.6 0.003'
Open surgery, n (%) 227 (75) 77 (52) 0.0372
Contaminated surgery, n (%) 236 (78) 89 (60) 0.030%
Time to ileus presentation (months) 5.5%1.9 6.812.1 0.002!
Appendectomy, n (%) 96 (32) 82 (55) 0.018

'Independent samples t-test. 2Chi-square test.

Table 3. Correlation between operative duration and time
to ileus presentation

Variables Correlation (r) p

Operative duration-

Time to ileus presentation -0.32 <0.05'

'Pearson correlation analysis.

tively. Comparison between the operative and conservative
groups demonstrated that operative duration was significant-
ly longer in the operative group (approximately 4.3+1.8 vs.
3.1£1.6 h, p=0.003). The rate of open surgery was signifi-
cantly higher in the operative group (75% vs. 52%, p=0.037).
Similarly, contaminated surgical fields were more frequent in
patients who required surgical intervention (78% vs. 60%,
p=0.030). In addition, the time to ileus presentation after the
initial surgery was significantly shorter in the operative group
compared to the conservative group (approximately 5.5+1.9
vs. 6.812.1 months, p=0.002) (Table 2).

In terms of surgical type, more complex procedures involv-
ing resections were more common in the operative group,
whereas relatively simpler procedures such as appendectomy
were more frequently observed in the conservatively man-
aged group (Table 2).

Correlation analysis demonstrated a significant inverse rela-
tionship between operative duration and time to ileus pre-
sentation (r=-0.32, p<0.05), indicating that longer operative

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

times were associated with earlier onset of ileus symptoms
(Table 3).

DISCUSSION

The present study evaluated both the determinants of surgical
intervention and the temporal characteristics of ileus develop-
ment in patients with ASBO following a single prior abdominal
surgery. Our findings demonstrate that operative duration,
surgical approach, and intraoperative contamination are inde-
pendently associated with the need for surgical management.
In addition, the observed inverse relationship between opera-
tive duration and time to ileus presentation suggests that sur-
gical burden may influence not only the occurrence but also
the timing of adhesion-related complications.

ASBO remains a major post-operative complication and is
responsible for a substantial proportion of emergency surgi-
cal admissions worldwide.l'3! While the mechanisms under-
lying adhesion formation have been extensively investigated,
our findings emphasize that the characteristics of the initial
surgical insult may also influence downstream clinical behav-
ior. The higher rate of operative management observed in
patients with a history of open surgery is consistent with
previous studies demonstrating reduced adhesion-related
complications following minimally invasive approaches.’"]

Intraoperative contamination was also identified as a signifi-
cant determinant of surgical intervention. The presence of
contamination is known to intensify peritoneal inflammation,
impair fibrinolysis, and promote fibrous adhesion formation.
(8191 Similarly, prolonged operative duration, which often re-
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flects increased surgical complexity and tissue handling, has
been associated with higher complication rates and worse
post-operative outcomes.!''"'*l Our findings support the role
of operative duration as a surrogate marker of cumulative
surgical stress.

A particularly important observation in this study is the in-
verse relationship between operative duration and time to
ileus presentation. This suggests that patients exposed to
more extensive surgical trauma may develop symptoms ear-
lier in the post-operative period. Although limited data exist
regarding the timing of ileus onset, recent evidence suggests
that adhesion-related complications may follow distinct tem-
poral patterns influenced by both surgical and biological fac-
torS.[Z’M'IS]

Furthermore, the earlier presentation of ileus in patients re-
quiring surgical intervention suggests the presence of a more
aggressive adhesion phenotype. Such patients may be less
responsive to conservative management and more likely to
require operative treatment. Similar patterns have been re-
ported in studies evaluating recurrence risk and treatment
failure in ASBO.>

From a clinical perspective, these findings indicate that pa-
tients undergoing prolonged, open, or contaminated proce-
dures may represent a high-risk group for early and clinically
significant adhesion-related complications. Closer post-oper-
ative monitoring in this population may facilitate earlier diag-
nosis and timely intervention.

This study has several limitations, including its retrospective
design and single-center setting, which may limit generalizabil-
ity. However, the relatively homogeneous patient population
and the consistency of the observed associations strengthen
the validity of the findings.

CONCLUSION

Operative duration, surgical approach, and contamination
status were significant determinants of the need for surgi-
cal intervention in patients with adhesive ileus, with longer
operations, open techniques, and contaminated fields associ-
ated with increased surgical management rates. A moderate
inverse correlation between operative duration and time to
ileus presentation suggests that more prolonged and com-
plex procedures may be linked to earlier onset of symptoms.
These findings indicate that patients exposed to a higher sur-
gical burden may benefit from closer and earlier post-opera-
tive surveillance for timely diagnosis and management of ileus.

Ethics Committee Approval: This study was approved by
the University of Health Science Sancaktepe $ehit Prof. Dr.
Training and Research Hospital (Date: 23.10.2024, Decision
No: 336).

Informed Consent: As the analysis was retrospective in
nature, the requirement for informed consent was waived by
the ethics committee.
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ORIJINAL CALISMA - 6Z

Yapigikliga bagli ince bagirsak tikanikligi olan hastalarda cerrahi miidahale gereksiniminin
belirleyicileri ve ileus gelisme zamani

AMAC: Tek bir abdominal cerrahi &ykist bulunan yapisikliga bagli ileus hastalarinda cerrahi miidahale gereksinimi ile iligkili faktorleri degerlendir-
mek ve operasyon stiresi ile ileus gelisim zamani arasindaki iligkiyi incelemektir.

GEREC VE YONTEM: Bu retrospektif calismaya, | Ocak 2021 ile | Ocak 2026 tarihleri arasinda iiglincii basamak bir merkezde yapisikliga bagli ileus
tanisi alan 450 hasta (n=450) dahil edilmistir. Mekanik obstriiksiyonu olan hastalar ve birden fazla abdominal cerrahi gecirmis olanlar dislanmistir.
Hastalar cerrahi (n=302) ve konservatif (n=148) tedavi gruplarina ayrilmistir. Yas, cinsiyet ve ASA skorlari agisindan gruplar benzer bulunmustur
(p>0.05). Onceki cerrahi tipi, operasyon siiresi, cerrahi yaklasim, kontaminasyon durumu ve ileus gelisim stiresi gibi klinik degiskenler analiz edil-
mistir. Istatistiksel analizlerde bagimsiz &rneklem t-testi, ki-kare testi, Pearson korelasyon analizi ve ¢ok degiskenli lojistik regresyon kullanilmistir.
BULGULAR: Toplam 450 hastanin 302’sinde (%67. ) cerrahi miidahale gerekmistir. Cerrahi grupta operasyon slresi konservatif gruba gére anlamli
derecede daha uzun bulunmustur (4.3%1.8 vs. 3.1%1.6 saat, p=0.003). Acik cerrahi orani (%75 vs. %52, p=0.037) ve kontamine cerrahi saha (%78
vs. %60, p=0.030) cerrahi grupta daha yliksek saptanmistir. Cerrahi gereksinimi olan hastalarda ileus gelisim siiresi daha kisa bulunmustur (5.5£1.9
vs. 6.8%2.1 ay, p=0.002). Operasyon slresi ile ileus gelisim zamani arasinda anlamli negatif korelasyon tespit edilmistir (r=-0.32, p<0.05).
SONUC: Operasyon siiresi, cerrahi yaklagim ve kontaminasyon durumu, yapisikliga bagli ileus hastalarinda cerrahi midahale gereksiniminin 6nemli
belirleyicileridir. Operasyon siiresi ile ileus gelisim zamani arasinda orta derecede negatif iliski bulunmasi, daha uzun stiren ameliyatlarin daha erken
semptom baglangici ile iliskili olabilecegini distindlirmektedir. Bu bulgular, cerrahi faktorlerin hem komplikasyon gelisme olasiligini hem de zamanla-
masini etkileyebilecegini géstermektedir.

Anahtar sozclikler: Abdominal cerrahi; ameliyat siiresi; cerrahi travma; ileus baglangici; ince bagirsak tikanikligi; postoperatif yapisikliklar; yapisikliga bagl
ileus.
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ABSTRACT

BACKGROUND: Patients with traumatic brain injury (TBI) occupy an important place in intensive care units (ICUs) with high mor-
bidity and mortality rates. The aim of this study was to determine the parameters predictive of mortality as the primary outcome and
the distribution of these parameters as a secondary outcome in patients admitted to the ICU with TBI.

METHODS: After ethics committee approval and informed consent of the patient's relatives, TBI patients over 18 years of age
treated in the anesthesia and reanimation ICU of our hospital between 2021 and 2023 were retrospectively included in our cohort
study. The association and distribution of |8 different parameters, including demographic and clinical characteristics of TBI patients at
ICU admission, with mortality were compared. Univariate and multivariate analyses were used to estimate the odds ratio for mortality.

RESULTS: Of the 194 patients included in the study, 80.4% were male, the mean age was 39.1+19.8 years, and the mortality rate
was 35,1%. When comparing patients in 2 groups as survivor and non-survivor, patients in non-survivor group had a significantly lower
mean Glasgow Coma Scale (GCS) score (5.7£3.1 vs. 10.1£3.1, p<0.001), revised trauma score (RTS) (5.25£2.1 vs. 10.6+2.7), the rate
of surgery (33.8% vs. 53.2%, p<0.01), and the rate of epidural hematoma (EDH) (33.8% vs. 53.2%, p<0.01). The mean Acute Physiology
and Chronic Health Evaluation Il (APACHE Il) score (29 vs. 13, p<0.001), the estimated mortality rate based on the mean APACHE
Il score (55% vs. 12%, p<0.001), the stress index (SI), (62.3+29.5 vs. 42.4%19.2, p<0.001), the rate of intracerebral hematoma/hemor-
rhage (ICH) (52.9% vs. 30.2%, p<0.01), the rate of skull fracture (80.9% vs. 24.6%, p<0.01), and the rate of intubation (94.1% vs. 60.3%,
p<0.01) were found to be higher in non-survivor group. In multivariate analysis, the significant independent predictors of mortality
were high APACHE Il score (OR: 1.292 [1.192-1.400, p<0.001]), high SI (OR: 0.820 [0.699-0.921], p<0.001), and the presence of
concomitant skull fracture (OR: 4.982 [1.894—13.103], p<0.001).

CONCLUSION: our study, high APACHE Il score, high SI, presence of skull fracture, low GCS score, low RTS, intubation, and
presence of ICH were associated with high mortality, while operability and presence of EDH were associated with low mortality.
Therefore, we believe that these parameters should be prioritized when following TBH cases to initiate treatment earlier and prevent
high mortality.

Keywords: Acute physiology and chronic health evaluation ii; mortality; presence of skull fractures; revised trauma score; stress index;
subdural hematoma; traumatic brain injury.

INTRODUCTION rotrauma center is recommended. These patients are then

managed in neurosurgical intensive care units (ICUs) or an-
In the case of patients suffering from traumatic brain injury  esthesia-reanimation ICUs, as is the case in Tiirkiye. Such pa-
(TBI), particularly those with severe cases, referral to a neu-  tients comprise a significant portion of patients managed in
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ICU with high rates of mortality and morbidity even with the
best medical and neurosurgical care.

TBI may present as part of a multifaceted physical body trau-
ma, encompassing a broad spectrum of symptoms, or as a
standalone injury to the head.

Annually, 1.5-2.8 million people in the United States experi-
ence TBI, resulting in 50,000-56.000 deaths.['"?! Worldwide, it
is estimated that sixty-nine million people will sustain TBI each
year.®! Although the causes and distribution of TBI vary among
age groups, its prevalence is unfortunately steadily rising.

In Tirkiye, comprehensive statistical data on TBI were un-
available. Instead, a general death rate was calculated for
trauma-related incidents, labeled as external causes of injury
and poisoning. External causes of injury and poisoning were
responsible for approximately 3.1% of deaths in 2021, with
73.6% being male and 26.4% female in Turkiye.!!

TBI results mainly in intracranial hemorrhage which may occur
within the brain parenchyma or the surrounding meningeal
spaces and diffuse axonal injury.

Risk factors for TBI may include age and male gender. Some of
the scoring systems and some of the parameters are used to
predict the severity of the disease and survival rates of these
patients in the ICU. Such parameters may include the follow-
ing: age, gender, cause and type of hemorrhage, Glasgow Coma
Scale (GCS) score, revised trauma score (RTS), neurosurgical
procedures, duration in ICU, and ventilatory days.['2>7]

It is crucial to identify the factors that contribute to mortality
in cases of TBI, given its high incidence rate, which is accom-
panied by significant mortality and morbidity.

Despite the extensive research conducted on this subject,
utilizing diverse factors and scoring systems, the quest for a
system that is both expeditious and straightforward with a
limited number of parameters persists.

The principal aim of this study was to identify parameters that
could be used to predict mortality. The secondary aim was to
determine the distribution of etiology and these parameters.

MATERIALS AND METHODS

This retrospective, cross-sectional, single-center clinical
study was conducted after receiving approval from the Clini-
cal Research Ethics Committee, Umraniye Training and Re-
search Hospital (decision: B.10.1.TKH.4.34.H.GP0.01/182,
date: 26/05/2022) in the Health Sciences University, Umrani-
ye Training and Research Hospital, Anesthesiology and Reani-
mation Unit (ICU). This study was conducted in accordance
with the Declaration of Helsinki.

The approval of the patient's relative was obtained.
Inclusion Criteria

The patients over the age of 18 who were diagnosed with TBI
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in the emergency department and subsequently hospitalized
in the 3rd stage ICU for a period exceeding 24 h within the
2-year period from 2021 to 2023.

Patients with head trauma due to causes other than gunshot
wounds (including traffic accidents, falls and bumps, etc.), pa-
tients were evaluated in two groups as survivors (Group 1)
and non-survivors (Group 2).

The trauma was evaluated in two categories according to eti-
ology as head trauma accompanied by general body trauma
(GBT) and isolated head trauma (iHT).

Consequences of brain injury/hemorrhage due to head trau-
ma were determined as traumatic subarachnoid hemorrhage
(tSAH), intracerebral/intraparenchymal hematoma/hemor-
rhage (ICH), subdural hematoma (SDH), epidural hematoma
(EDH), and cerebral concussion/diffuse axonal injury (DAI).®!

Parameters included age, gender, GCS, RTS and stress index
(SI) at admission, Acute Physiology and Chronic Health Evalu-
ation Il (APACHE 1) score, estimated mortality by APACHE
Il Score, the presence or absence of surgical intervention,
causes/types of brain injury (associated pathology with TBI)
tSAH, ICH, SDH, EDH, DAI, presence or absence of intuba-
tion and duration, length of ICU stay, presence or absence
of cranial fracture, etiology of head trauma (GBT associated
with head trauma/GBT, iHT), and outcome of disease/actual
mortality.

The data concerning the previously specified 18 parameters
were extracted from the patient files and the hospital's elec-
tronic database.

For the purposes of this study, the following surgical inter-
ventions were selected for analysis: Operations performed
by the neurosurgical department with indications of bleeding
control and/or control of intracranial pressure.

The diagnosis was made in all patients on the basis of com-
puted tomography scans and/or magnetic resonance imaging
scans obtained at the time of admission to the emergency
department as part of the emergency protocol.

It was aimed to assess the relationship between mortality
and the above-mentioned |8 parameters in cases with TBI
as the primary outcome; it was also aimed to determine the
distribution of etiology and these parameters over the TBI
patients as a secondary outcome.

Statistical Analyses

Mean, standard deviation, median, lowest, highest, frequency,
and ratio values were used in the descriptive statistics of the
data. The distribution of variables was measured with the
Kolmogorov—-Smirnov test. Mann—Whitney U-test was used
in the analysis of quantitative independent data. Chi-square
test was used to analyze qualitative independent data. The ef-
fect level and cut-off value were investigated with the receiv-
er operating characteristic (ROC) curve. The effect level was
investigated by univariate and multivariate logistic regression.
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Table I. Demographic and clinical data of all patients

Min-Max Median MeantSD/n %
Age 18.0-84.0 33.0 39.1x19.8
Gender
Female 38 19.6
Male 156 80.4
GCS score 3.0-15.0 9.5 8.613.9
APACHE Il score 5.0-43.0 17.0 19.2£10.1
Estimated Mortality 10.0-88.0 25.0 31.7+28.0
by APACHE Il score (%)
RTS 3.0-12.0 9.0 7.9+2.4
SI 22.0-59.0 524 54+23.9
Etiology of TBI
General body trauma 120 61.9
Isolated head trauma 74 38.1
Surgical intervention
-) 104 53.6
+) 90 46.4
Causes/types of TBI
tSAH
-) 144 742
+) 50 258
ICH
-) 120 61.9
(+) 74 38.1
SDH
-) 144 742
+) 50 258
EDH
-) 126 64.9
+) 68 35.1
DAl
-) 156 80.4
+) 38 19.6
Intubation
-) 54 27.8
+) 140 722
Duration time of intubation (day) 1.0-60.0 4.0 6.8+10.0
Duration time of ICU stay (day) 1.0-175.0 5.0 10.5+£20.6
Cranial fracture
-) 108 55.7
+) 86 443
Died (outcome of disease)
No (-) 126 64.9
Yes (+) 68 35.1

GCS: Glasgow Coma Scale; APACHE [I: Acute Physiology and Chronic Health Evaluation II; RTS: Revised Trauma Score; Sl: Stress Index; TBI: Traumatic Brain
Injury. Causes/types of TBI: tSAH: Traumatic Subarachnoid Hemorrhage; ICH: Intracerebral/Intraparenchymal Hemorrhage; SDH: Subdural Hematoma; EDH:
Epidural Hematoma; DAI: Cerebral Contusion/Diffuse Axonal Injury; ICU: Intensive Care Unit.
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Variables included in the univariate and multivariate logistic
regression analyses were selected based on their statistical
relevance in univariate analyses and their clinical significance.
Model performance and effect level were assessed using ROC
curve analysis, including the determination of cut-off values.

The Statistical Package for the Social Sciences 28.0 program
(IBM Corp., Armonk, NY, USA) was used in the analyses.

RESULTS

A total of 204 patients who met the study criteria were iden-
tified. As a result of the incomplete nature of the medical in-
formation of |0 patients, the study's sample size was reduced,
resulting in the inclusion of 194 patients (38 females and 156
males). The mean age of the patients was 39.1£19.8 years.
The 30-day mortality rate was found to be 35.1%. The distri-
bution of demographic data and the parameters analyzed is
illustrated in Table I.

In the present study, it was found that 61.9% of TBI patients
were associated with GBT, the most common type of which
was ICH (38%), and the rate of skull fracture was 44.3% (Ta-
ble I).

A comparison was made between Survivor (Group |) and
Non-survivor (Group 2) patients. The results indicated that
GCS score, RTS, operation rate, and EDH rate were statisti-
cally significantly higher in Group | (p<0.05). The findings of
this study demonstrate that Group | exhibited significantly
lower APACHE Il scores, estimated mortality percentages
according to APACHE Il scores, Sl, ICH rates, fracture rates
in the cranium, and intubation rates (p<0.05). No significant
variations were observed in the remaining parameters (Table
2, Figs. | and 2).

In the present study, it was found that 94.1% of subjects who
did not survive were intubated, 80.9% had fractures in the
cranium, and the rate of EDH was only 8.8% (Table 2).

In the univariate model, the GCS score, the RTS, the pres-
ence of surgical intervention, ICH, EDH, and intubation were
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Figure 1. Comparison of GCS score, APACHE Il score, and es-
timated mortality according to APACHE Il score between groups.
GCS: Glasgow Coma Scale, APACHE II: Acute Physiology and
Chronic Health Evaluation.
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Figure 3. Estimation of mortality by receiver operating characteris-
tic curve of APACHE Il and SI. APACHE II: Acute Physiology and
Chronic Health Evaluation II; SlI: Stress index.

found to have a significant effect on the discrimination of pa-
tients into survivors and non-survivors. In the multivariate
model, a significant independent efficacy of the APACHE Il
score, Sl, and cranial fracture rate was observed in differenti-
ating between patients who survived and those who did not
(Table 3).

The sensitivity of the APACHE Il mortality score, which is
used to predict which patients will not survive, was 72.1%
at a cut-off point of 50%. The positive predictive value was
94.2%, the sensitivity was 97.6%, and the negative predictive
value was 86.6% (Table 4 and Fig. 3).

When the estimated mortality rate according to the APACHE
Il score was compared as <50% (low mortality) and >50%
(high mortality) in two separate groups, significant differences

1045



Goksu and Bakan. Mortality predictors in severe traumatic brain injury

Table 2. Comparison of Group | (Survivors) and Group 2 (Non-survivors) in terms of demographic and clinical data

Survivors (Group ) Non-survivors (Group 2)
MeantSD/n % Median MeantSD/n % Median P
Age 38.4+18.8 33.0 40.3x21.7 32.0 0.804m
Gender
Female 26 20.6 12 17.6 0.617¢
Male 100 794 56 824
GCS Score 10.1£3.1 11.0 5.7+35 4.0 0.000™
APACHE Il Score 13.7+5.8 13.0 29.348.3 29.0 0.000™
Estimated mortality by APACHE Il Score (%) 15.7£13.0 12.0 61.3+23.8 55.0 0.000™
RTS 10.6£2.7 1.0 5.25+2.1 6.3 0.000™
Sl 42.4+19.2 326 62.3+29.5 59.1 0.000™
Surgical Intervention
) 59 46.8 45 66.2 0.010¢
(+) 67 532 23 338
tSAH
-) 96 76.2 48 70.6 0.395¢
(+) 30 238 20 294
ICH
-) 88 69.8 32 47.1 0.002%*
(+) 38 30.2 36 52.9
SDH
-) 97 77.0 47 69.1 0.232¢
(+) 29 23.0 21 30.9
EDH
-) 64 50.8 62 91.2 0.000%
(+) 62 49.2 6 8.8
DAl
-) 105 83.3 51 75.0 0.163¢
(+) 21 16.7 17 25.0
Cranial Fracture
-) 13 19.1 0.000%
(+) 55 80.9
Trauma
General body trauma 74 58.7 46 67.6 0.222¢
Isolated head trauma 52 413 22 324
Intubation
-) 50 39.7 4 59 0.000%
(+) 76 60.3 64 94.1
Duration time of intubation (Day) 7.6x£12.6 3.0 5.9+53 4.0 0.301™
Duration time of ICU stay (day) 12.0+24.6 5.0 7.8+9.0 4.0 0.477™

GCS: Glasgow Coma Scale; APACHE II: Acute Physiology and Chronic Health Evaluation Il; RTS: Revised Trauma Score; SI: Stress Index; tSAH: Traumatic Sub-
arachnoid Hemorrhage; ICH: Intracerebral/Intraparenchymal Hemorrhage; SDH: Subdural Hematoma; EDH: Epidural Hematoma; DAI: Cerebral Contusion/
Diffuse Axonal Injury; ICU: Intensive Care Unit. mMann—Whitney U test/x? (Chi-square) test.

were observed in several parameters. Specifically, the GCS  tubation rate were significantly higher (p<0.05) in this group.
score, Sl, EDH, and operation rate were significantly lower o . ) o

. . ) . No significant differences were observed in the remaining pa-
(p<0.05) in the high-mortality predicted group. Conversely,

the APACHE Il score, RTS, ICH, skull fracture rate, and in- rameters (Table 5).
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Table 3. Logistic regression analysis of the factors independently associated with mortality
Univariate Model Multivariate Model
OR 95% CI P OR 95% CI P

GCS score 0.702 0.635-0.777 0.000

APACHE Il Score 1.320 1.222—-1.425 0.000 1.292 1.192—1.400 0.000
RTS 0.803 0.695-0.978 0.000

S 0.834 0.728-0.989 0.000 0.820 0.699-0.921 0.000
Surgical Intervention 0.450 0.244-0.830 0.011

ICH 2.605 1.416-4.792 0.002

EDH 0.100 0.040-0.248 0.000

Intubation 10.526 3.606-30.729 0.000

Cranial fracture 12.965 6.262-26.845 0.000 4.982 1.894-13.103 0.001

Logistic Regression (Forward LR) (OR: Odds Ratio; Cl: Confidence Interval; GCS: Glasgow Coma Scale; APACHE |I: Acute Physiology and Chronic Health
Evaluation IlI; RTS: Revised Trauma Score; Sl: Stress Index; ICH: Intracerebral/Intraparenchymal Hemorrhage; EDH: Epidural Hematoma).

Table 4. ROC curve data of APACHE Il score and SI

Area under the curve 95% Confidence interval P
APACHE Il score 0.928 0.881-0.974 0.000
S| 0.834 0.718-0.865 0.000

ROC Curve. APACHE II: Acute Physiology and Chronic Health Evaluation II; SI: Stress index; ROC: Receiver operating characteristic.

DISCUSSION

The aim of this study was to determine a scoring system and/
or other parameters that could assess the increased mortal-
ity risk in TBI patients in the early period. For this purpose,
the effect of 18 different parameters on mortality was as-
sessed.

TBI is frequently designated the “silent epidemic,”®%!% and it
is a growing public health problem. It is the largest contribu-
tor to mortality and disability worldwide among all trauma-
related injuries.!'"]

The aim of this study was to determine a scoring system and/
or other parameters that could assess the increased mortal-
ity risk in TBI patients in the early period. For this purpose,
the effect of 18 different parameters on mortality was as-
sessed.

The presence of skull fracture, SI, and APACHE Il score were
found to be significant independent parameters in determin-
ing mortality in trauma patients. The following factors were
found to be significant: GCS, RTS, operative rate, the pres-
ence of EDH, the presence of ICH, and the presence of in-
tubation.

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

In the present study, a mortality rate of 35.1% was observed
in patients with TBI who were followed in the ICU. As is evi-
dent in the extant literature, there is considerable variation
in the reported mortality rates. However, an analysis of the
study group in the studies conducted reveals that the severity
of TBI varies.

For instance, Saadat et al.l" reported a mortality rate of 16.9%
among all TBI patients admitted to the hospital, while Ozyurt
et al.! reported a mortality rate of 28.7% among TBI patients
in the ICU, with the exclusion of patients with a GCS score
above 8. In a similar vein, Réa-Neto et al.l'l documented a
mortality rate of 27.6% among adult patients suffering from
TBI who were subsequently observed in the ICU.

It is hypothesized that the elevated mortality rate observed
in our study is attributable to the fact that the study popula-
tion comprised moderate to severe critically injured patients.
Because the present study did not include patients with more
severe conditions who presented to the emergency depart-
ment and subsequently died, nor did it include patients with
mild conditions who were not admitted to the ICU and
whose treatment was completed in a ward setting.

In the present study, no significant correlation was identified
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Table 5. Comparison of the estimated mortality rate according to the APACHE Il score, with a cutoff of <50% (low mortality) and
>50% (high mortality), was conducted in two separate groups

Estimated Mortality Rate According to the APACHE Il score

<50% (Low mortality) >50% (High mortality) P
ROC curve ROC curve ROC curve ROC curve
Age 37.9+18.5 33.0 42.44£23.0 325 0.316m
Gender
Female 28 19.7 10 19.2 0.940%
Male 114 80.3 42 80.8
GCS Score 9.7+3.5 11.0 5.4+3.1 4.0 0.000™
APACHE Il Score 14.2+5.8 13.5 32.9+5.3 33.0 0.000™
RTS 9.2+2.7 9.7 4.7+29 3.9 0.000™
SI 42.1£22 378 62.9+28.8 55.09 0.000™
Surgical Intervention
-) 67 472 37 712 0.003%
(+) 75 52.8 I5 28.8
tSAH
-) 110 77.5 34 65.4 0.088%"
(+) 32 22.5 18 34.6
ICH
) 9% 67.6 24 462 0.006*"
+) 46 324 28 53.8
SDH
-) 109 76.8 35 67.3 0.182¢
(+) 33 23.2 17 32.7
EDH
-) 50 96.2 0.000%
*+) 2 38
DAl
-) 117 824 39 75.0 0.250¢
(+) 25 17.6 13 25.0
Cranial fracture
-) 99 69.7 9 17.3 0.000%"
(+) 43 30.3 43 82.7
Trauma
General Body Trauma 86 60.6 34 654 0.540Xx2
Isolated Head Trauma 56 394 18 34.6
Intubation
) 54 38.0 0 0.0 0.000%"
(+) 88 62.0 52 100.0
Duration time of Intubation (day) 6.6xl1.1 3.0 7.1£7.9 5.0 0.068™
Duration time of ICU stay (day) 10.7+£23.0 4.0 9.8£12.0 5.0 0.642™
Exitus
) 123 86.6 3 5.8 0.000%
+) 19 13.4 49 94.2

™Mann-Whitney U test/< Chi-square test. GCS: Glasgow Coma Scale; APACHE II: Acute Physiology and Chronic Health Evaluation II; RTS: Revised Trauma
Score; SI: Stress Index; TBI: Traumatic Brain Injury. Causes/types of TBI: tSAH: Traumatic Subarachnoid Hemorrhage; ICH: Intracerebral/Intraparenchymal
Hemorrhage; SDH: Subdural Hematoma; EDH: Epidural Hematoma; DAI: Cerebral Contusion/Diffuse Axonal Injury; ICU: Intensive Care Unit.
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between mortality and age, gender, trauma etiology (GBT/
head trauma only), presence of tSAH, SDH, DAI, duration of
intubation, and total hospital days.

The mean age of the patients in the present study was
39.1£19.8 years. This finding was consistent with the age
group reported in the extant literature. A substantial body
of research has indicated that TBI manifests in young adults,
a demographic that is typically characterized by its high level
of productivity.l'¢”!>!l The present study corroborates this
finding, as it documented a lower prevalence of TBI in fe-
male patients compared to male patients, a phenomenon
that aligns with the existing literature.['¢7'>!5] However, the
mortality rate did not exhibit a significant disparity between
female and male patients. The low number of female patients
may be due to the fact that the traumatized population is
more likely to be male and to participate in life, be active
workers, and work in physically demanding jobs. However,
the mortality response to trauma was similar in both sexes
in the present study. This finding contradicts the prevailing
notion that the female body is inherently more fragile and
susceptible to injury from equivalent trauma. In addition,
three distinct studies, one of which was multicenter, re-
ported that there was no difference in mortality between
men and women.['*!Z Conversely, Mikolic et al.l'! compared
the 6-month outcomes of male and female TBI survivors and
classified patients into two groups according to GCS score:
Mild and moderate/severe. The findings of the study indicated
that the hospitalization rate in the mild group was lower in
females compared to males. However, the long-term disability
rate was higher in females. Furthermore, the total hospital-
ization time was shorter in the m/s group in females. Finally,
the 6-month outcome was worse in females younger than 45
and older than 65 years compared to males. In contrast, our
study did not involve a comparison of patients by subgroup-
ing them according to GCS score and age group. A compari-
son of patients based on categorized parameters may have
yielded different results.

It is well established that APACHE Il and GCS scores are ef-
fective in predicting mortality in ICU patients and have been
utilized for a considerable period.l'67!13.1517.18]

The GCS score is a method of rapidly ascertaining the level
of coma in patients, irrespective of the underlying cause. The
categorization of conditions is not based on the severity of
the condition, whether it is acute, chronic, traumatic, or
medical. The GCS score continues to be utilized extensively
due to its simplicity, the fact that it does not require labora-
tory results, and its reliability, as demonstrated in numerous
studies. A low GCS score has been reported to be associated
with high mortality in many cases.['® It was also determined
that a low GCS score was an effective mortality indicator in
our study group of TBI patients.

In contrast to the GCS, the APACHE Il scoring system was
developed to evaluate the severity of acute and chronic con-
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ditions based on physiological and laboratory parameters.
However, when it was first introduced, it contained a number
of parameters that were difficult to calculate. It was subse-
quently simplified to make it more user-friendly. This version
is still widely used in many centers. Despite the APACHE IV
update, APACHE Il remains more popular. The limited use
of APACHE IV is generally attributed to a lack of technologi-
cal advances in healthcare. In our study, we found that the
APACHE Il score, which was not developed specifically for
trauma, is an independent predictor of mortality in patients
with severe head trauma. Even though more up-to-date scor-
ing systems are available today,!'® we think that the APACHE
Il score can also be used to predict mortality in patients with
head trauma.

The Sl score is a simple scoring system that uses only two
parameters (the ratio of blood glucose to serum potassium
levels) to calculate the score.l'*?? The mechanism by which
SI predicts TBH mortality risk is unclear. However, the two
parameters that make up the Sl score are important factors
affected by the physiological stress response to trauma and
the resulting metabolic impairment. This may contribute to
its ability to predict TBH mortality. As is well known, a series
of cellular events are triggered in response to TBI that can
lead to cerebral edema and cellular necrosis. These events
can cause serum electrolyte and glucose imbalances, exacer-
bating secondary damage and increasing mortality. S| evalu-
ates serum glucose and potassium levels together and can
therefore be used to assess the severity of these metabolic
disturbances and the extent of cellular damage that develops
during TBH monitoring.l'"? In their study, Huang et al.l']
reported that, even after adjusting for other variables in the
analysis, higher Sl scores were significantly associated with an
increased risk of mortality, confirming its value as a prognos-
tic indicator. In our study, we found that S| scores were an
independent predictor of mortality in trauma patients. Due
to its simplicity and the fact that it requires fewer parameters
than the APACHE I, it may become more widely used in
predicting mortality in the future. We believe that its efficacy
could be further supported by studies involving a larger num-
ber of patients.

RTS is calculated using only three parameters (GCS, systolic
blood pressure, respiratory rate) from APACHE Il. RTS was
developed primarily for cases of major head trauma without
concomitant major physiological changes or multiple system
injuries. It is recommended that an RTS <4 threshold should
be used for the purpose of evaluation at the trauma center.
The RTS has been demonstrated to be inversely correlated
with clinical status, suggesting that as the RTS score declines,
the severity of the clinical condition concomitantly increases.
In our study, we found it to be effective in predicting mortal-
ity but not as an independent factor. It can be used as a simple
and reliable scoring system that can be calculated by simply
monitoring the patient without waiting for laboratory results
in trauma patients!'822%1
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If a GBT combined with a head trauma is considered to be a
higher-energy trauma compared to a pure head trauma, one
might think that it is associated with a higher mortality risk.
However, in our study, the risk of death was similar for both
types of trauma.

It was hypothesized that the age of the patients in our study
might be the underlying cause of the observed phenomenon.
The patients in our study were younger. A further factor that
may be pertinent to this issue is the relatively low number of
sample size. It is hypothesized that this result could be dem-
onstrated more clearly in a study with a larger sample size.

However, apart from these scores, one of the most significant
findings of our study was that the presence of a skull fracture
was an important determinant of mortality, independent of
other parameters. The underlying factors contributing to this
phenomenon may include the potential risks associated with
compression and/or damage to the brain, the heightened risk
of hemorrhage, the unavailability of surgical correction ac-
cording to anatomical location, and the risk of central ner-
vous system infection. It is imperative that the presence of
a skull fracture, which can be detected by a simple physical
examination or imaging, is met with a high degree of serious-
ness and consideration so that it is not overlooked in terms
of mortality.

The present study found that the presence of intubation was
associated with high mortality, regardless of the duration
of intubation and length of hospital stay. The present study
did not identify a mortality-increasing effect associated with
prolonged ICU stay and prolonged intubation. The fact that
the patient had just been intubated was a significant factor
in determining mortality. Patients who are unable to protect
their airway are susceptible to aspiration and/or intubation-
induced complications from the moment of trauma. Conse-
quently, this scenario has the potential to result in elevated
mortality rates.

In the cohort study conducted by Corrigan et al.? on TBI
patients who were treated and sent to a rehabilitation center,
it was reported that the types of TBI (e.g., EDH, SDH...) were
one of the parameters that could be used to determine the
outcome. In our study, when we evaluated the relationship
between TBI types and mortality, we found that EDH was
associated with low mortality and ICH with high mortality.

In patients with EDH, a rapid diagnosis and surgical evacua-
tion of the hematoma generally results in an excellent func-
tional prognosis.”®! In the majority of cases, EDHs that are
within the limits of the operation have generally yielded fa-
vorable outcomes following timely surgical intervention. The
correlation between the presence of EDH and low mortal-
ity in our study may be elucidated as follows. Conversely, it
was hypothesized that the elevated mortality rate associated
with ICH was attributable to the widespread nature of the
hemorrhage, as opposed to its localized distribution, and the
absence of a suitable surgical intervention. It may be con-
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cluded that the mortality rate is subject to reduction if the
brain damage that develops as a result of trauma can be op-
erated on. Nevertheless, this assertion requires substantia-
tion through rigorous studies encompassing numerous cases
across multiple centers.

In another study conducted by Maas et al.*®! in TBI patients,
they reported SDH as an indicator of poor prognosis.

As evidenced by the extant literature, studies have been con-
ducted which compare the varying parameters that may af-
fect clinical outcomes and mortality to differing extents. The
findings reported in these studies are inconsistent, presum-
ably due to the inclusion of disparate populations.

In a study of all TBI patients with 3< GCS <8 who presented
to hospital, older age was reported to be an important deter-
minant of poor outcome, and similar to our study, the pres-
ence of EDH was reported to be an important determinant
of good outcome.?!

Einarsen et al.”® reported that older age, presence of SDH,
and, similar to our study, low GCS score and presence of
hypoxia were associated with poor recovery in their study
of TBI patients over |6 years of age with GCS between 9
and 13.

In a study by Otal and Baydin!""! in head trauma patients of
all ages, including children presenting to the emergency de-
partment, it was reported that SDH was seen at a rate of
10-20% and that SDH was the most lethal type of injury, and
similar to our study, head trauma was more common in the
male gender and the presence of skull fracture rate was 43%,
GCS plays an important role in determining the prognosis
and early surgical intervention reduces the mortality rate.

Klemenc-Ketis et al.®! reported that short hospital stay and
similar to our study, the presence of EDH were good out-
come markers in their study in which patients who were ad-
mitted to hospital due to TBI and who did not die on admis-
sion and GCS <9 were included.

Our study group was different from those in the studies men-
tioned above and included only TBI patients over 18 years
of age who were admitted to the ICU. Different results may
be due to the exclusion of more severe patients who came
to the emergency department and died and less serious pa-
tients who were admitted to the ward and completed their
treatment there. It can be said that our study evaluated TBI
patients with moderate to severe condition.

We believe that the strength of our study lies in the inclusion
of moderate-severe TBI patients admitted to the ICU during
the specified time period, the clarity of the study parameters,
the absence of the risk of subjective-differential assessment
during recording, and the evaluation of |9 parameters, includ-
ing not only the scoring parameters but also the presence of
surgery, skull fractures, and types of trauma-related bleeding
in TBI patients.
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Limitations

This retrospective, single-center trial, with a relatively lim-
ited number of patients who were comparatively younger in
age, evaluated patients admitted to the ICU only. Among the
treatment modalities, it assessed the relationship between
mortality and neurosurgical operations. In this study, man-
agement of patients was achieved based on guidelines and evi-
dence from current literature.’3% The decision of whether
to perform surgery was made by the neurosurgery depart-
ment either before or after admission to the ICU.

CONCLUSION

An accurate and early evaluation of patients with severe head
trauma, a condition that can be considered a “silent epidem-
ic” with a high mortality rate wozrldwide, and prompt plan-
ning of a treatment algorithm can be lifesaving.

Our assessment of mortality in patients with head trauma re-
vealed that the APACHE Il and Sl scoring systems, which are
widely used for other conditions, are valuable. We also found
that certain significant clinical findings, such as skull fractures,
should be considered alongside these scores.

We recommend evaluating patients to predict mortality, do-
ing so as soon as possible, even before ICU admission, using
both clinical conditions and scoring systems.
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ORIJINAL CALISMA - 0Z

Yogun bakim iinitesindeki agir travmatik beyin hasarli hastalarda sagkalim durumu,
mortalite belirleyicileri ve skorlari

AMAG: Travmatik beyin hasari (TBH) hastalari, yiiksek morbidite ve mortalite oranlariyla yogun bakim Unitelerinde (YBU) takip ettigimiz hastalar
icinde 6nemli bir yere sahiptir. Galismamizin amaci, YBU'de TBH nedeniyle yatan hastalarda primer olarak mortaliteyi 6ngéren parametreleri ve
skorlamalari belirlemek, sekonder olarak ise etiyoloji ile bu parametrelerin TBH hastalari tizerindeki dagilimini degerlendirmektir.

GEREC VE YONTEM: Etik kurul onayi ve hasta yakini onami sonrasinda, 202 1-2023 yillari arasinda hastanemiz Anesteziyoloji ve Reanimasyon
YBU'siine kabul edilen |8 yas ve iizeri TBH hastalari retrospektif kohort calismamiza dahil edildi. TBH hastalarinin demografik ézellikleri ile YBU’ye
kabul sirasindaki klinik 6zelliklerini iceren 18 ayri parametrenin mortalite ile iliskisi ve dagiimlari karsilastirildi. Tek degiskenli ve ¢ok degiskenli ana-
lizler, mortalite icin odds oranini tahmin etmek amaciyla kullanildi.

BULGULAR: Calismaya dahil edilen |94 hastanin %80.4’( erkek olup, yas ortalamalari 39.1£19.8 yil, mortalite oraniise %35. | idi. Exitus olmayan ve
olan hastalar karsilagtirildiginda, exitus olan hastalarda ortalama Glasgow Koma Skoru (GKS) (5.713.1e karsi 10.1%3.1, p<0.001), Revize Travma
Skoru (RTS) (5.25£2.1’e karsi 10.612.7), operasyon varligi orani (%33.8’e karsi %53.2, p<0.01) ve epidural hematom (EDH) varligi orani (%33.8’e
kars1 %53.2, p<0.01) daha dustikti. Ortalama APACHE Il skoru (29’a karsi 13, p<0.001), APACHE Il skoruna gore tahmini mortalite yiizdesi (55’e
karsi 12, p<0.001), stres indeksi (SI) (62.3+£29.5’e karsi 42.4£19.2, p<0.001), intraserebral hematom/hemoraji (ICH) varligi orani (%52.9’a karsi
%30.2, p<0.01), kafatasi kemiginde kirik varligi orani (%80.9’a karsi %24.6, p<0.01) ve entiibasyon varligi orani (%94.1’e karsi %60.3, p<0.0l) ise
daha yiiksek olarak saptandi. Cok degiskenli analizde mortalitenin anlamli bagimsiz belirleyicileri; yiiksek APACHE Il skoru (OR: 1.292 [I.192—
1.400], p<0.001), yiiksek SI (OR: 0.820 [0.699-0.921], p<0.001) ve eslik eden kafatasi kemigi kingi varligi (OR: 4.982 [1.894—13.103], p<0.001) idi.
SONUC: Calismamizda 6zellikle ytksek APACHE Il skoru, yiiksek SI, kafatasi kemigi kirigi varligi, diisiik GKS skoru, dustik RTS, entiibasyon ve ICH
varligi yliksek mortalite ile iligkiliyken; operabilite ve EDH varligi diisiik mortalite ile iligkiliydi. Bu nedenle, TBH olgularinin takibinde erken tedaviye
baslanmasi ve yliksek mortalitenin dnlenmesi amaciyla bu parametrelerin dncelikli olarak géz éniinde bulundurulmasi gerektigi kanaatindeyiz.

Anahtar sozciikler: APACHE II; kafa kemiklerinde kirik varligi; mortalite; revize travma skoru; stres indeksi; subdural hematom; travmatik beyin hasari.
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Factors predicting need for intervention and mortality in
patients with spontaneous rectus sheath hematoma
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ABSTRACT

BACKGROUND: Spontaneous rectus sheath hematoma (RSH) is a potentially life-threatening cause of acute abdominal pain, partic-
ularly in elderly and anticoagulated patients. VWhile most cases are managed conservatively, a significant proportion requires interven-
tional procedures, and mortality remains substantial. The aim of the study was to identify the predictors of interventional procedure
requirements and 90-day mortality in patients with spontaneous RSH.

METHODS: This retrospective study included consecutive adult patients diagnosed with spontaneous RSH at a tertiary care center
between January 2017 and December 2023. Clinical, laboratory, and imaging data were collected. Multivariate logistic regression was
used to identify independent predictors of interventional radiology treatment and 90-day all-cause mortality.

RESULTS: The study consisted of 59 patients with a median age of 72 years, and 77.9% were females. Interventional radiology pro-
cedures were performed in 27.1% of cases, and 90-day mortality was 22.0%. Hematoma volume was independently associated with
the need for intervention (odds ratio [OR]: 1.002; p=0.004). In a subgroup of patients undergoing computed tomography angiography
(n=36), contrast extravasation was also a significant predictor (OR: 17.460; p=0.009). Independent predictors of 90-day mortality were
advanced age (OR: 1.088; p=0.045) and greater hemoglobin decline (OR: 1.086; p=0.008).

CONCLUSION: Hematoma volume and contrast extravasation are significant predictors of the need for interventional treatment,
while advanced age and hemoglobin decline predict 90-day mortality in spontaneous RSH. These findings support the use of objective
radiologic and laboratory parameters for early risk stratification. Prospective multicenter validation is warranted to guide standardized
management strategies in this high-risk population.

Keywords: Intervention; mortality; prognosis; rectus sheath hematoma.

INTRODUCTION tion results from bleeding into the rectus sheath space, most

commonly due to rupture of the epigastric vessels or direct
Rectus sheath hematoma (RSH) is an increasingly recognized ~ muscle injury, and often presents with acute abdominal pain
clinical entity that poses significant diagnostic and therapeutic and a palpable mass.®! The clinical significance of RSH lies in
challenges. While historically considered rare, the incidence of  its potential to mimic acute abdominal emergencies and its
spontaneous RSH has risen in parallel with the increased use  association with substantial morbidity, including hemorrhagic
of anticoagulant and antiplatelet therapies, particularly among  shock and mortality rates reaching 22% in high-risk popula-
elderly patients with multiple comorbidities."? This condi-  tions.*
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Current understanding of RSH management remains largely
based on retrospective studies and small case series, revealing
critical gaps in evidence-based decision-making. While con-
servative management with blood product support and an-
ticoagulation reversal is effective for the majority of patients,
approximately 20-30% require invasive interventions such as
angiographic embolization or surgical exploration.’*”] Identify-
ing patients at risk of conservative management failure who
may require urgent intervention remains a persistent clinical
challenge.®®) Recent efforts, such as the scoring model by
Contrella et al.,/? have proposed radiological and clinical pre-
dictors — hematoma volume, transfusion requirement, active
extravasation — but lack prospective validation and widespread
clinical adoption.

Despite technical success rates approaching 100%, previous
studies have also reported mortality rates ranging from 14%
to 44% in patients undergoing embolization for spontane-
ous RSH, underscoring the limited physiologic reserve of this
patient population.l'” Early identification of patients likely to
require intervention may help reduce mortality by enabling
timely and appropriate management, while also preventing
unnecessary procedures in low-risk individuals. Importantly,
once minimal hemodynamic deterioration is observed, delay-
ing intervention in these patients may worsen outcomes. Ear-
lier treatment may allow for the use of less invasive strategies,
thereby reducing procedure-related morbidity and improving
overall prognosis.['®!"]

This study was designed to address these knowledge gaps by
analyzing a consecutive cohort of patients with spontaneous
RSH managed at a tertiary care center. We aimed to identify
factors associated with the need for interventional radiology
procedures and to determine independent predictors of 90-
day mortality in patients with spontaneous RSH.

MATERIALS AND METHODS
Study Design and Patients

The study was conducted in accordance with the Helsinki
Declaration. Following the approval of the Institutional Ethics
Committee of Gulhane Scientific Research Ethics Commit-
tee (date: 10.09.2024, decision number: 2024-391), a retro-
spective study was conducted to evaluate patients diagnosed
with spontaneous RSH between January 2017 and December
2023 at a tertiary care center. All adult patients were identi-
fied from the hospital electronic database. Patients aged 18
years or older who were diagnosed with spontaneous RSH
and either presented to the emergency department or were
inpatients in other departments and consulted by general
surgery during the study period were included. Patients were
excluded if the hematoma was iatrogenic or traumatic in ori-
gin or if their data were incomplete.

Data Collection and Variables

Patient data were retrospectively collected from hospital
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medical records. The variables included demographic char-
acteristics, comorbidities, use of anticoagulant or antiplatelet
medications, type of hospital admission, laboratory values
(hemoglobin, hematocrit, platelet count, prothrombin time,
international normalized ratio, creatinine), diagnostic meth-
ods, hematoma volume, blood transfusion status, treatment
strategies, length of hospital stay, and clinical outcomes.

Definitions

Hematoma volume was calculated using the ABC/2 method,
defined as maximal length x maximal width x maximal thick-
ness divided by 2.' When abdominal computed tomography
(CT) was performed, the hematoma was classified according
to the Berna classification.['? 90-day mortality was defined as
death from any cause within 90 days of the index admission.
90-day readmission was defined as any hospital readmission
occurring within 90 days after discharge from the index hos-
pitalization.

Patient Follow-up and Outcomes

All patients were followed for a period of 90 days after dis-
charge to assess survival and clinical outcomes. The primary
outcome of the study was 90-day mortality. The secondary
outcome was the requirement for interventional procedures
during hospitalization.

Statistical Analysis

Normal distribution of continuous variables was evaluated
with quantile-quantile plots, histograms, and the Shapiro—
Wilk test. Continuous variables were presented as median
values with minimum and maximum ranges. Categorical vari-
ables were expressed as counts and percentages. The Wil-
coxon Mann—Whitney U test was used for comparison of
continuous variables, while the Pearson x? test or Fisher’s ex-
act test was employed for categorical variables. Multivariate
logistic regression analysis was performed using the backward
stepwise method based on the likelihood ratio to identify in-
dependent predictors of 90-day mortality and the need for
interventional procedures. All variables with a p<0.20 in the
univariate analysis and all clinically significant variables regard-
less of statistical significance were included in the multivari-
ate models. The linearity assumption between continuous
independent variables and the logit of the dependent variable
was evaluated using the Box-Tidwell procedure,!'® and mul-
ticollinearity was assessed using the variance inflation factor
and tolerance statistics. The goodness-of-fit of the final mul-
tivariate models was assessed using the Hosmer-Lemeshow
test. Adjusted odds ratios (ORs) and 95% confidence inter-
vals (Cls) were reported for statistically significant predictors.
A two-tailed p<0.05 was considered statistically significant.
All statistical analyses were conducted using the Statistical
Package for the Social Sciences version 26.0 (IBM Corp., Ar-
monk, NY, USA), and data visualizations were created using
GraphPad Prism version 8.0 (GraphPad Software, San Diego,
CA, USA).
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RESULTS

Patient Characteristics

A total of 59 patients diagnosed with spontaneous RSH were
included in the study. The median age was 72 years (range:
18-94), and 77.9% were female. During hospitalization, 16
patients underwent interventional radiology procedures
(27.1%), of whom 3 required repeat embolization. Surgical in-
tervention was required in only one patient due to persistent
hemodynamic instability and failure to achieve hemorrhage
control with radiological intervention. Surgical exploration
successfully achieved hemostasis and resulted in stabilization
of the patient’s condition. The overall 90-day mortality rate
was 22.0%. Demographic, laboratory, and clinical characteris-
tics of the patients are presented in Table I.

Predictors of Interventional Procedure Requirement

Comparative analysis revealed that patients requiring inter-
ventional management had significantly lower admission he-
moglobin (9.9 vs. 1.5 g/dL, p=0.038) and hematocrit levels
(29.3% vs. 36.8%, p=0.032), greater hemoglobin (25.3% vs.
10.7%, p=0.002) and hematocrit decline rates (27.8% vs.
1 1.8%, p=0.004), and higher hematoma volumes (1070 vs. 49
cm?, p<0.001). In addition, Berna Type lll classification and
contrast extravasation on CT angiography (CTA) were sig-
nificantly more common among these patients (p=0.007 and
p<0.001, respectively). Blood transfusion, intensive care unit
(ICU) admission, and length of hospital stay were also signifi-
cantly more prevalent in the interventional group (p=0.002,
p=0.016, and p<0.001, respectively) (Table 2).

In the multivariate analysis, hematoma volume was indepen-
dently associated with the need for interventional procedures
(OR: 1.002; 95% CI: 1.001-1.003; p=0.004), whereas blood
transfusion was retained in the final model but did not reach
statistical significance (OR: 5.158; 95% Cl: 0.940-28.316;
p=0.059) (Figure I).

Furthermore, a subgroup analysis of 36 patients who under-
went evaluation with CTA revealed that, in addition to he-
matoma volume, the presence of contrast extravasation on
imaging was also an independent predictor of interventional
radiologic management (OR: 17.460; 95% Cl: 2.065-147.615;
p=0.009).

Predictors of 90-Day Mortality

A total of 7 patients (11.9%) died within 30 days, and 13
patients (22.0%) experienced 90-day mortality. Table 3
shows univariate analysis of demographic and clinical fac-
tors associated with 90-day mortality. Patients experiencing
mortality tended to be significantly older (81 vs. 69 years;
p=0.002). They also had higher rates of inpatient-onset he-
matomas (p=0.018), greater hemoglobin and hematocrit
decline rates (p=0.005 and p=0.003, respectively), elevated
serum creatinine levels (p=0.019), and higher hematoma vol-
umes (p=0.043). The mortality group had significantly more
frequent blood product transfusions and ICU admissions
(p=0.016 and p=0.018, respectively).
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Table I. Demographic, clinical, and laboratory characteristics
of patients with spontaneous rectus sheath hema-
toma

n=59 (%)

Age, years 72 (18-94)

Female gender; n (%) 6 (77.9)

Hypertension, n (%) 5 (76.3)

Coronary artery disease, n (%) 9 (32.2)

Diabetes mellitus, n (%) 20 (33.9)

COPD, n (%) 9 (32.2)

Anticoagulation, n (%) 41 (69.5)

Antiplatelet agents, n (%) 33 (55.9)

Admission types, n (%)

Emergency department admission 40 (67.8)
Inpatient-onset events 19 (32.2)
Hemoglobin (at admission), g/dL 1.1 (7.2-17.0)

Hemoglobin decline rate, % 18.2 (0-61.7)

Hematocrit (at admission), % 34.5 (22.9-50.0)

Hematocrit decline rate, % 20.3 (0-59.5)

Platelets,x 10°/L 237 (16-579)

Prothrombin time, s 13.0 (8.5-144.3)

INR 1.1 (0.9-14.2)

Creatinine, mg/dL 0.98 (0.53—4.66)

Diagnostic procedures, n (%)

Only US 23 (39.0)

US and CT 36 (61.0)
CT classification, n (%)*

Berna | 12 (33.3)

Berna Il 6 (16.7)

Berna lll 18 (50.0)
Extravasation on CTA, n (%)* 15 (41.7)
Hematoma volume, cm? 144 (10-10927)
Blood transfusion, n (%) 28 (47.5)
Red blood cell transfusion, units 0 (0-27)
Fresh frozen plasma transfusion, units 0 (0-35)
Platelet transfusion, units 0 (0-I1)
Management, n (%)

Conservative treatment 43 (72.9)

Interventional procedure 16 (27.1)
Surgical treatment, n (%) 1 (1.7)
Intensive care unit stay, n (%) 19 (32.2)
Length of hospital stay, day 7 (0-58)
90-day readmission, n (%) 6 (10.2)
90-day mortality, n (%) 13 (22.0)

CT: Computed tomography; CTA: Computed tomography angiography;
COPD: Chronic obstructive pulmonary disease; US: Ultrasound. *Only
patients who underwent CT were analyzed (n=36).
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Table 2. Comparison of patients’ characteristics between those managed conservatively and those who underwent interventional
procedures for spontaneous rectus sheath hematoma

Conservative management Interventional procedure P
(n=43) (%) (n=16) (%)

Age, years 71 (18-94) 73.5 (21-88) 0.573
Female gender, n (%) 35 (81.4) Il (68.8) 0.311
Hypertension, n (%) 32 (74.4) 13 (81.3) 0.738
Coronary artery disease, n (%) 14 (32.6) 5(31.3) 0.924
Diabetes mellitus, n (%) 13 (30.2) 7 (43.8) 0.329
COPD, n (%) 15 (34.9) 4 (25.0) 0.470
Anticoagulation, n (%) 27 (62.8) 14 (87.5) 0.111
Antiplatelet agents, n (%) 22 (51.2) Il (68.8) 0.226
Admission types, n (%) 0.247

Emergency department admission 31 (72.1) 9 (56.3)

Inpatient-onset events 12 (27.9) 7 (43.7)
Hemoglobin (at admission), g/dL 1.5 (7.4-17.0) 9.9 (7.2-14.1) 0.038
Hemoglobin decline rate, % 10.7 (0-61.7) 25.3 (13.2-52.3) 0.002
Hematocrit (at admission), % 36.8 (22.9-50.0) 29.3 (23.542.1) 0.032
Hematocrit decline rate, % 11.8 (0-59.5) 27.8 (14.6-48.5) 0.004
Platelets,x | 0°/L 239 (16-479) 229 (100-579) 0.805
Prothrombin time, s 13.2 (8.5-144.3) 13.1 (8.6-105.8) 0.580
INR 1.1 (0.9-14.2) 1.2 (0.9-9.7) 0.429
Creatinine, mg/dL 1.01 (0.53—4.66) 0.91 (0.54-3.93) 0.727
Diagnostic procedures, n (%) 0.052

Only US 20 (46.5) 3(18.7)

US and CT 23 (53.5) 13 (81.3)
CT classification, n (%)* 0.007

Berna | 11 (47.8) | (7.7)

Berna Il 521.7) | (7.7)

Berna lll 7 (30.4) Il (84.6)
Extravasation on CTA, n (%)* 4(17.4) Il (84.6) <0.001
Hematoma volume, cm? 49 (10-1566) 1070 (38-10927) <0.001
Blood transfusion, n (%) 15 (34.9) 13 (81.3) 0.002
Red blood cell transfusion, units 0 (0-27) 3.5 (0-10) <0.001
Fresh frozen plasma transfu-sion, units 0 (0-35) 2 (0-14) <0.001
Platelet transfusion, units 0 (0-I1) 0 (0-3) 0.480
Intensive care unit stay, n (%) 10 (23.3) 9 (56.3) 0.016
Length of hospital stay, day 4 (0-50) 15 (1-58) <0.001
90-day readmission, n (%) 4(9.3) 2 (12.5) 0.658
90-day mortality, n (%) 8 (18.6) 5(31.3) 0311

CT: Computed tomography; CTA: Computed tomography angiography; COPD: Chronic obstructive pulmonary disease; US: Ultrasound. *Only patients who
underwent CT were analyzed (n=36).

In multivariate analysis, two independent predictors of 90-day 1.086; 95% Cl: 1.021-1.154; p=0.008). Admission hemoglo-
mortality were identified: advanced age (OR: 1.088; 95% CI: bin level showed a borderline association with mortality (OR:
1.002—1.182; p=0.045) and greater hemoglobin decline (OR:  0.699; 95% CI: 0.458-1.066; p=0.096) (Fig. I).
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Table 3. Comparative analysis of patient characteristics in terms of 90-day mortality among patients with spontaneous rectus

sheath hematoma

Alive at 90 days 90-day mortality P
(n=46) (%) (n=13) (%)

Age, years 69 (18-94) 81 (40-88) 0.002
Female gender, n (%) 36 (78.3) 10 (76.9) 1.000
Hypertension, n (%) 33 (71.7) 12 (92.3) 0.159
Coronary artery disease, n (%) 15 (32.6) 4 (30.8) 1.000
Diabetes mellitus, n (%) 15 (32.6) 5 (38.5) 0.746
COPD, n (%) 14 (30.4) 5 (38.5) 0.738
Anticoagulation, n (%) 29 (63.0) 12 (92.3) 0.049
Antiplatelet agents, n (%) 25 (54.3) 8 (61.5) 0.645
Admission types, n (%) 0.018

Emergency department admission 35 (76.1) 5 (38.5)

Inpatient-onset events Il (23.9) 8 (61.5)
Hemoglobin (at admission), g/dL 11.7 (7.2-17.0) 10.7 (7.8-14.1) 0.104
Hemoglobin decline rate, % 15.0 (0-51.4) 30.4 (0-61.7) 0.005
Hematocrit (at admission), % 36.2 (22.9-50.0) 29.1 (23.542.1) 0.122
Hematocrit decline rate, % 15.6 (0-53.0) 32.5 (0-59.5) 0.003
Platelets, % 10°/L 229 (100-579) 255 (16-517) 0.674
Prothrombin time, s 13 (8.5-144.3) 13.7 (9.4-80.5) 0.712
INR 1.1 (0.9-14.2) 1.2 (0.9-7.7) 0.937
Creatinine, mg/dL 0.91 (0.534.34) 1.41 (0.78-4.66) 0.019
Diagnostic procedures, n (%) 0.548

Only US 17 (37.0) 6 (46.2)

US and CT 29 (63.0) 7 (53.8)
CT classification, n (%)* 0.109

Berna | 12 (41.4) 0 (0)

Berna Il 4(13.8) 2 (28.6)

Berna lll 13 (44.8) 5(71.4)
Extravasation on CTA, n (%)* Il (37.9) 4 (57.1) 0418
Hematoma volume, cm? 77.7 (10-10927) 424 (10-3443) 0.043
Blood transfusion, n (%) 18 (39.1) 10 (76.9) 0.016
Red blood cell transfu-sion, units 0 (0-10) 2 (0-27) 0.015
Fresh frozen plasma transfusion, units 0 (0-14) I (0-35) 0.094
Platelet transfusion, units 0 (0-0) 0 (-I1I) 0.007
Management, n (%) 0.311

Conservative treatment 35 (76.1) 8 (61.5)

Interventional procedure I'1(23.9) 5 (38.5)
Intensive care unit stay, n (%) I'1(23.9) 8 (61.5) 0.018
Length of hospital stay, day 5 (0-58) 'l (0-50) 0.041
90-day readmission, n (%) 4 (8.7) 2 (154) 0.605

CT: Computed tomography; CTA: Computed tomography angiography; COPD: Chronic obstructive pulmonary disease; US: Ultrasound. *Only patients who

underwent CT were analyzed (n=36).

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

1057



Celik et al. Predictors of intervention and mortality in RSH

Outcome Adjusted OR

Forest plot, 95% CI

Meed for interventional procedures

Hemaloma volume

Blood transfusion

S0-day mortality

Admission hemoglobin

1.0:02 {1.001-1.003)
5,158 (084028 316}

Age 1.088 (1.002-1182)
0.699 (0.458-1.066)
Hamaogiobin declime rate 1086 (1.021-1.154)

|
I T -!Hﬂ'l'i T T TR Lan Rl |
0.1 1 10 100
He intervention Intervention
—

T T roomm
LR 1 10 100
Mo mortality Mortality

I !--llﬂ'ﬂI T T TRrrm

Figure 1. Multivariate analysis for predictors of the need for interventional procedures and 90-day mortality in patients with spontaneous
rectus sheath hematoma. In a predefined computed tomography angiography subgroup, contrast extravasation emerged as an additional
independent predictor (odds ratio: 17.460; 95% confidence interval: 2.065-147.615). Cl: Confidence interval.

DISCUSSION

This study investigated factors predicting the need for inter-
vention and 90-day mortality in patients diagnosed with spon-
taneous RSH at a tertiary care center. Our analysis revealed
that hematoma volume is a significant independent predictor
for requiring interventional procedures, while advanced age
and hemoglobin decline independently predict 90-day mortal-
ity. These findings underscore the complex clinical profile of
spontaneous RSH, highlighting distinct risk factors associated
with procedural necessity versus overall survival in this vul-
nerable patient population.

The need for angiographic embolization in our cohort
(27.1%) was consistent with rates reported in previous stud-
ies, typically ranging from 20% to 30%.[%” Our multivariate
analysis for the entire cohort identified hematoma volume as
a significant independent predictor for requiring intervention
(OR 1.002/cm? increase, p=0.004). Blood transfusion showed
a borderline association, likely reflecting its common use
in patients already deemed unstable or having large bleeds,
rather than being an independent driver for the decision to
intervene. Furthermore, a specific subgroup analysis focusing
on the patients who underwent CTA revealed that, alongside
hematoma volume, the presence of contrast extravasation
on imaging was also an independent predictor of the need
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for interventional radiology management. This finding is con-
sistent with a previous report by Contrella et al.,”@ which
identified extravasation on CTA, larger hematoma volume,
transfusion of 24 units of packed red blood cells, and a rate
of hemoglobin decrease (>0.25 g/dL/h) as key predictors of
conservative management failure in patients with spontane-
ous RSH. In addition, our results also align with those of Por-
ras Fimbres et al.l' who conducted a multivariate analysis
in an independent cohort and similarly found hematoma vol-
ume and contrast extravasation on CTA to be the two most
significant independent predictors of failure of conservative
management. Other parameters, such as hemoglobin nadir
and transfusion requirement, were not retained in their final
model. Clinically, these results suggest that both a large he-
matoma volume and the presence of active contrast extrava-
sation on CTA serve as crucial indicators of likely failure of
conservative management, warranting early consultation with
interventional radiology.

Although the majority of RSH cases are managed conserva-
tively, mortality rates remain non-negligible, ranging between
14% and 44% in previous series involving interventional treat-
ment.>*>!% The 90-day mortality rate observed in our co-
hort (22%) is in line with existing literature and reinforces
the concept that RSH, particularly in frail and elderly patients,
often serves as a marker of systemic decompensation rather
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than an isolated event. Baekgaard et al.'! documented an
in-hospital mortality rate of 22%, with only 27% of deaths
clearly linked to hemorrhagic complications. Similarly, Sheth
et al.B! reported a 14.8% overall mortality, none of which
were directly ascribed to RSH. Jawhari et al.l'% noted a 30-
day mortality rate of 44%, yet only one-third of these deaths
were directly related to persistent or recurrent bleeding; the
remainder resulted from secondary complications such as
sepsis or cardiovascular events, reflecting the role of RSH as a
marker of systemic deterioration. Contrella et al.” observed
a 19% 30-day mortality in embolized patients, though most
deaths were associated with underlying comorbidities rather
than the bleeding episode itself. Collectively, these findings
highlight that adverse outcomes in RSH are often driven by
multisystem compromise rather than isolated hemorrhage.
This broader pathophysiological context is further supported
by our findings, in which advanced age and greater hemo-
globin decline emerged as independent predictors of 90-day
mortality in multivariate analysis. These results are consistent
with those of Baekgaard et al.,"! who similarly identified age
and hemodynamic instability as major contributors to mor-
tality risk.

Departing from prior studies, this study targeted 90-day all-
cause mortality, enabling a more comprehensive understand-
ing of the determinants of patient outcomes. While 30-day
or in-hospital mortality primarily reflects early procedural or
bleeding-related events, a 90-day timeframe captures delayed
complications such as infection, deconditioning, or organ fail-
ure — particularly relevant in older adults. While the extended
follow-up period may introduce confounding from unrelated
comorbidities, it offers a more comprehensive understand-
ing of patient vulnerability and underscores the importance
of holistic management beyond initial hemostasis. This study
has several strengths that enhance the robustness and clinical
applicability of its findings, foremost among them the inclu-
sion of a consecutive patient cohort over a 7-year period at
a tertiary care center, which supports internal validity, re-
duces selection bias, and ensures the representativeness of
real-world clinical practice. Moreover, the 90-day follow-up
allowed for a more comprehensive assessment of outcomes
beyond the immediate phase of hemorrhagic control. How-
ever, it is not without limitations. The retrospective design
inherently limits causal inference and introduces potential for
missing data, misclassification, and unmeasured confounding
— particularly in transfusion practices and intervention timing,
which were not standardized. CTA was not uniformly applied,
possibly introducing verification bias, and hematoma volume
estimation through the ABC/2 method, although practical,
may be imprecise in irregularly shaped hemorrhages. Finally,
as a single-center study, external generalizability remains lim-
ited. Future studies should aim to validate these findings in
prospective, multicenter cohorts and facilitate the develop-
ment of standardized, evidence-based risk stratification mod-
els incorporating hematoma volume, contrast extravasation,
and dynamic clinical parameters. Integration of bedside as-
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sessment tools—such as serial hemoglobin monitoring and
point-of-care ultrasonography — may further enhance early
identification of patients at risk of deterioration. In parallel,
investigations assessing the feasibility, cost-effectiveness, and
clinical impact of incorporating routine volumetric analysis
into emergency imaging protocols are warranted. Finally, em-
phasis should be placed on evaluating long-term outcomes,
including post-discharge functional status, quality of life, and
the role of geriatric assessment in guiding comprehensive
care strategies for this high-risk population.

CONCLUSION

This study identifies hematoma volume and contrast extrava-
sation as significant predictors of the need for interventional
treatment, while advanced age and hemoglobin decline in-
dependently predict 90-day mortality in patients with spon-
taneous RSH. These findings underscore the importance of
integrating objective radiological and laboratory parameters
into early clinical assessment to guide timely intervention and
prognostication. Prospective validation and the development
of standardized management pathways are warranted to im-
prove risk stratification and optimize outcomes in this com-
plex clinical entity.
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ORIJINAL CALISMA - 0Z

Spontan rektus kilif hematomu olan hastalarda girisimsel tedavi gereksinimi ve mortaliteyi
ongoren fakeorler

AMAC: Spontan rektus kilif hematomu (RKH), o6zellikle yasli ve antikoagiilan tedavi alan hastalarda akut karin agrisinin potansiyel olarak yagami
tehdit eden bir nedenidir. Olgularin gogu konservatif olarak yonetilmekle birlikte, anlamli bir kisminda girisimsel islemler gerekebilmekte, bazi hasta-
larda ise mortal seyir izlienmektedir. Bu ¢alismanin amaci, spontan RKH hastalarinda girisimsel islem gereksinimini ve 90 giinlik mortaliteyi 5ngéren
belirtegleri tanimlamaktir.

GEREGC VE YONTEM: Bu retrospektif calismaya, Ocak 2017 ile Aralik 2023 tarihleri arasinda {iglincii basamak bir merkezde spontan RKH tanisi
almis ardisik erigkin hastalar dahil edildi. Klinik, laboratuvar ve goriintiileme verileri toplandi. Girisimsel radyoloji tedavisi gereksinimini ve 90 gtinliik
tim nedenlere bagl mortaliteyi 5ngdren bagimsiz degiskenleri belirlemek amaciyla gok degiskenli lojistik regresyon analizi uygulandi.

BULGULAR: Calismaya alinan 59 hastanin medyan yasi 72 idi ve %77.9’u kadindi. Vakalarin %27.1’ine girisimsel radyoloji islemi uygulandi ve 90 giin-
Ik mortalite orani %22.0 olarak saptandi. Hematom hacmi, girisim gereksinimi ile bagimsiz olarak iliskili bulundu (OR: 1.002; p=0.004). Bilgisayarl
tomografi anjiyografi yapilan alt grup hastalarinda (n=36), kontrast ekstravazasyonu da anlamli bir 6ngériciydi (OR: 17.460; p=0.009). Doksan
giinlik mortalitenin bagimsiz dngoriciileri ise ileri yas (OR: 1.088; p=0.045) ve hemoglobin diistisii (OR: 1.086; p=0.008) olarak belirlendi.
SONUG: Hematom hacmi ve kontrast ekstravazasyonu, girisimsel tedavi gereksiniminin anlamli éngériiciileridir. ileri yas ve hemoglobin dusiisti ise
90 glinlik mortaliteyi dngdrmektedir. Bu bulgular, erken risk siniflandirmasi icin objektif radyolojik ve laboratuvar parametrelerinin kullaniimasini
desteklemektedir. Bu yiiksek riskli hasta grubunda standart yonetim stratejilerine yon vermek amaciyla prospektif, ok merkezli dogrulama calis-
malarina ihtiyag vardir.

Anahtar sozciikler: Girisimsel tedavi; mortalite; prognoz; rektus kilif hematomu.
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ABSTRACT

BACKGROUND: Fournier’s gangrene (FG) is a rare but life-threatening necrotizing fasciitis of the perineal and genital regions char-
acterized by rapid progression, fulminant sepsis, and high mortality. Negative-pressure wound therapy (NPWT), also called vacuum-
assisted closure (VAC), is becoming more commonly utilized today in the treatment of complex wounds. This study aimed to evaluate
the association between NPWT/VAC and in-hospital mortality among patients with FG requiring extensive surgical debridement.

METHODS: This retrospective cohort study included 95 patients treated for FG at a tertiary referral center between January 2022
and January 2025. Patients were divided into two groups according to post-operative wound management: Conventional dressing
(n=31) and NPWT/VAC (n=64). Demographic, clinical, and laboratory data — including the FG severity index (FGSI), quick sequential
organ failure assessment, and procalcitonin — were analyzed. Multivariable logistic regression identified independent predictors of in-
hospital mortality, and model performance was evaluated using receiver-operating characteristic curves.

RESULTS: Overall mortality was 20.0% (19/95). Mortality was significantly lower in the NPWT/VAC group than in the conventional
group (15.6% vs. 29.0%, p<0.05). On multivariable analysis, NPWT/VAC was independently associated with lower mortality (adjusted
odds ratio [OR] 0.42, 95% confidence interval [CI] 0.18-0.95, p<0.05), whereas higher FGSI (OR 1.28 per point, 95% CI 1.10-1.55,
p<0.01) and procalcitonin (OR 1.95, 95% CI 1.35-2.75, p<0.01) were independently associated with higher mortality.

CONCLUSION: NPWT/VAC use was associated with a lower mortality rate and may represent a valuable adjunct in the manage-
ment of severe FG.

Keywords: Fournier’s gangrene; fournier’s gangrene severity index; mortality; negative-pressure wound therapy; sepsis.

INTRODUCTION

Fournier’s gangrene (FG) is a rare but life-threatening necro-
tizing fasciitis of the genitalia and perineum. It presents with
an acute onset, fulminant sepsis, and high mortality.["! Despite
advances in intensive care and surgery, mortality has remained
high at 20-40% in recent series.*®! The disease, hence still
poses a life-threatening challenge to urological and surgical
practice. Management of FG involves early hemodynamic sta-
bilization, broad-spectrum antibiotic therapy, and aggressive

surgical debridement of all necrotic tissue.[! Additional pro-
cedures, such as fecal or urinary diversion, hyperbaric oxygen
therapy, and reconstructive techniques, have been described
to improve outcomes.”® Delayed diagnosis, insufficient de-
bridement, and systemic dissemination are, however, estab-
lished predictors of adverse prognosis, and additional mea-
sures to further decrease mortality are yet needed.

Negative-pressure wound therapy (NPWT), also called vacu-
um-assisted closure (VAC), is becoming more commonly uti-
lized today in the treatment of complex wounds.”! Through
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the application of subatmospheric pressure on the wound
surface, NPWT/VAC improves granulation tissue, promotes
perfusion, reduces bacterial load, and aids in wound closure.!'
Its efficacy has been demonstrated for clinical application in di-
abetic foot ulcers, pressure sores, and post-operative wounds.
['121 Based on these benefits, NPWT/VAC has also been found
to be increasingly applied following radical debridement of FG
patients. However, routine use of NPWT/VAC has not been
advised by international guidelines for this condition. Accord-
ing to the European Association of Urology (EAU) urological
infection guidelines, which indicate that evidence for a survival
benefit remains limited, with a level of evidence graded as 4.['’]
As a result, the role of NPWT/VAC in FG remains controver-
sial. Recent reports, although limited in number, suggest that
NPWT/VAC may improve wound control, shorten hospital-
ization, and support reconstructive surgery.'*'s! Importantly,
no definite consensus on its effect on mortality, which remains
the most relevant outcome in this devastating disease.!'®!]

The purpose of the study was to evaluate the association be-
tween NPWT/VAC and mortality in patients with FG who re-
quired extensive debridement and had systemic involvement.

MATERIALS AND METHODS

This retrospective cohort study was performed at a tertiary
referral center and included patients who underwent emer-
gency surgical debridement for FG between January 2022
and January 2025. This study was approved by the Ankara
Etlik City Hospital (Date: 02/12/2025, Decision no: AESH-
BADEK-2025-629), and written informed consent was ob-
tained from all participants. The study was performed in ac-
cordance with the Declaration of Helsinki.

Inclusion and Exclusion Criteria

Patients were eligible if they presented with FG involving sys-
temic extension to the perianal and/or inguinal regions and
required urgent debridement. Patients with localized disease
not affecting the Colles fascia (limited to the penis or scro-
tum only) or those with simple abscesses were excluded.

Study-Group Design

A total of 95 patients were included in the final analysis. Pa-
tients were stratified into two treatment groups according to
post-operative wound management: Group A: Conventional
wound dressing (n=31). Group B: NPWT/VAC (n=64).

Treatment allocation was not standardized. The decision to
use NPWT/VAC or conventional dressing was made at the
discretion of the treating surgeon based on clinical judgment,
wound characteristics, and device availability, without pre-
defined criteria. The extent of necrotizing fasciitis may have
influenced treatment decisions as part of the overall clinical
assessment; however, this was not evaluated using standard-
ized criteria.

Data Collection

Demographic data, clinical presentation, and laboratory pa-
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rameters were extracted from hospital records. Collected
data included age, sex, and comorbidities (diabetes mellitus,
chronic kidney disease, malignancy, obesity, etc.). Clinical se-
verity markers such as the quick sequential organ failure as-
sessment (qQSOFA) score, the FG Severity Index (FGSI) score,
the presence of sepsis or septic shock, and the extent of
infection were documented. Vital signs (temperature, respira-
tory rate, blood pressure, heart rate, and mental status) and
laboratory results (white blood cell count, serum creatinine,
sodium, potassium, lactate, procalcitonin, and C-reactive pro-
tein [CRP]) were recorded at admission. Operative details,
including the timing of surgery, number and adequacy of de-
bridements, and wound management modality (NPWT/VAC
vs. conventional dressing), were collected. Post-operative
outcomes included intensive care requirement, total length
of hospital stay, and in-hospital mortality.

Primary and Secondary Outcomes

The primary outcome of the study was in-hospital mortal-
ity. Secondary outcomes included the FGSI, the gSOFA score
(evaluated as 22 vs. <2), perioperative parameters such as
respiratory rate and hemodynamic instability, laboratory
markers including procalcitonin, lactate, and CRP, the number
of comorbidities, the number of surgical debridements, the
need for intensive care unit admission, and the total length
of hospital stay.

Statistical Analysis

Statistical analyses were conducted using IBM Statistical
Package for the Social Sciences Statistics v21.0 (Armonk,
NY, USA). Continuous variables were summarized as mean
* standard deviation or median interquartile range accord-
ing to the Kolmogorov-Smirnov test and compared with the
independent-samples t-test or the Mann-Whitney U test, as
appropriate; categorical variables were compared with the
x* test or Fisher’s exact test. The primary endpoint was in-
hospital mortality. To limit overfitting and collinearity, a pre-
specified parsimonious multivariable logistic regression model
was fitted, including age, comorbidity burden (number of co-
morbidities), one severity metric (FGSI), one inflammatory
biomarker (procalcitonin), and wound management (NPWT/
VAC vs. conventional); variables measured after treatment
initiation (e.g., number/adequacy of debridements) were not
entered. Adjusted odds ratios (ORs) with 95% confidence
intervals (Cls) were reported, and multicollinearity was as-
sessed using variance inflation factors. A sensitivity analysis
re-estimated the model by replacing FGSI with qSOFA (=2
vs. <2). Model discrimination and calibration were assessed
using the area under the receiver operating characteristic
curve (AUC-ROC) and the Hosmer-Lemeshow test, respec-
tively; ROC analyses were performed only for continuous/
ordinal predictors (FGSI, gSOFA, procalcitonin), and no ROC
analysis was undertaken for the binary exposure (NPWT/
VAC). For power appraisal, a balanced sample of 30 patients
per group (n=60) was considered; using «=0.05 and the ob-
served mortality contrast (29.0% vs. 15.6%), the achieved
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power was =74%, whereas substantially larger totals (on the
order of a few hundred patients) would be required to attain
=80% power under similar assumptions. Inference was there-
fore based primarily on effect sizes and 95% Cls. Two-sided
p<0.05 was considered statistically significant.

RESULTS

A total of 95 patients were analyzed; Group A: conven-
tional wound dressing (n=31) and Group B: NPWT/VAC
(n=64). Non-survivors were significantly older than survivors
(p<0.05). The most frequent comorbidities were diabetes
mellitus, chronic kidney disease, and obesity. Patients with
qSOFA 22 had higher FGSI scores, more comorbidities, and

higher procalcitonin levels than those with qSOFA <2 (all
p<0.05). The overall in-hospital mortality was 20.0% (19/95);
mortality was 29.0% (9/31) in the conventional group versus
15.6% (10/64) in the NPWT/VAC group (p<0.05). Mortal-
ity was also significantly higher in patients with qSOFA 22
(p<0.05). The demographic characteristics of the patients are
summarized in Table I.

On univariable analysis, advanced age, multiple comorbidi-
ties, sepsis or septic shock, infection extending beyond the
perineum, higher FGSI, laboratory abnormalities (elevated
creatinine, lactate, procalcitonin, and hyponatremia), fewer/
inadequate debridements, and absence of NPWT/VAC were
each associated with mortality (all p<0.05). In a prespecified

Table |I. Demographic and clinical characteristics of the patients

Variable All patients (n=95) Group A (conventional, n=31) Group B (NPWT/VAC, n=64) p
Age (years) 61.8+13.7 65.3+12.9 59.9+13.9 <0.05
Male sex, n (%) 78 (82.1) 25 (80.6) 53 (82.8) 0.78
Diabetes mellitus, n (%) 46 (48.4) 18 (58.1) 28 (43.8) 0.19
Chronic kidney disease, n (%) 21 (22.1) 9 (29.0) 12 (18.8) 0.28
Obesity, n (%) 18 (18.9) 7 (22.6) 1 (17.2) 0.56
qSOFA 22, n (%) 28 (29.5) 12 (38.7) 16 (25.0) 0.18
FGSI score (meanSD) 6.8+3.2 7.613.4 6.413.1 <0.05
Procalcitonin (ng/mL) 7.2+59 8.916.4 6.315.4 <0.05
Mortality, n (%) 19 (20.0) 9 (29.0) 10 (15.6) <0.05

Data are presented as meantstandard deviation or n (%). Statistical tests: Student’s t-test for continuous variables and Chi-square or Fisher’s exact test for
categorical variables. NPWT: Negative-pressure wound therapy; VAC: Vacuum-assisted closure; gSOFA: Quick sequential organ failure assessment; FGSI:

Fournier’s gangrene severity index; SD: Standard deviation.

Table 2. Factors associated with in-hospital mortality: Univariate and multivariable logistic regression analysis
Variable Univariate analysis P Multivariable analysis adjusted P
OR (95% CI) OR (95% CI)
Age (per year) 1.04 (1.01-1.08) <0.05 1.03 (0.99-1.07) 0.09
Multiple comorbidities 2.65 (1.30-5.45) <0.0l 1.85 (0.92-3.95) 0.11
Sepsis or septic shock 3.42 (1.55-7.55) <0.01 — —
Infection beyond the perineum 2.78 (1.25-6.22) <0.05 — —
FGSI (per point) 1.35 (1.15-1.60) <0.0l 1.28 (1.10-1.55) <0.01
Elevated creatinine 2.10 (1.054.25) <0.05 — —
Elevated lactate 2.55 (1.20-5.40) <0.05 — —
Elevated procalcitonin (per ng/mL) 2.05 (1.40-3.00) <0.01 1.95 (1.35-2.75) <0.01
Hyponatremia 2.60 (1.15-5.90) <0.05 — —
Fewer/Inadequate debridements 3.15 (1.40-7.10) <0.01 — =
Absence of NPWT/VAC 0.36 (0.16-0.80) <0.05 0.42 (0.18-0.95) <0.05

Covariates included in the multivariable model: Age, comorbidity burden, FGSI, procalcitonin, and treatment group (NPWT/VAC vs. conventional). OR: Odds
ratio; Cl: Confidence interval; FGSI: Fournier’s gangrene severity index; NPWT: Negative pressure wound therapy; VAC: Vacuum-assisted closure.
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Figure 1. Receiver operating characteristic curves of continuous
predictors for in-hospital mortality in Fournier’s gangrene severity
index, quick sequential organ failure assessment, and procalcito-
nin.

parsimonious multivariable logistic regression model (covari-
ates: age, comorbidity burden, FGSI, procalcitonin, and treat-
ment group), NPWT/VAC remained independently associ-
ated with lower in-hospital mortality (adjusted OR 0.42, 95%
Cl 0.18-0.95, p<0.05), whereas higher FGSI (adjusted OR
1.28 per point, 95% CI 1.10—1.55, p<0.01) and higher procal-
citonin (adjusted OR 1.95, 95% CI 1.35-2.75, p<0.01) were
independently associated with mortality. Findings were con-
sistent in a sensitivity analysis substituting qQSOFA (22 vs. <2)
for FGSI, wherein qSOFA 22 was independently associated
with mortality (adjusted OR 2.85, 95% CI 1.40-5.80, p<0.01),
and the association between NPWT/VAC and lower mor-
tality persisted. Univariate and multivariable logistic regres-
sion analyses of factors associated with in-hospital mortality
are summarized in Table 2. Receiver operating characteristic
analyses demonstrated good discrimination for FGSI (AUC
0.82, 95% CI 0.74-0.91, p<0.01), gSOFA (AUC 0.78, 95%
Cl 0.68-0.88, p<0.01), and procalcitonin (AUC 0.80, 95% ClI
0.70-0.89, p<0.01) (Fig. I).

DISCUSSION

In the present study, we analyzed the prognostic factors of
mortality in FG patients and directly assessed the associa-
tion between NPWT/VAC and survival. Our case series of
95 FG patients within a tertiary care center presented an
overall in-hospital mortality rate of 20%, which is comparable
with reported mortality rates ranging from 20% to 40% in
the literature.* Interestingly, we observed a lower mortal-
ity rate in the NPWT/VAC group (15.6% vs. 29.0%, p<0.05).
Multivariate logistic regression confirmed that NPWT/VAC
therapy was independently associated with lower mortality
(adjusted OR 0.42, 95% CI 0.18-0.95, p<0.05), moreover,
higher FGSI (adjusted OR 1.28 per point, 95% CI 1.10-1.55,
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p<0.01) and elevated procalcitonin (adjusted OR 1.95, 95%
Cl 1.35-2.75, p<0.01) were independently associated with
increased mortality. In our study, we found that NPWT/VAC
therapy was independently associated with lower mortality
and may represent a promising adjunct to standard surgical
treatment.

The mortality rate of 20% observed in our cohort aligns with
the established range in contemporary literature, confirm-
ing that despite advances in critical care and surgical man-
agement, FG continues to carry a substantial risk of death.
(231 This continued risk supports the imperative of the iden-
tification of robust prognostic indicators and optimization
of adjunctive treatments for this destructive disease. Our
investigation identified many classic predictors of mortality.
Older age was associated with poor outcomes, which sup-
ports prior studies that found that older patients had less
physiological reserve and more comorbidities.['® Shet et al.l'"]
in their study showed that patients above 60 years of age
had close to double the mortality rate compared to younger
patients. Similarly, comorbid diseases such as diabetes mel-
litus and chronic kidney disease were prevalent in our se-
ries and were associated with increased mortality due to the
compromised host defense and microvascular mechanisms in
these individuals. Scoring systems such as FGSI and qSOFA
were also strongly associated with mortality in our series.
Baseline differences between treatment groups should be
considered when interpreting the mortality findings. Patients
in the conventional group had higher FGSI and procalcitonin
levels and were older, indicating more severe disease at base-
line. Although adjusted analysis showed that NPWT/VAC was
independently associated with lower mortality, residual con-
founding cannot be excluded.

In our study, multivariable analysis suggested that FGSI was
independently associated with increased mortality (OR 1.28,
95% CI 1.10-1.55), with good discrimination (AUC 0.82).
Previous studies have reported inconsistent findings regard-
ing its prognostic value.”® In a more recent study evaluating
alternative indices such as the HALP score, HALP was not
found to be associated with survival, whereas FGSI remained
a significant predictor of outcomes.?"!

One of the key findings of our study is the observed asso-
ciation between NPWT/VAC therapy and survival. We ob-
served a significantly lower mortality rate with NPWT/VAC
therapy in comparison to conventional dressing, a difference
that persisted even after controlling for additional confound-
ing variables. While ROC analysis is not applicable for this
categorical variable, multivariable analysis demonstrated that
NPWT/VAC therapy was independently associated with low-
er mortality. This finding should be interpreted in the context
of current EAU guidelines, which state that there is no evi-
dence of benefit for the usage of NPWT/VAC in FG (level of
evidence 4).I'1 Our data indicate that NPWT/VAC therapy
may enhance local wound healing and seems to be associated
with lower mortality rates.
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In contrast to prior studies that did not show a survival ben-
efit, there are several possible explanations for the observed
association between NPWT/VAC therapy and lower mortal-
ity. The well-defined inclusion criteria and exclusion of local-
ized cases allowed the association between NPWT/VAC and
outcomes to be observed more distinctly in patients with
more extensive and severe disease. Furthermore, the use of
biomarkers such as procalcitonin made earlier therapeutic
modifications possible, and multivariable analysis confirmed
the association between NPWT/VAC therapy and lower
mortality. Collectively, these factors may partly account
for the observed association between NPWT/VAC therapy
and lower mortality.'"*'7?1 While NPWT/VAC was associ-
ated with lower mortality in our cohort, this finding should
be interpreted with caution, given the retrospective design
and potential for selection bias. Current EAU guidelines in-
dicate that evidence for a survival benefit remains limited.
Importantly, the primary role of NPWT/VAC lies in wound
management, including improved drainage, enhanced granu-
lation, and facilitation of reconstruction.l'*'2'*!*l |n many
centers, NPWT/VAC is typically initiated after serial debride-
ments once infection control is achieved.[*'“"! In our prac-
tice, NPWT/VAC was applied early after initial debridement,
based on the surgeon judgment and wound characteristics.
This approach may help enhance wound drainage and pro-
mote granulation tissue formation. In addition, the multidis-
ciplinary tertiary care setting may have supported both local
wound management and overall sepsis control. However, the
optimal timing of NPWT/VAC application remains uncertain.

Our study has several limitations. This was a single-center ret-
rospective study with non-randomized, surgeon-dependent
treatment allocation, introducing a potential risk of selection
bias and unmeasured confounding. Although the sample size
is larger than in many previous studies, it remains limited, and
external validation in larger multicenter cohorts is necessary.
The follow-up period was restricted to in-hospital outcomes,
and long-term morbidity, quality of life, and reconstructive
results were not assessed. Another limitation of this study
is the inability to calculate the Uludag FGSI (UFGSI). While
the UFGSI incorporates age and the extent of infection and
may provide a more comprehensive assessment of disease
severity,?®] the retrospective nature of our dataset did not
allow consistent and standardized documentation of disease
extent. Consequently, UFGSI could not be reliably calculat-
ed for all patients. Instead, FGSI and qSOFA were used as
clinically applicable indicators of disease severity, with gSOFA
serving as a simple tool for risk stratification.?*! Prospective
studies with standardized data collection are needed to di-
rectly compare FGSI and UFGSI in predicting mortality.

Despite these limitations, our findings have important clinical
implications. Although NPWT/VAC therapy may offer advan-
tages beyond wound care, its effect on survival is still not
clear. This has direct applicability for daily clinical practice,
as NPWT/VAC therapy is widely available and can be imple-
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mented alongside standard surgical debridement. Future
studies should focus on multicenter prospective cohorts or
randomized controlled trials to validate the survival benefit of
NPWT/VAC therapy and to further refine prognostic scoring
systems by integrating clinical, laboratory, and treatment-re-
lated variables. The potential effects of NPWT/VAC on long-
term functional and reconstructive outcomes, as well as the
use of medical resources, will also be better understood with
larger sample sizes and longer follow-up.

CONCLUSION

FG remains a high-mortality condition. NPWT/VAC was as-
sociated with lower mortality and may be considered a use-
ful adjunct in the management of FG. However, its effect on
survival remains uncertain, and further prospective studies
are required to confirm these findings.
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ORIJINAL CALISMA - 6Z

Fournier kangreninde negatif basingli yara tedavisinin rolii: Mortalite ile iligkisi

AMAC: Fournier gangreni (FG), hizli ilerleme, fulminan sepsis ve yiiksek 6lim orant ile karakterize, nadir ancak yagami tehdit eden perineal ve geni-
tal bolgelerin nekrotizan fasiitidir. Vakum destekli kapatma (VAC) olarak da adlandirilan negatif basingli yara tedavisi (NPWT), glinimuizde karmasgik
yaralarin tedavisinde giderek daha yaygin olarak kullanilmaktadir. Bu ¢alisma, kapsamli cerrahi debridman gerektiren FG hastalarinda negatif basingli
yara tedavisinin (NPWT/VAC) hastane igi 6lim orani ile iliskisini degerlendirmeyi amaglamistir.

GEREC VE YONTEM: Bu retrospektif kohort galismasi, Ocak 2022 ile Ocak 2025 tarihleri arasinda {igiincii basamak bir sevk merkezinde FG
nedeniyle tedavi géren 95 hastayi icermistir. Hastalar, ameliyat sonrasi yara yonetimine gore iki gruba ayrilmistir: geleneksel pansuman (n=31) ve
NPWT/VAC (n=64). Demografik, klinik ve laboratuvar verileri (Fournier Gangreni Siddet indeksi [FGSI], hizli Ardisik Organ Yetmezligi Degerlen-
dirmesi [qSOFA] ve prokalsitonin dahil) analiz edilmistir. Cok degiskenli lojistik regresyon, hastane igi mortalitenin bagimsiz belirleyicilerini tanimla-
mis ve model performansi alici isletim karakteristik (ROC) egrileri kullanilarak degerlendirilmistir.

BULGULAR: Genel 6lim orani %20.0 (19/95) idi. Olim orani, NPWT/VAC grubunda geleneksel gruba gére anlamli derecede daha diistiktii
(%15.6'ya karsi %29.0, p<0.05). Cok degiskenli analizde NPWT/VAC bagimsiz olarak daha diisiik mortalite (diizeltilmis OR 0.42, %95 GA 0.18—
0.95, p<0.05) ile iliskili kalirken, daha yiiksek FGSI (OR 1.28/puan, %95 GA 1.10-1.55, p<0.01) ve prokalsitonin (OR 1.95, %95 GA 1.35-2.75,
p<0.01) bagimsiz olarak daha yiiksek mortaliteyle iliskiliydi.

SONUC: NPWT/VAC kullanimi daha diisiik mortalite orani ile iliskilidir ve siddetli FG yonetiminde degerli bir yardimci tedavi olabilir.

Anahtar sézclikler: FGSI; fournier gangreni; mortalite; negatif basingli yara tedavisi; sepsis.
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ORIGINAL ARTICLE

A multidimensional approach to frailty in emergency
surgery for perforated peptic ulcer

Muhammed Salih Siier, © Serkan Demir, © Ender Erglider, ©® Kaan Isik, © Sener Balas

Department of General Surgery, Etlik City Hospital, Ankara-Ttirkiye

ABSTRACT

BACKGROUND: Perforated peptic ulcer (PPU) remains a high-risk surgical emergency. Although sarcopenia has been proposed
as an objective surrogate of frailty, its independent prognostic value in emergency surgery is unclear. This study evaluated sarcopenia
within a multidimensional frailty framework incorporating nutritional, inflammatory, and clinical parameters.

METHODS: This retrospective cohort study included adult patients who underwent emergency surgery for PPU at a tertiary center.
Sarcopenia was assessed using computed tomography-derived psoas muscle area and psoas muscle index with population-specific cut-
off values. Immunonutritional and inflammatory indices (hemoglobin—albumin—lymphocyte—platelet [HALP], neutrophil-to-lymphocyte
ratio [NLR], platelet-to-lymphocyte ratio [PLR], and systemic immune-inflammation index [SII]) were calculated from admission labo-
ratory data. The primary outcome was in-hospital mortality. Multivariable logistic regression and receiver operating characteristic
(ROC) curve analyses were performed to identify independent predictors and discriminatory performance.

RESULTS: Ninety-seven patients were included; 30.9% were sarcopenic. Sarcopenic patients exhibited lower serum albumin, higher
inflammatory markers, higher clinical severity scores, and longer intensive care unit and hospital stays (all p<0.05). However, sarcopenia
was not independently associated with in-hospital mortality. In multivariable analysis, advanced age (odds ratio [OR] 1.07, p=0.010) and
low serum albumin (OR 0.75, p<0.001) were the strongest independent predictors of mortality. Low HALP score and elevated NLR
and PLR were significantly associated with sarcopenia. ROC analysis showed that age and albumin had superior discriminatory ability
for mortality compared with morphometric muscle parameters.

CONCLUSION: In PPU surgery, frailty is better characterized as a multidimensional biological phenotype rather than isolated

muscle loss. While sarcopenia reflects increased vulnerability, mortality risk is more strongly driven by age and nutritional-inflamma-
tory reserve. Integrated frailty assessment may improve risk stratification in emergency surgical patients.

Keywords: Albumin; emergency surgery; frailty; perforated peptic ulcer; sarcopenia.

thesiologists (ASA) physical status classification, assist clinical
decision-making but largely reflect acute disease severity and
comorbidity burden.B“l They provide limited insight into a pa-
tient’s baseline ability to tolerate surgical stress.

INTRODUCTION

Perforated peptic ulcer (PPU) remains a life-threatening surgi-
cal emergency with considerable morbidity and mortality de-

spite advances in operative techniques, antimicrobial therapy,  p5iity has been increasingly discussed as a contributor to ad-

: . ; o .
and perioperative care. Mortality rates of 10-30% are still re- | orse outcomes in surgical populations.® Broadly, it describes

ported, particularly in older patients and those with limited
physiological reserve.l"¥ Widely used risk stratification tools,
such as the Boey score and the American Society of Anes-

diminished physiological reserve and reduced capacity to re-
cover from acute stressors.l! While frailty has been associ-
ated with poor outcomes in elective and oncologic surgery,

ulcer. Ulus Travma Acil Cerrahi Derg 2026;32:1067-1075.
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its assessment in emergency settings remains challenging due
to time constraints, acute presentation, and lack of functional
baseline data.l”}

Sarcopenia, characterized by reduced skeletal muscle mass
and function, has been proposed as an objective, imaging-
based parameter related to frailty.®! Computed tomography
(CT)-derived measurements, including psoas muscle area and
psoas muscle index (PMI), are readily available from routine
pre-operative imaging.’! Several studies have linked these
measures to adverse outcomes in acute abdominal conditions.
o1 However, evidence regarding their independent prognos-
tic value in emergency surgery is inconsistent, suggesting that
muscle morphometry alone may not fully capture surgical vul-
nerability.

Nutritional reserve and systemic inflammation also influence
physiological response to acute illness.l'” Hypoalbuminemia is
a well-recognized marker associated with post-operative mor-
bidity and mortality, reflecting both nutritional and inflamma-
tory states.!'’] Composite immunonutritional indices, such as
the hemoglobin—albumin—lymphocyte—platelet (HALP) score,
and inflammatory markers including the neutrophil-to-lym-
phocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and
systemic immune-inflammation index (SIl), have demonstrated
prognostic relevance in acute surgical and critical care settings.
U418 These four indices were chosen for their complementary
biological profiles: NLR and PLR capture different inflammato-
ry cell ratios, Sl integrates three different lineages, and HALP
uniquely combines nutritional and inflammatory parameters.

Taken together, vulnerability in emergency surgery may be
better understood through a multidimensional biological per-
spective that incorporates muscle reserve, nutritional status,
inflammatory burden, and clinical severity rather than any
single parameter alone. The aim of this study was to evaluate
whether combining CT-based sarcopenia measures with im-
munonutritional and inflammatory indices improves risk strat-
ification in patients undergoing surgery for PPU, and to clarify
the relative contribution of sarcopenia within this broader
physiological context.

MATERIALS AND METHODS
Study Design and Setting

This retrospective observational cohort study was conducted
in accordance with the STROCSS 2024 guideline for report-
ing cohort studies in surgery.'” The study was performed
at a tertiary referral academic hospital with a dedicated
emergency general surgery service. This study was approved
by the Ankara Etlik City Hospital Scientific Research Evalu-
ation and Ethics Committee (Date: 10/06/2025, Decision
no: AESH-BADEK2-2025-252), and the requirement for in-
formed consent was waived due to the retrospective nature
of the study (AESH-BADEK?2-2025-252 Date: June 10, 2025).
This study was conducted in accordance with the principles
of the Declaration of Helsinki.
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Patient Selection

During the study period (October 2022-April 2025), a total
of |11 consecutive adult patients with intraoperatively con-
firmed PPU were screened for eligibility. Of these, 14 patients
were excluded for the following reasons: Malignant gastric or
duodenal perforation (n=4), traumatic perforation (n=1), and
incomplete clinical or radiological data (n=9). After applying
these criteria, 97 patients remained eligible and constituted
the final study cohort.

Data Collection

Demographic characteristics, comorbid conditions, clini-
cal presentation, laboratory parameters, operative findings,
and post-operative outcomes were retrieved from electronic
medical records and institutional databases. Disease severity
was assessed using the Boey score, and perioperative risk was
classified according to the ASA physical status classification.

Clinical outcomes included post-operative complications,
need for reoperation, intensive care unit (ICU) length of stay,
total length of hospital stay, and in-hospital mortality.

The Boey score assigns one point for each of the following:
Presence of major medical illness, pre-operative shock (sys-
tolic blood pressure <90 mmHg), and duration of perforation
exceeding 24 h (range 0-3).5!

Assessment of Sarcopenia and Morphometric
Parameters

Pre-operative abdominal CT scans performed at admission
were reviewed for morphometric analysis. Skeletal muscle
assessment was performed at the level of the third lumbar
vertebra (L3), where available, using standardized measure-
ment techniques. Psoas muscle area was measured bilaterally,
and the PMI was calculated by normalizing total psoas area to
patient height squared (cm?/m?).

Sarcopenia was defined using sex-specific psoas muscle area
and PMI cut-off values derived by Bahat et al.*®! from a large
Turkish adult population on standardized L3-level CT mea-
surements. This reference framework was deliberately se-
lected to align the diagnostic threshold with the demographic
and anthropometric characteristics of the present cohort,
thereby reducing the misclassification that can arise when
cut-offs developed in ethnically or anthropometrically dis-
cordant populations are externally applied. CT imaging at L3
reliably reflects total body skeletal muscle mass and is widely
accepted as a surrogate for generalized muscle quantity. All
measurements were performed manually by a single trained
investigator blinded to clinical outcomes.

Laboratory and Immunonutritional Parameters

Laboratory values obtained at admission were recorded,
including hemoglobin, leukocyte count, lymphocyte count,
platelet count, C-reactive protein (CRP), and serum albumin
levels. Inflammatory and immunonutritional indices were cal-
culated as follows:
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* NLR=Neutrophil count/Lymphocyte count
* PLR=Platelet count/Lymphocyte count
* SlI=Platelet countxNeutrophil count/Lymphocyte count

* HALP=Hemoglobin (g/dL)xAlbumin (g/dL)xLymphocyte
count (/L)/Platelet count (/L).

Cut-off values for these indices were determined using re-
ceiver operating characteristic (ROC) curve analysis based on
optimal Youden index values.

Definition of Frailty Phenotype

Frailty was conceptualized as a multidimensional biological
phenotype, integrating morphometric sarcopenia param-
eters, nutritional reserve, systemic inflammatory burden, and
clinical severity indicators. Rather than applying a single frailty
score, this phenotype-based approach was adopted to better
reflect physiological vulnerability in the emergency surgical
setting.

Table 1. Patient characteristics and clinical variables (n=97)
Variable Category Total (n=97) (%)
Sex Male 76 (78.4)
Female 21 (21.6)
BMI category Underweight 6 (6.2)
Normal weight 58 (59.8)
Overweight 26 (26.8)
Obesity class | 4 (4.1)
Obesity class Il 3@3.1)
Sarcopenia Absent 67 (69.1)
Present 30 (30.9)
Perforation site Prepyloric 94 (96.9)
Duodenal bulb 3(3.1)
Surgical approach Open 90 (92.8)
Laparoscopic 7(7.2)
Boey score 0 30 (30.9)
| 36 (37.1)
2 17 (17.5)
14 (14.4)
ASA physical status Il 45 (46.4)
1] 43 (44.3)
\% 9 (9.3)
Complications 9 (9.3)
Reoperation 6 (6.2)

Table | presents the demographic characteristics, basic clinical variables,
and surgical data of the 97 patients included in the study. The gender dis-
tribution, body mass index classes, sarcopenia status, perforation location,
surgical approach, Boey score, and ASA physical status classification of
the patient group are included in the table. Post-operative complication
and reoperation rates are also summarized. BMI: Body mass index; ASA:
American Society of Anesthesiologists.

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

Statistical Analysis

Statistical analyses were performed using iamovi statistical
analysis software (version 2.7.17), built on the R statistical
computing environment, developed by the jamovi project
(Sydney, Australia). Continuous variables were assessed for
normality using the Shapiro—Wilk test and are presented as
median with interquartile range. Categorical variables are ex-
pressed as frequencies and percentages.

Comparisons between groups were performed using the
Mann—-Whitney U-test for continuous variables and the X2
test or Fisher’s exact test for categorical variables, as ap-
propriate. Factors associated with in-hospital mortality were
evaluated using binomial logistic regression analysis. Variables
with clinical relevance and/or statistical significance in univari-
ate analyses were entered into the multivariable model.

Discriminatory performance of selected variables was as-
sessed using ROC curve analysis, and area under the curve
(AUC) values with 95% confidence intervals were reported.
A two-sided p<0.05 was considered statistically significant.

RESULTS

A total of 97 patients were included in the study. Most pa-
tients were male (n=76, 78.4%), while 21 patients (21.6%)
were female. Regarding body mass index (BMI), the majority
of patients were of normal weight (n=58, 59.8%), followed by
overweight patients (n=26, 26.8%). Obesity class | and Il were
observed in a small proportion of patients, and the number
of underweight patients was limited. Sarcopenia was identi-
fied in 30 patients (30.9%), whereas 67 patients (69.1%) were
classified as non-sarcopenic. Nearly, all perforations were lo-
cated in the prepyloric region (n=94, 96.9%). Open surgery
was the predominant surgical approach (n=90, 92.8%). Base-
line patient characteristics are summarized in Table |.

Mortality-Based Comparisons

When patients were stratified according to in-hospital mor-
tality, significant differences were observed between survivors
(n=80) and non-survivors (n=17) for several variables (Table
2). Male sex was significantly more frequent among survivors,
whereas the proportion of female patients was higher in the
mortality group (p=0.005). BMI category distribution differed
significantly between groups (p=0.002), with a higher propor-
tion of obese patients in the mortality group. No deaths oc-
curred among underweight patients.

The prevalence of sarcopenia was numerically higher among
non-survivors; however, this difference did not reach statisti-
cal significance (p=0.314). In contrast, mortality was strongly
associated with disease severity scores. No mortality was ob-
served among patients with a Boey score of 0, whereas the
majority of patients with a Boey score of 3 were in the mor-
tality group (p<0.001). Similarly, mortality rates increased
significantly with higher ASA physical status. No deaths oc-
curred in ASA Il patients, while mortality was significantly
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Table 2. Categorical variables according to mortality
Variable Category Survived (n=80) (%) Died (n=17) (%) P
Sex Male 67 (83.8) 9 (52.9) 0.005
Female 13 (16.3) 8 (47.1)
BMI class Underweight 6 (7.5) 0 (0.0) 0.002
Normal 50 (62.5) 8 (47.1)
Overweight 20 (25.0) 6 (35.3)
Obese (I-1) 4 (5.0 3 (17.6)
Sarcopenia No 57 (71.3) 10 (58.8) 0.314
Yes 23 (28.7) 7 (41.2)
Boey score 0 30 (37.5) 0 (0.0) <0.001
| 35 (43.8) 1 (5.9)
2 14 (17.5) 3 (17.6)
3 I (1.3) 13 (76.5)
ASA class I 45 (56.3) 0 (0.0 <0.001
1l 31 (38.8) 12 (70.6)
v 4 (5.0) 5 (29.4)
Complications No 75 (93.8) 13 (76.5) 0.053
Yes 5(6.2) 4 (23.5)
Reoperation No 78 (97.5) 13 (76.5) 0.011
Yes 2 (2.5) 4 (23.5)

Table 2 compares patients divided into two groups based on mortality status: Survivors and those who died. Gender, body mass index classes, presence of

sarcopenia, Boey score, ASA physical status classification, post-operative complications, and reoperation requirement were analyzed as categorical variables.
Where appropriate, the Chi-square or Fisher’s exact test was used for intergroup comparisons. ASA: American Society of Anesthesiologists.

higher in ASA Ill and IV patients (p<0.001).

Neither symptom duration nor the interval between admis-
sion and surgery was significantly associated with in-hospital
mortality. Symptom duration showed no significant group
difference (Mann—Whitney U, p=0.163) and poor discrimina-
tory performance (AUC=0.608, p=0.160). Although surgery
interval reached borderline significance in parametric testing
(p=0.045), this finding was not supported by non-parametric
analysis (p=0.729) or ROC analysis (AUC=0.525, p=0.758).

Post-operative complications were more frequent in the
mortality group, although this difference was of borderline
statistical significance (p=0.053). The need for reoperation
was significantly higher among non-survivors (p=0.011).

Multivariable Analysis of in-Hospital Mortality

Binomial logistic regression analysis was performed to iden-
tify independent predictors of in-hospital mortality (Table 3).
Age, BMI, psoas muscle area, PMI, serum albumin, leukocyte
count, and hemoglobin level were included in the model.

Increasing age was independently associated with higher mor-
tality risk (odds ratio [OR] 1.07, 95% confidence interval [CI]
1.02—1.13, p=0.010). Serum albumin level showed a strong in-
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verse association with mortality (OR 0.75, 95% Cl 0.64-0.87,
p<0.001). Leukocyte count was also significantly associated
with mortality (p=0.020), although the effect size was small.
BMI, hemoglobin level, psoas muscle area, and PMI were not
independently associated with mortality.

The overall model fit was moderate (McFadden R2=0.296).
The discriminatory performance of the model was high, with
an area under the ROC curve of 0.886.

Comparison According to Sarcopenia Status

Clinical and laboratory characteristics were compared be-
tween sarcopenic and non-sarcopenic patients (Table 4). Sar-
copenic patients were older and had lower BMI values; how-
ever, these differences were not statistically significant. As
expected, both psoas muscle area and PMI were significantly
lower in the sarcopenic group (p<0.001 for both).

Sarcopenic patients had significantly lower serum albumin
levels (p<0.001) and higher inflammatory markers, including
CRP (p=0.01), NLR (p=0.02), PLR (p=0.01), and SII (p=0.003).
HALP scores were significantly lower in sarcopenic patients
(p<0.001). High-risk clinical features were more frequent in
the sarcopenic group, including Boey score 22 (p=0.002) and
ASA class IlI-1V (p=0.001).
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Table 3. Independent predictors of in-hospital mortality (binomial logistic regression)

(). Demographic and body composition model

Predictor Odds ratio (OR) 95% ClI P

Age (years) 1.07 1.02-1.13 0.010
BMI 1.00 1.00-1.00 0.202
PMI 0.99 0.99-1.00 0.285

(b). Biochemical and inflammatory model

Predictor Odds ratio (OR) 95% ClI P

Albumin 0.75 0.64-0.87 <0.001
Leukocyte count 1.00 1.00-1.00 0.020
Hemoglobin 0.99 0.98-1.01 0514

Table 3 presents the results of binomial logistic regression analyses performed to identify independent predictors of in-hospital mortality. Table 3a shows the
demographic and body composition model, while Table 3b presents the biochemical and inflammatory model. Variables were selected based on clinical rel-
evance, and collinearity was avoided by not including overlapping morphometric parameters in the same model. For each predictor, the odds ratio (OR) with
95% confidence interval and p-value are reported. Model fit was assessed using McFadden’s R2, and discriminatory performance was evaluated using the area
under the receiver operating characteristic curve (area under the curve), where applicable.

Table 4. Clinical and laboratory characteristics according to sarcopenia status

Variable Non-sarcopenic (n=67) Sarcopenic (n=30) P
Age (years) 54 (IQR 26) 61 (IQR 28) 0.12
BMI 24.50 (IQR 4.70) 23.50 (IQR 5.20) 0.08
PMI 610 (IQR 240) 420 (IQR 210) <0.001
Psoas muscle area 175 (IQR 80) 118 (IQR 65) <0.001
Albumin 38 (IQR 4) 32 (IQR 6) <0.001
Hemoglobin 130 (IQR 40) 118 (IQR 45) 0.06
CRP 72 (IQR 150) 138 (IQR 190) 0.01
NLR 890 (IQR 980) 1540 (IQR 1400) 0.02
PLR 24 000 (IQR 29 000) 54 000 (IQR 61 000) 0.01
N | 2500 (IQR 2800) 6200 (IQR 5100) 0.003
HALP 310 (IQR 260) 145 (IQR 180) <0.001
Boey score 22 8 (11.9) 12 (40.0) 0.002
ASA -V 18 (26.9) 18 (60.0) 0.001
ICU stay (days) I (IQR 2) 4 (IQR 6) <0.001
Length of hospital stay (days) 6 (IQR 3) Il (IQR 6) <0.001
Mortality 10 (14.9) 7 (23.3) 0.31

Table 4 compares clinical and laboratory characteristics between patients grouped into sarcopenic and non-sarcopenic categories based on the presence of

sarcopenia. Demographic data, morphometric muscle measurements, nutritional and inflammation markers, and clinical outcomes were included in the table.
The Mann—Whitney U-test was used for continuous variables, and the Chi-square or Fisher’s exact test was used for categorical variables. CRP: C-reactive

protein; IQR: Interquartile range; ASA: American Society of Anesthesiologists.

Postoperatively, sarcopenic patients had significantly longer  Perforation diameter (median 1.0 cm; range 0.5-3.0) was not
ICU stays and longer overall hospital stays (both p<0.001). associated with in-hospital mortality (p=0.999). Although
Although mortality was numerically higher among sarcopenic ~ sarcopenic patients tended to have larger perforations, this

patients, this difference was not statistically significant. difference did not reach statistical significance (p=0.057).
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Table 5. Association between inflammatory—immunonutritional indices and sarcopenia
Index Risk category Non-sarcopenic (n=67) (%) Sarcopenic (n=30) (%) OR (95% CI) (%) P
Sl <9057.5 62 (92.5) 25 (83.3) Reference
29057.5 5 (7.5) 5(16.7) 2.47 (0.65-9.35) 0.19
HALP >530 64 (95.5) 21 (70.0) Reference
<530 3 (4.5) 9 (30.0) 9.14 (2.31-36.2) <0.001
NLR <1989 57 (85.1) 20 (66.7) Reference
21989 10 (14.9) 10 (33.3) 2.85 (1.06-7.63) 0.03
PLR <63916.5 60 (89.6) 18 (60.0) Reference
263916.5 7 (10.4) 12 (40.0) 5.71 (1.98-16.4) 0.002

Table 5 categorically evaluates the relationship between inflammatory and immunonutritional indices and the presence of sarcopenia. Threshold values deter-
mined by ROC analyses were used for the systemic immune-inflammation index (SII), HALP score, neutrophil-lymphocyte ratio (NLR), and platelet-lymphocyte

ratio (PLR). The association with sarcopenia is presented with unadjusted odds ratios (OR) and 95% confidence intervals (Cl).

Immunonutritional and Inflammatory Signature of
Sarcopenia

Unadjusted categorical analysis demonstrated significant asso-
ciations between sarcopenia and several inflammatory—immu-
nonutritional indices (Table 5). Low HALP score was strongly
associated with sarcopenia (OR 9.14, 95% CI 2.31-36.2,
p<0.001). High NLR (OR 2.85, 95% CI 1.06-7.63, p=0.03)
and high PLR (OR 5.71, 95% CI 1.98-16.4, p=0.002) were
also significantly associated with sarcopenia. Although high Sl
values were more frequent among sarcopenic patients, this
association did not reach statistical significance.

ROC curve analysis demonstrated that age, serum albumin,
HALP score, PMI, and psoas muscle area all exhibited dis-

SIS T

Figure 1. Receiver operating characteristic (ROC) curve analysis
of mortality predictors. Figure 1 shows ROC curves predicting in-
hospital mortality for age, serum albumin level, hemoglobin-albu-
min—lymphocyte—platelet score, psoas muscle area, and psoas
muscle index. The diagonal line represents random discrimination.
Each curve reflects the performance of the respective variable in
distinguishing mortality.
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criminatory ability for in-hospital mortality (Fig. I). Age and
albumin showed the highest performance. HALP demonstrat-
ed balanced discriminatory capacity, whereas PMI and psoas
muscle area showed more limited performance compared
with age and albumin.

DISCUSSION

In this study, we evaluated sarcopenia within a broader bio-
logical framework of frailty in patients undergoing emergency
surgery for PPU. The principal finding was that while sarco-
penia was common and strongly associated with adverse nu-
tritional, inflammatory, and clinical features, it did not inde-
pendently predict in-hospital mortality. Instead, parameters
reflecting physiological reserve and systemic response — par-
ticularly age and serum albumin — emerged as the strongest
independent determinants of mortality.

Although PPU is an acute surgical emergency, the patient’s
capacity to withstand its physiological stress is largely deter-
mined by chronic baseline biological reserve. Sarcopenia, as a
slowly evolving condition reflecting cumulative loss of muscle
mass and reserve, therefore does not act as a competing
illness but as a pre-existing substrate that conditions host
response to acute insult. Sarcopenia has been increasingly
proposed as a surrogate marker of frailty, especially in sur-
gical populations where functional frailty scales are difficult
to apply.2 In our cohort, sarcopenic patients clearly repre-
sented a more vulnerable subgroup, characterized by lower
albumin levels, higher inflammatory markers, higher disease
severity scores, and prolonged ICU and hospital stays. These
observations are consistent with prior work showing that
sarcopenia is more closely linked to increased morbidity than
to mortality in emergency surgical settings, and they suggest
that morphometric muscle loss alone may be insufficient to
capture the full extent of physiological vulnerability in acute
abdominal conditions.

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9



Sler et al. Frailty in emergency surgery for perforated peptic ulcer

Direct comparison with the existing literature provides im-
portant context for our findings. Brincat et al.,?? in a system-
atic review of frailty in emergency surgery for older adults,
reported that composite frailty assessment outperformed
isolated morphometric markers in predicting adverse out-
comes. Wang et al.,’””®! in a cohort of older patients with PPU,
demonstrated that sarcopenia added incremental prognostic
value beyond the PULP score but did not replace conven-
tional clinical predictors. Similarly, Yu et al.,*1 in patients with
peptic ulcer bleeding, found that immunonutritional status
was more closely associated with short-term outcomes than
sarcopenia alone. Our results align with these reports: sar-
copenia identified a vulnerable phenotype but lost its inde-
pendent prognostic weight once age and albumin were ac-
counted for, reinforcing the observation that in acute surgical
stress, nutritional and inflammatory reserve may be more im-
mediately relevant than muscle morphometry.

The discrepancy between univariate and multivariable findings
deserves specific interpretation. Sarcopenia coexisted with —
rather than replaced — other determinants of outcome, par-
ticularly malnutrition and systemic inflammation. Serum albu-
min, which integrates both nutritional status and acute-phase
response, likely served as a more proximal biological marker
of the patient’s immediate capacity to tolerate surgical stress,
thereby absorbing much of the prognostic signal initially at-
tributable to sarcopenia.

The relationship between sarcopenia and immunonutritional
indices offers additional mechanistic insight. Sarcopenic pa-
tients demonstrated significantly lower HALP scores and
higher NLR and PLR values at presentation, indicating that
even under an identical acute inflammatory insult, the mag-
nitude of the host response differed systematically according
to baseline muscle reserve.” This suggests that sarcopenia
reflects not merely a structural deficit but a state of reduced
biological resilience that modulates the patient’s response to
acute stress.[?!

ROC analysis demonstrated that morphometric muscle pa-
rameters retained discriminatory ability for mortality; how-
ever, their performance was inferior to that of age and al-
bumin. This discrepancy between univariate discrimination
and multivariable independence highlights the complex and
overlapping biological pathways underlying frailty in emer-
gency surgery.

Taken together, these findings suggest that in PPU surgery,
frailty is better understood as a composite phenotype inte-
grating muscle reserve, nutritional status, inflammatory re-
sponse, and clinical severity. Sarcopenia remains a relevant
component of this phenotype, but its prognostic value ap-
pears to be mediated through broader biological vulnerability
rather than acting as an isolated determinant of mortality.

Limitations

This study has several limitations. Its retrospective and single-
center design may limit generalizability and introduce selec-
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tion bias. Post hoc power analysis indicated that the current
sample (n=97; sarcopenic n=30 vs. non-sarcopenic n=67)
provided relatively low statistical power (two-sided a=0.05)
to detect the observed 8.4%-point difference in mortal-
ity between sarcopenic and non-sarcopenic groups (23.3%
vs. 14.9%; odds ratio 1.73; Cohen’s h=0.22). Furthermore,
with only 17 in-hospital deaths, the events-per-variable ratio
limited the stability of multivariable modeling. The reported
odds ratios require external validation in larger; multicenter
cohorts. Finally, psoas-based morphometry is widely used in
emergency surgical research and correlates with whole-body
muscle mass, it remains a regional surrogate and may not fully
capture global skeletal muscle quality.

CONCLUSION

In patients undergoing emergency surgery for PPU, frailty is
best conceptualized as a multidimensional biological pheno-
type rather than a single morphometric condition. Although
sarcopenia was frequent and closely associated with malnu-
trition, systemic inflammation, and greater clinical severity, it
did not independently predict in-hospital mortality. Instead,
age and serum albumin — reflecting physiological reserve and
acute systemic response — emerged as the strongest determi-
nants of outcome. These findings suggest that effective risk
stratification in PPU surgery should move beyond isolated
muscle measurements and incorporate integrated markers of
nutritional status, inflammatory burden, and clinical severity
to better identify high-risk patients.
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ORIJINAL CALISMA - 6Z

Acil peptik iilser cerrahisinde kirilganliga kapsamli bir bakis

AMAG: Perfore peptik tilser (PPU), acil cerrahinin en yiiksek riskli tablolarindan biri olmaya devam etmektedir. Sarkopeni, kirilganligin objektif bir
gostergesi olarak onerilmis olsa da, acil cerrahi hastalarinda mortalite lizerindeki bagimsiz prognostik degeri net degildir. Bu galismada sarkopeni,
niitrisyonel, inflamatuvar ve klinik bilesenleri birlikte ele alan biitiincil bir kirilganlik yaklasimi icerisinde degerlendirilmistir.

GEREC VE YONTEM: Bu retrospektif kohort calismaya, tigtincii basamak bir merkezde perfore peptik iilser nedeniyle acil cerrahi uygulanan eriskin
hastalar dahil edildi. Sarkopeni, bilgisayarli tomografi gériintiilerinden elde edilen psoas kas alani ve psoas kas indeksi (PMI) kullanilarak, poplilasyona
6zgli esik degerleri temel alinarak tanimlandi. immiin-niitrisyonel ve inflamatuvar belirtegler (HALP, NLR, PLR, SII) bagvuru anindaki laboratuvar
verilerinden hesaplandi. Birincil sonlanim noktasi hastane i¢i mortalite olarak belirlendi. Bagimsiz prediktorleri ve ayirt edici glicti degerlendirmek
amaciyla gok degiskenli lojistik regresyon ve ROC analizleri yapildi.

BULGULAR: Toplam 97 hasta ¢alismaya dahil edildi ve hastalarin %30.9’unda sarkopeni saptandi. Sarkopenik hastalarda serum albiimin diizeyleri
daha dustk, inflamatuvar belirtegler ve klinik siddet skorlari daha yiiksek olup, yogun bakim ve hastanede yatis stireleri anlamli olarak daha uzundu
(tiim kargilagtirmalar igin p<0.05). Ancak sarkopeni, hastane igi mortalite ile bagimsiz olarak iligkili bulunmadi. Cok degiskenli analizde ileri yas (OR
1.07; p=0.010) ve disiik serum albiimin diizeyi (OR 0.75; p<0.00 ) mortalitenin en giicli bagimsiz belirleyicileri olarak saptandi. Distik HALP skoru
ile yliksek NLR ve PLR degerleri sarkopeni varligi ile anlamli sekilde iliskiliydi. ROC analizinde yas ve albliminin mortaliteyi 5ngérmedeki ayirt edici
glicliniin, kas morfometrik parametrelerinden daha Ustiin oldugu gorildi.

SONUC: Perfore peptik Ulser cerrahisinde kirilganlik, izole kas kaybindan ziyade ¢ok bilesenli bir biyolojik fenotip olarak ele alinmalidir. Sarkopeni
artmis hassasiyeti yansitmakla birlikte, mortalite riskini esas olarak yas ve niitrisyonel-inflamatuvar rezerv belirlemektedir. Entegre bir kirilganlik
degerlendirmesi, acil cerrahi hastalarinda risk siniflamasini iyilestirebilir.

Anahtar sozciikler: Acil cerrahi; albiimin; kirilganlik; perfore peptik Ulser; sarkopeni.
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Fourteen consecutive free flaps in 14 days for
reconstruction of crush injuries in the 2023
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hospital experience from the disaster zone
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ABSTRACT

BACKGROUND: Earthquakes frequently result in high-energy extremity injuries requiring complex soft-tissue reconstruction. Per-
forming microsurgical free-flap procedures in the acute post-disaster setting poses significant challenges due to resource limitations
and logistic constraints.

METHODS: This retrospective study reviewed patients who underwent free-flap soft-tissue reconstruction in our tertiary university
hospital, located within the disaster zone, during the acute phase of the 2023 Kahramanmarag earthquake (February 06-21, 2023). Of
145 patients hospitalized in our plastic and reconstructive surgery service during this period, 14 underwent free-flap reconstruction
and were included. Demographics, flap types, recipient vessels, perioperative details, and outcomes were analyzed.

RESULTS: Fourteen consecutive free flaps were performed over 14 days. The mean patient age was 32.8 years (range: 6—60 years);
50% were female. Twelve reconstructions (86%) involved the lower extremity, and two (14%) involved the upper extremity. The an-
terolateral thigh flap was the most frequently used flap (71.4%), followed by the latissimus dorsi flap (28.6%). In 75% of lower-extremity
cases, the anterior tibial vessels of the injured limb were used; cross-leg anastomoses were required in three patients. Flap survival was
achieved in 13/14 patients (92.8%). One total flap loss resulted in amputation.

CONCLUSION: Early free-flap reconstruction can be successfully integrated into acute trauma care even under disaster conditions
when resources are organized efficiently, and surgical teams are coordinated. Our results support incorporating microsurgical capabil-
ity into disaster-preparedness planning.

Keywords: Earthquake; extremity; free flap; limb salvage; microsurgery; reconstruction.

INTRODUCTION tion of earthquake-related trauma and represent the second

most common type of injury after life-threatening conditions
Earthquakes are among the most devastating natural disasters, have been addressed.Il Early recognition and prompt surgi-
causing a wide spectrum of injuries and considerable morbidity. cal intervention are crucial to prevent infection, preserve limb
Soft-tissue and extremity injuries account for a major propor- function, and minimize the risk of amputation. In the acute
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post-disaster period, emergency fasciotomy plays a vital role
in preventing irreversible ischemic muscle necrosis in crush
and compartment syndromes. Thorough surgical debridement
is essential for removing devitalized tissue, reducing bacterial
load, and lowering the risk of sepsis and late amputations.!
When limb salvage is impossible, timely amputation may be
life-saving by preventing systemic complications.'! After these
life- and limb-saving measures, the next priority is early soft-
tissue coverage to protect exposed structures, prevent chron-
ic infection, and restore function. In selected earthquake-re-
lated injuries, soft-tissue defects can be reconstructed using
skin grafts or local flap techniques;®! however, extensive or
complex defects often require microsurgical free-flap recon-
struction. Free-flap reconstruction has become a cornerstone
in managing complex extremity injuries, and performing it in
the acute post-disaster setting can reduce the number of ad-
ditional procedures, shorten hospital stay, and improve both
functional and esthetic outcomes for earthquake survivors.
This study aims to present our experience with free-flap re-
constructions performed during the acute phase of the 2023
Kahramanmaras earthquake.

MATERIALS AND METHODS

On February 06, 2023, two major earthquakes of 7.7 and 7.5
magnitude struck Kahramanmaras province in Tiirkiye, and
these were followed by two additional earthquakes of 6.4 and
5.8 magnitude on February 20, severely affecting eleven cities
with a combined population of more than |6 million.[! Adana,
the city where our hospital is located, was among the prov-
inces affected by the Kahramanmaras-centered earthquakes.
Following the disaster, all elective surgeries were immediately
canceled, inpatients were discharged, and our hospital was
rapidly converted into a trauma center. Surgical interventions
commenced on the Ist day. Two weeks after the initiation
of medical treatment for earthquake victims, two significant
aftershocks occurred on February 20, 2023, at 20:04 and
20:07 local time, with epicenters in the Defne and Samandag
districts and magnitudes of 6.4 and 5.8, respectively.”? Dur-
ing inspections conducted the day after the aftershocks, on
February 21, two main blocks of the hospital housing inpa-
tient services were classified as “moderately damaged,’ lead-
ing to the suspension of surgical operations and the transfer
of existing patients to nearby hospitals. By February 23, all
patients had been safely transferred to nearby hospitals, and
the evacuation process was fully completed.®

In this retrospective study, patients who underwent free-flap
soft-tissue reconstruction during the acute post-earthquake
period, between February 06 and 21, 2023, when our hospi-
tal was still functioning as a trauma center, were reviewed.
Fourteen consecutive patients operated on within this pe-
riod were included in the study. Demographic data, flap types
used, recipient vessels, post-operative complications, and flap
survival rates were analyzed, and perioperative management
was described in detail.
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To place these reconstructions in context, the overall surgi-
cal workload of our service during the same period was also
recorded. During this acute operational window, 145 patients
were admitted to our plastic and reconstructive surgery ser-
vice, the majority referred from the severely affected prov-
inces of Hatay and Kahramanmaras. These patients required
a wide range of interventions — including debridement, split-
and full-thickness skin grafting, fasciotomy, locoregional flap
reconstruction, and maxillofacial fracture repair—of whom
14 underwent microsurgical free-flap reconstruction and
form the subject of the present report.

Free-flap reconstruction was not undertaken during the
initial emergency phase, with the exception of one patient
who underwent reconstruction on the |st day following the
earthquake. Patients first received resuscitation and, where
indicated, fasciotomy and serial debridement; definitive mi-
crosurgical coverage was performed only once the patient’s
general condition had stabilized and the wound bed was
judged suitable for free-tissue transfer, generally after several
days of repeated debridement. On average, reconstruction
was undertaken approximately 5 days after admission to our
hospital. Over the 14-day operational period, 14 free flaps
were performed, corresponding to | flap per operative day.

This study was approved by the local ethics review board
(Approval No: 136/28, Date: September 01, 2023) and con-
ducted in accordance with the principles of the Declaration
of Helsinki. Written informed consent was obtained from all
individual participants included in the study.

RESULTS

Demographic characteristics, flap types, recipient vessels, and
complications of the patients are shown in Table |.

The mean age of the |4 patients included in the study was
32.8 years, with a median age of 32 years. The youngest pa-
tient was 6 years old (Fig. 1), and the oldest was 60 years old
(Fig. 2). There were seven female patients (50%) and seven
male patients (50%). All reconstructions were performed for
extremity injuries caused by crush trauma. Twelve of these
reconstructions involved the lower extremity (86%), while
two involved the upper extremity (14%).

The most frequently used flap type was the anterolateral

L

Figure 1. A 6-year-old patient who underwent anterolateral thigh
free-flap reconstruction for coverage of a foot amputation stump.
(a) Preoperative view; (b and c) intraoperative views.
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Table |I. Demographic Characteristics, Flap Types, Recipient Vessels, and Complications of the Patients

# Age Gender Recipient Area Flap Recipient Artery Recipient Vein Complication

I 42 Female LE ALT ATA GSV -

2 23 Female LE LD + SA Cross-leg PTA VC (x2) serratus muscle necrosis

3 16 Female LE ALT ATA vC -

4 39 Male LE ALT Cross-leg PTA VC (x2) -

5 38 Male LE ALT ATA vC -

6 60 Male LE LD ATA vC donor site suture dehiscence

7 26 Female UE ALT + VL RA vC Venous thrombosis/revision at 2™
postoperative hour/flap salvaged

8 58 Male LE ALT ATA VC -

9 20 Male LE ALT + VL ATA \'/® Superficial skin necrosis

10 58 Female UE LD RA vC Flap loss/amputation

Il 42 Male LE ALT ATA VC -

12 22 Female LE ALT ATA VvC -

13 Male LE ALT ATA vC -

14 9 Female LE LD Cros-leg PTA vC -

LE: Lower extremity; UE: Upper extremity; LD: Latissimus dorsi; SA: Serratus anterior; VL: Vastus lateralis; ATA: Anterior tibial artery; PTA: Posterior tibial
artery; RA: Radial artery; VC — Vena comitans; GSV: Great saphenous vein.

Figure 2. A 60-year-old patient who underwent latissimus dorsi free-flap reconstruction for coverage of calcaneal and dorsal foot defects.
(a and b) Preoperative views, (c) medial, (d) posterior, and (e) lateral views at 1-year follow-up.

thigh (ALT) flap, which was performed as a fasciocutaneous
flap in eight patients (57%) and as a myocutaneous flap in-
cluding the vastus lateralis muscle in two patients (14%). A
latissimus dorsi flap was used in four patients (29%), one of
which was designed as a chimeric flap including the serratus
anterior muscle (Fig. 3).

In nine of the |2 patients who underwent lower-extremity
reconstruction (75%), the anterior tibial artery and, in all but
one case, the anterior tibial vein of the same limb were used
as recipient vessels. In the patient in whom the anterior tibial
vein was unsuitable for anastomosis, the great saphenous vein
was used as the recipient vein.

In three patients in whom suitable recipient vessels were not
available in the same limb, the anastomoses were performed
to the posterior tibial vessels of the contralateral leg. For
these cross-leg reconstructions, each branch of the flap ar-
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Figure 3. Distribution of flap types among 14 patients.

tery’s Y-configuration was anastomosed to the proximal and
distal segments of the recipient artery, ensuring both ade-
quate flap perfusion and preservation of the recipient artery’s

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9
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Figure 4. Cross-leg anterolateral thigh (ALT) flap reconstruction. (a) Incision made for exploration of the anterior tibial artery. (b) Y-configu-
ration of the flap pedicle. (c) Anastomosis of the ALT pedicle to the proximal and distal segments of the contralateral posterior tibial artery,
ensuring both adequate flap perfusion and preservation of the recipient artery’s continuity.

Figure 5. Chimeric latissimus dorsi + serratus anterior muscle flap
reconstruction. (a) Flap anastomosed to the contralateral posterior
tibial vessels. (b) Y-configuration of the thoracodorsal artery to the
proximal and distal segments of the contralateral posterior tibial
artery.

continuity. This technique was successfully applied to both
ALT (Fig. 4) and latissimus dorsi flaps (Figs. 5 and 6) without
the need for end-to-side anastomosis.

Among the two patients who underwent upper-extremity re-
construction, the pedicle of the ALT flap was anastomosed to
the radial artery and vein in one case.

The other upper-extremity injury resulted in flap loss and
ultimately amputation. The radial artery was defective. The
surgical plan aimed to restore hand vascularization and cover
the defect using a flow-through latissimus dorsi myocutane-
ous flap combined with a saphenous vein graft. The thora-
codorsal artery and vein were anastomosed to the proximal
stumps of the radial artery and vein. Distally, the radial artery
stump was identified at the wrist level, and a 20-cm vein graft
was interposed between the serratus branch of the flap and
the distal radial artery stump (Fig. 7). Despite revasculariza-
tion efforts, flap and hand perfusion failed in the early post-
operative period, resulting in amputation.

Major complications occurred in two patients (14.2%). One
patient developed venous thrombosis, which was successfully
managed with early post-operative revision surgery, resulting
in flap salvage. The other patient experienced total flap loss,
and the treatment course ultimately ended with amputation.

Overall flap survival was achieved in |3 of 14 patients (92.8%).

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

Figure 6. Chimeric latissimus dorsi + serratus anterior muscle flap
reconstruction. (a) Flap after completion of arterial and venous
anastomoses, before inset. (b) Latissimus dorsi muscle used to
reconstruct the anterior crural defect. (c) Serratus anterior muscle
used to reconstruct the Achilles region defect.
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Figure 7. Flow-through latissimus dorsi myocutaneous flap with
interposed saphenous vein graft, designed for both soft-tissue cov-
erage and restoration of arterial flow to the hand. Flap and hand
perfusion failed in the early post-operative period, necessitating
amputation.

DISCUSSION

One may reasonably question whether there was a crucial
need for lengthy microsurgical procedures during a period
when an overwhelming number of patients were waiting for
emergency operations such as fasciotomies, amputations, and
maxillofacial trauma. Importantly, none of the emergency sur-
gical interventions for these patients were postponed or de-
layed to perform free-flap reconstructions. Despite the high
patient load, none of the patients were referred to another
medical facility, as all necessary surgical interventions were
performed within our hospital.

The capacity to sustain both microsurgical and non-micro-
surgical procedures during the disaster period was made
possible by a deliberate reorganization of departmental re-
sources. Inpatient capacity was expanded from approximately
20 to more than 100 beds through the reassignment of wards
from other specialties, and the operating-room availability
allocated to our department increased from 2 to 5 rooms/
day. Our team comprised |16 residents and 3 faculty mem-
bers, reinforced by the voluntary support of plastic surgeons
— both from private practice in Adana and from other prov-
inces, coordinated through the national society — who joined
our team. Within the hospital as a whole, all 23 operating
theaters remained operational day and night for the manage-
ment of earthquake-related injuries, supported by a continu-
ously available anesthesia team. As one of the first points of
evaluation for arriving patients, our team also participated
in emergency-department triage, consistently assigning one
and often two physicians to the emergency department and
increasing this number as patient volume required, so that
timely operative decisions could be made in coordination
with anesthesia and the other surgical branches. Within this
organizational framework, free-flap reconstruction was inte-
grated into a staged workflow in which emergency stabiliza-
tion, fasciotomy, and serial debridement preceded definitive
microsurgical coverage. This demonstrates that timely micro-
surgical reconstruction can be integrated into acute trauma
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care without compromising life-saving procedures, provided
that hospital resources are efficiently organized and surgical
teams are well-coordinated.

The patients in this series were managed under physiological-
ly demanding conditions. All had sustained high-energy crush
trauma, and many had been extricated from collapsed struc-
tures after prolonged entrapment, with the attendant risks
of crush syndrome, rhabdomyolysis, and acute kidney injury.
A number had undergone fasciotomy — frequently performed
at referring centers — before transfer; and several required
revision fasciotomy or extensive debridement of non-viable
tissue before reconstruction. Free-flap reconstruction was
therefore undertaken only after the patient’s systemic condi-
tion had stabilized and the wound bed had been adequately
prepared, an approach that influenced both the timing of sur-
gery and the choice of flap.

Several disaster-specific challenges complicated the post-
operative course. Microsurgical flaps require close, frequent
monitoring for the early detection of vascular compromise,
yet nursing and physician resources were stretched across an
exceptional patient volume, and standard monitoring ratios
could not always be maintained. The single episode of venous
thrombosis in our series — salvaged by prompt re-exploration
within the early post-operative hours — illustrates both the
value of vigilant flap monitoring and the narrow margin avail-
able when resources are constrained. The risk of infection
was heightened by contaminated crush wounds, delayed pre-
sentation, prolonged entrapment, and the austere environ-
ment; rigorous serial debridement, early soft-tissue coverage,
and culture-directed antimicrobial therapy were central to
mitigating this risk. Equally important, and often overlooked,
was the toll on the surgical team itself: staff had also lived
through the earthquake, some having lost relatives or homes,
and worked extended shifts — including through major af-
tershocks — under considerable physical and psychological
strain. We believe that explicit provision for post-operative
monitoring capacity, infection control, and staff welfare and
rotation should be incorporated into disaster-preparedness
planning for reconstructive services.

The ALT flap was the most frequently used flap in our series,
accounting for 71.4% of reconstructions. This preference is
consistent with the existing literature, as the ALT flap of-
fers several advantages for post-traumatic reconstruction. It
provides a long and reliable vascular pedicle and a large skin
paddle with relatively low donor-site morbidity, with the op-
tion of including the vastus lateralis muscle for myocutaneous
coverage when additional bulk or obliteration of dead space
is required. A practical advantage of the ALT flap in this set-
ting is that, with the patient supine, two teams can readily
work in parallel — harvesting the flap while the recipient site
is prepared — without repositioning, thereby reducing opera-
tive time and minimizing anesthesia-related risks. We recog-
nize that, with appropriate positioning (for example, a lateral
decubitus or modified position that exposes both the donor
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and recipient sites), the latissimus dorsi flap can likewise be
harvested without a separate repositioning step, as is the
routine practice at some centers; the relative convenience of
simultaneous two-team access is therefore partly center- and
preference-dependent. Nonetheless, in the specific context
of high-volume, time-critical disaster surgery, we found the
supine ALT approach particularly efficient.

In selected cases, the latissimus dorsi flap was preferred, pri-
marily for larger defects requiring a greater surface area or
volume of vascularized tissue, or where its muscle compo-
nent was advantageous for contouring complex three-dimen-
sional wounds. Historically, muscle flaps were considered su-
perior for the coverage of contaminated or infected wounds;
however, a growing body of comparative evidence has shown
no significant difference between muscle/musculocutaneous
and fasciocutaneous flaps with respect to flap survival, com-
plication rates, or the control of infection in lower-extremity
reconstruction, while fasciocutaneous flaps may offer advan-
tages in donor-site morbidity and ease of secondary revision.
P19 Accordingly, our flap selection was driven primarily by
defect dimensions, the need to obliterate dead space, and
the available recipient anatomy, rather than by an assumed
antimicrobial advantage of muscle. Our decision to use the
latissimus dorsi flap in 4 of 14 patients thus reflects an indi-
vidualized, defect-specific approach.

In the study by Clover et al.!'"! which reported the surgi-
cal treatments performed in a field hospital established on
a tennis court following the Haiti earthquake, 18 of 158 pa-
tients (I 1%) with complex defects were referred to other
centers due to the lack of equipment and suitable facilities for
post-operative care. Twelve (66.7%) of these 18 cases subse-
quently underwent successful free-flap reconstructions. The
authors also noted that, of the four lower-limb amputations,
two might have been salvageable with free-tissue transfer.

In our series, we achieved a flap survival rate of 92.8%,
which is comparable to previously reported rates[2,12] for
2023 Kahramanmaras earthquake victims. Almost all of the
reports on free-flap reconstructions in victims of the 2023
Kahramanmarag earthquake originate from hospitals out-
side the disaster zone, where patients were transferred after
initial stabilization. This indicates that surgical interventions
were generally performed in centers with more controlled
conditions and greater resource availability. Our series is dis-
tinct in that all procedures were performed during the acute
post-disaster period in a university hospital located within
the disaster zone. Achieving a comparable flap survival rate
under these challenging conditions — characterized by limited
resources, logistical difficulties, and a high patient load — high-
lights the critical importance of multidisciplinary coordina-
tion and the experience of the surgical team.

Despite these promising results, our study has several limita-
tions. Flap survival rate alone is not a sufficient indicator of
surgical success; functional outcomes, complication rates, and
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long-term patient quality of life should also be evaluated to
comprehensively assess the effectiveness of early free-flap re-
construction. Due to the evacuation of our hospital, the pa-
tients were lost to follow-up; when the hospital resumed its
operations, most of them had already continued their treat-
ment at other centers. This situation resulted in insufficient
long-term follow-up data, which represents an important lim-
itation of our study. Future multicenter prospective studies
with extended follow-up are needed, with a particular focus
on functional outcomes, rehabilitation progress, complication
rates, and long-term quality of life in earthquake survivors
undergoing free-flap reconstruction.

Another limitation of this study is the suboptimal quality of
some of the photographs. Although it was a chaotic period,
careful documentation remains essential.

CONCLUSION

Our experience demonstrates that early free-flap reconstruc-
tion is feasible and can be successfully integrated into acute
trauma care even under disaster conditions, provided that re-
sources are organized efficiently and surgical teams are well-
coordinated. Therefore, disaster-preparedness plans should
include dedicated microsurgical teams, adequate equipment,
and clear protocols to enable timely and effective limb-sal-
vage procedures in future mass-casualty events.
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ORIJINAL CALISMA - 0Z

2023 Kahramanmarag depreminde ezilme yaralanmalarinin rekonstriiksiyonunda 14 giin
icinde gerceklestirilen 14 ardisik serbest flep: Afet bolgesindeki bir iiniversite hastanesi
deneyiminin retrospektif analizi

AMAC: Depremler, siklikla kompleks yumusak doku rekonstriiksiyonu gerektiren yiiksek enerjili ekstremite yaralanmalarina yol agar. Afet sonrasi
akut dénemde mikrocerrahi serbest flep uygulamalari, kaynak kisitliliklari ve lojistik engeller nedeniyle 6nemli zorluklar tasir.

GEREC VE YONTEM: Bu retrospektif calismada, 2023 Kahramanmaras depremi sonrasi akut dénemde (6-21 Subat 2023) afet bolgesinde yer
alan Uglincti basamak Gniversite hastanemizde serbest flep ile yumusak doku rekonstriiksiyonu yapilan hastalar degerlendirildi. Bu dénemde plastik
ve rekonstriiktif cerrahi servisimize yatirilan 145 hastadan [4’iine serbest flep rekonstriiksiyonu uygulandi ve bu hastalar galismaya dahil edildi.
Demografik veriler, flep tipleri, alict damarlar, perioperatif ayrintilar ve sonuglar analiz edildi.

BULGULAR: On dort giin icinde toplam 14 ardisik serbest flep operasyonu gerceklestirildi. Hastalarin ortalama yasi 32.8 (dagilim: 6-60 yil) olup,
%50’si kadindi. On iki rekonstriiksiyon (%86) alt ekstremitede, iki rekonstriiksiyon (%14) ise iist ekstremitede gergeklestirildi. En sik kullanilan flep
anterolateral uyluk (ALT) flebi (%71.4) olup, bunu latissimus dorsi flebi (%28.6) izledi. Alt ekstremite olgularinin %75’inde yarali ekstremitenin
anterior tibial damarlari alici damar olarak kullanildi; g hastada gapraz bacak anastomozlar gerekti. Flep yasama orani 13/14 (9%92.8) idi; bir total
flep kaybr amplitasyonla sonuglandi.

SONUC: Afet kosullarinda bile, kaynaklarin etkin bicimde organize edilmesi ve cerrahi ekiplerin koordinasyonu saglandiginda, erken dénemde
serbest flep rekonstriiksiyonu akut travma bakimina basariyla entegre edilebilir. Bulgularimiz, mikrocerrahi yeteneginin afet hazirlik planlamalarina
dahil edilmesi gerektigini desteklemektedir.

Anahtar sozciikler: Deprem; ekstremite; mikrocerrahi; rekonstriiksiyon; serbest flep; uzuv korunmasi.
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ORIGINAL ARTICLE

Are there missed warning signals before traffic-related
traumatic spinal cord injury? An exploratory case-control
study using electronic health records

Selkin Yilmaz Muluk, © Vedat Altuntas

Department of Physical Medicine and Rehabilitation, Ministry of Health Antalya City Hospital, Antalya- Tiirkiye

ABSTRACT

BACKGROUND: Traumatic spinal cord injury (TSCI) is a catastrophic outcome frequently resulting from road-traffic crashes. We
investigated whether routinely recorded pre-injury healthcare utilization patterns in electronic health records (EHRs) can serve as
pragmatic warning signals for TSCI among drivers and motorcyclists.

METHODS: We conducted a retrospective age- and sex-matched case—control study using national EHR data. Adults aged 1845
years with traffic-accident-related TSCI as drivers or motorcyclists (2024-2025) were matched I: | with controls (n=35 per group).
Pre-index utilization during the preceding 24 months included trauma-related emergency department (ED) visits, orthopedics/trauma-
tology department (OTD) visits, total trauma-related visits, and psychiatry visits. Between-group comparisons used Mann—Whitney U
tests. Receiver operating characteristic analyses were used to summarize discriminative performance. Binary risk flags (2| ED visit; 2|
psychiatry visit) were evaluated using multivariable logistic regression.

RESULTS: The analytic sample included 70 participants. Compared with controls, TSCI cases had higher trauma-related ED visits
(p<0.001; r=0.45), psychiatry visits (p=0.010; r=0.31), and total trauma-related visits (p=0.035; r=0.25), whereas OTD visits did not
differ (p=0.920). ED visits showed the highest discrimination (area under curve [AUC]=0.726). In this sample, the 2| versus 0 contrast
yielded sensitivity 60.0% and specificity 82.9%. Psychiatry visits showed modest discrimination (AUC=0.649). In this sample, the 21
versus 0 contrast yielded sensitivity 45.7% and specificity 80.0%. In multivariable analysis, 21 ED visit (odds ratio [OR]=8.85, 95%
confidence interval [CI] 2.68-29.23; p<0.001) and 21| psychiatry visit (OR=4.52, 95% CI 1.34-15.20; p=0.015) were independently
associated with TSCI.

CONCLUSION: Traffic-related TSCI may be preceded by measurable pre-injury patterns — particularly trauma-related ED utilization
and psychiatry visits — captured in routinely collected EHR data. These findings support a pragmatic risk-flagging approach that may
help identify individuals who could benefit from targeted preventive education, injury-risk counseling, and psychosocial risk-reduction
interventions. These findings should be interpreted with caution and require validation in larger prospective studies.

Keywords: Electronic health records; emergency; psychiatry; spinal cord injury; traffic accidents; trauma.

INTRODUCTION high healthcare and societal costs, frequently impacting indi-

viduals at relatively young ages.['! Traumatic SCI (TSCI) mainly
Spinal cord injury (SCI) is damage to the spinal cord resulting .
affects young and middle-aged adults and usually happens after

in neurological impairment. It is one of the most devastat-
ing conditions in clinical practice, often resulting in long-term  high-energy events, such as car accidents, falls, and violence

motor, sensory, and autonomic deficits, severe disability, and  between people.['-¥]
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The incidence of TSCI ranges from 8 to 150 cases per million
population per year. SCI has a big impact on the economy.
The total global macroeconomic cost of SCI, which includes
healthcare costs and lost productivity that lowers savings,
investment, and capital accumulation, is expected to reach
INT$5.58 trillion between 2020 and 2050.5! Global estimates
indicate that by 2050, there will be around 422,61 | new cases
of SCI each year; with approximately 12.0 million individuals
currently living with SCI worldwide.?]

Epidemiological datasets indicate that men constitute the ma-
jority of new SCI cases (approximately 78%), and long-term
morbidity is prevalent. Persistent spasticity is frequently ob-
served, cervical injuries often lead to tetraplegia, and the re-
sultant disability burden significantly diminishes employment
rates among individuals with SCI compared to the general
population.l’! It is known that a significant number of victims
of road traffic injuries live with some degree of limitation after
injury, and nearly half of them cannot return to work.["! To-
gether, these features show how important it is to predict an
accident before it happens and stop the injury.

Primary prevention continues to be the most efficacious ap-
proach to alleviate this burden. Current strategies predomi-
nantly depend on extensive public health initiatives, including
safety regulations and injury-prevention curricula in schools
or communities that focus on road safety, helmet usage, vio-
lence prevention, and other safety practices, supplemented
by emails, posters, and informational brochures.®'% Although
crucial at the population level, these “blanket” strategies may
not effectively target individuals at disproportionately elevat-
ed risk.

Sometimes, a major trauma happens after a person has been
to the doctor for less serious injuries several times. Studies
on trauma recidivism indicate that individuals who experience
recurrent injuries are at a heightened risk for mental health
issues.'"'2 Simultaneously, previous utilization of emergency
services has been suggested as an early indicator of potential
escalation toward severe harm.!']

Based on these observations, we formulated trauma-related
emergency department (ED) and Orthopedic and Trauma-
tology Department (OTD) visits as quantifiable indicators of
recurrent exposure to hazardous environments and Psychia-
try Department (PD) utilization as an indicator of psychiatric
vulnerability.l'*!] Thus, we defined pre-injury healthcare utili-
zation over 24 months as a practical risk-flagging indicator for
risk stratification. Previous research in various clinical fields
substantiates the conceptual feasibility of utilizing routinely
gathered health records to detect heightened risk prior to the
manifestation of adverse outcomes.['>!¢]

The aim of this study was to identify pre-injury signals associ-
ated with a higher risk for TSCI before a catastrophic event
happened. This would give us a group of people to focus on
for education and prevention efforts. In this study, we aimed
to identify pre-injury warning signals in the electronic health
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records (EHRs) of car drivers and motorcyclists who sub-
sequently sustained a significant trauma leading to SCI. We
hypothesized that these individuals would exhibit significantly
increased rates of pre-injury healthcare utilization — specifical-
ly trauma-related ED and OTD visits, along with interactions
with the PD — during the 24 months preceding their injury in
comparison to matched controls.

To the best of our knowledge, this study is among the initial
investigations into whether routinely collected EHR data con-
tain measurable pre-injury “warning signals” associated with
subsequent TSCI resulting from traffic accidents. If validated
in independent cohorts, these signals could enable targeted,
low-intensity preventive measures before severe injury, includ-
ing brief traffic safety counseling, referral pathways for psycho-
social assessment when required, and structured rehabilita-
tion for individuals at high risk. In theory, even small drops in
the number of serious injuries could help people a lot and save
health systems money in the long run.

MATERIALS AND METHODS
Study Design and Setting

The study was a retrospective case—control study matched
for age and sex. Ethical approval was obtained from the Ethics
Committee of the Ministry of Health Antalya City Hospital
(08.01.2026—20/176), and EHRs were subsequently screened.
Patients who were 18—45 years old and had been seen in the
Physical Medicine and Rehabilitation (PMR) clinic of a tertiary
hospital with a diagnosis of TSCI between January |, 2024,
and December 31, 2025, were eligible.

Participants, Eligibility Criteria and Matching

Study participants were identified through a systematic
screening of the national EHR system between | January 2024
and 3| December 2025. To ensure a homogeneous cohort
of active-participation road-traffic users, cases were eligible
if they were adults aged 1845 years diagnosed with TSCI
(cervical, thoracic, or lumbar) with documented neurological
deterioration, provided that accessible longitudinal data were
available in the national EHR system. Eligible mechanisms
were strictly restricted to “active-participation” road-traffic
events, specifically car drivers and motorcyclists.

Exclusion criteria were predetermined to delineate specific
risk-taking behaviors and minimize confounding etiologies.
We excluded individuals with ineligible mechanisms such as
passive road-traffic roles (passengers or bystanders), falls,
occupational injuries, and sports-related trauma. In addition,
patients with non-traumatic etiologies — such as tumors or
iatrogenic complications — were excluded, along with those
whose mechanisms of injury involved intentional harm, in-
cluding self-harm, suicidal intent, or penetrating interpersonal
violence. To maintain a clean baseline, individuals with pre-
existing neurological disorders or documented deficits before
the index event were also excluded from the analytic sample.
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Controls were selected from the same PMR clinic and calen-
dar period to maintain consistency. They were people aged
18-45 years who presented with non-traumatic mechanical
musculoskeletal complaints like myalgia or arthralgia. Each
case was matched |:| to a control based on sex and age using
a nearest-available match approach. The final analytic sample
comprised 70 participants (35 TSCI cases and 35 matched
controls). This study is reported in accordance with the
Strengthening the Reporting of Observational Studies in Epi-
demiology statement for observational studies.!'”]

Variables and Data Sources

The index date for cases was the date of the TSCI event,
while for controls it was the date of the outpatient PMR visit
used to choose the controls. In both groups, exposures were
evaluated during the 24 months immediately preceding the in-
dex date. Data were obtained from the national EHR system,
which was connected to the hospital information system.

The primary pre-index variables were trauma-related ED vis-
its, trauma-related OTD visits, the combined total of trauma-
related visits (ED+OTD), PD visits, and documentation of
alcohol use. Trauma-related utilization was defined as ED/
OTD visits in which injury was documented in the EHR (e.g,
epicrisis, diagnosis list, and clinical history fields); visits not
involving injuries were excluded from the count. Visits were
defined as documented outpatient department encounters
recorded in the EHR. The driver or motorcycle-rider status
of the TSCI patient at the time of the accident was verified
by hospital records. Before the analysis, all the data that was
taken out was de-identified by taking out personal identifiers
and giving each participant a unique study ID number.

Addressing Bias, Study Size and Quantitative Variables

To minimize confounding variables, we employed an age- and
sex-matched (l:1) case—control design, selecting controls
from the same hospital, clinic environment, and temporal con-
text as the cases. Selection bias is possible because inclusion
required accessible longitudinal EHRs; we report exclusions
due to restricted access and acknowledge this limitation. In-
formation bias may persist due to underdocumentation of
alcohol use and limited detail of psychiatric records; there-
fore, alcohol use was examined as “documented versus not
documented” and interpreted cautiously.

The study size was dictated by case availability: all qualifying
TSCI cases within the study timeframe were incorporated
and paired with a single control. Quantitative exposures were
operationalized as 24-month pre-index count variables (ED
trauma visits, OTD trauma visits, total trauma visits, and PD
visits) and summarized as medians interquartile range (IQR)
due to skewed distributions. Receiver operating character-
istic (ROC) analyses were conducted as exploratory assess-
ments of discriminative performance. Youden’s index was
used descriptively to summarize performance across poten-
tial thresholds; no prespecified or clinically validated cut-off
values were assumed.
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Statistical Analysis

IBM Statistical Package for the Social Sciences Statistics (ver-
sion 30.0.0.0) was used. Matching was used at the design
stage to control for age and sex. Continuous variables were
summarized as mean (standard deviation) and as median
(IQR) when skewed; categorical variables were summarized
as counts and percentages. Due to the non-normal distri-
bution of utilization variables, comparisons between groups
were conducted using the Mann—Whitney U test; the effect
size was expressed as r.

ROC analyses were conducted as exploratory summaries of
discriminative performance within this case—control sample.
Given the case—control design, these ROC analyses are pre-
sented as descriptive and exploratory assessments rather than
as tools for defining clinically applicable thresholds. Youden’s
index was used descriptively to compare performance across
selected contrasts; no clinically validated thresholds or deci-
sion cut-offs were proposed. Binary indicators (21 vs. 0) for
ED visits and psychiatry visits were entered into a multivari-
able logistic regression model, and associations were report-
ed as odds ratios (ORs) with 95% confidence intervals (Cls).
Two-sided p<0.05 was considered statistically significant.

RESULTS

Participants and Descriptive Data

The participant selection process is shown in Figure I. Ini-
tially, 64 patients with SCI were screened; after stepwise
eligibility assessment, 35 TSCI cases in drivers/motorcyclists
were included and matched |:1 with controls, yielding a final
analytic sample of 70 participants.

Baseline demographic characteristics were comparable be-
tween groups. Among TSCI cases, thoracic injuries were
most common (n=16), followed by lumbar (n=11) and cer-
vical injuries (n=8). Motorcycle accidents accounted for 19
cases, while 16 cases resulted from automobile collisions.
Traumatic brain injury accompanied TSCl in 14 cases. Base-
line characteristics and pre-index healthcare utilization mea-
sures are summarized in Table I.

Outcome Data

Because all count-based utilization variables showed significant
deviation from normality (Supplementary Table ), between-
group comparisons were conducted using the Mann—-Whit-
ney U test. Compared with controls, individuals who later
faced TSCI had significantly higher numbers of trauma-related
ED visits (p<0.001; r=0.45), PD visits (p=0.010; r=0.31), and
total trauma-related visits (p=0.035; r=0.25) during the 24
months preceding the index date. In contrast, trauma-related
OTD visits did not differ between groups (p=0.920; r=0.01).
Detailed comparisons are presented in Table 2.

Main Results

ROC analyses were performed for utilization variables that
differed between groups to evaluate their discriminative abil-
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Table I. Participant characteristics and trauma-related
healthcare utilization during the 24 months preced-
ing the index date in TSCI cases and controls

Control TSCI patients
(n=35) (n=35)

Age 31.97 (9.10) 31.37 (8.55)

Male (%) 29 (82.9) 29 (82.9)

Female (%) 6 (17.1) 6 (17.1)

Trauma-related ED visits 0 (0-0) I (0-1)

Trauma-related OTD visits 0 (0-0) 0 (0-0)

Total trauma-related visits 0 (0-1) I (0-2)

PD visits 0 (0-0) 0 (0-2)

Alcohol use documented (%) 3 (8.6) I (2.9)

Values are presented as mean (standard deviation) for age, median (QI-
Q3) for count variables, and n (%) for categorical variables. TSCI: Traumatic
spinal cord injury, ED: Emergency department, OTD: Orthopedics/trauma-
tology department, PD: Psychiatry department.

ity for TSCI within this case—control sample. Trauma-relat-
ed ED visits demonstrated the highest discrimination (area
under curve [AUC]=0.726, 95% CI 0.606-0.847; p<0.001).
In this sample, the 2| versus O contrast provided sensitiv-
ity 60.0% and specificity 82.9%. PD visits showed modest
discrimination (AUC=0.649, 95% Cl 0.519-0.778; p=0.024).
In this sample, the 2| versus O contrast provided sensitivity
45.7% and specificity 80.0%. For total trauma-related visits,
the 22 versus <2 contrast showed limited discrimination
(AUC=0.630, 95% CI 0.499-0.761; p=0.052). Performance
metrics for selected contrasts are detailed in Table 3, and
ROC curves are provided in Figure 2 for visualization of
discriminative performance. ROC coordinate outputs are
provided in Supplementary Table 2. These findings should
be interpreted with caution, as discriminative performance
estimates derived from case—control data may be subject to
overestimation.

For interpretability, binary indicators (=1 vs. 0) were defined
for ED visits and psychiatry visits and used in subsequent anal-
yses. Individuals who later sustained TSCI were significantly
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Figure 1. Strengthening the Reporting of Observational Studies
in Epidemiology flow diagram. TSCI: Traumatic spinal cord injury;
SCI: Spinal cord injury; HER: Electronic health records.

more likely to have had at least one trauma-related ED visit
in the preceding 24 months compared with controls (60.0%
vs. 17.1%, x*=13.6, p<0.001). A history of psychiatry visits
was also more common among TSCI cases (45.7% vs. 20.0%),
although the association was weaker (x?=5.25, p=0.022).

These binary risk flags were subsequently entered into a mul-
tivariable logistic regression model. Both pre-injury ED uti-
lization and psychiatry visits were independently associated
with subsequent TSCI. Individuals with at least one trauma-
related ED visit had markedly higher odds of TSCI (OR=8.85,

Table 2. Between-group comparison of trauma-related healthcare utilization during the 24 months preceding the index date
Control group median TSCI group median U value P Effect size (r)
(QI-Q3) (Q1-Q3)
Trauma-related ED visits 0 (0-0) 1 (0-1) 335.500 <0.001 0.45
Trauma-related OTD visits 0 (0-0) 0 (0-0) 606.500 0.920 0.0l
Total trauma-related visits 0 (0-1) 1 (0-2) 453.000 0.035 0.25
PD visits 0 (0-0) 0 (0-2) 430.000 0.010 0.31

Values are presented as median (Q1-Q3); effect size (r) was calculated as |Z|/VN (n=70); p-values are two-tailed. TSCI: Traumatic spinal cord injury; ED:
Emergency department; OTD: Orthopedics/traumatology department; PD: Psychiatry department.
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Table 3. Discriminative performance of selected contrasts for pre-index utilization measures within the case—control sample
Predictor AUC (95% CI) P Cut-off Sensitivity (%) Specificity (%)
Trauma-related ED visits 0.726 (0.606—0.847) <0.001 2| 60.0 829

Total traumatic visits 0.630 (0.499-0.761) 0.052 22 343 88.6

PD visits 0.649 (0.519-0.778) 0.024 2| 45.7 80.0

Cut-offs were selected using Youden’s index (J=sensitivity + specificity—1). TSCI: Traumatic spinal cord injury; AUC: Area under curve; Cl: Confidence interval;

ED: Emergency department; PD: Psychiatry department.

Table 4. Multivariable logistic regression for TSCI
Predictor OR 95% CI P
2| ED visit 8.85 2.68-29.23 <0.001
2| PD visit 4.52 1.34-15.20 0.015

Reference=no prior trauma-related ED visit and no prior psychiatric visit.
OR: Odds ratio; Cl: Confidence interval; ED: Emergency department; PD:
Psychiatry department.

95% Cl 2.68-29.23; p<0.001). A history of psychiatry visit
was also independently associated with increased TSCI risk
(OR=4.52, 95% CI 1.34-15.20; p=0.015). The model dem-
onstrated acceptable explanatory performance (McFadden
R2=0.21). Regression results are summarized in Table 4.

DISCUSSION

In this study employing national EHRs, we examined the dis-
parities in healthcare utilization patterns between patients
with TSCI among drivers/motorcyclists and control subjects.
Individuals with TSCI exhibited a greater frequency of trau-
ma-related ED visits, increased PD visits, and a higher overall
count of trauma-related visits; however, trauma-related out-
patient department visits did not show significant differences
between the groups. These findings collectively validate our
hypothesis that routinely collected health records may con-
tain quantifiable pre-injury indicators associated with subse-
quent TSCI.

Key Results

Among the evaluated metrics, trauma-related ED visits exhib-
ited the highest discrimination (AUC=0.726). In this sample,
the 21 versus 0 contrast for trauma-related ED visits showed
moderate sensitivity and high specificity, supporting its po-
tential utility as a hypothesis-generating risk flag. PD visits
demonstrated modest discrimination (AUC=0.649), suggest-
ing that psychosocial vulnerability may contribute to elevated
risk, although PD contacts are likely heterogeneous and may
proxy multiple mechanisms (e.g., comorbidity, mental health,
substance use, social adversity).

Importantly, when these binary risk flags were jointly evalu-
ated in a multivariable model, both prior ED utilization and
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psychiatry visit remained independently associated with TSCI,
indicating that their predictive value was not solely driven
by shared exposure to healthcare services. Together, these
findings support a multi-domain risk-flagging framework that
integrates injury-related exposure and psychosocial vulner-
ability.

The absence of intergroup differences in OTD visits indicates
that the most significant signals in our dataset were recorded
at the ED level. The ED is the first place people go for acute
injuries, and small injuries and dangerous exposures can add
up. This pattern is theoretically consistent with a “prodro-
mal” phase of significant trauma. Importantly, these findings
should not be interpreted as predictive at the individual level
but rather as hypothesis-generating signals that may help
identify subgroups with relatively increased risk.

Comparison with Previous Research

Building on this risk-flagging interpretation, EHR-based iden-
tification of a higher-risk subgroup could be operationalized
to deliver targeted, structured injury-prevention content,
adapted from programs that have demonstrated effectiveness
in improving safety behaviors such as seatbelt and helmet use.
['8] A study identified high-risk adolescents using police in-
put, field observations, and community reports; they then re-
ceived a brief educational intervention on the risks of street
racing and safer driving practices.!'l Although their identifica-
tion method differs from ours, the underlying logic is similar:
defining a high-risk subgroup first, then focusing preventive
intervention where it is most needed.

More broadly, EHR-based risk flagging has been used for
trauma in other clinical settings. For example, studies have
shown that EHR data can distinguish patients at higher risk
of in-hospital falls and fall-related outcomes.?>?2 These fall-
risk models are different from our outpatient, pre-injury set-
ting and TSCI outcome, but they show that it is possible to
use health-record signals that are collected regularly to find
higher-risk groups.

Our findings also align with trauma recidivism literature,
where repetitive injury-related healthcare contacts are con-
sidered informative. In a trauma-center cohort of 954 op-
eratively treated high-energy orthopedic trauma patients,
Heimke et al.l'"! reported that 14.3% returned to the ED with
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a new, unrelated injury within a mean of 21 months, and re-
cidivism was most strongly associated with pre-existing men-
tal illness. Bauer et al.l'¥ similarly found that mental illness
increased the likelihood of trauma recidivism. In addition,
Strong et al.l'"l reported that trauma recidivists had substan-
tially higher long-term mortality after discharge, highlighting
recidivism as a marker of a particularly vulnerable population.
These studies collectively validate our findings by indicating
that TSCI may develop following recurrent trauma-related
healthcare interactions and impose a considerable mortality
burden.

In addition, prior ED utilization has been proposed as an early
warning signal in other injury domains, including suspected
non-accidental trauma in children, where repeated healthcare
contacts may precede formal recognition.l'® A broader EHR
prediction and risk-stratification literature supports the gen-
eral approach of leveraging routinely collected health data —
demographics, diagnoses, labs, prescriptions, and utilization
patterns — to identify higher-risk patients and support proac-
tive interventions across multiple outcomes.!'! Other studies
have also demonstrated that EHRs can be used to anticipate
clinically important events before they occur, including men-
tal health crises and relapse, suicidal behavior, multiple scle-
rosis relapse, inpatient acute kidney injury through continual
updating, and even increased risk of acute myeloid leukemia
years before diagnosis.['*?2] |n this context, our findings po-
sition TSCI — an infrequent but clinically devastating event
that can cause lifelong disability and markedly reduce pro-
ductivity at a young age — within the same EHR-enabled risk-
stratification paradigm, suggesting that routinely collected
health-record data may be sufficient to generate pragmatic
pre-injury risk flags.

Limitations

There are a few problems with this study. First, the sample
was small and came from only one center, and the ROC-based
thresholds were created using a case—control design. This
means that the suggested cut-offs need to be tested and ad-
justed in larger, more prospective groups. The findings should
be consistently interpreted as hypothesis-generating, given
the small sample size and case—control design, and should not
be considered confirmatory. In addition, discriminative per-
formance measures derived from this case—control sample
may be overestimated and should be interpreted with caution.

Second, a significant number of screened cases were excluded
due to restricted or inaccessible EHRs, potentially leading to
selection bias. Third, our cohort consists of TSCI patients
who subsequently attended a PMR clinic; those managed
solely through alternative pathways (e.g., neurosurgery, or-
thopedics) may not have been included. Fourth, alcohol con-
sumption is probably not well-documented, and it was looked
at as “documented vs. not documented.” Furthermore, psy-
chiatric data were limited by rules about privacy, which made
it impossible to look at diagnostic detail or narrative con-
tent. Furthermore, individual behavioral traits (e.g., impulsiv-
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ity, attention-deficit symptoms) and contextual factors (e.g.,
socioeconomic status, driving behaviors, and occupational
hazards) could not be directly evaluated. Ultimately, we con-
centrated on a singular catastrophic outcome and did not
assess the existence of analogous pre-injury utilization pat-
terns for other significant trauma phenotypes (e.g., traumatic
brain injury, multiple bone fractures), indicating a need for
future research. Given the case—control design and sample
size, ROC-based contrast findings should be interpreted as
descriptive and hypothesis-generating; external validation is
required before any operational use.

In addition, important behavioral and socioeconomic con-
founders — such as risk-taking behavior, driving patterns, and
socioeconomic status — could not be assessed, which may
have influenced the observed associations. Due to the ret-
rospective case—control design, causal inference cannot be
established, and the observed associations should be inter-
preted within this methodological constraint.

Despite these limitations, the study offers proof-of-concept
evidence that routine pre-injury healthcare utilization — es-
pecially trauma-related ED visits and PD contacts — may har-
bor measurable indicators that could facilitate pragmatic risk
identification. Although the analytic cohort was derived from
a single center, pre-index healthcare utilization histories were
obtained from a national longitudinal EHR system capturing
encounters across multiple facilities. Future research must
prospectively validate these signals, encompass wider risk do-
mains, and evaluate the efficacy of trigger-based preventive
outreach in mitigating severe trauma outcomes.

Interpretation

Individuals with at least one trauma-related ED visit and at
least one psychiatry visit in the preceding 24 months con-
stituted a subgroup with substantially higher odds of sub-
sequent TSCl among drivers/motorcyclists. Because these
visits are routinely documented, such individuals can be read-
ily identified within existing EHR systems without additional
screening burden.

Rather than implying deterministic prediction at the individu-
al level, this pattern supports a pragmatic interpretation: Re-
current trauma-related ED utilization and psychiatry contact
may function as early warning signals that enrich for risk. This
creates an opportunity for timely, low-intensity preventive
interventions — such as brief injury-prevention counseling,
reinforcement of seatbelt and helmet use, and referral for
psychosocial support — delivered at the point of care before
catastrophic injury occurs. Therefore, these indicators should
not be considered deterministic or predictive markers, nor
are they clinically actionable; rather, they serve as pragmatic
signals that may support targeted preventive strategies in ap-
propriate contexts.

Generalizability

Generalizability may be highest in similar environments with
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national longitudinal EHR coverage and analogous trauma-
care pathways. Our cohort was limited to |8-45-year-old
drivers/motorcyclists involved in traffic accidents, identified
through subsequent PMR presentation; thus, the findings may
not be generalizable to other age groups or non-driver mech-
anisms. In addition, given the small sample size and case—con-
trol design, the findings should be interpreted as hypothesis-
generating, with limited generalizability. Before broader use,
external validation in multi-center cohorts and across differ-
ent healthcare entry points is needed.

CONCLUSION

Our data indicate that significant driver/motorcyclist-related
trauma is not invariably a random event; it may be preceded
by detectable patterns of prior healthcare utilization charac-
terized by previous injuries and psychiatric interactions. By
identifying these pre-injury warning signs in national EHRs,
these findings support further research toward proactive, tar-
geted prevention strategies. This could allow them to step
in with high-risk drivers/motorcyclists before a serious TSCI
happens. A potential implication, if validated, is that ED en-
counters could serve as opportunities for brief safety coun-
seling and psychosocial support (e.g., seatbelt/helmet use and
avoidance of distracted or impaired driving). These findings
support the hypothesis that pre-injury healthcare utilization
patterns may contain measurable signals worthy of further
investigation.

In this sense, traffic-related TSCI may not be entirely unfore-
seeable and may be preceded by detectable patterns.
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ORIJINAL CALISMA - 0Z

Trafikle ilgili travmatik omurilik yaralanmalarindan 6nce gézden kagan uyar: sinyalleri var
mi? Elektronik saglik kayitlari kullanilarak yapilan kesifsel olgu-kontrol caligmas:

AMAC: Travmatik omurilik yaralanmasi (OY), siklikla trafik kazalari sonucunda ortaya gikan yikici bir durumdur. Bu galismada, elektronik saglik kayit-
larinda (ESK) rutin olarak kaydedilen yaralanma oncesi saglik hizmeti kullanim paternlerinin, siirliciiler ve motosiklet kullanicilari arasinda travmatik
QY icin pratik uyari sinyalleri olarak islev goriip géremeyecegini arastirdik.

GEREC VE YONTEM: Ulusal ESK verilerini kullanarak retrospektif, yas ve cinsiyet agisindan eslestirilmis bir olgu-kontrol calismasi gerceklestirdik.
Trafik kazasina bagli travmatik OY gelisen, siiriicii veya motosiklet kullanicisi olan 18—45 yas arasi yetiskinler (2024-2025) |: | oraninda kontrol
grubu ile eslestirildi (her grupta n=35). indeks tarihinden énceki 24 ay icinde yaralanma ile iliskili acil servis (AS) basvurulari, ortopedi/travmatoloji
departmani (OTD) basvurulari, toplam travma iligkili basvurular ve psikiyatri basvurular degerlendirildi. Gruplar arasi karsilastirmalarda Mann—
Whitney U testi kullanildi. Ayirt edici performansi zetlemek amaciyla ROC analizleri yapild. ikili risk géstergeleri (=1 ED basvurusu; > | psikiyatri
basvurusu) ¢ok degiskenli lojistik regresyon ile degerlendirildi.

BULGULAR: Analize dahil edilen 6rneklem 70 katilimcidan olustu. Kontrollerle karsilagtirildiginda, travmatik OY olgularinda travma iliskili AS bagvu-
rulari (p<0.001; r=0.45), psikiyatri basvurulari (p=0.010; r=0.31) ve toplam travma iliskili bagvurular (p=0.035; r=0.25) daha yiiksek bulundu; buna
karsin OTD basvurulari agisindan fark saptanmadi (p=0.920). AS basvurulari en yliksek ayirt edici performansi gosterdi (AUC=0.726). Bu 6rnek-
lemde 2 |’e karsi O karsilagtirmasi igin duyarlilik 9%60.0 ve 6zgiilltik %82.9 idi. Psikiyatri bagvurulari orta dlizeyde ayirt edicilik gosterdi (AUC=0.649).
Bu 6rneklemde 2 1’e karsi O karsilagtirmasi igin duyarlilik %45.7 ve ozgiillik 9%80.0 idi. Cok degiskenli analizde, >| AS bagvurusu (OR=8.85, %95
GA 2.68-29.23; p<0.001) ve 2| psikiyatri bagvurusu (OR=4.52, %95 GA 1.34—15.20; p=0.015) travmatik OY ile bagimsiz olarak iligkili bulundu.
SONUC: Trafik iliskili travmatik OY, rutin olarak toplanan ESK verilerinde yer alan dlglilebilir yaralanma oncesi paternlerle—ozellikle travma iligkili
AS kullanimi ve psikiyatri bagvurulari ile—onceden izlenebilir olabilir. Bu bulgular, hedefe yénelik onleyici egitim, yaralanma riski danismanligi ve
psikososyal risk azaltma girisimlerinden fayda gorebilecek bireylerin belirlenmesine yardimci olabilecek pragmatik bir risk isaretleme yaklagimini
desteklemektedir. Bu bulgular dikkatle yorumlanmali ve daha biiyiik dlgekli prospektif calismalarla dogrulanmalidir.

Anahtar sozclikler: Acil; elektronik saglik kayitlari; psikiyatri; Spinal kord hasari; trafik kazalari; travma.
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Supplementary Table I. Normality test results for count-based healthcare utilization variables

Variable Group Kolmogorov-Smirnov statistic df p Shapiro—Wilk statistic df P

Trauma-related ED visits TSCI 0.271 35 <0.001 0.672 35 <0.00I
Trauma-related OTD visits TSCI 0.464 35 <0.001 0.495 35 <0.001
Total trauma-related visits TSCI 0.258 35 <0.001 0.766 35 <0.001
PD visits TSCI 0.306 35 <0.001 0.751 35 <0.001
Trauma-related ED visits Control 0.492 35 <0.001 0.477 35 <0.001
Trauma-related OTD visits ~ Control 0.454 35 <0.001 0.457 35 <0.001
Total trauma-related visits Control 0.394 35 <0.001 0.611 35 <0.00I
PD visits Control 0.477 35 <0.001 0.511 35 <0.001

TSCI: Traumatic spinal cord injury; ED: Emergency department; OTD: Orthopedics and traumatology department; PD: Psychiatry department. Notes: Kol-
mogorov—Smirnov p values use the Lilliefors significance correction. All variables showed significant deviation from normality in both groups (p<0.001), sup-
porting the use of non-parametric comparisons.

Supplementary Table 2. Coordinates of the ROC curves for candidate predictors of TSCI within the case—control sample

Test result variable Positive if 2 (cut-off)* Sensitivity | - specificity
Trauma-related ED visits -1.0 1.000 1.000
0.5 0.600 0.171
1.5 0.229 0.029
25 0.057 0.000
5.0 0.029 0.000
8.0 0.000 0.000
Total trauma-related visits -1.0 1.000 1.000
0.5 0.514 0.314
1.5 0.343 0.114
25 0.200 0.029
35 0.086 0.029
4.5 0.057 0.000
6.0 0.029 0.000
8.0 0.000 0.000
PD visits -1.0 1.000 1.000
0.5 0.457 0.200
1.5 0.314 0.086
25 0.200 0.000
35 0.114 0.000
5.0 0.029 0.000
7.0 0.000 0.000

TSCI: Traumatic spinal cord injury; ED: Emergency department; PD: Psychiatry department. For discrete count variables (0,1,2,...), Statistical Package for the
Social Sciences reports cut-offs as midpoints between ordered values; thus, 0.5 corresponds to 21, 1.5 to 22, etc.
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ORIGINAL ARTICLE

Comparison of analgesic treatments used for ankle sprains
in the emergency department

Emine Sarcan, © Ahmet B. Erdem, © Merve Yazla, © Elif Celikel

Department of Emergency Medicine, Ministry of Health Ankara Etlik City Hospital, Ankara- Tiirkiye

ABSTRACT

BACKGROUND: Ankle sprains (ASs) account for approximately 5% of emergency department visits and 40% of all sports-related
injuries, causing significant pain and restriction in the range of motion (ROM). This study aims to observe the clinical outcomes of
early administration of intravenously administered paracetamol, ibuprofen, and dexketoprofen, which are frequently used in emergency
department practice for ASs. For this purpose, pain monitoring and ROM measurements were performed to demonstrate the effec-
tiveness of early functional analgesia.

METHODS: This prospective, randomized, double-blind study was conducted between December 2023 and May 2024 on patients
diagnosed with grade |-2 ASs in the emergency department. Patients were divided into three groups and received intravenous
dexketoprofen (Group D, n=52), paracetamol (Group P, n=52), and ibuprofen (Group I, n=51). Pain assessment was performed using
the numeric rating scale (NRS) and the Wong—Baker FACES Pain Scale (WBS). ROM was evaluated by measuring dorsiflexion ROM
(d-ROM) and plantar flexion ROM (p-ROM) angles using a semicircular goniometer. Pre-treatment and |-h post-treatment measure-
ments were compared.

RESULTS: In the post-treatment pain assessment, no significant difference was observed between the groups in terms of NRS scores
(p=0.352); however, Group | had the lowest WBS scores (p<0.001). Nevertheless, in all three groups, post-treatment pain scores (NRS
and WBS) were significantly lower compared to pre-treatment values (p<0.001). Regarding ROM, pre-treatment d-ROM and p-ROM
values were similar among the groups (p=0.196) and p=0.287, respectively). Post-treatment measurements revealed that d-ROM was
lower in Group | (p=0.034), whereas p-ROM was higher (p=0.011). However, in all groups, ROM values significantly improved after
treatment compared to baseline (p<0.001). When pre- and post-treatment changes (A) in pain scores and ROM values were compared,
no statistically significant differences were found between the groups (ANRS p=0.264, AWBS p=0.965, Ad-ROM p=0.099, Ap-ROM
p=0.073).

CONCLUSION: Paracetamol, ibuprofen, and dexketoprofen demonstrated similar efficacy in reducing pain and improving ankle
joint ROM during the acute phase of ASs. These findings suggest that the early initiation of analgesic treatment in ASs contributes to
clinical recovery.

Keywords: Ankle sprains; dexketoprofen; ibuprofen; pain; paracetamol; range of motion.

INTRODUCTION motion (ROM), which can lead to functional impairments, dis-

ability, and chronic ankle instability. Moreover, this condition
Ankle sprain (AS) is one of the most common musculoskeletal can lead to recurrent injuries, balance-postural disorders, and
injuries in the active population. It accounts for approximately  joint degeneration, such as osteoarthritis. These symptoms
5% of emergency department visits and 40% of all sports-relat- ~ may appear in 44% of patients within | year after the injury.

ed injuries.I'! Sprains cause pain and restriction in the range of ~ To reduce these risks, the proper and effective management
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of AS in emergency departments is crucial. The primary treat-
ment goals are to alleviate pain and swelling while preserving
the ROM before initiating exercise. Thus, in ASs that do not
require surgery or immobilization, early mobilization can help
reduce the risk of such morbidities.

Protection, rest, ice, compression, elevation, cryotherapy, pain
management, elastic bandaging, physiotherapy exercises, sup-
portive braces, and surgical intervention in severe injuries are
among the available treatment options.®! However, there is no
consensus among physicians regarding the implementation of
conservative treatment protocols.[! However, pain control in
the acute phase is known to be essential for both patient com-
fort and reducing the restriction of ankle ROM. For this pur-
pose, oral, parenteral, and topical non-steroidal anti-inflamma-
tory drugs (NSAIDs), paracetamol, and opioids are commonly
used for pain management. Opioids, which are preferred more
frequently in emergency applications due to their rapid and
effective analgesic properties, should not be overlooked for
their potential to cause serious side effects such as nausea,
vomiting, dizziness, hypotension, respiratory depression, and
dependence.’! In recent years, clinicians have increasingly
adopted multimodal approaches in pain management, favor-
ing medications that provide maximum benefit with minimal
side effects for patients. In emergency department practice,
effective and rapid pain control in patients presenting with se-
vere pain during the acute phase is crucial for early functional
recovery. In this context, intravenous (IV) analgesics may of-
fer clinical advantages due to their faster onset of action and
higher bioavailability compared to oral agents. Specifically, the
IV forms of ibuprofen and dexketoprofen, both NSAIDs as
well as paracetamol, may be considered safe alternatives that
can provide effective analgesia while potentially reducing the
need for opioid use. However, studies comparing the efficacy
of ibuprofen, dexketoprofen, and paracetamol simultaneously
in AS remain limited in the literature.

This study aimed to evaluate the short-term effects of
paracetamol, ibuprofen, and dexketoprofen on pain intensity
and ankle ROM in patients presenting to the emergency de-
partment with grade | and 2 AS. In addition, the study aimed
to observe the contribution of different IV analgesics, admin-
istered in accordance with clinical practice, to effective pain
control and early functional recovery.

MATERIALS AND METHODS
Study Design

This study was conducted as a prospective, double-blind, ran-
domized, and controlled trial. Patients who presented to the
emergency department of Ankara Etlik City Hospital with
an AS between December |, 2023, and May |, 2024, were
included in the study. The study was initiated after obtaining
approval from the Ankara Etlik City Hospital Ethics Commit-
tee (decision no: AESH-EK1-2023-666) and was conducted
in accordance with the Declaration of Helsinki. All partici-
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pants were informed about the purpose and procedures of
the study, and written informed consent was obtained from
all individuals before their inclusion in the study.

Patient Selection and Data Collection

Patients aged |18 years and older who presented to the emer-
gency department within the first 48 h after a grade -2 AS,
with no signs of fracture-dislocation, were included in the
study. All patients were provided with detailed information
about the study procedures. Written informed consent was
obtained from those who voluntarily agreed to participate
in the study. Patients with multiple trauma, those who were
pregnant or suspected of being pregnant, those with fractures
or dislocations of the foot or ankle, those with a history of
ankle fracture or previous ankle surgery, those with a his-
tory of ankle trauma within the past 3 months, those with a
known allergy or any adverse reaction to the agents used in
the study, those who had used analgesics within 12 h before
presenting to the emergency department, and those with a
numeric rating scale (NRS) score <5 or a Wong—Baker FAC-
ES Pain Rating Scale (WBS) score <2 were excluded from the
study. During the study, a total of 1553 patients presented
to the emergency department with foot and ankle trauma.
Based on the inclusion and exclusion criteria, 215 patients
were randomized; 155 patients completed the study protocol
and were included in the final analysis (Fig. I).

The sociodemographic characteristics and vital parameters of
the patients (age, sex, systolic and diastolic blood pressure,
heart rate, respiratory rate, body mass index (BMI), domi-
nant and injured foot, and mechanism of injury), as well as
their pain scores at presentation and after treatment, were
recorded. To exclude fractures and dislocations during the
inclusion process, the Ottawa Ankle Rules were applied, and
radiography was used when indicated.

The grading of AS is as follows:

* Grade | (Mild): Ligaments are stretched but not torn.
Mild tenderness and edema are present. The patient can bear
weight, and radiographs appear normal.

* Grade 2 (Moderate): Excessive stretching and partial
ligament tears may occur. Moderate tenderness, edema, and
significant pain on weight-bearing are observed. Standard ra-
diographs appear normal, but stress radiographs may reveal
an abnormal relationship between the talus and mortise.

* Grade 3 (Severe): Occurs when the ligaments are com-
pletely torn. Severe tenderness, edema, ecchymosis, and of-
ten joint deformity are present. The patient is unable to bear
weight. Standard radiographs show abnormalities between
the talus and mortise; stress radiographs are not required.

Randomization and Blinding

Eligible patients were randomly assigned to one of three
groups in a I:I:] ratio using a computer-generated random-
ization table. The groups were created by a statistician who
was not involved in the study. To minimize selection bias, al-
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location concealment was ensured using an interactive web-
based response system until the randomization process was
completed by the computer. All medications were prepared
by an independent individual and drawn into sealed syringes.
To mask their appearance, each syringe was mixed with 150
mL of normal saline. This method ensured that the drugs as-

signed to each treatment group had a similar appearance and
physical properties. No label containing information about
the administered drugs was present. Thus, both patients
and researchers were blinded to the treatment assignment.

Group assignments were stored in sealed envelopes.
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Figure 1. Flow chart.
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Intervention

In this study, IV administration was preferred over oral for-
mulations due to its faster onset of action and higher bioavail-
ability. Since IV drugs bypass gastrointestinal absorption and
first-pass metabolism, they achieve more rapid and predict-
able therapeutic plasma concentrations. These pharmacoki-
netic advantages are clinically important for ensuring timely
analgesia and supporting functional recovery during the acute
phase of musculoskeletal injuries. The following medications
were used.

* In Group D, 50 mg of IV dexketoprofen was administered
to 52 patients (Arveles, Menarini Pharmaceuticals, Spain; 50
mg/2 mL).

* In Group P, 1000 mg of IV paracetamol was administered
to 52 patients (Parol, Atabay Kimya, Istanbul; 1000 mg vial).

* In Group |, 400 mg of IV ibuprofen was administered to 51
patients (Intrafen, GEN Pharmaceuticals, Turkey; 800 mg/8
mL).

All three medications were prepared in 150 mL of normal
saline and administered over |5 min using an infusion pump.
In emergency department settings, IV administration is often
preferred over oral routes in cases where rapid and reliable
analgesia is essential. This method ensures a faster onset of
action and circumvents the variability in gastrointestinal ab-
sorption that may occur due to trauma-related stress, nau-
sea, or other factors commonly encountered in acute care
patients.

Two different scales were used to assess pain in patients.
WABS: This scale is rated from 0 to 5, where “0” represents
no pain, and “5” represents the most severe pain expression.
Physicians introduced this scale to the patients by explaining
each facial expression along with the accompanying “short
word instructions” and asked them to circle the face that best
represented their pain.[ Immediately after obtaining WBS
scores, patients were asked to indicate their pain levels using
the NRS. NRS is an | |-point scale, where “0” represents no
pain and “10” represents the most severe pain imaginable.]
The purpose of using both pain scales together was to assess
pain more objectively and comprehensively.

Measurements of ankle dorsiflexion ROM (d-ROM) and
plantar flexion ROM (p-ROM) were performed by the same
physiotherapist using a 360° manual Baseline semicircular go-
niometer. This goniometer is calibrated in accordance with
the international standards for measurement system and is
a reliable tool for assessing ankle ROM.EI During the mea-
surements, patients were positioned at the edge of a bed
in a semi-seated position at approximately 45°. The knees
were flexed to 20-30°, and a pillow was placed under the
lower legs to elevate the heels off the bed surface. The initial
position of the goniometer (pivot point) was placed approxi-
mately 1.5 cm below the lateral malleolus of the ankle. The
stationary arm was aligned along the lateral aspect of the
fibula, while the moving arm was positioned parallel to the
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lateral aspect of the 5th metatarsal bone. To ensure measure-
ment accuracy, each position was assessed 3 times, and the
results were recorded.

Outcomes

The primary outcome of this study is the reduction of early-
stage pain and the improvement of joint ROM in patients
with AS. The secondary outcome is to evaluate the effects of
parenteral analgesic medications on ROM and compare them
with each other.

Sample Size Estimation

For the power analysis of the study, G-Power 3.1 software
was used to derive an effect size of 0.75 from the data of a
reference study. With a significance level of 0.05, a power of
85%, and a confidence level of 95%, it was determined that
at least 147 patients, equally divided with 49 participants per
group, were required.™

Statistical Analysis

The data were analyzed using IBM Statistical Package for the
Social Sciences Statistics for Windows, Version 27.0 (IBM
Corp., Armonk, NY, USA). The normality of data distribu-
tion was determined by the Kolmogorov—Smirnov test. In
descriptive statistics, normally distributed numerical data
were presented as mean and standard deviation, non-nor-
mally distributed numerical data were presented as median
(minimum-maximum), and nominal data were presented as
number (n) and percentage (%). Group comparisons were
performed using the Student’s t-test for normally distribut-
ed numerical data and the Mann—-Whitney U test for non-
normally distributed numerical data. The Chi-square test was
used for categorical data. One-way analysis of variance/Krus-
kal-WVallis tests were used for repeated measures. A p<0.05
was considered statistically significant.

RESULTS

Demographic and Descriptive Characteristics

A total of 155 patients were included in the study (Group
D: n=52, Group P: n=52, Group I: n=51). Among the par-
ticipants, 56.12% (n=87) were male. There was no statisti-
cally significant difference between the groups in terms of
mean age and BMI (p=0.737, p=0.105). Regarding gender
distribution, although the proportion of male patients was
higher in Group | (62.7%), this difference was not statistically
significant (p=0.312). When injury mechanisms were evalu-
ated, the most common cause of injury was a fall from the
same level, which was more frequently observed in Group D
(61.5%, p=0.051). There was no statistically significant differ-
ence between the groups in terms of dominant foot distribu-
tion (p=0.095) and the right/left distribution of the injured
foot (p=0.187) (Table I). None of the groups experienced
any adverse effects during the study.
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Table |I. Demographic and background characteristics in the groups
Sociodemographic data
Variables Group D (n=52) Group P (n=52) Group I (n=51) p*
Age (meanzSD) 3312 3511 3514 0.737
Body mass index (mean+SD) 24.7+£3.7 26.5%5.1 26.3+4.9 0.105
Gender
Male (n, %) 25 (48.1) 30 (57.7) 32 (62.7) 0.312
Female (n, %) 27 (51.9) 22 (42.3) 19 (37.3)
Mechanism of injury
Fall from the same level (n, %) 32 (61.5) 17 (32.7) 22 (43.1) 0.051
Fall from a height (n, %) I1(21.2) 24 (46.2) 18 (35.3)
During sports (n, %) 9 (17.3) 11(21.2) 11 (21.6)
Dominant foot
Right 45 (86.5) 51 (98.1) 46 (90.2) 0.095
Left (n, %) 7 (13.5) 1 (1.9) 5(9.8)
Traumatic foot
Right (n, %) 30 (57.7) 29 (55.8) 21 (41.2) 0.187
Left (n, %) 22 (42.3) 23 (44.2) 30 (58.8)

*Comparison of the three groups using multiple Chi-square, One-way ANOVA/Kruskal-Wallis. SD: Standard deviation.

Pain Scores and ROM Changes

Pre-treatment NRS scores were found to be similar among
the groups (p=0.787). However, pre-treatment WBS scores
were significantly higher in Group D compared to the other

groups (p=0.030). While there was no statistically significant

difference in post-treatment NRS scores between the groups

Group D
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1 l ¥ l. "::u
. |.|.'. 1l
L | o i
Group P Group |
Groups B

W oS 0w
I WAk O
| B W I
B e B
B 4-R0Rd i
B =BR[]
W p-RCea (0]
B p=kima[l)

Figure 2. Changes in Pain Scores and Range of Motion with Treatment. 0: Pre-Treatment, 1: Post-
Treatment (1%t h), NRS: Numeric rating scale, WBS: Wong-Baker faces pain rating, d-ROM: Dorsiflexion
range of motion, p-ROM: Plantar flexion range of motion.
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(p=0.352), Group | had the lowest WBS score (p<0.001).
However, in all three groups, post-treatment pain scores
were significantly reduced compared to pre-treatment values
(p<0.001). When the ROM angles of the patients were evalu-
ated, pre-treatment d-ROM and p-ROM angles were found
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Table 2.  Pain scales and range of motion angles
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Pain scales and ROM angles

Group D Group P Group | pPE
Numeric pain rating scale (0—I h)
NRSO 6 (5-8) 6 (5-7) 6 (5-7) 0.787
NRSI 4 (2.25-5) 4 (3-5) 3 (34 0.352
p-value* <0.001* <0.001* <0.001*
Wong—Baker FACES Pain Rating (0—1 h)
WBS0 3 (24 3 (2-3) 3 (2-3) 0.030%
Group D
WBSI I (1-2) I (1-2) I (0-1) <0.001%
Group |
p-value* <0.001* <0.001* <0.001*
d-ROM (°) (0-1 h)
d-ROMO 16 (12-18) 16 (13-19.5) I5 (12-16) 0.196
d-ROMI 17 (14.2-20) 18 (16-20) 16 (15-18) 0.034%
Group |
p-value* <0.001* <0.001* <0.001*
p-ROM (°) (0-1 h)
p-ROMO 30 (23.2-35) 32 (22.2-35) 33 (27-36) 0.287
p-ROMI 34.5 (28-37) 35 (28-38) 36 (33-39) 0.011%
Group |
p-value* <0.001* <0.001* <0.001*

*Pre- and post-treatment repeated measures: Paired t-test/Wilcoxon test. $Comparison of the three groups: One-way analysis of variance/Kruskal-Wallis.
ROM: Range of motion, NRS: Numeric rating scale, WBS: Wong—Baker FACES Pain Scale, d-ROM: dorsiflexion range of motion, p-ROM: plantar flexion range

of motion.

Table 3. Changes in pre- and post-treatment pain scores and range of motion angles (A: Delta)

Group D Group P Group | p*
ANRS (mean+SD) 2442 23£13 2.9+1.1 0.264
AVWVBS (meanxSD) 1.3£0.7 1.2+0.7 1.4x1.9 0.965
Ad-ROM (mean#SD) 1.9£1.9 1.9+2.1 1.9£1.8 0.099
Ap-ROM (meanSD) 3.7£3.9 33132 4.3+3.8 0.073

*Comparison of the three groups: One-way analysis of variance/Kruskal-Wallis. A=Delta: Changes in pain and ROM between 0 and | h; NRS: Numeric pain
rating scale; WBS: Wong—Baker FACES Pain Rating; d-ROM: Dorsiflexion range of motion; p-ROM: Plantarflexion range of motion; SD: Standard deviation.

to be similar across all three groups (p=0.196 and p=0.287,
respectively). Post-treatment, d-ROM was lower in Group
| (p=0.034), while p-ROM was higher (p=0.011). However,
in all three groups, post-treatment ROM angles showed a
significant improvement compared to pre-treatment values
(p<0.001) (Table 2 and Fig. 2).
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Pre- and Post-Treatment Changes (A Values)

Changes in pain scores and ROM angles before and after
treatment were analyzed using A (delta) values. The reduc-
tion levels in ANRS and AWBS pain scores were similar
across all three groups (p=0.264, p=0.965). Likewise, there

was no significant difference between the groups in terms
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of the increase in Ad-ROM and Ap-ROM angles (p=0.099,
p=0.073) (Table 3).

DISCUSSION

This study demonstrated that paracetamol, dexketoprofen,
and ibuprofen were effective in reducing pain and improving
ROM in the acute phase. These findings support that both
NSAIDs and paracetamol are effective treatment options for
acute pain management and functional recovery.

In the acute phase of AS, the goal of conservative treatment
is to reduce pain and edema while promoting early mobiliza-
tion. Pain and edema may lead to ROM restriction, which can
result in permanent damage, such as chronic ankle instability,
affecting ankle function. This condition may also lead to work-
force loss in the physically active young population, where
AS is more common. Successful early pain management can
facilitate mobilization, thereby reducing these risks. Meta-
analysis studies have concluded that early mobilization and
exercise programs help reduce chronic ankle instability and
recurrent ASs.”'% |n this study, patients had similar sociode-
mographic characteristics. Two different pain assessment
scales were used to evaluate patients’ pain levels. NRS scores
were found to be parallel to WBS values, indicating that pain
measurement was more objective. There was no difference
in pre-treatment NRS pain scores among the three groups;
however, WBS scores were statistically higher in Group D. A
statistically significant reduction in pain scores was observed
in all three groups after treatment. Although the groups were
different, the fact that the analgesic mechanisms led to similar
outcomes suggests that these medications may have compa-
rable analgesic efficacy. It is well known that NSAIDs achieve
analgesia through cyclooxygenase enzyme inhibition, whereas
paracetamol exerts its effect through multiple mechanisms,
including serotonergic pathways and inhibition of prostaglan-
din synthesis.['"]

AS not only damages the ligaments but can also affect the
muscles, tendons, and nerves within the ankle structure. Such
injuries may lead to ligament laxity and muscle weakness, ul-
timately resulting in impaired joint proprioception, balance,
and muscle strength. In addition, they may cause restricted
ROM, particularly dorsiflexion.l'? Proper functioning of the
surrounding ankle muscles and adequate ROM are essential
for maintaining balance and preventing recurrent injuries.
31 To reduce such morbidities, the treatment goals for AS
should include not only pain control but also the full resto-
ration of ankle ROM. Several studies have shown that long-
term application of certain physical activities and mobiliza-
tion exercises improves ROM and ankle function.l'*'"] The
methods used in these studies included therapeutic proce-
dures aimed at increasing the length of shortened soft-tissue
structures following injury, as well as the isometric activation
of passive tense muscles in the lower leg. In this study, analge-
sics were found to significantly increase d-ROM and p-ROM
angles at the end of the Ist h. The activation of nociceptors
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in the joint capsule due to trauma may lead to hyperactiv-
ity of the muscle spindle and continuous muscle contraction,
resulting in ischemia. This process causes the accumulation
of inflammatory mediators in the affected area, contributing
to pain. Furthermore, increased pain during the stretching of
persistently contracted muscles, along with the shortening of
muscle and soft tissue, may contribute to ROM restriction.
[ In this context, we suggest that the reduction of edema
and inflammation in connective tissue by paracetamol and
NSAIDs contributed to pain relief and muscle relaxation, ul-
timately improving joint ROM.

The most notable statistical finding in this study was the
comparison of differences (delta = A) in pain and ROM mea-
surements before and after treatment. When the delta ()
values of pain scores and ROM angles before and after treat-
ment were compared, no statistically significant difference
was found among the three groups. The reduction in pain
and the increase in ROM angles contributed to early mobi-
lization, even in the acute phase. It was also demonstrated
through delta (A) values that paracetamol, dexketoprofen,
and ibuprofen are effective analgesics and have comparable
effects in improving ankle function. In a study conducted by
Yilmaz et al.['! it was found that there was no significant
difference between dexketoprofen and paracetamol in re-
ducing pain scores in acute musculoskeletal trauma-related
pain in the emergency department. Another study on trau-
matic isolated extremity pain in the emergency department
demonstrated that the analgesic effects of paracetamol and
morphine were nearly equivalent.'® In a study conducted by
Dogan et al.'"” which evaluated the efficacy of paracetamol,
dexketoprofen, and ibuprofen in the treatment of non-trau-
matic acute low back pain, it was found that there was no
significant difference in the reduction of pain scores on the
Visual Analog Scale among the three groups. In a compara-
tive study by Dénmez et al.®®! examining the analgesic efficacy
of ibuprofen and dexketoprofen in the pain management of
long bone fractures, both NSAIDs demonstrated effective
analgesic properties in the acute phase. Notably, ibuprofen
800 mg exhibited superior analgesic efficacy at 60 and 120
min compared to dexketoprofen, suggesting that the dosage
and timing of NSAID administration may influence clinical
outcomes in traumatic bone injuries. This finding aligns with
our observation that NSAIDs can provide effective pain relief
in acute musculoskeletal trauma, though the specific choice
of agent and its pharmacokinetic profile may affect the mag-
nitude and duration of analgesic response. Although these
studies share similar findings with our study, there are also
studies that have reported different results. The efficacy of
paracetamol and dexketoprofen in reducing non-traumatic
musculoskeletal pain, including neck, shoulder, back, hip, and
knee pain, has been compared. It has been shown that dexke-
toprofen was statistically more effective than paracetamol in
reducing Visual Analog Scale and NRS scores across all pain
locations.?'l We believe that this difference is due to the use
of these drugs in different chronic pain models rather than
trauma-related conditions. While pain in trauma is primarily
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caused by excessive stretching of muscle spindles in the in-
jured area and subsequent ischemia, chronic musculoskeletal
pain may be associated with different mechanisms, such as
widespread hyperalgesia or allodynia.’? This finding suggests
that NSAIDs and paracetamol may exert their effects through
different mechanisms in traumatic pain compared to other
types of pain. The differential efficacy of NSAIDs in various
acute pain conditions warrants careful consideration when
selecting analgesic agents in emergency medicine. While the
current study demonstrated comparable analgesic efficacy
between ibuprofen and dexketoprofen in acute ASs, the
literature reveals nuanced differences in their performance
across different pain conditions. Similar effectiveness of ibu-
profen and dexketoprofen has been documented in various
non-traumatic acute pain states, including migraine and renal
colic. This broad equivalence in efficacy across diverse pain
pathophysiologies suggests that both NSAIDs share funda-
mental mechanisms of action through cyclooxygenase inhibi-
tion, resulting in comparable anti-inflammatory and analgesic
effects in many clinical scenarios.?!

In this study, no adverse effects were observed in any of the
three groups during the acute phase. However, NSAIDs have
not only mild side effects, such as dyspepsia and peptic ulcers,
but also potentially serious adverse effects, including gastroin-
testinal bleeding, myocardial infarction, liver failure, and renal
failure. Although paracetamol is generally considered a safer
option, it carries a risk of hepatotoxicity, particularly with high
doses and prolonged use. Therefore, the selection of analge-
sics should be individualized by taking into account the pa-
tient's clinical condition, comorbidities, and the potential side
effects of the medications. Although there are studies in the
literature comparing paracetamol and NSAIDs in different pain
models, the number of studies specifically comparing these
drugs in AS during the acute phase is extremely limited.!

Limitations

This study has several limitations. First, it was conducted at
a single center, which may restrict the generalizability of the
findings to broader populations. Future multi-center trials are
needed to validate these results in diverse healthcare settings.
Second, the follow-up period was limited to the early phase
after treatment, and long-term outcomes such as persistent
pain, recurrent sprains, and functional recovery were not
evaluated. However, the primary aim of this study was to as-
sess early analgesic efficacy and immediate functional improve-
ment, which are clinically critical in emergency department
practice. Nonetheless, the use of two validated pain scales in
conjunction with objective ROM measurements strengthens
the acute pain assessment compared to previous studies. Fur-
thermore, the prospective, randomized, double-blind design,
relatively large sample size, and meticulous data collection en-
hance the internal validity and reliability of our findings.

CONCLUSION

In this study, paracetamol and NSAIDs were found to have
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similar effects in reducing pain and improving ROM in the
treatment of AS. Due to its lower cost, paracetamol may
be considered a first-line option in appropriate patients. Re-
gardless of the analgesic used, analgesic treatment holds an
important place in clinical management to support early mo-
bilization.
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ORIJINAL CALISMA - 0Z

Acil serviste ayak bilegi burkulmalarinda kullanilan analjezik tedavilerin kargilagtirilmasi

AMAC: Ayak bilegi burkulmalar, acil servise yapilan basvurularin yaklasik 95’ini ve tlim sporla iliskili yaralanmalarin %40’ini olusturmaktadir ve ge-
nellikle belirgin agri ile eklem hareket agikliginda (ROM) kisitlliga yol agmaktadir. Bu galisma, acil servis pratiginde yaygin olarak kullanilan intravenéz
parasetamol, ibuprofen ve deksketoprofenin erken dénemde uygulanmasinin klinik sonuglarini degerlendirmeyi amaglamaktadir. Bu amagla, erken
fonksiyonel analjezinin etkinligini gosterebilmek igin agri diizeyi takipleri ve ROM o&lglimleri yapildi.

GEREC VE YONTEM: Bu prospektif, randomize, cift kor calisma Aralik 2023 ile Mayis 2024 tarihleri arasinda acil serviste Derece 1-2 ayak bilegi
burkulmasi tanisi alan hastalar tizerinde gergeklestirildi. Hastalar ti¢ gruba ayrildi ve intravendz deksketoprofen (Grup D, n=52), parasetamol (Grup
P, n=52) ve ibuprofen (Grup |, n=51) uygulandi. Agri degerlendirmesi Sayisal Derecelendirme Olgegi (NRS) ve Wong-Baker Yiiz Agri Olgegi (WBS)
kullanilarak yapildi. ROM, yarim daireli gonyometre ile dorsifleksiyon (d-ROM) ve plantar fleksiyon (p-ROM) agilari Slglilerek degerlendirildi. Tedavi
oncesi ve tedaviden | saat sonraki dlglimler karsilagtirildi.

BULGULAR: Tedavi sonrasi agri degerlendirmesinde; NRS skorlari agisindan gruplar arasinda anlamli bir fark bulunmadi (p=0.352), ancak WBS
skorlari bakimindan Grup | en diisiik degere sahipti (p<0.001). Bununla birlikte, her lig¢ grupta da tedavi sonrasi agri skorlarinin (NRS ve WBS) tedavi
oncesine gore istatistiksel olarak anlamli diizeyde azaldigi saptandi (p<<0.001). ROM agilari incelendiginde, tedavi oncesi d-ROM ve p-ROM degerleri
gruplar arasinda benzerdi (p=0.196). Tedavi sonrasinda Grup I'da d-ROM daha dsiik (p=0.034) ve p-ROM daha yiiksek bulundu (p=0.011). An-
cak, her (i grupta da tedavi sonrasi ROM degerlerinde tedavi ncesine gére anlamli iyilesme gozlendi (p<0.001). Agri skorlari ve ROM agilari igin
tedavi Oncesi-sonrasi degisim (A) degerleri karsilastirildiginda ise gruplar arasinda istatistiksel olarak anlamli fark saptanmadi (ANRS p=0.264, AWBS
p=0.965, Ad-ROM p=0.099, Ap-ROM p=0.073).

SONUC: Parasetamol, ibuprofen ve deksketoprofen, ayak bilegi burkulmalarinin akut fazinda agriyi azaltma ve ayak bilegi eklem hareket agikligini
artirma agisindan benzer etkinlik gostermistir. Bu bulgular, ayak bilegi burkulmalarinda analjezik tedavinin erken baslanmasinin klinik iyilesmeye katki
sagladigini gostermektedir.

Anahtar sozciikler: Agri; ayak bilegi burkulmalari; deksketoprofen; hareket agikligi; ibuprofen; parasetamol.
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ABSTRACT

BACKGROUND: Syndesmotic disruption frequently accompanies ankle fractures and requires stable fixation to restore distal tib-
iofibular congruence and function. Cortical screw and suture-button constructs are widely used; however, their relative superiority,
particularly with respect to early recovery versus long-term outcomes, remains uncertain.

METHODS: We conducted a single-center, retrospective, nonrandomized cohort study of adults with ankle fractures and radio-
graphically confirmed syndesmotic injuries treated between 2017 and 2021. Patients underwent fixation according to surgeon prefer-
ence using either screws (n=81) or suture-button constructs (n=25). The primary outcome was the American Orthopaedic Foot &
Ankle Society (AOFAS) ankle-hindfoot score at 12 months. Secondary outcomes included AOFAS score at 3 months, Olerud—Molan-
der Ankle Score (OMAS) at final follow-up, tibiofibular clear space (TFCS), tibiofibular overlap (TFO), medial clear space (MCS), and
complication rates. Standardized anteroposterior (AP), mortise, and lateral radiographs were obtained preoperatively and postop-
eratively. Median follow-up was 14 months (range: 12—19). Treatment selection was at the operating surgeon's discretion, taking into
account patient age and activity level, fracture pattern and instability (including initial subluxation or dislocation), soft-tissue condition,
and implant availability.

RESULTS: Both groups demonstrated significant radiographic improvement in TFCS, TFO, and MCS from preoperative to post-
operative assessment (all p<0.001). At three months, the suture-button group achieved higher AOFAS scores than the screw group
(median, 75 vs. 70; p=0.009). However, the primary outcome of AOFAS score at 12 months and the final OMAS did not differ signifi-
cantly between groups (p=0.161 and p=0.090, respectively). Interpretation of the findings is limited by baseline imbalances, including
a younger patient population in the suture-button group (p=0.008) and unequal group sizes (81 vs. 25). Complication rates were low
and comparable between groups.

CONCLUSION: Both cortical screw and suture-button fixation provided satisfactory long-term functional and radiographic out-
comes in patients with ankle fractures and syndesmotic injuries. Although suture-button fixation was associated with superior early
functional recovery, this apparent advantage should be interpreted cautiously given baseline differences and potential confounding.
These hypothesis-generating findings support the need for prospective randomized trials with standardized rehabilitation protocols.

Keywords: Ankle syndesmosis; American Orthopaedic Foot & Ankle Society (AOFAS); Olerud—Molander Ankle Score (OMAS); screw
fixation; suture-button.
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INTRODUCTION

Ankle fractures are common injuries that may be complicated
by disruption of the distal tibiofibular syndesmosis, a key sta-
bilizer that contributes substantially to ankle stability and load
transmission.['"*7] Syndesmotic injuries commonly occur in as-
sociation with rotational ankle fractures and may be accompa-
nied by posterior malleolar involvement or Maisonneuve-type
injury patterns.l'2**] Accurate reduction and stable fixation are
essential for the successful treatment of unstable syndesmotic
injuries. Although syndesmotic screw fixation provides reliable
rigid stabilization, it may be associated with implant loosening
or breakage and often requires subsequent hardware removal.
U131 Dynamic fixation with a suture-button device was devel-
oped to permit more physiologic motion while maintaining
syndesmotic reduction. Systematic reviews, randomized trials,
and meta-analyses have generally reported comparable radio-
graphic outcomes between screw and suture-button fixation,
with evidence suggesting improved early functional recovery
and fewer implant-related reoperations in patients treated
with suture-button constructs.*'*! However, long-term find-
ings remain inconsistent across studies with differing fracture
patterns and follow-up durations.!'>-']

Accordingly, we compared the clinical and radiographic out-
comes of cortical screw fixation and suture-button fixation
in patients with ankle fractures and associated syndesmotic
injuries.

This single-center, retrospective, nonrandomized cohort
study compared functional and radiographic outcomes be-
tween patients treated with cortical screw fixation and those
treated with suture-button fixation for ankle fractures with
syndesmotic injury, with a particular focus on early functional
recovery and longer-term outcomes.

MATERIALS AND METHODS

Study Design, Setting, and Patient Selection

This retrospective, single-center; nonrandomized cohort
study was conducted at a tertiary trauma center between
October 2017 and October 2021. Adult patients (218 years)
with acute ankle fractures presenting within three weeks of
injury and radiographically confirmed syndesmotic disruption
were screened for eligibility. Treatment allocation (cortical
screw or suture-button fixation) was based on surgeon pref-
erence, and no randomization was performed. In our insti-
tution, suture-button fixation was more commonly selected
for younger, higher-demand patients and for injuries associ-
ated with marked initial subluxation or dislocation, with the
aim of permitting physiologic micromotion while maintaining
syndesmotic reduction and facilitating earlier rehabilitation.
Screw fixation was more frequently used for routine injury
patterns and when implant availability favored screw fixation.

Inclusion criteria were: (I) age 218 years; (2) ankle fracture
associated with syndesmotic injury requiring operative fixa-
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tion; (3) surgery performed within three weeks of injury; and
(4) availability of preoperative and postoperative radiographs
and a minimum clinical follow-up of 12 months.

Exclusion criteria were: (I) open fractures; (2) polytrauma;
(3) pathological or bilateral injuries; (4) combined screw and
suture-button fixation; and (5) incomplete follow-up data.

A total of 143 patients were screened for eligibility. Thirty-
seven patients were excluded, including five who died from
coronavirus disease 2019-related (COVID- | 9-related) causes
during follow-up, nine who were lost to follow-up, 19 with
incomplete data, and four who underwent combined screw
and suture-button fixation. The final analytic cohort com-
prised 106 patients, including 81 treated with cortical screw
fixation and 25 treated with suture-button fixation. Baseline
demographic and injury characteristics (age, sex, injured side,
fracture pattern, and dislocation/subluxation status) are sum-
marized in Table I.

Surgical Technique

Following anatomic fracture reduction, syndesmotic stabiliza-
tion was performed under fluoroscopic guidance. For screw
fixation, a 3.5-mm fully threaded cortical screw was inserted
2-3 cm proximal to the tibial plafond and directed ~20°-30°
anteriorly across three or four cortices while maintaining
anatomic reduction (Figs. I, 2). Routine screw removal was
scheduled 8-10 weeks postoperatively.

For dynamic fixation, a commercially available suture-button
device (e.g., TightRope®, Arthrex Inc.) was implanted accord-
ing to the manufacturer’s instructions. The transosseous tun-
nel was created at a level and orientation corresponding to
the native syndesmotic axis. Reduction was confirmed fluo-
roscopically using both neutral and stress views. Preoperative
computed tomography (CT) was obtained at the surgeon’s
discretion for complex fracture patterns.

Postoperative Rehabilitation

A standardized rehabilitation protocol was applied to both
groups, with differences in weight-bearing progression based

Figure 1. Flow diagram illustrating patient screening, exclusions,
and final cohort allocation.
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Table |I. Baseline characteristics of the study cohort

Variable Cortical screw Suture-button Total p
(n=81) (n=25) (n=106)

Age, years (meantSD; range) 45.61£16.28 [19-91]  35.52%16.16 [19-77]  43.22+16.74 [19-91] 0.008

Male sex, n (%) 40 (49.4) 15 (60.0) 55 (51.9) 0.353

Female sex, n (%) 41 (50.6) 10 (40.0) 51 (48.1)

Left-sided injury, n (%) 28 (34.6) 14 (56.0) 42 (39.6) 0.055

Right-sided injury, n (%) 53 (65.4) 11 (44.0) 64 (60.4)

Fracture pattern at presentation, n (%) 0.001

Isolated distal fibula fracture 29 (35.8) 0 (0.0) 29 (27.4)

Bimalleolar fracture (medial malleolus + distal fibula) 45 (55.6) 24 (96.0) 69 (65.1)

Pilon fracture + distal fibula fracture 6 (7.4) 0 (0.0 6 (5.7)

Trimalleolar fracture 1 (1.2) | (4.0) 2(1.9)

Dislocation or subluxation at presentation, n (%) <0.001

No dislocation 66 (81.5) 5 (20.0) 71 (67.0)

Subluxation 12 (14.8) 19 (76.0) 31 (29.2)

Dislocation 3.7 | (4.0) 4(3.8)

Values are presented as mean * standard deviation (SD) (range), median [interquartile range (IQR)], or n (%), as appropriate. P values were calculated using
the Student’s t-test or Mann—Whitney U test for continuous variables and the chi-square test or Fisher’s exact test for categorical variables, as appropriate,

for overall group comparisons.

ik

A =

Figure 2. Image demonstrating syndesmotic fixation with a 3.5-
mm fully threaded cortical screw inserted 2—3 cm proximal to the
tibial plafond and angled approximately 30° anteriorly.

on the fixation method. Patients treated with screw fixation
remained non-weight-bearing for two weeks, progressed to
partial weight-bearing at 3—4 weeks, and commenced full
weight-bearing after screw removal, typically at 8—10 weeks
postoperatively. Patients treated with suture-button fixa-
tion were permitted weight-bearing as tolerated beginning in
the third postoperative week. All patients participated in a
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standardized physiotherapy program emphasizing restoration
of ankle range of motion, proprioception, and progressive
strengthening.

Radiographic Assessment

Standardized anteroposterior, mortise, and lateral ankle ra-
diographs were obtained preoperatively and at 3 months,
12 months, and final follow-up. Syndesmotic reduction was
evaluated using the following radiographic parameters:

* Tibiofibular clear space (TFCS): the distance between the
lateral border of the posterior tibial malleolus and the medial
border of the fibula, measured approximately | cm proximal
to the plafond on anteroposterior (AP) and mortise radio-
graphs.

* Tibiofibular overlap (TFO): the degree of overlap between
the distal tibia and fibula on AP and mortise radiographs.

* Medial clear space (MCS): the distance between the lateral
border of the medial malleolus and the medial border of the
talar dome on mortise radiographs.

All radiographic measurements were independently per-
formed by two fellowship-trained orthopedic surgeons us-
ing standardized ankle radiographs. In cases of disagreement,
measurements were reviewed jointly to achieve consensus,
and the final agreed value was used for analysis.

Clinical Outcomes

Outcome measures were prespecified. The primary outcome
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Table 2.

Functional outcome scores (OMAS and AOFAS) during follow-up

Outcome

median [min-max]

Cortical screw (n=81)

Suture-button (n=25) P

median [min-max]

AOFAS at 3 months 70 [60-75]
AOFAS at |12 months 85 [65-95]
OMAS at final follow-up 80 [65-95]

75 [65-75] 0.009
85 [75-85] 0.161
80 [75-90] 0.090

P values were calculated using the Mann—Whitney U test. AOFAS: American Orthopaedic Foot & Ankle Society Ankle-Hindfoot Score; OMAS: Olerud—Mo-

lander Ankle Score.

was the American Orthopaedic Foot & Ankle Society (AO-
FAS) ankle—hindfoot score at 12 months postoperatively.
Secondary outcomes included the AOFAS score at three
months, the Olerud—Molander Ankle Score (OMAS) at final
follow-up, longitudinal changes in TFCS, TFO, and MCS, and
complication rates, including superficial infection, hardware
irritation, pain during prolonged ambulation, and a composite
endpoint of any complication. The median follow-up duration
for the overall cohort was 14 months (range, 12—-19).

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
for Windows, version 24.0 (IBM Corp., Armonk, NY, USA)
and R software (R Foundation for Statistical Computing, Vien-
na, Austria). Normality was assessed using the Shapiro—Wilk
test. Continuous variables are presented as mean * standard
deviation (SD) for normally distributed data and median (in-
terquartile range [IQR]) for non-normally distributed data.
Categorical variables are presented as n (%). Between-group
comparisons were performed using the independent-samples
t-test or the Mann—Whitney U test, as appropriate. Within-
group comparisons over time were assessed using paired t-
tests, Wilcoxon signed-rank tests, or Friedman tests. Cat-
egorical variables were compared using the chi-square test.

To account for baseline differences between groups, multivari-
able linear regression analyses were performed for functional
outcomes (AOFAS and OMAS scores), and logistic regression
was used for complications. Models were adjusted for age,
sex, fracture pattern (Weber and Lauge—Hansen classifica-
tions), and the presence of initial dislocation. Results are re-
ported as adjusted mean differences () or odds ratios (OR)
with 95% confidence intervals (Cls). To control for multiple
comparisons among secondary endpoints, the false discovery
rate was adjusted using the Benjamini-Hochberg procedure,
and g-values are reported alongside p-values. Because of the
retrospective study design, no a priori sample size calculation
was performed; therefore, all findings should be considered
exploratory and hypothesis-generating. A two-sided p<0.05
was considered statistically significant.

Ethics

Ataturk University Faculty of Medicine Institution-
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al Clinical Research Ethics Committee (Approval No.
B.30.2.ATA.0.01.00/273; Meeting No. 3; Date: March 31,
2022). The requirement for informed consent was waived
because of the retrospective design and use of de-identified
data. The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki.

RESULTS

Patient Selection and Baseline Characteristics

Of the 143 patients screened, 37 were excluded: five died
from COVID-19-related causes, nine were lost to follow-up,
19 had incomplete data, and four were treated with com-
bined screw and suture-button fixation. The final cohort
comprised 106 patients, including 81 in the cortical screw
group and 25 in the suture-button group (Fig. I). Table | sum-
marizes the baseline characteristics, including fracture pat-
tern distribution (p=0.001) and initial dislocation/subluxation
status (p<0.001). Patients in the suture-button group were
younger than those in the cortical screw group (35.52+16.16
vs. 45.61£16.28 years, p=0.008). Sex distribution (p=0.353)
and injured side (p=0.055) were similar between groups.

Radiographic Outcomes

Both treatment groups demonstrated significant radiographic
improvement from the preoperative assessment to final fol-
low-up. TFCS and MCS decreased, whereas TFO increased
in both groups (all p<0.001). Changes in TFCS over time
are illustrated in Figure 3. At final follow-up, no significant
between-group differences were observed in TFCS, TFO, or
MCS (all p>0.05).

Functional Outcomes

Functional scores are presented in Table 2. At 3 months
postoperatively, the suture-button group demonstrated high-
er AOFAS scores than the screw fixation group (median 75
vs. 70; p=0.009). However, no significant difference was ob-
served in the primary outcome of AOFAS score at 12 months
(p=0.161). Similarly, OMAS at final follow-up did not differ
significantly between groups (p=0.090). The median follow-
up duration was 14 months (range, 12—19). A representative
case of a 37-year-old male patient treated with suture-button
fixation, including preoperative and postoperative radio-
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Figure 3. Changes in tibiofibular clear space (TFCS) from the pre-
operative assessment to final follow-up in the cortical screw and
suture-button fixation groups.

Figure 4. Preoperative and postoperative radiographs of a repre-
sentative case treated with suture-button fixation.

graphs, is shown in Figure 4.
Complications

Complication rates were low and comparable between
groups (all p>0.05). The most common complications were
intermittent pain during prolonged walking and mild ankle

swelling. No cases of deep infection, syndesmotic synostosis,
or hardware failure requiring revision surgery were observed.

Adjusted Analyses (Multivariable Regression)

Multivariable models adjusting for age, sex, fracture pattern,
and initial dislocation/subluxation status are summarized in
Table 3. After adjustment, no significant between-group dif-
ference was observed in 12-month AOFAS scores (adjusted
B=3.21; 95% CI: —0.25 to 6.68; p=0.069; q=0.276). The dif-
ference in 3-month AOFAS scores was no longer significant
after adjustment (adjusted 3=1.18; 95% Cl: —1.56 to 3.91;
p=0.395; q=0.426), and final OMAS scores were similarly
comparable between groups (adjusted 3=1.81; 95% Cl: —1.51
to 5.13; p=0.282; q=0.426). Likewise, the odds of experienc-
ing any complication did not differ between fixation methods
(adjusted OR=1.68; 95% CI: 0.47 to 6.09; p=0.426; q=0.426).

DISCUSSION

In this retrospective cohort of patients with operatively
treated ankle fractures and associated syndesmotic disrup-
tion, both cortical screw and suture-button fixation resulted
in satisfactory functional outcomes, significant radiographic
improvement, and low complication rates.['8!"] Although
patients treated with suture-button fixation demonstrated
higher AOFAS scores at three months, no significant differ-
ences were observed in the primary outcome of |2-month
AOFAS scores or in final OMAS. These findings suggest that
any potential advantage of dynamic fixation may be limited
to the early postoperative period and may not translate into
superior mid-term outcomes.

A potential biomechanical explanation for the observed early
(three-month) functional advantage is that suture-button fixa-
tion permits controlled physiologic micromotion of the distal
tibiofibular joint while maintaining reduction. This may reduce
stiffness and facilitate earlier progression of weight-bearing
and rehabilitation compared with rigid screw fixation.['!

However, after adjustment for baseline differences, no signifi-
cant between-group differences were observed for 3-month
AOFAS, 12-month AOFAS, OMAS, or complication rates

Table 3. Multivariable regression analysis of group differences

Outcome Model Estimate 95% CI p q (BH-FDR)
(suture-button vs. screw)

AOFAS at 12 months (primary outcome)  Linear regression B=3.21 —-0.25to0 6.68  0.069 0.276

AOFAS at 3 months Linear regression B=1.18 -1.56 to 3.91  0.395 0.426

OMAS at final follow-up Linear regression B=1.8I -1.51 to 5.13 0.282 0.426

Any complication (yes/no) Logistic regression OR=1.68 047 to0 6.09  0.426 0.426

f3: Adjusted mean difference; OR: Odds ratio; Cl: Confidence interval. All models were adjusted for age, sex, fracture pattern, and initial dislocation status.
q values were calculated using the Benjamini-Hochberg false discovery rate procedure. Sample sizes were n=106 for the AOFAS outcomes and complication

analysis and n=105 for the OMAS analysis.
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(Table 3). These findings indicate that the apparent early func-
tional advantage of suture-button fixation observed in the
unadjusted analyses may have been influenced by selection
factors, including differences in fracture pattern and initial dis-
location or subluxation severity. Nevertheless, the direction
of effect for 12-month AOFAS favored suture-button fixa-
tion, indicating that larger prospective studies with balanced
cohorts are needed to determine whether a modest long-
term benefit exists.['”!

Prior randomized trials and meta-analyses comparing dynam-
ic and static fixation have reported similar findings. Ander-
sen et al.l'"l reported superior clinical outcomes at two years
following suture-button stabilization compared with a single
quadricortical screw, whereas another randomized trial com-
paring a suture-button device with a single tricortical 3.5-mm
screw demonstrated largely equivalent outcomes at similar
follow-up.l' In a longer-term study, Raeder et all'"! found
superior clinical scores and lower rates of osteoarthritis at
five years among patients treated with suture-button fixa-
tion. Conversely, a trial with a minimum follow-up of 6 years
in patients with pronation—external rotation fractures re-
ported comparable maintenance of reduction and functional
outcomes between fixation methods.!'? Taken together; the
available evidence suggests that suture-button fixation pro-
vides at least equivalent clinical outcomes to screw fixation,
with a potential reduction in implant-related complications,
particularly implant breakage and the need for routine im-
plant removal.l'®!]

From a practical perspective, rigid screw fixation can con-
strain physiologic micromotion at the distal tibiofibular joint
and may loosen or break, particularly in the setting of prema-
ture weight-bearing. Screw configuration (tricortical vs. quad-
ricortical) and the optimal level of screw placement remain
subjects of debate in the literature.®'” The necessity and
timing of routine screw removal also remain controversial.
Although retained screws may be associated with loosening,
breakage, synostosis, or peri-implant osteolysis, elective re-
moval entails the cost and morbidity of a second procedure
and may increase the risk of infection associated with reop-
eration.l'""® In our series, the few screw failures occurred
primarily in patients who did not adhere to postoperative
weight-bearing restrictions, underscoring the importance of
patient compliance when static fixation is used.

This study has limitations inherent to its retrospective, non-
randomized design, including the potential for selection bias
and baseline differences between groups. Notably, the suture-
button group was younger and exhibited a different distribu-
tion of initial dislocation/subluxation status, which may re-
flect surgeon preference and confound comparisons of early
functional outcomes. Accordingly, the observed three-month
AOFAS scores should be interpreted with caution and can-
not be attributed solely to the fixation method. Radiographic
assessment relied on standard radiographic measurements
rather than routine postoperative CT, which is more sensi-
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tive for detecting subtle malreduction and axial translation or
rotation malalignment. Finally, the duration of follow-up may
have been insufficient to capture late degenerative changes.

Despite these limitations, our findings support the grow-
ing body of evidence indicating that both cortical screw and
suture-button fixation can provide reliable syndesmotic stabi-
lization when anatomic reduction is achieved. Suture-button
fixation may be particularly attractive when earlier mobili-
zation and avoidance of planned hardware removal are pri-
orities, whereas screw fixation remains a reliable and widely
available alternative.['8!"]

CONCLUSION

Both cortical screw and suture-button fixation achieved sat-
isfactory radiographic restoration and functional outcomes
in patients with ankle fractures and associated syndesmotic
injuries. Although suture-button fixation was associated with
higher three-month AOFAS scores, |2-month AOFAS scores
(primary endpoint) and final OMAS scores were comparable
between groups, with similarly low complication rates. Given
the retrospective, single-center; nonrandomized design, the
group-size imbalance (81 vs. 25), and the younger age of the
suture-button cohort, these comparisons should be inter-
preted as exploratory. Technique selection should therefore
be individualized, taking into account patient characteristics,
surgeon preference, resource availability, and rehabilitation
logistics. Future prospective randomized studies, or rigor-
ously propensity-adjusted multicenter cohort studies, with
standardized rehabilitation protocols, longer-term clinical and
structural outcomes, comprehensive patient-reported out-
come measures, and cost-effectiveness analyses are needed
to determine whether any early functional advantage of dy-
namic fixation translates into a durable clinical benefit.
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ORIJINAL CALISMA - 6Z

Ayak bilegi sindezmoz yaralanmalarinda vida ve siitiir-buton teknigi sonuglarinin
kargilagtirilmasi

AMAC: Sindezmotik yaralanma, ayak bilegi kiriklariyla sikga birlikte goriiliir ve distal tibiofibular uyum ile fonksiyonun yeniden saglanmasi igin stabil
fiksasyon gerektirir. Kortikal vida ve stitir buton yapilari yaygin olarak kullanilmakta olup, &zellikle erken iyilesme ile uzun dénem sonuglar agisindan
karsilagtirmali Gsttinliikleri belirsizligini korumaktadir.

GEREC VE YONTEM: Bu calismada, 2017-2021 yillari arasinda ayak bilegi kirigi ve radyografik olarak dogrulanmis sindezmotik yaralanmasi olan
eriskin hastalar retrospektif, tek merkezli, randomize olmayan bir kohort galismasi kapsaminda degerlendirildi. Tedavi yontemi cerrah tercihiyle be-
liendi (vida n=81; siitiir butonu n=25). Birincil sonug |2. ayda AOFAS skoru idi. Ikincil sonuglar; 3. ayda AOFAS, son kontrolde OMAS, tibiofibular
aralik (TFCS), tibiofibular értiisme (TFO), medial aralik (MCS) ve komplikasyonlardi. Tim hastalara standart AP/mortis/lateral grafiler gekildi.
Ortanca takip stiresi 14 [12—19] ay idi. Tedavi secimi; hastanin yasi/aktivite dlzeyi, kirik paterni ve instabilite (ilk subluksasyon/dislokasyon dahil),
yumusak doku durumu ve implant bulunabilirligi g6z 6niine alinarak ameliyati yapan cerrahin takdirine gére yapildi.

BULGULAR: Her iki grupta TFCS, TFO ve MCS &lgtimlerinde anlamli radyografik diizelme gériildii (tiim p<0.001). Ugiincii ay AOFAS puani siitiir
butonu lehineydi (medyan 75 vs 70; p=0.009). On ikinci ay AOFAS (birincil sonug) ve son OMAS skorlari ise benzerdi (p=0.161 ve p=0.090).
Sitiir butonu grubunun daha geng olmasi (p=0.008) ve grup biiyiikliiklerindeki dengesizlik (81:25) nedensel gikarimi sinirlamaktadir. Komplikasyon
oranlari her iki grupta da dislktl ve benzerdir.

SONUC: Kortikal vida ve siitir buton fiksasyonu, uzun dénemde tatmin edici fonksiyonel ve radyografik sonuglar saglamistir. Stitlir buton ile gorilen
erken fonksiyonel avantaj, baslangigtaki grup farkliliklari ve olasi karistirici faktorler goz oniinde bulundurularak temkinli yorumlanmalidir. Bu hipotez
olusturucu bulgular, standart rehabilitasyon ile yiirtitiilecek prospektif randomize galismalara ihtiyag oldugunu géstermektedir.

Anahtar sozclikler: Ayak bilegi sindesmozu; Amerikan Ortopedik Ayak ve Ayak Bilegi Dernegi (AOFAS); Olerud-Molander Ayak Bilegi Skoru (OMAS);
sttlir butonu; vida fiksasyonu.
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ORIGINAL ARTICLE

Nailing approach and residual fracture gap: A comparative
study of antegrade versus retrograde fixation in distal
femoral shaft fractures

Murat Onder,
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Berkay Dogan, ©® Gorkem Kayis, @ Sefa Seliik,

Kutalmig Albayrak

Gokhan Pehlivanoglu,

Department of Orthopaedics and Traumatology, University of Health Sciences Baltalimani Bone Diseases Training and Research Hospital,
Istanbul-Tiirkiye

ABSTRACT

BACKGROUND: The optimal nailing approach for simple distal femoral shaft fractures located below the isthmus remains contro-
versial. A critical factor that may affect union is the residual fracture gap created during intramedullary nail insertion. This study aimed
to compare antegrade and retrograde nailing techniques in terms of residual fracture gap, time to union, and functional outcomes.

METHODS: This retrospective study included 50 patients (2| antegrade, 29 retrograde) with transverse or short oblique femoral
shaft fractures distal to the isthmus. Residual fracture gap, union time, modified radiographic union scale for tibial fractures scores,
Visual Analog Scale scores, and lower extremity functional scale were evaluated. Radiographic measurements were performed by two
independent blinded observers, and statistical comparisons were conducted using appropriate parametric and non-parametric tests.

RESULTS: The residual fracture gap was significantly larger in the retrograde group compared with the antegrade group on both
the anteroposterior view (4.84£2.6 mm vs. 2.1£1.4 mm; p=0.006) and the lateral view (5.6£2.9 mm vs. 2.6+1.8 mm; p<0.0001). Time
to radiographic union was significantly longer in the retrograde group (20.2+5.2 weeks vs. 16.0+4.6 weeks; p=0.030). However, there
were no significant differences in non-union rates, functional scores, or complications.

CONCLUSION: In distal femoral shaft fractures located below the isthmus, retrograde nailing was associated with larger residual
fracture gaps and longer time to union. Although both techniques remain viable, attention should be directed toward minimizing dis-
traction during retrograde nail placement to optimize healing.

Keywords: Antegrade nailing; distal femoral shaft fracture; residual fracture gap; retrograde nailing; time to union.

INTRODUCTION

Distal femoral shaft fractures constitute a subset of diaphy-
seal femur fractures and pose unique challenges owing to their
proximity to the metaphyseal region and the joint surface.!'l
Intramedullary nailing (IMN) has become the gold standard
for the treatment of femoral shaft fractures, providing biome-
chanical stability, minimal invasiveness, and the potential for

early mobilization.™

Both antegrade and retrograde approaches are commonly
used for IMN fixation; however, the optimal entry point for
fractures located in the distal femoral shaft remains a subject
of ongoing debate.P! Multiple factors influence the choice of
approach, including the patient’s general condition, associated

injuries, surgical accessibility, and anatomical constraints."!
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Particularly in transverse and short oblique fractures, mini-
mizing the residual fracture gap is critical, as persistent gap-
ping may impede bone healing and increase the risk of delayed
union or non-union.’! Although several surgical techniques
have been proposed to reduce fracture gaps, a potentially
underappreciated factor is the spatial relationship between
the fracture site and the nail entry point.!¥! In a recent study
on tibial shaft fractures, it was reported that when fractures
are located distal to the isthmus, the isthmus moves together
with the nail during insertion, creating a compressive effect
at the fracture site and resulting in a decrease in the residual
fracture gap.”! This relationship may substantially affect the
ability to achieve and maintain reduction during nail insertion.

To the best of our knowledge, no previous studies have spe-
cifically evaluated the association between nailing approach
and residual fracture gap in distal femoral shaft fractures or its
subsequent impact on healing and functional outcomes. The
aim of this study was to investigate whether the choice of
nailing approach — antegrade or retrograde — in distal femoral
shaft fractures influences the residual fracture gap and to ex-
plore how this relates to union rates and clinical and functional
results.

MATERIALS AND METHODS

Ethical Information

This study was approved by the University of Health Sciences
Baltalimani Bone Diseases Training and Research Hospital
(Date: 18.06.2025, Decision no: 284) and was conducted in
accordance with the principles of the Declaration of Helsinki.
Informed consent was obtained from all patients.

Patients

This retrospective study analyzed distal femoral shaft frac-
tures treated between 2014 and 2022 using data prospective-
ly collected in a hospital database. During the same period,
232 patients underwent IMN for unilateral femoral shaft frac-
tures. The inclusion criteria were as follows: Femoral shaft
fractures located distal to the isthmus, simple transverse or
short oblique fracture patterns, and patient age between |8
and 60 years.

To ensure homogeneity of the study population, strict ex-
clusion criteria were applied. The exclusion criteria were as
follows:

(1) Open fractures, (2) comminuted or segmental fractures,
(3) neurovascular deficits, (4) previous surgery on the same
extremity, (5) inadequate soft tissue coverage, (6) diagnosis
of rheumatological disease or diabetes, and (7) patients lost
to follow-up.

After applying these criteria, 50 patients remained eligible and
were included in the study. Patients were divided into two
groups based on the femoral nail entry point: Group | (ante-
grade nailing, n=21) and Group 2 (retrograde nailing, n=29).
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A fracture gap was defined as a separation of greater than
2 mm between the fracture fragments on either anteropos-
terior (AP) or lateral radiographs. The femoral isthmus was
defined as the narrowest segment of the medullary canal on
anteroposterior radiographs, located proximal to the supra-
condylar flare of the distal femur. This region has a narrow
and uniform morphology, unlike the remaining femoral anat-
omy that expands proximally and distally, and no distraction
or compression is expected as the nail advances through this
segment.l”? Consequently, fractures located within the isth-
mus region were excluded from the analysis. The rationale
for including only patients with fractures distal to the isthmus
was to observe the effects of compression and distraction
between fragments during nail placement (Fig. ).

Data Collection

Pre-operative patient characteristics, including age, sex, in-
jury side, body mass index (BMI), trauma mechanism, associ-
ated injuries, time from injury to surgery, and comorbidities,
were documented and compared between the antegrade and
retrograde nailing groups. Fracture-related variables, includ-
ing fracture type (transverse or short oblique), fracture lo-
cation, nail diameter and length, post-operative residual gap,
time to union, angulation between proximal and distal frag-
ments, occurrence of malunion or non-union, and the dis-
tance from the fracture site to the isthmus, were measured
and evaluated.

All radiographic measurements were performed retrospec-
tively by two orthopedic surgeons who were blinded to clini-
cal data and were not involved in the treatment or follow-up
of the patients. Assessments were performed using pre-op-
erative and post-operative femoral radiographs obtained at
I, 2, 3, and 4 months postoperatively, as well as at the final
follow-up (>6 months). The residual fracture gap was mea-
sured on the first post-operative radiograph. All radiological
evaluations were performed using the Infinitt PACS System
(Infinitt Healthcare Co., Seoul, South Korea), which provides
a measurement accuracy of 0. mm for linear dimensions and
0.1° for angular measurements.

Radiological fracture healing was assessed using the modified
radiographic union scale for tibial fractures (RUST) adapted
for femoral fractures, based on radiographs obtained at O, |,
2, 3, and 4 months postoperatively.® Pain and functional out-
comes were evaluated using the Visual Analog Scale (VAS) at
post-operative months 0, I, 2, 3, and 4, and the lower ex-
tremity functional scale (LEFS) at |-year follow-up.”! The LEFS
comprises 20 items, each scored from 0 to 4, with a maxi-
mum score of 80. The final score is calculated as a percentage,
with higher values indicating better functional capacity.

Post-operative complications were recorded and compared
between the antegrade and retrograde nailing groups.

Surgical Technique

Both surgical procedures were performed under combined
spinal-epidural anesthesia by an orthopedic trauma surgeon
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Figure 1. (a) lllustration showing the compressive effect exerted by the antegrade intramedullary nail on the fracture gap during nail place-
ment, (b) lllustration showing the distractive effect exerted by the retrograde intramedullary nail on the fracture gap during nail placement.

with a minimum of 5 years of experience. A single nail system
was used in all cases (Tasarim Medikal, Istanbul, Turkey). All
nails were inserted after sequential reaming in 0.5 mm in-
crements until the desired nail diameter was achieved. Static
locking was performed in all patients. No adjunctive reduction
techniques, such as blocking screws, percutaneous clamps, or
reduction tools, were used. Postoperatively, all patients were
allowed partial weight-bearing with crutches from the early
post-operative period until the |st post-operative month,
after which full weight-bearing was permitted as tolerated.

For antegrade nailing, patients were positioned in the lateral
decubitus position. A guidewire was inserted through the tro-
chanteric entry point. A skin incision was made around the
guidewire using the lateral hip approach. Closed reduction
was performed under fluoroscopy. After the nail entry point
was opened, the guidewire was advanced to 3 cm above the
knee joint line with the knee in full extension. Subsequently,
reaming was performed using reamers selected preoperative-
ly based on the anteroposterior and lateral diameters of the
intramedullary canal at the isthmus. An appropriately sized
femoral antegrade intramedullary nail was then inserted. The
maximum number of distal locking screws was placed. Fol-
lowing distal locking, two or three proximal locking screws
were inserted after applying back hammering to reduce any

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

remaining fracture gap.

For retrograde nailing, patients were positioned supine with a
bolster placed under the knee. A skin incision was made us-
ing the medial parapatellar approach. A guidewire was placed
through the intercondylar notch as the entry point. After
the nail entry point was opened, the guidewire was advanced
proximally in the femoral canal with the hip maintained in the
neutral position. Reaming was performed using reamers se-
lected preoperatively based on AP and lateral intramedullary
canal diameters at the isthmus level. A retrograde femoral
intramedullary nail was then inserted. After placing proximal
locking screws, two or three distal locking screws were in-
serted following back hammering to minimize the fracture
gap. As all fractures were located in the femoral shaft, block-
ing screws were not required. Metaphyseal fractures were
excluded from the study.

Representative post-operative radiographs of both treatment
groups are presented in Figure 2 (antegrade nailing) and Figure
3 (retrograde nailing) to illustrate typical implant positioning
and residual fracture gap appearance after nail placement.

Statistical Analysis

Descriptive statistics are presented as mean, standard devia-
tion, median, minimum and maximum values, frequency, and
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Figure 3. Representative radiographic series of a patient treated with retrograde intramedullary nailing for a distal femoral shaft fracture.

ratios. The Kolmogorov—-Smirnov test was used to assess
the distribution of variables. For independent quantitative
data, the independent samples t-test and the Mann—Whitney
U test were used, while independent qualitative data were
analyzed using the Chi-square test and Fisher’s exact test. To
explore the relationship between fracture and patient char-
acteristics and the fracture gap, Spearman and Pearson cor-
relation analyses were performed. The intraclass correlation
coefficient (ICC) and Fleiss’ kappa (k) coefficient were used
to determine interobserver agreement, and Cronbach’s alpha
was used to assess intraobserver reliability for measurement
parameters and union assessment. Statistical significance was
set at p<0.05. All statistical analyses were performed using
IBM Statistical Package for the Social Sciences Statistics for
Windows, version 22.0 (IBM Corp., Armonk, NY, USA).

RESULTS

A total of 50 patients who underwent IMN for distal femoral
shaft fractures met the inclusion criteria and were included
in the final analysis. Of these, 21 patients were treated with

1110

antegrade nailing (Group |) and 29 patients with retrograde
nailing (Group 2). The patient selection flowchart is shown
in Figure 4.

Patient Characteristics

Table | summarizes the demographic and clinical character-
istics of both groups. No statistically significant differences
were observed between the antegrade and retrograde groups
in terms of age (p=0.821), sex distribution (p=1.000), BMI
(p=0.850), injury side (p=0.778), time from injury to surgery
(p=0.188), or fracture type (p=0.773). Nail size was also com-
parable between the groups (p=0.249).

Fracture Gap and Union Outcomes

On initial post-operative radiographs, the residual fracture
gap was significantly larger in the retrograde group than in
the antegrade group. The mean residual gap on the antero-
posterior view was 4.8+2.6 mm in the retrograde group
and 2.1x1.4 mm in the antegrade group (p=0.006), while
on the lateral view, it was 5.6£2.9 mm versus 2.6+1.8 mm,
respectively (p<0.0001) (Table 2). The mean time to ra-
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Figure 4. Study flowchart.

diographic union was significantly longer in the retrograde
group (20.2+5.2 weeks) compared with the antegrade group
(16.0+£4.6 weeks) (p=0.030).

Modified RUST scores were comparable between the two
groups during the early follow-up periods (months [-3; all

p>0.05); however, the antegrade group had significantly high-
er final RUST scores at the end of follow-up (15.4£2.5 vs.
14.6%3.0; p=0.043) (Table 3).

To assess the reliability of radiographic measurements and
union evaluations, interobserver and intraobserver agree-

Table I. Patient demographics and baseline characteristics
Variable Antegrade (n=21) Retrograde (n=29) P
Age (years, meanzSD) 29.1x7.8 30.6+8.5 0.821
Sex (m/f) 15/6 20/9 |
BMI (kg/m2, mean+SD) 23.8+2.8 24.1+3.2 0.850
Side (right/left) 12/9 15/14 0.778
Time from injury to surgery (days) 2.1+0.4 2.4+0.6 0.188
Fracture type (transverse/oblique) 13/8 16/13 0.773
Nail size (mm) 10.4£0.9 10.8£0.6 0.249
Distance from knee joint line (mm) 166+20.4 172426 0.970
SD: Standard deviation; BMI: Body mass index.
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Table 2. Post-operative residual fracture gap and time to union

Outcome Antegrade (n=21) Retrograde (n=29) P
Residual fracture gap on AP view (mm) 2.1%£1.4 4.8+2.6 0.006
Residual fracture gap on lateral view (mm) 2.6+1.8 5.6+2.9 <0.0001
Time to union (weeks, mean+SD) 16.0+4.6 20.2+5.2 0.030
Post-operative knee pain (n, %) 1 (4) 6(17) 0.215
Malunion (n, %) 0 (0) 0 (0) |
Non-union (n, %) 1 (4) 2 (6) I

SD: Standard deviation.

Table 3. Modified RUST scores at follow-up

Time point Antegrade (meantSD) (n=21) Retrograde (meantSD) (n=29) P
Post-operative month | 4.0+0 4.010 |
Post-operative month 2 5.3%1.2 52+1.4 0.364
Post-operative month 3 7.8+2.9 7.1%£2.2 0.595
Post-operative month 4 10.2+3.1 9.4+3.3 0.100
Final score 15.4£2.5 14.6+3.0 0.043
SD: Standard deviation; RUST: Radiographic union scale for tibial.

Table 4. Clinical and functional outcomes

Outcome Antegrade (n=21) Retrograde (n=29) P
VAS score — month | 28+1.6 2.7+1.4 0.175
VAS score — month 2 2.3%1.8 2.2+1.6 0.383
VAS score — month 3 2.0%1.2 1.9%1.4 0.349
VAS score — month 4 1.4%1.1 |.4+1.4 0.447
LEFS score at | year (mean+SD) 72.416.6 70.218.2 0.429
Hardware-related complaints (n, %) 2 (9) I (3) 0.565

SD: Standard deviation; VAS: Visual Analog Scale; LEFS: Lower extremity functional scale.

ment analyses were performed. All quantitative analyses were
based on the mean of two independent, blinded observers’
measurements to minimize individual measurement bias. The
ICC for continuous variables such as the residual fracture gap
demonstrated almost perfect agreement between observers
(ICC=0.89). Similarly, the Fleiss’ kappa (k) value for categori-
cal assessments based on the modified RUST score was 0.82,
also indicating almost perfect agreement. Intraobserver reli-
ability was also assessed using Cronbach’s alpha, which yield-
ed a value of 0.979, indicating excellent internal consistency.
These findings confirm the reproducibility and consistency of
the radiological evaluations performed in this study.
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Clinical and Functional Outcomes

Post-operative pain levels, as assessed by VAS scores at
months | through 4, were similar between groups with no
statistically significant differences (all p>0.05). Functional out-
comes assessed using the LEFS at |-year follow-up were also
comparable (72.4£6.6 in the antegrade group vs. 70.2+8.2 in
the retrograde group; p=0.429) (Table 4).

Complications

Delayed union was observed in one patient (4%) in the ante-
grade group and two patients (6%) in the retrograde group
(p=1.000). Non-union developed in one patient (4%) in the
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antegrade group and two patients (6%) in the retrograde
group (p=1.000). No malunion was reported in either group.
Post-operative knee pain was more frequently reported in
the retrograde group (6 patients, 17%) compared with the
antegrade group (| patient, 4%); however, this difference did
not reach statistical significance (p=0.215). Hardware-related
complaints were noted in two patients (9%) in the ante-
grade group and one patient (3%) in the retrograde group
(p=0.565). No infections, neurovascular injuries, or implant
failures were recorded in either group during the follow-up
period.

DISCUSSION

The most important finding of this study is that retrograde
nailing is associated with a larger residual fracture gap than
antegrade nailing in the treatment of distal femoral shaft frac-
tures. This finding is clinically relevant, as the fracture gap is
directly related to union, with gaps greater than 4.14 mm
potentially having a negative impact on healing outcomes.t!
Our results suggest that the choice of nail entry point may be
a critical factor for minimizing residual fracture gaps, particu-
larly in distal shaft fractures.

There is no clear consensus regarding the effect of antegrade
versus retrograde nailing on union time in femoral shaft frac-
tures. Ostrum et al.l'% reported that antegrade nailing result-
ed in shorter union times. Similarly, Moed and Watson sug-
gested that retrograde nailing should not be used routinely
for isolated femoral shaft fractures owing to higher non-union
rates.l''! However, our findings of increased fracture gaps with
retrograde nailing in distal shaft fractures support these pre-
vious observations and may partially explain the variability in
the results reported across different studies.

Conversely, many authors have concluded that retrograde
and antegrade nailing are comparable in terms of union time,
suggesting that retrograde nailing can be safely used when an-
tegrade nailing is not suitable for the patient.*'?l Supporting
this perspective, Ricci et al.! found no significant difference
between the two methods with regard to healing outcomes,
although they noted that retrograde nailing, particularly with-
out reaming, reduced blood loss and avoided hip pain com-
monly associated with antegrade nail entry sites. In addition,
retrograde nailing may be associated with residual patellofem-
oral pain, and the potential consequences of intra-articular
nail placement must also be considered.

In their 2022 study, Rodriguez-Fontan et al.l'¥] compared an-
tegrade and retrograde techniques in proximal femoral shaft
fractures and found that both surgical time and healing time
were shorter in the retrograde group. Unlike our study, their
cohort included only proximal femoral shaft fractures. One
possible reason for the shorter fracture healing time with ret-
rograde nailing in their study, consistent with our hypothesis,
may be that during nail placement, the retrograde nail moves
together with the distal fragment, thereby leaving a smaller
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residual fracture gap.

Nino et al.l'! demonstrated that retrograde nailing may be a
viable alternative for extremely proximal femoral shaft frac-
tures, with high union rates and low complication rates. Ret-
rograde nailing in proximal femoral shaft fractures would be
expected to have a gap-reducing effect, which supports our
hypothesis.

Although most previous studies have not evaluated site-spe-
cific fracture union in femoral fractures, Kim et al."’! found
that while no significant difference was observed based on in-
tramedullary nail type, a shorter working length distal to the
fracture showed a strong association with non-union. Our
findings of increased residual fracture gaps with retrograde
nailing in distal shaft fractures appear to be inconsistent with
some studies in the literature. Although retrograde nailing
may offer certain biomechanical advantages, such as better
control of the fractured fragments, our observations suggest
that it creates a disadvantage in terms of residual fracture gap.
A smaller fracture gap may enhance primary bone healing and
accelerate the consolidation process in these specific fracture
configurations.

Practical advantages of retrograde nailing include the ability
to use a tourniquet, which reduces blood loss, and less need
for position changes during surgery, which shortens operative
time.l'! The ease of fluoroscopy use in the supine position is
an additional advantage. Our study suggests a possible biome-
chanical disadvantage of retrograde nailing in distal shaft frac-
tures, where antegrade nailing appears to create more favor-
able conditions for bone contact and subsequent healing. This
may be related to the direction of nail entry relative to the
natural expansion of the medullary canal in the distal femur.
The greater grip of the nail at the isthmus during placement
may push the proximal fragment more proximally, creating a
residual gap that sometimes cannot be compensated for by
back hammering.

The results of our study demonstrated that retrograde nailing
resulted in larger residual fracture gaps compared with ante-
grade nailing and was associated with longer healing times.
However, no statistically significant difference was found in
non-union rates or functional outcomes at final follow-up.
This study highlights the importance of paying particular at-
tention to minimizing the residual fracture gap when per-
forming retrograde nailing.

This study has several limitations. First, its retrospective de-
sign inherently limits the ability to control for all confounding
variables despite the application of strict inclusion and exclu-
sion criteria. Second, the choice between antegrade and ret-
rograde nailing was based entirely on the operating surgeon
preference, which introduces potential selection bias and may
have influenced group allocation in a non-randomized fashion.
Third, although radiographic measurements were performed
by two independent, blinded observers, the absence of ad-
vanced imaging (e.g., computed tomography) may have re-
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duced the precision of fracture gap and alignment evaluations.
Fourth, although the distance from the knee joint line to the
fracture site was recorded and was comparable between
groups, the direct distance from the fracture site to the isth-
mus was not measured; this measurement would have more
directly supported the biomechanical hypothesis underlying
the study and should be addressed in future investigations.
Fifth, the relatively small sample size and single-center nature
of the study may limit the generalizability of the results.

Nevertheless, a key strength of this study is the strict stan-
dardization of fracture type (transverse or short oblique)
and fracture level (distal to the isthmus), which allowed for a
more focused and valid comparison of the mechanical effects
of antegrade versus retrograde nailing on the residual fracture
gap and healing outcomes.

CONCLUSION

In this study of patients with simple distal femoral shaft frac-
tures treated with IMN, retrograde nailing was associated
with a significantly larger residual fracture gap and longer time
to radiographic union compared with antegrade nailing. De-
spite these differences, non-union rates, malunion rates, and
functional outcomes were comparable between the two ap-
proaches. These findings suggest that, particularly in fractures
located distal to the isthmus, careful attention should be paid
to minimizing the residual fracture gap during retrograde nail-
ing, as it may influence the biological environment for healing.
Although both techniques remain viable, future prospective
studies are warranted to guide optimal entry point selection
based on fracture geometry, patient factors, and long-term
joint function.
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ORIJINAL CALISMA - 6Z

Distal femur saft kiriklarinda ¢ivileme yaklagimi ve rezidiiel kirik araligs iliskisi: Antegrad
ve retrograd fiksasyonun kargilagtirilmasi

AMAG: Istmusun inferiorundaki basit distal femur saft kiriklari icin en uygun civileme yaklagimi hala tartismalidir. Kaynamay! etkileyebilecek kritik
faktorlerden biri de intramediiller civileme sonrasi kirik uglar arasinda olusan rezidiiel bosluktur. Bu galisma, rezidiiel kirik boslugu, kaynama stresi
ve fonksiyonel sonuglar agisindan antegrad ve retrograd civileme tekniklerini karsilastirmayr amaglamaktadir.

GEREC VE YONTEM: Bu retrospektif caligmaya, istmus distalinde transvers veya kisa oblik femur saft kirigi olan 50 hasta (21 antegrad, 29 ret-
rograd) dahil edilmistir. Reziduel kirik boslugu, kaynama sureleri, modifiye RUST skorlari, VAS skorlari ve LEFS degerlendirilmistir. Radyografik
Olglimler iki bagimsiz kor gozlemci tarafindan yapilmis ve istatistiksel karsilastirmalar uygun parametrik ve parametrik olmayan testler kullanilarak
gergeklestirilmistir.

BULGULAR: Rezidiiel kirik boslugu, retrograd grupta (AP grafide: 4.8+2.6 mm; lateral grafide: 5.6£2.9 mm) antegrad gruba (AP grafide: 2.1£1.4
mm; lateral grafide: 2.6%1.8 mm) kiyasla anlamli olarak daha buyiikttii (sirasiyla, AP icin p=0.006 ve lateral igin p<0.0001). Radyografik kaynama
sliresi retrograd grupta anlamli olarak daha uzundu (20.2+5.2 hafta vs. 16.0+4.6 hafta; p=0.030). Ancak kaynamama oranlari, fonksiyonel skorlar
veya komplikasyonlar agisindan anlamli bir fark yoktu.

SONUG: istmusun altinda bulunan distal femur saft kiriklarinda retrograd givileme, daha biytik rezidiiel kirik bosluklari ve daha uzun kaynama siiresi
ile iligkiliydi. Her iki teknik de uygulanabilir olmakla birlikte, iyilesmeyi optimize etmek igin retrograd civi yerlestirme sirasinda distraksiyonun en aza
indiriimesine dikkat edilmelidir.

Anahtar sozciikler: Antegrad civileme; distal femur saft kirigi; fonksiyonel sonug; kaynama stiresi; rezidiiel kirik boslugu; retrograd givileme.

Ulus Travma Acil Cerrahi Derg 2026;32(9):1107-1115 DOI: 10.14744/tjtes.2025.771 13

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9 1115



ORIGINAL ARTICLE

Serum 25-hydroxyvitamin D levels in children with distal
radius torus fractures: A case—control analysis
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ABSTRACT

BACKGROUND: Vitamin D influences bone mineralization, yet its relationship with distal radius torus fractures in children is uncer-
tain. This study aims to investigate the relationship between serum Vitamin D levels and distal radial torus fracture.

METHODS: We compared serum 25-hydroxyvitamin D (25[OH]D) levels between children with radiographically confirmed isolated
distal radius torus fractures (n=236) and laboratory-tested pediatric outpatient controls (n=505). Controls underwent serum 25(OH)
D testing during routine pediatric outpatient health evaluations and were not selected because of fracture, bone pain, suspected
metabolic bone disease, or delayed fracture healing. In the fracture cohort, 25(OH)D was measured at the 3rd week after injury dur-
ing outpatient follow-up. Group comparisons were performed using the Mann—Whitney U and Chi-square tests. Multivariable logistic
regression assessed associations with age and sex. An exploratory subgroup analysis was additionally performed.

RESULTS: Median 25(OH)D was 23.0 (interquartile range [IQR] 16.8-30.3) ng/mL in the fracture patients versus 18.4 (IQR=13.1-
26.6) ng/mL in controls (p<0.001). Vitamin D deficiency (<20 ng/mL) occurred of the fracture group and 55.6% of the control group,
respectively. After adjustment, 25(OH)D was not independently associated with torus fracture (adjusted OR/I0 ng/mL 1.08, 95%
CI=0.95-1.23; p=0.262), whereas male sex strongly predicted torus fracture (adjusted OR=3.35, 95% Cl=2.41-4.66; p<0.001).

CONCLUSION: In this laboratory-selected case—control cohort, children with distal radius torus fractures did not have lower
measured 25(OH)D levels than outpatient controls. These findings do not support routine Vitamin D testing solely on the basis of an
isolated torus fracture, but screening should remain guided by individual clinical risk factors.

Keywords: 25-Hydroxyvitamin D; Buckle fracture; distal radius; pediatric; torus fracture; vitamin D.

INTRODUCTION alization. Although severe deficiency causes rickets, the clinical

significance of milder hypovitaminosis D in otherwise healthy
Distal radius torus (buckle) fractures are common pediatric  children remains debated, and recent guidance varies regard-
injuries encountered in trauma and emergency settings. These ing screening and optimal thresholds.2¥ Prior pediatric stud-
stable, low-energy fractures typically result from axial loading o have reported inconsistent associations between serum
with compressive failure of the metaphyseal cortex, and they 25-hydroxyvitamin D (25[OH]D) levels and fracture risk, with
are generally managed non-operatively.” heterogeneity across populations and fracture types.[**! Sev-
Vitamin D is central to calcium homeostasis and bone miner- eral pediatric fracture cohorts, including studies focusing on
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torus fractures, have reported a high prevalence of Vitamin D
insufficiency or deficiency with variable clinical implications for
recovery and outcomes.!®’]

Distal radius torus fractures represent a relevant phenotype
because they often occur after minor trauma and are frequent
in active children. Clarifying whether measured Vitamin D
status differs between children with torus fractures and ap-
propriate comparison groups may inform pragmatic screening
decisions in orthopedic and emergency care.l®!

The aim of this study was to compare serum 25(OH)D levels
between children with distal radius torus fractures and pedi-
atric outpatient controls, and to evaluate whether Vitamin D
status is independently associated with torus fracture status
after adjustment for age and sex. Because Vitamin D was mea-
sured after injury in the fracture cohort, the analysis was de-
signed to assess association rather than incidence or causality.

MATERIALS AND METHODS
Study Design and Data Source

This retrospective case—control analysis used two de-identi-
fied datasets provided as spreadsheets. The case dataset in-
cluded children with a distal radius torus fracture. The control
dataset included pediatric outpatient controls with available
serum 25(OH)D measurements. For each child, age (years),
sex, and serum 25(OH)D level (ng/mL) were available.

Eligibility Criteria and Fracture Definition

Eligible fracture patients were children who sustained a
low-energy injury and were diagnosed with an isolated dis-
tal radius torus fracture. Fracture diagnoses were based on
radiographic evaluation documented in orthopedic records.
Inclusion further required the availability of a laboratory-mea-
sured serum 25(OH)D level obtained within | month follow-
ing the date of fracture diagnosis.

Patients were excluded if they were older than |5 years,
sustained high-energy trauma, had a known metabolic or
systemic disease affecting bone metabolism, presented with
multiple fractures, or had associated distal ulna involvement.
Children with radiographic patterns other than isolated distal
radius torus fractures were not included.

Control Group Selection

The control group was derived from children who underwent
serum 25(OH)D testing during routine pediatric outpatient
health evaluations. In our institution, serum 25(OH)D mea-
surement is frequently included in pediatric outpatient as-
sessments because hypovitaminosis D is common in the local
pediatric population. Controls were not selected because of
fracture, bone pain, suspected metabolic bone disease, de-
layed skeletal development, or delayed fracture healing.

Children were excluded from the control group if they had a
history of fracture at the time of assessment, chronic system-
ic disease, endocrine disorder, malabsorption, renal or hepat-
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ic disease, known metabolic bone disease, clinical or radio-
graphic evidence of bone fragility, or medication use known
to affect bone metabolism or Vitamin D status. Therefore,
although the control cohort was laboratory-selected rather
than population-based, we attempted to reduce clinically rel-
evant selection bias by excluding conditions directly related
to fracture susceptibility or Vitamin D metabolism.

Vitamin D Sampling Timing

In the fracture group, serum 25(OH)D was obtained at the
3rd week after injury during the routine outpatient follow-up
visit. The control group reflected outpatient measurements
obtained during routine pediatric evaluation. Because frac-
ture-group measurements were obtained after injury rather
than before fracture occurrence, the measured 25(OH)D
values cannot be assumed to represent pre-injury baseline
Vitamin D status with certainty.

Vitamin D Status Definitions

We defined Vitamin D deficiency as 25(OH)D <20 ng/mL and
insufficiency as 20—29 ng/mL, consistent with commonly used
clinical thresholds in pediatric practice and recent guidance.
Because optimal cut-points vary by population, season, assay,

and age, we also analyzed 25(OH)D as a continuous variable.
(23]

Statistical Analysis

Continuous variables are reported as median with inter-
quartile range (IQR) and mean with standard deviation. Cat-
egorical variables are reported as counts and percentages.
Between-group comparisons used the Mann—Whitney U test
for continuous variables and the Chi-square test for categori-
cal variables. Multivariable logistic regression analysis was
performed to eliminate the potential confounding effects of
age and sex while assessing the association between Vitamin
D levels and torus fracture status.

In response to the observed sex imbalance between groups,
an exploratory post hoc sex-stratified subgroup analysis was
performed. Within boys and girls separately, serum 25(OH)
D levels were compared between fracture patients and con-
trols using the Mann—Whitney U test. Age-adjusted logistic
regression models were also fitted within each sex stratum
using serum 25(OH)D as a continuous variable. These sub-
group analyses were intended as sensitivity analyses to evalu-
ate the robustness and direction of the main finding rather
than to establish causality. Statistical significance was defined
as p<0.05 (two-sided). All analyses were performed using IBM
Statistical Package for the Social Sciences Statistics version 22
software for Windows (IBM Corp., NY, USA).

Ethics

This study was approved by the Institutional Review Board
of Metin Sabanci Baltalimani Bone Diseases Training and Re-
search Hospital (IRB approval number: 44-359, date: Novem-
ber 26, 2025). All procedures were conducted in accordance
with the principles of the Declaration of Helsinki.
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RESULTS
Study Population

A total of 741 children were analyzed: 236 with distal ra-
dius torus fractures and 505 pediatric outpatient controls.
Age did not differ significantly between groups (median 11.0
years [IQR=8.0—13.0] in fracture patients versus median 10.0
years [IQR=7.0-14.0] in controls; p=0.448). Sex distribu-
tion differed markedly, with a higher proportion of males in
the fracture group (64.4%) compared with controls (34.7%)
(p<0.001) (Table ).

Serum 25(OH)D Comparisons

Median serum 25(OH)D was higher in the torus frac-
ture group than in controls (23.0 [IQR=16.8-30.3] vs. 18.4
[IQR=13.1-26.6] ng/mL; p<0.001). Vitamin D deficiency (<20
ng/mL) was present in 35.6% of fracture patients and 55.6%
of controls, whereas sufficiency (230 ng/mL) was present in
28.4% and 19.0%, respectively (Table I).

Multivariable Analysis

In the adjusted continuous model, serum 25(OH)D was not
independently associated with torus fracture status (adjusted

Glrblz et al. Vitamin D and distal radius torus fractures

odds ratio [OR]/10 ng/mL 1.08, 95% CI=0.95—-1.23; p=0.262).
Male sex was strongly associated with torus fracture (adjusted
OR=3.35, 95% Cl=2.41-4.66; p<0.001), whereas age was not
significant (adjusted OR=0.98, 95% CI=0.94—1.02; p=0.289).

In the adjusted categorical model using Vitamin D deficiency
as the reference, both insufficiency and sufficiency were asso-
ciated with higher odds of being a fracture case (insufficient:
Adjusted OR=2.22, 95% Cl=1.52-3.26; p<0.001; sufficient:
adjusted OR=1.95, 95% CI=1.28-2.95; p=0.002) (Table 2).
This direction was opposite to the hypothesis that Vitamin
D deficiency increases torus fracture susceptibility and was
therefore interpreted cautiously as likely reflecting residual
confounding, control-group selection, and categorization ef-
fects rather than a biologically causal effect of higher Vitamin
D status.

Exploratory Sex-Stratified Subgroup Analysis

Because sex distribution differed substantially between
groups, exploratory sex-stratified analyses were performed.
Among boys, median 25(OH)D was 23.2 (IQR=17.3-30.3)
ng/mL in fracture patients and 19.5 (IQR=12.1-32.8) ng/mL
in controls (p=0.067). Vitamin D deficiency was observed in

Table |. Baseline demographic characteristics and Vitamin D status of the study groups

Variable Torus fracture (n=236) Outpatient controls (n=505) p
Age (years), median (IQR) 11.0 (8.0-13.0) 10.0 (7.0-14.0) 0.448
Male sex, n (%) 152 (64.4) 175 (34.7) <0.001
25(OH)D (ng/mL), median (IQR) 23.0 (16.8-30.3) 18.4 (13.1-26.6) <0.001
Vitamin D deficient (<20 ng/mL), n (%) 84 (35.6) 28| (55.6)

Vitamin D insufficient (20-29.9 ng/mL), n (%) 85 (36.0) 128 (25.3)

Vitamin D sufficient (230 ng/mL), n (%) 67 (28.4) 96 (19.0) <0.001

IQR: Interquartile range.

Table 2. Multivariable logistic regression analysis for predictors of distal radius torus fracture. Model A analyzes serum 25(OH)D
as a continuous variable. Model B analyzes Vitamin D categories with deficiency as the reference category. The categori-
cal model is presented for transparency and should be interpreted cautiously because the direction of association likely

reflects residual confounding and control-group selection rather than a causal effect of higher Vitamin D status

Model Predictor Adjusted OR 95% CI p

Model A: Continuous 25(OH)D 25(OH)D, per 10 ng/mL increase 1.08 0.95-1.23 0.262
Model A: Continuous 25(OH)D Male sex 3.35 2.41-4.66 <0.001
Model A: Continuous 25(OH)D Age, per | year 0.98 0.94-1.02 0.289
Model B: categorical Vitamin D Insufficient versus deficient 222 1.52-3.26 <0.001
Model B: Categorical Vitamin D Sufficient versus deficient 1.95 1.28-2.95 0.002
Model B: Categorical Vitamin D Male sex 3.34 2.40-4.66 <0.001
Model B: Categorical Vitamin D Age, per | year 0.98 0.94-1.02 0.392

ClI: Confidence interval; OR: Odds ratio.
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Table 3. Exploratory sex-stratified subgroup analysis. Within each sex stratum, serum 25(OH)D levels were compared between
fracture patients and outpatient controls. Age-adjusted ORs are reported per 10 ng/mL increase in serum 25(OH)D

Sex Group n 25(OH)D Deficiency Between-group p Age-adjusted OR/ P

median (IQR), ng/mL <20 ng/mL, n (%) 10 ng/mL (95% CI)

Boys Torus fracture 152 23.2 (17.3-30.3) 52 (34.2) 0.067 1.01 (0.87-1.18) 0.889

Boys Outpatient controls 175 19.5 (12.1-32.8) 90 (51.4)

Girls Torus fracture 84 20.2 (16.3-30.5) 32 (38.1) 0.004 1.38 (1.06-1.81) 0.018

Girls Outpatient controls 330 18.0 (13.7-24.9) 191 (57.9)

Cl: Confidence interval; OR: Odds ratio.

52 of 152 boys with fractures (34.2%) and 90 of 175 male
controls (51.4%). In an age-adjusted logistic regression mod-
el limited to boys, 25(OH)D was not associated with frac-
ture status (adjusted OR/10 ng/mL 1.0, 95% CI|=0.87-1.18;
p=0.889).

Among girls, median 25(OH)D was 20.2 (IQR=16.3-30.5)
ng/mL in fracture patients and 18.0 (IQR=13.7-24.9) ng/mL
in controls (p=0.004). Vitamin D deficiency was observed in
32 of 84 girls with fractures (38.1%) and 191 of 330 female
controls (57.9%). In an age-adjusted logistic regression model
limited to girls, higher 25(OH)D was associated with higher
odds of being a fracture case (adjusted OR/10 ng/mL 1.38,
95% Cl=1.06—1.81; p=0.018). This subgroup finding was op-
posite to a Vitamin D deficiency risk hypothesis and was in-
terpreted as further evidence that the observed differences
should not be considered causal, particularly given the labo-
ratory-selected control cohort (Table 3).

DISCUSSION

In this study, children with distal radius torus fractures did
not demonstrate lower measured 25(OH)D concentrations
than pediatric outpatient controls. The unadjusted compari-
son showed higher median 25(OH)D in the fracture group;
however, 25(OH)D as a continuous variable was not an in-
dependent predictor of torus fracture after adjustment for
age and sex. These data should therefore be interpreted as
an association analysis within a laboratory-selected cohort.

The broader pediatric literature suggests that low Vitamin D
may be associated with certain fracture outcomes, although
causality and fracture-specific effects remain debated. A re-
cent systematic review and meta-analysis reported an asso-
ciation between lower 25(OH)D and fracture risk in children
and adolescents, but with heterogeneity across populations,
fracture types, and study designs.l! Separately, prospective
work during fracture healing has documented a high preva-
lence of deficiency or insufficiency at injury presentation
and suggests that supplementation can normalize levels over
follow-up, with uncertain implications for healing quality in
routine low-risk fractures.!!
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The validity of the control group is central to interpretation.
Although the controls were selected from routine pediatric
outpatient evaluations and children with fracture history, met-
abolic bone disease, chronic systemic illness, and medication
use affecting Vitamin D metabolism were excluded, the con-
trol group was not population-based. Since serum 25(OH)D
testing is itself a selection process, the lower 25(OH)D values
observed in controls may partly reflect laboratory-selection
effects rather than true differences between the background
pediatric population and children with torus fractures. This
limitation is important and precludes causal inference.

The exploratory sex-stratified analyses were added to ad-
dress the marked sex imbalance between groups. These
analyses did not show lower Vitamin D levels among fracture
patients in either boys or girls. Among boys, the age-adjusted
association between 25(OH)D and fracture status was null.
Among girls, fracture cases had higher measured 25(OH)D
than controls, again in the opposite direction to the clinical
hypothesis that Vitamin D deficiency increases susceptibility
to torus fracture. This pattern supports a cautious interpre-
tation: the paradoxical categorical model and subgroup find-
ings are more plausibly explained by residual confounding,
laboratory-selected controls, and unmeasured determinants
of Vitamin D status than by a protective effect of deficiency
or a harmful effect of higher Vitamin D levels.

Timing of sampling is another major methodological con-
straint. In the fracture cohort, Vitamin D was measured at
the 3rd week after injury rather than at presentation or be-
fore injury. This timing may reduce the influence of any imme-
diate acute-phase response but does not eliminate uncertain-
ty regarding baseline Vitamin D status. Post-injury behavioral
changes, temporary supplementation, reduced outdoor activ-
ity, altered diet, or family and clinician recommendations may
influence measured 25(OH)D concentrations. In addition,
Vitamin D may behave as a negative acute-phase reactant in
some contexts, so values obtained after trauma may not per-
fectly represent pre-injury exposure.l*'%

Our findings may also reflect the biology of torus fractures.
These injuries represent stable compressive failures at the
metaphyseal cortex and typically occur after low-energy falls
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on an outstretched hand in children with otherwise normal
bone. In contrast to fragility fractures or fractures associated
with chronic disease, a torus fracture does not necessarily sig-
nal impaired mineralization.l''! Accordingly, current evidence
supports minimalist treatment pathways for buckle fractures,
emphasizing comfort-based immobilization and rapid return
to function.l'>'4

Clinically, Vitamin D testing may still be appropriate in se-
lected scenarios: recurrent fractures, low-energy fractures
disproportionate to the trauma mechanism, history sugges-
tive of nutritional deficiency, limited sun exposure, obesity,
malabsorption, chronic inflammatory disease, anticonvulsant
use, or radiographic signs of osteopenia. In such cases, iden-
tifying and correcting deficiencies is consistent with musculo-
skeletal health optimization and may be particularly relevant
when fracture healing is delayed or when operative fixation is
contemplated.*343]

An additional consideration is background vitamin D status in
the local pediatric population. Contemporary Turkish datas-
ets demonstrate that suboptimal 25(OH)D is common and
varies by age and sex, with lower values in adolescents and in
girls in several cohorts.!'*'® This high baseline prevalence in-
creases the likelihood that low vitamin D will be encountered
incidentally in both injured and non-injured children, under-
scoring the importance of interpreting 25(OH)D in a clinical
context rather than attributing causality to a stable minor
fracture pattern. Although this approach ensured method-
ological consistency within the same healthcare system, the
control cohort may not fully represent a population-based
pediatric sample.['*2]

The retrospective design of the study and reliance on de-
identified laboratory spreadsheets precluded adjustment for
important determinants of serum 25(OH)D, including season
of sampling, latitude, sun exposure, body mass index, dietary
intake, supplementation status, socioeconomic factors, and
ethnicity are also crucial limitations. These are non-trivial
confounders in Vitamin D research, and their absence limits
causal interpretation.

Although controls were selected from routine pediatric out-
patient evaluations and children with conditions directly af-
fecting bone or vitamin D metabolism were excluded, the
control group was not population-based. Therefore, residual
selection bias cannot be excluded. Moreover, fracture-group
25(OH)D levels were measured at the 3rd week after injury,
and pre-injury baseline Vitamin D status could not be con-
firmed. Fourth, the sex-stratified analyses were exploratory
and post hoc; they were intended to evaluate robustness and
direction of effect rather than to provide definitive subgroup-
specific causal estimates. Fifth, detailed information regarding
injury mechanisms was unavailable beyond the exclusion of
high-energy trauma and multiple fractures. Finally, the analysis
was limited to isolated distal radius torus fractures, and the
findings may not be generalizable to other pediatric fracture
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patterns, particularly those associated with higher-energy
mechanisms or underlying bone pathology.

CONCLUSION

In this laboratory-selected retrospective case—control co-
hort, children with isolated distal radius torus fractures did
not have lower measured serum 25(OH)D levels than out-
patient controls, and 25(OH)D as a continuous variable was
not independently associated with torus fracture status after
adjustment for age and sex. These results do not support
routine Vitamin D testing solely on the basis of an isolated
torus fracture in an otherwise healthy child, but screening
remains appropriate when clinical risk factors for Vitamin D
deficiency or metabolic bone disease are present.
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ORIJINAL CALISMA - 0Z

Cocuk distal radius torus kiriklarinda serum 25-hidroksivitamin D diizeyleri: Bir olgu-
kontrol calismasi

AMAC: D vitamini kemik mineralizasyonunda énemli roy oynar; ancak gocuklarda distal radius torus kiriklari ile iligkisi belirsizdir. Bu galismada D
vitamini diizeyleri ile distal radius torus kiriklari arasindaki iliski incelenecektir.

GEREC VE YONTEM: Distal radius torus kingi olan cocuklar (n=236) ile pediatrik ayaktan hasta kontrol grubu (n=505) serum 25-hidroksivitamin
D [25(OH)D] diizeyleri karsilastirildi. Analizler; yas, cinsiyet ve 25(OH)D (ng/mlL) verileri lizerinden yapildi. Kontrol grubundaki bireylerde serum
25(OH)D o6lgiimd, rutin pediatrik ayaktan saglik degerlendirmeleri sirasinda gerceklestirilmis olup; bu bireyler kirik, kemik agrisi, metabolik kemik
hastaligi stiphesi veya gecikmis kirik iyilesmesi diglanarak dahil edilmislerdir. Kirik hastalar grubunda ise 25(OH)D diizeyi, yaralanmadan sonraki
Uglincti haftada ayaktan takip siirecinde Slgtilmustir. Gruplar arasi karsilagtirmalarda Mann—Whitney U ve ki-kare testleri kullanildi. Yas ve cinsiyet
ile iliskilerin degerlendirilmesi amaciyla gok degiskenli lojistik regresyon analizi uygulanmistir. Ayrica, ek olarak kesifsel bir alt grup analizi gergekles-
tirilmistir.

BULGULAR: Medyan 25(OH)D diizeyi kirik hastalarinda 23.0 (IQR 16.8-30.3) ng/mlL, kontrollerde 18.4 (IQR 13.1-26.6) ng/mL idi (p<0.001). D
vitamini eksikligi (<20 ng/mL) sirasiyla %35.6 ve %55.6 oraninda saptandi. Diizeltme sonrasi 25(OH)D diizeyi torus kirig ile bagimsiz olarak iliskili
degildi (10 ng/mL artis icin diizeltiimis OR 1.08, %95 GA 0.95-1.23; p=0.262). Buna karsilik erkek cinsiyet torus kingi igin gliglii bir dngordiriiciydi
(diizeltilmis OR 3.35, %95 GA 2.41-4.66; p<0.001).

SONUC: Bu calismada, distal radius torus kirigi bulunan ¢ocuklarin dlciilen 25(OH)D diizeylerinin ayaktan hasta kontrol grubuna kiyasla daha duistik
olmadigi saptanmistir. Elde edilen sonuglar, izole bir torus kirigi varligina dayanilarak rutin vitamin D testinin yapilmasini desteklememektedir; ancak
tarama yaklasimi bireysel klinik risk faktorleri dogrultusunda siirdiiriilmelidir.

Anahtar sozclikler: 25-hidroksivitamin D; D vitamini; distal radius; pediatri; torus kirig.
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Three-year emergency department analysis of clavicle
fractures: Age- and sex-dependent patterns and associated
injuries

Omer Yonga,' ©® Cem Ayan?

Department of Orthopaedics and Traumatology, Yeditepe University Kosuyolu Hospital, istanbul-Tiirkiye
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ABSTRACT

BACKGROUND: This study aimed to evaluate the demographic and clinical characteristics of adult patients presenting to the
emergency department (ED) with clavicle fractures, describe the distribution of concomitant thoracic injuries, and identify factors
independently associated with rib fracture and hemothorax/pneumothorax.

METHODS: This single-center retrospective observational study included consecutive adult patients presenting to the ED with acute
traumatic clavicle fractures between January |, 2022, and January |, 2025. Patients were identified through the Hospital Medical Record
System using the ICD-10 code $42.0, and 687 of 828 screened ED encounters were included in the final analysis. Demographic char-
acteristics, injury mechanisms, fracture patterns, associated injuries, treatment approaches, and ED outcomes were retrospectively
reviewed. Trauma mechanisms were classified as low-energy or high-energy. Multivariable logistic regression analyses were performed
to identify factors associated with rib fracture and hemothorax/pneumothorax.

RESULTS: Of the 687 patients, 85.2% (n=585) were younger than 65 years. High-energy trauma mechanisms and midshaft fractures
were more common in younger patients, whereas low-energy trauma with medial/lateral fractures predominated in older patients
(p<0.001). Rib fracture (19.7% vs. 7.6%, p=0.005) and hemothorax/pneumothorax (12.4% vs. 3.3%, p=0.009) were significantly more
frequent in male patients. Multivariable analysis revealed that increasing age (adjusted odds ratio [aOR]: 1.02, 95% confidence interval
[CI]: 1.01-1.03, p<0.001), male sex (aOR: 3.08, 95% ClI: 1.29-7.33, p=0.011), high-energy trauma (aOR: 3.28, 95% CI: 1.89-5.70,
p<0.001), and medial (sternal) fracture location (aOR: 2.81, 95% CI: I.11-7.10, p=0.029) were independently associated with rib frac-
ture. For hemothorax/pneumothorax, increasing age (aOR: 1.03, 95% Cl: 1.02—1.05, p<0.001) and high-energy trauma (aOR: 8.51, 95%
ClI: 3.53-20.49, p<0.001) were independently associated.

CONCLUSION: Clavicle fractures demonstrated varying clinical and traumatic characteristics across different age and sex groups.
Increasing age, male sex, high-energy trauma, and medial clavicle fractures were associated with rib fractures, whereas increasing age
and high-energy trauma were associated with hemothorax/pneumothorax. Combined evaluation of trauma mechanism, patient char-
acteristics, and fracture pattern may help identify patients at increased risk for concomitant thoracic injuries in the ED.

Keywords: Clavicle fracture; emergency department; pneumothorax; rib fracture; risk factors; thoracic trauma.

INTRODUCTION ' Due to their high frequency in both adult and pediatric

populations, these fractures represent a common injury en-
Clavicle fractures account for approximately 44% of all shoul- countered in orthopedic and emergency medicine practice.
der girdle fractures and 2.6-3.3% of all orthopedic fractures. B3 The most common mechanisms include motor vehicle ac-
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cidents, falls, and sports-related injuries.”!

Clavicle fractures are generally isolated injuries; however, they
may occur in association with trauma to adjacent anatomical
structures such as the thorax, major vascular structures, or
the brachial plexus.! Previous studies have reported that tho-
racic injuries frequently accompany clavicle fractures and may
complicate clinical management.®¥ Injuries such as rib frac-
tures, pneumothorax, and hemothorax may reflect greater
trauma severity and may also increase the need for additional
imaging, close monitoring, and hospital admission.l>!"!

Although clavicle fractures are often managed as isolated in-
juries in the emergency department (ED), associated thoracic
injuries may have significant clinical consequences. Thoracic
trauma has been associated with higher morbidity, prolonged
hospitalization, and increased complication rates, particularly
in older patients.I'>'2 However, real-world data regarding as-
sociated injury patterns and clinical factors related to thoracic
injuries in patients with clavicle fractures remain limited.[*”!
Most previous studies have primarily focused on specific com-
plications or surgical treatment outcomes.!!

Early recognition of thoracic injuries is clinically important for
imaging strategies, patient monitoring, and disposition deci-
sions in the ED.B'3!] This study aimed to evaluate the demo-
graphic and clinical characteristics of adult patients presenting
to the ED with clavicle fractures, assess the distribution of
concomitant thoracic injuries, and identify factors associated
with rib fractures and pneumothorax/hemothorax.

MATERIALS AND METHODS
Study Design and Setting

This single-center retrospective observational study was
conducted on patients diagnosed with clavicle fractures who
presented to the ED of Bakirkéy Dr. Sadi Konuk Training and
Research Hospital between January I, 2022, and January I,
2025. Adult patients diagnosed with clavicle fractures in the
ED were identified through the electronic medical record
system. Bakirkoy Dr. Sadi Konuk Training and Research Hos-
pital Non-Interventional Scientific Research Ethics Commit-
tee ethics committee approval was obtained for the study
(Date: 23.07.2025, Decision no: 2025-13-31). Due to the ret-
rospective nature of the study, individual informed consent
was not obtained. All data were anonymized before analysis,
collected using a standardized data collection form, and pa-
tient confidentiality was maintained in accordance with the
Declaration of Helsinki.

Participants

Patients were identified through the hospital information
management system using the International Classification of
Diseases, 10th Revision (ICD-10) code S42.0 for clavicle frac-
ture. Eligible participants were adults aged 18 years or older
who were diagnosed with acute traumatic clavicle fractures
in the ED. Diagnoses were confirmed by correlating clinical

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

records with radiological reports, including plain radiography
and/or computed tomography (CT). In cases of repeated pre-
sentations related to the same injury, only the index ED visit
was included in the analysis. Of 828 screened ED encounters,
687 (83.0%) met the inclusion criteria and were analyzed. A
total of 128 (15.5%) encounters involving patients younger
than 18 years, | (0.1%) case with pathological/iatrogenic frac-
ture, and 12 (1.4%) records with missing essential data were
excluded (Fig. 1). Records with missing essential data were
excluded from the analysis, and a complete-case analysis ap-
proach was used.

Data Collection

All study data were systematically obtained using a standard-
ized data collection form. Recorded variables included age,
sex, date and time of presentation, mode of admission (am-
bulance or self-presented), trauma mechanism, clavicle frac-
ture characteristics (comminution, displacement status, and
anatomical localization), associated injuries, treatment ap-
proach (conservative or surgical), and ED outcomes such as
hospitalization and discharge.

Trauma mechanisms were predefined as low-energy trauma
(ground-level falls) and high-energy trauma (bicycle/scooter
and sports-related injuries, motor vehicle accidents, motor-
cycle accidents, pedestrian injuries, assault, and falls from a
height of 21 m).

Associated thoracic injuries were identified using radiology
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Figure 1. Study selection flow diagram.
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reports generated during the index ED visit. Initial imaging
assessment was generally performed using plain radiography,
whereas thoracic CT was ordered based on the clinical judg-
ment of the attending emergency physician, particularly in pa-
tients with high-energy trauma or suspected thoracic injury.
Diagnoses of rib fracture, pneumothorax, and/or hemotho-
rax were confirmed based on official radiology reports. Only
radiologically confirmed thoracic injuries were included in
the analysis. Associated injuries also included long bone frac-
tures, craniofacial fractures, neurological injuries, and visceral
injuries. Pathological and iatrogenic fractures were excluded
based on clinical evaluation and radiology/oncology records.

Yonga and Ayan. Trauma patterns of clavicle fractures by age and sex

Study Outcomes

The primary aim of the study was to evaluate the demograph-
ic and clinical characteristics of patients presenting to the ED
with clavicle fractures. Secondary aims were to examine the
distribution of associated injuries according to age group and
sex, and to identify clinical and trauma-related factors associ-
ated with rib fractures and pneumothorax/hemothorax.

Statistical Analysis

Statistical analyses were performed using IBM Statistical Pack-
age for the Social Sciences Statistics for Windows version
25.0 (IBM Corp., Armonk, NY, USA) and R version 4.5.1 (R
Foundation for Statistical Computing, Vienna, Austria). Con-

Table I. Demographic, clinical, and injury characteristics by age group
Variable <65 years (n=585) 265 years (n=102) P
Sex <0.001#
Female 48 (8.2) 44 (43.1)
Male 537 (91.8) 58 (56.9)
Mode of admission <0.001#
Self-presented 261 (44.6) 24 (23.5)
EMS 324 (55.4) 78 (76.5)
Triage category 0.007#
ESI | 46 (7.9) 3(29)
ESI 2 116 (19.8) 33 (32.4)
ESI 3 423 (72.3) 66 (64.7)
Mechanism of injury <0.001#
Low-energy traumat 162 (27.7) 75 (73.5)
High-energy trauma* 423 (72.3) 27 (26.5)
Occupational accident 57 (9.7) 6 (5.9) 0.212#
Domestic accident 60 (10.3) 30 (29.4) <0.001#
Fracture displacement 423 (72.3) 66 (64.7) 0.118#
Comminuted fracture 297 (50.8) 63 (61.8) 0.040#
Fracture location 0.012#
Medial (sternal) 14 (2.4) 13 (12.7)
Midshaft 420 (71.8) 43 (42.2)
Lateral (acromial) 151 (25.8) 46 (45.1)
Treatment method 0.018#
Conservative 525 (89.7) 99 (97.1)
Surgical 60 (10.3) 3(2.9)
ED outcomes 0.037#
Discharged from ED 444 (75.9) 87 (85.3)
Hospitalized*™ 141 (24.1) 15 (14.7)

Values are presented as n (%) unless otherwise indicated. p-values were calculated using Pearson’s Chi-square (#) or Fisher’s exact test (*), as appropriate.
TLow-energy trauma was defined as ground-level falls. *High-energy trauma included fall from height, motor-vehicle accident, motorcycle accident, bicycle/
scooter accident, sports injury, assault, and crush injury. *Includes ward and ICU admissions. EMS: Emergency medical services; ED: Emergency department;

ESI: Emergency severity index.
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tinuous variables were presented as meantstandard deviation
or median (interquartile range), as appropriate. Categorical
variables were expressed as numbers and percentages. For
between-group comparisons, Pearson’s chi-square test or
Fisher’s exact test was used for categorical variables, while
the independent samples t-test or Mann—Whitney U test was
applied for continuous variables, as appropriate. Comparative
analyses were performed according to age group (<65 and
265 years) and sex. Multivariable logistic regression analyses
using the ENTER method were performed to identify factors
independently associated with rib fracture and pneumotho-
rax/hemothorax. Variables were selected based on clinical
relevance and previously reported associations in the litera-
ture. Adjusted odds ratios (aORs) and 95% confidence inter-
vals (Cls) were calculated. To assess the potential impact of
differential imaging utilization on the study findings, a sensitiv-

ity analysis restricted to patients who underwent thoracic CT
was performed using the same multivariable logistic regres-
sion models as in the primary analysis. In addition, to evaluate
the potential influence of sparse-data bias, Firth’s penalized-
likelihood logistic regression analyses were performed for
both multivariable models. The events-per-variable ratio was
approximately 17.7 for rib fracture and |1.0 for pneumotho-
rax/hemothorax. A two-sided p<0.05 was considered statis-
tically significant.

RESULTS

During the 3-year study period, a total of 687 adult patients
presenting to the ED with clavicle fractures were evaluated.
The majority of patients were younger than 65 years (n=585,
85.2%). Older patients had a higher proportion of females

Table 2. Demographic, clinical, and injury characteristics of patients aged <65 years by sex
Variable Female (n=48) Male (n=537) p
Age, years 48.5 (21.5-54.0) 31.0 (22.0-42.0) <0.001¢
Mode of admission 0.433#
Self-presented 24 (50.0) 237 (44.1)
EMS 24 (50.0) 300 (55.9)
Triage category 0.231#
ESI | 4 (8.3) 42 (7.8)
ESI 2 5 (10.4) 111 (20.7)
ESI 3 39 (81.3) 384 (71.5)
Mechanism of injury <0.001
Low-energy traumat 30 (62.5) 132 (24.6)
High-energy traumaf 18 (37.5) 405 (75.4)
Occupational accident 0 57 (10.6) 0.010%*
Domestic accident 12 (25.0) 48 (8.9) 0.002*
Fracture displacement 36 (75.0) 387 (72.1) 0.664*
Comminuted fracture 30 (62.5) 267 (49.7) 0.090#
Fracture location 0.383
Medial (sternal) 0 (0.0) 14 (2.6)
Midshaft 33 (68.8) 387 (72.1)
Lateral (acromial) 15 (31.3) 136 (25.3)
Treatment method 0.460*
Conservative 45 (93.8) 480 (89.4)
Surgical 3(6.3) 57 (10.6)
ED outcomes 0.365%
Discharged from ED 39 (81.3) 405 (75.4)
Hospitalized™ 9 (18.7) 132 (24.6)

Values are presented as n (%) unless otherwise indicated. P-values were calculated using Pearson’s Chi-square test (#), Fisher’s exact test (*), and Mann-

Whitney U test (§), as appropriate. fLow-energy trauma was defined as ground-level falls. *High-energy trauma included fall from height, motor-vehicle accident,
motorcycle accident, bicycle/scooter accident, sports injury, assault, and crush injury. *Includes ward and ICU admissions. EMS: Emergency medical services,

ED: Emergency department; ESI: Emergency severity index.
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and were more frequently admitted via emergency medi-
cal services (both p<0.001). Thoracic CT was performed in
510 patients (74.2%), whereas |77 patients (25.8%) were
evaluated using plain radiography alone. Regarding trauma
mechanisms, low-energy trauma predominated among older
patients, whereas high-energy trauma was more common in
younger patients (p<0.001). In addition, domestic accidents
were more common in older patients than in younger pa-
tients (29.4% vs. 10.3%, p<0.001).

Fracture characteristics differed significantly between age
groups. Comminuted fractures were more common in older
patients (61.8% vs. 50.8%, p=0.040), whereas midshaft clavi-
cle fractures were more prevalent among younger patients. In
contrast, medial and lateral fracture patterns were observed
more frequently in older patients (p=0.012). Regarding treat-

Yonga and Ayan. Trauma patterns of clavicle fractures by age and sex

ment approach, conservative management was preferred
more often in older patients, whereas surgical treatment was
more common among younger patients (p=0.018). Hospital-
ization rates were higher in younger patients than in older
patients (24.1% vs. 14.7%, p=0.037) (Table I).

Among patients aged <65 years, female patients were sig-
nificantly older than male patients (median age: 48.5 vs. 31.0
years, p<0.001). Low-energy trauma was more common
among females, whereas high-energy trauma predominated
in males (p<0.001). Occupational accidents were observed
exclusively in male patients (10.6%, p=0.010), while domestic
accidents were more frequent among female patients (25.0%
vs. 8.9%, p=0.002). No significant sex-related differences
were observed regarding fracture characteristics, treatment
approach, or ED dispositions in this age group (Table 2). In

Table 3. Demographic, clinical, and injury characteristics of patients aged 265 years by sex
Variable Female (n=45) Male (n=57) P
Age, years 76 (74-80) 76 (74-84) 0.3615
Mode of admission <0.001
Self-presented 3 (6.7) 21 (36.8)
EMS 42 (93.3) 36 (63.2)
Triage category 0.295%
ESI | 0 (0.0) 3(52)
ESI 2 15 (34.1) 18 (31.0)
ESI 3 29 (65.9) 37 (63.8)
Mechanism of injury 0.010#
Low-energy traumat 38 (86.4) 37 (63.8)
High-energy traumaf 6 (13.6) 21 (36.2)
Occupational accident 3 (6.8) 3(5.2) >0.99*
Domestic accident 8(18.2) 22 (37.9) 0.030#
Fracture displacement 24 (54.5) 42 (72.4) 0.061#
Comminuted fracture 27 (61.4) 36 (62.1) 0.942#
Fracture location 0.183#
Medial (sternal) 6 (13.6) 6 (10.3)
Midshaft 14 (31.8) 29 (50.0)
Lateral (acromial) 24 (54.5) 23 (39.7)
Treatment method 0.257*
Conservative 43 (97.7) 55 (94.8)
Surgical I (2.3) 3(5.2)
ED outcomes 0.050#
Discharged from ED 41 (93.2) 46 (79.3)
Hospitalized™ 3 (6.8) 12 (20.7)

Values are presented as n (%) unless otherwise indicated. P-values were calculated using Pearson’s Chi-square test (#), Fisher’s exact test (*), and Mann-

Whitney U test (§), as appropriate. fLow-energy trauma was defined as ground-level falls. *High-energy trauma included fall from height, motor-vehicle accident,

motorcycle accident, bicycle/scooter accident, sports injury, assault, and crush injury. *Includes ward and ICU admissions. EMS: Emergency medical services,

ED: Emergency department; ESI: Emergency severity index.
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Table 4. Distribution of associated injuries according to age group and sex in adult patients with clavicle fractures

Variable <65 years, n (%) 265 years, n (%) p Female, n (%) Male, n (%) P
Skull fracture 21 (3.6) 1 (1.0) 0.229 4 (4.3) 18 (3.0) 0.520°
Facial fracture 30 (5.1) 2 (2.0) 0.070" 4 (4.3) 28 (4.7) >0.99
Hemo/pneumothorax 66 (11.3) Il (10.8) 0.883* 3 (3.3) 74 (12.4) 0.009#
Sternal fracture 3 (0.5) 0 (0.0 >0.99 0 (0.0 3 (0.5) >0.99"
Rib fracture 108 (18.5) 16 (15.7) 0.501# 7 (7.6) 117 (19.7) 0.005#
Scapula fracture 36 (6.2) 6 (5.9) 0.916* 2 (2.2) 40 (6.7) 0.090#
Upper extremity fracturet 33 (5.6) 6 (5.9) 0.923# 6 (6.5) 33 (5.5) 0.707#
Lower extremity fracturet 15 (2.6) 3(29) 0.145 4 (4.3) 12 (2.0) 0.267
Spine fracture} 60 (10.3) 8 (7.8) 0.451# 7 (7.6) 61 (10.3) 0.429*#
Intracranial hemorrhage 12 (2.1) 0 (0.0) 0.231# 0 (0.0) 12 (2.0) 0.385"
Intra-abdominal visceral injury 12 (2.1) 3 (2.9) 0.477" 3 (3.3) 12 (2.0) 0.438"

Tests were Pearson’s chi-square (#) or Fisher’s exact (*) as appropriate. Exact counts are given as n (%).1Includes humerus and forearm fractures. #Includes

femur and tibia/fibula fractures.

Table 5. Sensitivity analysis restricted to patients who underwent thoracic CT (n=510)

Variable Rib fracture aOR (95% CI) P PNX/HMX aOR (95% CI) P
Age 1.02 (1.01-1.04) 0.001 1.04 (1.02—1.06) <0.001
Male sex 3.68 (1.54-8.77) 0.003 3.95 (1.13-13.89) 0.032
Comminuted fracture 0.92 (0.55-1.54) 0.757 0.73 (0.39-1.37) 0.320
Fracture displacement 0.98 (0.53-1.81) 0.937 1.25 (0.56-2.76) 0.590
High-energy trauma 2.26 (1.204.24) 0.012 8.06 (2.98-21.74) <0.001
Fracture localization = 0.105 = 0.037
Sternal versus acromial 2.63 (1.04-6.62) 0.041 0.45 (0.05-3.70) 0.456
Shaft versus acromial 1.39 (0.82-2.37) 0.223 2.22 (1.11-4.44) 0.025

Reference categories were female sex, low-energy trauma, absence of comminution, absence of fracture displacement, and acromial fracture localization. aOR:
Adjusted odds ratio; Cl: Confidence interval; PNX: Pneumothorax; HMX: Hemothorax; CT: Computed tomography.

the 265-year age group, domestic accidents were more fre-
quent among older male patients (37.9% vs. 18.2%, p=0.030).
Hospitalization rates were also higher in older male patients
(20.7% vs. 6.8%, p=0.050). No significant sex-related differ-
ences were observed regarding other demographic, clinical,
or fracture-related characteristics (Table 3).

Thoracic injuries were among the most common associated
injuries accompanying clavicle fractures. Rib fractures were
identified in 18.5% of patients aged <65 years and 15.7% of
those aged 265 years (p=0.501). Hemothorax/pneumothorax
rates were |1.3% and 10.8% in younger and older patients,
respectively (p=0.883). In sex-based analyses, rib fractures
(19.7% vs. 7.6%, p=0.005) and hemothorax/pneumothorax
(12.4% vs. 3.3%, p=0.009) were significantly more common in
male patients than in female patients. Other associated injury
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patterns were similar across age groups and between sexes
(Table 4).

Multivariable logistic regression analyses identified several
clinical and trauma-related factors independently associated
with rib fracture and hemothorax/pneumothorax (Fig. 2). In-
creasing age (aOR: 1.02, 95% CI: 1.01-1.03, p<0.001), male
sex (aOR: 3.08, 95% CI: 1.29-7.33, p=0.011), high-energy
trauma (aOR: 3.28, 95% CI: 1.89-5.70, p<0.001), and me-
dial (sternal) fracture location (aOR: 2.81, 95% Cl: 1.11-7.10,
p=0.029) were independently associated with rib fracture.
For hemothorax/pneumothorax, increasing age (aOR: 1.03,
95% Cl: 1.02—-1.05, p<0.001) and high-energy trauma (aOR:
851, 95% ClI: 3.53-20.49, p<0.001) were identified as inde-
pendent risk factors. No independent association was ob-
served between hemothorax/pneumothorax and male sex,
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Figure 2. Adjusted odds ratios for rib fracture and pneumothorax/hemothorax according to clinical and trauma characteristics.

Table 6. Firth penalized logistic regression analyses for factors associated with rib fracture and pneumothorax/hemothorax
Variable Rib fracture aOR (95% CI) P PNX/HMX aOR (95% CI) P
Age 1.02 (1.01-1.03) <0.001 1.03 (1.02-1.05) <0.001
Male sex 2.89 (1.32-7.22) 0.007 2.82 (0.99-10.85) 0.053
Comminuted fracture 1.02 (0.62-1.70) 0.946 1.30 (0.71-2.46) 0.409
Fracture displacement 1.04 (0.56-1.92) 0911 0.84 (0.38-1.85) 0.654
High-energy trauma 3.19 (1.88-5.61) <0.001 7.83 (3.54-19.86) <0.001
Sternal versus acromial 2.80 (1.10-6.82) 0.031 0.66 (0.07-2.98) 0.630
Shaft versus acromial 1.12 (0.67—1.90) 0.673 1.72 (0.89-3.45) 0.106

Reference categories were female sex, low-energy trauma, absence of comminution, absence of fracture displacement, and acromial fracture localization. aOR:
Adjusted odds ratio; Cl: Confidence interval; PNX: Pneumothorax; HMX: Hemothorax.

fracture displacement, comminuted fracture pattern, or frac-
ture location (Fig. 2). To assess the potential impact of dif-
ferential imaging utilization, a sensitivity analysis restricted to
patients who underwent thoracic CT was performed using
the same multivariable models. The findings were generally
consistent with those of the primary analysis (Table 5). Ad-
ditional analyses using Firth’s penalized-likelihood logistic
regression yielded results that were largely consistent with
those of the primary multivariable models (Table 6).

DISCUSSION

This single-center, 3-year study demonstrated age- and sex-
related differences in the clinical characteristics, fracture
patterns, and concomitant thoracic injuries of adult patients
presenting to the ED with clavicle fractures. Our findings sug-
gest that clavicle fractures may not always represent isolated
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upper extremity injuries and may indicate a broader trauma
burden, particularly following high-energy trauma. High-en-
ergy trauma mechanisms and midshaft fractures were more
common in younger patients, whereas low-energy trauma
and medial or lateral fracture patterns were more prevalent
among older patients. These findings suggest that both the
mechanism of injury and age-related changes in bone struc-
ture may influence clavicle fracture patterns.l”'’]

A strength of our study is the combined evaluation of age-
and sex-stratified findings and factors independently associ-
ated with thoracic injuries in a real-world ED cohort. Previ-
ous studies have similarly reported that concomitant thoracic
injuries are more common following high-energy trauma in
patients with clavicle fractures. Amer et al.¥l reported associ-
ated thoracic injuries in 23.6% of patients with clavicle frac-
tures, whereas Lewis et al.’’ reported pneumothorax rates
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ranging from 5% to 25%, particularly following high-energy
trauma.®? Consistent with these studies, our findings indi-
cate that high-energy trauma is associated with a greater like-
lihood of concomitant thoracic injuries. However, because
thoracic CT was performed selectively, these associations
should be interpreted with appropriate caution.

Increasing age, male sex, and medial fracture location were
identified as independent factors associated with rib frac-
tures. Despite the predominance of low-energy trauma
among older patients, the occurrence of thoracic injuries in
this population may be related to age-related bone fragility
and structural changes in the thoracic wall.l'*'® Even relative-
ly low-energy trauma may result in thoracic injury in patients
with osteoporotic or otherwise fragile bone structure. The
higher frequency of thoracic injuries observed among male
patients may partly reflect the greater prevalence of high-en-
ergy trauma mechanisms in males.*”] However, these inter-
pretations are limited by the absence of data on bone mineral
density, frailty, and objective trauma severity.

Thoracic injuries represented one of the most frequent cat-
egories of associated trauma in our study. Rib fractures oc-
curred in approximately one in six patients, while hemotho-
rax/pneumothorax also occurred at clinically relevant rates.
These findings highlight the importance of systematic tho-
racic assessment, particularly following high-energy trauma.
U314 |n ED practice, the integrated evaluation of trauma
mechanism, patient age, and fracture location may help iden-
tify patients who could benefit from more detailed thoracic
imaging. Because thoracic CT was selectively performed ac-
cording to clinical judgment, we conducted a sensitivity analy-
sis restricted to patients who underwent thoracic CT. The
findings were generally consistent with those of the primary
analysis, supporting the robustness of the observed associa-
tions. Nevertheless, because CT utilization was not standard-
ized, residual detection bias cannot be completely excluded,
and the findings should therefore be interpreted cautiously.

The treatment strategy in our study was predominantly con-
servative, while surgical intervention was more frequently
performed in younger patients. This finding is partially dis-
cordant with reports from high-income countries showing an
increasing trend toward operative management, particularly
for displaced midshaft fractures.['”?% Although surgical fixa-
tion may reduce the risk of non-union and facilitate earlier
functional recovery in selected patients, evidence supporting
its long-term functional superiority remains limited.?"?2 Ac-
cordingly, current guidelines recommend individualized treat-
ment decisions based on fracture pattern, patient expecta-
tions, comorbidities, functional requirements, and the risk
of complications.® Our findings indicate that conservative
management remains the predominant treatment approach,
particularly among older patients presenting after low-energy
trauma.

Several limitations of this study warrant consideration. First,
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the retrospective and single-center design precludes the
complete exclusion of selection bias and missing data. Fur-
thermore, because thoracic CT was not routinely performed
in all patients and was instead obtained according to clinical
judgment, some small pneumothoraces or non-displaced rib
fractures may have been underdetected. Although sensitivity
analyses restricted to patients who underwent thoracic CT
yielded findings generally consistent with the primary analy-
ses, the possibility of residual detection bias cannot be com-
pletely excluded. The unavailability of trauma severity scores,
osteoporosis status, and frailty assessments constitutes an
additional important limitation. Moreover, because the study
was conducted at a tertiary care hospital, selection bias to-
ward patients with more severe trauma may have occurred,
potentially limiting the generalizability of our findings. Finally,
although additional Firth penalized regression analyses pro-
duced results comparable to those of the primary models,
some degree of sparse-data bias may still persist.

CONCLUSION

In this study, clavicle fractures demonstrated varying clini-
cal and traumatic characteristics across different age and
sex groups. High-energy trauma and midshaft fractures were
more common in younger patients, whereas low-energy
trauma and medial clavicle fracture patterns were more fre-
quently observed in older patients. In addition, increasing age,
male sex, high-energy trauma, and medial clavicle fractures
were associated with rib fractures, while increasing age and
high-energy trauma were associated with hemothorax/pneu-
mothorax. These findings suggest that the combined evalua-
tion of trauma mechanism, patient characteristics, and frac-
ture pattern may help identify patients at increased risk for
concomitant thoracic injuries in the ED.
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ORIJINAL CALISMA - 6Z

Klavikula kiriklarinin acil serviste ii¢ yillik analizi: Yas ve cinsiyete bagli kaliplar ve iligkili
yaralanmalar

AMAC: Bu galismanin amaci, acil servise klavikula kirigi ile bagvuran eriskin hastalarin demografik ve klinik 6zelliklerini degerlendirmek, eslik eden
torasik yaralanmalarin dagilimini tanimlamak ve kaburga kirigi ile hemotoraks/pnomotoraks ile bagimsiz iliskili faktorleri belirlemektir.

GEREC VE YONTEM: Bu tek merkezli retrospektif gézlemsel calisma, | Ocak 2022 ile | Ocak 2025 tarihleri arasinda akut travmatik klavikula
kingr ile acil servise bagvuran ardisik erigkin hastalar icermektedir. Hastalar, ICD-10 S42.0 kodu kullanilarak Hastane Tibbi Kayit Sistemi lizerinden
belirlendi ve taranan 828 acil servis basvurusunun 687’si nihai analize dahil edildi. Demografik ozellikler, yaralanma mekanizmalari, kirik paternleri,
eslik eden yaralanmalar, tedavi yaklasimlari ve acil servis sonlanimlari retrospektif olarak degerlendirildi. Travma mekanizmalari diistik enerijili veya
ylksek enerjili olarak siniflandirildi. Kaburga kirigi ve hemotoraks/pnémotoraks ile iliskili faktorleri belirlemek amaciyla cok degiskenli lojistik reg-
resyon analizleri yapildi.

BULGULAR: Alti yliz seksen yedi hastanin %85.2'si (n=585) 65 yasin altindaydi. Yiiksek enerjili travma mekanizmalari ve midshaft kiriklar geng
hastalarda daha sik goriiliirken, dislk enerjili travma ile birlikte medial/lateral kiriklar yash hastalarda daha baskindi (p<0.001). Kaburga kirigi
(%19.7’ye karsi %7.6, p=0,005) ve hemotoraks/pnémotoraks (% 12.4’e karsi %3.3, p=0.009) erkek hastalarda anlamli olarak daha sik gorildi. Cok
degiskenli analizde artan yas (aOR: 1.02, %95 GA: 1.01-1.03, p<0.001), erkek cinsiyet (aOR: 3.08, %95 GA: 1.29-7.33, p=0.01 1), yiiksek enerjili
travma (aOR: 3.28, %95 GA: |.89-5.70, p<0.001) ve medial (sternal) kirik lokalizasyonu (aOR: 2.81, %95 GA: |.11-7.10, p=0.029) kaburga kirig
ile bagimsiz iliskili bulundu. Hemotoraks/pnémotoraks igin ise artan yas (aOR: 1.03, %95 GA: 1.02—1.05, p<0.001) ve yiiksek enerjili travma (aOR:
8.51, %95 GA: 3.53-20.49, p<0.001) bagimsiz iligkili bulundu.

SONUC: Klavikula kiriklari farkli yas ve cinsiyet gruplarinda degisken klinik ve travmatik 6zellikler gostermistir. Artan yas, erkek cinsiyet, ylksek
enerjili travma ve medial klavikula kiriklar kaburga kiriklari ile iligkili bulunurken, artan yas ve yiiksek enerjili travma hemotoraks/pnémotoraks ile
iligkiliydi. Travma mekanizmasi, hasta 6zellikleri ve kirik paterninin birlikte degerlendirilmesi, acil serviste eslik eden torasik yaralanma riski yiiksek
olan hastalarin belirlenmesine yardimci olabilir.

Anahtar sozciikler: Acil servis; kaburga kirigi; klavikula kirigi; pnémotoraks; risk faktorleri; toraks travmasi.
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ORIGINAL ARTICLE

Clinical and radiological outcomes of surgical treatment
using a posterolateral approach based on computed
tomography-based fracture morphology in posterior
malleolar fractures: A single-center retrospective analysis

Cahit Ancar,' @ Yavuz Onel?

'Department of Orthopedics and Traumatology, University of Health Sciences, Diyarbakir Gazi Yasargil Training and Research Hospital,
Diyarbakir-Ttirkiye
2Department of Hand Surgery, izmir City Hospital, izmir-Tiirkiye

ABSTRACT

BACKGROUND: The aim of this study was to evaluate the clinical and radiological outcomes of posterior malleolar fractures (PMFs)
treated surgically via a posterolateral approach and to investigate the prognostic value of Bartoni¢ek—Rammelt fracture morphology in
predicting functional outcome, reduction quality, and osteoarthritis development.

METHODS: In this single-center retrospective study, 61 patients with PMFs who were treated surgically via a posterolateral approach
between January 2020 and December 2023 and had a minimum follow-up of 24 months were included. Fractures were classified ac-
cording to the Bartoni¢ek—Rammelt classification (BRC). Clinical outcomes were assessed using the Olerud-Molander Ankle Score
(OMAS), while radiological outcomes were evaluated based on articular step-off and the Kellgren—Lawrence osteoarthritis grade.
Multivariable linear regression analysis was performed to identify independent predictors of functional outcome.

RESULTS: The mean follow-up duration was 38.248.8 months. The mean OMAS was 89.9+10.2. Articular step-off was <| mm in
82.0% of the patients. OMAS scores differed significantly among the BRC fracture types (p=0.039), with lower scores observed in more
complex fracture patterns. In the adjusted multivariable regression model including fracture morphology, articular step-off, osteoar-
thritis grade, syndesmotic fixation, and post-operative complications, articular step-off (p<0.001) and osteoarthritis grade (p<0.001)
remained independent predictors of OMAS, whereas fracture morphology was not independently associated with functional outcome.

CONCLUSION: Bartoni¢ek—Rammelt fracture morphology was associated with functional outcome in unadjusted analyses. How-
ever, after adjustment for articular reduction quality, osteoarthritis grade, syndesmotic fixation, and post-operative complications,
fracture morphology was not independently associated with OMAS. Articular reduction quality and osteoarthritis grade were the
strongest independent determinants of functional outcome, emphasizing the importance of achieving anatomical reduction in PMFs.

Keywords: Ankle fractures; fracture fixation; posterior malleolar fractures; posterolateral surgical approach.
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INTRODUCTION

Posterior malleolar fractures (PMFs) are observed in approxi-
mately 30—40% of ankle fractures and have significant impli-
cations for ankle stability, articular congruity, and long-term
functional outcomes.!I'?! The posterior malleolar fragment not
only constitutes a portion of the tibial plafond but also plays a
critical role in syndesmotic stability, as it serves as the inser-
tion site of the posterior inferior tibiofibular ligament (PITFL).
Therefore, accurate evaluation and appropriate management
of PMFs are essential to prevent the development of post-
traumatic osteoarthritis and to achieve optimal functional
outcomes.?!

Conventionally, surgical indication was based on the criteria
that the posterior fragment involved more than 25% of the
tibial articular surface or that fragment displacement exceed-
ed 2 mm.l"7 However, with the widespread use of computed
tomography (CT), it has become evident that, in addition to
fragment size, factors such as fracture morphology, extension
into the articular surface, involvement of the fibular incisura,
and its effect on syndesmotic stability may be decisive deter-
minants of clinical outcomes.B*! Accordingly, CT-based classi-
fication systems have enabled a more detailed morphological
assessment of PMFs. The Bartoni¢ek—Rammelt classification
(BRC), described by Bartoni¢ek et al.”? and widely used in
current practice, categorizes PMFs into five types based on
anatomical localization of the fragment, involvement of the
incisura, and fracture morphology, and is regarded as a guiding
system for surgical planning.’! This classification has also been
shown to demonstrate high interobserver and intraobserver
reliability.l*!

In PMFs, morphological characteristics may influence not only
the choice of surgical approach but also the quality of reduc-
tion and long-term joint health. Achieving anatomical reduc-
tion — particularly maintaining minimal articular step-off —is a
critical factor in improving functional outcomes. The literature
indicates that limiting post-operative articular step-off to <l
mm is associated with superior clinical outcomes, whereas
step-off of -2 mm or greater significantly increases the risk of
post-traumatic osteoarthritis.**! Therefore, in the evaluation
of PMFs, not only fragment size but also fracture morphology
and the quality of reduction achieved should be considered
important prognostic factors.

In the surgical management of PMFs, the posterolateral ap-
proach is widely preferred because it allows direct visualiza-
tion and anatomical reduction of the posterior fragment. This
approach provides direct access to the posterolateral aspect
of the tibia and the fibula, thereby facilitating anatomical re-
duction and stable fixation. The literature reports that, com-
pared with indirect reduction and anteroposterior screw fixa-
tion, the posterolateral approach achieves superior articular
congruity, reduces articular step-off, and improves functional
outcomes.['%13]

In recent years, increasing emphasis has been placed on indi-
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vidualized surgical planning based on CT-derived morphologi-
cal classification in the management of PMFs.*! In particular,
the BRC has been recognized as an important guide in deter-
mining surgical strategy, as it enables a detailed assessment of
fracture morphology.>*! However, clinical studies directly eval-
uating the impact of the morphological fracture types defined
by this classification on reduction quality, functional outcomes,
and the development of osteoarthritis following treatment
with a posterolateral approach remain limited.?'®! Although
CT-based classification systems are increasingly used in surgi-
cal decision-making for PMFs, the extent to which fracture
morphology influences post-operative functional recovery
and radiological outcomes remains incompletely understood.
Establishing this relationship may improve prognostic assess-
ment, support morphology-based surgical planning in clinical
practice, and provide additional evidence regarding the clinical
utility of the BRC.B'*!*I Therefore, further clarification of the
prognostic role of fracture morphology on clinical and radio-
logical outcomes is warranted. In this context, the aim of the
present study was to evaluate the clinical and radiological out-
comes of PMFs treated surgically via a posterolateral approach
and to investigate the prognostic value of Bartoni¢ek—Ram-
melt fracture morphology in predicting functional outcome,
reduction quality, and osteoarthritis development.

MATERIALS AND METHODS

Patient Selection and Data Collection

This single-center retrospective study included patients who
underwent surgical treatment for PMFs between January
2020 and December 2023 at the University of Health Scienc-
es, Diyarbakir Gazi Yasargil Training and Research Hospital.
The study protocol was approved by the Ethics Committee
of the University of Health Sciences Gazi Yasargil Training and
Research Hospital (Decision No: 6, Date: January 09, 2026)
and was conducted in accordance with the principles of the
Declaration of Helsinki. Written informed consent was ob-
tained from all patients.

A total of 61 patients aged |8 years and older were included
in the study. The decision for surgical treatment was based on
the CT-based BRC rather than fragment size or displacement
thresholds alone. BRC Type 2, Type 3, and Type 4 fractures
were considered to require anatomical reduction and stable
fixation and were therefore treated surgically. BRC Type |
fractures were not considered to have a surgical indication
and were excluded from the study cohort. No BRC Type
5 fractures were identified during the study period. Patients
who underwent surgical treatment during the study period
were retrospectively reviewed, and those who met the inclu-
sion criteria and had complete clinical and radiological data
were included in the analysis. Patients with open fractures,
pathological fractures, or incomplete clinical and/or radiologi-
cal follow-up data were excluded from the study.

Demographic and clinical data included sex, age, affected
side, mechanism of injury, follow-up duration, fixation meth-
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ods applied, and syndesmotic stabilization. Associated me-
dial and lateral malleolar fractures and syndesmotic injuries
were also evaluated using pre-operative radiographs and CT
imaging and were managed according to AO/OTA principles.
Follow-up duration was calculated as the time interval be-
tween the date of surgery and the date of the last clinical and
radiological evaluation. PMFs were classified according to the
CT-based BRC.

The classification was performed independently by two or-
thopedic surgeons experienced in ankle surgery; in cases of
disagreement, a final decision was reached by consensus. Func-
tional outcomes were assessed at the final follow-up using the
Olerud-Molander Ankle Score (OMAS). Radiographic osteo-
arthritis was graded on standard anteroposterior and lateral
ankle radiographs according to the Kellgren—Lawrence (KL)
classification. Ankle dorsiflexion and plantarflexion ranges of
motion were measured using a goniometer and compared
with the contralateral side to calculate the limb symmetry
index (LSI) (LSI=[affected side/contralateral side]* |00).

Surgical Technique

All surgical procedures were performed in the prone position
using a posterolateral approach.*'®! Following the postero-
lateral skin incision, the sural nerve and the small saphenous
vein were identified and protected during superficial dissec-
tion. The dissection was deepened through the anatomical
interval between the peroneal tendons and the flexor hallucis
longus (FHL) muscle. The FHL muscle was retracted medi-
ally to expose the posterolateral cortex of the tibia and the
posterior malleolar fragment. At this stage, adequate surgical
visualization was achieved while preserving the PITFL and the
surrounding soft tissues as much as possible.*!”]

The posterior malleolar fragment was primarily reduced un-
der direct visualization to achieve anatomical alignment. Re-
duction was assessed intraoperatively using fluoroscopy to
evaluate articular step-off and intra-articular separation, and
temporary stabilization was achieved with Kirschner wires.
The adequacy of anatomical reduction was confirmed fluoro-
scopically (Fig. 1a and b).

In the present study, definitive fixation of the posterior malle-
olar fragment was achieved using a buttress plate in all cases.
6171 Following stabilization of the posterior fragment, con-
comitant fibular and medial malleolar fractures were treated
with internal fixation according to the AO/OTA principles.!'8]

Syndesmotic stability was assessed intraoperatively using the
Cotton hook test and the external rotation stress test. In
patients with detected syndesmotic instability, stabilization
was performed with a syndesmotic screw after achieving ana-
tomical reduction.!'” Reduction and implant positioning were
verified using fluoroscopy. Pre-operative CT images and post-
operative radiographs of representative cases corresponding
to different BRC types are presented in Fig. 2a-I.

Post-operative Protocol and Rehabilitation

1134

Ancar and Onel. Surgical outcomes of posterior malleolar fractures

.. .

Figure 1. Intraoperative fluoroscopic assessment of the posterior
malleolar fragment. (a) Intraoperative fluoroscopic image demon-
strating articular step-off before implant placement following the
posterolateral approach. (b) Intraoperative fluoroscopic image
showing restoration of the anatomical articular surface after reduc-
tion.

In the post-operative period, limb elevation and edema con-
trol were implemented, and early active toe motion was initi-
ated. Following soft tissue healing, active and passive ankle
range-of-motion exercises were commenced. Partial weight-
bearing was allowed at 3—4 weeks postoperatively, based on
fixation stability and clinical assessment, with gradual progres-
sion to full weight-bearing. Rehabilitation included muscle
strengthening and proprioceptive exercises. Complications
were retrospectively evaluated based on patient records,
clinical examination findings, and radiographic assessments.

Outcome Assessment

Post-operative articular step-off was evaluated at the final
follow-up using a digital measurement method on standard
lateral ankle radiographs. All measurements were performed
independently by two experienced orthopedic surgeons who
were blinded to the clinical outcomes, and interobserver
agreement was assessed using intraclass correlation coeffi-
cient (ICC) analysis. Articular step-off was defined as the per-
pendicular distance between the posterior malleolar fragment
and the main tibial plafond articular surface, using the tibial
plafond as the reference. It was categorized as <| mm, -2
mm, and >2 mm. In cases where radiographic evaluation was
insufficient, measurements were completed using CT images.

Statistical Analysis

Statistical analyses were performed using IBM Statistical
Package for the Social Sciences Statistics for Windows, Ver-
sion 26.0 (IBM Corp., Armonk, NY, USA). The normality of
continuous variables was assessed using the Shapiro—Wilk
test. For variables demonstrating normal distribution, one-
way analysis of variance was applied, whereas the Kruskal—
Wallis test was used for variables not conforming to a normal
distribution. Categorical variables were compared using the
Chi-square test or Fisher’s exact test, as appropriate. Holm
correction was applied for post hoc analyses.

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9
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Figure 2. Representative images of different Bartoni¢ek—Rammelt classification (BRC) types. (a-d) BRC Type 2 posterior malleolar frac-
tures (PMF): (a) Pre-operative axial computed tomography (CT) slice, (b) Pre-operative sagittal CT slice, (c) Post-operative lateral radio-
graph, (d) Post-operative anteroposterior radiograph. (e-h) BRC Type 3 PMF: (e) Pre-operative axial CT slice, (f) Pre-operative sagittal CT
slice, (g) Post-operative lateral radiograph, (h) Post-operative anteroposterior radiograph. (i-I) BRC Type 4 PMF: Pre-operative axial CT
slice, (j) Pre-operative sagittal CT slice, (k) Post-operative lateral radiograph, (I) Post-operative anteroposterior radiograph.

To identify independent predictors of functional outcome
(OMAS score), a multivariable linear regression analysis was
performed. Bartoni¢ek—Rammelt fracture type, post-opera-
tive articular step-off, KL osteoarthritis grade, syndesmotic
fixation, and post-operative complications were included in
the model as independent variables. Categorical variables

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

were entered into the model as dummy variables. Regression
coefficients (8), 95% confidence intervals (Cls), and p values
were reported. Statistical significance was set at p<0.05. In
the regression analysis, Bartoni¢ek—Rammelt Type 2 was

used as the reference category.
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To evaluate the potential influence of associated injuries and
post-operative complications on functional outcomes, addi-
tional analyses were performed. OMAS scores were com-
pared according to the presence of syndesmotic fixation and
post-operative complications using the Mann—Whitney U
test. Post-operative complications were defined as the oc-
currence of infection, sural nerve neuropathy, or revision
surgery. A sensitivity analysis was conducted after excluding
patients with post-operative complications.

RESULTS

Demographic, Injury, and Surgical Characteristics

The mean age of the 61 patients was 43.9£13.2 years. Of the
patients, 31 (50.8%) were female and 30 (49.2%) were male.
Fractures occurred on the right side in 43 cases (70.5%). The
most common mechanism of injury was a twisting injury,
observed in 53 patients (86.9%). Fifty-five patients (90.2%)
were operated on within the first 24 h after injury. The
mean follow-up duration was 38.2+8.8 months (range, 24-56
months).

According to the BRC, fracture distribution was as follows:
Type 2 in 35 patients (57.4%), Type 3 in |5 patients (24.6%),
and Type 4 in || patients (18.0%). During the study period,

Ancar and Onel. Surgical outcomes of posterior malleolar fractures

BRC Type | fractures were not included in the cohort due
to the absence of a surgical indication, and no BRC Type 5
fractures were identified. Definitive fixation of the posterior
malleolar fragment was performed using a buttress plate in
all cases. Syndesmotic stabilization was applied in 16 patients
(26.2%). The demographic and clinical characteristics of the
groups are presented in Table I.

Overall Clinical and Radiological Outcomes

At the final follow-up, the mean OMAS was 89.92£10.19
(median, 95; range, 55-100). The distribution of post-oper-
ative articular step-off was as follows: <|I mm in 50 patients
(82.0%), -2 mm in 9 patients (14.8%), and >2 mm in 2 pa-
tients (3.3%). According to the KL osteoarthritis grading,
55.7% of the cases were classified as KL grade 0, 23.0% as KL
grade |, 19.7% as KL grade 2, and 1.6% as KL grade 3.

Interobserver agreement was evaluated for BRC classifica-
tion, articular step-off, and KL grading. The ICC values were
excellent for BRC (0.91; 95% CI: 0.85-0.95), good for articu-
lar step-off (0.88; 95% CI: 0.80-0.93), and good for KL grad-
ing (0.75; 95% Cl: 0.66-0.83).

In the range-of-motion symmetry analysis, the median dorsi-
flexion LS| was 75% (range, 25%—100%), whereas the mean
plantarflexion LSI was 100% (range, 33%—100%).

Table I. Comparison of demographic and clinical characteristics according to the BRC
BRC Type 2 (n=35) (%) Type 3 (n=15) (%) Type 4 (n=11) (%) Total (n=61) (%) P
Age (years) 43.34+11.49 43.33+11.02 46.64+20.35 43.90+13.20 0.761
Sex 0.059
Male 13 (37.1) I1(73.3) 6 (54.5) 30 (49.2)
Female 22 (62.9) 4 (26.7) 5 (45.5) 31 (50.8)
Side 0.588
Left 12 (34.3) 3 (20.0) 3 (27.3) 18 (29.5)
Right 23 (65.7) 12 (80.0) 8 (72.7) 43 (70.5)
Mechanism of injury 0.574
Twisting injury 29 (82.9) 15 (100.0) 9 (81.8) 53 (86.9)
Fall from height 2(5.7) 0 (0.0) 2(18.2) 4 (6.6)
Fall from stairs 1 (2.9) 0 (0.0) 0 (0.0 I (1.6)
Scooter accident 2 (5.7) 0 (0.0) 0 (0.0) 2 (3.3)
Motorcycle accident 1 (2.9) 0 (0.0 0 (0.0 I (1.6)
Weber classification 0.279
Weber B 30 (85.7) 10 (66.7) 8 (72.7) 48 (78.7)
Weber C 5(14.3) 5(333) 3(27.3) 13 (21.3)
Syndesmotic Stabilization 0.682
Yes 9 (25.7) 5(33.3) 2 (18.2) 16 (26.2)
No 26 (74.3) 10 (66.7) 9 (81.8) 45 (73.8)
Follow-up duration (months) 38.7+8.8 38.516.9 36.3t11.4 38.2+8.8 0.741

BRC: Bartoni¢ek—Rammelt classification; SD: Standard deviation.
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Table 2. Comparison of radiological and functional outcomes according to the Bartoni¢ek—Rammelt classification
BRC Type 2 (n=35) Type 3 (n=15) Type 4 (n=11) Total (n=61) P
Articular step-off (%) 0.005*
<l mm 32 (91.4) 10 (66.7) 8 (72.7) 50 (82.0)
1-2 mm 3(8.6) 5(333) I (9.1) 9 (14.8)
>2 mm 0 (0.0) 0 (0.0) 2 (18.2) 2 (3.3)
OMAS score (MeanxSD) 92.71%7.11 88.00£11.77 83.64+13.43 89.92+10.19 0.039*
KL grade (%) 0.009*
KL O 22 (62.9) 9 (60.0) 3(27.3) 34 (55.7)
KL I 10 (28.6) 0 (0.0) 4 (36.4) 14 (23.0)
KL 2 3(8.6) 6 (40.0) 3(27.3) 12 (19.7)
KL 3 0 (0.0) 0 (0.0) I (9.1) 1 (1.6)
Dorsiflexion LSI (%) (median, range) 100 (40-100) 100 (50-100) 71 (25-100) 75 (25-100) 0.106
Plantarflexion LSI (%) (median, range) 100 (56—100) 100 (40-100) 89 (33-100) 100 (33—100) 0.056

BRC: Bartoni¢ek—Rammelt classification; OMAS: Olerud-Molander ankle score; SD: Standard deviation; KL: Kellgren-Lawrence; LSI: Limb symmetry index.

Comparisons According to BRC Types

No significant differences were observed among the groups in
terms of age, affected side, mechanism of injury, Weber clas-
sification, or syndesmotic stabilization. Follow-up duration
did not differ significantly between groups (p=0.741).

Radiological reduction quality differed significantly across
BRC types (p=0.005); articular step-off >2 mm was observed
exclusively in the Type 4 group (2/11; 18.2%). The OMAS
demonstrated a decreasing trend with increasing fracture
type severity (Type 2: 92.717.11; Type 3: 88.00%11.77; Type
4: 83.64113.43; p=0.039). The difference between Type 2 and
Type 4 remained statistically significant after Holm correction
(adjusted p=0.020; effect size r=0.38).

The development of osteoarthritis differed significantly among
the fracture types (p=0.009); KL grade 3 was observed exclu-
sively in the Type 4 group (1/11; 9.1%). Radiological reduction
quality, functional outcomes, and the distribution of osteo-
arthritis according to BRC types are summarized in Table 2.

Relationship Between Articular Step-Off, KL Grade, and
OMAS

OMAS scores decreased significantly as articular step-off
increased (Kruskal-Wallis, p<0.001). The mean OMAS was
93.70+5.61 in the <I mm group, 75.56+5.83 in the -2 mm
group, and 60.00+7.07 in the >2 mm group. A significant as-
sociation was observed between step-off categories and KL
grades (p<0.001). OMAS scores also decreased significantly
with increasing KL grade (p<0.001).

Multivariable Regression Analysis

In the expanded multivariable linear regression analysis in-
cluding Bartoni¢ek—Rammelt fracture type, articular step-off,
KL osteoarthritis grade, syndesmotic fixation, and post-op-
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erative complications, articular step-off and osteoarthritis
grade remained independent predictors of OMAS scores.

Using Type 2 as the reference category, neither Type 3 frac-
tures ($=-0.46; 95% Cl: —3.25 to 2.33; p=0.743) nor Type
4 fractures (B=—1.18; 95% CI: —4.49 to 2.13; p=0.477) were
independently associated with OMAS scores.

Compared with patients with an articular step-off of <| mm,
those with a step-off of 1-2 mm demonstrated significantly
lower OMAS scores (B = —9.44; 95% CI: —13.65 to —-5.23;
p<0.001), while a step-off >2 mm was associated with an
even greater reduction in OMAS scores ($=-21.05; 95% ClI:
-28.68 to —13.41; p<0.001).

Each increase in KL osteoarthritis grade was independently
associated with lower OMAS scores (3=-5.80; 95% Cl: =7.75
to —3.85; p<0.001). Syndesmotic fixation (8=—1.05; p=0.434)
and post-operative complications ($=-2.02; p=0.274) were
not independently associated with functional outcome.

Detailed results of the multivariable regression analysis are
presented in Table 3.

Additional Analyses Addressing Associated Injuries and
Complications

Additional analyses were performed to evaluate whether as-
sociated injuries or post-operative complications influenced
functional outcomes. Patients with post-operative complica-
tions had lower mean OMAS scores than those without com-
plications; however, this difference did not reach statistical
significance (85.0+10.8 vs. 90.6£10.0; p=0.066). Similarly, pa-
tients who underwent syndesmotic fixation had lower mean
OMAS scores than those without syndesmotic fixation, but
the difference was not statistically significant (86.9+11.9 vs.
91.0£9.5; p=0.124).
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Table 3. Multivariable linear regression analysis for OMAS scores

Variable B 95% CI P
BRC type 3 (Reference: Type 2) —-0.46 -3.25-2.33 0.743
BRC type 4 (Reference: Type 2) -1.18 -4.49-2.13 0.477
Articular step-off -2 mm (reference: <| mm) -9.44 —-13.65——5.23 <0.001
Articular step-off >2 mm (reference: <| mm) -21.05 —-28.68——13.41 <0.001
Kellgren—Lawrence grade (per+| increase) -5.80 —-7.75——3.85 <0.001
Syndesmotic fixation -1.05 -3.72-1.62 0.434
Post-operative complication -2.02 —-5.69-1.65 0.274

BRC: Bartoni¢ek—Rammelt classification; Cl: Confidence interval; OMAS: Olerud-Molander Ankle score. Reference categories: BRC Type 2 and articular step-

off <I mm.

A sensitivity analysis was performed after excluding the
seven patients with post-operative complications. In this
analysis, OMAS scores continued to differ significantly among
Bartoni¢ek—Rammelt fracture types (Kruskal-Wallis test,
p=0.032), suggesting that the observed difference in func-
tional outcome according to fracture morphology was not
solely explained by post-operative complications.

Complications and Revision Surgery

Complications occurred in 7 of the 61 patients (1 1.5%). One
patient (1.6%) developed a deep infection and underwent
surgical debridement three times. After infection control and
fracture union, the implants were removed.

Superficial infection was observed in two patients (3.3%). One
of these patients fully recovered with conservative treatment,
while the other required skin grafting by the plastic surgery
team due to the development of skin necrosis.

Two patients (3.3%) developed sural nerve neuropathy. Both
showed progressive clinical improvement during follow-up,
and no additional surgical intervention was required.

Revision surgery was required in two patients (3.3%) during
the early post-operative period. In one patient, inadequate
syndesmotic reduction was identified, and in the other, in-
adequate reduction of the posterior malleolar fragment was
observed. Anatomical reduction and stable fixation were
achieved in both cases through revision surgery.

Overall, the rate of major complications was low. Fracture
union was achieved in all cases, and no permanent implant-
related complications were observed.

DISCUSSION

CT-based morphological classification systems are consid-
ered essential tools in the assessment of PMFs, guiding surgi-
cal planning, reduction strategies, and evaluation of fracture
complexity. The BRC provides a detailed description of the
morphological spectrum of PMFs based on fragment loca-
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tion, involvement of the incisura, and fracture morphology,
offering a reliable framework for surgical decision-making.’**!
Current literature emphasizes that PMF morphology may in-
fluence articular reduction quality, syndesmotic stability, and
long-term functional outcomes.??%!

The main finding of this study is that Bartoni¢ek—Rammelt
fracture morphology was associated with both functional
outcomes and radiological degenerative changes in unad-
justed analyses. OMAS scores progressively decreased with
increasing fracture complexity, and more advanced fracture
types demonstrated higher rates of osteoarthritic changes.
However, after adjustment for articular step-off, osteoarthri-
tis grade, syndesmotic fixation, and post-operative complica-
tions, fracture morphology was no longer independently as-
sociated with functional outcome. Instead, residual articular
incongruity and osteoarthritis grade emerged as the stron-
gest independent predictors of OMAS. These findings sug-
gest that the relationship between fracture morphology and
functional outcome may be mediated through the difficulty
of achieving anatomical reduction and the subsequent devel-
opment of degenerative joint changes rather than fracture
morphology itself.[6-81420-22]

In the expanded multivariable regression model, increasing
articular step-off and higher KL grades were independently
associated with worse functional outcomes, whereas fracture
morphology, syndesmotic fixation, and post-operative com-
plications were not significant independent predictors. These
findings emphasize that restoration of articular congruity re-
mains the most important modifiable factor affecting clinical
recovery after PMFs. Therefore, CT-based fracture morphol-
ogy should primarily be considered a tool for surgical planning
and assessment of reduction difficulty rather than an indepen-
dent determinant of long-term functional outcome.¢82022]

Moreover, articular reduction quality was identified as the
strongest independent predictor of functional outcome. The
significant decrease in OMAS scores with increasing articular
step-off supports the notion that preserving anatomical joint
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congruity should be a primary goal in the treatment of PMFs.
These findings are consistent with studies reporting that
long-term outcomes are determined by joint congruity re-
gardless of fragment size and that residual step-off increases
the risk of osteoarthritis.[*%2

The significant association between BRC types and reduction
quality indicates that fracture morphology may influence the
success of anatomical reduction. This observation may ex-
plain why fracture morphology was associated with OMAS
scores in unadjusted analyses but lost statistical significance
after adjustment for reduction quality and osteoarthritis
grade. The higher rates of residual articular step-off observed
in more advanced morphological types suggest that achieving
anatomical reduction may be technically more challenging in
these cases. This finding aligns with the approach proposed
by Cho et al.,*! emphasizing that different surgical strategies
may be required for different morphological fracture types.

The posterolateral approach facilitates direct visualization of
the posterior fragment, allowing reliable anatomical reduc-
tion, and has been associated with improved joint congruity.
[10-151 This approach enables the posterior malleolar fragment
to be reduced and fixated early in the surgical procedure,
supporting anatomical restoration of the articular surface.
U731 |n our study, the high rate of <I mm articular step-off
and generally high OMAS scores support the effectiveness
and reliability of the posterolateral approach in achieving ana-
tomical reduction within morphology-based surgical planning.

In our study, the rate of syndesmotic stabilization was 26.2%.
The literature reports syndesmotic fixation rates ranging
from 20% to 50% in PMF['*222] The rate observed in our
cohort is consistent with previously reported rates in the
literature. In the present study, syndesmotic fixation was not
independently associated with functional outcome after ad-
justment for fracture morphology, reduction quality, osteoar-
thritis grade, and post-operative complications.

Regarding the development of osteoarthritis, higher rates
were observed in more advanced morphological fracture
types in our study. Although osteoarthritis is multifactorial,
residual articular step-off has been strongly highlighted in the
literature as one of its most important determinants./822
Therefore, achieving anatomical reduction is critical not only
for short-term functional recovery but also for the preserva-
tion of long-term joint health.

Limitations

This study has several limitations. Its retrospective design may
introduce selection bias and the influence of uncontrolled
variables. The small sample size in certain morphological
fracture subtypes, particularly in the subgroup with articular
step-off >2 mm, may have limited the statistical power and
generalizability of the analyses for these subgroups. Articular
reduction quality was primarily assessed using radiographs,
and post-operative CT was not performed in all cases. Al-
though the follow-up duration was sufficient for mid-term
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evaluation, longer-term prospective studies are needed to
more clearly assess the progression of osteoarthritis. As-
sociated medial and lateral malleolar fractures, syndesmotic
injuries, and post-operative complications may influence func-
tional outcomes after ankle fractures. To address these po-
tential confounders, additional analyses including sensitivity
analysis and adjusted multivariable regression models were
performed. Nevertheless, residual confounding cannot be
completely excluded because of the retrospective design and
the relatively limited sample size. Furthermore, the high prev-
alence of associated malleolar injuries in the present cohort
limited the ability to perform meaningful subgroup analyses
for these injury patterns.

CONCLUSION

This study demonstrates that Bartoni¢ek—Rammelt fracture
morphology is associated with functional outcome in unad-
justed analyses in PMFs treated via the posterolateral ap-
proach. However, after adjustment for articular step-off, os-
teoarthritis grade, syndesmotic fixation, and post-operative
complications, fracture morphology itself was not identified
as an independent predictor of OMAS. Instead, residual artic-
ular step-off and radiographic osteoarthritis grade were the
strongest independent determinants of functional outcome.
These findings suggest that although CT-based fracture mor-
phology remains important for surgical planning, restoration
of articular congruity appears to be the key modifiable factor
associated with functional recovery.
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ORIJINAL CALISMA - 0Z

Posterior malleol kiriklarinda BT-temelli morfolojiye dayali posterolateral yaklasim ile
cerrahi tedavinin klinik ve radyolojik sonuglari: Tek merkezli retrospektif analiz

AMAC: Bu calismanin amaci, posterolateral yaklasim ile cerrahi olarak tedavi edilen posterior malleol kiriklarinin (PMK) klinik ve radyolojik sonugla-
rini degerlendirmek ve Bartoni¢ek—Rammelt kirik morfolojisinin fonksiyonel sonuglar, rediiksiyon kalitesi ve osteoartrit gelisimi agisindan prognostik
degerini arastirmaktir.

GEREC VE YONTEM: Bu tek merkezli retrospektif calismaya, Ocak 2020-Aralik 2023 tarihleri arasinda posterolateral yaklagim ile cerrahi olarak
tedavi edilen ve en az 24 ay takip edilen 6| PMK hastasi dahil edildi. Kiriklar Bartoni¢ek-Rammelt siniflamasina (BRS) gore siniflandirildi. Klinik so-
nuglar Olerud-Molander Ayak Bilegi Skoru (OMAS) ile, radyolojik sonuglar ise artikiiler basamaklanma ve Kellgren—Lawrence osteoartrit evresi ile
degerlendirildi. Fonksiyonel sonucun bagimsiz belirleyicilerini belirlemek amaciyla ¢ok degiskenli lineer regresyon analizi yapildi.

BULGULAR: Ortalama takip siresi 38.2£8.8 ay idi. Ortalama OMAS skoru 89.9+10.2 olarak bulundu. Artikiiler basamaklanma hastalarin
%82.0’inda <| mm idi. OMAS skorlari BRS tipleri arasinda anlamli farklilik gosterdi (p=0.039) ve daha kompleks kirik paternlerinde daha dustik
skorlar gozlendi. Kirik morfolojisi, artikiiler basamaklanma, osteoartrit evresi, sindezmoz tespiti ve postoperatif komplikasyonlari iceren dizeltilmis
gok degiskenli regresyon modelinde, artikiiler basamaklanma (p<0.001) ve osteoartrit evresi (p<0.001) OMAS skorunun bagimsiz belirleyicileri
olarak saptanirken, kirik morfolojisinin fonksiyonel sonug ile bagimsiz iliskisi gosterilemedi.

SONUC: Bartoni¢ek-Rammelt kirik morfolojisi diizeltiimemis analizlerde fonksiyonel sonug ile iliskili bulunmustur. Ancak artikiler rediiksiyon kali-
tesi, osteoartrit evresi, sindezmoz tespiti ve postoperatif komplikasyonlar igin diizeltme yapildiginda, kirik morfolojisinin OMAS tizerinde bagimsiz
bir etkisi gosterilememistir. Artikiiler rediiksiyon kalitesi ve osteoartrit evresi fonksiyonel sonucun en giicli bagimsiz belirleyicileri olup, posterior
malleol kiriklarinda anatomik rediksiyonun saglanmasinin énemini vurgulamaktadir.

Anahtar sozciikler: Ayak bilegi kiriklari; kirik fiksasyonu; posterior malleol kiriklari; posterolateral cerrahi yaklasim.
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Radiographic and clinical factors associated with open
reduction in pediatric supracondylar humerus fractures
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ABSTRACT

BACKGROUND: The aim of this study was to evaluate demographic and radiographic factors associated with the likelihood of open
reduction in pediatric supracondylar humerus fractures (SCHF).

METHODS: A total of 294 pediatric patients with SCHFs treated operatively between 2016 and 2025 were retrospectively reviewed.
Patients were divided into two groups: Open reduction (OR, n=128) and closed reduction (CR, n=166). Demographic variables,
including age, sex, side of injury, and surgeon experience, were recorded. Radiographic parameters assessed on preoperative antero-
posterior and lateral elbow radiographs included fracture type, displacement direction, rotational deformity, diaphyseal involvement,
coronal fracture pattern, sagittal fracture pattern, and coronal alignment. Variables with p<0.05 in univariate analysis were included in
a multivariable logistic regression model using a backward stepwise method.

RESULTS: The mean age was significantly higher in the OR group compared to the CR group (6.94+2.85 vs. 5.58+2.64 years,
p<0.001). Flexion-type fractures were more frequent in the OR group (24.2% vs. 10.2%, p=0.012). Posterolateral displacement and
rotational deformity were also significantly associated with open reduction. Coronal alignment differed significantly between groups,
with varus and valgus malalignment more common in the OR group (p=0.003). Multivariable logistic regression analysis identified in-
creasing age (OR=1.127, 95% confidence interval [Cl]: 1.029—1.236; p=0.010), flexion-type fractures (OR=1.807, 95% ClI: 1.261-2.590;
p=0.001), and posterolateral displacement (OR=1.39, 95% CI: 1.010—-1.926; p=0.043) as independent predictors of open reduction.
In contrast, neutral coronal alignment was associated with a lower likelihood of open reduction (OR=0.681, 95% CI: 0.510-0.909;
p=0.009).

CONCLUSION: Several demographic and fracture-related characteristics were independently associated with the likelihood of open
reduction in pediatric SCHFs. Among these, fracture-related characteristics, particularly displacement pattern and coronal alignment,
showed the strongest associations with open reduction. Recognition of these associated factors may assist preoperative planning and
help surgeons anticipate technically challenging reductions.

Keywords: Closed reduction; coronal alignment; fracture displacement; open reduction; supracondylar humerus fracture.

INTRODUCTION a fall onto an outstretched hand, typically resulting in exten-

sion-type fractures, whereas flexion-type injuries are relatively
Supracondylar humerus fractures (SCHFs) represent one of

the most common elbow injuries in the pediatric population
. . L 23 . . .
and account for a substantial proportion of pediatric orthope-  the elbow.*l The primary goal of treatment is to achieve and

dic trauma.l! These injuries most commonly occur following maintain anatomical reduction to restore alignment and pre-

uncommon and are often associated with direct trauma to
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vent long-term complications such as malunion, neurovascular
compromise, and functional limitation.

Closed reduction and percutaneous pinning (CRPP) is widely
accepted as the standard treatment for displaced SCHFs.M!
However, in certain cases, satisfactory reduction cannot be
achieved or maintained with closed techniques, necessitating
conversion to open reduction.’! Open reduction is generally
associated with increased soft-tissue dissection, longer op-
erative time, and a potentially higher risk of complications.
¥l Therefore, identifying factors that may predict the need for
open reduction is of considerable clinical importance for pre-
operative planning and surgical decision-making.

A considerable number of studies have investigated predictors
of open reduction in pediatric SCHFs. Various quantitative
and qualitative parameters have been reported in the litera-
ture, including clinical, demographic, and radiographic factors.
111 Among these, fracture displacement pattern, rotational
deformity, and instability have been suggested to influence the
difficulty of achieving and maintaining closed reduction (CR).
"2l However, despite the growing body of evidence, the find-
ings remain heterogeneous, and no clear consensus has been
established regarding which radiographic features reliably pre-
dict the need for open reduction.

The aim of the present study was to evaluate the demographic
and radiographic factors associated with the need for open
reduction in pediatric SCHFs. We hypothesized that increas-
ing fracture instability as reflected by radiographic features and
fracture patterns would be associated with a higher likelihood
of requiring open reduction.

Kocazeybek et al. Predictors of open reduction in SCHF

MATERIALS AND METHODS
Patients and Study Design

This retrospective study included pediatric patients with
SCHFs who underwent either CRPP or open reduction be-
tween January 2016 and December 2025. The study pro-
tocol was approved by the institutional review board (IRB
approval no: 9-2026), and all procedures were conducted in
accordance with the ethical standards of the Declaration of
Helsinki. Demographic characteristics, clinical data, fracture
classification, and radiographic findings were obtained from
hospital databases and patient charts. Radiographic evalua-
tions were performed using images retrieved from the pic-
ture archiving and communication system. The inclusion
criteria for this study were as follows: (I) Pediatric patients
diagnosed with SCHFs treated with either CRPP or open
reduction, including Gartland type Il extension and flexion-
type fractures and (2) availability of adequate preoperative
and postoperative radiographs, including anteroposterior and
lateral views, suitable for measurement and evaluation. The
exclusion criteria were (I) patients managed nonoperatively,
(2) delayed surgery due to external referral or medical rea-
sons, (3) history of prior trauma or surgery involving the af-
fected elbow, (4) inadequate radiographic quality for accurate
measurements, and (5) neurovascular injuries requiring im-
mediate open reduction.

A total of 574 pediatric patients with SCHFs were initially as-
sessed for eligibility. Of these, 280 patients were excluded for
the following reasons: Conservative (nonoperative) manage-
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Figure 1. Flow diagram of the study.
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ment (n=215), Gartland type Il fractures (n=45), neurovascu-
lar injury requiring immediate open reduction (n=5), delayed
surgery due to external referral or medical reasons (n=7),
and insufficient radiographic or demographic data (n=8). Af-
ter applying the inclusion and exclusion criteria, 294 patients
who underwent operative treatment were included in the
study. These patients were divided into two groups based on
the surgical technique: Group | consisted of patients treated
with open reduction (n=128) and Group Il included those
treated with CRPP (n=166) (Fig. |).

Surgical Technique and Postoperative Management

All operations were carried out under general anesthesia
with the patient in the supine position. Intravenous cefazo-
lin (30 mg/kg) was administered preoperatively for antibiotic
prophylaxis. Fracture reductions and fixations were per-
formed under fluoroscopic guidance. CR was attempted as
the initial treatment in all cases. Gentle longitudinal traction
was first applied to restore coronal alignment, followed by
rotational correction according to the direction of fracture
displacement. Sagittal alignment was then achieved by elbow
flexion for extension-type fractures or extension for flexion-
type fractures. The elbow was maintained in hyperflexion
and pronation (Jones position), and reduction was assessed
fluoroscopically using anteroposterior and lateral views. Ac-
ceptable reduction was defined as restoration of coronal
alignment without residual varus or valgus malalignment on
the anteroposterior view and satisfactory sagittal alignment,
with the anterior humeral line intersecting the middle third
of the capitellum on the lateral view. If acceptable reduction
could not be achieved or maintained after several attempts at
gentle manipulation or if persistent varus or valgus malalign-
ment, rotational deformity, or failure of the anterior humeral
line to intersect the middle third of the capitellum remained,
conversion to open reduction was performed. Once satisfac-
tory alignment was obtained, fracture fixation was completed
using percutaneous Kirschner wires.

In our institution, open reduction was typically carried out
using medial, lateral or combined approaches, depending on
fracture characteristics and surgeon choice. Following open
reduction, fixation was again performed with percutaneous
Kirschner wires under fluoroscopic control. Postoperatively,
the extremity was immobilized in a long-arm splint with the
elbow maintained at approximately 90° of flexion. Patients
were followed in the outpatient clinic with regular wound
care, clinical assessment, and radiographic evaluation. The
long-arm splint was removed at approximately the 4th post-
operative week, and gradual elbow range-of-motion exercises
were initiated. In the absence of delayed union or other com-
plications, Kirschner wires were removed at the 5th postop-
erative week in the outpatient setting.

Outcome Measurements
Demographic and radiological parameters

Demographic data, including patient age, sex, side of injury,
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and the operating surgeon’s level of experience, were ob-
tained retrospectively from hospital records and operative
reports. Surgeon experience was categorized based on years
of clinical practice. The operating surgeon’s experience was
stratified into three categories according to years of clinical
practice: <5 years, 5-10 years, and >10 years.

Radiographic parameters were assessed on preoperative an-
teroposterior and lateral elbow radiographs, including frac-
ture type (extension or flexion), diaphyseal involvement,
rotational deformity, and the direction of fracture displace-
ment. Displacement patterns were categorized as posterior
(without coronal translation), posteromedial (posterior and
medial translation), posterolateral (posterior and lateral
translation), or anterior (flexion type), according to the clas-
sification of Novais et al.l'¥]

Coronal plane fracture patterns were classified as high trans-
verse, low transverse, medial oblique, or lateral oblique,
whereas sagittal plane fracture types were categorized as high
or low as originally defined by Bahk et al.l'! Coronal align-
ment was further assessed on anteroposterior radiographs
and categorized as varus, valgus, or neutral. These coronal
plane assessments were performed in accordance with pre-
viously described methods."'*! Radiographic measurements
were independently performed by two senior orthopedic
trauma surgeons who were blinded to the treatment allo-
cation (open or CR). Interobserver reliability was assessed
using intraclass correlation coefficients (ICCs).

Statistical analysis

Statistical analyses were performed using IBM Statistical
Package for the Social Sciences Statistics (Version 27.0; IBM
Corp., Armonk, NY, USA). The normality of continuous vari-
ables was assessed using the Kolmogorov—Smirnov test. Con-
tinuous variables were presented as meantstandard devia-
tion and compared using the independent samples t-test or
Mann—Whitney U test, as appropriate. Categorical variables
were expressed as frequencies and percentages and analyzed
using the Chi-square test or Fisher’s exact test. Radiographic
measurements were independently performed by two se-
nior orthopedic trauma surgeons who were blinded to the
treatment allocation (open or CR). Interobserver reliability
was assessed using ICCs based on a two-way mixed-effects
model with absolute agreement. The ICCs for the evaluations
made by the two observers demonstrated values of 0.83 or
higher across all radiographic measurements, indicating good
interobserver reliability.

Variables found to be significant in univariate analyses (p<0.05)
were entered into a multivariable logistic regression model
using a backward stepwise (likelihood ratio) method to iden-
tify independent predictors of open reduction. Given the
presence of multiple correlated categorical subgroups (e.g.,
displacement patterns and coronal alignment), the stepwise
approach was used to reduce potential collinearity and iden-
tify the most relevant independent variables. Results were
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reported as odds ratios (ORs) with 95% confidence intervals
(Cls). A p<0.05 was considered statistically significant.

RESULTS

A total of 294 patients were included in the study, comprising
128 patients in the open reduction (OR) group and 166 pa-
tients in the CR group. The mean age was significantly higher
in the OR group compared to the CR group (6.94£2.85 vs.
5.58+2.64 years, p<0.001). There was no significant difference
between the groups in terms of side of injury, with right-sided
involvement observed in 64 patients (52.9%) in the OR group
and 82 patients (50.0%) in the CR group (p=0.91). Similarly,
sex distribution was comparable between the groups, with
females accounting for 34.4% of the OR group and 36.7% of
the CR group (p=0.74). The distribution of operating surgeon
experience did not differ significantly between the groups
(p=0.251). Surgeons with more than 10 years of experience
performed the majority of procedures in both groups (53.1%
in OR vs. 40.4% in CR) (Table I).

Radiographic evaluation revealed significant differences be-
tween the groups in terms of fracture type, displacement
pattern, rotational deformity, and coronal alignment. Flexion-
type fractures were significantly more common in the OR
group compared to the CR group (24.2% vs. 10.2%, p=0.012).
The distribution of displacement patterns differed significant-
ly between the groups (p<0.001). Posterolateral and ante-
rior displacements were more frequently observed in the OR
group, whereas posterior and posteromedial displacements
predominated in the CR group. Rotational deformity was
significantly more frequent in the OR group compared to
the CR group (75% vs. 59%, p=0.038). Diaphyseal involve-
ment tended to be more common in the OR group (25.8%

Table I. Demographic characteristics of the patient

Age (years)

MeantSD 6.94+2.85 5.58+2.64 p<0.001
Min-Max (1.5-13) (1-14)

Side (%)
Right (R) 64 (52.9) 82 (50) p=0.91
Left (L) 64 (47.1) 84 (50)

Sex (%)
Female 44 (34.4) 61 (36.7) p=0.74
Male 88 (65.6) 105 (63.3)

Operating surgeon (%)

Experience (years) (%)
<5 32 (25) 53 (31.9) p=0.251
5-10 28 (21.9) 46 (27.7)
210 years 68 (53.1) 67 (40.4)

OR: Open reduction; CR: Closed reduction; SD: Standard deviation.
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vs. 19.3%); however, this difference was not statistically sig-
nificant (p=0.183). Coronal fracture pattern and sagittal frac-
ture pattern were comparable between the groups (p=0.075
and p=0.363, respectively). In contrast, coronal alignment
differed significantly between the groups (p=0.003), with
varus and valgus malalignment observed more frequently in
the OR group while neutral alignment predominated in the
CR group. Variables identified as significant in the univariate
analyses (p<0.05) were entered into a multivariable logistic
regression model, and a backward stepwise (likelihood ratio)
method was applied to obtain the final model (Table 2). The
results of this analysis are summarized in Table 3. Multivari-
able logistic regression analysis demonstrated that increas-
ing age was significantly associated with a higher likelihood of
open reduction (OR=1.127, 95% CI: 1.029-1.236, p=0.010).
Similarly, flexion-type fractures were identified as an indepen-
dent predictor of open reduction, showing increased odds
compared to extension-type fractures (OR=1.807, 95% ClI:
1.261-2.590, p=0.001). Posterolateral displacement was also
significantly associated with a greater likelihood of requiring
open reduction (OR=1.39, 95% CI: 1.010-1.926, p=0.043).
In contrast, neutral coronal alignment was associated with
reduced odds of open reduction, indicating a protective effect
(OR=0.681, 95% ClI: 0.510-0.909, p=0.009).

DISCUSSION

In the present study, patient- and fracture-related factors
associated with the need for open reduction in pediatric
SCHFs were systematically evaluated. It was demonstrated
that increasing age, flexion-type fractures, and posterolateral
displacement were independently associated with a higher
likelihood of open reduction, whereas neutral coronal align-
ment was found to exert a protective effect. Furthermore,
although certain variables, including rotational deformity and
displacement characteristics, were found to be significant in
univariate analyses, these associations did not persist follow-
ing multivariable adjustment. Taken together, these findings
suggest that the requirement for open reduction is influenced
by a complex interplay of patient-specific and radiographic
factors rather than a single determinant.

In this context, numerous studies have investigated factors
associated with the need for open reduction in pediatric
SCHFs, identifying a broad range of potential risk factors.
Among patient-related variables, age has emerged as a fre-
quently discussed factor; however, the findings regarding its
influence on open reduction remain controversial. Oguzkaya
et al.l’! reported that increasing age was an independent pre-
dictor of failed CR, demonstrating that each |-year increase
in age was associated with approximately a 40% increase in
risk (OR=1.40, p=0.01). In contrast, Thirakulpakdi et al.l'! re-
ported that patients younger than 8 years of age had a higher
likelihood of requiring open reduction, suggesting an inverse
relationship between age and reduction success. These con-
flicting findings indicate that the effect of age may not be
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Table 2. Comparison of radiographic parameters between groups

Group | (OR) (n=128) (%) Group 2 (CR) (n=166) (%) P
Fracture type
Extension 97 (75.8) 149 (89.2) p=0.012
Flexion 31 (24.2) 17 (10.2)
Displacement pattern
Anterior 27 (21.1) 14 (8.4) p<0.001
Posterior 27 (21.1) 70 (42..2)
Posterolateral 41 (32) 26 (15.7)
Posteromedial 33 (25.8) 56 (33.7)
Rotation
Present 96 (75) 98 (59) p=0.038
Absent 32 (25) 68(41)
Diaphyseal involvement
Present 33 (25.8) 32 (19.3) p=0.183
Absent 95 (74.2) 134 (80.7)
Coronal fracture pattern
High transverse 23 30 p=0.075
Low transverse 72 108
Medial oblique 16 12
Lateral oblique 17 16
Sagittal fracture pattern
Low 66 (51.6) 101 (60.8) p=0.363
High 62 (48.4) 65 (39.2)
Coronal alignment
Varus 43 (33.6) 39 (23.5) p=0.003
Neutral 36 (28.1) 78 (47)
Valgus 49 (38.3) 49 (29.5)

OR: Open reduction; CR: Closed reduction.

Table 3. Results of backward stepwise (likelihood ratio) logistic regression analysis. Only the final step of the model is presented for

clarity
Variable B SE OR 95% ClI P
Age 0.120 0.047 1.127 1.029-1.236 0.010
Flexion type 0.592 0.184 1.807 1.261-2.590 0.001
Posterolateral displacement 0.333 0.165 1.39 1.010-1.926 0.043
Neutral alignment —-0.384 0.148 0.681 0.510-0.909 0.009

SE: Standard error; OR: Odds Ratio; Cl: Confidence interval.

linear and could vary depending on fracture characteristics
and study populations. In the present study, increasing age
emerged as an independent predictor of open reduction, with
each additional year associated with a higher likelihood of re-
quiring open reduction, suggesting that older children may
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experience greater reduction difficulty.

Beyond patient-related variables, fracture-specific character-
istics have been shown to play a critical role in determining

the need for open reduction. Among these, fracture type was
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identified as one of the most important determinants. Flex-
ion-type fractures have been widely reported in the literature
to be associated with a higher likelihood of open reduction,
largely due to their inherent instability. In a recent study, Ko-
lac et all'l demonstrated that flexion-type fractures were
significantly more common in the open reduction group than
in the CR group, indicating a strong association between frac-
ture configuration and the need for open reduction. Similarly,
Oguzkaya et al.”! reported that flexion-type fracture configu-
ration was an independent predictor of failed CR (OR=2.644,
95% Cl: 1.085—6.440; p=0.032). Furthermore, Latario et al.l'
demonstrated that flexion-type injuries increased the risk of
conversion to open reduction more than tenfold (relative risk
=10.2). However, recent meta-analytic evidence has yielded
more heterogeneous findings, suggesting that although exten-
sion-type Gartland IV fractures are strongly associated with
open reduction, flexion-type injuries may not independently
predict the need for open reduction (OR=2.354, p=0.251).
Consistent with several previous studies, flexion-type frac-
tures remained an independent predictor of open reduction
in our cohort (OR=1.807), further supporting the concept
that fracture instability plays a major role in reduction dif-
ficulty.

The direction of fracture displacement is another important
factor that may significantly influence reduction success and
the likelihood of open reduction. The direction of fracture dis-
placement is another important factor that may significantly
influence reduction success and the likelihood of open reduc-
tion. In this context, previous studies have suggested that lat-
eral displacement patterns, particularly those corresponding
to posterolateral translation, are associated with increased
reduction difficulty and a higher likelihood of open reduction.
Wang et al.l'!l reported that distal fragment displacement to-
ward the radial side was an independent risk factor for failed
CR, indirectly supporting the clinical importance of postero-
lateral displacement patterns. More directly, Ondina et al.l*
demonstrated that posterolateral displacement was present
in 65.9% of patients who required open reduction and iden-
tified it as a key factor associated with conversion to open
reduction. In addition, a recent meta-analysis by Transtrum
et al.®!l demonstrated that medially displaced fractures were
significantly less likely to require open reduction (OR=0.35;
95% CI: 0.15-0.78; p=0.01 I), indirectly supporting the notion
that lateral and posterolateral displacement patterns are as-
sociated with an increased risk of open reduction. Consistent
with these studies, posterolateral displacement was identified
as a factor associated with an increased likelihood of open re-
duction in our study, with a 1.39-fold higher risk of requiring
open reduction. When fracture patterns were considered in
our study, both flexion- and extension-type fractures, partic-
ularly those with posterolateral displacement corresponding
to Gartland type lllb injuries, were more frequently managed
with open reduction, likely due to their inherently unstable
nature. These findings further emphasize that instability plays
a key role in determining the need for open reduction and
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should be carefully considered during preoperative planning.
[7] In addition, the experience level of the operating surgeon
was evaluated to determine whether it influenced the choice
between open and CR; however, no significant association
was found. This observation is consistent with findings from
a recent meta-analysis suggesting that fracture characteris-
tics rather than surgeon-related factors primarily dictate the
need for open reduction.®! Although the decision to pro-
ceed with open reduction is ultimately made intraoperatively,
it is primarily based on the inability to achieve or maintain
an acceptable reduction despite appropriate CR maneuvers.
Therefore, the need for open reduction represents a clinically
meaningful surrogate of reduction difficulty rather than sur-
geon preference alone. Nevertheless, surgeon-related factors
and intraoperative judgment may still have contributed to the
final treatment decision. Accordingly, our findings should be
interpreted as identifying fracture characteristics associated
with an increased likelihood of open reduction rather than
absolute indications for conversion.

Among the evaluated variables, coronal fracture alignment
emerged as a key independent factor influencing the likelihood
of open reduction. In our analysis, preoperative neutral coro-
nal alignment (neither varus nor valgus) was associated with
a lower likelihood of requiring open reduction (OR=0.681,
95% CI: 0.510-0.909; p=0.009). This finding indicates that
fractures without coronal malalignment are more likely to be
successfully managed with CR. Similarly, the importance of
coronal alignment has been emphasized in the literature. Co-
lak et al.l’? demonstrated that varus fracture orientation was
significantly associated with an increased likelihood of open
reduction (OR=3.848, 95% Cl: 1.506-9.831; p=0.005). Taken
together, these findings highlight that coronal malalignment,
particularly varus deformity, increases fracture instability and
the likelihood of requiring open reduction.

This study has several limitations that should be acknowl-
edged. First, due to its retrospective design, the study is in-
herently subject to selection and information bias. Second,
certain potentially relevant variables, such as injury mecha-
nism severity and soft tissue status, could not be fully evalu-
ated due to limitations in the available records. Furthermore,
patients with associated neurovascular injuries were excluded
to obtain a more homogeneous study cohort. Consequently,
our findings may not be generalizable to patients with more
severe injury patterns, and a degree of selection bias can-
not be excluded. Third, although radiographic measurements
were performed by two experienced trauma surgeons and
demonstrated good interobserver reliability, measurement-
related variability cannot be completely excluded. Further-
more, although the operating surgeon’s level of experience
was evaluated, procedures performed within the study peri-
od were conducted by multiple surgeons, which may have in-
troduced heterogeneity in reduction techniques. Variations in
surgical experience, technical approach, and individual thresh-
olds for conversion to open reduction may have influenced
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intraoperative decision-making and introduced potential bias.
Finally, as this was a single-center study, the generalizability of
the findings may be limited. Nevertheless, the relatively large
sample size, the balanced distribution of patients between
groups, and the comprehensive assessment of both demo-
graphic and radiographic variables strengthen the validity and
robustness of our findings.

CONCLUSION

Several patient and fracture-related characteristics were
found to be independently associated with the likelihood of
open reduction in pediatric SCHFs. Increasing age, flexion-
type fractures, and posterolateral displacement were inde-
pendently associated with a higher likelihood of open reduc-
tion, whereas neutral coronal alignment was associated with
a lower likelihood of requiring open reduction. Among these,
fracture-related characteristics, particularly those reflecting
fracture instability and displacement pattern, showed the
strongest associations with open reduction. Recognition of
these associated factors may assist preoperative planning and
help surgeons anticipate technically challenging reductions.
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ORIJINAL CALISMA - 6Z

Pediatrik suprakondiler humerus kiriklarinda acik rediiksiyon ile iligkili klinik ve
radyolojik faktorler

AMAC: Bu calismanin amaci, pediatrik suprakondiler humerus kiriklarinda (SKHK) agik rediiksiyon gereksinimi ile iliskili demografik ve radyografik
faktorleri degerlendirmektir.

GEREGC VE YONTEM: 20162025 yillari arasinda cerrahi olarak tedavi edilen toplam 294 pediatrik SKHK olgusu retrospektif olarak incelendi. Has-
talar agik rediiksiyon (OR, n=128) ve kapali rediiksiyon (CR, n=166) olmak tizere iki gruba ayrildi. Yas, cinsiyet, yaralanma tarafi ve cerrah deneyimi
gibi demografik veriler kaydedildi. Preoperatif on-arka ve lateral dirsek grafilerinde kirik tipi, deplasman yonu, rotasyonel deformite, diafizer uzanim,
koronal kirik paterni, sagittal kirik paterni ve koronal dizilim degerlendirildi. Tek degiskenli analizde anlamli bulunan degiskenler (p<0.05), backward
stepwise yontemi kullanilarak ¢ok degiskenli lojistik regresyon analizine dahil edildi.

BULGULAR: OR grubunda ortalama yas, CR grubuna gére anlamli olarak daha yiiksekti (6.9412.85 yila karsilik 5.58%2.64 yil, p<0.001). Fleksiyon
tipi kiriklar OR grubunda daha sik gozlendi (%24.2'ye karsilik %10.2, p=0.012). Posterolateral deplasman ve rotasyonel deformite de agik rediik-
siyon ile anlamli olarak iligkili bulundu. Koronal dizilim agisindan gruplar arasinda anlamli fark saptandi; varus ve valgus maldizilimi OR grubunda
daha sik izlendi (p=0.003). Cok degiskenli lojistik regresyon analizinde artan yas (OR=1.127, %95 GA: 1.029—1.236; p=0.010), fleksiyon tipi kirik
(OR=1.807, %95 GA: 1.261-2.590; p=0.001) ve posterolateral deplasman (OR=1.39, %95 GA: 1.010-1.926; p=0.043) acik redlksiyon igin ba-
gimsiz belirleyiciler olarak saptandi. Buna karsin, koronal planda nétral dizilim, agik rediiksiyon olasiligini azaltan bagimsiz bir faktor olarak bulundu
(OR=0.681, %95 GA: 0.510-0.909; p=0.009).

SONUCG: Pediatrik SKHK'larda cesitli demografik ve kiriga ait dzellikler acik rediiksiyon gereksinimi ile bagimsiz olarak iligkili bulunmustur. Ozellikle
deplasman paterni ve koronal dizilim ile iligkili kirik ozellikleri, agik redliksiyon gereksinimi ile en gliclii iliskiyi gostermistir. Bu faktorlerin preoperatif
dénemde degerlendirilmesi, cerrahi planlamaya katki saglayabilir ve teknik olarak gii¢ rediiksiyonlarin dngériilmesine yardimci olabilir.

Anahtar sozciikler: Agik rediiksiyon; kapali rediiksiyon; koronal dizilim; kirik deplasmani; suprakondiler humerus kirigi.
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Epidemiology and injury patterns of high-energy pediatric
pelvic and acetabular fractures: A retrospective study with
comparative outcomes
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ABSTRACT

BACKGROUND: This study aimed to evaluate the epidemiological characteristics, injury mechanisms, fracture patterns, associated
injuries, and early hemoglobin (Hb) changes and physiological response in pediatric patients with pelvic fractures. In addition, clinical
and injury-related variables were compared according to skeletal maturity status and treatment modality.

METHODS: This retrospective single-center study included 52 consecutive patients younger than 18 years who were treated for
pelvic fractures between September 2022 and March 2025. Skeletal maturity was determined based on triradiate cartilage status.
Fractures were classified using Torode-Zieg, Young-Burgess, and Letournel-Judet systems. Early physiological response was assessed
using serial Hb measurements at admission, 24 h, and 48 h. Comparative analyses were performed according to skeletal maturity and
treatment modality.

RESULTS: The median age was 14 years, and 55.8% of patients were female. Pelvic ring injuries were observed in 76.9% of patients,
and associated injuries were present in 67.3%. Non-operative treatment was performed in 65.4% of patients. Hb levels decreased
from 12.3+1.8 g/dL at admission to | I.1£2.0 g/dL at 24 h and 10.5 g/dL at 48 h. No significant differences in Hb decline were observed
according to skeletal maturity (p>0.05). Patients who underwent operative treatment had significantly lower Hb levels at 24 and 48
h (p=0.006 and p=0.005, respectively); however, the magnitude of Hb decrease did not differ significantly between treatment groups
(p>0.05).

CONCLUSION: Pediatric pelvic fractures are uncommon injuries typically associated with high-energy trauma and multiple con-
comitant injuries. Early Hb decline was modest and did not differ according to skeletal maturity. Lower Hb levels in surgically treated
patients may reflect overall injury severity rather than pelvic fracture-related hemorrhage. Careful evaluation of associated injuries and
close monitoring of Hb levels are essential in pediatric pelvic trauma.

Keywords: Acetabulum; hemoglobin; pediatric; pelvic fractures; skeletal maturity.

INTRODUCTION contrast to adults, the pediatric pelvis has distinct anatomical

and biomechanical characteristics, including a higher propor-
Pediatric pelvic fractures are uncommon injuries, accounting  tion of cartilage, thicker periosteum, and greater elasticity,
for <0.2% of all fractures in children and occurring at an es-  which allow the pelvic ring to absorb higher levels of force

timated incidence of approximately 1/100,000 children.! In  before fracturing.>® Due to these structural differences, frac-
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ture patterns in children may differ from those seen in adults,
and incomplete or isolated pelvic ring injuries may occur more
frequently.i**!

The mechanisms responsible for pediatric pelvic fractures typ-
ically involve high-energy trauma such as falls from height or
traffic accidents, and isolated pelvic fractures are uncommon.
1€l Because the force required to fracture the pediatric pelvis
is substantial, energy is frequently transmitted to other body
regions, resulting in associated injuries involving the head,
spine, extremities, thorax, or abdominal organs.*” Previous
studies have reported associated injuries in more than half of
pediatric pelvic trauma cases, highlighting the importance of
careful systemic evaluation.”® Consequently, although mor-
tality directly attributable to pelvic fracture itself is generally
lower in children than in adults, overall morbidity and mortal-
ity are often determined by the severity of associated injuries
rather than the fracture alone.?'%

Management strategies for pediatric pelvic fractures are influ-
enced by fracture pattern, skeletal maturity, and the presence
of associated injuries. Historically, most pelvic fractures in chil-
dren have been treated non-operatively because many injuries
are stable and the pediatric pelvis has considerable healing po-
tential.l'"'2 Nevertheless, recent evidence suggests that pelvic
remodeling capacity may be more limited than previously as-
sumed, and displaced or unstable fractures may require op-
erative stabilization to restore pelvic symmetry and prevent
long-term complications.?'"'®! In addition, the status of the
triradiate cartilage is considered one of the most reliable indi-
cators of skeletal maturity and helps guide both fracture clas-
sification and treatment strategy.l'! Although life-threatening
hemorrhage is a well-recognized concern in adults with pelvic
fractures, exsanguinating bleeding appears to be considerably
less common in children due to more effective vasoconstric-
tion and the tamponading effect of the intact periosteum.?*
Nevertheless, early blood loss and hemoglobin (Hb) decline
may still reflect injury severity and overall trauma burden in
pediatric patients sustaining pelvic fractures. However, data
describing the relationship between skeletal maturity, treat-
ment strategy, and trauma-related early Hb changes and physi-
ological response in pediatric pelvic fractures remain limited in
the current literature.

In this study, early Hb changes were used as an indirect marker
of early physiological response rather than a direct measure
of hemorrhage. The aim of this study was to evaluate the
epidemiological characteristics, injury mechanisms, fracture
patterns, associated injuries, and early Hb changes and physi-
ological response in pediatric patients presenting with pelvic
fractures at a single tertiary center. In addition, we sought to
compare clinical and injury-related variables according to skel-
etal maturity status and treatment modality in order to bet-
ter characterize injury patterns and early Hb changes in this
patient population.
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MATERIALS AND METHODS

This retrospective study was performed in accordance with
the principles of the Declaration of Helsinki and was approved
by the Institutional Ethics Committee Etlik City Hospital (Ap-
proval No:AESH-BADEK1-2026-144, Date: 18.02.2026). As
this study was designed as a retrospective analysis using anon-
ymized patient data, the requirement for informed consent to
participate was waived by the institutional ethics committee.

This retrospective single-center study was conducted at a
tertiary referral hospital and included pediatric patients who
presented to the emergency department with pelvic injuries
between September 2022 and March 2025 and were treated
by our orthopedic department. Patients younger than |8
years with radiologically confirmed pelvic fractures were eli-
gible for inclusion. A total of 52 consecutive patients met the
inclusion criteria and were analyzed. Patients older than 18
years, those transferred after initial treatment elsewhere, pa-
tients with pelvic avulsion fractures, which are usually caused
by low-energy mechanisms, and those with incomplete radio-
logical or laboratory data were excluded.

Demographic and clinical data were obtained from elec-
tronic medical records. Recorded variables included age, sex,
mechanism of injury, skeletal maturity status, fracture pat-
tern, associated injuries, treatment modality, and serial Hb
measurements. Mechanisms of injury were categorized as fall
from height, traffic accident (including both in-vehicle and pe-
destrian injuries), crush injury, or other causes.

Skeletal maturity was determined based on the status of the
triradiate cartilage evaluated on initial pelvic radiographs and
computed tomography scans. The status of the triradiate car-
tilage and fracture classifications was independently assessed
by an orthopedic surgeon and a radiologist who were blinded
to the clinical data. Discrepancies between the two review-
ers were resolved by consensus. Patients were classified as
skeletally immature if the triradiate cartilage was open and
skeletally mature if it was closed.

Fractures were classified using established classification sys-
tems appropriate to skeletal maturity. In skeletally immature
patients, pelvic fractures were categorized according to the
Torode-Zieg classification system. In skeletally mature pa-
tients with pelvic ring injuries, fractures were classified using
the Young-Burgess system. Acetabular fractures were clas-
sified according to the Letournel-Judet classification system.
For descriptive and comparative purposes, fractures were
also grouped anatomically as pelvic ring injuries or isolated
acetabular fractures.

Associated injuries were identified through clinical examina-
tion and imaging findings on admission and categorized as
thoracic injuries, spine fractures, extremity fractures, maxillo-
facial and/or intracranial injuries, and intra-abdominal injuries.
In addition, a composite variable defined as the presence of
any associated injury was recorded.

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9
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Treatment modality was documented as operative or non-op-
erative. Indications for operative treatment included fracture
displacement, instability, and inability to maintain alignment
with conservative management. All operative interventions
were performed after the first 48 hours of admission. There-
fore, Hb changes observed within the initial 48-h period were
considered to represent trauma-related blood loss rather
than surgical bleeding.

Early physiological response was assessed using serial Hb

Table I.

measurements obtained from routine complete blood counts
at admission (Hb0), at 24 h (Hb24), and at 48 h (Hb48). To
quantify early Hb decline, the decrease within the first 24
h (AHb24/0=Hb0-Hb24), the decrease between 24 and 48
h (AHb48/24=Hb24-HbA48), and the total decrease within
the first 48 h (AHb48/0=Hb0—-Hb48) were calculated. Since
all operative interventions were performed after 48 h, these
Hb changes were considered to reflect early trauma-related
hemorrhage. No patient received a blood transfusion within
the first 48 h. Hb values were interpreted with caution, as

Baseline characteristics and injury patterns of the population (n=52)

Variable

Overall (n=52)

Age, years [median (min—-max)]
Sex, n (%)
Female
Male
Skeletal maturity (triradiate cartilage), n (%)
Open
Closed
Injury mechanism, n (%)
Fall from height
Traffic accident (in-vehicle+pedestrian)
Crush injury
Other
Fracture pattern, n (%)
Pelvic ring injury
Isolated acetabular fracture
Associated injuries, n (%)
Any associated injury
Thoracic injury
Spine fracture
Extremity fracture
Maxillofacial and/or intracranial injury
Intra-abdominal injury
Treatment, n (%)
Non-operative
Operative
Hemoglobin change
Hb at admission, HbO (g/dL) (meant SD)
Hb at 24 h, Hb24 (g/dL) (meanxSD)
Hb at 48 h, Hb48 (g/dL) [median (min—max)]

Hb decrease within first 24 h, AHb24/0=Hb0-Hb24 (g/dL) [median (min—max)]
Hb decrease within second 24 h, AHb48/24=Hb24-Hb48 (g/dL) [median (min—max)]
Hb decrease within first 48 h, AHb48/0=Hb0-Hb48 (g/dL) [median (min—max)]

14 (4-18)

29 (55.8)
23 (44.2)

26 (50)
26 (50)

22 (42.3)
19 (36.5)
7 (13.5)
4(7.7)

40 (76.9)
12 (23.1)

35 (67.3)
22 (42.3)
18 (34.6)
14 (26.9)
12 (23.1)
5 (9.6)

34 (65.4)
18 (34.6)

12.3+18
11.1£2.0
10.5 (6.1-15.2)
| (-2.3-4.6)
03 (-1.7-2.3)
1.05 (-2.2-5.3)

Hb: Hemoglobin; SD: Standard deviation.

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

1151



they may be influenced by factors such as fluid resuscitation
and hemodilution.

Comparative analyses were performed according to skel-
etal maturity status (open vs. closed triradiate cartilage) and
treatment modality (operative vs non-operative).

Descriptive statistics are presented as number (n) and per-
centage (%) for qualitative data. For quantitative data, mean
and standard deviation are given for normally distributed
data, and median and minimum-maximum values are given
for non-normally distributed data. Comparison of categorical
variables was performed using the Pearson Chi-square test.
Fisher’s exact test was used when the number of cells where
the expected value was less than five exceeded 20% of the
total number of cells. For comparing continuous variables in
two independent groups, the independent samples t-test was
used if the continuous variable followed a normal distribution
in both groups, and the Mann—Whitney U test was used if
it did not follow a normal distribution in at least one group.
The Type | error margin (alpha) was accepted as 0.05. The
Statistical Package for the Social Sciences version 31.0 was
used for data analysis.

RESULTS

A total of 52 pediatric patients with pelvic fractures were
included in the study. The median age was |4 years (range,
4—18 years), and 29 patients (55.8%) were female. The triradi-
ate cartilage was open in 26 patients (50%) and closed in 26
patients (50%). The most common mechanism of injury was a
fall from height (42.3%), followed by traffic accidents (36.5%).
Pelvic ring injuries were observed in 40 patients (76.9%),
whereas isolated acetabular fractures were present in |12 pa-
tients (23.1%). Associated injuries were identified in 35 pa-
tients (67.3%), with thoracic injuries being the most frequent
(42.3%), followed by spine fractures (34.6%) and extremity
fractures (26.9%). Non-operative treatment was performed
in 34 patients (65.4%), while 18 patients (34.6%) underwent
operative management. The mean Hb level at admission was
12.3£1.8 g/dL, which decreased to I1.1£2.0 g/dL at 24 h and
to a median of 10.5 g/dL (range, 6.1—15.2) at 48 h. The me-
dian Hb decrease within the first 48 h was 1.05 g/dL (range,
—-2.2-5.3) (Table 1).

According to fracture classification, among skeletally imma-
ture patients, Torode-Zieg type lll fractures were the most
common (57.6%), followed by type Il (26.9%) and type IV in-
juries (15.3%). Among skeletally mature pelvic ring injuries,
Young-Burgess LCI fractures predominated (71.4%). Acetab-
ular fractures were evenly distributed between transverse and
posterior wall types (33.3% each), with both-column and an-
terior column fractures each accounting for 16.7% (Table 2).

When patients were compared according to skeletal matu-
rity, the median age was significantly higher in the skeletally
mature group than in the immature group (16 vs. 12.5 years,
p<0.001). No significant differences were observed between
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Table 2.  Fracture classification
Classification n (%)
Torode-Zieg classification (n=26)
Type Il 7 (26.9)
Type lll 15 (57.6)
Type IV 4 (15.3)
Young-Burgess classification (n=14)
LCI 10 (71.4)
LC2 3(21.4)
LC3 1 (7.1)
Letournel-Judet classification (n=12)
Transverse 4 (33.3)
Posterior wall 4 (33.3)
Both column 2 (16.7)
Anterior column 2 (16.7)

the groups regarding sex distribution, injury mechanisms, as-
sociated injuries, or operative treatment rates. Hb values at
admission, 24 h, and 48 h were similar between groups. Like-
wise, Hb decreases within the first 24 h, between 24 and 48
h, and within the first 48 h did not differ significantly accord-
ing to skeletal maturity status (all p>0.05) (Table 3).

Comparison according to treatment modality showed no
significant differences between operative and non-operative
groups in terms of age, sex, skeletal maturity, injury mecha-
nisms, or associated injuries. Admission Hb levels were also
similar between groups (p=0.072). However, Hb levels at 24
h and 48 h were significantly lower in the operative group
compared to the non-operative group (median Hb24: 10.0 vs.
I1.7 g/dL, p=0.006; median Hb48: 9.4 vs. 1 1.6 g/dL, p=0.005).
Despite these differences, Hb decreases within the first 24
h, between 24 and 48 h, and within the first 48 h were not
statistically different between operative and non-operative
patients (all p>0.05) (Table 4). In an additional analysis, Hb
values at admission, 24 h, and 48 h, as well as Hb changes,
were comparable between patients with pelvic ring injuries
and those with isolated acetabular fractures (all p>0.05).

DISCUSSION

The most important finding of the present study was that
patients who underwent operative treatment had significantly
lower Hb levels at 24 and 48 h, whereas the magnitude of
Hb decline within the first 48 h did not differ significantly be-
tween operative and non-operative groups. This observation
suggests that lower Hb levels in surgically treated patients
may be associated with overall injury severity; however, this
interpretation should be considered speculative in the ab-
sence of objective injury severity scores. Although pelvic frac-
tures in adults are commonly associated with life-threatening
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Table 3. Comparison according to skeletal maturity

Variable

Open triradiate- Closed triradiate- P

Immature (n=26) Mature (n=26)

Age, years [median (min-max)]

Female sex, n (%)

Injury mechanism, n (%)
Fall from height
Traffic accident (all MVC combined)
Crush
Other

Associated injuries, n (%)
Any associated injury
Thoracic injury
Spine fracture
Extremity fracture
Maxillofacial and/or intracranial injury
Intra-abdominal injury

Operative treatment, n (%)

Hb change
Hb at admission, Hb0 (g/dL) (mean+SD)
Hb at 24 h, Hb24 (g/dL) (mean+SD)
Hb at 48 h, Hb48 (g/dL) (mean+SD)

Hb decrease within first 24 h, AHb24/0=Hb0-Hb24 (g/dL) (meantSD)
Hb decrease within second 24 h, AHb48/24=Hb24-Hb48 (g/dL) (meanxSD)
Hb decrease within first 48 h, AHb48/0=Hb0-Hb48 (g/dL) [median (min—max)]

12.5 (4-14) 16 (14-18) <0.001°
5 (57.7) 14 (53.8) 0.780°
0.197¢

Il (42.3) 11 (42.3)

8 (30.8) 1l (42.3)

6 (23.1) | 3.8)

| 3.8) 3(11.5)
18 (69.2) 17 (65.4) 0.768°
10 (38.5) 12 (46.2) 0.575b
8 (30.8) 10 (38.5) 0.560°
7 (26.9) 7 (26.9) 1.000°
7 (26.9) 5(19.2) 0.510°
3(11.5) 2(7.7) 1,000
7 (26.9) 1l (42.3) 0.244°
12.0+1.7 12.5¢1.9 03129
10.6+1.7 11.6+2.1 0.061¢
10.4+1.8 11.3+22 0.093¢
1. 4+13 0.9+1.3 0.170¢
03+1.0 0.340.8 0.792¢
1.1 (-1.6-4.6) 10(-22-53)  0.197°

*Mann—Whitney U test; *Pearson Chi-square test; Fisher exact test; ‘Independent samples t test; Hb: Hemoglobin; SD: Standard deviation; MVC: Motor

vehicle crash.

hemorrhage, exsanguinating bleeding appears to be less fre-
quent in children due to the tamponading effect of the intact
periosteum and the more reactive vasculature in the pediatric
population.*] Our findings support this concept and indicate
that early Hb decline in pediatric pelvic trauma may be influ-
enced more by overall trauma severity than by pelvic injury
alone. Previous studies have also demonstrated that lower
Hb levels are associated with increased injury severity and a
higher likelihood of operative intervention in pediatric pelvic
trauma.l'’! Hb levels should be interpreted as indirect mark-
ers of physiological response rather than direct indicators of
hemorrhage, as they may be influenced by factors such as
fluid resuscitation and hemodilution, potentially limiting their
ability to accurately reflect true blood loss in the early trauma
period.

Another notable finding was that skeletal maturity did not
significantly affect early Hb change. Despite a significant age
difference between skeletally immature and mature patients,
Hb levels and Hb decline within the first 48 h were compa-

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

rable between groups. The pediatric pelvis differs structurally
from the adult pelvis, with a higher cartilage content, thicker
periosteum, and greater elasticity, which may limit displace-
ment and reduce bleeding.**! Previous studies have also em-
phasized that skeletally immature pelvic fractures represent a
distinct injury entity; however, our results suggest that these
anatomical differences may not translate into meaningful dif-
ferences in early hemorrhagic response when pelvic fractures
occur.B'

Pediatric pelvic fractures typically result from high-energy
trauma and are frequently accompanied by multiple associ-
ated injuries. In the present study, associated injuries were
identified in more than two-thirds of patients, with thoracic
and spinal injuries being the most common. These findings
are consistent with previous reports demonstrating that pe-
diatric pelvic fractures rarely occur in isolation and that en-
ergy transfer during trauma often results in injuries involving
multiple organ systems.[*”'¥] The high rate of concomitant in-
juries observed in our cohort supports earlier studies report-
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Table 4. Comparison according to treatment
Variable Non-operative Operative P
(n=34) (n=18)
Age, years [median (min—max)] 14 (4-18) 15 (8-18) 0.444
Female sex, n (%) 17 (50.0) 12 (66.7) 0.250°
Closed triradiate cartilage, n (%) 15 (44.1) Il (6l.1) 0.244°
Injury mechanism, n (%)
Fall from height 15 (44.1) 7 (38.9)
Traffic accident 13 (38.2) 6 (33.3)
Crush 3(88) 4 (22.2) 0.630¢
Other 3(88) | (5.6)
Associated injuries, n (%)
Any associated injury 21 (61.8) 14 (77.8) 0.242°
Thoracic injury 12 (35.3) 10 (55.6) 0.159%°
Spine fracture Il (32.4) 7 (38.9) 0.637°
Extremity fracture 7 (20.6) 7 (38.9) 0.197¢
Maxillofacial and/or intracranial injury 7 (20.6) 5(27.8) 0.731¢
Intra-abdominal injury 3 (8.8) 2 (11.1) 1.000¢
Hb change
Hb at admission, HbO (g/dL) (meantSD) 12.6+1.8 11.6x1.7 0.072¢
Hb at 24 h, Hb24 (g/dL) [median (min—max)] 11.7 (7.4-15.9) 10.0 (7.9-14.6) 0.006°
Hb at 48 h, Hb48 (g/dL) [median (min-max)] 11.6 (7.2-15.2) 9.4 (6.1-14.0) 0.005*
Hb decrease within first 24 h, AHb24/0=Hb0—-Hb24 (g/dL) [median (min—max)] 0.5 (-2.3-4.6) 1.3 (-0.5-3.6) 0.303°
Hb decrease within second 24 h, AHb48/24=Hb24-Hb48 (g/dL) (meanxSD) 0.2+0.8 0.4x1.0 0.394¢
Hb decrease within first 48 h, AHb48/0=Hb0-Hb48 (g/dL) (mean+SD) 1.2£1.5 1.9+1.6 0.125¢

*Mann—Whitney U test; *Pearson Chi-square test; “Fisher Exact test; dindependent samples t test.

ing associated injuries in 58—100% of pediatric pelvic fracture
cases.”' Furthermore, previous literature has indicated that
morbidity and mortality in pediatric pelvic trauma are more
closely related to associated injuries than to the pelvic frac-
ture itself,*'? which is consistent with our findings. Recent
studies have further emphasized that, in pediatric pelvic trau-
ma, hemorrhagic burden is more often related to associated
injuries rather than the pelvic fracture itself.['”]

Historically, most pediatric pelvic fractures have been man-
aged non-operatively, as many injuries are stable and the pe-
diatric pelvis has considerable healing potential.l'"'? In our
series, approximately two-thirds of patients were treated
conservatively, which aligns with previous reports indicating
that the majority of pediatric pelvic fractures do not require
surgical stabilization.!'¥ However, recent studies suggest that
pelvic remodeling potential may be limited, particularly in dis-
placed or unstable fractures, and operative stabilization may
be required to restore pelvic symmetry and prevent long-
term deformity.'"'3 In the present study, although operative
treatment was more frequent in skeletally mature patients,
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this difference did not reach statistical significance. This find-
ing highlights that treatment decisions in pediatric pelvic
trauma depend on multiple factors, including fracture pattern,
skeletal maturity, and the presence of associated injuries.!'”]

The fracture patterns observed in our study also reflect
known characteristics of pediatric pelvic trauma. Pelvic ring
injuries constituted the majority of cases, whereas isolated
acetabular fractures were less common. The elasticity of the
pediatric pelvis and the relative strength of ligamentous struc-
tures may allow deformation without complete disruption of
the pelvic ring, leading to different injury patterns compared
to adults.’! In addition, the status of the triradiate cartilage
has been reported as one of the most reliable indicators of
skeletal maturity and plays an important role in determining
injury pattern and management strategy.'"¥! Our findings are
consistent with this concept, although skeletal maturity did
not influence early hemorrhagic changes.

The present study has several limitations. First, the retrospec-
tive design may introduce selection bias, particularly in the
comparison between operative and non-operative groups,
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as treatment decisions were based on clinical judgment and
underlying injury characteristics. Second, the relatively small
sample size may limit statistical power for subgroup analyses.
Third, formal injury severity scores were not available, which
limits the ability to objectively assess overall trauma burden.
Finally, data regarding intensive care unit admission and length
of hospital stay were not available. Despite these limitations,
the strengths of this study include the evaluation of early Hb
changes, blinded radiologic assessment, and comparative anal-
yses according to skeletal maturity and treatment modality.

CONCLUSION

In conclusion, pediatric pelvic fractures are rare injuries typi-
cally resulting from high-energy trauma and frequently as-
sociated with additional injuries. Early Hb decline was mod-
est overall and did not differ according to skeletal maturity.
Although surgically treated patients demonstrated lower Hb
levels during early follow-up, the degree of Hb decline was
similar, suggesting that overall injury severity rather than pel-
vic fracture-related hemorrhage may influence early hemato-
logic changes. Careful assessment of associated injuries and
close monitoring of Hb levels, with consideration of potential
confounding factors, remain essential in the management of
pediatric pelvic trauma.
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ORIJINAL CALISMA - 6Z

Yiiksek enerjili pediatrik pelvik ve asetabulum kiriklarinin epidemiyolojisi ve yaralanma
paternleri: Kargilagtirmali sonuglari iceren retrospektif bir ¢aligma

AMAC: Bu calismanin amaci, pelvik kirngi olan pediatrik hastalarda epidemiyolojik 6zellikleri, yaralanma mekanizmalarini, kirik paternlerini, eslik eden
yaralanmalari ve erken dénemde hemoglobin degisikliklerini ve fizyolojik yaniti degerlendirmektir. Ayrica, klinik ve yaralanmaya bagli degiskenler
iskelet matirite durumu ve tedavi modalitesine gore karsilastirildi.

GEREC VE YONTEM: Bu retrospektif tek merkezli galismaya, Eyliil 2022 ile Mart 2025 tarihleri arasinda pelvik kirik nedeniyle tedavi edilen 18
yas alti 52 ardisik hasta dahil edildi. iskelet matiiritesi triradiat kikirdak durumuna gére degerlendirildi. Kiriklar Torode—Zieg, Young-Burgess ve
Letournel-Judet siniflama sistemlerine gore siniflandirildi. Erken fizyolojik yanit, basvuru, 24. saat ve 48. saatte 6lclilen seri hemoglobin degerleri ile
degerlendirildi. Karsilagtirmali analizler iskelet matiiritesi ve tedavi modalitesine gore yapildi.

BULGULAR: Medyan yas 14 olup hastalarin %55.8’i kadindi. Pelvik halka yaralanmalari hastalarin %76.9’unda izlenirken, eslik eden yaralanma-
lar %67.3 oraninda mevcuttu. Hastalarin %65.4’U konservatif olarak tedavi edildi. Hemoglobin diizeyi bagvuruda 12.3£1.8 g/dL iken 24. saatte
[1.142.0 g/dl’ye ve 48. saatte 10.5 g/dLye geriledi. iskelet matiiritesine gore hemoglobin diisiisti agisindan anlamli fark saptanmadi (p>0.05).
Cerrahi tedavi uygulanan hastalarda 24. ve 48. saat hemoglobin diizeyleri anlamli olarak daha dustk bulundu (sirasiyla p=0.006 ve p=0.005); ancak
hemoglobin dustis miktari agisindan gruplar arasinda anlamli fark yoktu (p>0.05).

SONUC: Pediatrik pelvik kiriklar genellikle yliksek enerjili travmalarla iligkili nadir yaralanmalar olup siklikla ¢oklu eslik eden yaralanmalarla birlikte-
dir. Erken donemde hemoglobin dustsu sinirli olup iskelet matiritesine gore farklilik gostermemektedir. Cerrahi uygulanan hastalarda daha dustk
hemoglobin diizeyleri, pelvik kiriga bagli kanamadan ziyade genel yaralanma siddetini yansitiyor olabilir. Pediatrik pelvik travma yonetiminde eslik
eden yaralanmalarin dikkatli degerlendirilmesi ve hemoglobin diizeylerinin yakin takibi dnemlidir.

Anahtar sozciikler: Asetabulum; hemoglobin; iskelet matiiritesi pediatrik; pelvik kiriklar.

Ulus Travma Acil Cerrahi Derg 2026;32(9):1149-1156 DOI: 10.14744/tjtes.2026.00266

1156 Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9



CASE REPORT

Penetrating maxillofacial trauma with transmaxillary
migration of a metallic foreign body to the sphenoid sinus:
A rare case

Emrah Isiktekin

Department of Plastic Reconstructive and Aesthetic Surgery, Balikesir University Faculty of Medicine, Balikesir-Tlirkiye

ABSTRACT

This case report details a rare and potentially life-threatening injury of an initially overlooked maxillofacial trauma sustained during agri-
cultural activity. A 19-year-old male presented to the emergency department with a headache and fatigue, 2 days following a right malar
injury that had been previously sutured without advanced evaluation. A thorough clinical examination was conducted, which revealed
the presence of periorbital swelling on both sides, accompanied by a right subconjunctival hemorrhage and chemosis. Radiographic
imaging revealed the presence of a substantial, crescent-shaped metallic foreign body with its tip lodged just beneath the anterior skull
base, penetrating the sphenoid sinus and lying inferior to the hypophysis. The base of the foreign body extended horizontally into the
region adjacent to the middle nasal concha. Multislice computed tomography with angiography revealed its close proximity to critical
neurovascular structures, including branches of the maxillary artery. Surgical removal was performed under general anesthesia via an
extra-nasal transmaxillary approach, utilizing the trauma incision. Following meticulous dissection, the foreign body was reached and
carefully extracted through an executed outward rotation technique. This case emphasizes the vital necessity for thorough clinical
evaluation, detailed history-taking, and advanced imaging in the context of facial trauma, where superficially innocuous wounds may
harbor latent complications. Primary closure of laceration without full diagnostic clarity risks sealing the patient in danger just mil-
limeters from vital neurovascular structures. A detailed history, systematic examination and proper investigations are needed before
primary closure of traumatic facial lacerations.

Keywords: Agricultural injury; foreign bod; midface trauma.

INTRODUCTION

Agriculture is considered to be one of the most hazardous
economic sectors. It accounts for a significant number of ac-
cidents and occupational diseases on an annual basis.!'! It is
for this reason that agriculture continues to be categorized
as one of the most hazardous occupational sectors. Those
engaged in agricultural activities are exposed to a high rate of
injury and risk. Injuries sustained in agricultural areas remain a
significant cause of morbidity and mortality on a global scale.
The aforementioned injuries are frequently the consequence
of abrupt mechanical or environmental forces that surpass the

physiological limits of the human body, thereby compromis-
ing its structural integrity. From an epidemiological perspec-
tive, only injuries severe enough to require medical attention,
cause functional impairment, or lead to loss of consciousness
are systematically recorded.? It is important to note that this
approach may lead to an underestimation of the true scope of
the problem, especially in distant and rural areas.

It is an established fact that those engaged in agricultural pur-
suits are routinely exposed to a range of potential hazards,
including but not limited to the utilization of heavy machinery,
the employment of pesticides, and physically demanding la-
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bor.P®! These factors have been shown to result in long-term
disability and a significant economic burden on the affected
individuals and communities. Despite growing awareness and
prevention efforts, agricultural injuries remain a pressing pub-
lic health issue.”! In addition to the long-term damage and
health problems associated with agricultural labor, injuries
that require acute and urgent intervention are also prevalent.
BlIn the case of agricultural injuries presenting to primary care
after an acute trauma, it is imperative that healthcare profes-
sionals recognize that such injuries may be more serious than
they appear at first glance. This case report aims to present
such a scenario: A simple facial laceration, seemingly harmless
and occurring during agricultural work, has been observed to
conceal a metallic crescentic-shaped foreign body extending
beneath the skull base. Institutional review board approval
was not required for this single-patient case report in accor-
dance with local regulations. Written informed consent was
obtained from the patient for including study.

CASE REPORT

A 19-year-old male patient presented to the emergency
department with complaints of headache and fatigue. The
patient reported that he had sustained a traumatic injury 2
days earlier while working in the fields as a result of a steel
tow rope used to pull agricultural products behind a trac-
tor becoming taut and striking the right side of his face. The
patient’s initial treatment was administered at a primary
health center, where the laceration in the right malar region
was sutured without the use of advanced imaging or spe-
cialist consultation. The patient was admitted to the emer-
gency department 2 days later, owing to a deterioration in his
symptoms, and was referred to the plastic reconstructive and
aesthetic surgery department. A detailed examination of the
sutured laceration revealed signs of inflammation, manifest-
ing as hyperemia, edema, and non-purulent discharge (Fig. 1).
At the time of presentation, the patient displayed symptoms
consistent with a subfebrile fever, and vital signs, including
heart rate, blood pressure, and oxygen saturation, remained
within normal range. A neurological examination was con-
ducted, which revealed intact extraocular movements in all
directions, normal facial nerve function, and an absence of
sensory deficits except decreased sensation in the region ex-
tending from the right malar area to the upper lip. The ad-
ditional findings included the presence of bilateral periorbital
edema, right subconjunctival hemorrhage, and chemosis. A
radiographic evaluation was deemed necessary in order to
accurately ascertain the patient’s injury, taking into account
the results of the examination, signs and the patient’s trau-
ma history. Radiographic imaging revealed the presence of a
large, crescent-shaped metallic foreign body measuring ap-
proximately 34.8 mm in length and 10.0 mm in width (Fig. 2).
Multislice computed tomography (CT) with angiography was
performed subsequently, and this revealed that the foreign
body penetrated the sphenoid sinus, with its tip located just

1158

Isiktekin. Occult foreign body detection after agricultural injury

Figure 1. Pre-operative suture line and postoperative 6-month
scar within the palpebral groove.

Figure 2. Direct head graphy displays a crescent-shaped metallic
foreign body (lateral view).

inferior to the anterior skull base beneath the hypophysis,
and its base lying horizontally near the middle nasal concha.
The foreign object was found to be in close proximity to
branches of the maxillary artery; however, no active bleeding
or cerebrospinal fluid (CSF) leak was observed. The patient
was admitted and hospitalized immediately. Under general
anesthesia, the previously sutured malar laceration was me-
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Figure 3. The foreign body, which measured 5.5 cm in width, was
removed using a transmaxillary approach.

Figure 4. A metallic foreign body is seen in the sagittal section of
computed tomography scan, breaking through the ethmoid bone
and penetrating into the anterior wall of the sphenoid sinus.

ticulously dissected. A transmaxillary approach was used to
reach the foreign body, which was trapped within the poste-
rior aspect of the maxillary sinus and extended into the sphe-
noid sinus. The metallic foreign body was extracted through a
controlled reverse rotational maneuver. This allowed for safe
and complete removal along its insertion axis without causing
injury to the surrounding tissues (Figs. 3 and 4).

Consequently, the anatomical location after removal was me-
ticulously debrided and irrigated. The maxillary sinus mucosa
was meticulously debrided, and the anterior wall of the max-
illary sinus was restored. An endonasal tampon was strategi-
cally placed, along with bilateral nasal septal splints, to provide
support for mucosal healing and to ensure the maintenance
of structural alignment. The patient was admitted to the hos-

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9

pital for a period of 5 days to facilitate close post-operative
monitoring, with particular attention to signs of CSF leakage.

To prevent the onset of meningitis, prophylactic broad-
spectrum antibiotics, including vancomycin and meropenem,
were administered. Post-operative complications were not
observed. The nasal splints were removed on the 5th day,
and the patient was discharged in good condition with no
neurological deficit or residual symptoms.

The patient was scheduled to attend follow-up visits once a
month for 6 months postoperatively. A comprehensive clini-
cal evaluation and endoscopic examination were performed
on the patient during each visit, and it was ascertained that
the wound was healing adequately. There were no indications
of infection, neurological deficit, or functional impairment. A
CT scan was performed to ascertain the complete healing
of the patient, and no residual fragments or secondary com-
plications were observed during the 6-month follow-up. As
demonstrated in Figure |, the patient continued to demon-
strate no symptoms at the 6-month evaluation, and no long-
term sequelae were identified.

DISCUSSION

Penetrating cranio-facial injuries resulting from farm machin-
ery injuries are a rarity, yet when such injuries do occur, they
pose grave threats to vital anatomical structures such as the
ocular, cerebral and vasculo-nervous structures.! In this case,
a crescent-shaped metallic hook was observed in close prox-
imity to the pituitary and maxillary artery branches, passing
through the maxillary and sphenoid sinuses. It is evident that,
due to this foreign body’s absence of visibility from exter-
nal observation, it went undetected during the primary care
evaluation. As a result, the patient remained unaware of the
severity of his condition for 2 days until he sought further
medical attention. This case demonstrates the pivotal role
of radiological assessment following the initial evaluation. As
the literature indicates, comparable cases of penetrating cra-
niofacial trauma involving metallic foreign bodies have been
documented, frequently resulting from objects such as knives
or blades that traverse profound anatomical corridors and
reach the skull base.l’” The type of foreign body and agri-
cultural machine-related injury observed in this case has not
been previously documented in the extant literature. It is
therefore a noteworthy exemplar with regard to diagnosis,
treatment and follow-up. The injury was effectively managed
with a multidisciplinary approach, including the use of endo-
scopic assistance. In conclusion, the use of the endoscope as
a diagnostic and therapeutic tool is of great importance, as
demonstrated in the literature.®

Although persistent CSF leakage is rare, CSF leakage in the
first 2—7 days is a well-known complication of craniofacial
trauma, especially involving damage to the anterior cranial
fossa, cribriform plate, and ethmoid air cells.”! In such cases,
anterior skull base fractures, particularly those affecting the
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ethmoid and sphenoid regions, are of particular clinical sig-
nificance due to their proximity to the dura and the potential
for communication with the nasal cavity. In our case, we were
fortunate that the anterior skull base was preserved, and the
removal of the foreign body, as well as adequate debridement,
irrigation and obliteration, prevented CSF leakage. It is vital
to emphasize that, in this instance, our case underscores the
importance of close post-operative monitoring for the leak-
age of CSF, even in the absence of overt dural injury during
trauma and surgery.

Furthermore, as demonstrated in the relevant literature, the
utilization of antibiotics during the perioperative period has
been shown to promote healing in cases of meningitis, sinus-
itis and soft-tissue infections.I'” Considering this situation,
broad-spectrum antibiotics were administered prophylacti-
cally in our patient, and no infectious condition was observed,
although the patient presented to us on the 2nd day after the
injury.

Recent literature highlights the severity and complexity of in-
juries to farm machinery and craniofacial trauma, particularly
in low-resource rural areas.''! The study revealed that the
mechanisms of injury encompass a wide spectrum of sever-
ity, from mild to severe injuries. In addition, late presenta-
tion to tertiary hospitals has been shown in another study
to contribute significantly to morbidity due to farm-related
injuries in low-income countries.l'? The similarities that can
be identified between both experience and our case are of
paramount importance in emphasizing the clinical significance
of treating even seemingly minor agricultural facial injuries
with a high level of suspicion, employing a multidisciplinary
approach, and utilizing available resources.

CONCLUSION

This case demonstrates the critical importance of compre-
hensive clinical evaluation, detailed history, and advanced im-
aging in the maxillofacial trauma patient due to farm machin-
ery injury. It also serves to highlight the necessity for caution
when assessing penetrating injuries, as their initial appearance
may be misleading. In rural areas, where access to advanced
diagnostic facilities may be delayed, physicians should be alert
for occult injuries and other underlying pathologies.

Ethics Committee Approval: This is a single case report,
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OLGU SUNUMU - 0Z

Transmaksiller yoldan sfenoid siniise saplanan metalik yabanci cisim ile penetran
maksillofasiyal travma: Nadir bir olgu

Bu olgu raporunda, tarimsal faaliyet sirasinda meydana gelen ve baslangigta gézden kagan bir maksillofasiyal travmanin nadir gérilen ve potansiyel
olarak hayati tehdit edebilecek bir yaralanmasi sunulmaktadir. On dokuz yasinda bir erkek, daha once ileri degerlendirme yapiimadan dikilen sag
malar bélgedeki yaralanmasindan iki giin sonra bag agrisi ve halsizlik sikayetiyle acil servise bagvurmustur. Yapilan kapsamli klinik muayenede her iki
tarafta periorbital 6dem, sag subkonjonktival hemoraji ve kemozis tespit edildi. Radyografik goriintiilemede, ucu 6n kafa tabaninin hemen altina
yerlesmis, sfenoid sinlisli penetre eden ve hipofizin inferiorunda uzanan, hilal seklinde metalik bir yabanci cismin varligi tespit edildi. Yabanci cismin
tabani yatay olarak orta burun konkasina bitisik bolgeye dogru uzaniyordu. Anjiyografi ile cok kesitli bilgisayarli tomografi tetkik ettirilerek, maksiller
arter dallari da dahil olmak tizere kritik norovaskiiler yapilara yakinligi ortaya koydu. Acil ameliyata alinan hastanin yaralanmasina genel anestezi al-
tinda, travma insizyonu kullanilarak ekstra nazal transmaksiller yaklasildi. Titiz, dikkatli diseksiyonun ardindan metalik yabanci cisme ulagildi ve ekseni
etrafinda disa dondiirme teknigi uygulanarak dikkatlice gikarildi. Bu olgu, ylizeysel olarak zararsiz goriinen kesi ve yaralarin igerisinde yabanci cisim
barindirabilecegi ve maksillofasiyal travma hastalarinda kapsamli klinik degerlendirme, ayrintili dykii alma ve ileri goriintiilemenin hayati gerekliligini
vurgulamaktadir. Travmatik yiiz laserasyonlarinin primer olarak kapatilmasindan once ayrintili bir 6yki, sistematik muayene ve uygun incelemeler
gereklidir.

Anahtar sézcilikler: Orta yliz travmasi; tarimsal yaralanma; yabanci cisim.
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