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Objectives and Scope of Activity of the Iranian Journal of Surgery

The Iranian Journal of Surgery functions as the official scientific and research quarterly of the Iranian
Surgeons' Association and affiliated continuous scientific associations. These associations encompass a
broad spectrum of specialties, including Orthopedic, Pediatric and Neonatal Surgery, Endoscopic Surgery,
Plastic and Reconstructive Surgery, Organ Transplantation, Thoracic Surgery, Ophthalmic Surgery, Hand
Surgery, Obst and Gynecology, General Surgery, Cardiac Surgery, Kidney and Urinary Tract Surgery, Ear,
Nose, and Throat Surgery, as well as Neurological Surgery. Furthermore, journal fields such as Anesthesia
and Resuscitation, Radiotherapy Oncology, Oral and Maxillofacial Surgery, Nursing and Midwifery, and
Rehabilitation. This journal is committed to disseminating scientific articles, original research,
professional experiences, and innovative ideas from across Iran. It operates under the guidance of a
dedicated editorial board and a scientific advisory board. The current sections of the journal include
Review Articles, Research Articles, Interesting Case Reports, Article Critiques, History of Surgery, Research
in Surgery, Correspondence, and a structured self-learning program.In its focus on clinical and
experimental surgery, journal aims to advance modern training and research methodologies within the
field, address emerging perspectives and challenges in surgical research, and explore socio-economic
factors that impact patient care.

Submitted undergo a rigorous evaluation process conducted by a team of highly knowledgeable and
surgeons from various disciplines, representing diverse associations, universities, and research
institutions across the country. Following thorough peer review and technical assessment, manuscripts
are published the upcoming issue. In response to significant and pressing matters within the medical
field, editorial board may solicit educational and review articles from scholars and experts in relevant
areas for publication.

Iranian Journal of Surgery has received scientific and research approval the Medical Sciences
Journals Commission, which operates under the Research Deputy of the Ministry of Health,
Treatment, and Medical Education. The journal currently publishes four volumes annually, maintaining
its status as a quarterly publication.

Submission Guidelines and Article Writing Instructions
Ethical Considerations Regarding Duplicate Publication

The Iranian Journal of Surgery does not accept articles that have been published or are under
consideration for publication in domestic or international medical journals, with the exceptions:

1- An abstract or poster of the article has been presented at a scientific conference.

2- An abstract of the article has been included in the proceedings of a conference; however, the
complete manuscript must adhere to the formatting, volume, and specifications regarding tables and
figures typical of a regular article.

In all instances, authors are required to submit a letter to the editor of the Iranian Journal of Surgery,
accompanied by a copy or image of the abstract or poster.

Review Process

Submitted articles undergo an initial review by the editorial board during a general. Should the
content and structure of the submission align with the journal's guidelines, the manuscripts will be
forwarded for peer review. Reviewers are selected from among the most experienced and
knowledgeable specialists in pertinent fields Feedback and any requested revisions will be communicated
to the corresponding author if the reviewers deem the article suitable for publication. Authors will be
allotted a timeframe of ten days to weeks to submit the revised manuscript to the journal’s office for final
review. In instances where the editorial board considers it necessary, meetings may be convened with
one or two board members and a biostatistician address specific issues within the manuscript, upon the
authors' consent. The journal office is consistently available to provide technical and scientific support,
particularly in areas such as methodology, epidemiology, and biostatistics. The editorial board retains the
discretion to accept or reject submitted articles. In the event of rejection, all materials—including the
original manuscript, images, disks, and CDs—will be archived and will not be returned.

Patient Rights and Ethical Considerations

Patient confidentiality is of paramount importance, and the Iranian Journal of Surgery is steadfastly
committed to maintaining it. Identifiable patient information should not be included in the text, images,
or genealogies unless absolutely necessary scientific purposes, and even then, it must be accompanied by



informed consent. To obtain consent, patients must review the article intended for publication along with
the original images. Should consent not be obtained, any identifying details must be removed.

When publishing photographs, the subject's eyes must be obscured by a black strip.

When presenting information from external sources, adherence to copyright regulations is essential.
For instance, the source of any image obtained from another publication must be clearly cited in the
image's caption.

Article Submission Guidelines

The submission of an must be accompanied by a letter the editor, signed by the corresponding
author, along with the signatures of all co-authors. By submitting this application, the authors indicate
their of all guidelines set forth by the Iranian Journal of Surgery and agree to transfer all rights to the
publisher. The submission will be promptly acknowledged to the author at the provided contact address.
Articles must include the following sections:

1- First Page or Title Page: The title page must include the complete title of the article, a running
title, the full names of all authors, their academic degrees and ranks, relevant scientific qualifications, and
their professional positions. Additionally, it should specify the authors’ departmental affiliations,
hospitals, faculties, universities, cities, or places of employment. The mailing address, fax number, and
email address (if available) of the corresponding author must also be included.

2- Second Page or Abstract Page: This page should encompass the abstract and a list of keywords.

3- Third Page or Main Text: This section should contain the introduction (or background),
objectives, materials and methods, findings, discussion, and conclusion.

4-  Acknowledgments should be presented on a separate page or pages.

5- References must be listed on a separate page or pages.

6- Table(s) should also be formatted on separate page(s).

7- Each figure, photo, and image must be submitted on separate pages.

8- Captions for Figures and Images should be provided on a separate page.

Technical Guidelines for Articles

1. The article text must be typed in a Word document with 1.5 line spacing and a minimum margin
of 2.5 centimeters on both sides of each page.

2. Page numbers should be positioned in the lower outer corner of each page for ease of reference.

3. Each image submitted must not exceed dimensions of 25 centimeters.

4. The original manuscript must be accompanied by three printed copies.

5. Additionally, please provide a CD or USB drive containing the complete content of the article.

6. When including charts generated from SPSS or Excel, the original source files for these charts
must be submitted separately to facilitate any necessary edits.

7. Explanations for tables, charts, and images must be provided exclusively in Persian, including the
text within these elements and their corresponding captions.

Title of the Article

The title of the article should be succinct yet clear, employing either native terms or transliterations
of non-Persian words while avoiding the use of foreign terminology. The full names of all authors must be
listed directly beneath the title.

Abstract of a Research Article

All research articles are required to include an abstract in both Persian and English, with a word
count ranging from 250 to 400 words.

The Abstract Should be Organized and Encompass the Following Components

Background and Objective: Articulate the primary research question and the study's aim or
hypothesis.

Materials and Methods: Describe the research methodology, particularly the statistical methods
employed. Provide comprehensive details regarding the study population, including size and participant
characteristics.

Findings: Summarize the data obtained, emphasizing the most significant findings of the
research.

Conclusion: Offer a concise interpretation of the findings and articulate the final conclusions
drawn from the research.

Abstract of a Case Report



The abstract for a case report should be limited to 200 words and must include the following
headings:

Background or Introduction: Explain the rationale behind the selection of the case and the
objectives of the study.

Case: Provide a summary of the clinical findings, any abnormal laboratory results, the treatment
administered, and the outcomes of the treatment.

Conclusion; Summarize the key findings and discoveries, focusing on the unique aspects of the
case.

Abstract of a Review Article
The abstract should be well-structured and limited to a maximum of 300 words. The key components
of a review article's abstract should include the following headings:

Objective: Clearly state the aim and purpose of the review, along with the specific articles being
analyzed.

Sources of Information or Data: Indicate the primary research sources and databases utilized
during the review.

Selection Methods for Study: Provide details regarding the number of studies included in the
review and the criteria employed for their selection.

Combination Content and results: Summarize the information, establishing logical connections
between statements to ensure coherence between the findings and results obtained from the reviewed
articles.

Conclusion: Highlight the principal conclusions derived from the review and discuss their clinical
applications.

Keywords

Please include between three and ten relevant and specific keywords. It is recommended to utilize
Medical Subject Headings (MeSH) for the selection of keywords.
Introduction (Background and Objective)

This section should delineate the objective of the article while providing a logical rationale for
the research conducted and the writing process, detailing the research question or hypothesis posed.

The introduction should be concise, limited to a maximum of one A4 page, to allow for a more
comprehensive discussion section.

Sources should be cited within the text using a numbered reference system, following the order
of citation.

Materials and Methods

Provide a clear description of the subjects involved in the research (e.g., patients, laboratory
animals), including relevant characteristics such as age, sex, and other demographic information.

Elaborate on the rationale for the study's approach, including the specific age group selected for
the research.

Adhere to the principle of WWWWWH (What, Where, Why, Who, When, How) to ensure clarity
in the methodology.

Avoid vague terminology that lacks a clear biological basis (e.g., "generation"); instead, use
descriptive terms such as "origin* and "race" that pertain to specific groups.

Provide a detailed account of the data collection methods, including the type of questionnaire
utilized or the source of the data.

Methodology: Fully explain the equipment used in the study, including the manufacturer's name
and address, to facilitate the replication of the research by others.

Thoroughly describe the statistical methods employed in the analysis; it is insufficient to merely
state the use of statistical software (e.g., SPSS); specify the statistical techniques applied and how they
were implemented.

For commonly used statistical methods, provide additional context regarding their application.

Clearly detail all drugs and chemicals utilized in the study, including the names of the drugs, a
brief overview of their pharmacological properties, dosage, method of administration, and the
manufacturer's information.

Principles of Biostatistics



Statistical methods must be described with sufficient detail, specifying each computer program
employed in the analysis.

Whenever feasible, numerical findings should be included alongside corresponding
measurement errors to enhance clarity and precision.

When applicable, methods should be presented in a practical and clinically relevant manner,
avoiding complex mathematical symbols; for instance, consider using more accessible terminology in lieu
of P-values.

Clearly articulate any side effects associated with the treatment under investigation.

Identify any cases that were excluded from the study, providing explicit reasons for their
exclusion. Inclusion and exclusion criteria must be outlined to ensure transparency in the research
process.

Findings

Present findings that encompass multiple data points through the use of tables and figures,
accompanied by a concise summary within the text to facilitate reader comprehension.

The text within the findings section should be succinct and straightforward, offering a summary
of the information depicted in the tables and figures.

If findings are limited, it is preferable to present them directly in the text rather than relying
solely on tables or figures.

Tables, Charts, and Figures

All tables, charts, and figures must be organized in a coherent manner that aligns with the
structure and flow of the accompanying text.

The use of images, charts, tables should be judicious. Avoid the inclusion of unnecessary visuals,
such as a table containing only a single row or a chart that displays only two statistical quantities, as this
information can be concisely articulated within one or two sentences. Additionally, images of common
laboratory equipment should be excluded unless they directly contribute to the study's findings. The
inclusion of excessive intended to validate research procedures that do not the overall results—such as
photographs of deceased animals post-experiment—should also be avoided. It is advisable to limit the
use of images, charts, and tables to one for every 500 to 700 words, or approximately three to four A4
pages.

All images, tables, and charts must be self-contained and presented clearly. must be numbered,
possess a comprehensive title and include descriptive captions. Hand-drawn are not permitted. Ensure
that no cell within a table is left unexplained, and all images be sufficiently clear to allow readers to
discern findings referenced in the title or accompanying text When appropriate, images should be
presented color. Original images are required; for example, substituting a computer-generated
reconstruction of an electrophoresis curve or ECG is not permissible; the original data must be provided.

The interpretation of each table or figure should comprehensible without necessitating reference
to the text.

Tables and figures should effectively summarize findings in a concise manner.

Tables must be sequentially numbered throughout the article.

Each table accompanied by a title that clearly conveys its subject matter.

Strive to avoid leaving any table cells blank; if is unavoidable, provide an adequate explanation
for the omissions.

Figures should also be numbered in the order they appear within the article.

Each figure or chart accompanied by a title placed beneath it.

Tables and figures may be printed on separate pages, provided that the order of reference
remains clear throughout the document.

Discussion

The discussion section shouldate the significant and novel aspects of the study.

Refrain from reiterating data or details that have already been addressed in the introduction or
results sections.

Incorporate a review of pertinent literature to provide context and support for your findings.

Ensure that the results are aligned the study's objectives and consider proposing new hypotheses
based on your findings. Additionally, include practical suggestions for future research or applications.



Clearly articulate your interpretation and analysis of the findings, explaining how they contribute
to the existing body of knowledge.

Compare the observed results with the anticipated findings, discussing any discrepancies and
their potential implications.

Conclusion The conclusion should offer a concise summary of the main findings and their significance.
Acknowledge all individuals and organizations that provided intellectual or moral throughout the
research process, including those offered technical assistance and writing support.

Table of Signs and Abbreviations

Utilize abbreviations (e.g., "Sec" for seconds, "min" for minutes) in place of spelling out complete
terms.

Define any non-standard abbreviations upon their first occurrence in the text to ensure clarity
for the reader.

Abbreviations be employed when a term three or more times in the text, except in cases as
"degree" and "percentage." For all other instances, adhere to the International of Units in accordance
with Vancouver guidelines.

Necessary and General Rules

Findings should be articulated in the past tense to accurately reflect the research conducted.

Citations of other studies should be presented in the present tense, as they pertain to ongoing
knowledge.

Future experiments should be described using the tense to indicate prospective research.

Avoid employing vague or convoluted phrases; prioritize clarity and simplicity to enhance
understanding.

Format and Structure of a Case Report
When preparing case reports, it is imperative to prioritize patient confidentiality. It is essential to
obtain a consent form from the patient and attach it to the article. The following sections should be
included in the case report:
- Abstract - Introduction - Discussion - Acknowledgments - Tables
- Keywords - Case Presentation - Conclusion - References - Signs and Abbreviations
Format and Structure of a Review Article
Review articles should adhere to a structure similar to that of research reports, emphasizing logical
reasoning and thorough discussions. It is vital to describe the methods employed for content extraction,
selection, and the integration of data and information. The structure of a review article should
encompass:

- Abstract - Introduction - Discussion - Acknowledgments - Tables
- Keywords - Headings - Conclusion - References - Signs and Abbreviations
Citation Guidelines for Articles and Bibliography
Bibliography
In compiling the bibliography, the following types of sources are deemed acceptable:
- Journal articles - Books and other - Published - Electronic content - Theses

monograph resources  conference papers

References must be numbered sequentially according to their alphabetical arrangement within the
text, with a complete list provided at the conclusion of the article. Persian references should be
positioned at the beginning of the reference list. In-text citations, tables, and footnotes should utilize
corresponding numbers to indicate references.

Journal titles must be abbreviated in accordance with the Index Medicus format. Authors are
encouraged to consult the annually published list of indexed journals, which is referenced in the January
issue of Index Medicus. This list is also accessible on the National Library of Medicine website
(http://www.nlm.nih.gov). Citations for abstracts and conference proceedings are not permissible.

References that have been accepted for publication but have not yet been published should be cited
as "in press,” and a copy of the acceptance letter must be submitted. Articles that have been submitted
but not yet accepted may not be cited as sources.

In compiling the bibliography, authors should adhere to international guidelines for medical
publications, specifically the Vancouver Statement and the Tehran Convention.
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Finally, It is crucial to emphasize that the accuracy of the scientific content is the sole
responsibility of the author(s).

five copies of the published article will be provided to the author(s) upon publication.

In certain articles, assistance from artificial intelligence has been employed, with the content
thoroughly reviewed and revised by the responsible author.
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Efficacy of occupational therapy and effective factors in
rehabilitation of injured flexor tendons after repair: A Review
article

*%

Akbari H. MD", Mirzaei L., Abolfazli M.”, Hamidi L., Akbari P. MD""

Abstract:

Hand tendon injuries have significant negative effect on patients’ daily routine and recreational activities
by causing dysfunction of hand and this reduces the quality of life. Based on the researches, this issue has a
high prevalence. Researchers suggest different causes for this problem, including traumatic injury, motor
vehicle injuries, combat injuries and occupational ones. Rehabilitation of flexor tendons after their repair is
challenging for health providers, since they should maintain the balance between protecting the repaired
tissue and providing enough tendon gliding to prevent from contracture and adhesion. Hand rehab programs
should be accessible for patients to minimize the chance adhesion and maximize the function. During past two
decades, surgical interventions, especially regarding second zone of hand, has improved significantly and this
has led to better outcome. Small incisions in these surgeries prevent the tissue from edema. Furthermore, the
sutures should be resistant enough to remain intact in rehabilitation sessions.

Keywords: flexor tendon repair, occupational therapy, tendon adhesion

Background and Objective

Tendon injuries of the hand can affect overall quality of life, as the ability to
substantially impair an individual's capacity participate in meaningful activities is closely
to perform daily activities, fulfill professional linked to hand function.!
responsibilities, and engage in recreational Research indicates a notable prevalence
pursuits. Such impairments can profoundly of these injuries; for instance, Stewart and
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colleagues have reported that tendon
injuries constitute one-third of all admissions
to hospitals in South Africa.” The etiology of
these injuries is diverse, with traumatic
events—including altercations, traffic
accidents, and workplace injuries—being the
predominant causes.’

Surgical intervention is frequently
required to repair damaged flexor tendons;
however, the success of these repairs is
contingent upon several physiological and
biomechanical factors. Key variables
influencing outcomes following tendon
repair include the patient’s age, the specific
location of the injury, the strength and
technique employed during the repair, and
the quality of postoperative rehabilitation.

Specialized hand rehabilitation is critical
for minimizing adhesions and promoting
functional recovery; therefore, it is
imperative that such interventions are
readily accessible to patients.*® Numerous
studies have underscored the significance of
timely attendance and referral to
postoperative therapy sessions, as these
factors markedly influence the functional
recovery of repaired tendons.’

Over the past two decades, techniques
for repairing flexor tendons, particularly in
Zone |lI, have evolved considerably to
prevent postoperative adhesions and
improve functional outcomes. Surgical
methods have increasingly prioritized the
utilization of smaller incisions to minimize
edema. Furthermore, the suturing technique
employed must provide sufficient resistance
while facilitating tendon gliding during
rehabilitation.®

One study has identified that the most
effective repair technique involves the
reconstruction of tendon structures, the
tendon sheath, the pulley system, and the
surrounding subcutaneous soft tissue in the
affected area. The cruciate repair method is
preferred, as it establishes a robust
foundation for initiating an early active
rehabilitation protocol. Additionally, the
release of the sheath and pulley system
creates optimal conditions for improved
gliding of the injured flexor tendon, thereby
enhancing recovery outcomes.’

Iranian Journal of Surgery, Volume 32, Number 4, 1403

The paramount significance of tendon
gliding in the postoperative phase following
tendon repair surgery has been extensively
documented in a multitude of studies. It is
evident that effective postoperative
rehabilitation is equally critical to the
restoration of hand functionality as the
surgical intervention itself. A variety of
rehabilitation protocols for flexor tendon
repair have been proposed, highlighting the
necessity of selecting the most appropriate
approach, which should be administered by a
qualified therapist to achieve optimal
therapeutic outcomes. Hand rehabilitation
specialists play a vital role in enhancing
functional capabilities and improving the
quality of life for individuals who have
sustained upper limb injuries.® Occupational
therapists, in particular, constitute an
integral part of the rehabilitation team,
possessing specialized training to assist
patients with upper extremity injuries and to
actively engage them throughout the
recovery process. Through close
collaboration with patients, occupational
therapists assess their unique needs and
limitations. Following comprehensive
evaluations, these therapists provide
targeted interventions designed to enhance
patients’ abilities and promote functional
independence. While the primary objective
of occupational therapy is to immerse
patients in meaningful and purposeful
activities, the attainment of this objective
necessitates the implementation of specific
techniques and activities that focus on
enhancing physical structure and function.’**

Recent years have witnessed a
considerable increase in research
investigating the role of occupational
therapy in hand rehabilitation following
flexor tendon repair. The present study aims
to review these findings, with the intention
of summarizing the roles and responsibilities
of occupational therapists. Furthermore, this
study seeks to identify the most effective
rehabilitation protocols and other factors
that may influence the functional recovery of
patients following flexor tendon injuries.

Method of Article Search
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This review study thoroughly utilized
several databases, including PubMed, Google
Scholar, Science Direct, and Cochrane, to
identify pertinent articles in English.
Additionally, Iranian literature was reviewed
utilizing the MAGIRAN and SID databases.
The review encompasses articles published
on the role of occupational therapy in the
rehabilitation of individuals with flexor
tendon injuries, without imposing any
temporal restrictions. Keyword searches for
English language databases included terms
such as "Occupational Therapy," "Hand
Therapy," "Flexor Tendon Repair," and
"Rehabilitation." Conversely, Persian
keywords such as "rehabilitation of the
hand," "occupational therapy," and "flexor
tendon repair" were employed in the Persian
databases. Ultimately, relevant articles were
selected and analyzed to furnish a
comprehensive overview of the current
understanding of occupational therapy
within this domain.

Findings

A substantial body of literature
comprising over 100 articles delineates the
interventions  administered by hand
rehabilitation specialists, particularly
occupational therapists, for upper extremity
disorders. The predominant emphasis of
these studies has been on patient education
as well as the design and fabrication of
orthoses. Additionally, several articles have
reported on the application of activity-based
exercises aimed at enhancing the
functionality of the injured hand. Since one
of the primary objectives of occupational
therapy is to improve hand function across
diverse functional domains and daily
activities, the integration of exercises
derived from daily tasks is instrumental in
achieving this aim. A systematic review
conducted by Takata and Weed has
documented a notable increase in research
output over the past decade, thereby
underscoring the vital role of occupational
therapists and hand rehabilitation specialists
in the realm of rehabilitation following
tendon injury repairs. They emphasized that
these specialists play a pivotal role in
administering motion exercises, prescribing

and fabricating splints and orthoses, as well
as performing sequential range of motion
assessments.'>"?

Hardison and Roll performed a
systematic review that scrutinized
specialized occupational therapy
interventions for the hand over an eight-year
period. Their findings highlighted the critical
contributions of occupational therapists in
the rehabilitation of individuals afflicted with
a diverse array of hand and upper extremity
conditions. Articles focusing on rehabilitation
subsequent to flexor tendon repair have
identified optimal postoperative protocols.
Specifically, their study found that the
implementation of an early active protocol
yielded good to excellent functional
outcomes in 94% of patients.'? Furthermore,
additional reports indicated a remarkably
low incidence of tendon rupture—only
2.3%—among programs that concurrently
combined the Duran and Kleinert protocols.
Separate analyses disclosed re-rupture rates
of 4.1% for the early active protocol, 3.8% for
the Duran protocol, and 7.1% for the Kleinert
protocol.™

In Iran, two pivotal studies have been
conducted regarding rehabilitation following
flexor tendon repair. One of these studies
aimed to identify the most effective
rehabilitation protocol. Farzad and
colleagues compared early active
rehabilitation to controlled passive
rehabilitation within a cohort of 50 patients
who suffered zone 2 injuries, all of whom
underwent the 4-strand (Locked Cruciate)
repair technique. The extent of adhesion was
evaluated utilizing the Strickland and Buck-
Gramcko criteria. Results based on the
Strickland criteria indicated that the active
group achieved outcomes of 44% excellent,
36% good, 20% moderate, and no weak
results, whereas the passive group
demonstrated 8% excellent, 32% good, 44%
moderate, and 16.5% weak outcomes.
According to the Buck-Gramcko criteria, the
active group vyielded 12% excellent, 40%
good, 32% moderate, and 16% weak results,
in contrast to the passive group's 4%
excellent, 12% good, 24% moderate, and 60%
weak outcomes. The assessment of Total



Active Motion for evaluating tendon gliding
revealed an average of 2.150 in the active
group, compared to 4.116 in the controlled
passive group, thereby suggesting superior
tendon gliding in the active cohort.”®

Flexor tendons are especially susceptible
to secondary adhesions due to specific
biomechanical factors, rendering the timing
of rehabilitation exercises post-tendon repair
a significant challenge for occupational
therapists. Another Iranian study further
accentuated the critical importance of early
referral following tendon repair. This study
involved 57 patients with zone 2 flexor
injuries who underwent 4-strand tendon
repair and were referred to specialized hand
therapy post-surgery. After eight weeks of
rehabilitative treatment, the range of motion
in the finger joints, proximal interphalangeal
joint flexion contracture, and flexion gap
were assessed. The outcomes revealed a
significant correlation between the duration
from injury to surgery and the range of joint
motion, signifying that repairs conducted
within ten days post-injury resulted in more
favorable functional outcomes. Moreover,
the study highlighted that shorter referral
times to therapy (less than one week post-
surgery) were associated with greater
improvements in joint range of motion.*>*®

In a systematic review published in 2019,
a comprehensive examination of studies
addressing rehabilitation protocols following
flexor tendon repairs was conducted.

This analysis revealed that Place and
Hold exercises yielded superior movement
outcomes in comparison to passive motion
protocols, such as the Kleinert and Modified
Kleinert protocols, particularly for patients
repaired using techniques involving 2 to 6
strands. Notably, among patients aged over
30 who underwent two-strand tendon
repairs, those engaged in the True Active
protocol demonstrated a greater range of
motion than those treated with passive
motion approaches.'’

A separate cross-sectional study
conducted in the United Kingdom
investigated the most effective rehabilitation
protocols for repairs in Zones 1 and 2 of the
flexor tendons. This research involved
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collaboration among 35 specialized hand
centers, which implemented 52 distinct
treatment protocols. The study assessed
three splinting programs, with all
participating centers employing early motion
initiatives. The splints utilized included the
long dorsal block splint (DBS), the short
dorsal block splint, and the Relative Motion
Flexion splint.

The findings indicated that a definitive
optimal rehabilitation approach following
tendon repair remains elusive. Factors such
as the fabrication and prescription of splints,
adherence to exercise programs outside of
clinical settings, and short-term movement
restrictions imposed on patients can
contribute to increased financial burdens and
exacerbate social constraints. Consequently,
the authors recommended further studies to
elucidate optimal rehabilitation protocols.®

Beyond hand injuries, social and
economic factors can significantly influence
surgical outcomes. A retrospective study
conducted by a consortium of occupational
therapists and physicians analyzed the
impact of social deprivation and timely
access to hand rehabilitation services on the
range of motion in patients who underwent
flexor tendon repairs in Zones 1 to 3. The
researchers posited that social and economic
barriers might restrict individuals’ access to
essential postoperative rehabilitation
services. Economic obstacles included low
income and insufficient financial capacity to
cover rehabilitation sessions. This study
examined data from 2016 to 2020, involving
109 patients assessed using the Strickland
scale to evaluate range of motion, in
conjunction with the Area Deprivation Index
to measure levels of deprivation. Results
indicated that several factors—including the
number of treatment sessions attended,
degree of social deprivation, educational
background, location of the injury (with
particular emphasis on Zone 2 flexor
injuries), and patient age—significantly
influenced range of motion and functional
recovery post-surgery. Specifically, financial
constraints, distance to specialized hand
rehabilitation facilities, and various social
conditions impeded consistent attendance at
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therapy sessions, potentially hindering
recovery. Ultimately, the study concluded
that despite the advancements in surgical
techniques and rehabilitation protocols,
achieving positive treatment outcomes is
unlikely if individuals lack access to adequate
postoperative rehabilitation services.'®

Discussion and Conclusion

In summary, the existing body of
research underscores the essential role of
occupational therapists in the treatment of
upper extremity disorders, specifically in the
rehabilitation of flexor tendons post-surgery.
Occupational therapists can collaborate
effectively with surgeons to enhance
patients' hand function by providing
structured activity-based exercises,
fabricating and supplying splints, and
offering tailored consultations. The timing of
surgery and referral to occupational therapy
significantly influence improvements in joint
range of motion after flexor tendon surgery,
with the Active protocol demonstrating

particular efficacy
rehabilitation strategies.

However, as highlighted in numerous
articles, further research is warranted to
definitively identify the optimal
rehabilitation treatment protocol.

It is important to acknowledge that
successful recovery following flexor tendon
injuries encompasses more than surgical
intervention and effective rehabilitation
measures. Economic and social challenges—
such as inadequate insurance coverage for
rehabilitation costs, difficulties in fabricating
orthoses and splints, lack of employer
support for attending therapy sessions, and
patients' non-compliance with prescribed
exercises—can significantly impact
therapeutic progress. Therefore, to optimize
treatment outcomes and enhance patient
satisfaction and quality of life for individuals
with these injuries, it is imperative to
address these systemic issues.

among current
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Changes in iron profile after bariatric surgery in patients Changes in
iron profile after bariatric surgery in patients referred to the
obesity clinic at Hazrat Fatima Al-Zahra Hospital

Baratlou A. MD’, Eghbali F. MD"~
Khosravi Mashizi M. MD**, Soleimani M. MD"™~
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Abstract:

\

Background and Objective: Obesity, as a global health crisis, not only imposes an economic burden
but also increases the prevalence of obesity-related diseases. Bariatric surgery is considered the most
effective treatment for weight loss in obese individuals; however, it is associated with potential
complications, including nutritional deficiencies. This study aimed to assess the six-month changes in the
iron profile following bariatric surgery in obese patients attending the Obesity Clinic at Hazrat Fatemeh Al-
Zahra (S) Hospital.

Materials & Methods: This cohort study was conducted on 146 obese patients who underwent
bariatric surgery between October 2023 and October 2024. Patients with anemia-related conditions or those
taking iron supplements or medications affecting iron metabolism were excluded. Demographic,
anthropometric, and laboratory data, including iron profile indicators (ferritin, serum iron, hemoglobin, etc.),
were extracted from the National Obesity Surgery Database and recorded before surgery and at three and
six months postoperatively. Data were analyzed using descriptive and analytical statistical tests, including
paired t-tests, in SPSS version 25. A p-value of less than 0.05 was considered statistically significant.

Results: Significant changes were observed in ferritin levels before and three months after surgery in
OAGB, SAGI, and SG procedures. In OAGB, ferritin increased from 68.55 + 72.84 before surgery to 87.75 +
73.41 at three months postoperatively (P = 0.007). In SAGI, it increased from 87.14 * 19.8 to 152.87 * 68.62
(P =0.03), and in SG, from 60.05 + 34.81 to 82.63 £ 54.41 (P = 0.001). Additionally, in OAGB, MCV increased
significantly from 84.41 + 5.46 before surgery to 85.87 + 5.1 at three months postoperatively (P = 0.001).
After six months, a significant decrease in mean hemoglobin levels was observed in OAGB patients, dropping
from 13.62 + 1.34 before surgery to 13.14 + 1.17 postoperatively (P = 0.01).

Conclusion: Bariatric surgery has a significant impact on patients’ iron profiles, with variations
depending on factors such as age and gender. The findings emphasize the importance of monitoring and
implementing nutritional interventions post-surgery to prevent deficiencies. Further studies with larger
ksample sizes and longer follow-up periods are recommended. /

Keywords: Obesity, Bariatric Surgery, Nutritional Deficiencies, Iron Profile
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Background and Objective

Bariatric surgery, also referred to as obesity
surgery, represents the most effective
intervention for achieving substantial weight loss
and facilitating long-term weight maintenance.
This surgical approach significantly enhances
quality of life by alleviating obesity-related
comorbidities, which include cardiovascular
disease, respiratory disorders, type 2 diabetes,
degenerative joint disease, and various forms of
cancer." The primary bariatric surgical techniques
include gastric banding, sleeve gastrectomy,
Roux-en-Y gastric bypass, and biliopancreatic
diversion, which may be performed with or
without the inclusion of a duodenal switch.
Among these procedures, sleeve gastrectomy is
the most commonly executed for the purpose of
weight reduction. Iron deficiency and anemia are
prevalent among individuals with obesity,
making the monitoring of iron status before
bariatric surgery imperative.” Anemic patients
typically experience prolonged hospital stays
following surgery, averaging 7.2 days compared
to 1.9 days’® for non-anemic patients. Post-
bariatric surgery, there is a heightened risk of
iron depletion and anemia resulting from
changes in the gastrointestinal tract's absorption
capacity. Certain bariatric techniques, including
biliopancreatic diversion, duodenal switch, and
Roux-en-Y gastric bypass, are particularly
associated with malabsorption processes that
impede iron uptake. Following surgery, patients
frequently develop anemia related to the
impaired conversion of Fe3+ to Fe2+, a
consequence of diminished hydrochloric acid
levels.* Additional contributors to anemia and
iron deficiency include reduced dietary intake
and a prevalent aversion to meat, which is a
primary source of heme iron.” The American
Society for Metabolic and Bariatric Surgery has
established guidelines aimed at restoring iron
levels following these surgical procedures.®’

A relevant study involving 32 women who
underwent both bariatric and subsequent
abdominal surgery reported a mean hemoglobin
level decrease from 12.98 to 10.88 grams per
deciliter two days post-surgery, which
subsequently increased to 11.53 grams per
deciliter after a week, with no further increases
thereafter. Concurrently, declines in serum iron
and transferrin levels were observed, while the
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average ferritin level decreased from 29.8 to 16.4
micrograms per liter over a period of 56 days
following surgery, resulting in iron deficiency and
anemia in 45% of participants.® Furthermore,
post-bariatric surgery, the incidence of iron
deficiency anemia is likely to escalate over time,
even with adherence to iron supplementation. A
decade-long follow-up study of 151 patients who
underwent gastric bypass in Brazil indicated that
37.5% experienced persistent anemia with
ferritin levels below 15 micrograms per liter, a
figure which increased to 45% among those with
ferritin levels below 30 micrograms per liter.’
Additionally, a retrospective cohort study
conducted in Portugal, examining 1,999 patients
over a four-year period, found that 24.4% of
individuals experienced anemia following
bariatric surgery. This study identified gender
and the type of bariatric surgery as significant
determinants; women and individuals who
underwent Roux-en-Y gastric bypass were found
to have double the risk of anemia compared to
their male counterparts and those who had
received sleeve gastrectomy or gastric banding
procedures.’®

Conversely, given that obese patients often
present with elevated serum ferritin levels
associated with inflammatory processes, it is
anticipated that the reduction of adipose tissue
following bariatric surgery may enhance iron
absorption.'**? Nonetheless, procedures such as
gastric bypass, particularly Roux-en-Y gastric
bypass and sleeve gastrectomy, are known to

cause iron malabsorption, potentially
exacerbating iron deficiency.
Bariatric  surgical techniques induce

significant alterations in both the anatomy and
physiology of the gastrointestinal tract,
promoting weight loss through mechanisms that
include restricted food intake, selective
malabsorption of nutrients, and hormonal
changes. However, these modifications result in
critical nutritional consequences, notably
micronutrient deficiencies—especially iron—and
associated anemia. Such deficiencies can
severely impair patients’ quality of life and may
lead to serious complications, including
compromised immune function, diminished
cognitive abilities, and an increased risk of
cardiovascular disease.**
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Current literature addressing alterations in
iron profiles among patients following bariatric
surgery, particularly over extended periods,
remains limited. Comprehensive long-term
studies in this domain are essential to enhance
nutritional care and therapeutic strategies post-
surgery, ultimately aiming to improve patients'
quality of life and mitigate complications
associated with iron deficiency. Acknowledging
this necessity, the present study endeavors to
assess the prevalence and characteristics of iron
deficiency, along with the resulting anemia, in
obese patients subsequent to bariatric surgery.

Materials and Methods
Study Design

This investigation was conducted as a
retrospective cohort study.

Study Population

The study population comprised patients
aged 15 years and older, diagnosed with obesity
(defined as a body mass index (BMI) greater than
35) and associated comorbid conditions, who
presented at the surgical clinic of Fatemeh Zahra
Hospital in Tehran between October 2023 and
October 2024 and were candidates for bariatric
surgery.

Study Methodology

This retrospective cohort study focused on
obese patients with comorbidities seeking
bariatric surgery during the designated
timeframe.

Eligible participants were required to have
no history of bleeding or anemia-related
conditions (e.g., reticulocytosis, autoimmune
diseases) and were not on medications affecting
iron metabolism, including iron supplements,
non-steroidal anti-inflammatory drugs (NSAIDs),
corticosteroids, or immunosuppressants. Only
patients who provided informed consent during
their initial consultation were included in the
study. In collaboration with the surgical clinic,
the investigator accessed medical records to
identify 146 patients who met the inclusion
criteria. These individuals underwent evaluations

at multiple stages before and after the surgical
procedure.

Data pertaining to weight, body composition
indices, anthropometric measurements, and
biochemical parameters were extracted from
routine postoperative care records maintained in
the national obesity surgery database of Iran.
Laboratory indices measured included serum
iron levels, ferritin, total iron binding capacity
(TIBC), total body water (TBW), mean
hemoglobin concentration, mean corpuscular
hemoglobin (MCH), red cell distribution width
(RDW), hemoglobin, hematocrit, and body mass
index (BMI), all recorded preoperatively and at
three and six months post-surgery. A researcher-
developed checklist was employed as the data
collection tool, encompassing demographic
information (age, gender, marital status,
education level), medical history, medication
usage, and pertinent laboratory indices at
various time points surrounding the surgery.

Data Analysis

Quantitative descriptive data were reported
as means and standard deviations, while
qualitative variables were expressed as
frequencies and percentages. One-way analysis
of variance (ANOVA) and repeated measures
ANOVA were utilized to compare qualitative
variables. A p-value of less than 0.05 was
considered statistically significant. Statistical
analyses were conducted utilizing SPSS software
version 25.

Findings
Patient Characteristics

The study comprised a total of 146 patients
aged 15 years and older, all possessing a
minimum BMI of 40 kg/m? who underwent
bariatric surgical procedures. Within the
participant cohort, 127 individuals were female
(87%) and 19 were male (13%). The mean age of
the participants was 41.1 + 17 years, while the
average BMI was 44.06 + 5.69. Preoperative
comorbidities included diabetes in 17 individuals
(11.6%) and hypertension in 31 individuals
(21.2%). Additional preoperative characteristics
of the patients are summarized in Table 1.
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Table 1- Pre -operative characteristics of patients
undergoing obesity surgery

Variables Number=146
Gender (female), number (percent) 127(87)
Age (year) 11.1#41.17
Body mass index (kg/square meter) 5.69+44.06
Weight (kg) 17.88+117.91
Diabetes Number (percent) 17d1.6)
Blood pressure number (percent) 3121.2)
Dys Lipidemmia (percent) 22(15.1)
Hypothyroidism Number (percent) 25(17.1)

Changes in Iron Profile Three and Six
Months After Bariatric Surgery by
Surgical Type

The results derived from the repeated
measures analysis indicated that alterations in
serum iron levels over time did not achieve
statistical significance (p = 0.08). However, the
differences among the various surgical
procedures were found to be significant (p =
0.02), while the interaction between time and
type of surgery did not reach statistical
significance (p = 0.06). Conversely, the
differences in ferritin levels among the surgical
groups were significant (p = 0.03), with a notable
interaction identified between time and type of
surgery (p = 0.02). Consequently, post-hoc
comparative analyses were conducted for each
surgical type individually. In the cohort of
patients who underwent mini gastric bypass with
single anastomosis, the changes in ferritin levels
over time were statistically significant.
Specifically, the mean ferritin level increased
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from 72.84 * 68.55 nanograms per milliliter
(ng/mL) prior to surgery to 73.41 % 87.75 ng/mL
at three months, followed by a slight decrease to
69.45 + 25.69 ng/mL at six months post-surgery.
Pairwise comparisons indicated that the increase
in ferritin levels from pre-surgery to three
months, as well as from three months to six
months post-surgery, were both statistically
significant (p = 0.02). In contrast, no statistically
significant changes in ferritin levels were
observed in other surgical groups, including
Roux-en-Y gastric bypass, sleeve gastrectomy,
and ileogastric bypass. The analysis also revealed
a significant effect of time on vitamin B12 levels
(p = 0.03), indicating an increase in mean vitamin
B12 levels across all groups at various intervals.
Additionally, the interaction between time and
type of surgery was significant (p = 0.004).
Pairwise comparisons illustrated that, within the
mini gastric bypass group, the increase in vitamin
B12 levels from pre-surgery to both three and six
months post-surgery was significant (p = 0.02).
Similarly, the sleeve gastrectomy group
demonstrated a significant increase in vitamin
B12 levels from pre-surgery to both three and six
months post-surgery (p = 0.02). However, no
significant changes in vitamin B12 levels were
observed in the Roux-en-Y gastric bypass and
ileogastric bypass groups (refer to Table 2).

Changes in Iron Profile by Gender

Upon assessing the changes in the iron
profile three and six months post-surgery,
gender-specific analyses revealed that variations
in ferritin and vitamin B12 levels among female
patients were statistically significant. Notably,
the results of the Bonferroni post-hoc test
indicated that the observed differences in ferritin
were primarily attributable to increases noted at
three months post-surgery. For vitamin B12,
significant variations were observed across all
time points.

In contrast, no statistically significant
differences were identified among male
participants for any of the studied variables.
Further details regarding these findings can be
found in Table 3.
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Table 2 - Changes in iron, ferritin, and hemoglobin profiles after bariatric surgery based on type of

surgery

Between- ) .
) Before group Tlme‘ ' Interact:*lf)n
Type of operation intervention 3 months later 6 months later probability probability  probability
value value value
Iron
Mini bypass single anastomosis 78.21£30 71.8422.83 78.27+20.03 0.02 0.08 0.06
Ro-n-Y gastric bypass 20.93#85.28 27.81465.32 70.22+47.61
Sleeve gastrectomy 73.33#26.3 76.45+26.56 82.57422.23
lleogastric bypass 81.26+40.96 88.5+16.05 62.67+15.53
Ferritin
Mini bypass single anastomosis 68.55472.84 87.75+73.41 90.37+79 0.03 0.11 0.02
Ro-n-Y gastric bypass 120.1#91.48 49.32464.31 69+425.45
Sleeve gastrectomy 60.05+34.81 82.63%454.41 108.53489.03
lleogastric bypass 87.14+19.8" 152.87+68.62" 99.33470.21°
Mean hemoglobin concentration
Mini bypass single anastomosis 84.41+5.46 85.8745.1 84.18+10.75 0.02 0.11 0.06
Ro-n-Y gastric bypass 84.81+7.18 86.21+6.57 88.3549.54
Sleeve gastrectomy 83.67+6.02 84.98+6.31 86.9345.2
lleogastric bypass 83.9617.79 83.96%7.79 82.12+11.44
Hemoglobin
Mini bypass single anastomosis 13.62+1.34 13.57+1.19 13.1441.17 0.04 0.06 0.08
Ro-n-Y gastric bypass 13.28+1.57 13.06+1.28 13.55+1.48
Sleeve gastrectomy 13.17+1.22 13.48+1.18 13.52+41.28
lleogastric bypass 14.37+1.56 41.1442.05 12.7542.1
Vitamin B12
Mini bypass single anastomosis ~ 358.67+218.55  588.75¢66.61  635.84428.03" 0.14 0.03 0.004
Ro-n-Y gastric bypass 366.94+164.27 708.09+493.41 1020.33#850.64
Sleeve gastrectomy 402.28+322.94"  643.17+38.95  794.83624.87

lleogastric bypass

321.35+122.45

799.84716.31

695.831262.47

*Sign/'f/cant difference based on Bonferroni post hoc test results
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Table 3 - Changes in iron, ferritin, and hemoglobin profiles after bariatric surgery based on type of

surgery

Type of operation Before intervention 3 months later 6 months later  Between-
group
probability
value
Iron Profile

Women

Iron 76.44+28.81 71.2423.89 78.65+20.3 0.73

Ferritin 63.75+60.88" 80.02+65.13°  78.24%79.66 0.04

Total Iron Binding Capacity 322.87+62.04 309.67+56.79  322.96+49.71 0.45

Mean Hemoglobin Concentration 84.1246.13 85.52+6.06 84.6819.84 0.65

Hemoglobin 13.25+1.18 13.31+41.13 13.04+1.06 0.64

Folic Acid 11.0045.69 12.5749.25 10.9345.32 0.43

Vitamin B12 373.29+244.50°  640.56+431.11 713.66+495.64 0.04

Men
Iron Profile 6 months after 3 months after Before surgery
surgery surgery

ron 84.39+27.25 82.28+26.28 76.22425.5 0.92

Ferritin 108.22+110.85 134.68466.25  190.12+95.46 0.75

Total Iron Binding Capacity 344.62143.78 299.06+35.23  301.10#33.17 0.23

Mean Hemoglobin Concentration 85.02+3.41 85.942.95 86.85+1.77 0.32

Hemoglobin 15.14+1.38 14.89+1.23 15.52+1.84 0.16

Folic Acid 9.344.76 10.9445.65 10.8845.59 0.17

Vitamin B12 329.344222.56  519.16#273.09 495.54270.82 0.13

*Significant difference based on Bonferroni post hoc test results
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Table 3 (a)- Comparison of iron profile changes between different age groups 3 and 6 months after

bariatric surgery
Total Iron Total Iron
Iron 3 Iron 6 Ferritin 3 Ferritin 6 Binding Binding
Age Group . )
months months months months Capacity 3 Capacity 6
months months
15-29 70.36+35.71 74+16.55 68.75+67.93 47.74+39.41 321.44+450.53 352+79.98
30-49 72.91422.93 80.52422.15 82.26+61.72 79.1+88.56 307.394+58.48 321.06%+37.23
50-69 74.59+19.93 76.72419.66  109.61+76.62  117.42+88.07 300+42.44 311.12460.85
Probability value 0.85 0.77 0.07 0.25 0.46 0.48
Table 3 (b)- Table 3 continued
Average Average
hemoglobin hemoglobin Hemoglobin Hemoglobin Folic acid 3  Folic acid 6
Age Group . .
concentration  concentration 3 months 6 months months months
3 months 6 months
15-29 84.74+45.46 72.02423.41"° 13.41+1.19 12.6840.19 11.95+3.94 11.72+5.85
30-49 85.18+6.03  85.7+6.14°  13.51#1.19  13.2+1.12  12.34+10.2  9.11#3.22"
50-69 87.1544.85 87%6. 09$ 13.64+1.51 13.24+1.7 12.4946.22 14.47+6.84
Probability value 0.199 0.01 0.799 0.616 0.985 0.03

e

Changes in Iron Profile by Age

The mean iron profiles of patients three and
six months after surgery were compared across
three distinct age groups, as summarized in Table
3. Significant differences were observed in mean
hemoglobin and folic acid concentrations six
months post-surgery among these age groups.
Specifically, the changes in mean hemoglobin
concentration were significant for the first age
group compared to both the second and third
groups (p < 0.05). However, no statistically

are significant differences based on the results of the Bonferroni post hoc test.

significant differences were found between the
second and third age groups. Additionally,
comparisons of folic acid levels revealed
significant differences between the second and
third groups, suggesting that younger patients
tended to exhibit lower iron profiles following
surgery. Overall, these findings indicate that the
iron profile in younger age cohorts tends to be
less favorable (refer to Table 3 for further
details).
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Table 3 (b)- Table 3 continued
Vitamin B123  Vitamin B12 6
Age Group
months months
15-29 416.35£229.37 455.46+174.63
30-49 626.75+392.52 841.82+572.56
50-69 718.744507.24 509.57+192.99
Probability value 0.083 0.10
Discussion
The present study was conducted to

elucidate the patterns of iron deficiency, identify
influential factors, and ascertain critical time
frames for intervention following bariatric
surgery in obese patients. Given the significance
of this topic, we examined the six-month
changes in iron profiles among patients
attending the Obesity Clinic of Fatemeh Zahra
Hospital at Iran University of Medical Sciences.
This investigation aims to clarify the role of iron
supplementation, dietary modifications, and
other therapeutic interventions in enhancing the
nutritional status of patients following surgery.
In recent decades, obesity has escalated to
epidemic proportions in both developing and
developed nations, posing a substantial public
health threat and representing a significant
economic burden. This increase contributes
greatly to the growing global prevalence of
obesity-related diseases. Regrettably, surgical
interventions often fail to yield long-term weight
loss success, underscoring the necessity for
effective treatment options. Given that non-
surgical methods for weight reduction have
proven less effective, bariatric surgery has gained
recognition as a viable solution, known for its
ability to facilitate substantial weight loss and
address severe obesity."* However, the success
of bariatric surgery is heavily contingent upon
diligent long-term follow-up, as the procedures
can precipitate various complications.

These complications may include
intraoperative events (e.g., trocar injuries,
splenic injury, portal vein injury, intestinal
ischemia), short-term postoperative

complications (e.g., bleeding, wound infections,
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anastomotic leaks, pulmonary embolism,
cardiovascular, and respiratory issues), and long-
term complications (e.g., kidney and biliary
stones, nutritional deficiencies, neurological, and
psychological effects)."® Iron is one of
approximately twenty essential trace elements
and plays critical roles in human physiology as
well as in nearly all biological systems.'” Post-
bariatric surgery iron deficiency arises from
multiple factors: reduced iron intake due to
impaired absorption, limited tolerance to iron-
rich foods, inadequate adherence to iron
supplementation, diminished gastric acid
secretion resulting from gastric bypass, and
duodenal bypass leading to impaired absorption.
Depending on the type of surgery and
postoperative care, studies have reported that
iron deficiency affects 18% to 53.3% of patients,
with iron deficiency anemia observed in 52% to
54% of these individuals.'®

Our findings indicate that bariatric
procedures, particularly mini gastric bypass with
single anastomosis and sleeve gastrectomy,
significantly influence patients' iron profiles. The
observed alterations in ferritin levels,
hemoglobin, and mean hemoglobin
concentration underscore the impact of these
surgeries on iron metabolism. However, these
results must be contextualized within the
framework of previous research. Interestingly,
while serum iron levels remained relatively
stable three months post-surgery, ferritin levels
exhibited significant increases. In contrast, a
study entitled "Anemia Post-Bariatric Surgery"
found it challenging to attribute anemia solely to
iron deficiency, highlighting a concurrent
reduction in hemoglobin and ferritin levels
alongside an increase in serum iron. These
findings suggest that post-bariatric surgery
anemia may arise from other mechanisms such
as inflammation or altered nutrient absorption.*

A separate study investigating the
prevalence and causes of anemia in seventy
patients following bariatric surgery reported that

sixteen individuals—exclusively women—
developed anemia  postoperatively. This
underscores the particular vulnerability of

women to anemia and related nutritional
deficiencies.”® However, in the current study,
gender-based analyses yielded differing results.
While ferritin  and mean  hemoglobin
concentrations rose significantly in women at
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three months, they nearly returned to
preoperative levels by six months, with
hemoglobin levels showing a significant decrease
at this later time point. To enhance the reliability
of future findings, we recommend conducting
studies with larger sample sizes and extended
follow-up periods. Our results demonstrate
notable differences in mean ferritin and
hemoglobin levels post-surgery between women
and men, with females exhibiting lower
averages. This discrepancy may be attributed to
physiological variances, particularly those
associated with reproductive age and the
consequent demands on iron stores.

In this study, we investigated alterations in
iron profiles following bariatric surgery in
patients with pre-existing conditions such as
diabetes, hypertension, dyslipidemia, or
hypothyroidism, contrasting these changes with
those observed in individuals without underlying
diseases. Notably, we observed a significant
reduction in mean ferritin levels among diabetic
patients three months post-surgery, in stark
contrast to non-diabetic individuals. This finding
corroborates results from a previous study that
assessed serum ferritin levels in women with
diabetes and hypertension both prior to and six
months following bariatric surgery.”

Furthermore, an additional study examining
one-year outcomes of bariatric surgery across
two distinct age groups—adolescents and young
adults—demonstrated that the increase in
hemoglobin levels was more pronounced in the
young adult cohort, whereas adolescents
manifested a greater decrease in ferritin levels.
Our study similarly compared changes in iron
profiles across three age groups and revealed a
more significant reduction in mean hemoglobin
concentration among younger patients. This
suggests that younger populations may be at an
elevated risk for iron deficiency, potentially due
to increased nutritional demands associated with
growth or lower adherence to postoperative care
protocols.?? Additionally, research investigating
weight loss and health status in adolescents
three years following bariatric surgery indicated
noteworthy improvements in comorbidities and
overall quality of life. However, it was found that
57% of these adolescents continued to

experience ferritin deficiency. This finding
underscores that, despite achieving substantial
weight loss and advancements in
cardiometabolic health, bariatric surgery among
adolescents also presents a risk for micronutrient
deficiencies and highlights the necessity for
ongoing nutritional interventions.”? Numerous
studies have documented nutritional deficiencies
among obese individuals both prior to and
subsequent to bariatric surgery, revealing
common deficiencies in iron, vitamin D, and
other essential nutrients.'**** The consistency
of these findings with our results emphasizes the
critical need for regular screening for nutritional
deficiencies both before and after surgery.

Conclusion

The findings of our study concerning changes
in iron profiles following bariatric surgery largely
align with those from previous research,
although some discrepancies were noted. These
variations may be attributed to differences in
study populations, duration of follow-up, surgical
techniques, or methodologies for measurement.
Overall, our results accentuate the necessity for
vigilant screening and monitoring of patients
after bariatric surgery to prevent nutritional
deficiencies and anemia. This study underscores
the importance of continuously evaluating the
iron status of obese patients post-surgery, in
conjunction with the consistent use of
appropriate and recommended iron
supplements. Such interventions are vital for
optimizing patient outcomes and sustaining
nutritional health.
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Evaluation of Clinical Characteristics and Outcomes in Patients
Undergoing Surgery During the COVID-19 Incubation Period
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Abstract:

Background and Objective: The COVID-19 pandemic has profoundly impacted healthcare systems and
treatment protocols, particularly surgical procedures. This study examines the clinical characteristics and
outcomes of patients undergoing surgery during the incubation period of COVID-19 infection.

Materials & Methods: In this analytical cross-sectional study conducted in 2019, clinical data from
surgical patients in the COVID-19 incubation period were collected and analyzed. Clinical characteristics
included age, sex, type of surgery, and postoperative outcomes such as length of hospital stay and mortality.
All data were entered into SPSS version 22, and statistical analysis was performed using t-tests and chi-
square tests, with a significance level set at p < 0.05.

Results: The mean operative time for elective surgeries was 3.87 + 1.12 hours in PCR-positive patients
and 2.7 £ 0.98 hours in PCR-negative patients. For minor surgeries, the mean operative time was 4.11 + 2.12
hours in PCR-positive patients and 3.5 + 1.14 hours in PCR-negative patients. Major surgeries lasted 12.3 *
3.3 hours in PCR-positive patients and 11.8 + 2.5 hours in PCR-negative patients. The results revealed a
statistically significant difference in recovery time between the two groups (p < 0.001), with COVID-19
patients experiencing longer recovery periods and higher mortality rates compared to non-COVID-19
patients.

Conclusion: This study demonstrates that patients with COVID-19 undergoing surgery during the
incubation period had prolonged recovery times and higher mortality rates than non-infected patients. These
findings underscore the importance of thorough preoperative screening for COVID-19 infection before
elective and non-urgent surgeries and highlight the need for precautionary measures to mitigate surgical

\risks in COVID-19 patients. /
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Background and Objective

The outbreak of the coronavirus disease
2019 (COVID-19) infection occurred in December
2019 in Wuhan, the capital of Hubei Province,
China.! The first case of COVID-19 in Iran was
officially reported on February 19, 2020, in the
city of Qom.? By April 6, 2020, a total of 29,406
confirmed cases and 2,234 deaths had been
reported across Iran.® Understanding the
symptoms of this disease is crucial. Although the
clinical manifestations of COVID-19 are
nonspecific, common symptoms include fever,
cough, myalgia, and fatigue.*”> Some patients
may experience nausea and diarrhea before
developing a fever. Generally, fever is considered
one of the primary symptoms, while a small
number of patients may present with headaches
or hemoptysis.*® Elderly individuals and those
with underlying medical conditions are more
likely to develop acute respiratory symptoms
due to alveolar damage.® The disease can rapidly
progress to multi-organ involvement (e.g., shock,
acute respiratory distress syndrome [ARDS],
acute cardiac injury, and acute kidney injury
[AKI]), sometimes leading to fatal outcomes.’
The incubation period for COVID-19 ranges from
3 to 14 days, during which the virus is highly
contagious.®  Additionally, about 1% of
asymptomatic carriers can be confirmed through
laboratory testing, indicating that the virus
remains potentially transmissible during the
incubation period.® Preventing and identifying
COVID-19 infections pose significant challenges.
Emergency surgeries must be performed
promptly, and whenever possible, laparoscopic
techniques should be employed to minimize
postoperative respiratory complications.” In all
cases, patients should be treated as potentially
infected, and elective surgeries should be
postponed until the epidemic subsides to avoid
unnecessary risks.” Educating patients and their
families about the medical rationale for delaying
surgery is essential. Patients should also be
informed that their required interventions will
be postponed until the epidemic declines, as
many others are awaiting treatment, a number
that depends on the duration of the epidemic.’ A
particular concern arises for patients requiring
emergency surgery. In such cases, two key
factors must be considered: (1) implementing
protective measures for healthcare personnel

and (2) minimizing interventions that could
compromise respiratory function.” During the
early stages of the COVID-19 outbreak, we
encountered a small number of asymptomatic
patients who underwent elective or emergency
surgeries during the incubation period of COVID-
19 infection.’ However, the clinical
manifestations and prognosis of these patients
remain unclear. Currently, data on the clinical
characteristics and outcomes of COVID-19
patients undergoing surgery are scarce.’
Nevertheless, the impact of surgical procedures
as a risk factor on immune cell function has been
established.” Given the prevalence of COVID-19
in Qom Province and the lack of sufficient studies
and data on the clinical features and treatment
outcomes of surgical patients during the
infection period, this study aimed to determine
the clinical characteristics and outcomes of
patients undergoing surgery between 2019 and
one year later during the COVID-19 incubation
period.

Materials and Methods

This study was conducted as a cross-sectional
analytical study. The study population included
all surgical patients from February 2020 to one
year later (February 2021). Sampling was
performed using a census method. Inclusion
criteria: All surgical patients with confirmed
COVID-19 infection by RT-PCR test or CT scan
(exposed group). Surgical patients with
confirmed absence of COVID-19 infection by RT-
PCR test or CT scan (non-exposed group).
Exclusion criteria: Patients with other infections
such as influenza, pneumonia, or other cold-like
symptoms who tested negative for COVID-19
were excluded from the study.

After obtaining ethical approval (code:
IR.MUQ.REC.1400.113), the researcher began
reviewing patient records. All patient data,
including demographic information, clinical
characteristics, type of surgery, and other
relevant variables, were recorded and analyzed.
All data were entered into SPSS software
(version 22) for analysis. Statistical tests
including t-tests and chi-square tests were used
for data analysis. A p-value of <0.05 was
considered statistically significant for all tests.
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Results

A total of 160 patients were evaluated. The
mean age of patients was 39.8 £ 10.9 years, with
86 male and 74 female patients. Table 1 shows
the distribution of these variables between the
exposed (PCR-positive) and non-exposed (PCR-
negative) groups.

Table 1- Comparison of demographic findings
between surgical patients with and without
positive COVID-19 PCR tests

COVID-19 PCR Test P
Variable /
Positive Negative vaiue
Age 38.9348.79 40.8+12.6 0.277
(Mean#SD) DA T ’
Male  39(24.4%) (29.4%)47
Gender 0.221
Female 41 (25.6%) (20.6%)33

The analysis of surgical procedure types
revealed no significant association between
COVID-19 status and surgery category (p =
0.288), with the exposed group comprising 5
elective (3.1%), 28 minor (17.5%), and 47 major
(29.4%) procedures, while the non-exposed
group included 9 elective (5.6%), 33 minor
(20.6%), and 38 major (23.8%) surgeries,
demonstrating comparable distributions across
both cohorts.

Table 2- Frequency of surgery types in patients
with and without positive COVID-19 PCR tests
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The analysis of postoperative recovery times
demonstrated significant differences between
groups for both elective (3.87+1.12 days in
COVID-19 positive patients vs 2.7+0.98 days in
negative patients, p=0.047) and minor
procedures (4.11+2.12 days vs 3.511.14 days,
p=0.031), while major surgeries showed no
statistically significant difference in recovery
duration (12.333.3 days vs 11.8+2.,5 days,
p=0.051), suggesting that COVID-19 infection
may have a more pronounced impact on
recovery following less invasive surgical
interventions.

Table 3- Comparison of mean postoperative
recovery time by surgery type

COVID-19 PCR Test

COVID-19 PCR Test

Variable 7
Positive Negative vaiue
Elective (3.1)5 (5.6)9
Surgery
Type Minor  (17.5)28  (20.6)33  0.288
Major (29.4)47 (23.8)38

Variable P
value
Positive  Negative
Elective 3.87+1.12 2.740.98 0.047
Surgery

Type Minor 4.1142.12 3.5#1.14 0.031
Major 12.3#3.3  11.8%#2.5 0.051

The study revealed significantly worse

outcomes among COVID-19 positive surgical
patients, with the PCR-positive group
demonstrating markedly higher mortality rates
(18 deaths [11.2%] versus 6 deaths [3.8%] in
negative patients, p=0.001). Survival analysis
showed corresponding differences, with 62
survivors (38.8%) in the exposed group
compared to 74 survivors (46.2%) in the non-
exposed cohort. These findings highlight the
substantial impact of COVID-19 infection on
postoperative mortality risk, with infected
patients being nearly three times more likely to
die following surgery than their non-infected
counterparts. The survival disparity between
groups underscores the importance of
preoperative COVID-19 screening and careful
risk-benefit assessment when considering
surgical interventions during pandemic
conditions.
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Table 4- Comparison of patient outcomes
between groups

COVID-19 PCR Test

Variable 7
Positive  Negative value
Death (11.2)18 (3.8)6
Outcome 0.001
Survival (38.8)62  (46.2)74
Discussion

The clinical characteristics and outcomes of
surgical patients during the COVID-19 pandemic
reveal significant challenges and increased risks.
Studies indicate that patients with active COVID-
19 infection face higher postoperative
complications and mortality rates compared to
non-infected individuals. A multicenter cohort
study reported a 30-day mortality rate of 15.9%
in COVID-19-positive surgical patients, with
pulmonary complications occurring in 25% of
cases.” Another study found that the 30-day
mortality rate for COVID-19-infected surgical
patients was significantly higher (23.8%) than for
non-infected patients (1.4%). The incidence of
major complications was also elevated, with
25.6% of infected patients experiencing severe
outcomes compared to 6.8% of non-infected
patients.’

Additional research has identified specific
risk factors for worse outcomes, including

advanced age, comorbidities such as chronic
obstructive pulmonary disease (COPD), and
neurosurgical procedures.’’ Consistent with our
findings, another study reported higher mortality
rates in COVID-19-positive surgical patients,
emphasizing the need for rigorous preoperative
screening.’?

Despite these findings, some argue that
essential surgeries should not be delayed,
provided adequate protective measures and
screening protocols are implemented to mitigate
risks.”> In our study, we attempted to track
patients who underwent surgery during the
COVID-19 incubation period. However, as a
retrospective cohort study, our research faced
limitations, including the exclusion of cases with
unclear disease progression and Inaccurate recall
of symptom onset dates in critically ill patients.
To address these issues, we obtained the most
precise clinical information possible from
patients' companions.

Conclusion

The evaluation of clinical characteristics and
outcomes in surgical patients during the COVID-
19 pandemic is critically important, highlighting
the need for specific management strategies to
mitigate risks and improve treatment results.
Furthermore, adherence to health protocols and
the implementation of preoperative diagnostic
testing represent effective measures for reducing
potential complications.
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Comparison of Serum Ferritin Levels in Children with Iron
Deficiency Anemia with and without Early Childhood Caries
Requiring Surgery: A Systematic Review and Meta-Analysis

Rezaei Y. DDS*, Daneshpooy M. DDS ™

Abstract: \

Background and Objective: Conflicting results in the literature indicate that there is no definitive
association between ferritin levels and dental caries in childhood. However, several studies have suggested a
close relationship between iron deficiency anemia and early childhood caries requiring surgical intervention.
Given the correlation between ferritin levels and iron deficiency anemia, as well as the strong connection
between iron deficiency anemia and early childhood caries in children needing surgery, this study aims to
compare serum ferritin levels in children with iron deficiency anemia with and without dental caries that
necessitate surgical treatment.

Materials & Methods: This study was a systematic review and meta-analysis conducted according to
the PRISMA guidelines. The databases searched included Scopus, ProQuest, PubMed, and ISI Web of Science
for studies published in English, and Magiran and SID for studies published in Persian. The defined keywords
for this study were used in the searches across these databases.

Results: The results of the meta-analysis indicated that serum ferritin levels in children with early
childhood caries requiring surgery were significantly lower than those in healthy children (P = 0.008, 95% Cl: -
0.230 to -0.446).

Conclusion: Early childhood caries requiring surgical intervention leads to poor dietary habits, which
may be associated with anemia and low ferritin levels. Our study's findings clearly demonstrate that early
childhood caries results in a significant reduction in serum ferritin levels.
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Background and Objective

Early childhood caries (ECC) is a type of
dental decay that affects the primary teeth in
children under the age of 6 years." Severe
dental decay impacts the growth and health
of children and can have a negative social
and economic impact on parents and society.
Dental caries can lead to oral pain, difficulty
eating and sleeping, and may contribute to
underweight and stunted growth in
children.? It is believed that children with
severe dental caries become anemic and
malnourished, experiencing significant
changes in their physical growth patterns,
leading to iron deficiency anemia. On the
other hand, iron deficiency anemia can also
reduce the quality of life related to oral
health.’

Anemia in children can have various
causes. Common causes of anemia include
iron deficiency anemia, acute blood loss
anemia, chronic inflammatory anemia,
malnutrition-related anemia, and anemia
due to hereditary hemoglobinopathies.*”

Iron deficiency anemia is the most
common cause of anemia. Several factors
such as genetic influences, diet,
inflammatory processes, and environmental
factors like dental decay and low socio-
economic status contribute to iron deficiency
anemia.’

The relationship  between  early
childhood caries and iron deficiency anemia
is bidirectional. Diet is strongly associated
with both early childhood caries and iron
deficiency anemia. Prolonged breastfeeding
may be linked to both caries in childhood
and iron deficiency anemia.” Tooth pain in
early childhood can affect a child's overall
health.? Chewing difficulties due to caries can
reduce the consumption of iron-rich foods
such as meat and nuts. Furthermore, iron
deficiency anemia may damage the
developing  central nervous  system,
potentially leading to disability and
negatively affecting the quality of life in
children.*°
Some studies have reported that children
with severe early childhood caries are
significantly more likely to develop iron
deficiency anemia.'’ In contrast, other
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studies have found no significant
relationship between anemia and the
number of teeth or caries severity, with no
causal link between severe early childhood
caries and anemia reported.’>*® Guronatan
and colleagues™ also demonstrated in their
study that children with severe early
childhood caries appear to be significantly
more likely to develop iron deficiency
anemia. Notably, there is a close association
between ferritin levels and iron deficiency
anemia; correcting ferritin levels can
alleviate iron deficiency anemia, making
ferritin levels a potential predictor for iron
deficiency anemia in early childhood caries.”

Conflicting results in the evidence
suggest that no definitive connection exists
between ferritin levels and childhood
caries.”® However, several studies have
indicated a close relationship between iron
deficiency anemia and early childhood caries
requiring surgery.”” According to the
researchers, there is limited data on the
connection between these two public health
issues. Understanding this connection could
help design low-cost and effective
interventions using a shared risk factor
approach and address at-risk children in
regions with widespread issues.
Furthermore, identifying the potential
relationship between dental caries and
ferritin levels could assist pediatricians,
pediatric dentists, healthcare policymakers,
and family physicians in improving children's
health and implementing preventive policies.

Materials and Methods
Study Design

This study was designed as a systematic
review and meta-analysis based on the
PRISMA statement.

Search Strategy

Relevant studies were searched after
defining a PECO question focused on
inclusion and exclusion criteria related to the
subject of the study. Due to inconsistencies
in the results of various studies, this research
utilized only case-control studies to obtain
more reliable results. The included articles
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evaluated ferritin levels (O, outcome) in
children (P, population) with dental caries (E,
exposure) compared to children without
dental caries (C, comparison). Keywords
were selected using simple or combined
Boolean operators. The main keywords
included “dental caries,” “surgical dental
caries,” “dental surgery,” “child,” “ferritin,”
and “iron deficiency anemia.” Databases
searched included Scopus, ProQuest,
PubMed, and ISI Web of Science for studies
published in English, as well as Maglran and
SID for studies published in Persian. No
filters were applied other than age group
(under 18 years). The search strategy
retrieved articles related to (anemia or iron
deficiency anemia or low serum iron levels or
iron deficiency, ferritin levels, low ferritin *
anemia or iron deficiency * anemia or low
iron status) and (optimal ferritin level or
control or absence of anemia or optimal
ferritin status) and (caries or dental decay or
cavitated lesion or cavitated dental decay) *
or early childhood caries or dental caries in
children* or severe early childhood caries)
and (primary teeth or baby teeth or pediatric
dentistry or pediatric dental care). Two
authors independently performed a manual
search of the aforementioned databases and
reviewed the references of existing articles.
This review included studies published
between 1990 and 2021.

Inclusion and Exclusion Criteria

The inclusion criteria for this study were
case-control studies published in Persian and
English up until the end of 2021 that
examined ferritin levels in children with and
without early childhood caries requiring
surgery. Exclusion criteria included review
articles, clinical trials, letters to the editor,
cohort studies, and pilot studies.

Study Selection

A reference management system in
EndNote software was used to upload all
potentially eligible studies and remove
duplicates. Using the developed search
strategy, two trained researchers
independently searched the aforementioned
databases. Article selection was based on the
inclusion and exclusion criteria. The selected

abstracts were reviewed, and those meeting
the inclusion criteria were chosen. The full
texts of the selected abstracts were then
screened, with some articles being excluded.
Ultimately, the full text of eligible articles
was reviewed by both researchers for
inclusion in this systematic review.

Data Extraction

Two authors extracted data from the
different studies into a table. Variables
included author names, publication year,
children's age, sample size in both the case
and control groups, mean and standard
deviation of ferritin levels in both groups,
and a brief conclusion from each study.

Risk of Bias Assessment

Each study was assessed for risk of bias
using the Newcastle-Ottawa Scale.'® The risk
of bias in the included studies was evaluated
using the criteria for observational studies.
The scale included domains such as group
comparison, measurement of exposure and
outcomes, and selection of cases and
controls. Scores less than 5, between 5 and
7, and above 7 were classified as low,
moderate, and high methodological quality,
respectively.

Data Analysis

Utilizing the comprehensive meta-
analysis software RevMan, a meta-analysis
was conducted to examine the relationship
between low ferritin levels and the
prevalence of dental caries in children. A
random effects model was employed to
calculate the standard mean difference for
continuous data, accompanied by a 95%
confidence interval. This model posits that
the observed discrepancies among study
results are not solely due to sampling error,
but also represent authentic differences in
populations or study conditions. By
accommodating heterogeneity among
studies, the random effects model provides
an overall estimate that encapsulates the
average true effect across all analyses.
To evaluate the heterogeneity within the
studies, we employed both the P-value
(established at less than 0.05) and the I?
statistic. The I? statistic is a key metric for
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quantifying heterogeneity, indicating the
percentage of the observed variability across
studies that is attributable to genuine
differences rather than mere sampling error.
Values below 25% suggest low
heterogeneity; values ranging from 25% to
50% indicate moderate heterogeneity; values
between 50% to 75% signify high
heterogeneity; and values exceeding 75% are
regarded as indicative of very high
heterogeneity. A high 1> value may suggest
substantial differences in study design,
sample characteristics, or methodologies
that warrant further examination. Moreover,
a forest plot was employed to estimate the
mean difference and visualize the results of
the meta-analysis.

The forest plot serves as an essential
visual instrument in meta-analysis,
effectively presenting the results of all
studies included in the analysis. Each study is
depicted by a horizontal line, which indicates
its 95% confidence interval (95% Cl) for the
effect size, with a square or dot located at
the center to denote the effect size itself.
The size of the square is typically
proportional to the statistical weight of the
study. At the base of the forest plot, a
diamond shape represents the overall
pooled effect size, with its width reflecting
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the combined confidence interval. This visual
representation facilitates a clear
comprehension of how study results align or
diverge, playing a critical role in assessing the
heterogeneity and consistency of the
findings. The Review Manager (RevMan)
software (version 4-5) is an advanced and
specialized tool for conducting systematic
reviews and meta-analyses, developed by
the Cochrane Collaboration. It is widely
acknowledged as a premier tool for data
analysis in systematic review studies on a
global scale.

Findings

A total of 494 articles were retrieved in
the initial search. After excluding duplicate
and irrelevant articles, the abstracts of 29
studies were analyzed. Eventually, 17 articles
underwent full-text analysis, of which 11
were excluded due to being cross-sectional
and lacking a control group for comparison.
As a result, six studies were included in this
systematic review and meta-analysis. The
quality assessment across the studies varied
significantly. One study demonstrated low
quality, three studies showed moderate
quality, and two studies exhibited high
quality (Figure 1).
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Initial search: 494

Abstract review: 29

|

Full text review: 17

|

Articles excluded based on inclusion/exclusion

criteria: 11

Final articles: 6

Figure 1- The process of inclusion and exclusion of studies in this systematic review and meta-
analysis

The summary of the included studies
indicated that six studies with a total sample
size of 1,023 children under the age of 12,
conducted between 2013 and 2017, were
included in the study. In four out of the six
studies, the authors reported that the serum
ferritin levels in children with early childhood
caries requiring surgery were significantly
lower compared to serum ferritin levels in
children without early childhood caries (P-
value < 0.05). The summary of the studies
included in this systematic review and meta-
analysis is presented in Table 1.

Six articles assessed serum ferritin levels
as mean and standard deviation using a
similar method. The heterogeneity of the
articles was reviewed, and it was found that
the heterogeneity was high (1> = 94.2%, P =
0.029). The results of the meta-analysis
indicated that serum ferritin levels in
children with early childhood caries requiring
surgery were significantly lower than in
healthy children (Cl 95% = -0.230 to 0.446, P
= 0.008).

The forest plot (Figure 2) below reflects
the results of the meta-analysis.
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Table 1- Summary of Studies Included in the Systematic Review and Meta-Analysis

Author/Year

Age
Range

Study
Quality

Sample Size

Ferritin Level (ng/ml)

Final Result

Abed/2014
19

Schroth/2013
20

Koppal/2013
21

Shamsaddin/2016
22

Jayakumar/2017
23

Nayak/2017

24

2to5
years

Under 6
years

2to6
years

2to6
years

Under 6
years

2to 12
years

Score:6
Low

Score:5
Low

Score:6
Low

Score:7
Low

Score:8
Low

Score:8
Low

Intervention:100
Control:50

Intervention:144
Control:122

Intervention:30
Control:30

Intervention:157
Control:83

Intervention:79
Control:35

Intervention:119
Control:74

Intervention:31.86+18.2
Control:40.96+21.1

Intervention:29.1+£18.4
Control:30.2+17.4

Intervention:29.33+24.22
Control:76.05+84.74

Intervention:34.58+25.01
Control:34.63+19.16

Intervention:28.22+20.86
Control:37.404£24.20

Intervention:30.71+21.54
Control:31.06+19.32

Serum ferritin levels in
children with early
childhood caries
requiring surgery were
significantly lower than
in healthy children (P =
0.14)

Serum ferritin levels in
children with early
childhood caries
requiring surgery were
significantly lower than
in healthy children (P =
0.09)

Serum ferritin levels in
children  with early
childhood caries
requiring surgery were
significantly lower than
in healthy children (P =
0.01)

Serum ferritin levels in
children  with early
childhood caries
requiring surgery were
non-significantly lower
and very slightly lower
than in healthy
children (P = 0.56)

Serum ferritin levels in
children  with early
childhood caries
requiring surgery were
significantly lower than
in healthy children (P =
0.035)

Serum ferritin levels in
children with early
childhood caries
requiring surgery were
non-significantly — and
slightly lower than in
healthy children (P =
0.325)
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Figure 2- Forest plot derived from the articles included in this systematic review and meta-analysis.

Discussion

Early childhood caries requiring surgery
is a severe dental decay affecting young
children. These children suffer from
malnutrition, poor ability to chew, and pain,
leading to iron deficiency, stunted growth,
and weight loss. Sleep disturbances affect
the growth of these children due to reduced
glucocorticoid production.”

On the other hand, anemia can occur as a
result of genetic factors (congenital),
inflammatory processes, nutritional factors,
and environmental factors such as dental
decay and low socio-economic status.
According to the World Health Organization,
iron deficiency anemia is confirmed when at
least two of the three parameters (MCV,
serum ferritin, and Hb) are below the normal
range.” This systematic review provides an
accurate summary of the relationship
between low serum ferritin levels and dental
decay in children, considering all available
case-control studies. It shows a significant
association between low serum ferritin levels
and early childhood caries, suggesting that

dental decay leads to a decrease in ferritin
levels.

Various factors such as socio-economic
conditions, diet, race, and sleep patterns can
influence anemia. These factors vary across
different populations.”*”> One of the
differences in this study compared to similar
studies is that it only includes case-control
studies to reduce the potential effects of

socio-economic  status factors across
different  populations.  Studies were
conducted in communities with different

socio-economic conditions, which may
impact multifactorial variables such as dental
decay and low ferritin levels.’**" The
existence of both case and control groups
within each population and considering them
in meta-analysis can help reduce the impact
of community differences. Furthermore, the
age group considered in this study differs
from other studies. Our study included
children up to the age of 18, whereas other
studies usually focused on children with
dental decay in early childhood.

Low ferritin levels may not be directly
caused by early childhood caries but could be
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associated with high milk consumption in
early childhood.*? Given the inconsistencies
in study results, this study conducted a meta-
analysis of case-control studies to obtain
more reliable outcomes. This systematic
review showed that children with early
childhood caries requiring surgery had a
higher likelihood of low ferritin levels
compared to the control group without
decay. Dentists and primary care providers
should be well-informed about this
relationship and acknowledge that dental
decay may serve as a risk factor for low
ferritin levels when treating young
children.*® Physicians should be aware that
nutritional deficiencies may follow dental
decay in their patients. Dentists should also
understand that children with dental decay
are at risk for nutritional deficiencies that
may affect their long-term health.

On the other hand, prolonged
breastfeeding and the use of a bottle for
more than two years can expose children to
early childhood caries and malnutrition,** as
they do not receive adequate iron and other
essential  nutrients. Therefore, early
childhood caries, iron deficiency, and other
nutritional complications are more likely to
occur in this group of children.® Multiple
dental caries make it difficult for children to
chew foods, particularly meat, which impairs
nutrient absorption in the intestine.’®*” As a
result, children tend to consume sugary
drinks to feel full, avoiding meat and iron-
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containing foods.*® Dietary factors leading to
iron deficiency (excessive consumption of
sweet drinks and insufficient meat intake)
may also predict dental decay. In conclusion,
whether dental decay causes iron deficiency
in children or if low ferritin levels are a result
of other factors remains unclear, highlighting
the need for further cohort studies with
larger sample sizes across different
communities.***

No study is without limitations. The first
limitation in our study was the inclusion of
patients with different age groups,
particularly one study that included children
up to 12 years of age, a different age range
than typically defined for early childhood
caries. The second limitation was the lack of
knowledge regarding the nutritional status of
the children, which is influenced by the
economic status of the household. However,
future studies are recommended for children
with early childhood caries requiring surgery,
with iron supplementation. Additionally,
cohort studies are also recommended.

Conclusion

Early childhood caries requiring surgery
leads to poor dietary habits that may be
associated with anemia and low ferritin
levels. Our study clearly demonstrated that
early childhood caries requiring surgery
results in a significant reduction in serum
ferritin levels.
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Demographic and Clinical Characteristics of Patierd Who
Underwent Thyroidectomy in Southern Population of ran Based
on Iranian National Thyroid Surgery Registry (INTSR)
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/Abstract: \

Background and Objective: Thyroid malignancy is a fairly common cancer which had an increasing
rate of incidence in the recent years. This disease presents itself as nodular lesions. Thyroidectomy is a
standard procedure for managing patients with thyroid malignancies. This disease is also prevalent in the
population of southern Iran and makes up the majority of the endocrine malignancies. Due to the
importance of the disease, in this study we aimed evaluate the demographic and clinical characteristics of
patients who underwent thyroidectomy in southern population of Iran.

Materials & Methods: This cross-sectional study uses the data extracted from Iranian National Thyroid
Surgery Registry (INTSR). All the patients who underwent thyroidectomy during 2023 and 2024 and did not
fulfill any exclusion criteria are enrolled in the study. Demographic data, medical history, familial history,
laboratory data, and details of their surgery are extracted and evaluated.

Results: Of all the 1409 patients in the study, 274 (19.4%) were males and 1135 (80.6%) were females.
The mean age of the patients was 44.33112.96. the most common surgery was total thyroidectomy (13.7
(92.8%0). The most common pathologic findings after surgery were PTC classic type (32.2%), MNG (19.7%),
PTC follicular type (17.7%), PTMC (15.1%), benign nodular hyperplasia (14.7%), Hashimoto (2.6%),
parathyroid adenoma (2.4%), graves’ disease (1.8%), Hurthle cell carcinoma (1.4%), and MTC (0.7%),
respectively. The most common FNA findings were as follows: PTC (43.9%), benign findings (17.1%),
AUS/FLUS (7.9%), MNG (7.9%), and graves’ disease (2.3%), respectively.

Conclusion: In this study, the demographic and clinical data of patients who underwent thyroidectomy
is evaluated. PTC was seen to be the most prevalent pathology among the patients. The majority of patients
who underwent thyroidectomy were women. The most common FNA result was also PTC. Further studies are
required to deepen our understanding of risk-factors and predisposing factors of thyroid malignancies and

Kimprove the treatment quality. /
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Background and Objective

Thyroid cancer is the most prevalent
malignant endocrine tumor in humans. The
incidence of thyroid malignancy has
increased in developed countries in recent
years."? The occurrence of this malignancy
had an upward trend in Iran, too.> Some
experts have described the improvement of
diagnostic tools and screening guidelines as
the cause of these increases; however,
others associate the increasing diagnosis
essentially with the increase of the disease
incidence itself.*’

Most often, thyroid malignancies stem
from follicular thyroid cells. The most
common types are papillary thyroid
carcinoma, follicular thyroid carcinoma,
medullary thyroid carcinoma, and anaplastic
carcinomas.’® Thyroid malignancies are
commonly present themselves as thyroid
nodules. Studies have reported that 7-15% of
thyroid nodules are malignant in nature.>*

With careful history taking and physical
examination, and evaluating laboratory data,
thyroid imaging, and thyroid biopsy, the
malignancy risk of thyroid nodules could be
measured and initiate proper medical
management. Thyroidectomy is the common
standard procedure for treating
differentiated thyroid lesions.'*** The 2015
guideline of American thyroid association
have suggested total thyroidectomy for
patients with low to moderate risk of
malignancy.” Furthermore, total
thyroidectomy with central lymph node
dissection is suggested for patients with PTC,
whose imaging is suspicious of metastasis to
lymph nodes. Nevertheless, recent studies
have questioned the advantages of this
method.'**®

In Iran, thyroid cancer is one of the most
common malignancies, to the extent that it is
the third common malignancy among the
female population.'””** Recent studies have
reported a 3.5% prevalence for thyroid
malignancies in Iran, which encompasses
76.1% of all endocrine malignancies.
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Moreover, thyroid malignancies are common
in southern Iran and especially, Fars
province, with increasing incidence in recent
years.2%*

Due to the high frequency of thyroid
cancer and its imposed burden on healthcare
system, we aimed to investigate the clinical
and demographic characteristics of patients
who underwent thyroidectomy in southern
Iran, using lIranian national thyroid surgery
registry (INTSR). This study could lay a
foundation for further large multicenter
studies aimed to improve the screening,
diagnosis, treatment, and follow-up of
patients with thyroid malignancies.

Materials and Methods

The aim of this cross-sectional study is to
evaluate the demographic and clinical
characteristics of patients who underwent
thyroidectomy in southern population of Iran
(Fars) during 2023-2024 based on lIranian
national thyroid surgery registry (INTSR).
STROBE guidelines are utilized to increase
the accuracy of the reporting.”

Pre-hospital, surgical, and post-operation
data are gathered by the surgeon and his
assistant researchers and recorded in the
INTSR. All the data from the INTSR is cured
and evaluated by a statistics expert. Outliers,
incorrect or incomplete records, and those
who refused to undergo surgery are
excluded from the dataset.

In total, 2044 records were available in
the INTSR, which reduced to 1409 cases after
data curing. Demographic data (including age
and gender), clinical data (history of previous
diseases, family history of diseases, previous
surgeries, and so forth), pathologic findings
(before and after surgery), and laboratory
data (before and after surgery) are
evaluated.

Quantitative variables were reported as
mean and standard deviation, whereas
qualitative variables were reported as
prevalence and percentage. IBM SPSS
version 26 was used for statistical analysis.
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Findings

Overall, 1409 patients were evaluated.
Respectively, 274 (19.4%) and 1135 (80.6%)
of the cases were males and females. The
mean age of the population was 44.33+12.96
(figure 1). 91 (6.5%), 70 (5%), 74 (5.3%), 144
(10.2%), 194 (13.8%), and 9 (0.6%) of the
patients had history of hypothyroidism,
hyperthyroidism, diabetes mellitus,
hypertension, and recurrence of the tumor,
respectively. Moreover, 195 (13.8%) of the
patients had history of thyroid surgery in
first degree relatives (table 1).

Laboratory data of the patients is
explained in detain in table 2. The largest
diameter of the tumor was 1.57+1.34
centimeters on average. 1307 (92.8%) of the
patients underwent total thyroidectomy, and
29 (2.1%) of the patients had parathyroid
surgery. Radical lymph node dissection was
performed in 54 (3.8%) of the patients (table
3).

35

Table 1- Demographic and history of the

patients
Variable Mean Standard
Deviation

Age, Meanzstandard deviation 12.96+44.33
Gender, Number(%)
male (19.4)274
female (80.6)1135
History of disease, Number(%)
hypothyroidism (6.5)91
hyperthyroidism (5)70
diabetes mellitus (5.3)74
hypertension (10.2)144
P051tlyefam//y history of (13.8)194
thyroidectomy, Number(%)
Recurrence of tumor, Number(%) (0.6)9
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Gender
female male

100 100
80

80

60 60

Age
a8y

40 40

20 20

80 60 a0 20 0 20 40 60 80

Figure 1- The distribution of the study population age and gender

Grave's disease

AUS/FLUS

Benign findings

Figure 2- FNA findings of the patients
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445
335
304
178
65 75
H B 7
1 2 3 4 5

6 Not reported

Figure 3- The frequency of reported TIRADs in sonography

Pathologic findings from tissue extracted
during surgery is explained in detail in table
3.FNA findings of the patients were
evaluated and are as follows: (43.9%) 619
PTC, (17.1%) 241 benign findings, (7.9%) 111
AUS/FLUS, (7.9%) 111 MNG, (2.3%) 32

Grave’s disease (table 4) (figure 2). The
frequency ofthyroid imaging reporting and
data systems (TIRADS) scores are as follows:
(31.6%) 4, (23.8%) 5, (12.6%) 3, (5.3%) 2,
(4.6%)1 and (0.5%) 6 (figure 3).
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Table 2- Laboratory findings of the
patients

Iranian Journal of Surgery, Volume 32, Number 4, 1403

Table 3 Clinical characteristics of the patients

Pre-operative, MeantStandard Deviation

calcium 9.4+#1.3
phosphorous 3.8%0.7
vitamin D3 32.5+14.7
parathyroid hormone” 52.9+38.4
thyroid stimulating hormone” 2.444
thyroglobulin 131.34141.3
anti-thyroglobulin antibody 119.6+182.9

Post-operative, Mean+Standard Deviation

calcium 9.240.9
vitamin D3 34.7+14.1
parathyroid hormone” 28.9+22.2
thyroid stimulating hormone” 12.5+16.5
thyroglobulin 24.5+58.8
anti-thyroglobulin antibody 106.8+103.7

*parathyroid hormone (PTH)
thyroid stimulating hormone (TSH)

Type of surgery, Number(%) Variable
total thyroidectomy (92.8)1307
partial thyroidectomy (2.7)38
parathyroidectomy (2.1)29
others (2.4)35

Lymph nodes dissection, Number(%)

central (45.8)645
lateral (8.6)121
radical (3.8)54
Largest nodule diameter in Cm, 1.6741.34
Mean#Standard Deviation
Pathology, Number(%)
PTC classic type (32.2)453
PTC follicular type** (17.7)250
papillary thyroid microcarcinoma’ (15.1)213
multinodular goiter¥ (19.7)277
Hashimoto disease (2.6)36
benign nodular hyperp/asia" (14.7)207
medullary carcinoma’ (0.7)10
Hurthle cell carcinoma® (1.4)20
Grave’s disease (1.8)26
parathyroid adenoma (2.4)34
ZETC classic type

PTC follicular type

“*Papi//ary thyroid microcarcinoma
*multinodular goiter

7’benign nodular hyperplasia
‘medullary carcinoma

SHurthle cell carcinoma
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Table 4- FNA findings of the patients

Variable Frequency & percentage
Papillary thyroid carcinoma,* Number(%) (43.9)619

Benign findings, Number(%) (17.1)241

Atypia of undetermined significance/Follicular lesions of undetermined significance,” Number(%) (7.9)111
Multinodular Goiter,m Number(%) (7.9)111

Grave’s disease, Number(%) (2.3)32

Others, Number(%) (20.9)295

*pap/'/lary thyroidcarcinoma (PTC)

**Atypia of undetermined significance (AUS)/follicular lesions of undetermined significance (FLUS)

" multinodular goiter (MNG)

Discussion

In this study we aimed to evaluate the
demographic and clinical characteristics of
patients who underwent thyroidectomy in
southern population of Iran (Fars) using on
Iranian national thyroid surgery registry
(INTSR). Females underwent surgery more
frequently compared to males. The majority
of the patients were 40 to 50 years old. It
was observed that the most common surgery
was total thyroidectomy, and nearly half of
the patients were undergone central lymph
node  dissection.The most  frequent
pathologic finding and the most common
FNA finding was PTC.

Studies have reported that females are
more susceptible to thyroid malignancies.
Some studies even suggest that this
difference could be as high as three to four
times more.”>? The findings of our study are
in line with previous ones. The female
population who underwent thyroid surgery
was nearly four times the male population.
This difference could be due to differences in
lifestyle, behavioral, and biological varieties.

As an example, females typically pursue their
physical pain and discomfort more often
compared to men; therefore, it is more likely
for them to seek medical attention; this in
turn, increases the chance of thyroid
disorder diagnosis by the physician.”®
Furthermore, it seems that hormonal
differences between males and females play
a role in the incidence rate of thyroid
diseases. Studies have observed that
estradiol can have protective effects against
thyroid cancer.”’”?® Further studies with
consideration of various risk factors for
disease incidence among males and females
can shed light on this matter.

It was seen that nearly 10 percent of the
patients had hypertension. Studies suggest
that patients with hypertension have more
incidence of more malignant thyroid
diseases.”” It is also seen that DM can
increase the chance of thyroid cancer.®*
Less than 1 percent of patients in this study
have recurrence of thyroid cancer, which was
less than the rate reported in previous
studies.’>®® This difference can be due to
demographic and clinical varieties among the
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study populations. More comprehensive
studies are required for clarifying this issue.
Thyroid stimulating hormone showed an
increase after the surgery. This is expected
due to the decrease or absence of thyroid
hormones. Serum level of thyroglobulin was
decreased after the surgery. It is observed
that serum thyroglobulin level could
potentially act as a predictor of patients’
response to the surgery and iodine therapy.**

Most frequent surgery was total
thyroidectomy, which is in line with previous
studies. According to the latest guidelines,
total thyroidectomy is a standard procedure
for patients with low to moderate
malignancy risk.>>*® In total, more than half
of the patients required lymph node
dissection. Studies also suggest that up to 60
percent of the patients have concomitant
lymph node involvement with thyroid
malignancy.>”* Similar to previous studies,
PTC and after that, follicular cell carcinomas
were the most common pathologies among
the patients.*>*! The most common finding in
FNA was also PTC, which is in line with post-
operative data. It is also observed that the

Iranian Journal of Surgery, Volume 32, Number 4, 1403

most common TIRADs scores were 4 and 5
among the study population. Studies have
demonstrated that the most common TIRADs
score among patients with thyroid lesions
was 4, which is similar to our findings.****

Strengths and limitations

The demographic, clinical, and laboratory
findings of the patients can provide a
comprehensive view of population
characteristics and be a foundation for more
advanced studies. The limitations of this
study are the lack of tumor exact location
and size recording and single center nature
of the study. it is also more accurate to use
validated questionnaires for evaluating post-
operative side effects.

Conclusion

The recorded data of patients who
underwent thyroidectomy were evaluated in
this study. it was shown that females have
more frequently undergone thyroid surgery.
PTC was the most frequent pathology finding
among the patients.
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| nvestigating the rate of recurrence and survival of
patientswith locally advanced breast cancer after
modified radical mastectomy and reconstruction using
abdominal flap

*

Afsharfard A. MD*, mousavi A. MD**, Hosseinifard M.”"

4 N

Abstract:

Background and Objective: Currently, modified radical mastectomy with reconstruction via abdominal
flaps is considered as an accepted common surgical technique in the treatment of locally advanced breast
cancer. However, the information about the rate of complications and its success in previous studies has
many contradictions. Therefore, this study was conducted with the aim of investigating the rate of
complications, recurrence and survival of patients with localized breast cancer and reconstruction with the
abdominal flap method.

Materials & Methods: In this retrospective cohort study, patients with locally advanced breast cancer
who were treated at Shahada Tajrish Hospital in Tehran between 2011 and 2012 by modified radical
mastectomy along with breast reconstruction by abdominal flap were included. Initially, according to
inclusion criteria, patients with the invasive ductal carcinoma histopathology, treated by one surgeon,
advanced stage of the disease, and the absence of distant metastasis were selected. Then, patients
satisfaction, the incidence of complications, and recurrence and survival rates were recorded during three-
monthly visits for 48 months followed-up.

Results: In the present study, the mean age of the patients was 55.7 years (with a standard deviation of
11.2 years), and mean satisfaction from a VAS score equal to 7.5 in the first 6 months to a score of 10 at the
end of one year. Also, local recurrence was not seen in any of the patients. However, at the end of 48 months
of follow-up, 32 patients were alive, which indicates a survival rate of 88%.

Conclusion: The results indicated high patient satisfaction, low rate of surgical complications, no local
\recurrence, and a promising survival rate. /

Keywords: Modified radical mastectomy, breast cancer, local recurrence, breast reconstruction
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Background and Objective

Breast cancer continues to pose a significant
global health challenge, impacting millions of
women around the world.' Advanced local
breast cancer indicates a later stage of the
disease, typically characterized by substantial
tumor size, involvement of adjacent structures,
and metastasis to regional lymph nodes.” The
management of advanced local breast cancer
necessitates a comprehensive strategy that
usually encompasses surgery, radiation therapy,
systemic chemotherapy, and targeted therapies.’
Among the various surgical modalities employed
in the treatment of advanced local breast cancer,
modified radical mastectomy followed by
reconstruction with abdominal flaps has
emerged as a prevalent and effective option.
This surgical procedure entails the excision of
breast tissue, underlying chest muscles, and
axillary lymph nodes, succeeded by the
reconstruction of the breast utilizing autologous
tissue harvested from the abdominal region.’
This innovative technique offers numerous
advantages, including improved aesthetic
outcomes, enhanced psychological well-being,
and restoration of natural breast contours.®
Despite the increasing acceptance of modified
radical mastectomy with abdominal flap
reconstruction, research concerning its impact on
recurrence rates and overall survival in patients
with advanced local breast cancer remains
scant.’

Hence, this study aims to assess the overall
survival of patients following modified radical
mastectomy and abdominal flap reconstruction,
as well as the associated recurrence rates.

Materials and Methods
Study Design

This cross-sectional study was conducted
among patients diagnosed with advanced local
breast cancer who underwent surgical
intervention between 2012 and 2013 at Shahid
Tajrish Hospital in Tehran. A convenience
sampling method was employed to select
participants for the study.

Inclusion and Exclusion Criteria
The inclusion criteria for this study were as
follows: 1. A confirmed diagnosis of breast
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cancer based on pathology reports. 2.
Histopathological identification of breast cancer
as Invasive Ductal Carcinoma. 3. All patients
were treated by a single surgeon to ensure
consistency in the surgical approach. 4.
Classification of the disease stage as advanced
(Stage 3a or 3b). 5. Absence of distant metastasis
at the time of surgery. 6. Provision of written,
informed consent to participate in the study.
Exclusion criteria included: 1. Lack of follow-up
care and failure to receive adjuvant therapies
(radiation and chemotherapy). 2. A history of
prior chemotherapy. 3. Presence of
immunocompromising conditions. 4. A history of
abdominal or thoracic surgery. 5. Diagnosis of
bilateral breast disease. 6. Evidence of
malnutrition. This structured approach enhances
the reliability of our findings while ensuring that
the study population accurately represents the
target group.

Modified Radical Mastectomy and

Abdominal Flap Reconstruction

Patients underwent a modified radical
mastectomy performed under general
anesthesia. An incision was executed in a
crescent shape, positioned approximately 5
centimeters from the nipple-areola complex. The
upper flaps extended to the level of the clavicle,
while the lower portion reached approximately 3
centimeters below the breast fold. Medially, the
incision extended to the lateral edge of the
sternum, and laterally to the medial edge of the
latissimus dorsi muscle. Following the incision
through the skin, dissection progressed to
Camper's fascia, ensuring the creation of flaps
with a subcutaneous thickness of approximately
7 to 10 millimeters over the breast tissue. At the
distal end of each flap, a vertical incision was
made, extending to the fascial layer of the
pectoralis major muscle, from which the entire
fascia was carefully excised, ensuring
preservation of the medial pectoral nerve. The
external oblique fascia remained undisturbed at
the lower boundary of the flap. Subsequently,
the clavipectoral fascia was meticulously opened,
allowing for the identification of the axillary vein,
guided by one of its superficial branches. This
anatomical landmark was traced toward the arm
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to facilitate the clearance of all surrounding
lymph nodes. To locate the thoracodorsal nerve,
the lateral thoracic vein served as a reference
point, confirming that the nerve was positioned
medially and at a deeper anatomical level.
Dissection continued inferiorly and anteriorly to
the axillary vein, encompassing lymph nodes in
that region. The dissection was conducted in
healthy areolar tissue, outside the thoracic
fascia, at the level of the second intercostal
nerve, while the long thoracic nerve was similarly
preserved. Following the clearance of all
contents between the two nerves, the
fasciocutaneous flap was delineated and marked
with a surgical marker. The flap was then
detached from the rectus fascia and external
oblique muscle, with any bleeding vessels being
ligated. The released flap was subsequently
rotated upward and positioned into the defect.
Closure of the subcutaneous tissue and skin was
accomplished using a combination of Vicryl and
Monocryl sutures.

Data Collection Method

Patient demographic information, including
age, weight, and height, was recorded utilizing a
pre-designed checklist. Following this, patients
underwent the modified radical mastectomy
based on established inclusion and exclusion
criteria and were subsequently referred for
adjuvant therapy with an oncologist. Follow-up
evaluations were conducted for a minimum
duration of 48 months, during which patients
received regular examinations. Patient
satisfaction was assessed at six and twelve
months post-surgery using a visual analog scale
(VAS), a 10-centimeter ruler ranging from 0
(indicating extreme dissatisfaction) to 10
(indicating maximum satisfaction). Patients were
also examined by a surgeon every three months
during the initial three years, with annual
assessments thereafter to monitor for incidences
of mortality, local recurrence, or distant
metastasis. Quantitative data were reported as
means and standard deviations, while qualitative
data were presented in terms of frequencies and
percentages.

Data Analysis

In this descriptive study, means and standard
deviations were calculated for quantitative
variables, while qualitative data were reported

as frequencies and percentages. VAS scores
pertaining to surgical satisfaction were also
summarized utilizing means and standard
deviations.

Findings

A total of 36 patients were enrolled based on
the established inclusion and exclusion criteria.
The mean age of participants was 55.7 + 11.2
years, with a mean body mass index (BMI) of
25.3 £ 2.9. Among the patients, 4 (11.1%) had
diabetes, 3 (8.3%) presented with coronary
artery  stenosis, and 2 (5.5%) had
hypothyroidism.

At the six-month follow-up, the average VAS
score indicating patient satisfaction was 7.5 +
1.2, which escalated to a perfect score of 10 by
the twelfth month, demonstrating complete
satisfaction among patients one year after the
procedure. Surgical complications, including
superficial surgical site infections and seromas,
occurred in only 2 patients (5.5%), who were
effectively managed with oral antibiotics and
aspiration. Throughout the 48-month follow-up
period, no local recurrences were documented
among any of the patients. The overall survival
rate was evaluated over four years, with all
patients alive at the conclusion of the first year.
In the second year, 2 patients succumbed,
resulting in a survival rate of 94%. By the third
year, an additional 2 patients had passed away,
maintaining the survival rate at 94%. However,
by the end of the fourth year, all remaining 32
patients were alive. These findings suggest
favorable survival outcomes and underscore the
efficacy of modified radical mastectomy
accompanied by abdominal flap reconstruction
in the management of advanced localized breast
cancer.

Discussion and Conclusion

The present study aimed to evaluate patient
satisfaction, surgical complications, recurrence
rates, and overall survival among individuals who
underwent modified radical mastectomy in
conjunction with abdominal flap reconstruction.
Our findings indicated that patient satisfaction,
which averaged approximately 7.5 six months
post-surgery, increased to a perfect score of 10
by the conclusion of twelve months, reflecting
complete satisfaction one year post-operatively.
This result aligns with previous research
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exploring patient satisfaction following breast
reconstruction surgeries.**® High levels of
satisfaction after surgery play a vital role in
enhancing patients' quality of life and
psychological well-being.'* Additionally, the
study documented a remarkably low incidence of
surgical complications, with only two patients
experiencing issues related to superficial surgical
site inflammation and seroma formation. These
complications were effectively managed with the
administration of oral antibiotics and aspiration.
The low rates of complications associated with
modified radical mastectomy and abdominal flap
reconstruction reinforce recent studies that
underscore the safety and efficacy of this surgical

approach.>*  This suggests that the
implementation of  appropriate surgical
techniques, combined with rigorous

postoperative care protocols, can significantly
reduce the occurrence of complications.
Importantly, our study observed no instances
of local recurrence, corroborating earlier
research that indicates a low incidence of local
recurrence in patients undergoing modified
radical mastectomy.'**® The absence of local
recurrence can be attributed to several factors,
including the effectiveness of the surgical
technique employed in excising cancerous tissue
and the comprehensive postoperative
management of patients. However, it is crucial to
recognize that recurrence and survival outcomes
can be influenced by a multitude of factors,
including tumor stage, grade, molecular type,
lymph node involvement, and individual patient
characteristics.’®* A thorough comparison of
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recurrence rates with other treatment modalities
would yield a more comprehensive assessment
of the efficacy of this surgical approach.
Specifically, examining recurrence rates in
patients who received alternative treatment
strategies, such as breast-conserving surgery or
neoadjuvant chemotherapy, is essential for
developing a complete understanding of overall
treatment outcomes.

Several limitations of this study warrant
acknowledgment. The sample size was relatively
small, which may constrain the generalizability of
the findings. Furthermore, the 48-month follow-
up period may be insufficient for capturing long-
term survival outcomes. Additionally, this study
did not assess the impact of adjuvant therapies,
such as radiotherapy or systemic treatments, on
recurrence and survival rates. Future research
incorporating larger sample sizes, extended
follow-up periods, and comprehensive
evaluations of the role of adjuvant therapies is
warranted to enhance our understanding of
outcomes in patients with locally advanced
breast cancer.

In conclusion, the results of the current study
suggest that modified radical mastectomy and
abdominal flap reconstruction in patients with
locally advanced breast cancer are associated
with high levels of patient satisfaction, a low
incidence of surgical complications, no observed
local recurrences, and favorable overall survival
rates. These findings underscore the efficacy of
this surgical approach and its potential benefits
for patients.
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Report of a Case of Acute Appendicitis Due to Endometriosis

Jalali S.A. MD’, Shafiei M. MD™"

Abstract:

Acute appendicitis is a prevalent cause of acute abdominal pain for patients seeking emergency medical
attention. This condition typically arises from an obstruction of the appendiceal lumen, often resulting from
the appendicitis itself or lymphoid tissue hyperplasia. Although infrequent, endometriosis can also contribute
to appendicitis, primarily affecting the serosa of the appendix, with rare cases involving invasion of the
muscularis mucosa. This report presents the case of a 36-year-old female patient with no previous history of
endometriosis who exhibited symptoms consistent with acute appendicitis.

Keywords: Endometriosis of the appendix, endometriosis, acute abdomen, appendicitis

Background and Objective

Acute appendicitis is a common
condition characterized by pain in the right
lower quadrant (RLQ) of the abdomen and
often requires surgical intervention."’
Endometriosis located in the RLQ may mimic
or directly induce acute appendicitis. The
condition is significant due to its potential
involvement of not only the appendix but
also adjacent anatomical structures, such as
the ovaries and fallopian tubes, through the
dissemination of endometrial cells. Most
cases predominantly affect the serosa of the
appendix; however, some may penetrate
into deeper layers."?

Histopathological examination of excised
specimens is essential for confirming the
presence of endometrial tissue contributing
to appendicitis. In rare instances,
endometrial growth within the appendiceal
lumen may lead to obstruction, potentially

resulting in appendicitis and gastrointestinal
bleeding.>*

Patient Report

A 36-year-old woman presented to the
hospital with abdominal pain that had begun
less than 24 hours prior to admission.
Initially, the patient experienced discomfort
in the upper abdomen, accompanied by
episodes of vomiting, which subsequently
localized to the RLQ. Upon admission,
laboratory tests indicated a white blood cell
count exceeding 17,000 cells/mL,
characterized by a predominance of
polymorphonuclear leukocytes and elevated
C-reactive protein (CRP) levels. An abdominal
ultrasound revealed a right ovarian cyst, a
smaller left ovarian cyst, and minimal fluid in
the abdominal cavity, suggestive of potential
cyst leakage. The appendix was not
visualized during this imaging, leading to a
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provisional diagnosis based on the clinical
presentation. Upon examination, the patient
exhibited tenderness in the RLQ and slight
tenderness in the left lower quadrant, with
rebound tenderness notable on the right
side. While the patient’s overall condition
remained stable, she indicated that the
discomfort had persisted intermittently for
approximately a week prior to her hospital
visit. Based on these clinical findings, a
diagnosis of acute appendicitis was
established, and the patient was
subsequently taken to the operating room.
During surgical intervention, the cecum was
observed to be markedly swollen and
adherent to the parietal peritoneum.
Additionally, the right ovary was enlarged,
demonstrating adhesions to the cecum. The
appendix was located retrocecal and was
only slightly palpable. To access the inflamed
appendix, careful separation of the
adhesions was performed, during which
purulent fluid was released, indicating that
the adherence of the appendix to the ovary
resulted from an abscess. After the
adhesions were detached, the cecum was
separated from the parietal peritoneum,
revealing that approximately one-third of the
proximal segment of the appendix was
necrotic. The appendiceal stump was
subsequently ligated, and a purse-string
technique was employed to invaginate the
stump into the cecal wall, with plans for
retrograde removal. However, significant

Figure 1- Endometriosis in the muscular wall of
the appendix. Hematoxylin-eosin staining (x100)

adhesions between the appendix and cecum
necessitated the placement of a drain,
prompting the conclusion of the procedure
at that stage. Postoperatively, after drainage
of the abscess, the swollen and gangrenous
appendix was resected and sent for
pathological examination. A drain was placed
in the peritoneal cavity, and the abdominal
layers were meticulously closed. On the first
postoperative day, the drain produced
secretions, originating initially from the
wound, which gradually decreased. By the
second postoperative day, the patient was
able to resume oral feeding and was
discharged on the fourth day in stable
condition, with a clean wound.

Unexpectedly, the pathological
examination confirmed the presence of
endometriosis. A review of the relevant
literature revealed that similar abdominal
presentations have been documented in
multiple reported cases, including instances
necessitating ileocolostomy due to severe
adhesions. For patients suspected of
appendicitis, continuous clinical evaluations
and comprehensive patient histories, as
advocated by surgical experts, remain the
most effective diagnostic approaches.
Notably, although the patient was informed
of the pathological results, she faced
difficulty accepting that the painful
symptoms associated with her menstrual
cycles had entirely resolved (see Figures 1
and 2).

i e

Figure 2- Endometriosis in the muscular wall of '
the appendix. Hematoxylin-eosin staining (x400)
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Discussion and Conclusion

Endometriosis is a benign gynecological
condition characterized by the aberrant
proliferation of endometrial glands and
stroma outside the uterine cavity. This
disorder predominantly affects women of
reproductive age and is particularly notable
for the responsiveness of the ectopic tissue
to the body’s hormonal cycles. Consequently,
the secretions produced by these abnormal
glands can provoke inflammation and lead to
adhesion of surrounding tissues at the site of
implantation. The most commonly affected
sites of endometriosis include the ovaries,
fallopian tubes, pelvic peritoneum, cervix,
and vagina.®® The pathogenesis of
endometriosis remains incompletely
understood, and several hypotheses have
been proposed to elucidate its origins. One
widely accepted theory is the phenomenon
of retrograde menstruation, which posits
that menstrual blood can flow backward
through the fallopian tubes into the
peritoneal cavity, thereby transporting
endometrial cells that may subsequently
implant onto the peritoneum and adjacent
structures.'®®® An alternative theory known
as coelomic metaplasia suggests that
specialized mesodermal cells present in the
female reproductive organs and intestinal
walls may undergo metaplastic changes
within the pelvic cavity, resulting in the
transformation of surrounding tissues into
endometrial-like tissue as a consequence of
chronic inflammation and repetitive
stimulation.

Furthermore, the embryonic rest theory
posits that remnants of Millerian duct
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structures within the adult abdominal cavity
may proliferate similarly to embryonic tissue,
potentially giving rise to chronic
inflammation and complications such as
acute appendicitis that may involve adjacent
structures, including the appendix.
Interestingly, many patients do not have a
prior diagnosis of endometriosis. They often
report experiencing pain in the right lower
quadrant (RLQ) during menstruation, which
can lead to delays in seeking medical
attention for acute appendicitis due to their
familiarity with such discomfort. This delay
in intervention can result in serious
complications such as appendiceal
perforation, abscess formation, and
gangrene. The symptoms of endometriosis
can closely mimic those of acute
appendicitis, often presenting with swelling
and involvement of nearby structures; in
some instances, surgical intervention such as
ileocolic anastomosis has been necessitated
due to severe adhesions. The management
of endometriosis-related appendicitis
typically aligns with established protocols for
the treatment of acute appendicitis.
However, a definitive diagnosis and
identification of the underlying cause are
often achievable only through
histopathological examination. It is
imperative for clinicians to maintain a
heightened index of suspicion for
endometriosis in patients presenting with
abdominal pain, particularly when the
symptoms overlap with those indicative of
appendicitis. Such vigilance is crucial, as it
may significantly influence management
strategies and patient outcomes.*™’
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History of Surgery

United States
Excerpted from the lllustrated History of Surgery

Dr. Mostafa Jaberansari’

William Halsted (1852-1922) was born into a prosperous merchant family in New York City, his
ancestry tracing back to English émigrés from the 1640s. He completed his undergraduate education
at Yale University in 1874 and consecutively excelled in the entrance examinations for the College of
Physicians and Surgeons in New York. Recognized as one of the foremost students of his time, Halsted
graduated in 1877, ranking among the top ten in his medical school cohort.
In accordance with the college's regulations, each student was required to engage in studies and
practical work under the mentorship of a faculty member. Halsted’s mentor was the esteemed
anatomist, Henry Sands (1830-1888), a surgeon of significant repute. Additionally, Halsted assisted
John Dalton (1825-1889), a pioneering experimental physiologist. The influence of these two
remarkable professors played a crucial role in Halsted’s evolution into a skilled surgeon.

He completed an 18-month internship at Bellevue Hospital and subsequently served briefly as a
resident surgeon at New York Hospital. Following the acquisition of financial support, he journeyed to
Europe to pursue further studies. In correspondence with his close friend and confidant, William
Welch (1850-1934)—who held the position of professor of pathology at Johns Hopkins—Halsted
articulated his beliefs, experiences, and observations during his travels.
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Image 1 - *The Agnew Clinic*: Portrait of David Hayes Agnew, 1889, by Thomas Eakins (1844-1916).
This painting, created fourteen years after Eakins' renowned work, *The Gross Clinic*, represents a
significant evolution in the depiction of surgical practice. In this piece (dimensions: 30.5 x 74.5 inches),
Agnew and his team are depicted in surgical attire, underscoring the growing acceptance of antiseptic
techniques. In contrast to the era of *The Gross Clinic*, when antiseptic measures were not widely
implemented in America, Agnew's team utilized sterilized instruments. At the time of this painting, the
use of surgical gloves and face masks remained uncommon. The procedure illustrated is a mastectomy
performed due to breast cancer, notably featuring a female operating room nurse as an integral
member of the surgical team, in contrast to the previous painting, which solely included a female
relative of the patient.

He noted, "In the autumn of 1878, | embarked for Europe by ship... My primary focus was on
anatomy... | traveled by train to Vienna, where | attended Billroth's clinic... My collaboration with
embryologist Schenck proved exceedingly valuable, fostering a friendly association with Wolfler,
Billroth's first assistant. We often dined together, allowing me unrestricted access to the surgical
wards... | was especially impressed by the volume of surgical procedures performed, the skill of
Billroth and his assistants—particularly Mikulicz—and the extensive use of arterial forceps... In the
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spring of 1879, | departed Vienna for Wiirzburg, where | regularly attended Von Bergmann's clinic... |
returned to Vienna in the autumn and, shortly after Easter, journeyed to Leipzig... | gained much from
attending Thiersch's clinic, despite his focus on minor procedures... | spent several productive weeks
in Halle with Volkmann, who kindly invited me to his home multiple times... From Halle, | traveled to
Berlin, Hamburg, and | believe Kiel with Esmarch... By early September 1880, | was back in London,
passing through Paris before returning to New York..."

The two years that Halsted spent in Europe profoundly influenced his perspective on surgical
education. He became acutely aware of the significant disparities in surgical training between
Germany and the United States, although he felt powerless to initiate reform. Despite the existence of
numerous training hospitals in the U.S., the prevailing model of surgical education remained largely
confined to operating room work, exhibiting minimal integration of foundational sciences with clinical
diagnosis and treatment.

Consequently, many American surgeons relied on self-education, often unwilling to share their
acquired skills with aspiring practitioners who could potentially evolve into competitors. It is difficult
to identify a singular German surgeon as the principal influence on Halsted's educational philosophy;
instead, it was the overall educational and research environment in Germany during the mid-
nineteenth century that left a profound impact on his views regarding surgery and education. This
perceptive American surgeon could not overlook the remarkable success of the German educational
system in cultivating highly skilled surgeons during his initial experiences in German-speaking
countries. Ultimately, these influences played a pivotal role in the establishment of a modern surgical
education system in America, firmly rooted in Halsted's principles.

William Halsted returned to New York in September 1880, promptly receiving an appointment as
an instructor of practical anatomy at the College of Physicians and Surgeons, his alma mater. He also
accepted an offer from his mentor, Henry Sands, to assist in surgical procedures at Roosevelt Hospital.
At this institution, Halsted further distinguished himself by establishing the outpatient department
and undertaking pioneering work with cocaine and local anesthetics.

The early 1880s represented a remarkable period in Halsted's life. In contrast to the latter years of
the decade, when his cocaine addiction would profoundly alter his personality and lead to social
isolation, these initial years were characterized by a vibrant social life in New York. Between 1882 and
1886, he authored or presented over twenty articles on a variety of surgical topics. However, by late
1884 or early 1885, he and several colleagues at Roosevelt College inadvertently developed a
dependency on cocaine, a consequence of their innocent exploration of its medical applications. As
the grip of addiction tightened, Halsted's professional life began to deteriorate. During episodes of
anxiety induced by the drug, he increasingly turned to morphine and alcohol, leading to a noticeable
decline in his attendance at meetings and conferences. By April 1885, he found himself unable to
deliver the lecture series essential for competing for a surgical position at his former institution. As
Halsted's health continued to decline, he embarked on a lengthy sea voyage to the Windward Islands
in February 1886, hoping it would restore his well-being. Unfortunately, this attempt proved futile. In
May of that year, encouraged by friends and family, he voluntarily admitted himself to Butler Hospital
in Rhode Island, a renowned facility for the treatment of mental health and psychological disorders,
including substance abuse.
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Image 2 - *The Johns Hopkins School of Medicine and Hospital*: This image portrays the institution
shortly after its establishment in 1893 by John Shaw Billings. The collaborative efforts of innovative
medical and surgical faculty yielded remarkable achievements in medicine and surgery almost
immediately following the school's inauguration. The notable founding figures of the School of
Medicine included William Osler, Professor of Medicine; William H. Welch, Professor of Pathology;
Howard A. Kelly, Professor of Gynecology and Obstetrics; and William S. Halsted, Professor of Surgery
(Archives of the Allen M. Chen Medical Institute, Johns Hopkins Medicine, Baltimore).

After seven months of insufficient treatment, he was discharged in November 1886; although he
likely overcame his cocaine dependence, he developed a new reliance on morphine. Convinced that
his career in New York was effectively over, Halsted accepted an invitation from his old friend William
Welch to relocate to Baltimore and assist in the establishment of a new laboratory at Johns Hopkins
University. Remarkably, upon his arrival in Baltimore, he did not seek a professorship or an official
position within the university; rather, he came solely to support a friend during a challenging period.
Welch, well aware of Halsted's struggles, recognized his exceptional abilities as a surgeon. Despite the
tumultuous conditions, Halsted's initial progress was impeded when he was readmitted to Butler
Hospital in April 1887 after pausing his studies on circular intestinal sutures at Harvard Medical
School, which emphasized the significance of the submucosal layer. This hospitalization lasted nine
months, during which his issues were addressed, and he was ultimately classified among those who
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had successfully overcome drug addiction. He returned to Baltimore in January 1888, resuming his
work in Welch's laboratory, as well as visiting patients and performing surgeries at various hospitals
throughout the city, all while aspiring to secure a position at the soon-to-be-opened Johns Hopkins
Hospital. The search for a surgical professor proved challenging for the institution; however, as
Halsted's health improved, he was appointed chief surgeon of the outpatient clinic and a hospital
surgeon in February 1889. Later that same year, he was promoted to assistant professor of surgery,
although he would not attain a full professorship until 1892. Despite ongoing speculation regarding
his habits, it is crucial to note that Halsted continued to utilize morphine throughout his career.
Although he experienced significant personality changes and withdrawal symptoms, his physical and
mental condition did not exhibit a noticeable decline during his 40-year struggle with addiction. From
1889 until his death in 1922, Halsted led a department that nurtured numerous talented and
influential figures in American surgery, who subsequently disseminated his educational philosophy
across various surgical departments nationwide.

William Halsted did not author a textbook, monograph, or thesis; instead, all of his written
contributions were published in various academic journals and periodicals. In 1889, he developed an
innovative technique for the treatment of inguinal hernias, which significantly advanced surgical
procedures. Throughout the 1890s, he provided a comprehensive account of the radical mastectomy
procedure for breast cancer through a series of influential publications, thereby making substantial
contributions to the field. In 1892, Halsted achieved a remarkable milestone by successfully ligating
the left subclavian artery for the first time. Fifteen years later, in 1909, he introduced a metallic band
designed for arterial ligation and conducted pioneering research on the autotransplantation and
isotransplantation of the parathyroid gland. Additionally, Halsted is recognized for his development of
the subcuticular stitch, a technique that facilitates the neat apposition of skin incision edges.

Halsted fundamentally transformed surgical education by pioneering the residency system at
Johns Hopkins Hospital, marking the inception of the first program of its kind in the United States. His
vision extended beyond the mere training of proficient surgeons; he aspired to cultivate future
leaders in surgery, thereby establishing a comprehensive school of surgical principles and practices
that would resonate throughout the medical community. Over the course of his 33-year tenure
directing the surgical training program, Halsted mentored 17 surgical residents, seven of whom
subsequently achieved professorships at prestigious institutions. These distinguished individuals
included Harvey Cushing (1869-1939) at Harvard, Stephen Watts (1877-1953) in Virginia, George
Houer (1882-1950) in Cincinnati and Cornell, Mont Reid (1889-1943) in Cincinnati, John Churchman
(1877-1937) at Yale, Robert Miller (1886-1960) in Pittsburgh, and Emile Holman (1890-1977) at
Stanford.

Additionally, Roy McClure (1882-1951) became the chief surgeon at Henry Ford Hospital in
Detroit, while James Mitchell (1871-1961) attained a professorship in clinical surgery at George
Washington University. Joseph Bloodgood (1867-1935) and Walter Dandy (1886-1946) continued their
impactful careers at Johns Hopkins University. In total, 55 individuals who served as assistant
professors and surgical residents under Halsted went on to make significant contributions to the field
of surgery in America, particularly within surgical specialties. Among these notable figures were Hue
Young (1870-1945), a professor of urology; William Baer (1872-1931), a professor of orthopedic
surgery; and Samuel Crowe (1883-1955), a professor of otolaryngology—all of whom remained
affiliated with Johns Hopkins University.
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Image 3 - The repair of an inguinal hernia employing the technique developed by William S. Halsted,
which remains among his most controversial and frequently misconstrued innovations. This image
depicts the edges of the aponeurosis of the external oblique muscle, which have been approximated
and sutured together utilizing interrupted (non-continuous) stitches. Subsequently, the spermatic cord
is positioned atop this layer, thereby concluding Halsted's method of hernia repair (Johns Hopkins
Hospital Bulletin, Volume 4, Pages 24-17, 1893).
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Healing of surgical and burn wounds with dressings containing
propolis/hyaluronic acid/starch/polyurethane

Poodineh Haji Poor F.”, Feyz Bakhsh A. PhD"
Malek Nia L. PhD"", Ahanian I. PhD™"
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Abstract:

Biological macromolecules, such as polysaccharides and proteins, are considered ideal options for use in
skin tissue engineering, both in vitro and in vivo, due to their suitable biocompatibility and biodegradability.
Despite numerous studies that have been conducted in this area, there is a need to construct a scaffold with
antibacterial properties and desirable biocompatibility. The aim of this study is to construct and evaluate a
core-shell electrospun scaffold for skin tissue engineering. In this structure, polyurethane acts as the shell,
and a mixture of starch, propolis extract, and hyaluronic acid forms the core. The morphology of the scaffold
was determined using scanning electron microscopy and transmission electron microscopy. The physical and
mechanical properties of the scaffold, including contact angle, Young's modulus, and strain at break, were
evaluated. The antibacterial activity of the scaffold against Staphylococcus aureus and Escherichia coli was
investigated. The cytotoxicity of the scaffold was evaluated using L929 fibroblast cells. The effectiveness of
the scaffold in wound healing under in vivo conditions was also investigated. Microscopic images showed
that the core-shell structure was successfully formed. The contact angle of the scaffold was 56.7 degrees,
indicating suitable hydrophilic properties for cell attachment. Mechanical tests showed a Young's modulus of
8.12 MPa and a strain at break of 46%, indicating an optimal balance between mechanical strength and
flexibility. The scaffold exhibited strong antimicrobial activity against Staphylococcus aureus and Escherichia
coli. Cytotoxicity evaluations showed no toxicity, and the adhesion and proliferation of L929 fibroblast cells
on the scaffold were increased. Studies conducted under in vivo conditions confirmed the potential of the
scaffold in tissue engineering and showed wound healing. The results of this study show that the electrospun
scaffold with a polyurethane shell and a starch/propolis extract/hyaluronic acid core is a versatile and
promising platform for advanced applications in skin tissue engineering and regenerative medicine. /
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Background and Objective

The skin, the largest organ in the human
body, plays a vital role in protecting internal
organs from various environmental threats,
including physical, chemical, and mechanical
damage.'? Additionally, it acts as the
outermost layer for oxygen exchange with
the environment, delivering sufficient
oxygen to underlying tissues.>® The skin also
facilitates the elimination of toxins through
perspiration. If damaged, wounds develop,
and if left untreated, they can lead to
necrosis.”™

Electrospinning is a versatile technique in
skin tissue engineering that enables the
fabrication of  nanofibrous scaffolds
mimicking  the extracellular matrix,
enhancing cell adhesion, proliferation, and
differentiation.'**> These scaffolds can be
loaded with bioactive agents, such as growth
factors or antimicrobial compounds, to
improve wound healing and tissue
regeneration.'®"’ The high surface area of
electrospun fibers and their tunable
properties make them ideal candidates for
advanced wound care and skin regeneration
therapies.’®?° Starch, a natural, abundant,
and low-cost polymer, is highly
biocompatible and biodegradable, making it
a valuable material in tissue engineering.”**
Studies have shown that starch enhances cell
proliferation, adhesion, and differentiation,
significantly aiding in wound healing. Recent
advances in electrospinning have enabled
the fabrication of starch-based scaffolds,
although challenges persist due to the
branched structure of amylopectin in starch,
which complicates fiber formation.**?
Despite these challenges, researchers
continue to explore the potential of starch-
based nanofiber scaffolds. However, starch
has certain limitations in electrospinning,
including poor mechanical strength, thermal
instability, hydrophobicity, and processing
difficulties, which have been addressed in
various studies.”>?**

Polyurethanes, polymers consisting of
urethane groups formed from the reaction
between isocyanates and alcohol groups, are
attractive due to their versatile physical and
biological properties.”®*®  Despite the

advantages of these polymers, their slow
degradation rate and relatively low
biocompatibility have limited their
application in skin tissue engineering.

Hyaluronic acid, another natural
polysaccharide, is composed of repeating
disaccharide units and is found in most
animal tissues, where it exists as a highly
viscous solution.***? Hyaluronic acid plays a
crucial role in the structure and organization
of the extracellular matrix, helping to
maintain extracellular spaces, transport ions
and nutrients, and support tissue
hydration.**

Furthermore, propolis extract, a natural
resinous substance rich in bioactive
compounds such as flavonoids, phenolic
acids, and terpenoids, exhibits potent
antioxidant, anti-inflammatory, and
antimicrobial properties in tissue
engineering, particularly for starch. These
components promote faster healing by
stimulating cell proliferation, enhancing
collagen synthesis, and reducing
inflammation, making it an excellent
candidate for regenerative applications.***

Core-shell electrospinning is a technique
that enables the fabrication of nanofibers
with small diameters at the nanoscale,
thereby producing porous and three-
dimensional scaffolds resembling the
extracellular matrix."”*** These scaffolds are
highly relevant to starch, as their porosity
supports oxygen and moisture exchange,
which is essential for tissue regeneration.*
When the viscosity of the electrospinning
solution is low, a mixture of several polymers
can be used, or alternatively, core-shell
electrospinning can be employed to coat one
polymer with another. This method allows
the use of separate solutions without a
common solvent. It also enables the
controlled release of two drugs or bioactive
agents simultaneously.””* In summary, the
aim of this research is to develop a novel
scaffold using core-shell electrospinning with
desirable properties (biocompatibility,
suitable mechanical properties, antibacterial
activity, and wound-healing ability) for
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application in skin tissue engineering and
skin wound repair.

Specifically, the objectives of this
research were:

Fabrication of Core-Shell Scaffold: To
create a scaffold using the core-shell
electrospinning method, where
polyurethane forms the shell and a
combination of starch, propolis extract, and
hyaluronic acid forms the core.

Scaffold Characterization: To
investigate the physical, chemical, and
mechanical properties of the fabricated
scaffold. This includes evaluating
morphology, hydrophilicity (contact angle),
mechanical strength (Young's modulus and
strain at break), and other relevant
characteristics.

Evaluation of Antibacterial
Properties: To assess the scaffold's ability to
inhibit the growth of harmful bacteria
commonly found in skin infections,
particularly Staphylococcus aureus and
Escherichia coli.

Cytotoxicity Assessment: To determine
whether the scaffold is toxic to human cells.
This was conducted using L1929 fibroblast
cells, and the degree of cell adhesion and
proliferation on the scaffold was examined.

Evaluation of Wound Healing Efficacy
(In Vivo): To investigate the potential of the
scaffold to accelerate the wound healing
process in an animal model (in vivo studies).

Materials and Methods

This study investigates the potential of
core-shell electrospun scaffolds in the repair
of surgical and burn wounds. This research
was conducted in two phases, in vitro and in
vivo, with the aim of comparing the
effectiveness of different scaffolds with
varying compositions in the wound healing
process.

In the in vivo section, female Wistar rats
were used as the study population. These
rats were divided into three groups, each
consisting of six samples: group one
(polyurethane/starch scaffold), group two
(polyurethane/starch/hyaluronic acid
scaffold), and group three (polyurethane/
starch/hyaluronic acid-propolis scaffold). In

Iranian Journal of Surgery, Volume 32, Number 4, 1403

the in vitro section, mouse L929 fibroblast
cells were used.

The methods employed in this study
include the following steps: First, core-shell
electrospun scaffolds were fabricated using
the core-shell electrospinning method with
various compositions of polyurethane,
starch, hyaluronic acid, and propolis. These
scaffolds were then characterized using
various techniques. Scanning electron
microscopy (SEM) and transmission electron
microscopy (TEM) were used to evaluate
morphology, spectroscopy was used to
determine chemical composition, a tensile
testing machine was used to measure
mechanical properties (Young's modulus and
strain at break), and calorimetry was used to
determine thermal properties. Additionally,
the water contact angle was measured to
determine  hydrophilicity, and water
absorption and weight loss were measured
to evaluate scaffold absorption and
degradation in phosphate-buffered saline
solution. The antibacterial activity of the
scaffolds was also evaluated using the zone
of inhibition test against Staphylococcus
aureus and Pseudomonas aeruginosa
bacteria.

Subsequently, in vitro tests were
performed, including culturing L929
fibroblast cells on the scaffolds and
measuring cell viability using the cell
metabolic activity assay. Cell adhesion was
also observed using scanning electron
microscopy. The in vivo study was conducted
on rats with the following design:

« Group 1) Polyurethane/starch: Rats
whose wounds were treated with
polyurethane/starch scaffolds.

« Group 2) Polyurethane/ starch/
hyaluronic acid: Rats whose wounds were
treated with polyurethane/starch/hyaluronic
acid scaffolds.

e Group 3) Polyurethane/ starch/
hyaluronic acid-propolis: Rats whose wounds
were treated with polyurethane/starch/
hyaluronic acid-propolis scaffolds.

e Control group: Wounds created in
rats were treated with sterile gauze
(standard dressing).
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Each group consisted of 6 rats. In the in
vivo phase, circular wounds were created on
the dorsal skin of the rats and treated with
the fabricated scaffolds or sterile gauze
(control group). The extent of wound healing
was evaluated by measuring the wound
diameter on days 1, 7, and 14. Finally, skin
tissue samples were examined histologically
using light microscopy after hematoxylin and
eosin staining. Data were statistically
analyzed using one-way analysis of variance
(ANOVA).

2.1 Preparation of polyurethane/

starch/hyaluronic acid propolis

Initially, polyurethane was dissolved in
dimethylformamide at a 12% weight ratio.
Under magnetic stirring at 25°C, this resulted
in a clear and homogeneous solution.
Separately, 9% by weight starch was
completely dissolved in distilled water at
90°C. Subsequently, hyaluronic acid (1% by
weight) and propolis (1% by weight) were
dissolved at 25°C and added to the starch
solution.

For the core-shell structure,
polyurethane was chosen as the shell, and
starch, hyaluronic acid, and propolis were
chosen as the core materials, respectively.
The solutions of polyurethane,
polyurethane/starch, polyurethane/starch-
hyaluronic  acid, and polyurethane/
starch/hyaluronic acid-propolis were loaded
into separate syringes connected to a core-
shell electrospinning device. The flow rates
were controlled independently using syringe
pumps. The diameters of the inner and outer
needles were 0.2 mm and 0.6 mm,
respectively. The electrospun scaffolds were
collected on aluminum foil. The collectors
were dried at room temperature (25°C) for
24 hours.

The following steps were performed to
crosslink the core-shell structures using
glutaraldehyde vapor (20% aqueous solution)
for 24 hours to increase water resistance.
After crosslinking, the structures were
thoroughly washed with double-distilled
water to remove excess glutaraldehyde and
then dried in a vacuum oven at 60°C for 4
hours.

The following text pertains to the
evaluation and characterization of the
fibrous scaffolds:

2.2 Description of fibrous scaffolds

2.2.1 Morphology assessment

The morphology of the electrospun
scaffolds was examined using scanning
electron microscopy (SEM) at a voltage of 15
kV. The samples were mounted on metal
stubs using double-sided adhesive tape and
coated with a nanoscale layer of gold via
sputtering. The fiber diameter and
distribution were analyzed using Imagel
software, with the average calculated from
100 measured fibers.

Transmission electron microscopy (TEM)
was used to confirm the core-shell structure.
Carbon-coated copper grids were placed on
the collector during electrospinning, and a
single layer of fibers was deposited for TEM
analysis.

2.2.2 Fourier Transform Infrared
Spectroscopy (FTIR-ATR)

Attenuated total reflectance Fourier
transform infrared spectroscopy (FTIR-ATR)
was employed to analyze the chemical
composition of the scaffolds. Spectra were
recorded in the range of 400 to 4000 cm™,
using a single-reflection setup with a
diamond crystal. A total of 64 scans were
collected with defined resolution, and water
and carbon dioxide corrections were applied.

2.2.3 Mechanical Evaluation

Mechanical properties were assessed
using a tensile testing machine with a 50 N
load cell at room temperature. Samples with
dimensions of 30 x 10 mm? (n=6) were tested
at a crosshead speed of 5 mm/min. Tensile
stress and strain at break were recorded and
measured.

2.2.4 Thermal Evaluation

The thermal behavior of the scaffolds
was evaluated using differential scanning
calorimetry (DSC). The test was performed
from 25°C to 600°C with a heating rate of
10°C/min to determine the effect of
hyaluronic acid (hydroxyapatite) and
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propolis (polyethylene) on the thermal
stability of the scaffolds.

2.2.5 Contact Angle Measurement

Water contact angle measurements were
performed using the sessile drop method. A
0.5 pL drop of water was placed on each of
the 6 samples, and the water contact angle
was recorded after 15 seconds at room
temperature to evaluate the hydrophilicity
of the scaffolds.

2.2.6 Water Absorption and Weight

Loss Measurement

Scaffolds with dimensions of 10 x 10
mm? were immersed in phosphate-buffered
saline (PBS, pH 7.4) for 24 hours at room
temperature to measure water absorption.
The scaffolds were weighed before
immersion and after incubation, and the
percentage of water absorption was
calculated using the following equation:

WU (%) = (W-W,)/W, x 100 (Equation 1-2)

This equation calculates the percentage
increase in weight due to water absorption.

To measure weight loss, scaffolds with
dimensions of 10 x 10 mm? were placed in
phosphate-buffered saline (PBS) for 28 days.
The samples were weighed before and after
drying to calculate the degradation rate
using the following equation:

Weight Loss (%) = (W;-Wg)/Wy x 100
(Equation 2-2)

2.2.7 Antibacterial Activity

The antibacterial activity of the samples
against Pseudomonas aeruginosa (Gram-
negative) and Staphylococcus aureus (Gram-
positive) bacteria was tested using the zone
of inhibition method. In this method,
samples containing polyethylene and
samples without it were placed on nutrient
agar plates previously inoculated with
bacteria. The plates were then incubated
overnight at an appropriate temperature.

After incubation, the zones of bacterial
growth inhibition were measured, and the
results were recorded as mean * standard
deviation. These measurements allow the
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analysis and comparison of the antibacterial
effects of different materials, with or
without propolis, on bacterial growth.

The results obtained from this
experiment can aid in evaluating the
antibacterial capabilities of the scaffolds and
may contribute to the development of new
materials for medical applications.

2.3 Cell adhesion test

Mouse fibroblasts (L929 cells) were
cultured on the scaffolds to evaluate cell
adhesion and proliferation. The electrospun
scaffolds were sterilized with 70% ethanol
and ultraviolet radiation. Fibroblast cells (1 x
10° cells/well) were seeded onto the
scaffolds in a 24-well plate and incubated at
37°C with 5% carbon dioxide. The cell
viability assay was performed on days 1, 3,
and 7 to evaluate cell viability. Absorbance
was measured using a BioTek microplate
reader.

For scanning electron microscopy (SEM)
analysis, the cells were fixed with 3%
glutaraldehyde and dehydrated with ethanol
solutions of varying concentrations (50% to
100%). The scaffolds were treated with
hexamethyldisilazane and dried in a vacuum
oven for 24 hours before SEM observation.

2.4 In Vivo Studies

Animal experiments were conducted
following previous studies.* Rats (6-8 weeks
old, 180-200 g) were divided into three
groups of two: polyurethane/starch,
polyurethane/starch/hyaluronic acid.
Circular wounds (18 mm diameter) were
created on the dorsal skin of the rats under
anesthesia. The wounds were treated with
scaffolds or sterile gauze (control) and
monitored for healing for 1, 7, and 14 days
using a digital caliper.

2.4.1 Histological Evaluation

On day 14, the rats were sacrificed, and
skin samples were fixed in 10% formalin for
24 hours. Sections (4 um thick) were
prepared, stained with hematoxylin and
eosin, and examined under a digital light
microscope.

2.5 Statistical Analysis
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Statistical analyses were performed
using IBM SPSS Statistics 27.0.1 software and
one-way analysis of variance (ANOVA). Data
were reported as mean * standard deviation.
In this study, p-values < 0.05 were
considered to indicate a statistically
significant difference between groups.

Discussion and Conclusion
3.1 Morphological Characteristics

Four nanofibrous scaffolds were
successfully fabricated using optimized
electrospinning parameters. Scanning

electron microscopy (SEM) micrographs of
the prepared scaffolds are presented in
Figure 1A. As shown in Figure 1(B) and Table
1, the addition of starch reduced the fiber
172 nm (for pure
93 nm. SEM
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micrographs in Figure 1(D) and Table 1
demonstrate the effect of adding propolis to
the core structure. The polyurethane/
starch/hyaluronic acid-propolis electrospun
scaffold showed a significant decrease in
fiber diameter, with an average of 382 + 37
nm, and greater porosity compared to the
polyurethane/starch and polyurethane/
starch scaffolds. As seen in Table 1, the
scaffolds had fully interconnected pores,
with average pore sizes for polyurethane,
polyurethane/starch, polyurethane/starch,

and polyurethane/starch/hyaluronic acid-
propolis scaffolds of 1.25 + 0.2, 1.734 + 0.2,
3.186 + 0.4, and 3.674 + 0.3 um, respectively.
The porosity of the scaffolds was analyzed
using MATLAB software, and the results are
presented in Table 1.
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Figure 1- Scanning electron microscope images of electrospun fibers: (a) polyurethane, (b)
polyurethane/starch, (c) polyurethane/starch, and (d) polyurethane/starch/hyaluronic acid-
propolis samples.
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Table 1- Textural properties of electrospun fibers

sample Avera.ge diameter Average pore size Porosity
size (nm) (um) percentage
Polyurethane 172 + 836 0.2+1.25 83
Polyurethane/starch 93 +612 0.2+1.734 83
Polyurethane/starch/hyaluronic acid 108 + 428 0.4+3.186 83
Polyurethane/starch/hyaluronic acid — propolis 37 +382 0.3+3.674 83
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Figure 2- a) Chemical structure of hyaluronic acid. b) Chemical structure of hyaluronic acid
dissolved in distilled water. c) Scanning electron microscope image of polyurethane/starch and
polyurethane/starch/hyaluronic acid-propolis core-shell scaffolds after crosslinking. d) Images of
nanofibers showing the core-shell structure of polyurethane/starch, polyurethane/starch and
polyurethane/starch/hyaluronic acid-propolis.
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Table 2- Mechanical tensile properties of electrospun fibers.
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Elastic modulus Tensile Strain at
sample X

(MPa) strength (MPa) | failure(%)
Polyurethane 0.12+5.67 0.57+13.81 32+320
Starch 0.0841.81 0.12+5.83 2+18
Polyurethane/starch 0.14+3.35 0.17+7.93 28458
Polyurethane/starch/hyaluronic acid 0.17+3.23 0.28+7.18 19+62
Polyurethane/starch/hyaluronic acid — propolis 0.21+4.13 0.21+8.12 12446

3.2 ATR-FTIR

ATR-FTIR spectroscopy was used to
identify the polymeric components and
additives in the electrospun scaffolds (Figure
3(A)).

3.3 Mechanical Properties

Table 2 and Figure 3(B) summarize the
tensile strength, strain at break, and Young's
modulus for electrospun scaffolds of
polyurethane, starch, polyurethane/starch,
polyurethane/starch with hyaluronic acid,
and  polyurethane/starch  with  both
hyaluronic acid and propolis. The mechanical
properties of the polyurethane scaffold
showed a tensile strength of 13.81 * 0.57
MPa and a strain at break of 320 + 32%. In
contrast, the tensile strength and strain at
break for the starch scaffold were 5.83 + 0.12
MPa and 18 + 2%, respectively.

3.4 Water Absorption

The results of water and buffered saline
absorption are shown in Figures 3(C) and
3(D), respectively.

3.5 Degradation in Culture Medium

As shown in Figure 4(A), scaffolds
without propolis (polyurethane,
polyurethane/starch, and polyurethane/
starch) lost 85-93% of their weight after
three weeks of immersion, while scaffolds

containing propolis lost 84% of their weight
after 30 days.

3.6 Surface Hydrophilicity

The surface hydrophilicity of the
scaffolds was evaluated by measuring
contact angles. Figure 4(B) shows the
changes in contact angle with the addition of
hyaluronic acid and propolis to the
polyurethane/starch scaffold. The
polyurethane scaffold had a contact angle of
113.2°, indicating hydrophobicity. The
polyurethane/starch scaffold showed a
lower contact angle of 61.4°, indicating
increased surface  hydrophilicity. The
presence of hyaluronic acid further reduced
the contact angle to 42.8°.

3.7 Thermal Properties

The thermal stability of the scaffolds was
investigated using differential scanning
calorimetry (DSC), and the results are shown
in Figure 4(C).

3.8 Propolis Extract Release

Figure 4(D) shows the release profile of
propolis from the polyurethane/
starch/hyaluronic acid-propolis scaffolds at
different propolis concentrations over the
first 48 hours.
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Figure 3- a) ATR-IR spectra of electrospun scaffolds.b) Stress-strain curves of electrospun
nanofibers.c) Dynamic equilibrium swelling of scaffolds after 8 h.and d) PBS absorption of
electrospun samples after 24 h of immersion in PBS solution at 37 °C.

3.9 Antibacterial activity

The antimicrobial properties of the
scaffolds were tested against the starch
bacteria  Staphylococcus aureus and
Escherichia coli using the agar diffusion
method.

3.10 L929 Fibroblast Cell Survival

and Proliferation

The proliferation of fibroblast cells on
the electrospun scaffolds was evaluated
using a cell viability assay. To assess
cytotoxicity, the polyurethane,
polyurethane/starch, polyurethane/starch,
and polyurethane/starch/hyaluronic acid-
propolis scaffolds were incubated with L929
cells for seven days.

3.11 Animal Studies

This study also evaluated the adhesion
properties, cell proliferation, and wound
healing effects of the scaffolds in adult male
rats (Figure 6).

3.12 Histological Studies

Histological analysis showed that after
14 days, the number of hair follicles
significantly increased in the scaffolds
treated with electrospun samples compared
to the control group. Furthermore, the
number of blood vessels formed by day 14
was higher in the scaffold containing propolis
compared to the control group.
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Figure 4- a) Degradation profile of electrospun nanofibers. b) Water contact angles of nonwoven
mats. c) Thermometric analysis of polyurethane/starch and polyurethane/starch/hyaluronic acid-
propolis scaffolds. d) Release of propolis extract from electrospun core-shell nanofibers over 48
hours.

Table 3- Antimicrobial activity of electrospun fibers and commercial sample by zone of inhibition

method.
Pol th tarch
Polyurethane/starch/ olyure ar-te/s 'arc / Commercial . i Restraint
) . hyaluronic acid - Microorganism
hyaluronic acid . sample area (mm)
propolis
- 0 0.1445.37 Escherichia coli 0.63+1.04
- 0 0.12+5.89 Staphylococcus aureus | 0.87+1.43
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Figure 5- a) Inhibition zones of polyurethane/starch, polyurethane/starch/hyaluronic acid-propolis,
and commercial scaffolds against Staphylococcus aureus.b) Inhibition zones of Escherichia coli
after 24 hours of incubation.c) Cytotoxicity test results of polyurethane, polyurethane/starch,

polyurethane/starch, polyurethane/starch/hyaluronic acid-propolis, and commercial scaffolds; d)
Light microscope images of L929 cell growth on different scaffolds after four days of
culture.Scanning electron microscope images of L929 fibroblast cells cultured on control and
experimental scaffolds after four days.

4, Discussion

4.1 Morphological Characteristics
As shown in Figure 1, the polyurethane
fibers have a uniform morphology with
interconnected porosity and no bead
formation. It is important to remember that
electrospinning starch alone is a challenging
process. For example, Salgado et al.’
showed that starch fibers produced by
electrospinning often encounter difficulties
due to the complex polysaccharide chains in
the natural polymer. These chains, along
with hydrodynamic responses and repulsive
forces in the solution, can negatively affect
fiber formation and even block the needle
tip, leading to discontinuous fibers. Similarly,
Liu et al.”® found that the surface tension of
the starch solution can cause droplets to
remain at the syringe tip during

electrospinning. In this study, a polyurethane
solution (12 wt%) was used as the shell and a
starch solution (9 wt%) as the core. The
addition of propolis reduced the solution
viscosity, allowing the formation of smaller
fibers.””*® 1t was found that all electrospun
scaffolds had a porosity of over 80% in the
first layer, which is considered optimal for
tissue engineering applications.

However, due to overlap, the porosity in
the second and third layers was significantly
reduced. The crosslinking process with
glutaraldehyde vapor altered the scaffold
structure, resulting in an insoluble form, as
observed in Figure 2. Crosslinking helped
maintain the scaffold porosity and prevented
its collapse in an aqueous environment,
which is consistent with the findings of
Pieper et al.*’
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Figure 6- Comparative images of the wound healing effect in different groups of core-shell
structures and commercial groups.
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Transmission electron microscopy
analysis confirmed the core-shell structure of
the polyurethane/starch, polyurethane/
starch, and polyurethane/starch/hyaluronic
acid-propolis scaffolds. As shown in Figure
2(D), polyurethane fibers are loosely
wrapped around the starch fibers, and there
is a clear boundary between the core and
shell. In all cases, the core flow rate was
0.135 mL/min, while the shell flow rate was
0.675 mL/min, confirming the formation of a
core-shell structure in all electrospun
samples. The addition of hyaluronic acid led
to a decrease in fiber diameter and an
increase in the shell-to-core ratio, as the
anionic  structure of hyaluronic acid
generated an internal electric field that
increased fiber stretching.’®®! Furthermore,
the presence of propolis in the core structure
further defined the boundary between the
core and shell. This phenomenon is
attributed to the lower viscosity of the
propolis solution compared to the
polyurethane/starch and polyurethane/
starch solutions.**

Similar results were reported by Surucu
et al., who showed that in electrospun core-
shell fibers, the core diameter is larger than
the shell due to differences in material
density.*

4.2 ATR-FTIR

A characteristic absorption peak for pure
starch appeared at 3393 cm™, which
corresponds to the hydroxyl band and
complex stretching vibrations of free
hydroxyl groups in the biopolymer structure.
The peaks observed at 1369 cm™ were
attributed to carbon-hydrogen-
oxygen/carbon-carbon-hydrogen and
carbon-oxygen-hydrogen bands, while the
peaks at 1152 and 1027 cm™ correspond to
the stretching of carbon-oxygen and carbon-
carbon bonds, respectively.>***

Additional peaks in the 1200-1500 cm™
range are related to the bending vibrations
of carbon-hydrogen and oxygen-hydrogen
bonds. For hyaluronic acid, the peaks
observed at 1610-1630 cm™ and 945-955
cm™ were attributed to carboxylic acid
groups. Also, the peaks at 1700-1650 cm™
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and 3200-3500 cm™ are related to the
stretching vibrations of the nitrogen-
hydrogen bond.>***

Regarding polyurethane, the peak at
3332 cm™ corresponds to the symmetric and
asymmetric  stretching  vibrations of
methylene.*® For propolis, the peak at 1545
cm™ indicates the stretching vibrations of
the nitrogen-hydrogen bond, while the peak
at 1646 cm™ belongs to the C=0 bond
stretching. The peak at 2933 cm™
corresponds to the carbon-hydrogen
stretching band of methylene groups, and

hydroxyl and amine groups appeared at 3294
cm_1.57-62

4.3 Mechanical Properties

The addition of polyurethane
significantly improved the mechanical
properties of the starch scaffold, with the
polyurethane/starch  core-shell  scaffold
achieving a tensile strength of 7.93 + 0.17
MPa and a strain at break of 28 *+ 2%. Similar
findings have been reported by Yang et al. in
their study on silk/hyaluronic acid scaffolds,
where hyaluronic acid increased elasticity
but decreased tensile strength.®** However,
in our study, the presence of propolis
improved the scaffold strength while
reducing elasticity, which confirms the
results of Almedia et al., who observed
similar behavior in collagen scaffolds with
the addition of propolis for bone tissue
engineering.®

4.4 Water Absorption

Water absorption is a crucial feature for
wound dressings and affects the scaffold's
ability to absorb wound exudates and
facilitate nutrient exchange. As shown in
Figure 3(C), the swelling behavior of

polyurethane/starch and
polyurethane/starch  scaffolds stabilized
after 90 minutes, while the
polyurethane/starch/hyaluronic acid-

propolis scaffold reached equilibrium
swelling after 240 minutes. The longer
swelling time in propolis-containing scaffolds
is attributed to the presence of hydrophobic
amino acids in propolis.®
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Figure 3(D) shows the PBS absorption
capacity after 24 hours. The
polyurethane/starch scaffold showed the
highest absorption with a value of 625 + 33%,
while the polyurethane scaffold absorbed
only 2.45 + 0.199% water. The addition of
propolis to the scaffolds slightly reduced PBS
absorption, reaching 7.73 + 0.558%, likely
due to the aromatic structure of flavonoids
introducing some hydrophobicity.>* A study
by Al-Star et al. also reported that hyaluronic
acid improves the swelling behavior of
carrageenan-based scaffolds and increases
water absorption through interactions
between components.®

4.5 Degradation in Culture Medium

To evaluate the degradation profile of
the scaffolds, samples were immersed in
PBS. Scaffold degradation is crucial in tissue
engineering, as the scaffold must gradually
degrade to facilitate new tissue formation.®’
The slower degradation rate observed in
propolis-containing scaffolds could be due to
the presence of flavonoids and other
phenolic compounds in propolis, which act as
hydrophobic agents. The addition of
hyaluronic acid increased the degradability
of the scaffold, which is consistent with the
findings of Hopping et al., where hyaluronic
acid-chitosan networks showed significant
degradation after 4 weeks.*®”°

4.6 Surface Hydrophilicity

The decrease in the sample contact angle
with the addition of hyaluronic acid is
related to its functional groups (hydroxyl,
carboxyl, and amine).”* The increase in
surface hydrophilicity with the addition of
propolis is associated with an increase in
surface energy, which has been linked to
improved cell adhesion and proliferation, as
shown by Lee et al.”>”® These results indicate
that polyurethane/starch/hyaluronic acid-
propolis scaffolds can create favorable
conditions for cell growth and attachment.

4.7 Thermal Properties

The weight loss of the scaffolds was
minimal at temperatures between 200-
250°C, which may be attributed to the close

packing of polymer chains and the crystalline
nature of the scaffolds. The addition of
propolis slightly reduced the degradation
rate, which may be attributed to the
arrangement of polymer chains and the
reduction in polymer crystallinity.”*”’

4.8 Propolis Extract Release

Propolis release was sustained in the first
24 hours, and a cumulative release of 41.3%
was recorded for scaffolds containing 0.5%
propolis by dry polymer weight. At higher
propolis concentrations (1% and 1.5%), the
cumulative release reached 79.4% and
55.6%, respectively. This release profile is
desirable for promoting angiogenesis and
wound healing in the early stages of
recovery, especially for diabetic wounds
where angiogenesis is impaired.’®”®

4.9 Antibacterial Properties

The polyurethane/starch scaffold did not
exhibit significant antibacterial activity, while
polyurethane/starch/hyaluronic acid-
propolis scaffolds showed significant
inhibition, with inhibition zone diameters of
12.0 + 5.89 mm for E. coli and 0.63 + 1.04 mm
for S. aureus, respectively. The antibacterial
effects of propolis are attributed to the
presence of flavonoids and phenolic
compounds, as well as fatty acids such as 10-
hydroxy-2-decenoic acid, which are known
for their antibacterial properties.?>®!

Studies by Hong et al. and Melie et al.
also confirm the antibacterial activity of
these compounds.®***

4.10 L929 Fibroblast Cell Survival

and Proliferation

As shown in Figure 5(C), none of the
scaffolds exhibited toxicity. Notably, the
polyurethane/starch/hyaluronic acid-
propolis sample showed the highest cell
growth rate, with a significant increase
compared to the other groups (p < 0.05).
Among the other samples, the
polyurethane/starch scaffold showed a
greater increase in cell count compared to
the pure polyurethane scaffold. Previous
studies by Glomar et al.®* have confirmed
these results and suggested that the
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physicochemical properties of starch, a
natural polymer, contribute to L1929 cell
proliferation. Figure 5(D) also shows that the
polyurethane/starch  scaffold  exhibited
greater cell survival compared to
polyurethane/starch, likely due to the
hydration properties of hyaluronic acid,
which supports fibroblast aggregation and
reduces toxicity. Hyaluronic acid not only
accelerates cell growth and induces tissue
regeneration but also facilitates granulation
tissue formation and wound
epithelialization.’®®” also observed similar
results and noted that hyaluronic acid
contributes to fibroblast proliferation and
biological compatibility.

Among all the tested scaffolds,
polyurethane/starch/hyaluronic acid-
propolis showed the highest level of cell
growth. The addition of propolis increased
L929 cell proliferation, which is consistent
with previous studies by Mona et aI.88, who
demonstrated propolis's ability to support
cell growth. Hyaluronic acid and Rezade et
al.* have also emphasized the positive
effects of propolis on stem cell growth and
differentiation in neural tissues.

Fluorescent images taken after one day
of cell culture (Figure 5(E)) show strong cell
adhesion to propolis-containing nanofibers.
The polyurethane/starch/hyaluronic acid-
propolis scaffold more effectively supported
cell adhesion and survival compared to
polyurethane/starch scaffolds and
commercial scaffolds. These findings
demonstrate the potential of propolis to
enhance cell survival. SEM images taken
after seven days of cell culture (Figure 5(F))
clearly show that fibroblast cells proliferated
well and adhered to the polyurethane/starch
and polyurethane/starch/hyaluronic acid-
propolis scaffolds. The scaffold containing
both hyaluronic acid and propolis provided a
suitable substrate for fibroblast growth,
while SEM images confirm significant cell
penetration into the scaffold fibers. Overall,
these results indicate that the combination
of hyaluronic acid and propolis supports cell
adhesion and proliferation, making these
scaffolds suitable for tissue engineering
applications.
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4.11 Animal Studies

Figure 6 shows that on day one, the
wound surface in the scaffold-treated groups
showed little difference compared to the
control group. However, by days 7 and 14,
these differences became significantly
noticeable. The polyurethane/starch/
hyaluronic acid-propolis group showed the
most significant wound healing by day 14
and had a more pronounced difference
compared to the control group.

4.12 Histological Studies

Wound healing is a complex process
involving four overlapping stages:
coagulation, inflammation, fibroplasia, and
tissue remodeling. Coagulation occurs due to
vasoconstriction and the release of
catecholamines. In the inflammatory phase,
phagocytic cells infiltrate the wound. During
fibroplasia, fibroblasts migrate to the wound
site and produce collagen, which strengthens
the wound, and angiogenesis begins. Finally,
in the tissue remodeling stage, the tissue
regains its natural structure.

Numerous studies have emphasized the
antibacterial properties and healing effects
of hyaluronic acid, particularly in the
treatment of pressure ulcers. Opie et al.”
reported that hyaluronic acid improves the
epithelialization and vascularization
processes at wound sites. Park et al.”*
showed that propolis accelerates wound
healing by increasing collagen production
and improving the healing process.

4.13 Results of Variance Analysis

and Post-Hoc Tests

This section presents the results of one-
way analysis of variance (ANOVA) and post-
hoc tests conducted to compare the groups
with the control group. All data are reported
as mean t* standard deviation, and the
significance level was set at p < 0.05.

1. Analysis of Variance for Antimicrobial
Activity

The antimicrobial activity of the samples
was examined using the zone of inhibition
test. The results for comparing the
antibacterial activity of different samples
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against Staphylococcus aureus and
Escherichia coli bacteria are as follows:

»  Starch: Staphylococcus aureus

o Polyurethane/starch/hyaluronic
acid-propolis: 12.8 £ 0.53 mm

o Polyurethane/starch: 1.63 + 1.04 mm

o Polyurethane/starch: 7.93 £ 0.02 mm

o Control group: 0 mm

ANOVA results showed that the mean
inhibition zones in different groups were
significantly different (p < 0.001). Dunnett's
post-hoc test was used, which clearly
showed the comparison between different
groups and the control group. This
comparison showed that the
polyurethane/starch/hyaluronic acid-
propolis combination had more antibacterial
activity than the other groups.

«  Escherichia coli

o Polyurethane/starch/hyaluronic
acid-propolis: 5.89 £ 0.12 mm

o Polyurethane/starch: 1.63 + 1.04 mm

o Polyurethane/starch: 7.18 £ 0.12 mm

o Control group: 0 mm

Here, too, the ANOVA results showed a
significant difference between the group
means (p < 0.001). The post-hoc test was
again used and determined that the
polyurethane/starch/hyaluronic acid-
propolis group had a larger inhibition zone,
especially when compared to the control
group and other groups.

2. Analysis of Variance for Mechanical
Properties

Mechanical properties, including tensile
strength and elastic modulus, were
examined as follows:

» Tensile Strength:
Polyurethane: 7.17 £ 7.93 MPa
Polyurethane/starch: 7.1810.12 MPa
Polyurethane/starch: 8.1210.15 MPa
o Polyurethane/starch/hyaluronic
acid-propolis: 8.62 + 0.10 MPa
The results indicated a significant
difference between the groups (p < 0.05).
According to the results of Dunnett's post-
hoc test, it was clearly determined that
polyurethane/starch/hyaluronic acid-

O O O

propolis had the highest tensile strength and
therefore can be introduced as a suitable
option for regenerative medical applications.

* Elastic Modulus:

The elastic modulus values were also
examined and showed a significant
difference between the groups (p < 0.05).
These findings emphasize the effect of the
used compounds, leading to improved
mechanical properties.

The results of the variance analysis show
the direct effect of various compounds on
the antimicrobial activity and mechanical
properties of electrospun  scaffolds.
According to the results of post-hoc tests,
such as Dunnett's test, we clearly observed
significant differences between different
groups and the control group. This research
emphasizes the importance of selecting
materials with optimal properties for
developing efficient scaffolds in skin tissue
engineering.

5. Conclusion

This study successfully developed core-
shell nanofibrous scaffolds composed of
polyurethane/starch loaded with propolis,
fabricated at room temperature.

The resulting scaffolds exhibited
excellent biopotential and hydrophilic
properties, making them suitable candidates
for medical applications, particularly in tissue
engineering. The unique core-shell structure
of the electrospun fibers facilitated sustained
and controlled release of propolis at the
wound site, which is crucial for enhancing
therapeutic effects over an extended period.
The scaffolds demonstrated a significant
ability to accelerate the wound healing
process, as evidenced by supporting
epithelial cell proliferation and promoting
epithelialization. The addition of propolis
played a pivotal role in enhancing the
regenerative properties of the scaffolds,
contributing to the formation of granulation
tissue and improved wound epithelialization.
This effect was particularly evident in the
polyurethane/starch/hyaluronic acid-
propolis scaffolds, which showed effective
performance in the early stages of wound
care. In vivo experiments further emphasized
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the potential of these scaffolds in promoting
skin wound healing, with
polyurethane/starch/hyaluronic acid-
propolis nanofibers significantly improving
healing compared to control groups. Cell
adhesion, proliferation, and wound closure
in these scaffolds indicate their strong
potential as therapeutic options for
advanced wound management.

Overall, this study highlights the
potential of polyurethane/starch/hyaluronic
acid-propolis core-shell nanofibrous scaffolds
as promising materials for promoting rapid
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and effective skin wound healing. Their
ability to sustain the release of bioactive
agents, coupled with their biopotential,
makes these scaffolds valuable candidates
for future clinical applications in tissue
engineering and regenerative medicine.
These scaffolds offer a novel approach to
improving the quality and speed of wound
healing, making them a versatile platform for
treating various skin injuries. Further
research and optimizations can pave the way
for their application in more complex wound
healing scenarios and broader medical fields.
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Translation and Summary by: Dr. Seyed Abbas Mirmalek

Abstract:

A statistical population refers to the complete set of individuals, groups, objects, or events that exhibit
one or more common characteristics. The total number of members within a population is referred to as
the population size or magnitude, denoted by the uppercase letter "N."

Introduction

The concept of the statistical population is fundamental within the domain of statistics. This
term pertains to a collective of individuals, objects, or events that share one or more
characteristics.

Comprehensive analysis of all members within a statistical population is referred to as a
census. However, due to the considerable time and resources required to conduct such a census,
researchers frequently opt to study only a subset of the statistical population. The size of the
population, represented by "N," signifies the total number of members within that population.*®

Example 1:

For instance, if a researcher conducts laparoscopic surgeries on a select group of patients with
the objective of investigating complications associated with the use of laparoscopy, the statistical
population in this case consists of those patients who underwent surgery utilizing laparoscopic
techniques.
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Example 2:

In the context of research aimed at assessing job satisfaction among nurses, the research
population will consist of the nurses themselves. To gather pertinent information, it is imperative
to engage with the nurses and select one or more representative samples from this group.
Nonetheless, should the objective involve evaluating the performance of nurses, the assessment
may depend on questionnaires completed by patients. While the primary focus of the research is
on the nurses, a comprehensive understanding of their interactions and performance necessitates
consultation of patient feedback. Initially, it is advisable to categorize nurses based on their years
of service into distinct groups, from which a selection should be made to survey their respective
patients. In this scenario, the nurses constitute the statistical population, while the selected
groups of nurses and their patients serve as the research samples.

Key Points:

v A population pertains to the entire group from which information is collected and
subjected to analytical processing.

v' The process of collecting data from the entire population can pose significant challenges
and financial burdens, thereby necessitating the selection and analysis of samples instead.

v It is essential that sampling from a population is conducted randomly in order to ensure
that the results accurately reflect the broader population with a high degree of confidence.

v A valid and comprehensive statistical study is contingent upon either obtaining
information from the entire population or employing appropriate sampling methodologies.
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