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AIMS AND SCOPE
Bezmialem Science is an independent, unbiased, international 
online journal that publishes articles in all branches of medicine 
in accordance with the double-blind peer-review process. 
The print version of the journal is not available and it is only 
accessible at www.bezmialemscience.org. The manuscripts 
published on this web page can be read free of charge and files 
can be downloaded in PDF format. Four issues are released per 
year, in January, April, July and October. Publication language is 
Turkish and English.

Bezmialem Science indexed in Science-Emerging Sources 
Citation Index, TUBITAK ULAKBIM TR Index, EBSCO, Cinahl, 
CiteFactor, TürkMedline, Türk Atıf Dizini, İdealOnline, ROOT 
INDEXING, J-Gate, EuroPub, DOAJ, Hinari, GOALI, ARDI, OARE, 
AGORA, ProQuest, CABI.

The target population of this journal includes medical 
academicians, specialists, assistants, and medical students. The 
aim of the journal is to publish high-ranking original researches 
in basic and clinical sciences, reviews covering contemporary 
literature about medical education and practice, reports of rare 
cases, and manuscripts that would contribute to continuous 
medical education.

Management of the editorial processes and pursued ethical 
policies are in accordance with the criteria of International 
Committee of Medical Journal Editors (ICMJE), World Association 
of Medical Editors (WAME), Council of Science Editors (CSE), 
European Association of Science Editors (EASE) and Committee 
on Publication Ethics (COPE).

Open Access Policy

This journal provides immediate open access to its content on 
the principle that making research freely available to the public 
supports a greater global exchange of knowledge.

Open Access Policy is based on the rules of the 
Budapest Open Access Initiative (BOAI) http://www.
budapestopenaccessinitiative.org/. By “open access” to peer-
reviewed research literature, we mean its free availability on the 
public internet, permitting any users to read, download, copy, 
distribute, print, search, or link to the full texts of these articles, 
crawl them for indexing, pass them as data to software, or use 

them for any other lawful purpose, without financial, legal, or 
technical barriers other than those inseparable from gaining 
access to the internet itself. The only constraint on reproduction 
and distribution, and the only role for copyright in this domain, 
should be to give authors control over the integrity of their work 
and the right to be properly acknowledged and cited.

All manuscripts should be submitted over the web page at www.
bezmialemscience.org. Instructions for authors, technical issues, 
and other necessary forms can be accessed over this web page. 
Authors are responsible for all content of the manuscripts.

All expenses of the Bezmialem Science are covered by Bezmialem 
Vakif University. Advertisements are welcomed for publication 
on the web page and all applications in this respect should be 
made to Galenos.

Bezmialem Vakif University owns the royalty and national 
and international copyright of all content published in the 
journal. Other than providing reference to scientific material, 
permission should be obtained from Bezmialem Vakif University 
for electronic submission, printing, distribution, any kind of 
reproduction and reutilization of the materials in electronic 
format or as printed media.
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The journal Bezmialem Science is an international periodical 
published in electronic format in accordance with the principles 
of independent, unbiased, and double-blinded peer-review. Four 
issues are published per year, in January, April, July and October.

The print version of the journal is not available and it is only 
accessible at www.bezmialemscience.org. The manuscripts on 
this web page are accessible free of charge and full text PDF files 
can be downloaded.

Authors should submit manuscripts only to the web page at www.
bezmialemscience.org. Manuscripts sent by other means will not 
be evaluated. Full text of the manuscripts may be in Turkish or in 
English.

The title, abstract and Keywords in every manuscript should 
be written both in Turkish and English. However, manuscripts 
submitted by foreign authors outside of Turkey do not necessarily 
include Turkish title, abstract and keywords.

Preliminary conditions for the approval of the manuscripts 
include being original, having a high scientific value and having 
high citation potential.

Submitted manuscripts should not have been presented or 
published elsewhere in electronic or printed format. A statement 
should be included for previous submission to and rejection by 
another journal. Relaying previous reviewer evaluation reports 
would accelerate the evaluation process. Name, date and place 
of the event must be specified if the study has been previously 
presented at a meeting.

The authors transfer all copyrights of the manuscript relevant 
to the national and international regulations to the journal as 
of evaluation process. Copyright Transfer Form signed by all 
authors should be submitted to the journal while uploading the 
manuscript through submission system. All financial liability and 
legal responsibility associated with the copyright of the contained 
text, table, figure, picture, and all other sorts of content protected 
by national and international laws belong to the author.

Author Contribution Form should be completed by the 
corresponding author in order to protect authors’ rights and 
avoid ghost and honorary authorship issues.

All kinds of aids and support received from persons and 
institutions should be declared and ICMJE Uniform Disclosure 
Form for Potential Conflicts of Interest should be completed to 
clarify conflicts of interest issues.

The format of the manuscripts must conform to the journals 
instructions and to the standards of ICMJE-Recommendations for 
the Conduct, Reporting, Editing and Publication of Scholarly Work 
in Medical Journals (updated in December 2016 -http://www.
icmje.org/icmje-recommendations.pdf) and the presentation of 
the content must be in accordance with appropriate international 

guidelines. CONSORT should be used for the reporting of 
randomized trials, STROBE for observational studies, STARD 
for diagnostic studies, PRISMA for systematic reviews and 
meta-analyses, ARRIVE for animal studies, Care for case reports 
and TREND for non-randomized behavior and public health 
intervention studies.

Ethics committee report prepared in accordance with “WMA 
Declaration of Helsinki-Ethical Principles for Medical Research 
Involving Human Subjects” and “Guide for the Care and Use of 
Laboratory Animals” is required for experimental and clinical 
studies, drug investigations and some case reports. The authors 
may be asked to submit ethics committee report or a substitute 
official report, if deemed necessary. In papers reporting the 
results of experimental studies, after explaining in detail all 
procedures that the volunteer subjects and patients underwent, 
a statement should be included in the text indicating that all 
subjects provided consent for the study. In animal studies, it 
should be clearly specified how the pain or discomfort has been 
relieved. Informed consents, name of the ethics committee, issue 
number and date of the approval document should be written in 
the Methods section of the main document.

All manuscripts are subject to preliminary evaluation by the 
Editors. The manuscripts are reviewed for possible plagiarism, 
replication and duplicated publication during this process. Our 
journal will impose sanctions in accordance with the guidelines 
of Committee on Publication Ethics (COPE) in conditions where 
such non-ethical issues may arise. Subsequently, manuscripts are 
forwarded to at least 2 independent referees for double-blinded 
peer-review. The reviewers are selected among independent 
experts with international publications and citations on the 
subject of the manuscript. Research articles, systematic reviews 
and meta-analyses are also evaluated by a statistician. Authors are 
deemed to have accepted that required revisions are to be made 
by the Editors provided that this will not make a comprehensive 
change in the original document.

Upon approval of the manuscript for publication, requests of 
addition to or removal from the author list or order change will 
not be accepted.

The manuscripts should be prepared with Microsoft Office Word 
and should comply with the following specifications.

Title Page
For each type of manuscript, title page should be uploaded 
through online submission system as a separate Microsoft Word 
document that includes Turkish and English title of the manuscript, 
names of the authors and latest academic degrees, name of the 
department and institution, city, and country. If the study has 
been conducted in more than one center, affiliation of each 
author must be specified using symbols. Correspondence address 
should include name of the corresponding author, postal address, 
e-mail address, phone and fax numbers. Name, date and place of 
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the meeting must be specified if the study has been presented in 
a previous meeting. Disclosure of Conflict of Interest, Disclosure 
of Institutional and Financial Support, Author Contribution and 
Acknowledgments should be included in this page.

Original Research: Abstract should be written in Turkish and 
English, and be structured with Objective, Methods, Results and 
Conclusion sections. Abstract should not exceed 250 words. 
Keywords must conform to Medical Subject Headings (MeSH) 
terms prepared by National Library of Medicine (NLM) and contain 
minimum 3 and maximum 6 items; keywords should be written 
in Turkish and English just below the abstract. Main text should 
contain Introduction, Methods, Results, Discussion, Limitations 
of the Study, Conclusion, References, Tables, Figures and Images, 
and should be limited to 5000 words excluding references. 
References not exceeding 50 would be acceptable.

Statistical analyses must be conducted in accordance with the 
international statistical reporting standards (Altman DG, Gore SM, 
Gardner MJ, Pocock SJ. Statistical guidelines for contributors to 
medical journals.Br Med J 1983: 7; 1489-93). Statistical analyses 
should be written as a subheading under the Methods section 
and statistical software must certainly be specified. Data must be 
expressed as mean±standard deviation when parametric tests are 
used to compare continuous variables. Data must be expressed 
as median (minimum-maximum) and percentiles (25th and 75th 
percentiles) when nonparametric tests are used. In advanced and 
complicated statistical analyses, relative risk (RR), odds ratio (OR) 
and hazard ratio (HR) must be supported by confidence intervals 
(CI) and p values.

Editorial Comments: Editorial comments aim at providing brief 
critical commentary by the reviewers having expertise or with 
high reputation on the topic of the research article published 
in the journal. Authors are selected and invited by the journal. 
Abstract, Keywords, Tables, Figures, Images and other media are 
not included. Main text should not include subheadings and be 
limited to maximum 1500 words; references should be limited to 
15.

Review: Reviews which are prepared by authors who have 
extensive knowledge on a particular field and whose scientific 
background has been translated into high volume of publication 
and higher citation potential are taken under review. The authors 
may be invited by the journal. Reviews should be describing, 
discussing and evaluating the current level of knowledge or topic 
used in the clinical practice and should guide future studies. The 
manuscript contains unstructured abstract not exceeding 250 
words. The manuscript should include minimum 3 and maximum 
6 keywords which conform to Medical Subject Headings (MeSH) 
terms prepared by National Library of Medicine (NLM). Main text 
should contain Introduction, Clinical and Research Consequences 
and Conclusion sections. Main text should not exceed 5000 words 
and the references should be limited to 50.

The originality of the visual media contained in the reviews should 
be confirmed by submitting a letter to the journal. The original 
versions of the printed or electronic copies of the images adapted 
from a published source should be cited properly and the written 
permission obtained from the copyright holder (publisher, journal 
or authors) should be forwarded to the journal.

Case Report: There is limited space for case reports in the 
journal and reports on rare cases or conditions that constitute 
challenges in the diagnosis and treatment, those offering new 
therapies or revealing knowledge not included in the books, 
and interesting and educative case reports are accepted for 
publication. The abstract should be unstructured and should not 
exceed 250 words. The manuscript should include minimum 3 
and maximum 6 keywords which conform to Medical Subject 
Headings (MeSH) terms prepared by National Library of 
Medicine (NLM). The text should include Introduction, Case 
Report, Discussion, Conclusion, References, Tables, Figures and 
Images sections, and should be limited to 700 words. References 
should be limited to 10.

Letter to the Editor: Includes manuscripts discussing important 
parts, overlooked aspects or lacking parts of a previously 
published article. Articles on the subjects within the scope of 
the journal that might attract the readers’ attention, particularly 
educative cases can also be submitted in the form of “Letter to 
the Editor”. Readers can also present their comments on the 
published manuscripts in the form of “Letter to the Editor”. 
Abstract, Keywords, Tables, Figures, Images and other media are 
not included. The text should be unstructured and should not 
exceed 500 words; references are limited to 5. Volume, year, issue, 
page numbers, and title of the manuscript being commented on, 
as well as the name of the authors should be clearly specified, 
should be listed in the references and cited within the text.

Images in Clinical Practices: Our journal accepts original high 
quality images related to the cases which we have come across in 
clinical practices, that cites the importance or infrequency of the 
topic, makes the visual quality stand out and present important 
information that should be shared in academic platforms. Titles of 
the images should not exceed 10 words and should be provided 
both in English and Turkish. Images can be signed by no more 
than 3 authors. Figure legends are limited to 200 words and the 
number of figures are limited to 3. Video submissions will not be 
considered.

Special Considerations
Names of the corresponding author and other authors, 
affiliations, and other information on the study centers should 
not be included in any part of the manuscript or images in order 
to allow double-blinded peer-review. Such information should be 
uploaded to the relevant section of the online submission system 
and separately added to the title page.

INSTRUCTIONS TO AUTHORS



A-VI

All tables, figures, graphs and other visual media must be 
numbered in order of citation within the text and must not 
disclose the names of the patients, doctors or institutions. 
Tables must be prepared in a Microsoft Office Word document 
using “Insert Table” command and be placed at the end of the 
references section in the main document. Tables should not be 
submitted in JPEG, TIFF or other visual formats. In microscopic 
images, magnification and staining techniques must be specified 
in addition to figure captions. All images should be in high 
resolution with minimum 300 dpi. Lines in the graphs must be in 
adequate thickness. Therefore, loss of details would be minimal 
if reduction is needed during press. Width must be 9 cm or 18 
cm. It would be more appropriate if the drawings are prepared 
by the professionals. Gray color should be avoided. Abbreviations 
must be explained in alphabetical order at the bottom. Roman 
numerals should be avoided while numbering the Tables and 
Figures, or while citing the tables in the text. Decimal points in the 
text, tables and figures should be separated by comma in Turkish 
sections and by dots in English sections. Particularly, tables should 
be explanatory for the text and should not duplicate the data 
given in the text.

Pharmaceuticals should be specified with their generic names, 
and medical products and devices should be identified with brand 
name and company name, city and country.

References
References should be numbered in the order they are cited. 
Only published data or manuscripts accepted for publication and 
recent data should be included. Inaccessible data sources and 
those not indexed in any database should be omitted. Titles of 
journals should be abbreviated in accordance with Index Medicus-
NLM Style (Patrias K. Citing medicine: the NLM style guide for 
authors, editors, and publishers [Internet]. 2nd ed. Wendling DL, 
technical editor. Bethesda (MD): National Library of Medicine 
(US); 2007 - [updated 2011 Sep 15; cited Year Month Day] (http://
www.nlm.nih.gov/citingmedicine). All authors should be listed if 
an article has six or less authors; if an article has more than six 
authors, first six authors are listed and the rest is represented 
by “ve ark.” in Turkish articles and by “et al.” in English articles. 
Reference format and punctuation should be as in the following 
examples.

Journal: Muller C, Buttner HJ, Peterson J, Roskomun H. A 
randomized comparison of clopidogrel and aspirin versus ticlopidine 
and aspirin after placement of coronary artery stents. Circulation 
2000; 101: 590-3.

Book Section: Sherry S. Detection of thrombi. In: Strauss HE, Pitt 
B, James AE, editors. Cardiovascular Medicine.St Louis: Mosby; 
1974.p.273-85.

Books with Single Author: Cohn PF. Silent myocardial ischemia 
and infarction. 3rd ed. New York: Marcel Dekker; 1993.

Editor(s) as author: Norman IJ, Redfern SJ, editors. Mental health 
care for elderly people. New York: Churchill Livingstone; 1996.

Conference Proceedings: Bengisson S. Sothemin BG. 
Enforcement of data protection, privacy and security in medical 
informatics. In: Lun KC, Degoulet P, Piemme TE, Rienhoff O, 
editors. MEDINFO 92. Proceedings of the 7th World Congress 
on Medical Informatics; 1992 Sept 6-10; Geneva, Switzerland. 
Amsterdam: North-Holland; 1992.p.1561-5.

Scientific or Technical Report: Smith P. Golladay K. Payment for 
durable medical equipment billed during skilled nursing facility 
stays. Final report. Dallas (TX) Dept. of Health and Human Services 
(US). Office of Evaluation and Inspections: 1994 Oct. Report No: 
HHSIGOE 169200860.

Thesis: Kaplan SI. Post-hospital home health care: the elderly 
access and utilization (dissertation). St. Louis (MO): Washington 
Univ. 1995.

Manuscripts accepted for publication, not published yet: 
Leshner AI. Molecular mechanisms of cocaine addiction. N Engl J 
Med In press 1997.

Epub ahead of print Articles: Aksu HU, Ertürk M, Gül M, Uslu 
N. Successful treatment of a patient with pulmonary embolism 
and biatrial thrombus. Anadolu Kardiyol Derg 2012 Dec 26. doi: 
10.5152/akd.2013.062. [Epub ahead of print]

Manuscripts published in electronic format: Morse SS. Factors 
in the emergence of infectious diseases. Emerg Infect Dis (serial 
online) l995 Jan-Mar (cited 1996 June 5): 1(1): (24 screens). 
Available from: URL: http:/ www.cdc.gov/ncidodlElD/cid.htm.

The latest status of the submitted manuscripts and other 
information about the journal can be accessed at www.
bezmialemscience.org. Furthermore, contact details of 
the Editorial Office and Publisher are provided below for 
correspondence with the journal in every respect.
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EDITORIAL

Dear Readers;

The year 2020, which we started with the hope of a year full of new hopes and beauties, has been a difficult year for our country and the world. 
For this reason, the beginning of the year 2021 came with a bit of disappointment and worries about whether the troubles would end. I think 
we have achieved many successes on behalf of our journal under these difficult conditions, despite all the intensity and worldwide negativities.

The COVID-19 pandemic, which changed the face of the world, caused us to make changes in our journal, our efforts and our goals. We deeply 
felt the difficulties experienced by all healthcare professionals during this period. When we took a look at what we did last year, we switched our 
entire publishing format to English and the language of journal on our website became English. This year, we released three supplements, one 
of which contained the abstracts presented at our student congress, and two of them were for COVID-19. We had to increase the number of 1 
supplement to 3 supplements, which we planned for the treatment options and drug applications used in COVID-19, due to the intense interest 
in the subject and a large number of valuable articles. We published 2 of them in 2020. We will publish the third in the first months of 2021. I 
would like to mention the efforts of our assistant editor, Fatemeh Bahadori, who assumed the duty of guest editor in this process and thank 
him for her efforts. I would also like to thank our Chairman of the Board of Trustees, Mr. Ahmet Akça and our Rector Rümeyza Kazancıoğlu, who 
supported us in solving financial problems.

I would like to mention two things that make us happy and that we can evaluate as our success. First of all, the number of clicks on our website 
and reading of our publications has increased approximately 5 times this year. I would like to state that the indexes we have participated in 
recently and the fact that our publication language is English has contributed to this result. Second, the number of studies submitted to our 
journal increased by 100% in 2020. Since the number of articles we could publish was limited, we had to reject some valuable articles submitted 
by you. Due to this interest, we decided to increase the number of articles we published in each issue this year and to meet your demands to 
some extent. Another change is that we will publish your articles according to the diversity of issue based on the requests received and the 
decision of our editorial board. We had published your articles according to the order of acceptance of the publication until this year. This means 
that the publication of the questionnaire, reliability and validity studies may therefore be delayed a bit. I would like to thank you, our dear 
readers, for providing us this momentum and increase. 

Another innovation we have planned for this year is to add a new section titled “COMMENT”, where articles will take place on a topic chosen 
by the Chief Editor, which includes current issues and innovations. In this issue, we set the title of the first article as “Problems of Healthcare 
Professionals in the COVID-19 Pandemic” in memory of the healthcare professionals who showed unique heroism and lost their lives during 
the pandemic process. As it is known in the fight against COVID-19, the healthcare professionals fighting on the front have struggled very 
seriously. Many of them died. I wish mercy from Allah to our healthcare professionals who lost their lives, and patience to their families and 
relatives. Healthcare professionals continue to struggle with many problems in the ongoing process. With our sense of gratitude for their 
memory, we will discuss the problems they have experienced and the problems that are still being experienced, inspired by a meeting on this 
subject. I think you will read the topic “Problems of Healthcare Professionals in COVID-19 Pandemic” with interest.

I would like to mention the articles that stand out in this issue by expressing my happiness to bring you together with our articles that are increasing 
day by day. The experimental study by Uzer G et al., entitled “Comparison of Small-diameter-hole and Traditional Microfracture in Cartilage 
Repair and the Effect of Adding a Hyaluronic Acid-based Acellular Matrix Scaffold: An Animal Study”; the method study by Arısoy S et al., entitled 
“Development and Validation of an In Vitro Dissolution Method Based on HPLC Analysis for L-Dopa Release From PLGA Nanoparticles”; the 
dentistry study by Dönmez N et al., entitled “The Effects of Thermo-mechanical Aging on Microleakage in Composite Restorations Polymerized 
Using One New Generation and Two Conventional Led Light Curing Units”; the study by Eser A et al., entitled “The Efficacy of Eltrombopag 
Treatment in Patients who developed Platelet Engraftment Failure after Allogeneic Stem Cell Transplantation: A Single Center Experience”; 
and the study by Karatoprak et al., entitled “Report of a Case of Signet Ring Carcinoma Presenting as Gastric Mucosal Thickening: A Diagnostic 
Dilemma” were the articles at the forefront.

I would like to thank Assoc. Prof. Dr. Nükhet Kütük for her support so far, who left us, while welcoming our friends who attended our editorial 
board in the new year. I would like to thank both our assistant editors and referees, who achieved a 20% shortening in our publication evaluation 
process despite our increasing number.

Dear Readers,

I congratulate you on your new year and wish it to be useful for our country and our world. May everything be as you wish, to meet you in our 
next issue.

Best regards,

Prof. Dr. Adem AKÇAKAYA
Editor-In-Chief
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Introduction

As is known, the Coronavirus disease-19 (COVID-19) pandemic 
has started in China in November-December 2019 and then 
spread to the whole world (1). It was declared as an international 
public health emergency by The World Health Organization 
(WHO) on January 30, 2020, and later described as a pandemic 
(2). The disease has spread all over the world in a very short time. 
Of the patients, 28.5% were in Asia, 24.1% in North America, 
23.7% in Europe, 19.8% in South America, and 3.7% in Africa. 
In our country, the first patient was announced in March, and the 
first death on March 18.

The analysis conducted by Amnesty International in September 
2020 revealed that at least 7,000 healthcare workers worldwide 
died due to COVID-19. In this report, the countries with the 
highest number of health worker deaths were recorded in Mexico 
and the USA. Turkey was ranked 16th on the list. The rate of 
infection was found to be the highest in the health workers 
working in inpatient wards of hospitals. This finding showed 
that healthcare workers in the wards have a higher risk in terms 
of biosecurity measures than healthcare workers in units such as 
intensive care unit or emergency services.

As of January 14, 2021, the number of patients infected with the 
coronavirus in Turkey was 2,364,801, the number of patients 
recovered was 2,236,938 so far and the number of patients who 
died was 23, 495. A total of 26,899,442 tests were carried out to 
date. As of January 1, 2021 Turkey was ranked 7th among 193 
countries in terms of the number of patients and ranked 18th in 
terms of the number of deaths (3). Despite the number of patients 
was high, considering the mortality rates among health workers 

and in the society, it could be concluded that Turkey managed the 
process successfully. The early implementation of the scientific 
committee and the guides that were created early were effective in 
this result. However, the existing problems of healthcare workers, 
who have played a major role in this success, have increased 
exponentially.

In Turkey, a medical army consisting of 540,000 soldiers including 
about 165,000 physicians, 200,000 nurses, and 175,000 other 
health professionals fights against the pandemic (4). Health 
professional organizations in Turkey and the world state that 
healthcare professionals are infected with COVID-19 at a rate 
of approximately 10 times more than other components of the 
society. According to the data of the Turkish Medical Association, 
282 healthcare workers died because of COVID-19 since the 
beginning of the pandemic (5). The number of physicians who 
died while on active duty during the COVID-19 pandemics in 
Turkey in 2020, was 98.

Physicians and healthcare professionals working in difficult 
conditions away from their families had to struggle with different 
problems in the working environment depending on their branch 
and place of work. In this article, the issues mentioned in a session 
at the WIHU’20 COVID-19 congress where the problems of 
healthcare professionals were addressed, will be mentioned, and 
the problems experienced by healthcare professionals in this 
process will be discussed.

Addressing the problems of Emergency Service Workers in the 
pandemic, emergency medicine specialist Dr. Nedim Uzun 
said in his speech that: “Although the problems of emergency 
healthcare workers are largely the same as before the pandemic, 
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these problems have become more pronounced during the 
pandemic process. The fight against the pandemic has been tried 
to be carried out largely through emergency service employees. 
Emergency room workers are the ones most exposed to the virus 
load due to the first encounter COVID-19 and due to heavy 
working conditions. As a result, the increasing violence in 
health, the deterioration of our physical and mental health, and 
the insufficient financial and spiritual support in return cause 
burning out of emergency service workers. Primary health care 
services need to be made more active and the pandemic burden 
should be distributed fairly”.

In her speech, Dr. Hina J Shahid, a family physician and the 
head of the Muslim Physicians Association, who participated as 
a speaker from the UK, stated that: “As a result of factionalism, 
racism, and Islamophobia in the UK, COVID-19 has a 
disproportionate impact on Muslim healthcare workers. We 
have difficulties in accessing personal protective equipment. 
It is remarkable that healthcare workers are more likely to get 
sick compared with the society, and that the mortality rate of 
minorities among healthcare workers is higher”.

Speaking on behalf of the nurses and the union, Nurse Muhterem 
Şahin stated in her speech that they had problems in financial, 
moral and personal rights, and that working conditions were 
very difficult and tiring, and that healthcare workers could not 
get the value they deserved.

Speaking on behalf of the infectious diseases specialists who have 
undertaken the most duties in the pandemic, Dr. Sibel Bollukçu 
said that considering the fact that COVID-19 resulted in a 
multisystemic involvement in patients, the approach should also 
be multidisciplinary, and that in the light of the guidelines set 
up by the ministry in our country, it was unnecessary to ask for 
consultation from infectious diseases specialists in outpatient and 
inpatient clinics, and that additional work such as off-label drug 
approval increased the intensity of the physicians of that branch 
who needed to work actively in the field ”.

Speaking on behalf of non-governmental organizations, Dr. Ercan 
Kurnaz said, “In private health institutions and clinics, healthcare 
workers suffer financial difficulties due to occupation loss during 
the pandemic process, they cannot get their salaries and cannot 
afford their routine expenses, the workload of primary healthcare 
workers has increased, and their mental health is affected due to 
the high level of stress and psychological distress experienced by 
healthcare professionals”. 

Explaining the problems experienced in intensive care units, 
Associate Prof. Dr. Hayrettin Daşkaya stated that the pandemic 
should not be perceived as a health problem only, that social 
and economic conditions and the level of individual resistance 
affected the course of the disease, those possible problems would 
be predicted in advance with close observation of the field, that 
it should not be forgotten that all the work and the struggling 

were for humans, and that it was very important for healthcare 
workers to protect themselves in this process.

The pandemic continues in 2021. Phase studies of vaccines, which 
were initiated with hopes, were completed and vaccination was 
started in many countries, especially in our country. However, 
concerns about mutations and problems that may arise in the 
antibody generation process of vaccines continue to exist.

The pandemic had a multifaceted effect on the social life, 
economy, education, briefly all vital areas in the countries and 
caused changes in individual life. Healthcare professionals have 
suffered and continue to experience serious grievances in this 
struggle because they are the group with the heaviest burden 
and having the highest rate of mortality. Physicians experienced 
victimizations and injustices in their personal rights, life sphere, 
assignments, and distribution of workload, according to the 
institution, branch and country they worked. In addition to their 
lives, physicians had to struggle with economic losses and, rarely, 
with racism and discrimination in some countries.

How long this process will continue is unpredictable despite 
recent developments. All healthcare workers, especially 
physicians, should be given financial and moral personal rights. 
Their working conditions should urgently be improved, the 
moral value they deserve should be given, support for healthcare 
workers in line with their religious and cultural needs should be 
increased, and safe employment should be ensured. Inequalities 
in the work environment, injustice in access to vaccines, tests, 
and personal protective equipment, and discrimination should 
be ended, and a fraternal work environment should be created, 
regardless of branch, race, gender and religion.

* Editor-In-Chief of The Bezmialem Science, Head of the 
Department of General Surgery of the Bezmialem Vakıf 
University, President of Physicians Rights Association.
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ABSTRACT ÖZ

Objective: Hand dominancy can be observed as right, left, or the 
usage of bilateral hands. Majority of the Turkish population are 
right-hand dominant. This study aimed to examine and interpret 
the motion perception and motor learning of the dominant and 
non-dominant upper extremity.
Methods: A total of 146 right-hand dominant university students 
participated in this study. The mean age of participants was 
23.0±1.99, wherein 80 were female (54.79%) and 66 were male 
(45.21%). Hand preference was evaluated by the Edinburgh Hand 
Preference Questionnaire. Participants were positioned at the 
table edge with the hip, knee, and elbows at 90 degrees flexion. 
Measurements were made on a special platform. Participants were 
asked to place the glass at the center point, with a 25 cm distance 
from the rangefinder, and their eyes closed. Measurements were 
repeated 3 times on both dominant and non-dominant sides. The 
distance and deviation rate from the center point were recorded 
in cm with the laser rangefinder. Statistical Package for the Social 
Sciences 21.0 program was used in the analysis.
Results: According to the Edinburg Hand Preference Questionnaire, 
42 of participants (28.76%) were strong right dominant, 95 
(65.06%) were weak right dominant, and 9 (6.18%) were weak left 
dominant. The mean of distance from the central point for three 
measurements during the activity of glass placing were 2.56±1.91 
cm on the dominant side and 2.57±1.86 cm on the non-dominant 

Amaç: El dominansı; sağ dominant, sol dominant veya bilateral 
el kullanılması şeklinde görülmektedir. Sağ dominant bireylerin 
çoğunlukta olduğu toplumumuzda dominant ve non-dominant 
tarafta tekrarlı hareketlerin hareket algısı ve motor öğrenmeye 
etkisinin incelenmesi ve yorumlanabilmesi amacıyla bu çalışma 
planlanmıştır.
Yöntemler: Çalışmaya yaş ortalaması 23.0±1,99 yıl olan, 80’i kadın 
(%54,79), 66’sı erkek (%45,21) olmak üzere 146 gönüllü sağ eli 
dominant olan üniversite öğrencisi katıldı. El tercihi Edinburg El 
Tercih Anketi ile değerlendirildi. Bireyler kalça, diz ve dirsekler 
90⁰ fleksiyonda olacak şekilde masa kenarında pozisyonlandı. 
Ölçümler özel platform üzerinde yapıldı. Bireylerden, gözler kapalı 
iken, uzaklık ölçerden 25 cm mesafedeki merkez noktaya bardağı 
yerleştirmesi istendi. Ölçümler 3 kez dominant ve non-dominant 
tarafta tekrarlandı. Merkez noktaya uzaklık ve sapma miktarı lazerli 
uzaklık ölçer ile cm cinsinden kaydedildi
Bulgular: Edinburg El tercih anketine göre bireylerin 42’ı (%28,76) 
kuvvetli sağ dominant, 90’ı (%65,06) zayıf sağ dominant, 9’u 
(%6,18) zayıf sol dominanttı. Bardak yerleştirme aktivitesi sırasında 
merkez noktadan uzaklıkların üç ölçüm için ortalaması dominant 
tarafta 2,56±1,91 cm, non-dominant taraf için ise 2,57±1,87 cm’di. 
Dominant ve non-dominant el açısından merkez noktadan uzaklık 
ölçümleri açısından anlamlı fark bulunmadı (p>0,05). Ancak 

1Hasan Kalyoncu University Faculty of Medicine, Department of Physical Therapy and Rehabilitation, Gaziantep, Turkey
2Hacettepe University Faculty of Medicine, Department of Physical Therapy and Rehabilitation, Ankara, Turkey

 Deniz KOCAMAZ1,  Songül ATASAVUN UYSAL2,  Elif DİNLER1,  Tuğba BADAT1,  Begümhan TURHAN1,                   
 Yavuz YAKUT1

Sağlıklı Gençlerde Üst Ekstremite Dominant ve Non-dominant Tarafta Tekrarlı 
Hareketin Hareket Algısı ve Motor Öğrenmeye Etkisi

Effect of Repeated Movements on Motion Perception and 
Motor Learning of Dominant and Non-dominant Upper 
Extremity of Healthy Individuals

DOI: 10.14235/bas.galenos.2020.3620
Bezmialem Science 2021;9(1):3-8

https://orcid.org/0000-0002-0611-7686
https://orcid.org/0000-0001-7334-411X
https://orcid.org/0000-0003-0198-1456
https://orcid.org/0000-0002-0484-0221
https://orcid.org/0000-0003-0842-2059
https://orcid.org/0000-0001-9363-0869


Kocamaz et al. Motion Perception of Dominant/Non-dominant Side

4

side. No significant difference was observed in terms of distance from 
the center point in dominant and non-dominant hand (p>0.05). 
However, when results of the deviation from the center of three 
measurements were examined in the dominant side, according to 
the deviation distance, the first measurement was found closer to 
the center point than the second and third measurement results 
(p<0.05).
Conclusion: It is thought that the first measurement results are 
closer to the center with the effect of visual memory at the dominant 
and non-dominant sides, but in the second and third repetitions, it 
is thought that the deviation from the center is due to the short term 
memory, kinesthesia, and motor learning ability which could not be 
coded correctly.
Keywords: Dominant side, non-dominant side, motor learning, 
visual memory, right-hand dominance, left-hand dominance

dominant tarafta ardı ardına yapılan üç ölçümün merkezden sapma 
mesafesi sonuçları incelendiğinde birinci ölçüme dair sapmanın, 
ikinci ve üçüncü ölçüm sonuçlarına göre merkez noktaya daha 
yakın olduğu tespit edildi (p<0,05).
Sonuç: Dominant ve non-dominant taraf ölçüm sonuçlarına göre 
görsel hafızanın etkisi ile ilk ölçüm sonuçlarının merkeze daha 
yakın olduğu, ikinci ve üçüncü tekrarda kısa süreli hafıza, kinestezi 
ve doğru kodlanamayan motor öğrenme becerisi nedeniyle merkez 
noktadan uzaklaşıldığı düşünülmektedir.
Anahtar Sözcükler: Dominant taraf, non-dominant taraf, hareket 
algısı, motor öğrenme, sağ el dominansı, sol el dominansı

Introduction
Motor control is a result of motor learning provided by the 
dominant hemisphere. During motor learning and motor 
control, the primary motor cortex provides individual or 
synergistic movements of the extremity muscles when the motor 
cortex is stimulated. The premotor cortex is responsible for 
motor movements learned for a general function and posture 
task for movements. Another important feature of the premotor 
cortex is that it has mirror neurons in its silent activation. These 
neurons observe the movement, and release the same movement. 
Similarly, it is important in mental imaging, activation in mirror 
neurons under the premotor cortex and parietal cortex, motor 
perception, motor learning, empathy, imitation, and learning 
new motor movements. The parietal cortex is also related to 
the feeling of discrimination. Brodmann areas, ranking between 
3-2-1, are particularly related to somatosensory senses. Thalamic 
fibers are also origin from areas 3a and 3b. Areas 2 and 3a have an 
important role in proprioception and kinesthesia (1).

Cerebral lateralization is the capacity of a hemisphere (usually 
left) to provide more control of the contralateral side of the 
body compared to the other hemisphere. In this way, the 
contralateral side movements occur to be more accurate, rapid, 
and coordinated (2). The left hemisphere, which provides 
sensory and motor functions on the right side of the body, is 
the center of intellectual abilities. The right hemisphere, which 
controls the left side of the body, is responsible for the analysis 
of complex structures, holistic approach, determination of 
direction, and shapes of objects. Although both right and left 
sides of the body are used during different activities, one half of 
the brain dominates specialized and skill-related activities (3). It 
is essential to acquire skills with the use of dominant sides, to 
keep the gained skills in the short term memory, and to ensure its 
permanence. In this way, information is transferred to long-term 
memory, and motion perception develops (4).

Studies have shown that dominant hand use is associated with 
fine motor skills. In addition, studies have shown significant 
differences between dominant and non-dominant hand regarding 

asymmetry, number of hits, and completion time (5). Strength 
of hand grip and motion perception is associated with muscle 
strength in the upper extremity. Studies have shown that hand 
gripping force and load distribution have a significant effect on 
the hand function. The importance of thumb, ring finger, and 
palms in determining the motion perception and the grip in the 
dominant hand was emphasized (6,7). In the literature, studies 
conducted with university students suggested that somatosensory 
stimuli changes brain activation and long-term memory skills (8).

Obviously, data on literature is needed which includes not only 
the use of dominant upper extremity in healthy individuals 
depending on parameters such as muscle and grip strength, age, 
height, body mass index, and gender but also vary from the 
reaction time to motion perception and distance determination 
in young adults according to auditory stimuli (6).

In light to this information, we can say that short-term memory 
is more effective in just experienced movements. Factors such 
as repeated movement and planning of motion may take a part 
in motor learning and control. The hypothesis of this study is 
that repeated movements are effective on motion perception and 
motor learning of the upper extremity.

Method
Ethical Approval

This study was carried out at Hasan Kalyoncu University, Physical 
Therapy and Rehabilitation Department of Health Science 
Faculty. Ethical approval was obtained from the Local Ethics 
Committee, for the study on March 21, 2017 with the decision 
number 2017-02. The study was carried out in accordance with 
principles defined in the Declaration of Helsinki. Participants 
were informed about the study, and the informed consent form 
was signed.

Participants

A total of 146 students aged between 18 and 30 years, who are 
right-handed writers participated in this study. Those who are 
older than 30 years old, left-handed writers and those who use 
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bilateral hands during writing were excluded. Age and gender 
information of participants were recorded.

Apparatus and Procedure

In this study, participants were positioned at the table edge with 
the hip, knee, and elbows at 90-degree flexion. Measurements 
were made on a special platform. Figure 1 shows the experimental 
setup. The platform was designed to allow the upper extremity 
movement up to 180 degrees and to place two laser rangefinder. 
Both right and left forearms were resting on the table. In the 
study, a distance of 25 cm from each laser rangefinder was 
determined as the center point, and two matted glasses were 
placed. Participants were informed about the center point and 
the desired activity with their eyes open. Participants were asked 
to experience places on the platform, where the glasses are, while 
their eyes were opened. First, they were asked to keep the glass 
in its place, then to raise the glass once, and leave it to the same 
center point again. During evaluations, participants were asked 
to take the glass passed from different distances and put it on 
the center point. During the activity, glasses were passed from 
different arm angles. Measurements were repeated 3 times in the 
dominant and then the non-dominant side. The distance from 
the center point and the deviation rate were recorded in cm 
with the laser rangefinder. All evaluations were performed in a 
quiet hall with at least two physiotherapists who were among the 
authors of the study.

The hand preference of individuals was determined by the 
Edinburg Hand Preference Questionnaire, which was modified 
by Geschwind and Behan. Questions in this survey were related 
to simple daily functions. The hand preference of participants 
was asked while writing, painting, ball and stone throwing, 
scissoring, tooth brushing, holding a knife while slicing bread, 
holding a fork without a knife, rowing (bottom hand), hammer 

holding, holding a match, and opening a lid. Answers ranged 
between “always right,” “usually right,” “with bilateral hands,” 
“left,” and “always left,” and for answers respectively +10, +5, 
0, -5, and -10 points were given (9). The value from +100 to 
-100 was called the Geschwind score (GS). Negative scores 
refer to left-handedness whereas positive scores refer to right-
handedness. In GS, the hand preference score ranges between 
-80 and -100 suggests strong left-dominant, between -20 and -70 
suggests weak left-handedness, and between -15 and 15 refers to 
two-handedness. Score ranges from 20-75 suggests weak right-
dominant and 80-100 refers to strong right-dominant (10).

Statistical Analysis

Statistical analysis was performed using Statistical Package for the 
Social Sciences 21.0 (SPSS Inc., Chicago, USA). The distance 
from the laser rangefinder was calculated as mean ± standard 
deviation (X ± SD). The deviation from the center point was 
calculated as the difference ± SD (D ± SD) in dominant and 
non-dominant sides. The correspondence of variables to the 
normal distribution was examined by visual (histogram and 
probability graphs) and analytical methods (Shapiro-Wilks test). 
Paired Sample t-test was used to compare the difference between 
dominant and non-dominant sides. The margin of error was 
accepted as p<0.05.

Results
In this study, we examined effects of repeated movements on 
the motion perception and motor learning of the dominant and 
non-dominant upper-extremity in healthy individuals.

Characteristics of Participants

A total of 146 right-hand dominant volunteers participated, 
wherein 80 were females (54.79%) and 66 were males (45.21%) 
with mean age of 23.0±1.99. All participants were university 
students. According to the Edinburgh Hand Preference 
Questionnaire, 42 of participants (28.76%) were strong right-
handed, 95 (65.06%) were weak right-handed, and 9 (6.18%) 
were weak left-handed.

Distance from the Laser Rangefinder and Deviation from the 
Center Point

In the motion perception and motor learning of the dominant 
and non-dominant side evaluation, 3 repeated measurements 
were performed while their eyes were closed. No significant 
differences were noted in all measurements in terms of gender 
(p>0.05).

The mean and standard deviation of the distance from the 
laser rangefinder and the deviation from the center point for 
three measurements during the activity of placing the glass are 
shown in Table 1 for the dominant and non-dominant sides. No 
significant differences we noted between the dominant and non-
dominant sides (p>0.05) (Table 1).

No differences were noted between the dominant and non-
dominant sides in terms of deviation differences from the center 
point with their eyes closed (Table 2, p>0.05).

Figure 1. Evaluation platform
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In non-dominant side, deviation from the center point was 
also similar. But in dominant side measurements, the deviation 
from the center point of the first evaluation was closer than the 
second and third evaluations. (Table 2, p<0.05). No difference 
was noted between the second and third evaluations of dominant 
hands (Table 2, p>0.05).

Discussion

In this study, repeated movements on motion perception and 
motor learning of the upper extremity dominant and non-
dominant side in healthy young individuals with right-hand 
dominancy was evaluated on a specially developed platform. It 
is determined that the distance from the laser rangefinder and 
deviation from the center point for three measurements during 
the activity of placing glass were similar at dominant and non-
dominant sides.

In literature it is determined that in studies which evaluate 
motion perception and learning, right-dominant individuals 
were preferred. When studies were examined in terms of average 
ages, it was seen that young individuals could better adapt to 
the study design, and these adaptations could be perceived more 
easily in terms of cognition (11,12). In this study, right-dominant 
individuals were preferred in accordance with the literature. Our 
results did not differ between genders, thus gender comparisons 
were not made in our sample.

Hemispheric lateralization is mainly parallel to hand 
dominancy (13). Hand dominancy may change over time 
due to environmental factors such as educational and cultural 
influences, but the hemispheric dominance is constant 
(14,15). Although results of the Edinburgh Hand Preference 
Questionnaire used for the determination of hand dominancy in 
our study were in parallel with the hemispheric dominance, the 
hemispheric dominance with this measurement method could 
not be determined precisely and accurately. In addition, in this 
questionnaire, the dominant hand preference is determined by 
hand use in daily life, the determination of hand preference as 
strong and weak suggests that hemisphere dominance may change. 
We attributed this to the fact that people may be affected by the 
environment in determining hand choices. Furthermore, other 
methods could be used to determine hemispheric dominancy. 
Results of this study were evaluated according to the literature 
with consideration of the hand dominancy. Only the right-hand 
dominant individuals were included in this study due to less 
frequent left-hand dominant individuals in Turkish population. 
We think that results of studies comparing the right and left-
hand dominant individuals may contribute to the evaluation of 
motion perception and learning.

The coordination of the musculoskeletal system is ensured by the 
coordinated work of sensory and motor areas in the cortex. The 
left and right brain hemispheres are responsible for controlling 
the contralateral side of the body through commissural fibers. 

Table 1. The distance from the laser rangefinder on dominant and non-dominant sides (mean ± standard deviation) (cm)

1st measurement 2nd measurement 3rd measurement

X SD X SD X SD p

DDs 25.91 2.57 26.22 3.15 26.41 3.14 0.055*

DNDs 26.24 2.64 26.59 3.12 26.36 3.06 0.074

Ddr 2.32 1.65 2.69 1.95 2.63 2.13 0.731

NDdr 2.35 1.71 2.64 1.93 2.69 1.99 0.817

p<0.05 is statistically significant.
X: Mean, SD: Standard deviation, Ds: Distance from laser rangefinder on dominant side, NDs: Distance from laser rangefinder on non-dominant side, Ddr: Dominant 
hand deviation rate, NDdr: Non-dominant hand deviation rate

Table 2. Comparison of deviation differences between measurements on dominant and non-dominant sides (deviation ± 
standard deviation) (cm)

Evaluations D SD T p

Ds 1-NDs 1 0.02 2.59 -0.096 0.924

Ds 2-NDs 2 0.08 3.22 -0.286 0.776

Ds 3-NDs 3  0.04 3.60 0.147 0.883

Ds 1-Ds 2 0.40 1.95 1.961 0.035*

Ds 1-Ds 3 0.49 2.35 -2.175 0.020*

Ds 2-Ds 3 0.19 2.27 -1.607 0.066

NDs 1-NDs 2 0.25 2.30 1.286 0.200

NDs 1-NDs 3 0.13 2.84 -0.534 0.594

NDs 2-NDs 3 0.27 2.25 -1.887 0.059

*p<0.05 is statistically significant. Paired sample t-test.
D: Difference, SD: Standard deviation, Ds: Dominant side, NDs: Non-dominant side
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Although different discriminators have been mentioned in the 
concept of cerebral dominancy, hand preference has been one of 
the most studied subjects by clinical and preclinical sciences as a 
symptom of motor dominancy. Ocklenburg and Gunturkun (14). 
investigated the relationship between hand preference and gender 
with the university students, their study stated that participants 
generally preferred their right hands in jobs that require skill, and 
it would be appropriate to evaluate the anatomically symmetrical 
brain hemispheres in terms of functionality. In this, we planned 
to evaluate repeated movements on motion perception and motor 
learning of healthy young individuals, and it was concluded that 
hand dominancy was not a distinguishing factor in terms of 
motion perception, motor learning, and functionality. Similar 
effects were observed with the non-dominant side with their eyes 
closed.

In literature, it is observed that special platforms with sensors are 
preferred in studies where motor control is examined. Mathew 
et al. (11) investigated handedness and motor control in their 
study. They stated that dominancy is not a predictive factor 
in the determination of motor control. We have used a special 
platform for measurements. It is determinate that the distance 
from the laser rangefinder and deviation from the center point for 
three measurements during activity of placing glass were similar 
at dominant and non-dominant sides. In group comparisons, 
a difference was only noted on the dominant side. The first 
measurement results for the dominant side were closer to the 
center point, the second measurements deviated from the center 
point, and the third measurement has less deviation from the 
center point than that of the second measurements. It is thought 
that the first measurement results are the effect of visual memory 
at the dominant and non-dominant side, but in the second and 
third repetitions, it is thought that the deviation from the center 
is due to the short term memory, kinesthesia, and motor learning 
ability which could not be coded correctly. Therefore, more 
detailed studies explaining the motion perception and motor 
learning explaining the comparative results of the right- and left-
hand dominancy are necessary.

In light of this information, it is clear that hand dominancy is 
not a predictive factor for motor control and motor learning. 
We thought that these may be related to gender, education 
level, social, and cultural level as well as its use during daily life 
activities.

The declarative memory, which is the sub-group of long-
term memory, is defined as the idea and schematization 
of the information which is conscious. Motions and skills 
occur unconsciously in the other subgroup of long-term and 
procedural memory. While learning a motor activity, the first 
thing to do is to formulate ideas, and the memory progresses 
from the declarative to the procedural (16). In the light of the 
information of the cortex and sub-cortex structures, it is the 
memorization of the coded motion with the repetition of the 
planned motor movement and with the relationship with basal 
ganglia and cerebellum. As a result of evaluations, the deviation 
in the first measurements of the dominant side was found to be 

similar, and the deviation from the center point in the second 
and third measurements was found to be higher. These findings 
can be explained by the relationship between motor learning, 
motor control, and memory. This situation can be interpreted 
as participants acted by focusing more on the activity, and by 
formulating ideas during the first evaluation and in the following 
evaluations, they acted under the influence of procedural 
memory.

Study Limitations

The limitation of the study includes the absence of auditory 
impulse for confusion during measurements. All measurements 
were performed in a silent room. Different age groups could be 
included in future studies, and differences between age groups 
could be examined.

Conclusion
In the study, which examined the motion perception and motor 
control of the dominant and non-dominant upper extremity in 
healthy young individuals, it was stated that hand dominancy not 
a main determinant. Repeated movements, visual information, 
short-term memory, and correct coding could affect the motor 
ability.

This study also updates the old literature on this subject. A need 
for further studies in this field is seen by including the right- 
and left-hand dominant individuals, and evaluating visual and 
auditory interference during movements.
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ABSTRACT ÖZ

Objective: In the past decade, dissolution testing has emerged as a 
valauble tool for the characterization of drug product performance 
in the field of pharmaceuticals. During the development of new 
formulations, dissolutions tests assist in the evaulation of any changes 
in the formulation arising during manufacturing process, thereby 
assuring product quality and performance post manufacturing.
Methods: In the present study, a simple high performance liquid 
chromatography (HPLC) method was developed and validated to 
quantitate the release of L‐Dopa from poly (D, L‐lactic‐co‐glycolic 
acid) (PLGA) nanoparticles. The chromatographic separation was 
performed with a reversed‐phase C18 column, using acetonitrile‐
water containing 0.05% trifluoroacetic acid (5:95, v/v) as a mobile 
phase at 280 nm. The developed method was validated for its 
specificty, linearity, accuracy, and precision according to the ICH 
guidelines.
Results: The developed method was shown to be linear (r2 ≥ 0.995) 
in the concentration range of 125-40 µg/mL. The mean % recoveries 
were found to be 102.59-98.70%, indicating an agreement 
between the true value and the detected value. Solution stability 
was guaranteed by the addition of an antioxidant. The analytical 
method was shown to be suitable for the evaluation of release of 

Amaç: Farmasötik alanda çözünme hızı testleri, ilaç ürün 
performansını karakterize etmek için önemli parametrelerdendir. 
Üretim sürecinden sonra ürün kalitesini ve performansını sağlamak 
için, formülasyondaki değişiklikler, yeni formülasyonların 
geliştirilmesi sırasında çözünme testleriyle değerlendirilebilir.
Yöntemler: Bu çalışmada, poli (D, L-laktik-ko-glikolik asit) (PLGA) 
nanopartiküllerinden salınan L-Dopa miktarının belirlenmesi için 
yüksek basnıçlı sıvı kromatografisi (HPLC) yöntemi geliştirilmiş 
ve onaylanmıştır. 280 nm hareketli faz olarak %0,05 trifloroasetik 
asit (5:95, h/h) içeren asetonitril-su kullanılarak, ters fazlı C18 
kolonu ile kromatografik ayırma yapılmıştır. Geliştirilen yöntem, 
özgünlüğü, doğrusallığı, doğruluğu ve kesinliği için ICH kurallarına 
göre doğrulanmıştır.
Bulgular: Yöntemin 1,25-40 µg/mL konsantrasyon aralığında 
doğrusal (r2 ≥0,995) olduğu gösterilmiştir. Ortalama % geri 
kazanım, %102,59-%98,70 arasında olup, gerçek değer ile 
tespit edilen değer arasında bir korelasyon olduğu belirlenmiştir. 
Antioksidan ilavesiyle çözelti stabilitesi sağlanmıştır. Analitik 
yöntemin nanopartiküllerden salınan L-Dopa’nın değerlendirilmesi 
için uygun olduğu gösterilmiştir. Örnek ve ayırma (SS) ve diyaliz 
membranı (DM) yöntemleri kullanılarak  in vitro salım çalışmaları 

Optimize Edilen HPLC Yöntemi ile L-Dopa Yüklü PLGA Nanopartiküllerinden 
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Introduction

Parkinson’s disease (PD) is the second most common 
neurodegenerative disorder with a global prevalence of 1-3% in 
the population with age above 65 years. Clinical pathology of PD 
involves progressive loss of dopaminergic neurons, particularly 
in nigro‐striatal area and its surrounding pathways. This loss of 
dopaminergic neurons affects movement and facial expressions 
in the affected patients (1,2). Conventional treatment for PD 
involves administration of L‐Dopa, a dopamine precursor. 
However, L‐Dopa therapy is associated with certain limitations. 
These include fluctuations in L‐Dopa levels in the plasma owing 
to erratic gastric emptying and intermittent oral intake (3), poor 
relative bioavailability (∼5-15%), and availability of <1% of the 
administered dose in the brain (4-7).

In the past few decades, several polymeric nanoparticles prepared 
using natural or synthetic polymers have been developed and 
explored to allow safe and enhanced delivery of drugs like L‐
Dopa to the targeted site. Among these, nanoparticles obtained 
from biodegradable and biocompatible polymers such as  poly‐
lactic‐co‐glycolic acid (PLGA) or poly (glycolic acid) have been 
used most commonly. In general, nanoparticles are preferred for 
drug administration owing to their high chemical and biological 
resistance and ability to carry both hydrophilic and lipophilic 
substances in their active form. In addition, these nanoparticles 
can be administered in the body via different routes.

Since nanoparticles release small amounts of encapsulated drugs 
as a function of time, the analytical methods used to study in 
vitro release of drugs must be highly sensitive to quantify drug 
concentrations in the dissolution medium. Testing methods used 
to study in vitro release for nanoparticles based delivery systems 
can be broadly divided into three categories, membrane diffusion 
methods [such as dialysis method (DM)], sample and separation 
methods (SS), and continuous flow methods. Among these, DM 
is used most commonly to evaluate in vitro release of drugs from 
nanoparticles, followed by SS. In the present study, DM was 
used as reference method and SS was used as test method.

Among the currently available analytical methods, HPLC is the 
most commonly used method employed for the characterization 
of various pharmaceutical molecules. HPLC‐diode array 
detector (DAD) offers a quick, sensitive, and accurate method 
for the separation and identification of drugs in pharmaceutical 
nanoparticulate formulations (8,9). Although several researchers 
have investigated in vitro release of drugs from nanoparticles, 
no HPLC method has been established for the simultaneous 
determination of L-Dopa. No studies have been reported for 
the use of DM and SS methods for the quantification of the 
amount of L‐Dopa released from nanoparticles in dissolution 
medium. Besides this, in most of the reported studies used L‐
Dopa solutions at low pH as standard solution (10-13).

Nanoparticles were specially designed to ensure delivery of 
L‐Dopa to brain by endocytosis when administered nasally. 
To represent dissolution profile of L‐Dopa released from the 
nanoparticles, two buffered solutions mimicking pH conditions 
present in the endolysosomal compartment (pH 4.5) and brain 
(pH 7.4) were used (14). Several previous studies have reported 
evidences for the stability of L‐Dopa in acidic conditions 
(10,12,13,15). The present study aimed to develop and optimize 
an analytical method to determine the levels of L‐Dopa in 
different media having a higher pH as compared to the acidic 
media reported earlier for L‐Dopa.

In the present study, a double emulsion‐solvent evaporation 
method was used to prepare PLGA nanoparticles, wherein 
methylene chloride, polyvinyl alcohol, and PLGA were used 
as organic solvent, surfactant, and polymer, respectively. In 
order to determine the release profile of L‐Dopa from PLGA 
nanoparticles, SS and DM methods were compared. In 
general, it is believed that in vitro release method reflects the 
changes in the manufacturing procedure that in turn affects 
the performance of the drug entrapped in the nanoparticles. 
Thus, in vitro dissolution test methods used in the study were 
compared and HPLC method was further validated to ensure the 
robustness of the developed analytical method. The study also 
included stability tests for the L-Dopa released from the PLGA 
nanoparticles.

L‐Dopa from PLGA nanoparticles. In vitro release of L‐Dopa was 
studied using sample and separate (SS) and dialysis membrane 
(DM) methods. To compare SS and DM methods, difference (ƒ1) 
and similarity (ƒ2) factors were calculated. No significant differences 
were recorded in the release kinetics of L‐Dopa from nanoparticles 
using both methods (ƒ1 <15 and ƒ2 >50).
Conclusion: Dissolution test methods were compared and 
procedure  for an analytical method based on HPLC was optimizated 
and validated for the dissolution of L‐Dopa loaded nanoparticles. 
Keywords: Analytical validation, L‐Dopa, PLGA nanoparticles, in 
vitro drug release, sample and seperation method, dialysis membrane 
method

yapılmıştır. SS ve DM yöntemlerinin karşılaştırılmasında farklılık 
(ƒ1) ve benzerlik (ƒ2) faktörleri kullanılmıştır. Nanopartiküllerden 
L-Dopa'nın salım kinetiğindeki fark her iki yöntem için de anlamlı 
bulunmamıştır (ƒ1 <15 ve ƒ2 >50).
Sonuç: Bu çalışmada, L-Dopa yüklü nanopartiküllerden etkin 
madde salımının değerlendirilmesi için stabilite testleri de dahil 
olmak üzere bir çözünme testi yöntemleri karşılaştırılmış ve salınan 
L-Dopa miktarının tespiti için HPLC yöntemi optimize edilmiş ve 
valide edilmiştir.
Anahtar Sözcükler: Analitik validasyon, L-Dopa, PLGA 
nanopartikül, in vitro ilaç salımı, örnek ve ayırma yöntemi, diyaliz 
membran yöntemi
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Method
Instrumentation

For HPLC studies, Agilent 1100 series integrated HPLC system 
with DAD, pump, auto‐sampler, and degasser unit was used. 
Reversed phase HPLC analysis was carried out using a 250x4.6 
mm, 5 μm reversed‐phase C18 HPLC column obtained from 
Macherey‐Nagel. For in vitro drug release studies, orbital shaker 
and ultra centrifuge (Sigma® 30KS) purchased from Sigma were 
used.

Reagents and Materials

L-Dopa was a kind gift from ILKO Pharmaceuticals (Ankara, 
Turkey). Deionised water used in the study was obtained from 
a Millipore water supplier. Trifluoroacetic acid (TFA), NaCl, 
Na2HPO4, KH2PO4, acentonitrile (HPLC grade), and Tween 
80 were procured from Merck. For HPLC analysis, the mobile 
phase was filtered through a 0.45 µm membrane filter (Millipore, 
Barcelona) and degassed using an ultrasonic bath, prior to use. 
Cellulose dialysis tubing (14,000 MWCO), polypropylene co‐
polymer centrifuge tubes, and polyvinyl alcohol (PVA) were 
purchased from Sigma‐Aldrich.

Chromatographic System and Conditions

First, the wavelength for absorption maxima for the drug was 
selected based on its UV spectrum. L‐Dopa was characterized 
by a absroption maxima at 280 nm which was further used for 
HPLC analysis. Mobile phase for HPLC analysis comprised of 
TFA solution (0.05% v/v, pH 3) and acetonitrile at 95:5 (v/v). 
For chromatographic separation, 250x4.6 mm, 5 μm C18 
reversed‐phase HPLC column was used. A flow rate of 1 mL/
min and run time of 7 minutes with 10 µL injection volume 
were used for HPLC analysis (1). The method used in the present 
study was developed and validated as per the considerations of 
the ICH guideline Q2 (R1) that involved several parameters 
including specificity, linearity, detection and quantification 
limits, repeatability and intermediate precision, accuracy, and 
stability (16).

Preparation of Reagents

Suitable analytical procedures should be used to define the amount 
of L‐Dopa used during dissolution test. Two stock solutions of L‐
Dopa at concentration of 100 µg/mL were prepared by dissolving 
a suitable amount of L‐Dopa in buffered solutions at pH 4.5 and 
pH 7.4. Prior to use, all solutions were sonicated for 30 min. For 
each stock solution, 6 diluted samples in the concentration range 
of 1.25-40 µg/mL (ppm) (1.25, 2.5, 5, 10, 20, and 40 µg/mL) 
were prepared from the stock solutions. The stability of L‐Dopa 
in the diluents (phosphate buffer solution at pH 4.5 and pH 7.4) 
was investigated for a period of 48 hours at different tempratures 
(4 ºC, 25 ºC, and 37 ºC) in both the presence and absence of 
ascorbic acid.

Preparation of Nanoparticles

L‐Dopa loaded nanoparticles were prepared using a double 
emulsion solvent evaporation method with PVA as a 

stabilizer. Briefly, L‐Dopa and PLGA were first dissolved in 
dichloromethane (DCM). Further, distilled water was added to 
the resulting solution and mixed using an ultrasonic homogenizer 
to form a primary water‐in‐oil (W/O) emulsion. Following this, 
the primary emulsion was emulsified in PVA solution with 
homogenization to form a double water‐in‐oil‐in‐water (W1/O/
W2) emulsion. The resulting double emulsion was stirred using 
a magnetic stirrer at a constant rate at room temperature (25 
°C) to evaporate the organic solvent. The resulting nanoparticle 
suspension was further incubated at 4 °C overnight to ensure 
hardening of the PLGA matrix by allowing DCM to fully 
partition to the external aqueous phase. The nanoparticles were 
recovered by ultracentrifugation. The supernatant was carefully 
removed and pellet containing nanoparticles was washed twice 
with distilled water to remove free drug and excess surfactant. 
The sample was further subjected to lyophilization.

Dissolution Test Development

Dissolution Medium

The term “sink condition” is generally defined as the ability of the 
dissolution medium to dissolve at least three times the amount 
of drug present in the dosage form. Percentage of drugs released 
from the nanoparticles should be detected using the developed 
analytical method. Selection of the most suitable media 
conditions is based upon the stability of the analyte in the test 
medium and its application in terms of in vivo performance. Since 
the nanoparticles were specifically designed to deliver L-Dopa to 
brain via endocytosis using a nasal route of administration, the 
in vitro release of L‐Dopa from PLGA nanoparticles was studied 
at pH 4.5 to mimic the endolysosomal pH and at pH 7.4 to 
mimic the brain pH (17). Phosphate buffer solution at pH 4.5 
was prepared by dissolving 6.8 g potasium dihydrogen phosphate 
in 1 L distilled water containing 2 % Tween 80 (v/v) and 0.1 % 
(w/v) ascorbic acid (aa). Phosphate buffer solution at pH 7.4 was 
prepared by dissolving 2.38 g disodium hydrogen phosphate, 
0.19 g potassium dihydrogen phosphate, 8 g sodium chloride, 
2% Tween 80, and 0.1% aa in 1 L distilled water. In the present 
study, 2% (w/v) Tween 80 was used to enhance the solubility 
of L‐Dopa in aqueous solution and 0.1% (w/v) aa was added to 
protect L‐Dopa from oxidation during the assay (18).

Method devolopment

In Vitro Drug Release (SS Method)

L‐Dopa loaded nanoparticles weighed to contain 45 µg L‐Dopa 
were suspended in 5 mL of buffered solution. The nanoparticle 
suspensions were transferred to tubes and incubated in an 
orbital shaker bath at 37±0.5 °C with rotation at 100 rpm. 
The tubes were removed from the water bath at 30, 60, 120, 
and 240 minutes, and centrifuged at 2000 rpm for 20 min. 
The supernatant was carefully removed and used for further 
analyis. The nanoparticle pellets were resuspended in 5 mL of 
fresh buffer (pH 4.5) and placed back in the shaker bath. The 
supernatant was used to determine the concentration of L‐Dopa. 
All experiments were perfomed in triplicates and results were 
expressed as mean ± variation.
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In Vitro Drug Release (DM Method)

L-Dopa loaded nanoparticles containing 45 µg L‐Dopa were 
suspended in 0.5 mL of buffered solution and inserted in a 
dialysis bag. The dialysis bag was placed in 4.5 mL (total 5 mL) 
of buffered solution at pH 4.5. This was further incubated at 
37±0.5 °C in an orbital shaker bath at 100 rpm. To evaluate 
drug release as a function of time, 1 mL sample aliquots were 
collected at 30, 60, 120 and 240 minutes and replaced with 1 
mL fresh buffer (pH 4.5). Drug concentrations in the aliquots 
were determined using the above mentioned analytical method. 
All experiments were performed in triplicates and results were 
expressed as mean ± variation.

Statistical Calculations

All results are reported as mean ± standard deviation of replicates. 
For drug release (%) at different time intervals, two tailed t‐
test was performed using Prism Software Version 6.0, where 
differences were considered to be significant with p<0.05. 
Microsoft Office Excel® was used to calculate ƒ1 and ƒ2 factors.

Results
The present study involved development of a HPLC based 
analytical method to determine time dependent release of L‐
Dopa from PLGA nanoparticles synthesized using a double 
emulsion solvent evaporation method. For reversed‐phase HPLC 
analyis, mobile phase comprised of TFA solution (0.05%  v/v) at 
pH 3 and acetonitrile at ratio of 95:5 (v/v). The chromatographic 
separation was carried out using a 250x4.6 mm, 5 μm C18 
HPLC column. The flow rate for HPLC analysis was kept at 1 
mL/min with run time of 7 minutes and 10 µL injection volume. 
No interfence was observed after injection of L‐Dopa solution, 
placebo, and nanoparticles.

The regression equations for the calibration curve were found to 
be y=5.7424x +2.1421 (Figure 3) and y=7.4159x +9.5333 (Figure 
4) for phosphate buffer solution at pH 4.5 and phospate buffer 
saline solution at pH 7.4, respectively. The regression coefficient 
r2 was calculated to be 0.9998 and 0.995 for buffered solutions 
at pH 4.5 and pH 7.4, respectively. Linearity data calculated 
using Prism Software Version 6.0 are summarized in Table 1. 
Repeatability analysis for buffered solutions at pH 4.5 and pH 
7.4 were characterized by relative standard deviation (RSD) % of 
3.07-0.03% and 0.83-0.01%, respectively. For inter day assays, 
buffer at pH 4.5 was found to have precision with RSD % of 
1.44-0.01% while buffer at pH 7.4 showed precision of RSD % 
1.00% and 0.01%. The mean % recoveries for buffered solutions 
at pH 4.5 and pH 7.4 were calculated to be in the range of 
102.59-98.70 and 101.92-100.00, respectively. LD and LQ values 
were found to be 0.0408 and 0.1235 μg/mL, respectively, for 
buffer at pH 4.5. For buffer at pH 7.4, LD and LQ values were 
0.0636 and 0.1928 μg/mL, respectively. When the analysis was 
performed as function of temperature over a period of 48 hours, 
the amount of remaining L‐Dopa was found to be 97.46% at 4 
ºC, 95.54% at 25 ºC, and 89.63% at 37 ºC for buffer at pH 4.5 
in presence of ascorbic acid. In comparison to this, the remaining 
L‐Dopa in buffered solution at pH 7.4 in the presence of aa over 

a period of 48 hours was calculated to be 103.21% at 4 ºC, 
88.21% at 25 ºC, and 75.85% at 37 ºC.

The differences in release rate were evaluated for SS and DM 
method. ƒ1 was found to be 6.02 and ƒ2 was 95.38. No 
differences were observed in the test and reference methods for 
all the time intervals for which drug release (%) was studied 
(p=0.853; p<0.05).

Discussion
Optimization of the Chromatographic Method

The HPLC method developed in the present study to determine 
the release of drugs provided a reliable quality control analysis. 
The wavelength selection for HPLC analysis was done on 
the basis of absorption maxima obtained for three different 
concentrations of L‐Dopa solutions according to the acquired 
ultraviole (UV) spectra. A wavelength of 280 nm was selected for 
HPLC analysis because it provided high sensitivity, required for 
the quantitation of significantly low concentations of the drug 
present in the dissolution samples.

The detection of L‐Dopa required an adequate mobile phase 
comprising of a suitable ratio of polar to non‐polar solvent. For 
an acceptable chromatographic separation, several parameters 
including pH of the mobile phase and percentage of organic 
modifier were tested. HPLC analysis was conducted at a flow rate 
of 1 mL/min with a run time of 7 minutes and 10 µL injection 
volume. L-Dopa at a concentration of 10 ppm was injected into 
the system. The chromatograms obtained for the HPLC analysis 
showed that the use of acidic mobile phase with reversed‐phase 
C18 column provided high solubility for L‐Dopa resulting in 

Figure 1. Preliminary chromatogram for HPLC analysis 
performed on a C18 reverse phase column

HPLC: High performance liquid chromatography
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symmetric and sharp peaks. As shown in Figure 1, TFA solution 
was determined as acidic buffer solution for HPLC analysis.

For the mobile phase used in HPLC analysis, when the ratio of 
acetonitrile to 0.05 % (v/v) TFA solution in water was changed 
from 10:90 (v/v) to 5:95 (v/v) a sharp peak for the active 
substance was obtained. Following this, a ratio of 2.5:97.5 (v/v) 
for acetonitrile to 0.05% (v/v) TFA solution was also tested for 
mobile phase to allow for better separation. However, peak of 
L‐Dopa couldn’t be determined at this ratio in contrast to our 
previous experiments. In order to protect the column’s integrity, 
pH for 0.05% (v/v) TFA solution was adjusted to pH 3 using 
0.1 N HCl solution and thus the resulting peak tailing was 
acceptable (Figure 1).

For the sample peak, symmetry factor was found to be 1.058 
which was within the limit of <1.5 as established for various 
pharmacopoeias (Figure 1). Therefore, all the HPLC analysis 
performed in the study were carried out using a 250x4.6 mm, 
5 μm C18 HPLC column with a flow rate of 1 mL/min, run 

time of 7 minutes, 10 µL injection volume, 25 °C column 
temperature, and mobile phase comprising of acetonitrile and 
0.05% (v/v) TFA solution at 5:95 (v/v) (pH 3) (1).

Nanoparticles used in the study were specifically designed to be 
transported to brain via nasal route by means of endocytosis. 
To evaluate the dissolution profile of L‐Dopa from PLGA 
nanoparticles, two buffered solutions at pH 4.5 and pH 7.4 were 
used to mimic pH of endolysosomal compartment and brain, 
respectively (14). As mentioned earlier, several studies have 
previously established the stability of L‐Dopa in acidic conditions 
(10,12,13,15). Therefore, present study focussed on developing 
and optimizing a HPLC based analytical method to determine 
the amount of released L‐Dopa in different media conditions 
having pH values higher than those reported in previous studies. 
In addition to this, buffered solutions at pH 4.5 and pH 7.4 
with and without L‐Dopa were also injected and analyzed using 
the same method to check for any interference in the peaks. As 
shown in Figure 2, no interference was observed (Figure 2).

Figure 2. a) Chromatogram of L-Dopa in buffered solution 
at pH 4.5, b) Chromatogram of buffered solution at pH 4.5, 
c) Chromatogram of L-Dopa in buffered solution at pH 7.4, 
and d) Chromatogram of buffered solution at pH 7.4

Figure 3. Calibration curve of L-Dopa in buffered solution at 
pH 4.5 obtained using HPLC method (n=3)

HPLC: High performance liquid chromatography

y = 5.7424x + 2.1421
r² = 0,9998

Figure 4. Calibration curve of L-Dopa in buffered solution at 
pH 7.4 obtained using HPLC based analytical method (n=3)

HPLC: High performance liquid chromatography

Figure 5. Comparative release profile of L-Dopa from 
nanoparticles obtained using DM and SS methods (n=3)

DM: Dialysis method, SS: Separation methods
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Method Validation

In the present study, the analytical method was developed and 
validated according to the ICH guideline Q2 (R1) (16). The 
developed method was validated for various characteristics 
including linearity, accuracy, precision, specificity, stability, 
and detection limit and quantification limit. The method thus 
established was further utilised to quantitate the amount of the 
drug released from L‐Dopa loaded nanoparticles.

Linearity

For the evaluation of linearity, standard solutions at different 
concentrations of L‐Dopa were used. ICH guidelines suggest use 
of a minimum of five concentration levels for linearity studies. 
In the present study, linearity for L‐Dopa was determined over 
a range of 1.25-40 µg/mL at six different concentrations. All 
the analysis were performed in triplicates (n=3) (16). For each 
concentration, samples were analysed six times, and the resulting 
peak areas were documented and analysed. The results for the 
regression analysis are shown in Figures 3 and 4. A good linear 
relationship (r2  ≥0.995) was observed between the concentrations 
and their respective peak areas as provided by the detector 
(Figures 3 and 4). The regression coefficient r2 values  ≥0.995 
are considered to be acceptable according to the ICH guidelines 
(16). Generally, correlation intercept is calculated to evaluate 
the acceptability of the linearity of the data. In fact, for better 
analysis of the data, slope of line should also be calculated (Table 
1) (8). All these results showed that all calibration curves were 
characterized by suitable linearity according to ICH guidlines 
(16).

Precision

The values for the absolute differences between the mean 
assay results for the developed method were obtained using 

repeatability and intermediate precision tests. All these values 
met the acceptance criteria of RSD %, RSD <2.0. In general, 
repeatability establishes the precision of multiple sampling under 
the same operating conditions over a short interval of time. In 
comparison to this, precision establishes variations arising from 
the same laboratory under variable operating conditions, for 
example different days, analysts or equipment. Thus, all these 
results suggest that the developed method was reproducible and 
precise (19).

Repeatability

Repeatability proves precision of the method under same 
operational conditions over a short period of time. Repeatability 
also refers to intra‐assay sensitivity. In the present study, low 
(1.25 µg/mL), medium (5 µg/mL), and high (20 µg/mL) 
concentrations of L‐Dopa used in the calibration curve were 
analyzed to determine mean, standard deviation (SD), and RSD 
(n = 6). As per the standard guidelines, RSD % for standard peak 
must be < 2.0 (20). As shown in Tables 2 and 3, the developed 
method met the standart requirements of this analytical 
validation parameter for medium (5 µg/mL) and high (20 µg/mL) 
concentrations of the drug (20). In case of L‐Dopa concentration 
of 1.25 µg/mL, which represents the lower concentration, % 
RSD was >2.0. However, there are several studies that extend the 
limits for % RSD to 5-6% (8). Since the concentration of 1.25 
µg/mL represents the lowest point of the calibration curve, so 
extension of limits might be suitable for this method.

Intermediate Precision

The variations in terms of analyst for the developed method were 
determined using replicate injections of the above mentioned 
concentrations and analyzed using different analysts on the same 
day (Tables 4 and 5). Intermediate precision was performed using 

Table 1. Linearty data for analytical method

Values pH 4.5 pH 7.4

Slope 5.742 7.416

Standard deviation of slope 0.02059 0.1312

Confidence interval 95% 5.699-5.786 4.679-0.896

Correlation coefficient 0.9999 0.9975

Regression coefficient 0.9998 0.9950

Intercept 2.142 -9.533

Standard deviation of Intercept 0.3595 2.473

Confidence interval of intercept 1.390-2.895 -14.777- -4.290

Table 2. Repeatability analysis for the assay performed in buffered solution at pH 4.5 (n=6)

1.25 µg/mL 5 µg/mL 20 µg/mL

Area Concentration µg/mL Area Concentration µg/mL Area Concentration µg/mL

Average 1.24863 Average 5.12961 Average 19.73933

SD 0.04 SD 0.03 SD 0.13

RSD 3.07 RSD 0.50 RSD 0.68

SD: Standard deviation, RSD: Relative standard deviation
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RSD % of six repeated assays on samples at three concentration 
levels. RSD % values were found to be in the range of 1.44-0.1% 
for all concentration levels and pHs studied. For intermediate 
precision, RSD % value should not exceed 2.0% The results 
summarized in Tables 4 and 5 show that the developed method met 
the requirements set for this analytical validation parameter (16).

Accuracy

The accuracy was determined in terms of recovery of known 
amounts of L‐Dopa. For testing the accuracy of analytical methods, 
three concentrations (1.25, 5, and 20 µg/mL representing low, 
medium, and high concentrations, respectively) of the drug, 
covering the linear range of analytes, were prepared by diluting the 
stock solutions. The mean % recoveries were found to be in the 
range of 101.92-98.70%, thus implying an agreement between 
the true value and the found value (Tables 6 and 7). All these 
results indicate that the developed method met the requirements 
for method verification according to ICH guidelines (16).

Specificity

Specificity of an analytical method can be defined as the ability 
to assess an analyte unequivocally in the presence of expected 
components. This definition has a descriptive effect on the 
identity of an analyte. In our study, the specificity tests were 
performed using three different polymers for nanoparticle 
preparation and L‐Dopa in two different media conditions. 
It was decided that the HPLC method was specific for the 
determination of L‐Dopa according to the data summarized in 
Table 8. L‐Dopa samples were injected five times and similar 
retention times were observed in all cases. All the nanoparticles 
prepared using different polymers were injected with or without 
L‐Dopa. No interference was observed between the peaks of 
nanoparticles and L‐Dopa. Thus, the described HPLC method 
was specific for buffered solution at pH 7.4 buffer and selective 
for buffered solution at pH 4.5.

Table 3. Repeatability analysis for the assay performed using HPLC based analytical method with buffered solution at pH 7.4 (n=6)

1.25 µg/mL 5 µg/mL 20 µg/mL

Area Concentration µg/mL Area Concentration µg/mL Area Concentration µg/mL

Average 1.31923 Average 5.00051 Average 18.49404

SD 0.01 SD 0.04 SD 0.10

RSD 0.56 RSD 0.83 RSD 0.53

SD: Standard deviation, RSD: Relative standard deviation, HPLC: High performance liquid chromatography

Table 4. Precision analysis of the assay performed using HPLC based analytical method with buffered soltuion at pH 4.5 (n=6)

1.25 µg/mL 5 µg/mL 20 µg/mL

1. day 2. day 1. day 2. day 1. day 2. day

Average 1.2128 1.19172 5.12961 4.89316 20.6562 20.6382

SD 0.01 0.02 0.03 0.05 0.77 0.02

RSD 1.44 1.58 0.5 1 0.66 0.1

SD: Standard deviation, RSD: Relative standard deviation, HPLC: High performance liquid chromatography

Table 5. Precision analysis for the assay performed using HPLC based analytical method with buffered soltuion pH 7.4 (n=6)

1.25 µg/mL 5 µg/mL 20 µg/mL

1. day 2. day 1. day 2. day 1. day 2. day

Average 1.22944 1.17172 5.00051 4.8931600 19.49404 19.63820

SD 0.01 0.02 0.04 0.05 0.10 0.02

RSD 0.54 0.85 0.83 1.00 0.53 0.11

SD: Standard deviation, RSD: Relative standard deviation, HPLC: High performance liquid chromatography

Table 6. Accuracy analysis for the assay performed using HPLC based analytical method with buffered soltuion at pH 4.5 (n=6)

1.25 µg/mL 5 µg/mL 20 µg/mL

Experimental 
concentration

% Recovery
Experimental 
concentration

% Recovery
Experimental 
concentration

% Recovery

Average 99.89 Average 102.59 Average 98.70

SD 1.06 SD 0.51 SD 0.67

RSD 1.07 RSD 0.50 RSD 0.68

SD: Standard deviation, RSD: Relative standard deviation, HPLC: High performance liquid chromatography



Arısoy et al. HPLC Analysis for L-Dopa in PLGA

16

Stability

The stability of L-Dopa in aqueous solution was evaluated to 
verify any spontaneous degradation of the samples during 
preparation (21). The aqueous solutions of L‐Dopa were found 
to be unstable. However, aqueous solutions have been previously 
shown to be stable in the presence of high concentrations of 
acidic substances. Stability of L-Dopa remained uneffected in the 
presence of light. The storage condition for the active substance 
was specified to be at 2-8 °C. In addition to this, the oxidation 
of L‐Dopa can be avoided in the presence of antioxidants. 
Therefore, information was obtained for the stability of L‐Dopa 
in the presence of aa in the body and during the validation and 

formulation studies (3,18,22). Stock solution of L-Dopa at 0.4 
mg/mL concentration was prepared using buffered solutions at 
pH 4.5 and pH 7.4. The solutions were mixed and vortexed until 
solid particles disappeared. The samples were further divided 
into aliquots of 3 mL. The stability of the solutions containing 
ascorbic acid was extended up to 48 hours. No oxidation was 
observed in the solutions containing aa at 4 °C. Thus, all these 
results suggest that aa should be added as a preservative in the 
dissolution medium during dissolution studies. No interference 
was recorded between the peaks of L-Dopa and ascorbic acid. 
The results of stability studies are summarized in Tables 9 and 
10.

Table 7. Accuracy analysis for the assay performed using HPLC based analytical method with buffered soltuion pH 7.4 (n=6)

1.25 µg/mL 5 µg/mL 20 µg/mL

Experimental 
concentration

% Recovery
Experimental 
concentration

% Recovery
Experimental 
concentration

% Recovery

Average 101.92 Average 100.00 Average 100.01

SD 0.74 SD 0.81 SD 0.83

RSD 0.56 RSD 0.81 RSD 0.83

SD: Standard deviation, RSD: Relative standard deviation, HPLC: High performance liquid chromatography

Table 8. The results of specificity analysis for HPLC method developed for L-Dopa

pH 4.5 pH 7.4

Time (minute) Area Time (minute) Area

L-Dopa

Resomer RG 503 H nanoparticles

Resomer RG 756H nanoparticles

Resomer RG 756H nanoparticles

4.2

2.3

2.3

2.4

42.7

10

8.6

9.4

3.93

0

0

0

39.9

0

0

0

HPLC: High performance liquid chromatography

Tablo 9. Results for stability study of L-Dopa in buffered solution at pH 4.5 (aa = ascorbic acid)

pH 4.5

aa
added

aa
not added

Hours 0 24 48 0 24 48

Temperature % drug content % drug content

4 ºC 100.00 100.01 97.46 100.00 100.17 68.37

25 ºC 100 99.27 95.54 100.00 100.02 60.64

37 ºC 100 100.29 89.63 100.00 100.05 55.89

Tablo 10. Results for stability study of L-Dopa in buffered solution at pH 7.4 (aa = ascorbic acid)

pH 7.4

aa
added

aa
not added

Hours 0 24 48 0 24 48

Temperature % drug content % drug content

4 ºC 100.00 100.07 103.21 100.00 98.55 87.96

25 ºC 100.00 104.20 88.21 100.00 86.47 70.70

37 ºC 100.00 99.96 75.85 100.00 88.78 67.95
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Limit of Detection (LD) and Limit of Quantification (LQ)

Limit of detection (LD) represents the lowest concentration 
level in a peak area where signal level is atleast three fold of the 
baseline‐to‐noise. Limit of quantification (LQ) represents the 
lowest concentration level that can be precisely provided by a 
peak area with a given signal‐to‐noise. Calibration curve was 
calculated using L‐Dopa concentrations in the range of 1.25-40 
µg/mL. The following equations were used:

Detection limit (LD) =3.3 a/s;

Quantification limit (LQ)  =10 a/s;

where “a” is the standard deviation of y‐intercept of regression 
lines and “s” is the slope of the calibration curve. For LD and 
LQ, no defined limit is available in the literature and these are 
specific for each method. As shown in Table 12, the results met 
the requirements for in vitro dissolution tests (23).

In Vitro Drug Release

In order to design a suitable dissolution medium for a poorly 
soluble drug, the first method involves increasing the volume of 
aqueous sink conditions or decreasing the amount of dissolved 
drug. The second approach is based upon the addition of 
anionic or non‐ionic surfactans and solubilization of the drug 
by co‐solvents up to 40%. In another approach, pH is altered to 
obtain a better sink condition. The last two approaches are less 
cumbersome and have been employed more widely in dissolution 
tests in the pharmaceutical industry. To enhance the solubility of 
L‐Dopa 2% Tween 80 was added to the dissolution medium. In 
addition to this, ascorbic acid was also used in the mediums to 
protect L‐Dopa against oxidation during in vitro release.

The cumulative amount of L‐Dopa released from polymeric 
material was plotted as a function of time. As shown in Figure 
4, only 5-6% of the drug content was released from the 

nanoparticles as evaluated for both methods. In order to achieve 
sink conditions, L-Dopa concentrations shouldn’t exceed 20% 
of its saturation solubility in dissolution medium which was 
maintained in the the present study. Thus, inhibited release of 
L‐Dopa was not contributed by insufficient sink conditions. 
In addition, it did not arise owing to inadequate loading of 
nanoparticles either (amount of released drug as a function of the 
encapsulated drug substance). Interactions between L‐Dopa and 
PLGA prevented complete dissolution. Moreover, 5-6% of the 
drug content was suitable enough for the dicussion of the two 
methods. In vitro release profiles of the test formulations were 
similar to the reference formulation. In literature, it is mentioned 
that release rate of the encapsulated drug is progressively higher 
in SS method as compared to DM (Figure 5) (24). This might 
be contributed by the differences in the hydrodynamics of the 
system as the nanoparticles are present in the dialysis bag in one 
methode while in the other formulation is dispersed in a flask 
(25).

The similarity factor (ƒ2) is a measurement of the similarity in 
the percent (%) dissolution between the two profiles (26). The 
difference factor (ƒ1) is proportional to the average difference 
between the two profiles. FDA guidelines recommend that 
ƒ1 <15 and ƒ2  >50 are indicative of equivalence in dissolution 
profiles (27).

ƒ2 = 50 x log [1 + (1/n) Σn
t=1(Rt - Tt)

2] -0.5 x100)

ƒ1 = [Σn
t=1 (Rt - Tt ) / Σ

n
t=1 Rt] x100

As shown in Table 12, no signicant differences were obtained 
in the release kinetics of L‐Dopa as studied using both methods 
(ƒ1 <15 and ƒ2  >50) (24,28). A two tailed t‐test was used to 
compare the dissolution profiles. No differences were observed 
in the drug release (%) for the test and reference methods at all 
time intervals (p=0.853; p<0.05).

Conclusion
The analytical methods developed and validated in the present 
study were found to be simple, sensitive, accurate, and precise. 
The results of the study indicated that the developed methods are 
suitable for dissolution studies as well as routine quality control 
analysis of L‐Dopa present in nanoparticulate formulations. DM 
and SS methods were characterized by similar in vitro release 

Table 12. Values for ƒ1 and ƒ2 factors for the dissolution profile obtained using DM as reference and the SS as test model (n=3)

SS method DM method

Time (minute) Test model, drug release (%) Reference model, drug release (%)

30 3.73±0.03 3.81±0.01

60 5.45±0.02 5.33±0.05

120 5.45±0.02 6.38±0.01

240 5.45±0.02 6.38±0.01

ƒ11 6.02

ƒ22 95.38

DM: Dialysis method, SS: Separation methods

Table 11. Limit of detection (LD) and Limit of quantification 
(LQ) for HPLC analysis

LD LQ

pH 4.5 0.0408 0.1235

pH 7.4 0.0636 0.1928

HPLC: High performance liquid chromatography
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profiles, with acceptable precision (<10% SD). SS method 
showed faster release from formulations as compared to those 
observed using dialysis bag (Table 12). No significant differences 
were reported between DM and SS methods used for release 
kinetics study (ƒ1 <15 and ƒ2 >50). For further studies, the 
optimal method with in vivo relevance needs to established 
keeping into consideration in vivo to in vitro corelation.
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ABSTRACT ÖZ

Objective: Two simple, rapid and sensitive methods were developed 
for determination of Erdosteine (ERD) in pure form as well as in 
their pharmaceutical formulations.
Methods: The methods were based on formation of colored 
charge transfer complexes with ERD with chloranil (CA) and 
7,7,8,8-tetracyanoquinodimethane (TCNQ). The obtained 
charge-transfer complexes were measured at 454 and 843 nm for 
CA and TCNQ methods, respectively. Optimization of different 
experimental conditions were investigated.
Results: Beer’s plots were obeyed in a general concentration range of 
10-500 µg mL-1 and 20-600 µg mL-1 for CA and TCNQ methods, 
respectively. The validity of methods in terms of specificity, linearity, 
accuracy, precision, limit of detection and limit of quantitation were 
evaluated.
Conclusion: The methods were applied successfully in the 
determination of ERD in capsule dosage forms. Developed new 
spectrophotometric methods have been found to be very practical 
and practical. The lack of complex sample preparation increases the 
applicability of the method.
Keywords: Erdosteine, charge transfer complex, TCNQ, CA, 
spectrophotometry, validation, pharmaceutical formulation

Amaç: Erdostein’in (ERD) farmasötik formülasyonlarında tayini 
için iki basit, hızlı ve hassas yöntem geliştirilmiştir.
Yöntemler: Metotların esası, kloranil (CA) ve 
7,7,8,8-tetrasiyanokinodimetan (TCNQ) ile ERD arasında renkli 
yük transfer komplekslerinin oluşturulmasına dayanmaktadır. 
Maksimum dalga boyları CA ve TCNQ yöntemleri için sırasıyla 
454 ve 843 nm’de ölçülmüştür. Deney koşullarının optimizasyonu 
araştırılmıştır.
Bulgular: Beer kuralı, CA ve TCNQ metotları için sırasıyla 10-
500 μg mL-1 ve 20-600 μg mL-1 konsantrasyon aralığında bulundu. 
Yöntemler özgünlük, doğrusallık, doğruluk, kesinlik, gözlenebilme 
sınırı, tayin sınırı gibi validasyon parametreleri açısından 
değerlendirildi. 
Sonuç: Metodlar ayrıca ilaç içeren kapsüllerde ERD’nin tayininde 
de başarıyla uygulandı. Geliştirilen yeni spektrofotometrik 
metotların oldukça pratik ve uygulanabilir olduğu belirlenmiştir. 
Örnek hazırlama aşamasında karmaşık numune hazırlama 
işlemlerine gereksinim duyulmaması yöntemin uygulanabilirliğini 
artırmaktadır.
Anahtar Sözcükler: Erdostein, yük transfer kompleksi, TCNQ, 
CA, spektrofotometri, validasyon, farmasötik formülasyon
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Introduction
Erdosteine (ERD), a potent mucolytic agent, shows 
pharmacological activity by lowering the viscosity of mucus 
in the respiratory system and thus reducing the ability of the 
bacteria to adhere to the cellular membrane. ERD has anti-
inflammatory properties in the bronchial airways and scavenges 
free radical compounds from the airways. Chemical structure of 
ERD consists of thiolactone and carboxyl group. Its chemical 
formula is 2- [2-oxo-2 - [(2-oxothiolan-3-yl) amino] ethyl] 
sulfanylacetic acid (Figure 1) (1-3).

Various analytical methods such as UV spectrophotometric 
method (4-8) and high performance liquid chromatography  (9-
14) have been found in the literature for the determination of 
ERD from pharmaceutical preparations and biological fluids. In 
this study, two spectrophotometric methods were proposed to 
determine the amount of ERD in pharmaceutical preparations 
using easily accessible materials and equipment. In the proposed 
methods, CA and tetracyanoquinodimethane (TCNQ) reagents 
were reacted with ERD to form charge transfer complexes 
(CT complexes). For quantitative analysis of pharmaceutical 
compounds in pharmaceutical dosage forms, the use of CA and 
TCNQ reagents to obtain CT complexes is preferred because they 
do not require a buffer, they are fast, precise and cost-effective 
(15-18). Therefore, in this study, we considered it appropriate 
to develop two methods for the analysis of ERD using these two 
markers, and these developed methods were successfully applied 
in the analysis of ERD in pharmaceutical formulations.

Method
Devices

Spectrophotometric measurements were performed using a 
Hitachi spectrometer Model U-2900 equipped with a xenon 
lamp and 1 cm quartz cells.

Reagents and Solutions

ERD was obtained from EnzyChem Lifesciences (Korea), 
TCNQ Fluka (Neu-Ulm, Germany) and CA Merck (Darmstadt, 
Germany). The pharmaceutical preparation (ERDOSTIN® 300 
mg) was obtained from the pharmacy. All chemicals and reagents 
were used for analytical purity.

Stock Solutions

Stock solutions of ERD were prepared in methanol to make up 1 
mg/mL. Solutions of 0.2% (w/v) for TCNQ and 0.2% (w/v) for 
CA were prepared in acetonitrile. The solutions were determined 
to be stable for 1 week at 4 °C.

General Analysis Method

ERD stock solution in volumes of 0.050-2.5 mL and 0.100-
3.0 mL was added to 5 mL calibrated flasks for CA and TCNQ 
methods, respectively. The volume of the stock solutions in each 
flask was brought to 2.5 mL with acetonitrile for the CA method 
and 3.0 mL for the TCNQ method, and 0.75 mL CA and 1 mL 
TCNQ reagents were added to them. The reaction mixture was 

heated at 80 °C for 5 min for the TCNQ method and then stood 
at room temperature for 5 min for CA. After the cooling process, 
it was diluted to 5 mL with methanol and its absorbance was 
measured against the blank test at 454 and 843 nm for CA and 
TCNQ methods, respectively. Calibration charts were prepared 
by measuring the absorbance against the ERD concentration.

Analysis Method for Capsules

The amount equivalent to 300 mg ERD was weighed and 
dissolved in 125 mL of methanol. Then it was extracted in a 
mechanical mixer for 20 minutes and in an ultrasonic bath for 20 
minutes. The volume was made up to 250 mL and then filtered 
through filter paper. The filtrate was diluted with methanol 
and studied as in the preparation of the calibration curve. The 
amount of substance in the capsule was measured using the 
calibration graph and the corresponding regression equation.

Results
The maximum absorption of the CT complexes obtained as 
a result of the reaction formed by ERD with CA and TCNQ 
reagents was observed at 454 and 843 nm, respectively (Figure 
2).

Optimum conditions such as reaction time, temperature, type 
of solvent, amount of reagents used and reaction stoichiometry 
were also investigated for the reaction, which were explained in 
detail below.

Choosing the Most Suitable Solvent

Various solvents commonly used in analytical procedures 
including acetonitrile, chloroform, methanol, acetone, ethanol, 
1,4-dioxane and methylene chloride were used to determine 

Figure 1.  Chemical structure of Erdosteine

Figure 2. (A) Absorption spectrum of ERD-CA complex 
against blank solution (400 μg mL-1) (B) Absorption 
spectrum of ERD-TCNQ complex against blank solution 
(600 μg mL-1)

CA: Chloranil, TCNQ: Tetracyanoquinodimethane, ERD: Erdosteine

(A)                                                                         (B)
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the most suitable solvent. It was observed that the most suitable 
solvent was obtained by using methanol.

Reagent Concentration

The optimum reagent concentration was investigated by 
changing the concentrations of TCNQ and CA reagents and 
keeping the ERD concentration constant. As shown in the 
figure, the optimum reagent amount was 0.75 mL CA [0.2% 
(w/v)] and 1.0 mL TCNQ [0.2% (w/v)] (Figure 3).

Reaction Time

The time required to complete the reaction between ERD and 
CA and TCNQ was studied spectrophotometrically at room 
temperature and 60-80 °C, respectively. A reproducible color 
development was achieved in 5 minutes for CA and TCNQ, 
respectively, at room temperature and 80 °C. The color reaction 
resulting from the CT complexes was observed stably for 12 
hours (Figure 4).

Reaction Stoichiometry

Job’s continuous change method was used for the reaction 
stoichiometry (19). According to the results, the equivalent 

molarity of ERD and reagents was defined as the 1:1 ratio 
(compound/reagent).

Method Validation

The proposed analytical methods were validated according to the 
ICH guideline Q2 (R1) (20). Calibration curves were generated 
for all methods under the above conditions. Regression equation, 
correlation coefficients, Beer’s law limits, limit of observability 
(LOD) and determination limit (LOQ) data for each method 
are given in Table 1.

According to the results obtained, a linear correlation between 
10-500 μg mL-1 and 20-600 μg mL-1 was observed for CA and 
TCNQ methods, respectively.

The formula of LOD/LOQ = κSDa/b was used to calculate 
LOD or LOQ. Here the value of is 3 for LOD and 10 for LOQ. 
SDa indicates the standard deviation of the scale curve intersept 
and b is the slope. The results are shown in Table 1.

Sensitivity values   of intra-day and inter-day were examined at 
50, 100 and 500 µg/mL for the TCNQ and CA method (n=5 
for each) for 5 consecutive days. The % RSD values   for the 
inter-day precision % and the inter-day precision results for all 

Table 1. Validation parameters

CA reagent TCNQ reagent

Linear rangea (μg mL-1) 10-500 20-600

Regression equationb

Slope ± SD 0.0016±0.000008 0.0013±0.000015

Intersept ± SD 0.0711±0.00032 0.0612±0.00014

Correlation coefficient, r 0.9997 0.9995

LOD (μg mL-1) 0.00034 0.00074

LOQ (μg mL-1) 0.0011 0.0025

Precision
aAverage of 6 studies
A=mC+b [C: Concentration (μg mL-1) and A: Absorption at λmax)
SD: Standard deviation,  CA: Chloranil, TCNQ: Tetracyanoquinodimethane, LOD: Limit of obsercability detection, LOQ: Limit of quantification

Figure 4. Effect of temperature and heating time on 
reaction of TCNQ (at 80 °C) and CA (at room temperature) 
reagents with ERD

CA: Chloranil, TCNQ: Tetracyanoquinodimethane, ERD: Erdosteine

Figure 3. Effect of volumes of CA (0.2%, w/v) and TCNQ 
(0.2%, w/v) reagents on the formation of the reaction 
product of ERD with CA and TCNQ

CA: Chloranil, TCNQ: Tetracyanoquinodimethane, ERD: Erdosteine
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proposed methods provided good reproducibility. Results are 
given in Table 2. The accuracy of the developed methods was 
examined using the standard addition technique. Pure analyte 
was mixed with standard solutions at 3 different concentration 
levels on the sample solution and analyzed. The results obtained 
are presented in Table 3. It was observed that the average recovery 
percentages calculated were 100.31% for CA and 100.82% for 
TCNQ, proving the method to be of high accuracy (Table 2). 
The methods developed were been successfully applied in the 
analysis of the drug substance in pharmaceutical preparations, 

and according to these results, no interference from additives 
and excipients was observed. The results are given in Table 4. 
Small changes were made to the method developed to test the 
robustness of the method and the effect of these changes on 
the method was examined. For this, changes in TCNQ and 
CA reagent concentrations (%, w/v ±0.05) and reaction times 
(optimum time ±0.5 min) were made, and when the results were 
examined in terms of recovery and RSD values, it was observed 
that there was no significant difference.

Table 3. Recovery results

Method developed
Concentration 
takena (μg  mL-1)

Added concentration 
(μg mL-1)

Concentration foundb

(μg mL-1)
(mean ± SDc )

Recovery (%) RSD (%)

CA reagent 100

10 109.36±1.12 99.42 1.02

200 301.28±2.74 100.43 0.91

400 505.39±3.86 101.08 0.76

TCNQ reagent

20 120.68±1.24 100.57 1.03

100 200 303.87±3.01 101.29 0.99

500 603.54±4.27 100.59 0.71

aERDOSTIN® 300 mg,  bn=5, cStandard deviation, SD: Standard deviation, RSD: Relative standard deviation, TCNQ: Tetracyanoquinodimethane

Table 4. Analysis of capsules containing 300 mg erdosteine (n=5)

When Using CA reagent
(mean ± SDc )

When Using TCNQ reagent
(mean ± SDc )

Mean ± SD 302.08±3.28 300.94±2.64

Recovery (%) 100.69 100.31

RSD (%) 1.09 0.88
aERDOSTIN® 300 mg 

bn=5
cStandard deviation, SD: Standard deviation,  CA: Chloranil, TCNQ: Tetracyanoquinodimethane

Table 2. Precision results

Precision results Added concentration  (μg mL-1)
Concentration found (μg mL-1)
(mean ± SDc )

RSD (%) 

intra-day

CA reagent

50 50.01±0.28 0.56

100 100.28±0.87 0.87

500 501.64±1.43 1.43

TCNQ reagent

50 50.04±0.37 0.74

100 99.97±0.92 0.92

500 503.36±1.65 0.33

inter-day

CA reagent

50 50.16±0.56 1.12

100 101.97±1.34 1.31

500 502.64±1.83 0.35

TCNQ reagent

50 50.29±0.47 0.93

100 101.31±1.34 1.32

500 503.37±2.2 0.44

SD: Standard deviation,  CA: Chloranil, TCNQ: Tetracyanoquinodimethane, RSD:  Relative standard deviation
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Conclusion
As a result, the new spectrophotometric methods developed are 
very practical and applicable. Not requiring complicated sample 
preparation processes before hand increases the applicability of 
the method. The developed methods enable the analysis of ERD 
in pharmaceutical preparations with high accuracy and precision. 
This method can be used in routine analysis of the drug.
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ABSTRACT ÖZ

Amaç: Bu çalışmanın amacı sodyum hipokloridin farklı taperlara 
sahip olan BioRace (BR) döner alet sisteminin döngüsel 
yorgunluğuna etkisini değerlendirmektir.
Yöntemler: BR 25,04 ve BR 25,06 enstrümanlarının döngüsel 
yorgunlukları, farklı koşullarda test edildi. Grup 1, BR 25,04 nolu 
eğe hiç bir solüsyonda bekletilmeden; grup 2: BR 25,04 %5,25 
NaOCl solüsyonunda 37 °C ±1 °C’de 5 dakika bekletilerek; grup 
3: BR 25,06 hiç bir solüsyonda bekletilmeden; grup 4: BR 25,06 
%5,25 NaOCl solüsyonunda 37 °C ±1 °C’de 5 dakika bekletildikten 
sonra 60° kurvatür açılı and 5 mm kurvatür yarıçaplı paslanmaz 
çelik bloktan üretilmiş eğimli olukta test edildi. Her bir eğenin 
kırılana kadarki döngü sayısı (NCF) ve kırılana kadarki süresi 
(TTF) saniye cinsinden kaydedildi. Elde edilen veriler istatistiksel 
analizler ile değerlendirildi.
Bulgular: BR 25,04 eğesinin döngüsel yorgunluk direnci, BR 
25,06’dan istatistiksel olarak daha yüksektir. TTF ve NCF değerleri 
grup 1 > grup 2 , grup 1 > grup 3 , grup 2 > grup 4 şeklinde 
bulundu. Buna karşılık, grup 3 ve grup 4 arasında istatistiksel olarak 
anlamlı bir fark yoktu.
Sonuç: Bu çalışmanın sınırları doğrultusunda BR ensturmanlarının 
taperı ve sodyum hipokloritte bekletilmesi aletin döngüsel 
yorgunluğuna etki etmektedir.
Anahtar Sözcükler: BioRace, döngüsel yorgunluk direnci, sodyum 
hipoklorit, taper

Objective: This study aimed to evaluate the effect of sodium 
hypochlorite on the cyclic fatigue resistance of BioRace (BR) files 
according to taper.
Methods: BR 25.04 and 25.06 files were divided into the following 
groups: group 1, 20 BR 25.04 with no immersion in NaOCl; group 
2, 20 BR 25.04 with immersion in 5.25% NaOCl at 37 °C ±1 °C 
for 5 min; group 3, 20 BR 25.06 with no immersion; and group 4, 
20 BR 25.06 with immersion in 5.25% NaOCl at 37 °C ±1 °C for 5 
min. The instruments were applied to a stainless-steel artificial root 
canal of 60° curvature and 5-mm radius. The time to failure (TTF) 
in seconds and number of cycles to failure (NCF) were recorded.
Results: The cyclic fatigue resistance of BR 25.04 was significantly 
higher than that of BR 25.06. The TTF and NCF values were 
significantly higher in group 1 than in groups 2 and 3 and in group 
2 than in group 4. However, neither value differed significantly 
between groups 3 and 4 (p>0.05).
Conclusion: Taper and sodium hypochlorite affected the cyclic 
fatigue resistance of BR.
Keywords: BioRace, cyclic fatigue resistance, sodium hypochlorite, 
taper

Cite this article as: Arıcan Öztürk B, Atav Ateş A. Cyclic Fatigue Resistance of Biorace Nickel-titanium File 
with Variable Taper after Immersion in Sodium Hypochloride. Bezmialem Science 2021;9(1):25-8.

Received: 26.11.2019
Accepted: 07.01.2020

Address for Correspondence: Burçin ARICAN ÖZTÜRK, İstanbul Okan University Faculty of Dentistry, 
Department of Endodontics, İstanbul, Turkey
E-mail: burcinaricanozturk@gmail.com ORCID ID: orcid.org/0000-0001-5757-0571

İstanbul Okan University Faculty of Dentistry, Department of Endodontics, İstanbul, Turkey

 Burçin ARICAN,  Ayfer ATAV ATEŞ

Sodyum Hipokloritin Farklı Taperlardaki Biorace Nikel Titanyum Eğesinin 
Döngüsel Yorgunluk Direncine Etkisinin Değerlendirilmesi

Cyclic Fatigue Resistance of Biorace Nickel-titanium File with 
Variable Taper after Immersion in Sodium Hypochloride

DOI: 10.14235/bas.galenos.2020.3918
Bezmialem Science 2021;9(1):25-8

https://orcid.org/0000-0001-5757-0571
https://orcid.org/


Arıcan Öztürk and Atav Ateş. Cyclic Fatigue Resistance of Biorace

26

Introduction
File failure during root canal instrumentation is challenging 
(1). Fracture of nickel-titanium (Ni-Ti) files can be caused by 
torsional stress or cyclic fatigue. Cyclic fatigue can occur when 
a file is exposed to repeated compression and tension (2,3). To 
reduce the frequency of fracture, new instruments manufactured 
from advanced alloys have been developed.

BioRace instruments (BR; FKG, La Chaux-de-Fonds, 
Switzerland) are manufactured from conventional austenite 
Ni-Ti and include six rotary instruments with electropolished 
surfaces, safety tips, triangular cross-sections with alternating 
cutting edges (4,5), and tapers of 0.02 to 0.08 (6).

Several factors influence the cyclic fatigue resistance of 
endodontic instruments, such as the manufacturing process, 
rotation type, operational speed, metal surface treatment, and 
immersion in disinfection solution (2-4,7). NaOCl solution is 
used for irrigation during endodontic procedures, and Ni-Ti 
instruments come into contact with this solution during root 
canal instrumentation and disinfection (8,9), which corrodes the 
instruments and does affect their cyclic fatigue resistance (2,10-
12). However, contradictory results have been reported, which 
are likely due to differences in conditions (9-12).

To our knowledge, no study has investigated the effect of taper 
and NaOCl on the cyclic fatigue resistance of a file. Thus, this 
study aimed to evaluate the effect of NaOCl and taper on the 
cyclic fatigue resistance of BR Ni-Ti instruments. The null 
hypotheses were as follows:

1. The cyclic fatigue resistance of the file is not affected by its 
taper.

2. The cyclic fatigue resistance of the file is not affected by 
immersion in NaOCl solution.

Method
In this study, we tested the cyclic fatigue resistance of 40 BR 3 
(25.04) and 40 BR 4 (25.06) Ni-Ti files in an artificial curved 
canal after immersion in NaOCl. The instruments were inspected 
under a surgical microscope (M320, Leica Microsystems, Wetzlar, 
Germany) at 20x magnification for defects and deformities. 
None of the instruments was discarded.

The files were randomly divided into the following groups (n=20 
each): group 1, BR 3 with no immersion; group 2, BR 3 with 
immersion in 5.25% NaOCl at 37 °C ±1 °C for 5 min; group 
3, BR 4 with no immersion; and group 4, BR 4 with immersion 
in 5.25% NaOCl at 37 °C ±1 °C for 5 min. The working part 
of the instrument was statically immersed in NaOCl and rinsed 
in 10 mL of distilled water. Then, the 16-mm working part of 
the instrument (curvature 60°, radius 5  mm) was applied to 
the stainless-steel artificial root canal (width 1.5  mm, depth 
3.0 mm). The center of the curvature was 5 mm from the tip 
of the instrument, and the curved segment of the canal was 
5 mm long. To reduce friction, synthetic oil was applied to the 
canal. The instruments were rotated freely inside the canal using 

an X Smart endodontic motor at 600  rpm and 1  N/cm until 
fracture occurred (Figure 1). To mimic physiological conditions, 
continuous irrigation with distilled water at 37 °C was performed.

Statistical Analysis

The time to failure (TTF; in seconds) was recorded both visually 
and audibly. The number of cycles to failure (NCF) was calculated 
by multiplying the time(s) to failure by the number of rotations 
or cycles per second, regardless of the direction of rotation 
(13). Data were subjected to the Shapiro-Wilk test to verify 
the assumption of normality. One-way analysis of variance and 
Tukey’s multiple-comparison test were performed using NCSS™ 
2007 software (NCSS, Kaysville, UT) with a significance level of 
0.05. TTF and NCF values were subjected to Weibull reliability 
analysis to calculate the probability of survival.

Results
The mean NCF and TTF values are shown in Tables 1 and 2. 
The mean TTF of the BR 25.04 groups (groups 1 and 2) was 
greater than that of the BR 25.06 groups (groups 3 and 4). The 
resistance to cyclic fatigue of the BR instrument with a 0.06 taper 
was not significantly affected by immersion in NaOCl. However, 
static immersion in NaOCl for 5 min significantly reduced the 
cyclic fatigue resistance of the instrument with a 0.04 taper. The 
TTF and NCF values were significantly higher in group 1 than in 
groups 2 and 3 and in group 2 than in group 4. However, neither 
value differed significantly between groups 3 and 4 (p>0.05).

Weibull reliability plots with probability of survival values are 
shown in Figure 1, and the Weibull modulus, R², and number 
of cycles to 99% survival are presented in Table 2. The predicted 
TTFs for groups 1, 2, 3, and 4 were 43.24, 34.36, 25.38, and 
26.62  s, respectively. The predicted number of cycles to 99% 
survival in groups 1, 2, 3, and 4 was 206.83, 186.68, 127.81, 
and 110.28, respectively.

Figure 1. Probability of Survival Values of Groups (NCF, 
number of cycles to failure)
NCF: Number of cycles to failure
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Discussion
We evaluated the effect of NaOCl on the cyclic fatigue resistance 
of a BR Ni-Ti instrument with different tapers. The null 
hypotheses that taper (BR) and immersion in NaOCl would not 
affect the cyclic fatigue resistance were rejected.

The cyclic fatigue resistance of a file decreases with increasing 
metal volume (14). In this study, files of one tip size but different 
tapers were tested to exclude the influence of other variables such 
as alloy type, cross section, and kinematics (7,15). Compared 
with BR 4 (0.06 taper), BR 3 (0.04 taper) had better cyclic 
fatigue resistance and NCF value regardless of immersion in 
NaOCl. This is in agreement with prior reports (16,17).

There is no universally accepted method for testing the cyclic 
fatigue resistance of endodontic instruments. Although the 
use of human teeth would be representative, it is impossible to 
standardize the tooth morphology (18). For this reason, artificial 
root canals are used to test cyclic fatigue resistance. Given the 
difficulty of shaping curved canals in the endodontic clinic, 
previous in vitro studies used 45°, 60°, 75°, and 90° curved 
canals of 5-mm radius (2,13,18). In this study, based on Pruett’s 
method, a stainless-steel artificial root canal of 60° curvature and 
5-mm radius was selected (19).

Endodontic instruments come into contact with NaOCl during 
root canal instrumentation and disinfection (12). Past studies of 
the effect of corrosion by NaOCl on the cyclic fatigue resistance 
of Ni-Ti instruments have yielded contradictory results (2,10). 
This could be caused by differences in the immersion time 
(1  min to 48  h), immersion type (static or dynamic), test 

protocol, instrument, heating (21 °C-60 °C), and concentration 
(9-12). Berutti et al. (10) evaluated the effect of hot NaOCl on 
a Protaper instrument using a 5-min contact time, and corrosion 
reduced its cyclic fatigue resistance. Saber et al. (18) investigated 
the effect of instrument material, taper, and degree of root canal 
curvature on the cyclic fatigue of the ProFile GT and Profile GT 
Series X. Instrument taper affected the cyclic fatigue resistance of 
both instruments. Topçuoğlu et al. (20) reported that immersion 
in 5% NaOCl for 5 min significantly decreased the cyclic fatigue 
resistance of several retreatment files with large metal volume. 
Elnaghy and Elsaka reported that the cyclic fatigue resistance 
of WaveOne Gold and Reciproc was considerably decreased by 
immersion in saline and NaOCl at 37 °C (2). However, Pedulla 
et al. (12)  found that static or dynamic immersion in NaOCl for 
1 or 5 min did not reduce the cyclic fatigue resistance of Ni-Ti 
instruments. Herein, we focused on the effects of taper and 
immersion time using a protocol based on that of Pedulla et al. 
(12). The 16-mm working part of the instrument was immersed 
in NaOCl at 37 °C ±1 °C to simulate in vivo conditions. In this 
way, galvanic corrosion phenomena caused by differences in the 
shape of the shaft and the working part of the instrument were 
eliminated (10). We used 5-min contact with NaOCl to simulate 
clinical practice (12).

Weibull analysis enables evaluation of the probability of instrument 
survival and prediction of the time and number of cycles to 99% 
survival. Higher Weibull modulus values indicate better reliability 
(21). BR 4 with immersion in NaOCl (group 4) had the lowest 
Weibull modulus and the fewest cycles (11.03) and shortest time 
(110.28 s) to 99% survival. BR 3 (no immersion) had the largest 
number of cycles to 99% survival (20.68) (Table 2).

Table 2. Sample size, NCF, Time to Fracture, Weibull Calculations Weibull calculations included Weibull modulus, coefficient of 
determination (R²), and predicted cycles for %99  survival and time

TTF (sec)
Mean ± SD

NCF
Mean ± SD

Weibull 
modulus

R2
Predicted cycles for  
% 99 survival

Predicted time (sec) for 
% 99 survival

G1 43.24 432.40 6.24 0.92 20.68 206.83

G2 34.36 343.60 7.54 0.90 18.67 186.68

G3 25.88 258.80 6.52 0.84 12.78 127.81

G4 26.62 266.20 5.22 0.94 11.03 110.28

SD: Standard deviation, NCF:  Number of cycles to failure

Table 1. Comparison of time to fracture of groups with mean ± standard deviation (statistical level at p≤0.05)

No immersion Immersion in NaOCl p value

Mean ± SD Mean ± SD

25.04 BioRace (BR3)
Group 1:

43.24 (7.37)

Group 2:

34.35 (4.73)

0.001

25.06 BioRace (BR4)
Group 3:

25.88 (4.02)

Group 4:

26.62 (5.28)

0.668

p value 0.000 0.000

SD: Standard deviation
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Conclusion
Taper and NaOCl affected the cyclic fatigue resistance of BR 
files. As the taper of the BR file increased, the cyclic fatigue 
resistance decreased. In contrast, immersion in NaOCl decreased 
the cyclic fatigue resistance of BR instruments with a 0.04 taper 
but had no effect on those with a 0.06 taper.
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ABSTRACT ÖZ

Objective: Pancreatic tumors in children are exceedingly rare and 
hence present diagnostic and therapeutic challenges to pediatric 
surgeons. In this study, we aimed to present our experiences and 
treatment outcomes related to these rare tumors.
Methods: The clinical data, laboratory investigations, radiological 
imaging, and the pathology and surgical details of patients with 
pancreatic tumors who were diagnosed between 2005 and 2019 
were retrospectively reviewed.
Results: A total of 9 patients (5 men) were included in the 
study. The most common symptom at the time of presentation 
was vague abdominal pain. A pancreatic tumor was detected 
incidentally in 4 patients. All tumors were non-functional primary 
tumors. Histopathological diagnosis of these tumors were solid-
pseudopapillary tumors (n=3), congenital pancreatic cysts (n=3), 
pancreatoblastoma (n=1), rhabdomyosarcoma (n=1), and an 
undifferentiated carcinoma (n=1). In addition, 8 patients were 
treated surgically (through tumor excision, central pancreatectomy 
+ distal pancreaticojejunostomy, distal pancreatectomy, and 
cystogastrostomy). Two deaths from tumor dissemination were 
recorded. The patients were followed-up at a mean duration of 72 
months (range: 6-120 months).
Conclusion: Pediatric pancreatic tumors are rare and are usually 
benign in nature. They present symptoms that are often nonspecific. 
In non-metastatic cases, surgical tumor removal is the preferred 
method for the treatment. For most tumors, surgical resection is 

Amaç: Çocuklarda son derece nadir görülen pankreas tümörlerinin 
tanı ve tedavisi pediatrik cerrahlar için halen zorluklar 
barındırmaktadır. Bu çalışmamızda pankreas tümörleri ile ilgili 
deneyimlerimizi ve tedavi sonuçlarımızı sunmayı amaçladık.
Yöntemler: 2005 ve 2019 yılları arasında, pankreas tümörü tanısı 
konulan, 0-18 yaş arası çocukların dosyaları geriye dönük olarak 
incelendi. Klinik, laboratuvar, radyolojik görüntüleme tetkikleri, 
patoloji ve ameliyat verileri elde edildi.
Bulgular: Çalışmamızda 5’i erkek toplam 9 hasta değerlendirildi. 
Hastaların en sık başvuru şikayeti karın ağrısıydı. Dört hastada 
ise pankreas tümörü tesadüfen tespit edildi. Tespit ettiğimiz tüm 
tümörler pankreasın fonksiyonel olmayan primer tümörleriydi. 
Tümörlerin histopatolojik tanıları ise solid-psödopapiller tümör 
(n=3), konjenital pankreas kisti (n=3), pankreatoblastoma (n=1), 
rabdomiyosarkom (n=1) ve undifferansiye karsinom (n=1) idi. 
Tümör eksizyonu (enükleasyon) (n=5), santral pankreatektomi + 
distal pankreaticojejunostomi (n=1), distal pankreatektomi (n=1), 
ve kistogastrostomi (n=1) gibi yöntemler ile sekiz hasta cerrahi 
olarak tedavi edildi. Tümörün yaygınlığından iki hasta kaybedildi. 
Hastalar ortalama 8 yıl (6 ay-10 yıl) takip edildi.
Sonuç: Nadir görülen çocukluk çağı pankreas tümörleri, genellikle 
iyi huyludurlar. Başvuru nedeni sıklıkla hastalığa özgül olmayan 
semptomlardır. Metastatik olmayan olgularda, tümörün çıkarılması 
hastaların tedavisinde öncelikli olarak tercih edilmesi gereken 
yöntemdir. Tümörler çoğunlukla pankreasın gövde veya kuyruk 
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Introduction
Pancreatic tumors are extremely rare in children and young 
adults. Although solid-pseudopapillary tumors (SPT) are more 
common in adolescence, pancreatoblastoma (PBs) remain the 
most commonly encountered tumors in the first decade of 
life (1,2). Other less common tumors, such as neuroblastoma, 
neuroendocrine tumors,  acinar cell carcinoma, rhabdomyosarcoma 
(RMS), lymphoma, and hemangioendothelioma have also been 
reported (1,3). The incidence of pediatric pancreatic tumors, 
irrespective of their histology, has increased over the past 3 
decades, with the advancements in the imaging methodologies. 
However, no significant changes have been reported in 
therapeutic approaches during this time period (1,4). Surgery 
remains the cornerstone of any curative approach, with the 
exception of lymphoma, although the associated morbidity rates 
are 30%-40% (5). Pancreatic tumors in children continue to 
be challenging for pediatric surgeons, often due to insufficient 
experience in the management of such patients (6). The aim of 
the present study was to review our institutional experiences of 
pancreatic tumors in children, with a particular focus on tumor 
presentation, diagnosis, treatment, and outcomes.

Method
Our local ethics committee approved this study (project no: 
KA19/377). All patients and their families were fully informed 
about the study and they consented to their participation. This 
retrospective study included 9 patients with pancreatic tumors 
identified from the histopathology reports at the Department of 
Pediatric Surgery, Başkent University and the Faculty of Medicine 
between 2005 and 2019. The clinical features, diagnostic 
methods, and the treatment and results were accordingly 
recorded.

Results
Nine patients (4 girls, 5 boys) of median age at the time of 
surgery of 11 years (age range: 1-17 years) were identified 
from the medical charts and notes. The patient data (i.e., age, 
sex, presenting symptoms, tumor location, tumor nature and 
number, tumor size (cm), tumor type, treatment/in the order of 
time, and outcomes) are summarized in Table 1.

A 15-year-old male patient (case #1) was investigated in the 
external center for abdominal pain. His magnetic resonance 
imaging (MRI) revealed a heterogeneous mass of approximately 
14.3x10.2 cm in diameter at the lateral segment of the left lobe 
of the liver. A needle biopsy was performed, and the subsequent 
pathology revealed a hepatoblastoma. The patient was referred 

to the pediatric oncology department of our hospital for further 
treatment. Patient α-fetoprotein (AFP) levels at the time of 
diagnosis were found to be elevated: 12125 >8.00 ng/mL. The 
patient received chemotherapy, with a preliminary diagnosis 
of hepatoblastoma. The patient was examined 4 months later 
because of a significant non-reduction in the tumor mass size 
(11.0x8.5 cm) despite chemotherapy and the persistence of 
AFP levels (17358 >8.00 ng/mL). A “left hepatectomy” was 
accordingly decided. During surgery, a mass originating in the 
pancreas, with no connection to the liver, was detected and 
then completely excised with enucleating. The pathology report 
declared an undifferentiated carcinoma. Although postoperative 
radiotherapy was provided, the patient died due to progressive 
metabolic disease after 18 months.

A 6-year-old boy (case #2) was admitted to our clinic for vague 
abdominal pain. A solid mass measuring 11 cm in diameter was 
detected at the head of the pancreas. A needle biopsy reported 
a pancreaticoblastoma. The patient received chemotherapy 
and subsequently underwent surgery to remove the residual 
mass measuring 1.5 cm by total tumor excision. This case was 
classified as an uneventful recovery.

Only 1 case of RMS was registered (case #3) that originated 
from the pancreas. The patient had distant metastasis in the 
bone marrow, skin, and prostate at the time of diagnosis, as 
assessed by needle biopsy. Although several treatment methods 
were performed by the pediatric oncology department, including 
chemotherapy, radiotherapy, and even autologous bone marrow 
transplantation, the patient died 18 months after the treatment 
initiation.

Of the 3 patients with solid SPTs, 1 (case #6) presented with 
abdominal pain, while 2 other SPTs (case #4 and case #5) were 
detected incidentally. Two of these 3 patients underwent needle 
biopsy for diagnosis. The SPT diagnosis in the other case was 
assessed, based on the appearance of the mass, using ultrasound 
(US) and computed tomography (CT), and completed with 
MRI for all cases. During US, hypoechoic, cystic, or cystic-solid 
masses with clear margins were noted. CT images revealed a cystic 
mass at the pancreatic neck, enhancing peripherally after contrast 
administration. MRI revealed hemorrhagic content in the cystic 
portion and diffusion restriction of the enhancing thick wall of 
the mass (Figure 1). None of the patients showed either suspicious 
regional nodes or distant metastases. In addition, cases #4, 5, and 
6 underwent mid-pancreatectomy distal pancreaticojejunostomy, 
tumor excision, and distal pancreatectomy, respectively (Figure 
2).

the optimal treatment that may be successfully performed with low 
morbidity rate when the lesion is either in the body or in the tail 
of the pancreas. The long-term outcomes with this approach are 
generally good.
Keywords: Pancreatic, pediatric, neoplasm, cancer, surgery

kısmında yerleştiğinden cerrahileri yüz güldürücüdür ve düşük 
morbidite ile sonuçlanır. Tam olarak tümörün çıkarılabildiği 
olgularda uzun vadeli sonuçlar genellikle iyidir.
Anahtar Sözcükler: Pankreas, pediatrik, neoplazm, kanser, cerrahi
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Congenital pancreatic cysts were detected 
in 3 patients (case #7, 8, and 9). Multiple 
cysts were detected in a 3-year-old girl (case 
#9), with all cysts completely removed. In 
case #7, the cysts were treated by a internally 
drainage method through cystogastrostomy, 
as the cyst was located at the head of the 
pancreas.

Discussion
Pediatric pancreatic tumors are much rarer 
than adult ones and are generally benign 
(albeit some have malignant potential) as 
well as have a different histopathological 
basis (2,3). In our study, benign (n=6) and 
malignant tumors (n=3) were encountered. 
The most common tumor of the pancreas is 
solid SPT, which accounts for 2%-3% of all 
pancreatic tumors (7). The male to female 
ratio is 1:9.5, and, in approximately 15% 
of the patients, it has a low-grade malignant 
potential with properties of invasion or 
metastasis (8). Most cases are located in the 
tail of the pancreas (9). However, in this 
study, 2 cases were reported in the body. This 
tumor frequently presents with nonspecific 
symptoms, including abdominal pain due 
to slow tumor growth, which is not unusual 
for these tumors to be detected incidentally 
by US (4). In our study, one patient was 
diagnosed while being investigated for 
abdominal pain and the remaining were 
diagnosed incidentally for unrelated reasons. 
In all patients, pancreatic and liver enzymes, 
as well as tumor markers were within 
normal limits, as reported previously in the 
literature (4). It has been reported that a 
mass with sharp margins, large, hypoechoic 
or echogenic, solid-cystic or pure solids, 
including internal septation or calcification 
is observed during US, whereas CT usually 
presents a well-encapsulated mass, with 
varying degrees of contrast (8). Percutaneous 
fine-needle aspiration was also reported 
in the diagnoses with 72% accuracy (8). 
Metastasis was not observed in any of our 
patients; however, in the literature, the liver, 
lymph node, and peritoneal metastasis have 
been reported. However, the presence of 
these metastasis does not affect survival (8). 
Despite complete tumor regression reported 
without requiring surgical intervention (10), 
surgical removal is the preferred treatment 
approach that is possible in most cases, even 
for large tumors (8). In 1 of our patients 
(case #4), a central pancreatectomy and 
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distal pancreaticojejunostomy was performed because the tumor 
was located at the neck of the pancreas. Although disseminated 
disease is not a negative indicator for survival, all patients 
required continued follow-up for surveillance for late metastasis 
or local recurrence (8).

True congenital pancreatic cysts are extremely rare in children 
and difficult to distinguish from other pancreatic cysts, such 
as retention, duplication, pseudocyst, neoplastic, and parasitic 
cysts. It is also difficult to distinguish them pathologically from 
retention and duplication cysts (11). Although these cysts are 
mostly reported as unilocular and located in the body/tail of the 
pancreas (12), we detected multiple cysts in 1 patient, and cysts 
located at the head of the pancreas in another patient. A past 
study has reported that cysts usually present with symptoms such 
as abdominal distension, vomiting, jaundice, or pancreatitis in 
patients aged <2 years of age (12). However, the diagnosis was 
made incidentally in a patient aged <2 years of age. When a cystic 
tumor of the pancreas is recognized, the laboratory data, clinical 
features, and modern imaging techniques are insufficient to 
distinguish them from other cystic lesions (11). Therefore, every 
effort should be made to exclude a history of acute pancreatitis, 
because pancreatic pseudocysts remain the single-most common 
cystic pancreatic mass (13). No trauma histories were noted 
in our patients. Pathologically, the cysts in all 3 patients (case 
#7, 8, and 9) were covered with cuboidal epithelium, and 1 
patient (case #9) showed pancreatic tissues on the cyst wall. The 
literature reports that these cysts may also have had high amylase 
levels, as in the present patient (11). It has also been reported 
that surgical excision, cyst marsupialization with drainage, and 
aspiration were used in the treatment of these congenital cysts. 
However, despite aspiration having been used previously, it is not 
recommended presently (14). The cyst was treated through the 
internal drainage method in a patient through cystogastrostomy 
because the cyst was located at the head of the pancreas.

PBs comprises only 0.5% of pancreatic non-endocrine tumors 
and share similar histological and morphological features with 
hepatoblastomas that secrete AFP (6,15). Although reported 
with high prevalence in past studies (6), in the present study, 
only one case of this type of malignancy was recorded in a 
child presenting with a large abdominal mass (case #2). PBs 
affects a similar age group with hepatoblastoma. The tumor 
usually results in a satisfactory clinical response when using 
the same chemotherapeutic agents as for hepatoblastoma. 
PB is less aggressive in children when compared with that in 
adults; therefore, surgery is the optimal treatment and complete 
resection of the tumor provides the best prognosis (6). Moreover, 
adjuvant chemotherapy is not recommended when the tumor 
can be completely excised (15). However, we performed a true-
cut biopsy in case #2 with a large mass located in the head of the 
pancreas and treated him with chemotherapy and radiotherapy. 
Approximately 24 months since the treatment initiation, the 
remaining 1.5-cm residual mass was totally removed with 
enucleation. The AFP levels may serve as a valuable tumor marker 
for preoperative diagnoses, and it can even indicate therapeutic 
effects and postoperative recurrences in PB patients (15). AFP 

Figure 1. CT images detected a cystic mass at the 
pancreatic neck that enhanced peripherally after contrast 
administration. MRI showing the hemorrhagic content 
in the cystic part and the diffusion restriction of the 
enhancing thick wall of the mass. a) CT image showing the 
cystic mass at the pancreatic neck, with peripheral irregular 
enhancement after contrast administration. b) Axial T1-
weighted MRI showing hyper-intense hemorrhagic content 
of the mass. c) Axial T2-weighted image showing the cystic 
portion and the peripheral enhancing thick wall of the mass

CT: Computed tomograpy, MRI: Magnetic resonance imaging

Figure 2.  Surgery pictures: a) The presence of a mass 
located in the neck of the pancreas during the operation 
and the moment of suspension of the pancreas. The arrow 
indicates the tumor. b) The moment when the mass was to 
be separated from the head of the pancreas with limited 
pancreatic tissue remaining. The arrow indicates the tumor. 
c) Image of the proximal (normal arrow) and distal (dashed 
arrow) pancreas tissues after removal of the mass through 
central pancreatectomy 
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has been used as a marker in the follow-up period after residual 
mass excision and found to be normal.

RMS is a primary malignancy that arises from the embryonic 
mesenchyme, with the potential to differentiate into skeletal 
muscles (16). RMS constitutes approximately 50% of all soft 
tissue sarcomas in children. RMS of the biliary tree is extremely 
rare (approximately 0.5%) and encountered mostly in infants 
and children (17), as has been described in 4 patients in relation 
to the gallbladder (18). In our study, RMS in the pancreas was 
observed via true-cut biopsy in case #3 with disseminated disease 
(i.e., distant metastasis in the bone marrow, skin, and prostate 
regions). Despite providing intense treatments, including 
chemotherapy, radiotherapy, and a bone marrow transfusion, the 
patient died within 18 months of initiating the treatment.

Although endocrine tumors were not observed in this study, 
glucagon-, gastrin-, and somatostatin-secreting pancreatic 
tumors have all been reported in the pediatric age groups (19). 
Pancreatic endocrine tumors are mainly solitary and 90% 
benign, which often occurs in children aged >4 years (19). 
Specific hormones, over-secreted by the tumor, such as insulin, 
glucagon, gastrin, or somatostatin, determine the clinical 
features of these tumors. In addition, although the involvement 
of pancreatic Burkitt lymphomas (not observed in our study) is 
<1%, it should be distinguished from pancreatic adenocarcinoma 
because chemotherapy is typically more effective for pancreatic 
lymphoma than pancreatic adenocarcinoma (20).

In this study, we employed the use of abdominal US, followed 
by CT, as the initial imaging method. Enhanced CT is an 
extremely useful diagnostic technique. In CT images, the cystic 
portion of the tumors demonstrated no enhancement, but 
the solid portions showed a slight enhancement in the arterial 
phase and marked enhancement in the portal venous phase 
(21). When compared with MRI, CT has inherent limitations 
in detecting certain tissue characteristics, such as hemorrhage, 
cystic degeneration, or integrity of the tumor capsule, which 
are the factors that typically suggest pancreatic tumors (21). 
Because of its superior contrast resolution, MRI scans better 
display capsule and intratumoural hemorrhages when compared 
with CT scans. In cases of obstructive jaundice, endoscopic 
retrograde cholangiopancreatography with stent placement can 
be used to relieve biliary tract obstructions (21). In some special 
cases, an upper gastrointestinal contrast study may be used for 
the differentiation of duodenal duplication cysts from pancreatic 
head-located masses (22).

It has been reported that cystic pancreatic masses of <3 cm 
without any solid component, which can be followed-up 
safely through imaging (13). The majority of children with 
pancreatic tumors present with isolated lesions and are good 
surgical candidates. Primary surgical excision, without requiring 
a definitive preoperative tissue diagnosis, is also recommended 
(22). Masses located in the head of the pancreas must be treated 
by pancreaticoduodenectomy, with preservation of the pylorus or 
the Whipple procedure, to achieve macroscopic resection while 

avoiding complications and sparing the endocrine pancreas. 
Central tumors can be treated by central-pancreatic resection, 
although this surgery is complicated in terms of pancreatic 
and biliary fistulas. Tumors located in the tail of the pancreas 
can be easily removed through caudal pancreatectomy (7). A 
laparoscopic approach for pediatric pancreatic tumors has been 
reported previously (6), but it could not be performed in our 
study. For children who present with less typical lesions, tissue 
biopsy (percutaneous or laparoscopic) may be necessary to guide 
the treatment approach.

Conclusion
Pancreatic tumors are rare in children. Although these tumors 
may have malignant potential, they are usually benign. In the 
absence of a biologically active endocrine tumor, pancreatic 
tumors are typically diagnosed with nonspecific symptoms or 
diagnosed incidentally. In isolated pancreatic tumors with a 
trunk or tail tumor localization, primary resection appears to 
be the most appropriate treatment choice, which resulted in 
encouraging the prognoses for patients.
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ABSTRACT ÖZ

Amaç: Bu çalışma, sürüş yapan engelli sürücülerin performansındaki 
çevresel, kişisel ve mesleki faktörleri analiz etmek için planlandı.
Yöntemler: Çalışmaya ortopedik 20 (grup 2) ve 20 nörolojik özürlü 
(grup 1) kişi alındı. Değerlendirmeler için Loewenstein Ergoterapi 
Kognitif Değerlendirme (LOTCA), iz sürme testi, kalk yürü testi 
ve sıralı ayak basma testi, Craig Hastanesi Çevresel Faktörler 
Envanteri (CHIEF-SF) ve yarı yapılandırılmış görüşme yöntemleri 
kullanılmıştır.
Bulgular: Grup 1’de 10 kadın ve 10 erkeğin yaş ortalaması 
33,9±12,05 yıl, 2. grupta 19 erkek ve 1 kadında ortalama yaş 
36,5±12,45 yıl olarak bulundu. Grup 1, sürüş yetkinliği için gerekli 
olan sürüş öncesi test normlarına uymayı başaramamış, diğer 
yandan olarak 2. grup sürüşe ilişkin yeterli puan almış. Visio-motor 
organizasyon ve düşünme operasyonları LOTCA’nın alt ölçekleri 
grup 1’de baz puanlardan anlamlı derecede düşüktü (p<0,05). Her 
iki grup da CHIEF-SF’de farklı bariyerler belirttiler.
Sonuç: Çalışmamız, katılımcımız için sürüşün önemli bir aktivite 
olduğunu göstermiştir. Ancak, rehabilitasyon hizmetlerinin eksikliği 
ve sürüş için yasalar sürüş katılımını ve dolayısıyla sosyal katılımı 
etkileyebilir. Engelli bireylerin etkinlik performansını ve katılımını 
artırmak için sürüş rehabilitasyon hizmetlerinin, toplum sürüş 
bilincini, kanun koyucu bilincini sağlamak önemlidir.
Anahtar Sözcükler: Ergoterapi, engelli kişiler, günlük yaşam 
aktiviteleri

Objective: This study was planned to analyse environmental, 
personal and occupational factors on disabled drivers’ performance 
who had been driving.
Methods: Twenty orthopedically (group II) and 20 neurologically 
disabled (group I) people were included in the study. Loewenstein 
Occupational Therapy Cognitive Assessment (LOTCA), trail 
making test, rapid pace walk test and alternate foot tap test, The 
Craig Hospital Inventory of Environmental Factors (CHIEF-SF) 
and semi-structured interview methods were used for assessments.
Results: Group I included 10 women and 10 men with mean age 
33.9±12.05 years; group II included 19 men and 1 woman with 
mean age 36.5±12.45 years. Group I had not been able to comply 
with pre-driving test norms that needed for driving competency, 
controversially group II had proficient scores related to driving. 
Visio-motor organisation and thinking operations sub-scales of 
LOTCA were significantly lower than base scores (p<0.05) in group 
I. both groups defined barriers in CHIEF-SF.
Conclusion: Our study showed driving for our participant was an 
important activity. But lack of rehabilitation services and laws for 
driving might effect driving participation thus social participation. It 
is important to enabling driving rehabilitation services, community 
awareness of driving, law-maker awareness to enhance disabled 
people’s activity performance and participation.
Keywords: Occupational therapy, disabled people, activities of daily 
living
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Introduction
Community mobility, an instrumental activity of daily living 
(IADL), is defined as “moving around in the community with the 
use of public or private transportation, such as driving, walking, 
bicycling, or accessing and riding in buses, taxi cabs, or other 
transportation systems” by the American Occupational Therapy 
Association (AOTA) (1). It is an important part of daily living 
which is related to social integration, participation to social roles, 
and role identification among others. Outside activities such 
as work, participating in social activity, shopping and grocery, 
prayer meetings, etc., for disabled persons are important, and can 
be accessible with community mobility. If participating in these 
activities is restricted by health issues, persons may feel depressed 
and incompetent, and limitations in the activity of daily living 
may occur (2). For most of the people, community mobility 
represents driving and independence (3). Independence, self-
confidence, and community participation limitations may occur 
due to loss of driving ability (4).

Driving is a complex activity that depends on many factors such 
as attention, perception, cognitive ability, memory, experience, 
automatic motor performance, quick decision making, coping 
with different traffic situations, muscle strength of related 
muscles, lower extremity reaction speed, and visual range (5,6). 
Attention and cognitive ability is especially important for driver, 
passenger, and pedestrian safety (5). Besides personal factors, 
environmental and occupational (driving related) factors affect 
driving. Family/peer support, stigma, funding, traffic condition, 
high-way side-way driving, day and night driving, road 
condition, existence of other drivers, and their behaviour can 
be considered as environmental factors. In addition, adaptation 
limits, accessibility, and affordability of the car can be accepted 
as occupational factors of driving (4).

Disabled population of Turkey is 12% of its total population 
which is approximately 8 million citizen (7). According to the 
Turkish Republic National Police Traffic Services reports, 44,254 
citizens have disabled driving licence which indicates that 0.7% 
are disabled people driving in Turkey (8) whereas 20% in United 
Kingdom (9) and 12% in United States of America (10), which 
shows that Turkey disabled driver rates are remarkably lower.

Current occupational therapy framework suggests that IADL’s 
including driving may be affected by the person’s body 
functions and performance skills which must be intervened 
by an occupational therapist (1,11). In addition, cognitive, 
perceptive ability, and executive functioning related to 
driving must be assessed, and problems should be addressed 
by occupational therapists (12,13). AOTA stated that the 
importance of occupational therapists in driver assessment 
includes client’s sensory, cognitive, motor performance skills, 
safety concerns, environmental barriers, and ability to participate 
in daily living (11). With the presence of current literature that 
supports activity-based assessments of disabled/older drivers, 
the situation in Turkey consisting of physician-orientated and 
non-interdisciplinary manner may become a big limitation for 
disabled person’s activity participation and performance. These 

reasons make the assessment and improvement of activity 
performance of disabled drivers in our country very important. 
Also, a need of interdisciplinary approaches enlightened with 
activity performance assessment results was noted. Pre-driving 
assessments of two different diagnostic groups (orthopaedic and 
neurological) were made to determine driving fitness for disabled 
people.

Method
This is methodological study embedded in two groups, clinical 
trials and comparisons were made with given standards. Current 
study was approved by Hacettepe University Ethic Committee 
with LUT 12/101 project number. Signed informed consent was 
obtained from all participants before study.

A total of 40 participants were included and divided equally into 
two groups: group I were participants with neurologic disorders 
and group II with orthopaedic disorders. Inclusion criterions 
were:

• age 18-65 years,

• with drivers licence,

• diagnosed with neurologic (group I) or orthopaedic disorder 
(group II),

• without visual and auditory problems

• with willingness to participate in the study.

Assessments

Personal Assessments

Loewenstein Occupational Therapy Cognitive Assessment 
(LOTCA) and trail making test (TMT) A and B were used for 
cognition and alternate foot tap test (AFT) and rapid pace walk 
test (RPW) for physical function.

LOTCA is a tool that assesses cognitive skills and visual 
perceptions of participants. Test includes orientation, spatial 
perception, visio-motor perception, thinking organization, and 
attention. All domains were scored between 1-4 except for risk 
object classification I and II domains, which were scored between 
1-5 (14).

The TMT assesses visual search, scanning, speed of processing, 
mental flexibility, and executive functions (15). Test consists 
of two parts: TMT-A, which requires a person to draw lines 
sequentially connecting 25 circled numbers on the test paper 
and TMT-B, which needs the same skills as TMT-A; however, 
the person must alternate between numbers and letters (e.g., 1, 
A, 2, B, 3, C, and so on). The score for the test was scored as 
the amount of time required to complete the task. The TMT is 
commonly used for driving prediction of disabled persons (5, 
16,17).

Lower extremity mobility and reaction time were assessed with 
RPW and AFT, respectively. Both tests’ completion durations 
were recorded (18).
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Environmental Assessment

Craig Hospital Inventory of Environmental Factors-Short Form 
(CHIEF-SF) was used for environmental assessments. CHIEF-
SF assesses physical, attitude-related, environmental, and political 
barriers and frequency of these barriers in the participant’s 
perspective. In addition, driving importance and satisfaction were 
assessed using visual analogue scale (VAS) with a score ranging 
from 0-10 in which higher score indicates better satisfaction and 
importance. Family and peer support before and after driving, 
self-confidence about driving, and family and peer confidence 
about driving were assessed using a semi-structured interview. 
All questions apart from car and environment related problems 
were scored with a five-point likert scale (1: highly positive, 2: 
positive, 3: not sure, 4: negative, and 5: highly negative).

Tests used in our study were suggested to determine the driving 
ability in clinical settings (13,19). Required scores for accepting 
proficiency for driving are: ≤78 s for TMT-A; ≤180 s for TMT-B; 
≤8 s in RPW; and 7.42 s for AFT.

SPSS 21.00 software was used to analyse data. Quantitative data 
were described with mean ± standard deviation and qualitative 
data were described with percent (%) values. Normality of data 
was evaluated with visual (histogram and stem-leaf plots) and 
analytic (Kolmogorov-Smirnov/Shapiro-Wilk tests) methods. 
Significance was set an alpha level of 0.05 (p<0.05). Frequencies 
and descriptive statistical methods were used for semi-structured 
interviews and likert scales. Test results were compared with test 
norms with one way analysis of variance test. LOTCA results 
were compared to base scores of subtests due to the lack of 
Turkish mean scores.

Results
A total of 20 participants (10 women and 10 men) were recruited 
for group I and 20 participants (19 men and 1 woman) for group 
II. The mean age of group I was 33.9±12.05 years and group II 
was 36.5±12.45 years.

Both groups included participants with different diagnosis 
such as multiple sclerosis (MS) (n=4), myopathy (n=3), 
meningomyelocele (n=3), neuropathy (n=2), ataxia (n=2), 
hemiplegia (n=2), and spinal cord injury (n=2) in group I 
and poliomyelitis (n=6), lower extremity amputation (n=6), 
traumatic brachial plexus injury (n=1), crash injury (n=1), and 
shoulder arthrodesis (n=1) in group II.

A total of three participants diagnosed with myopathy and spinal 
cord injury from group I and six participants with polio, lower 
limb amputation, and crush injury from group II were unable to 
apply for RPW and AFT.

Table 1 presents standard values for driving competency and 
mean scores of TMT A and B, RPW, AFT, and p values and 
VAS scores for driving importance and satisfaction. Table 2 
presents CHIEF-SF scores. Table 3 presents LOTCA scores for 
two groups.

Group II had better results than group I in LOTCA. A statistically 
significant difference between group I and LOTCA base scores 
(p<0.05) were noted. Group I had effected LOTCA visual-
spatial perception and thinking operations scores which might 
be related to driving skills. Group I could not meet RPW and 
AFT required scores for driving which indicates increased lower 
extremity reaction time. In addition, other test scores for group 
I and all tests for group II were sufficient. Driving importance 
and driving satisfaction were high in both groups. Mean scores 

Table 1. Clinical test results and comparison

Group I p Group II p Test norms

Trail making test A 62.11±35.74 0.06 39.61±13.02 0.001 ≤78 s 

Trail making test B 154.17±85.26 0.19 105.62±37.05 0.001 ≤180 s

Rapid pace walk test 19.74±10.17 0.001* 6.93±4.92 0.35 ≤8 s

Alternate foot tap test 10.71±9.69 0.07 4.75±0.85 0.001 ≤7.42 s

VAS importance 8.55±1.63 9.25±1.29 -

VAS satisfaction 7.05±3.26 8.90±1.71 -

*p<0.05, VAS: Visual analogue scale

Table 2. Environmental barrier scores (CHIEF-SF)

CHIEF-SF Group I Group II

Politics 4.0±4.2 3.4±4.6

Physical/structural 4.2±4.2 1.8±2.3

Work/school 3.3±4.2 1.8±2.7

Behaviour/support 4.8±4.8 1.5±2.5

Services/assistance 5.3±5.1 2.0±3.7

Total 21.7±14.3 10.6±11.0

CHIEF-SF: Craig Hospital Inventory of Environmental Factors-Short Form
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of importance were 8.55±1.63 in group I and 9.25±1.29 in 
group II. Satisfaction mean scores were 7.05±3.26 in group I and 
8.90±1.71 in group II.

Family support before and after driving, self-confidence about 
driving, family and peer confidence about driving, and car 
and environment related problems were assessed with semi-
structured interviews which are shown in Table 4. Family and 
peer support increased after driving. Self-confidence was high in 
both groups; however, peer confidence was lower in group I than 
in group II. In addition, low self-confidence of two participants 
in group I was noteworthy that they continue driving with their 
low confidence.

Discussion

A total of 40 participants were included in this study, who had 
been driving with their disability. This study aimed to investigate 
participants driving competency according to literature values, 
environmental, and physical barriers effecting their driving. 
Our research found that drivers with neurological disorders had 
physical and cognitive barriers for their driving ability.

Various studies showed cognitive function affects driving ability 
(16,17,20-22). Our results show a low motor perception and 
thinking organizations scores of LOTCA in both groups, which 

means sensory-perceptual and perceptual-motor ability could 
affect driving. Therefore, specialized trainings for driving skill 
for disabled is a current issue in rehabilitation in Turkey, which 
is not included in the perspectives of rehabilitation services. We 
suggest that assessment and rehabilitation programs that build 
sensory, perceptual, and motor abilities are needed to improve 
driving abilities of disabled in our country.

TMT A and B, AFT, and RPW results of group II were better 
than test norms which show better driving ability. However, RPW 
and AFT of group I did not match test minimum standards. 
Based on these results, group I needs detailed assessment about 
their driving ability to ensure safe driving, although pre-driving 
assessments in our country must include literature-supported 
assessment methods to improve and prevent traffic safety for 
disabled and other drivers. Marshall et al. (5) mentioned that 
TMT A and B parts were predictors of driving in stroke survivors. 
The American Medical Association suggested the use of current 
test to predict driving ability in older adults (19).

CHIEF-SF was used to assess environmental barriers of 
participants, which include political, physical, social, services/
support, and work/school related barriers. Both groups defined 
barriers in all parameters; however, the highest barriers defined 
by group I was services/support, whereas group II was politics 
and services/support. Salar’s master thesis suggested that activity 

Table 3. Loewenstein occupational therapy cognitive assessment results and comparison

LOTCA
Group I
(n=20)

p
Group II
(n=20)

p

Place 3.95±0.22 0.31 4.00 1.00

Time 4.00 1.00 4.00 1.00

Object identification 4.00 1.00 4.00 1.00

Shapes identification 4.00 1.00 4.00 1.00

Overlapping figures 4.00 1.00 4.00 1.00

Object constancy 3.80±0.5 0.07 3.94±0.22 1.00

Spatial perception 3.85±0.4 0.15 4.00 1.00

Praxis 4.0 1.00 4.00 1.00

Copying geometric forms 3.90±0.3 0.15 4.00 1.00

Reproduction of a two-dimensional model 3.75±0.5 0.03* 3.90±0.30 0.15

Pegboard construction 3.75±0.7 0.07 4.00 1.00

Colored block design 3.65±0.7 0.01* 3.80±0.41 0.03*

Plain block design 3.55±0.8 0.01* 3.75±0.44 0.018

Reproduction of a puzzle 3.5±0.8 0.009* 3.90±0.30 0.15

Drawing a clock 3.85±0.4 0.15 4.00 1.00

Categorization 3.9±0.8 0.001* 4.60±0.50 0.002*

ROC: unstructured 4.55±0.68 0.004* 4.90±0.30 0.15

ROC: structured 4.50±0.76 0.004* 4.90±0.30 0.07

Pictorial sequence A 3.70±0.9 0.15 4.00 1.00

pictorial sequence B 3.45±1.05 0.01* 3.75±0.44 0.01*

Geometrical sequence 3.70±0.7 0.07 3.95±0.22 0.31

Attention 3.85±0.36 0.07 4.00 1.00

*p<0.05, ROC: Risk object classification
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barriers and participation of people with spinal cord injury 
include political, services/support, and behaviour, which supports 
our participants’ defined barriers (23). Laws and regulations 
were defined as barriers in CHIEF-SF in our study. Traffic laws 
for disabled people in our country support physician-based 
assessments which might result to non-activity based assessments 
for driving ability and proficiency. Laws and regulations were 
thought to be a limitation for disabled people’s driving because 

some of disabled driving candidates could not get driver’s licence 
due to non-activity based assessments.

Driving interest and motivation to driving were reported as 
important in safe driving by Lundqvist and Rönnberg (24). 
Current study also showed interest to affect driving behavior, 
and capitalize driving problems related to behavior. In this study, 
participants indicated high driving importance and satisfaction 
that might be related to safe driving and activity willingness.

Family support before driving was negative in 55% of group I 
and 20% from group II. Social (peer support) before driving 
were negative in 40% of the group I and 10% from group II. 
After starting driving family and peer support changed to 45% 
negative in group I and 10% in group II. These negative attitudes 
before driving may be a result of stigma about disabled people and 
families and peers’ protection instinct. Upon the start of driving, 
family and peer support increased in both groups. This change 
might had been affected with the observation of the participant’s 
driving ability. When families and peers thought that disabled 
relatives are safe while driving, they were capable of supporting 
their relatives to drive. Although stigma for disabled driving 
was a problem, occupational therapists and driver rehabilitation 
services must inform the community about disabled driving to 
prevent stigma and enhance family/peer support for driving.

Study Limitations

This study included different disability groups, which might alter 
homogeneity of results and might be accepted as a limitation of 
the study. The other limitation is that we were unable to analyse 
the driving ability while disabled participants were driving. We 
concluded our findings based on clinical assessments; however, 
assessments made behind the wheel might reflect clearer results.

Conclusion
Rehabilitation for disabled people in our country includes basic 
physical trainings as isolated range of motion, walking exercises, 
etc. However, driving which includes many sensory, motor, 
and perceptual factors, must be rehabilitated in a perspective 
of specialized activity rehabilitation programs (24). To start 
and improve driver rehabilitation in our country, approaches 
to the rehabilitation must not be physician-focused but an 
interdisciplinary model.

Community-based rehabilitation studies should be prepared 
for community information about disabled driving in Turkey. 
With these applications stigmas, negative family/peer supports, 
activity limitations, and social isolation of the disabled may 
decrease. Further studies including these perspectives may 
improve the disabled driving skills and their perception on driver 
rehabilitation by related health practitioners. In addition, we 
suggest cross-cultural studies to improve perception of law-makers 
and governmental departments about driving rehabilitation and 
current situation in developed countries. Finally, future positive 
changes in laws and regulations, enabling of disabled drivers 
may result in an increase in participation as mentioned in the 
International Classification of Disability.

Table 4. Semi-structured interview results

Group I Group II

N % N %

Family support

Highly positive 7 35 8 40

Positive 2 10 8 40

Uncertain - - 1 5

Negative 3 15 - -

Highly negative 8 40 3 15

Peer support

Highly positive 9 45 9 45

Positive 3 15 9 45

Uncertain 2 10 1 5

Negative 1 5 1 5

Highly negative 5 25 - -

Family support after driving

Highly positive 8 40 9 45

Positive 1 5 8 40

Uncertain 2 10 1 5

Negative 4 20 1 5

Highly negative 5 25 1 5

Peer support after driving

Highly positive 8 40 9 45

Positive 3 15 9 45

Uncertain 4 20 1 5

Negative 2 10 1 5

Highly negative 3 15 - -

Self confidence about driving

Very high 12 60 8 40

High 1 5 12 60

Mild 4 20 - -

Low 1 5 - -

Very low 2 10 - -

Peer confidence

Very high 7 35 9 45

High 5 25 9 45

Mild - - 1 5

Low 4 20 1 5

Very low 4 20 - -
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ABSTRACT ÖZ

Objective: In this study, analysis of gemifloxacin in pharmaceutical 
preparations was performed in the presence of 4-bromomethyl-7-
methoxycoumarin reagent and dibenzo-18-crown-6 ether catalyst, 
by high-performance liquid chromatography. 
Methods: The excitation wavelength of the compound formed as 
a result of the derivatization process was found as λext. =325 nm 
and the emission wavelength as λem. =390 nm. Optimum reaction 
conditions were carefully studied. Chromatographic separations 
were performed in a 150 cm x4.6 mm, 5 µm I.D C18 column, 
and the mobile phase consisting of  acetonitrile: 0.05 M aqueous 
ammonium acetate (pH=5.0) (70:30, v/v) under flow rate of 1.0 
mL/min.
Results: The calibration curve was found to be linear in the range 
of 10-200 ng.mL-1. Average recovery was 100.32% and relative 
standard deviation values were below 2%.
Conclusion: The method developed has been successfully applied 
in the analysis of the drug substance in pharmaceutical preparations.
Keywords: Gemifloxacine, liquid chromatography, fluorometric 
detection, 4-bromomethyl-7-methoxycoumarin, pharmaceutical 
preparation, validation

Amaç: Bu çalışmada gemifloksasinin 4-bromometil-7-
metoksikumarin belirteci ve dibenz-18-taç-6 eter katalizör varlığında 
farmasötik preparatlarda yüksek performanslı sıvı kromatografisi ile 
analizi gerçekleştirilmiştir.
Yöntemler: Türevlendirme işlemi sonucu oluşan bileşiğin eksitasyon 
dalga boyu λext. =325 nm ve emisyon dalga boyu λem. =390 nm 
olarak bulunmuştur. Optimum reaksiyon şartları dikkatlice çalışıldı. 
Kromatografik ayırmalar, 250x4,6 mm, 5 µm I.D C18 kolonda, 
asetonitril-0,05 M sulu amonyum asetat (pH=5,0) (70:30, v/v) 
mobil fazında, 1 mL/dak akış hızında gerçekleştirilmiştir.
Bulgular: Kalibrasyon eğrisi 10-200 ng.mL-1 aralığında doğrusal 
bulunmuştur. Ortalama geri kazanım %100,32 ve bağıl standart 
sapma değerleri %2’nin altında bulunmuştur.
Sonuç: Geliştirilen metod, ilaç maddesin farmasötik preparatlardaki 
analizine başarıyla uygulanmştır.
Anahtar Sözcükler: Gemifloksasin, sıvı kromatografisi, florimetrik  
dedeksiyon, 4-bromometil-7-metoksikumarin, farmasötik preparat
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Introduction

In addition to their gram-negative activity, quinolone antibiotics, 
which are formed by the addition of fluorine at the six position 
to the quinolone ring, are also effective in infections with gram-
positive bacteria. The chemical formula of gemifloxacin (GMF) 
is [(R, S) -7- [3-aminomethyl-4-methoximino-1-pyrrolidinyl]-
1-cyclopropyl-6-floro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-
carboxylic acid (1-4) (Figure 1).

Various methods such as spectrophotometric method (5,6), high 
performance liquid chromatographic method (HPLC) (7-11), 
voltammetric method (12) and capillary electrophoretic method 
(13) have been encountered in the literature for determination of 
GMF. As a result of literature research, no analysis of GMF using 
4-bromomethyl-7-methoxycoumarin (BrMmC) reagent was 
found. HPLC analysis based on fluorescence measurement gains 
importance in order to increase the selectivity and sensitivity of 
the method. The BrMmC reagent is often used for derivatization 
of molecules containing carboxylic acid functional groups (14-
16). The aim of this study was to conduct an HPLC analysis 
based on fluorimetric detection of GMF in pharmaceutical 
preparations by using 4-bromomethyl-7-methoxycoumarin 
reagent. This method developed has also been successfully 
applied in the analysis of pharmaceutical preparations of the 
drug substance.

Method
Devices

Chromatographic separations were performed with the Shimadzu 
LC 20A (Kyoto, Japan) liquid chromatographic system. The 
system consists of LC 20 AT Pump, SIL-20AC autosampler, 
CTO-10A column oven and RF-10AXL fluorescence detector. 
The excitation wavelength of the compound formed as a result 
of the derivatization process was found as λext. = 325 nm and 
the emission wavelength as λem. =390 nm. Chromatographic 
separations were performed in a 150 cm x 4.6 mm, 5µm I.D C18 
column, and the mobile phase consisting of  acetonitrile: 0.05 M 
aqueous ammonium acetate (pH 5.0) (70:30, v/v) under flow 
rate of 1.0 mL/min.

Reagents and Solutions

The GMF and its pharmaceutical preparation (Factiva Film 
Tablet® 320 mg of GMF) were taken from Abdi Ibrahim 
Pharmaceuticals (Turkey), and BrMmC and dibenzyo-18-
crown-6 ether catalyst were purchased from Sigma-Aldrich 
Chemie (Germany). All chemicals and reagents were used for 
analytical purity.

Stock Solutions

For the GMF stock solution, 133.33 mg of GMF mesylate was 
weighed exactly, dissolved in water in a 100 mL volumetric flask 
and made up to its volume (equivalent to 100 mg/mL GMF 
base). Standard solutions of GMF were taken from this solution 
and prepared with water. Stock and standard solutions are stable 
for about 1 week at +4 °C. The standard solution of BrMmC 
was freshly prepared daily in acetonitrile at a concentration of 
100 µg.mL-1. Dibenzo-18-crown-6 ether solution was prepared 
in acetonitrile to make up a volume of 1 µg.mL-1.

General Analysis Method

Two hundred µL BrMmC, 50 µL dibenz-18-crown-6 ether 
solutions and 2 mg K2CO3 suspension were added to the 
substance solution (10-200 ng.mL-1) containing different 
amounts of GMF in 100 µL volumes. The resulting mixture was 
stirred for 2 minutes and then reacted at 70 °C for 70 minutes. 
The blank trial was run with 100 µL of water as specified in this 
section. Volumes reached to 1000 µL with acetonitrile and then 
they were injected into the HPLC system.

Analysis Method for Tablets

The amount equivalent to 250 mg GMF was weighed and 
dissolved in 125 mL of water. Then, it was mixed in a mechanical 
stirrer for 20 minutes and in an ultrasonic bath for 20 minutes, 
and it was made up to 250 mL in volume and then filtered 
through filter paper. The filtrate was diluted with water and 
studied as specified in the “General Analysis Method”. The 
amount of substance in the tablets was measured using the 
calibration chart and the corresponding regression equation.

Results
Determination of Chromatographic Conditions

Chromatographic conditions were studied in order to develop 
an HPLC method based on fluorimetric analysis of GMF with 
BrMmC reagent. For this purpose, columns such as C18, CN and 
C8 were tried to determine the most suitable column. Optimal 
conditions were provided with the following parameters: 250x4.6 
mm, 5 µm ID C18 column, acetonitrile-0.05 M aqueous 
ammonium acetate (pH 5.0) (70:30, v/v) mobile phase, flow 
rate at 1 mL/min, λext. =325 nm wavelength and λem. =390 
nm wavelength. The retention time of the GMF derivative was 
detected as approximately 3 min (Figure 2).

Optimization of Derivation Conditions

In this method developed, GMF was derivatized with 
4-bromomethyl-7-methoxycoumarin reagent in the presence 

Figure 1. Chemical structure of gemifloxacin mesylate
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of dibenz-18-crown-6 ether catalyst. In order to determine the 
optimum conditions, the effect of BrMmC concentration on 
derivative formation was examined first. It was observed that 200 
µL of BrMmC solution (in the presence of 50 µL of Dibenzo-
18-crown-6 ether and 2 mg of K2CO3 suspension) was sufficient 
for the derivatization reaction. When the effect of the presence 
of Dibenzo-18-crown-6 ether on the derivatization reaction was 
examined, it was observed that the efficiency of the derivative 
was increased. In order to determine the reaction temperature 
and reaction time, the reaction mixture was kept at 40, 50, 70 
and 80 oC and for different periods. It was found that the most 
favorable results were obtained at 70 oC for 70 minutes (Figure 
3). Conditions are given in Table 1.

Method Validation

The proposed analytical methods were validated according to the 
ICH guideline Q2 (R1) (17). A calibration curve was generated 

under the conditions stated above. According to the results 
obtained, it was observed that the calibration curve was linear in 
the range of 10-200 ng mL-1. The equation of the measure curve 
was found as y=185.25 x +2146.2 (r2 = 0.9987), (x concentration 
is ng mL-1 and y is detector response).

The formula of LOD/LOQ = κSDa/b was used to calculate 
LOD or LOQ. Here the value of κ is 3 for LOD and 10 for 
LOQ. SDa indicates the standard deviation of the scale curve 
intersept and b is the slope. The LOD value was 0.0014 ng.mL-1 
and the LOQ value was 0.0049 ng.mL-1. 

The precision values   within day and between days were examined 
at 10, 100, and 200 ng.mL-1 for five consecutive days. The inter-
day precision was 0.33-0.72% and the between-days precision 
was 0.48-0.93%. Results are given in Table 2.                     

Table 1. Evaluation of derivatization parameters

Parameter Range Optimum value

Derivation time (minutes) 20-100 70

Temperature (oC) 40-80 70

µL of BrMmC 25-500 200

µL  of  Dibenzo-18-crown-6 ether  10-100 50

mg of K2CO3 compound 0.5-5 2

Figure 2. Chromatograms (A) Blank sample (B) GMF added sample (100 ng mL-1)

Table 2. Precision values of inter-day and between days

Concentration taken (ng.mL-1) Concentration found (ng.mL-1) ± SD RSD %*

Intraday

10.0 10.09±0.046 0.46

100.0 100.14±0.720 0.72

200.0 200.74±0.670 0.33

Between days

10.0 10.11±0.046 0.67

100.0 100.49±0.930 0.93

200.0 200.98±0.970 0.48

*RSD: Relative standard deviation
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The accuracy of the developed methods was examined using the 
standard addition technique. Standard solutions (10.0, 100.0, 
150.0 ng.mL-1) at 3 different concentration levels were added 
onto the pure analyte sample solution (10 ng.mL-1), mixed and 

analyzed. The results obtained are presented in Table 2. The 
calculated average recovery percentage was found to be 100.32% 
on average. Results are shown in Table 3.

The developed method was also successfully applied in the 
analysis of the drug substance in pharmaceutical preparations and 
the results were compared with the spectrofluorimetric method 
recorded in the literature (5). The results were analyzed in terms 
of means and precision values using the t and f tests. According 
to these results, no interference was observed from additives and 
excipients. The results are given in Table 4.

Conclusion

In conclusion, in this study, the 4-bromomethyl-7-
methoxycoumarin reagent used in the analysis of substances 
containing carboxyl groups was studied for the first time in 
GMF analysis and the developed HPLC analysis was successfully 
applied in pharmaceutical preparations of the drug substance. In 
the developed method, the analysis time was short (approximately 
3 minutes) and the LOD and LOQ values were 0.0014 ng.mL-1 
and 0.0049 ng.mL-1, respectively. Since the developed method is 
more sensitive than other methods recorded in the literature, it 
is planned to be applied in the analysis of biological fluids in the 
later stages of the study.

Ethics 

Peer-review: Externally peer reviewed.

Financial Disclosure: The authors declared that this study 
received no financial support.

Table 4. Analysis of the tablet containing 320 mg GMF (n=5)

Amount stated on tableta

(mg/per tablet)
Reference method 
recovery (%) meanb ± SDc RSD (%)

Recommended method 
recovery (%) meanb ± SDc RSD (%) t value F value

320 100.15±0.14 0.45 100.18±021 0.67 1.942 1.075

aFactive film tablet® (320 mg)
bn=5
cStandard deviation
At the 95% confidence level, the t value is 2.78 and the F value is 6.39
RSD: Relative standard deviation, SD: Standard deviation

Table 3. Recovery results

Concentration takena (ng mL-1) Added concentration (ng mL-1)
Concentration foundb (ng.mL-1)
(mean ± SDc)

Recovery (%) RSD (%)

10.0

10.0 20.06±0.058 100.20 0.19

100.0 110.16±0.61 99.33 0.80

150.0 160.97±0.86 100.61 0.53
aFactive film tablets® (320 mg)
bn=5 

cStandard deviation 
RSD: Relative standard deviation, SD: Standard deviation

Figure 3. Effects of (A) reagent amount, (B) temperature, 
(C) reaction time and presence of Dibenzo-18-crown-6 
ether on derivatization reaction
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Türk Kadınlarında Doğum Ağrısı Yönetiminde Doğum Topu Egzersizinin Etkisi

ABSTRACT ÖZ

Amaç: Bu çalışmanın amacı, doğum eyleminin birinci evresindeki 
primipar gebelerde doğum ağrısının yönetiminde doğum topu 
egzersizinin etkisini belirlemektir.
Yöntemler: Bu çalışma Şubat-Mayıs 2016 tarihleri arasında 
gebe kadınlarla yürütülen yarı deneysel randomize kontrollü bir 
çalışmadır. Çalışmada kadınlar rastgele iki gruba ayrıldı ve her 
gruptan 30 kadınla tamamlandı (müdahale-kontrolü). Kadınların 
ağrı düzeyini belirlemek için ağrıda görsel analog skala (VAS) 
kullanıldı. Müdahale grubundaki kadınlara doğum sırasında doğum 
topu egzersizi uygulandı. Kontrol grubuna ise doğum top egzersizi 
uygulanmadı. Her iki grubun VAS ağrı skorları servikal dilatasyon 2 
cm’den 8 cm’ye kadar kaydedildi. Veriler ortalama, t-testi, ANOVA 
kullanılarak analiz edildi.
Bulgular: Çalışma bulgularımız, müdahale grubundaki doğum 
topu egzersizi uygulanan kadınların servikal dilatasyonu 4 cm’den 
8 cm’ye kadar olduğunda ağrı skorlarının kontrol grubundaki 
kadınlardan anlamlı derecede düşük olduğunu göstermektedir.
Sonuç: Müdahale grubunda ağrı şiddeti “orta” iken kontrol 
grubunda “şiddetlidir”. Dolayısıyla bu çalışmada doğum topu 
egzersizinin doğum ağrılarını azaltmada etkili olduğu bulunmuştur.
Anahtar Sözcükler: Doğum topu egzersizi, doğum, doğum ağrısı, 
ağrının yönetimi, farmakolojik olmayan yöntemler

Objective: To investigate the effect of the birth ball exercise on 
management of childbirth pain during the first stage of labor in 
primipara pregnant women.
Methods: This was a semi-experimental randomized controlled 
study conducted on pregnant women between February and May 
2016. The women were randomly categorized into 2 groups, with 
30 women in each group (intervention vs. control groups). The 
pain visual analog scale (VAS) was used to determine the pain level 
of the women. Women in the intervention group were provided 
with a birth ball exercise program during labor. The control group 
performed no birth ball exercises. The VAS pain scores of the both 
the groups were registered when the cervical dilatation was 2-8 cm. 
The data were analyzed using means, t-test, and ANOVA.
Results: Our results indicate that the pain scores of the women in 
the intervention group who implemented birth ball exercises were 
significantly lower than those of women in the control group when 
the cervical dilatation was 4-8 cm.
Conclusion: The pain severity was “moderate” in the intervention 
group, but “severe” in the control group. Birth ball exercises were 
therefore found to be effective in decreasing childbirth pain in this 
study.
Keywords: Birth ball exercises, childbirth, childbirth pain, 
management of pain, methods of non-pharmacologic
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Introduction
Birth is a natural process that can be managed without any 
medical intervention (1) and is a happy life event for most 
women (2). However, some physiological factors (such as uterine 
contractions), psychosocial factors (such as fear and anxiety) 
experienced by woman during labor, as well as the cultural 
practices and acquired knowledge on this subject possibly 
aggravates the discomfort associated with childbirth pain (3-
5). Managing childbirth pain effectively and keeping it under 
control are therefore important. Childbirth pain is not a natural 
and inevitable experience for every woman.

Childbirth pain can be managed effectively by various approaches, 
such as through pharmacological or non-pharmacological 
methods. Narcotics, sedatives, epidural, and general anesthesia 
can be used as the pharmacological intervention agents (6). 
In addition, these methods provide effective analgesia and can 
sometimes cause medical side-effects such as fetal distress and 
the loss of the sense of pushing (6,7). Therefore, several women 
prefer non-pharmacologic interventions (such as birth ball, 
massage, Lamaze, yoga, massage, aromatherapy, and the use 
of hot and cold packs) for the management of childbirth pain 
(2,8,9). Because these non-pharmacologic methods can provide 
an adequate decrease in the pain experienced during childbirth 
and offer several benefits, they have no side-effect on the mothers 
or fetuses. Moreover, they do not prevent the progress of labor 
and there is no possibility of developing any allergic reaction. 
However, these interventions can decrease the excitement and 
anxiety of the mother. They increase the blood flow to the uterus 
and decrease the muscle tension as well as increase the birth-
related motivation of the pregnant woman with effective care 
offered during the prenatal period (9,10). Considering these 
points, the goal of all non-pharmacologic intervention was to 
build a mother’s confidence in her ability to give birth through 
the presentation of classes that help pregnant women understand 
how to cope with pain in ways that both facilitates labor and 
promotes comfort. At this point, it is therefore important for 
nurses to teach a few effective non-pharmacological approaches 
to pregnant women during the prenatal period. The best time 
for teaching them is the second trimester of pregnancy to a few 
weeks prior to the term (6,11).

Recently, one of the effective non-pharmacological methods 
useful in the control of childbirth pain is reported to be birth ball 
exercising. This exercise improves the blood flow to the uterus 
in pregnant women by ensuring relaxation in the pelvic region 
muscles, which reduces the pain. In addition, the birth ball 
exercising improves the associated comfort and decreases pain 
by relaxing the back muscles in these pregnant women. Focusing 
on the movements and positions during exercise decreases a 
pregnant woman’s attention and perception of pain (3,12). The 
birth ball exercise has been found to decrease the pain in the 
pelvic region and back (8,13,14) during labor, facilitates fetal 
progression through the birth channel, shortens the latent phase, 
decreases the need for epidural analgesia and the cesarean birth 
rate (2,11), and increases childbirth motivation and comfort by 
reducing or controlling the anxiety of the pregnant women (9).

The aim of the present study was to identify the effect of birth 
ball exercise on the childbirth pain during the first stage of labor 
in primipara pregnant women.

Method
Study Design

The present study was a semi-experimental randomized 
controlled study conducted with participants who were about 
to give birth at a labor ward between February and May 2016 in 
Turkey. The annual number of births at this maternity hospital 
in 2015 was 988. The women were randomly categorized into 
the intervention and control groups with an equal number of 
subjects in accordance with a computer-generated randomization 
list prepared by an independent statistician. The names of the 
distributed participants were given to the two certified nurses in 
sealed envelopes.

Participants

The inclusion criteria of the participants were as follows: 
pregnant women of age 18-35 years, who attended regular 
follow-up and pregnancy check-ups, in their 35th week of 
gestation, without multiple pregnancy, with normal birth 
weight and vertex position, with planned normal spontaneous 
birth (the birth decision was determined by the certified nurses/
doctors and women), with a maximum cervical dilatation of 2 
cm, and who could possibly give term birth. Pregnant women 
unwilling to participate in the study were not included. Women 
who developed gestational hypertension and diabetes mellitus, 
underwent emergency cesarean section, had fetal anomalies, 
were using antipsychotic drugs, had hearing and communication 
problems, were physically disabled, or underwent epidural 
anesthesia were excluded from the study. Power analysis was used 
to determine the sample size. The sample size was determined 
as suggested by a previous study conducted by Gau et al. (8). 
The alpha level was taken as 0.05 (α=0.05) and reliability was 
accepted as 95% during the power analysis calculation. The 
sample size in our study was identified to be 26 participants 
for each group. However, taking the estimated attrition rate 
from the previous studies (40%-60%) taken into account, 42 
participants were included in each study group. Finally, the study 
was completed with 30 participants in each of the groups.

Data Collection Tools

We used the data collection form that questioned the socio-
demographic and obstetric characteristics of pregnant women 
for collection of the data in the study. The data collection form 
was created by investigators after reviewing relevant studies in 
the literature (1,8,10,11). The form included 11 questions on 
socio-demographic characteristics (such as age and marriage 
duration) and 8 questions were related to obstetric characteristics 
(the number of prenatal follow-ups and prenatal education class 
attendance). A 10 centimeter (cm) horizontal pain visual analog 
scale (VAS) was used to determine the pain level of the patients. 
The VAS included values of 0-10 and is an extremely simple, 
effective, and repeatable pain severity measurement method. It is 
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often used clinically to rapidly measure the pain severity. A VAS 
score of 1-3.9 is evaluated as “mild pain,” 4-7.9 as “moderate 
pain,” and 8-10 as “severe pain”. Regarding the VAS validity, the 
ease of application is a significant advantage. The answers given 
after repetition of the test at short intervals were similar (15).

The Intervention Program Used in This Study

The birth ball exercise program involved provision of a tutorial 
booklet (of 26 pages) and an educational videocassette (19-min-
long) (16,17). The birth ball exercise program was created 
by obtaining the opinions of the relevant specialists (i.e., 
certified prenatal childbirth specialists, certified nurses, and 
physical therapist) and evaluation of the relevant literature by 
the investigators. The final state of the intervention program 
was developed based on the specialist opinions. The birth ball 
exercise program included 8 exercises in 4 different positions 
(i.e., sitting, standing, knelling, and squatting) (8,11). However, 
before starting the exercise program with the pregnant women, 
the researchers determined the size of the birth balls that would 
be used for the exercise. The height and the leg length of each 
pregnant woman were measured. The size of the birth ball was 
determined according to the leg length of the pregnant woman. 
Two different ball sizes were used in this study (55-cm- and 
65-cm-diameter). Large balls (65-cm-diameter) were used for 
long-legged pregnant women and small balls (55-cm-diameter) 
were used for short-legged women. In order to ensure the safety 
of the women in the intervention group, the balls were fully 
inflated and no objects that could cause injury were left in the 
exercise area.

The investigators informed each intervention group participants 
face-to-face about the exercises program, birth ball exercise 
education, and implementation of the exercise with the required 
positions from the 35th week onward. Exercises and positions were 
performed once a week under the supervision of the investigators 
at the hospital (approximately 20-25 min for each session) to 
ensure the compliance of the women in the intervention group 
and their partners with the exercise program at the beginning. 
The women in the intervention group and their partners were 
also asked to implement the exercises and the positions for 20 min 
at least 3 times in a week at home for approximately 6-8 weeks. 
The questions of the women in the intervention group about 
the birth ball exercise program were answered during the weekly 
hospital training sessions and the prenatal follow-ups conducted 
every 2 weeks. Moreover, the women in the intervention group 
were also informed that they could leave the study if they could 
not implement the birth ball exercise program.

The control group received no birth ball training and performed 
no birth ball exercises. Women in both the groups received 
prenatal care (7-9-times on an average) and the routine hospital 
care during the regular interventions. The progression of the 
fetus through the birth channel, which is characteristics of 
uterine contractions, and the health of the fetuses were followed-
up at frequent intervals during labor in both the groups. Vaginal 
examinations were performed every 2-4 h during the birth to 
determine cervical dilatation by certified nurses and doctors. 

All women and infants received care from the obstetricians and 
nurses in the prenatal and postnatal periods. In addition, each 
nurse routinely followed-up a maximum of 3 pregnant women.

Data Collection

The women meeting the study inclusion criteria were randomly 
divided into 2 groups. The passage of the participants through 
each trial stage is presented in Figure 1. The investigators 
required that the women of both groups visit the hospital when 
they develop uterine contractions at every 15-20 min. The 
cervical dilatation was 2 cm at this point of time, and the women 
who came to the hospital were included in the study groups. 
In addition, routine nursing care was provided by the hospital 
staff to both the groups. The investigators only collected the data 
about the women.

Intervention Group

The investigators were informed by the nurses at the hospital 
delivery room when the women reached the hospital to give 
birth. The cervical dilatation of the women in the intervention 
group was identified after the initial examination. The pregnant 
women were administered the data collection form and the VAS 
by the investigator when the cervical dilatation was 2 cm. The 
cervical dilatation was determined with a vaginal examination 
every 2-4 h, and the fetal condition, duration, frequency, and 
severity of the uterine contractions were routinely followed-
up. Later, the women in the intervention group were provided 
with a birth ball of an appropriate relevant size to implement 
the exercise program during childbirth. The women were 
encouraged to use the most comfortable positions, movements, 
and exercises every hour during childbirth by the nurses. The 
birth ball exercises, movements, and positions were implemented 
under the supervision of certified nurses. Rest intervals were 
allowed when the women were tired. The partners of the women 
acted as passive coaches during the childbirth process. The VAS 
scores of the women in the intervention group were inquired 
and registered in the latent period when the uterine contractions 
developed every 4-5 min and the cervical dilatation was 4 cm. The 
cervical dilatation was expected to reach 6 cm when the uterine 
contractions developed every 2-3 min and to 8 cm when they 
developed every 1-2 min. The VAS scores were registered again 
when the cervical dilatation was 6 cm and 8 cm, respectively.

Control Group

The investigators were informed by the nurses at the delivery 
room of the hospital when the women in the control group 
arrived at the hospital to give birth. The initial examination of 
the women in the control group was performed and cervical 
dilatation was determined, followed by a close follow-up. The 
investigator administered the data collection form and VAS 
while the cervical dilatation was 2 cm. The VAS values were 
registered again when the cervical dilatation was 4, 6, and 8 cm, 
respectively.

The data collection form was completed, and the VAS score was 
registered in both the groups in approximately 10-12 min while 
the cervical dilatation of the participants was 2 cm. The VAS 
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scores were registered at 1-2 min while the cervical dilatation 
was 4 cm, 6 cm, and 8 cm, respectively. All questionnaires 
were administered between these uterine contractions. All the 
questions in the questionnaire and the VAS were read by the 
investigators and answered by the participants.

Ethical Considerations

The data were collected after receiving approval from the hospital, 
and the clinical research ethics committee of a university (study 
no: 99950669/54 on 2016). All women included in the study 
were explained about the purpose of the study. The protocol and 
the procedures to be used (and their advantages/disadvantages) 
were explained to all participants, and their written consent 
to participate in the study were voluntarily obtained. All 
participants were told that they could leave the study at any time 
and that their health care would not be compromised in any case. 
In addition, the nurses and obstetricians in the delivery room of 
the hospital where the study was being conducted were informed 
about the purpose and the method of the study.

Data Analysis

The Statistical Package for Social Sciences (SPSS) version 16.0 
was used for the data management (SPSS Inc., Chicago, IL, 
USA). The means and standard deviations of continual variables 
(VAS level) along with the frequencies and percentages of binary 
variables (sociodemographic and obstetrical variables) were 
computed using the SPSS version 16. The chi-square test (X2) 
and independent t-test were used to analyze the group difference. 
Repeated measurements analysis of variance were used to 
detect whether there were any differences between the pain 
measurements in the intervention and control groups as well as 
to determine the differences among the in group measurements.

Results
A total of 84 women were included in the study at first, 42 each 
in the intervention and control groups. However, some women 
were later excluded from the study due to various reasons such 
as emergency cesarean section (n=9), epidural anesthesia (n=9), 
preterm labor (n=3), post-term labor (n=1), and unwillingness 
to continue the study (n=2) (Figure 1). Twelve women from the 
intervention group and 12 from the control group were excluded 
because their attrition rate was 28.6%. Finally, 30 women from 
the intervention group and 30 from the control group were 
included in the study. No statistically significant difference was 
observed when some of the socio-demographic data [such as age, 
education level, prenatal class attendance, performing Pilates, 
body mass index (BMI), duration of marriage] were compared 
between the women excluded from the study (n=24) and those 
who completed the study (n=60) (p>0.05).

Among the 60 women who completed the study, the mean age 
was 28.4 [standard deviation (SD): 2.8] years. The mean BMI 
was 24.6 (SD: 2.4), and the mean marriage duration was 4.0 
(SD: 0.9) years. All pregnant women were primiparous. It was 
determined that 45% of the women were university graduates, 
50% were housewives, and 55% had a “medium” income. 

Moreover, it was found that 48.3% of the women attended the 
prenatal education classes and 85% did not perform Pilates. 
Some sociodemographic data (such as age, education level, 
prenatal education class attendance, performing Pilates, BMI, 
the duration of marriage) of the women in the intervention and 
control group were compared, with no statistically significant 
difference between the groups (Table 1, p>0.05).

The mean gestational age of the women was 39.6 (SD: 0.8) 
weeks. We found that 61.6% of the women were satisfied with 
the passive coaching of their partner during the childbirth 
process, and 65.0% of the women received induction. Some 
obstetric data (such as gestational age, satisfaction with the 
passive coaching of the partner, and induction) were compared 
between the intervention and control groups; the difference was 
not considered to be statistically significant (Table 2, p>0.05).

VAS score comparisons of the women from the intervention and 
control groups are shown in Table 3 and Figure 2, respectively. 
We detected that birth ball exercise reduced the birth pain. The 
VAS score difference (0.60) between the intervention and control 
groups when the cervical dilation was 2 cm was not statistically 
significant (F=6.141, p=0.016). The VAS score difference (0.80) 
between the intervention group and the control group when 

Figure 1. Passage of participants through each trial stage
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the cervical dilatation was 4 cm was found to be statistically 
significant (F=6.146, p=0.010). The VAS score difference (1.50) 
between the intervention group and the control group when 
the cervical dilatation was 6 cm was also statistically significant 
(F=8.660, p=0.001). In addition, the VAS score difference (2.60) 
between the intervention and control groups when the cervical 

dilatation was 8 cm was found to be statistically significant 
(F=25.870, p=0.001). These results indicate that the pain scores 
of the women in the intervention group who implemented birth 
ball exercises were significantly lower those of the women in the 
control group when the e cervical dilation was 4-8 cm. The pain 
severity was “moderate” in the intervention group, but “severe” 

Table 1. Distribution of some socio-demographic characteristics of the participating women

Some socio-demographic characteristics

Groups

StatisticIntervention
group (n=30)

Control
group (n=30)

n (%) n (%) Statistic p value

Education level

Junior high school 3 (10.1) 5 (16.8)

0.171ᵜ 0.131Senior high school 11 (36.6) 14 (46.6)

University 16 (53.3) 11 (36.6)

Occupation

House wife 12 (40.0) 18 (60.0)
2.400ᵜ 0.121

Working 18 (60.0) 12 (40.0)

Income level

Medium 15 (50.0) 18 (60.0)
0.606ᵜ 0.436

Higher 15 (50.0) 12 (40.0)

Prenatal education class attendance

Yes 16 (53.4) 13 (43.3)
1.286ᵜ 0.238

No 14 (46.6) 17 (56.7)

Performing pilates 

Yes 4 (13.0) 5 (17.0)
0.131ᵜ 0.718

No 26 (87.0) 25 (83.0)

Age (years), mean (SD) 28.1 (2.7) 28.8 (2.9) 0.747* 0.458

Body mass index (BMI), mean (SD) 24.2 (2.3) 25.3 (2.5) 3.606* 0.158

Duration of marriage/(years), mean (SD) 3.9 (0.9) 4.1 (0.9) 0.120* 1.867

SD: Standard deviation, *: Independent t-test; ᵜ: X2

Table 2. Distribution of some obstetric characteristics of the participating women

Some obstetric characteristics

Groups

Intervention
group (n=30)

Control
group (n=30)

Overall
(n=60)

n (%) n (%) n (%) Statistic p value

Gestational age (weeks), mean (SD) 39.5 (0.7) 39.7 (0.8) 39.6 (0.8) 2.144* 0.558

Satisfaction with the passive coaching of the partner

Yes 21 (70.0) 16 (53.3) 37 (61.6) 4.286ᵜ 0.179

No 9 (30.0) 14 (46.7) 23 (38.3)

Induction 

Yes 22 (73.3) 17 (56.6) 39 (65.0)
3.354ᵜ 0.067

No 8 (26.7) 13 (43.4) 21 (35.0)

*: Independent t-test; ᵜ: X2, SD: Standard deviation
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in the control group. Birth ball exercises were therefore found to 
be effective in decreasing childbirth pain in this study (Table 3, 
Figure 2).

Variables such as age, educational level, occupational status, 
income level, prenatal class attendance, performing Pilates, BMI, 
duration of marriage, gestational age, satisfaction from the extent 
of passive coaching provided by the partner, and induction were 
found to have no effect on the pain scores during the childbirth 
process of the women in both the groups.

Discussion
Birth ball exercises are one of the non-pharmacological 
intervention approaches useful in decreasing birth-related pain. 
These methods have been commonly used to control childbirth 
pain, especially in some countries of the Far East and Europe 
in the recent years, with much research as well (13,18,19). 
However, there was no study yet on birth ball exercises in 
Turkey. Therefore, we believe that our study will contribute to 
the literature significantly. Movements in different positions 
such as sitting and squatting relaxes the muscles in the pelvic 
region and decreases the uterine contraction severity in pregnant 
women who are assigned with the birth ball exercise program. 
This exercise program increases the blood flow to the uterus 

and decreases the associated pain (11,19). In addition, pregnant 
women who control their bodies well during an exercise can 
also effectively manage their pain levels (18,20). The soft 
surfaces of the balls used by the pregnant women in the birth 
ball exercise program decreases pain by reducing the pressure 
in the lower region of the back and providing support to the 
perineal region during the movements (8). The pain scores of the 
women in the intervention group were found to be significantly 
lower than those of the women in the control group when the 
cervical dilation was 4-8 cm in our study. The pain severity was 
“moderate” in the intervention group and “severe” in the control 
group. The birth ball exercise was therefore found to be effective 
in decreasing the childbirth-related pain in this study. The results 
of a randomized controlled study by Gau et al. (8) on 87 women 
also supported our results. Gau et al. (8) reported that the use of 
birth ball exercise can shorten the birth duration and decrease the 
need for epidural anesthesia and the related cesarean birth rate. 
Childbirth pain and the need for analgesia were found to decrease 
significantly after incorporating birth ball exercises in another 
study conducted by Leung et al.  (11). Birth ball exercises has 
been found to be effective in the management of childbirth pain 
in several other studies as well (3,12,14,19). Our study results are 
similar to those reported in the literature.

Conclusion

The VAS scores of the women in the intervention group who 
were assigned with birth ball exercises were found to be lower 
than those of the women in the control group with a statistically 
significant difference (p<0.05). The exercises were therefore 
found to be effective in decreasing the associated childbirth 
pain. Birth ball exercises can therefore be an alternative non-
pharmacological intervention method in decreasing the childbirth 
pain. We therefore recommend the use of this exercise program 
by certified health professionals for the control or management 
of childbirth pain in the delivery room.

Ethics 

Ethics Committee Approval: The data were collected after 
receiving approval from the hospital, and the clinical research 
ethics committee of a university (study no: 99950669/54 on 
2016).

Figure 2. VAS score of the intervention and control groups

VAS: Visual analog scale

Table 3. VAS score comparisons of the women between the intervention and control groups

VAS score

Groups

OverallIntervention group Control group

Mean SD   Mean SD   Mean SD F p†

VAS (2 cm)   2.9 0.8   2.3 1.0  2.6 0.9 6.141 0.016

VAS (4 cm)   4.7 0.9   5.5 0.9  5.1 0.9 6.146 0.010

VAS (6 cm)   5.4 1.2   6.9 0.9  6.1 1.1 8.660 0.001

VAS (8 cm)   6.3 0.8   8.9 1.2   7.6 1.0 25.870 0.001

VAS: Visual analog scale, SD: Standard deviation, †: Variance analysis
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ABSTRACT ÖZ

Türk Primipar Kadınlarda Anne-Bebek İlişkisinin Vajinal Doğum ve Sezaryene 
Göre Karşılaştırılması

Comparison of Mother-Infant Relationship in Turkish 
Primiparous Women in Accordance with Vajinal Birth and 
Cesarean Section

Amaç: Doğumdan sonraki ilk günlerde başlayan anne bebek ilişkisi 
bebeğin gelecekteki yaşamını etkilemektedir. Bundan dolayı bu 
çalışmada anne-bebek ilişkisinin vajinal doğum ve sezaryene göre 
karşılaştırılması amaçlanmıştır.
Yöntemler: Prospektif tanımlayıcı tipte yapılan çalışma, gerekli 
izinler alındıktan sonra 300 primipar kadın ile gerçekleştirilmiştir. 
Örneklem, vajinal doğum (n=100), acil sezaryen (n=100) ve elektif 
sezaryen (n=100) olmak üzere üç gruba ayrılmıştır. Veri toplama 
aracı olarak Tanıtıcı Özellikler Formu, Maternal Bağlanma Ölçeği 
(MBÖ), Yenidoğanı Algılama Ölçeği (YAÖ) ve Doğum Sonrası 
Ebeveynlik Davranışı Ölçeği (DSEDÖ) kullanılmıştır.
Bulgular: Annelerin ortalama MBÖ skoru 96,6±5,58’dir. Annelerin 
%83,7’si bebeklerini pozitif olarak algılarken, %16,3’ü (YAÖ’ye 
göre) bebeklerini olumsuz olarak algılamıştır. MBÖ, YAÖ ve doğum 
şekli arasında istatistiksel olarak anlamlı bir ilişki bulunmamıştır 
(p>0,05). Annelerin ortalama DSEDÖ skoru 3,24±1,59’dir. 
(DSEDÖ gruplara göre; vajinal doğum (VD) =3,62±1,57, acil 
sezaryen =2,84±1,52, elektif sezaryen =3,28±1,60). VD yapan 
annelerde, ortalama DSEDÖ skoru, acil sezaryen olan annelere göre 
daha yüksek bulunmuştur (p=0,001).
Sonuç: Doğum şeklinin doğum sonrası dönemde ebeveynlik 
davranışını etkilediği sonucuna varılmıştır.
Anahtar Sözcükler: Bağlanma, doğum şekli, anne-bebek ilişkisi, 
ebeveynlik, algılama

Objective: The relationship between the mother and the infant 
begin on the first day of birth and that affects the future life of 
the infant. Thus, the aim of the present study was to compare the 
mother-infant relationship between women who had vaginal birth 
and those who had cesarean section.
Methods: This prospective descriptive study was conducted on 300 
primiparous women after obtaining the necessary permission. The 
study sample was categorized into 3 groups: vaginal delivery (VD; 
n=100), emergency cesarean section (EmCS; n=100), and elective 
cesarean section (ElCS; n=100). The Descriptive Characteristics 
Form, Maternal Attachment Scale (MAS), Neonatal Perception 
Inventory (NPI), and Postpartum Parenting Behavior Scale (PPBS) 
were used as the data collection tools.
Results: The mean MAS score of the mothers was 96.6±5.58; 
83.7% of the mothers perceived their babies as positive and 16.3% 
as negative (according to the NPI). No statistically significant 
relationship was noted among the MAS, NPI, and the mode 
of delivery (p>0.05). The mean PPBS score of the mothers was 
3.24±1.59 (mean PPBS score by groups; VD =3.62±1.57, EmCS 
=2.84±1.52, ElCS =3.28±1.60). Mothers who had VD showed 
higher mean PPBS scores than those who had EmCS (p=0.001).
Conclusion: Our results suggest that the mode of delivery affects 
the parenting behavior during the early postpartum period.
Keywords: Attachment, mode of delivery, mother-infant 
relationship, parenting, perception
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Introduction
Postpartum period is a significant milestone in the protection 
and development of family and community health which 
involves physical, social, and emotional changes (1). During this 
period, the mother develops a deep psychological and biological 
relationship with the infant. This relationship, which begins in 
the first days of life for the baby, forms the basis of the mother-
infant relationship to be formed in the future. In addition, the 
mother-infant relationship affects the emotional and social 
development of a baby throughout the life, starting from the 
infancy. In addition, it makes has significant contributions to 
boasting the self-confidence and problem-solving abilities of the 
child by affecting his or her relationship with people and their 
psychological state (2). The mother-infant interaction is closely 
related to attachment, parenting behavior, and maternal neonatal 
perception.

Attachment is a life experience that begins with the first contact 
between the mother and baby, and it continues throughout 
the postpartum period, with predominating emotional aspects 
(3). Reflexes of the newborn observed immediately after birth 
in the form of capture, sucking, searching, finger sucking, and 
orienting toward mother are defined as attachment behavior 
(4). Generally, the mother and the infant stay together during 
the first few minutes of birth, during which time, the mother 
sees the infant, touches him/her, and initiates the interaction; 
this interaction positively affects her perception of the baby (5). 
The parents’ behaviors, such as talking to the infant, making 
eye contact, touching infant’s hands and feet, caressing, and 
examining the baby are considered as parenting behaviors, which 
provides important clues about the attachment process between 
mother and the infant (6). Since infancy is the fastest period of 
development, the relationship that the infant establishes with the 
caregiver during this period is of great importance for his/her 
development in the entire life.

The following factors affect the formation and development 
of maternal attachment: separation from the infant for any 
reason (such as prematurity and routine procedures) (7,8), 
unplanned pregnancy, and unwanted pregnancy (9,10), any 
disorder following the mode of delivery, fatigue (11,12), mode 
of delivery (13,14), maternal complications (15,16), and support 
systems, among others (17,18). Weak interactions affect an 
infant’s cognitive, social, and emotional development as well as 
the physical health and interpersonal relationships, which can 
cause long-term issues (2). Therefore, it is believed that early 
intervention in the mother-infant relationship is an appropriate 
approach to prevent problems that may occur in establishing 
the mother-infant attachment later (19). Implementations such 
as breastfeeding as quickly as possible, mother and the infant 
sharing the same room, kangaroo care, getting social support, 
and giving infant massage, among others play an important role 
in the development of mother-infant attachment (20).

On the other hand, mothers face some difficulties while trying 
to interact with the newborn in the postpartum period. When 
considering the mode of delivery, it has been noted that women 

with cesarean section experience more physical and psychological 
issues in the postpartum period than women who had vaginal 
delivery (VD) (21,22). Women with VD need less help in 
meeting their personal care and needs. She can start breastfeeding 
shortly after birth, which facilitates the initiation of the mother-
infant relationship. However, women who have cesarean section 
face difficulties in taking care of the baby and breastfeeding, 
in taking care of their own in attaching to the infant, they also 
face the discomfort due to seeing their baby late, along with the 
guilt of not fulfilling their roles and responsibilities (23-26). In 
the study by Cooklin et al. (27), the mothers in the postpartum 
period (n=229) were evaluated in terms of their physical health 
symptoms during the first, second, third, fourth, and eighth 
weeks of birth. The pain was persistent in one-fifth of all women 
who had a cesarean section and in one-third of those who had 
VD; the latter stated that the pain was relieved within 2 months. 
Moreover, one-fifth of all women reported having no pain in the 
third week. In addition, the postpartum fatigue levels of women 
with cesarean section were greater than those of women who 
delivered vaginally and faced difficulties in infant care activities. 
In addition, it has been reported that maternal attachment level 
decreases as the postpartum fatigue level increases (11,12). In the 
study conducted by Erbas (25), in order to determine the health 
problems experienced by women during the postpartum period 
based on the mode of delivery, breastfeeding, nutrition, domestic 
relations, and pain problems were noted more frequently in 
patients with cesarean section than in those with VD, and the 
difference was found to be significant.

Healthy social relationships begin with a positive emotional 
attachment between the mothers and their infants. The 
foundations of this emotional attachment are based on the early 
postpartum period (2). In the recent years, the increased rates of 
cesarean section suggest that the mode of delivery possibly has 
an effect on the maternal-infant attachment. Therefore, mother-
infant attachment has become a major issue in the postpartum 
care, essentially for primiparous women. Understanding neonatal 
perception, maternal attachment, and parenting behavior related 
to the mode of delivery would help nurses and midwives to 
counsel women during the postnatal support care so as to 
improve the quality of maternal and infant care. However, there 
are only a limited number of studies on postpartum maternal-
infant interaction in Turkey. Thus, the aim of the present study 
was to compare the mother-infant relationship in accordance 
with to the mode of delivery.

Method
Type of Study

We employed a prospective descriptive study design to 
determine the relationship among neonatal perception, maternal 
attachment, parenting behavior, and the mode of delivery in 
primiparous women who were referred to a private hospital.

Population and Sample

A total of 300 primiparous women aged 18-49 years who did 
not have any medical problems that could affect the maternal 
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and infant health during the postpartum period were included 
in the study. The study subjects was admitted to the obstetrics 
clinic of the largest hospital on the European side of Istanbul 
and a private hospital with approximately 5,000 annual birth 
rate. The number of population was calculated as 2,436, and the 
minimum sample size was 224 with a simple random sample size 
estimation formula. The G *Power 3.1.9.2 program was used for 
post-hoc power analysis. The influence size was 0.21 according 
to the PPBS scores between the groups. The power obtained for 
the alpha 0.05 based on the sample numbers of vaginal delivery  
group (n=100), emergency cesarean group (n=100), and elective 
cesarean group (n=100) was found to be 91%. The percent of 
power calculated in the study provides the desired statistical 
power excessively. A total of 21 women were excluded from the 
study because of missing data (postpartum women did not return 
within 30 days for the NPI II) and because of their unwillingness 
to continue the research.

Sample Selection Criteria: Age of least 18 years, first-time 
pregnant women, who gave birth at term (37-42 gestational weeks), 
singleton pregnancy, without any health issues, volunteering to 
participate in the study, not having any communication disorder, 
and comprehension disorder individuals.

Exclusion Criteria: Preterm delivery, multiple pregnancy, infant 
health problem, communication disorder, and individual with 
impaired understanding.

Data Collection Tools

Collection of research data was achieved by means of the 
Descriptive Characteristics Form, Maternal Attachment Scale 
(MAS), Neonatal Perception Inventory (NPI), and Postpartum 
Parenting Behavior Scale (PPBS).

Descriptive Characteristics Form: This form consisted of 15 
questions, 4 on sociodemographic characteristics and 11 on 
obstetrics characteristics.

Maternal Attachment Scale (MAS): This scale was developed 
by Muller  (28) to measure loving maternal attachment. The 
validity and reliability of the scale were tested by Kavlak and 
Şirin (8). The scale consisted of 26 items. Each item is scored 
on a Likert-type scale from 1 to 4, where 1 indicates = seldom, 
2= sometimes, 3= very often, and 4= always, and the item total 
score was evaluated. A high mean score indicates a high level 
of maternal attachment, while a low mean score indicates a 
low level of maternal attachment. Cronbach alpha values were 
reported to be 0.77 in a previous study (8), while it was 0.83 in 
the present study.

Neonatal Perception Inventory (NPI) (I and II): It was 
developed in 1971 by Broussard and Cassidy to measure mothers’ 
perception of their infants. As a result of the measurement, the 
existing problems in the expectation and relationship with the 
infant of the mother are determined and risky infants that may 
develop emotional disorders in the future were identified. The 
validity and reliability study of the Turkish version of the NPI 
was conducted by Balci (29) in 1997 in our country. The data 

to be obtained from the NPI was calculated by a researcher in 
accordance with the scale’s directive and the “mother’s perception 
of the infant score” was obtained. Although the mother’s 
perception of her infant score was obtained, the total score of 
“your infant forms” was deducted from the total score obtained 
from “any infant forms.” A total score of ≤0 was deemed as a 
negative perception, while that above 0 was accepted as a positive 
perception. The NPI-I form was used in a face-to-face interview 
of the mother in the first days of birth. II. form was filled by 
getting in touch with the mothers through phone when the 
infant was aged 30 days. The Cronbach alpha values obtained in 
the present study were 0.827.

Postpartum Parenting Behavior Scale (PPBS): It was developed 
in 2001 by Britton et al. (30) to evaluate the parenting behavior 
toward infant during the first encounter with the infant after 
birth. The validity and reliability of the Turkish version of the 
scale was performed by Calisir  et al. (31) in 2009 in Turkey. 
In the application of the scale, during the first 10 min of the 
encounter of the mother with the infant after birth, the observer 
observed that the behaviors of the mother toward the infant was 
in accordance with the articles specified in the “PPBS,” and the 
existing behavior was marked with (+) and missing behavior with 
(-) and these marks were recorded. For each article of the 6-item 
scale, the observed behavior was evaluated as one (1) point and 
the unobserved behavior as zero (0) points. The total score of the 
scale is 0-6 points. The higher total score obtained from the scale 
indicated more positive parenting behavior toward the infant. 
The Cronbach alpha values obtained in the present study were 
0.702.

Data Collection

Primiparous women who were admitted to the obstetrics clinic 
and who were deemed suitable as per the sample selection criteria 
were provided with information regarding the research, and 
their written and verbal consent were obtained. Data collection 
was started in January 2017 and continued until the required 
number of samples were reached and, finally, discontinued in 
June 2017. First, PPBS was implemented after an observation by 
the researcher during the first encounter of the mother and infant 
after the birth. Next, NPI I was implemented on the postpartum 
days 1-2. On day 30, MAS and NPI II were implemented. Each 
interview took 15-20 min.

Ethical Considerations

Researchers obtained a written approval from the ethics committee 
of the İstanbul Medipol University and the participants before 
beginning the data collection process. Written informed consent 
form was obtained from the participants (protocol number 
2016/497).

Data Analysis

While evaluating the findings, IBM SPSS Statistics 22 for 
statistical analysis (SPSS IBM, Turkey) program was employed. 
Descriptive statistical methods when evaluating the study data; 
Student’s t-test and Mann-Whitney U test were used for the 
comparison between the two groups. Kruskall-Wallis and One-
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Way analysis of variance tests were performed to compare the 
data between more than 2 groups, while Turkey HSD tests were 
used to determine the group causing the difference. Chi-square 
test was used to evaluate the qualitative data. Pearson’s correlation 
was performed to determine the relationship of dependent 
variables on each other.

Results
Findings on the Descriptive Characteristics of the 
Participating Mothers

The ages of the mothers ranged 21-38 years (mean age: 
27.46±35.2 years). In addition, 65.7% (n=197) of the mothers 
who participated in the study had bachelor-master’s degree, and 
51.7% (n=155) of them were employed. In terms of income, 77% 
(n=231) had low-moderate income. According to the obstetric 
history, 85% (n=255) were primigravida, 86.0% (n=258) had 
a planned pregnancy, and 11.7% (n=35) had a miscarriage/
curettage history.

There was a significant difference between the age groups and 
the delivery mode (p<0.05). Vaginal birth rates of mothers aged 
<25 years and elective cesarean rates of mothers >30 years were 
found to be high. A significant relationship was noted between 
the income status and the mode of delivery, with women with 
higher income opting for elective cesarean section (ElCS). No 
significant relationship among the education level, working 
status, the number of pregnancies, miscarriage/curettage, and 
planned pregnancy with the delivery mode (p>0.05) (Table 1).

Findings on Neonatal Perception Inventory 

In terms of the perception status, 16.3% of all mothers 
perceived their infant as negative, while 83.7% perceived them 
as positive. No significant relationship was noted between the 
mode of delivery and the perception status (p>0.05) (Table 2). 
In addition, no significant relationship was noted between the 
mothers’ perception status and the descriptive characteristics of 
the mothers according to the results of the scores received from 
NPI (p>0.05).

Table 1. Descriptive characteristics

Vaginal
delivery

Emergency
C-section

Elective
C-section

Total
Statistical test and 
significance

n (%) n (%) n (%) n (%)  x2 p

Age

18-24 years 29 (44.6) 24 (36.9) 12 (18.5) 65 (21.7)

16.298 0.00325-29 years 48 (31.6) 56 (36.8) 48 (31.6) 152 (50.7)

30-39 years 23 (27.7) 20 (24.1) 40 (48.2) 83 (27.7)

Education

Primary school 8 (34.8) 7 (30.4) 8 (34.8) 23 (7.7)

1.824 0.768
High school 22 (27.5) 30 (37.5) 28 (35.0) 80 (26.7)

Bachelor-mMaster 
degree

70 (35.5) 63 (32.0) 64 (37.5) 197 (65.7)

Working status
Yes 53 (34.2) 51 (32.9) 51 (32.9) 155 (51.7)

0.107 0.948
No 47 (32.4) 49 (33.8) 49 (33.8) 145 (48.3)

Income status
Low-moderate 83 (35.9) 81 (35.1) 67 (29.0) 231 (77.0)

8.583 0.014
High 17 (24.6) 19 (27.5) 33 (47.8) 69 (23.0)

Number of 
pregnancies

Primigravida 89 (34.9) 83 (32.5) 83 (32.5) 255 (85.0)
1.882 0.390

Multigravida 11 (24.4) 17 (37.8) 17 (37.8) 45 (15.0)

Miscarriage/
curettage

Yes 8 (22.9) 12 (34.3) 15 (42.9) 35 (11.7)
2.394 0.302

No 92 (34.7) 8 (33.2) 85 (32.1) 265 (88.3)

Planned of 
pregnancy

Planned 83 (33.7) 88 (34.1) 83 (32.2) 258 (86.0)
1.163 0.559

Unplanned 17 (31.0) 12 (28.6) 17 (40.5) 42 (14.0)

Chi-square test, Fisher’s exact test

Table 2. Comparison of the mothers’ perception status toward infants in reference to the mode of delivery

Status of perception
Vaginal delivery
(n=100)

Emergency C-section
(n=100)

Elective C-section
(n=100)

Statistical test and 
significance

Number % Number % Number % x2 p 

Negative perception

(Negative or 0 score)
14 14.0 15 15.0 20 20.0

1.512 0.469
Positive perception

(Positive score)
86 86.0 85 85.0 80 80.0

chi-square test
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Findings on Maternal Attachment Scale 

The mean MAS score of the mothers was 96.6±5.58. The 
mean MAS score was 96.17±5.99 in mothers who delivered 
vaginally, 96.95±5.62 in those who delivered via emergency 
cesarean section (EmCS) and 96.68±5.12 in mothers with ElCS, 
respectively. There was no significant difference between delivery 
mode and mean MAS score (p>0.05) (Table 3). However, the 
mean MAS score of primary school mothers was found to be 
significantly lower than the mothers with high school and higher 
education level (p<0.05). The mean score of MAS: primary 
school graduates =93.82±6.04, high school-associate degree 
=96.97±5.60, undergraduate-graduate =96.77±5.45, p=0.044). 
There was no significant difference between age, working status, 
income status, number of pregnancies, history of miscarriage/
curettage, pregnancy planning with the mean MAS score 
(p>0.05).

Findings Findings on Postpartum Parenting Behavior Scale 

The mean score of PPBS of the mothers was 3.24±1.59. The mean 
score of PPBS of the mothers was 3.62±1.57 in VD, 2.84±1.52 
in EmCS, and 3.28±1.60 in ElCS. There was a statistically 
significant difference between the mode of delivery and the mean 
PPBS of the mothers score of the mothers (p=0.002). Mothers 
who had VD had higher mean scores of PPBS than mothers who 
had EmCS. (p<0.01) (Table 4).

Correlation

Correlation analysis between the mean PPBS score and the mean 
MAS score was found to be positively weak (r=0.289, p=0.0001) 
(Table 5).

No correlation was noted between the mean score of the NPI and 
the mean score of the MAS (r=0.109, p=0.060) (Table 6).

Table 3. Comparison of score average of MAS of mothers by mode of delivery

Score average of Maternal Attachment Scale

Vaginal delivery
(n=100)

Emergency 
C-section
(n=100)

Elective C-section
(n=100)

Statistical test and significance

Score average of Maternal 
Attachment Scale =96.6±5.58

 ± SD

(min-max)

 ± SD

(min-max)

 ± SD

(min-max) F p

96.17±5.99

(81-104)

96.95±5.62

(84-104)

96.68±5.12

(82-104)
0.502 0.606

min: Minimum, max: Maximum, SD: Standard deviation

Table 4. Comparison of score average of PPBS averages of mothers by mode of delivery

Score average of Postpartum Parenting Behavior Scale

 
Vaginal delivery
(n=100)

Emergency 
C-section
(n=100)

Elective C-section
 (n=100)

Statistical test and significance

 ± SD 

(median)

 ± SD

(median)

 ± SD

(median)
KW p 

Postpartum Parenting 
Behavior Scale

3.62±1.57

(3.0)

2.84±1.52

(3.0)

3.28±1.60

(3.0)
12.039 0.002

Kruskall-Wallis, SD: Standard deviation, PPBS: Postpartum Parenting Behavior Scale

Table 5. The relationship between MAS and PPBS

Maternal Attachment Scale Average

r p 

Postpartum Parenting Behavior Scale 0.289 0.0001

Pearson’s correlation, MAS: Maternal Attachment Scale, PPBS: Postpartum Parenting Behavior Scale

Table 6. The relationship between MAS and NPI

Maternal Attachment Scale Average

r p 

Neonatal Perception İnventory average 0.109 0.060

Pearson’s correlation, MAS: Maternal Attachment Scale, NPI: Neonatal Perception İnventory
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Discussion
Attention was paid to ensure that the study groups were 
homogeneous. Nevertheless, some differences were detected 
between the groups of different delivery methods. Women who 
had cesarean section were older, and women with higher family 
income had more number of cesarean sections (32). Similarly, 
elderly women with high financial income (33) reported that 
they prefer to undergo cesarean section more rather than VD. 
In addition, in the Turkey Demographic and Health Survey 
(TDHS) 2018, it was stated that the cesarean rates were highest 
among mothers with the highest educational level (63%) and 
of those mothers who live in the highest welfare households 
(68%) (34). Although the highest rate of cesarean section is 
recommended by the World Health Organization (WHO) as 
15%, the cesarean rates continue to increase dramatically across 
the world and the country. Turkey is a country with a high rate of 
cesarean section. According to the WHO 2015 report: Cesarean 
section is performed more in countries such as primarily Brazil, 
South America countries, Cyprus, Egypt, Iran, Chile, and 
Turkey. This ratio is 37% in Turkey (35). When the TDHS 2018 
was examined, 37% of cesarean section rate in 2008 increased to 
52% in 2018 in Turkey. In addition, 54% of the first deliveries 
were performed by cesarean section (34).

The positive perception of mothers toward her infant constitutes 
the beginning of a quality mother-infant relationship and 
contributes to the growth and development of the infant. If the 
mother’s perceptions about her infant do not develop positively, 
the mother will not benefit from prenatal care adequately 
and will hence risk both her and the infant’s health (29). The 
positive perception of the infant with the mother is the positive 
connection between the mother and the infant whereby effective 
communication is established. In our study, it was observed 
that there was no significant relationship between the mode of 
delivery and the mothers’ perception of their infants (p>0.05). In 
the study performed by Cakir and Alparslan (36), 230 mothers 
and newborns were included in the study in order to determine 
the effect of delivery mode on mother-infant interaction, and 
a mother’s perception of her newborn. Similar to our findings, 
no significant difference was noted between the delivery mode 
and the perception attitude of mothers on the newborn (36). 
However, a few studies in the literature indicated that negative 
perception of the infant causes the development of insecure 
attachment during infancy and adulthood (19,37). Therefore, it 
is believed that the positive perception of the mother toward her 
infant may be a factor affecting the mother-infant relationship 
and that the factors affecting the perception should be examined. 
However, examination of the literature yielded that studies 
investigating the factors affecting the perception of newborn 
perception of mothers is limited, warranting more studies.

In the study, when the mean score of MAS of the mothers was 
examined according to the mode of delivery, the mean MAS 
score was 96.6±5.58. These averages were 96.17±5.99 in VD, 
96.95±5.62 in EmCS, and 96.68±5.12 in ElCS (Table 3). In 
the study of Kavlak and Şirin  (8), which performed the Turkish 
adaptation of the MAS, the mean MAS score reported for 165 

mothers, was 94.74±6.23 for mothers with a 1-month-old infant. 
In the study conducted by Alan and Ege (17) to determine 
the effect of social support on maternal attachment, the mean 
maternal attachment score was found to be 96.53±9.25. Our 
findings are similar to those performed by other researches. No 
significant difference was noted between the delivery mode and 
the mean MAS score (p>0.05). Cinar et al. (18) conducted a 
study in order to determine the relationship among maternal 
attachment, perceived social support, and breastfeeding 
adequacy, indicating no significant difference between the mode 
of delivery and maternal attachment. The literature findings 
support the present research findings (5,11,14). Unlike our 
findings, Reenen and Rensburg (38) and Zanardo et al. (39) 
reported that unplanned cesarean section negatively affects the 
attachment status. It is believed that the difference between the 
findings is attributable to the social structure we live in.

It is believed that women who undergo cesarean section experience 
frustration, stress, and dissatisfaction and that cesarean section 
adversely affects the mother-infant interaction and therefore 
poses a risk for infants (40). In the present study, when the mean 
scores of PPBS of the mothers were examined in accordance with 
the mode of delivery, the mean score of women who had VD was 
statistically significant and higher than that of women who had 
EmCS (p=0.002). The fact that mothers who give vaginal birth 
start to breastfeed shortly after the delivery, enabling skin to skin 
contact, whereby the infant reinforces the interaction with the 
mother. However, problems such as pain, effect of anesthesia, 
and physical limitations caused by cesarean section, which is a 
surgical intervention, complicate the mother-infant interaction 
(11,20,24). This is an expected consequence considering the 
negative effects of cesarean section. Unlike our findings, Koc 
et al. (41) stated that the mean PPBS scores of mothers who 
underwent cesarean section were significantly higher than those 
of women who had VD. The reason for the difference is believed 
to be due to the type of anesthesia applied in the cesarean section. 
However, the type of anesthesia was not considered in the study 
performed by Koc et al. (41)

In a correlational analysis, a weak positive relationship was noted 
between the mean score of MAS and the mean score of PPBS 
(r=0.289, p=0.0001). Britton et al. (30) reported that mothers 
with a high mean PPBS score exhibited safe attachment behavior. 
No significant correlation was noted between the mean score of 
the NPI and the mean score of the MAS.

Study Limitations

The results of the present study are limited by the sample size 
and the institutions in the scope of the research. In addition, 
it is believed that the factor of pain may have an effect on the 
parenting behavior of mothers during the postpartum period. 
Therefore, it is recommended to work with the addition of pain 
assessment to the variables.

Conclusion
It is believed that the results of the present study will provide 
important information to facilitate researchers and guide future 
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researches. We noted that the mode of delivery did not affect 
the maternal attachment and a mother’s perception of her 
newborn, although it affected the parenting behavior in the 
early postpartum period. Positive parenting behavior positively 
affects the formation of maternal attachment. In line with the 
results obtained from the present research, we recommend the 
following:

• In the prenatal period, the mother and father candidates 
should be informed about the attachment between the mother 
and the infant, and the points that will support the formation 
and development of the attachment should be clearly indicated.

• As long as there is no health problem, nurses should encourage 
women to give vaginal birth.

• Trainings should be provided to help mothers to get used 
to this period by providing trainings on problems that may be 
encountered in the postpartum period, such as infant care and 
breastfeeding.

• In the early postpartum period, nurses should carefully 
monitor the mother’s behavior toward her infant in order to 
evaluate the mother-infant interaction.

• The nurse should consider the family as a whole, define 
the social support systems of the mother, and ensure that the 
mother and the newborn are supported in their needs, along 
with eliminating the elements that can prevent the interaction 
between the mother and the infant.
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ABSTRACT ÖZ

Objective: Decreased quality of life is an important state in 
which patients with acute coronary syndrome (ACS) frequently 
experienced. Thus, measuring the quality of life of these patients is 
necessary. This study aimed to translate, cross-culturally adapt, and 
psychometrically test the Turkish version of the Multidimensional 
Index of Life Quality in patients with ACS.
Methods: The study sample consisted of 370 patients with ACS 
who were admitted to a university hospital between October 2010 
and June 2011. In this cross-sectional study, backward and forward 
translation methods were used between the Turkish and English 
version of the scale. The following psychometric properties were 
evaluated: content validity, exploratory and confirmatory factor 
analyses, Cronbach’s alpha coefficient, test–retest analysis, and 
equivalent forms method.
Results: Goodness-of-fit index (GFI) results of the confirmatory 
factor analysis indicated that the a priori hypothesized nine-factor 
model had a non-acceptable fit in the sample based on the following: 
χ2=1854.58, df=523, χ2/df=3.54; p<0.001; root mean-square error 
of approximation = 0.09, standardized root mean residual =0.09, 
normed fit index (NFI) =0.81, non-NFI =0.84, GFI =0.71; adjusted 
GFI =0.65. The exploratory factor analysis showed six components 
with an eigenvalue of  >1.0, explaining 69.7% of the cumulative 
variance. Cronbach’s alpha coefficient was 0.94 for the total scale. 

Amaç: Akut koroner sendromlu (AKS) hastalarda azalmış yaşam 
kalitesi önemli bir durumdur. Bu nedenle, hastalar için yaşam 
kalitesi ölçümlerinin yapılması yararlıdır. Bu çalışmada, AKS’li 
hastalarda çok boyutlu yaşam kalitesi indeksinin Türkçe’ye çeviri 
ve kültürlerarası uyarlama yapılması ve psikometrik olarak test 
edilmesi amaçlanmıştır.
Yöntemler: Araştırmanın örneklemini bir üniversite hastanesine 
Ekim 2010 ve Haziran 2011 tarihleri arasında başvuran 370 AKS’li 
hasta oluşturmuştur. Kesitsel tipteki çalışmada ölçeğin Türkçe ve 
İngilizce fomları arasında ileri-geri çeviri yöntemleri kullanılmıştır. 
Psikometrik özellikler kapsam geçerliği, açımlayıcı ve doğrulayıcı 
faktör analizi, Cronbach’s alfa katsayısı, test-tekrar test analizi ve 
eşdeğer formlar yöntemi kullanılarak değerlendirildi.
Bulgular: Doğrulayıcı faktör analizinin uyum indeksi sonuçları, 
ölçeğin önceden belirlenmiş dokuz faktörlü model yapısını 
doğrulamadı: χ2 =1854.58, df =523, χ2/df =3,54; p<0,001; 
RMSEA =0,09, SRMR =0,09, NFI =0,81, NNFI =0,84, GFI 
=0,71; AGFI =0,65. Açımlayıcı faktör analizi, özdeğeri 1,0’ın 
üzerinde olan ve toplam varyansın %69,7’sini açıklayan altı bileşen 
ortaya çıkarmıştır. Cronbach’s alfa katsayısı toplam ölçek puanı için 
0,94 olarak bulunmuştur. Test-tekrar test analizi, ölçeğe uygulanan 
birinci ve ikinci test arasında anlamlı bir ilişki göstermiştir (r=0,88, 
p<0,001).
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Introduction 
Cardiovascular diseases (CVDs) are the primary cause of 
mortality worldwide. Acute coronary syndrome (ACS) among 
CVDs is responsible for 17.7 million deaths in 2015 (1) and 
is the most common cause of chest pain and emergency room 
admissions (2). ACS occurs due to inadequate blood circulation 
or atherosclerotic plaque rupture in the coronary arteries (3). 
ACS has three clinical manifestations based on the differences 
in diagnosis and treatment process: unstable angina, non-ST 
segment elevation myocardial infarction, and STEMI (4,5). 
It is also a major health problem in Turkey. Among CVDs, 
ischemic heart diseases ranked first with approximately 64,000 
deaths, which accounted for 38.4% of all deaths in 2018 (6). 
The increasing incidence of ACS and the high number of deaths 
reveal the social importance of this disease.

ACS is a debilitating health problem that causes various 
biopsychosocial complications (7). Despite being physically, 
mentally, and emotionally healthy in the first few months after 
an acute cardiac event (8,9), patients can have poor health-
related quality of life (HRQoL) in the succeeding years (10). 
In addition, patients’ feelings and attitudes about life may 
change and decreased QoL can be observed, which is a part of 
the subjective well-being of the HRQoL (11). Decreased QoL 
is usually related to individual judgments about factors such as 
consequences of coronary invasive and surgical interventions for 
ACS, changes in the vascular structure and body organs with age, 
physical discomfort associated with chest pain, management of 
risk factors, effects of cardiac medication, uncertainty, difficulties 
in returning to work, perceived social support, and coping 
(7,8,10). Therefore, it is useful that QoL is measurable.

HRQoL measurements that are frequently examined in Turkish 
studies are an important issue. Several general (EuroQol-5 
Dimension, Nottingham Health Profile, 36-Item Short Form 
Survey, World Health Organization Quality of Life Instruments) 
and disease-specific instruments [Quality of Life Index-
Cardiac Version, MacNew, Myocardial Infarction Dimensional 
Assessment Scale-Turkey (MIDAS-TR)] have been used to 
assess different domains of HRQoL in patients with CVDs (12). 
However, they are less focused on the life satisfaction aspect. The 
multidimensional index of life quality (MILQ) is a general QoL 
instrument (13), and only its Dutch translation has been made 
from the original language (14). Studies have shown its use in 
patients with ACS (9,15) as well as in various clinical situations 

or different populations (16-19). Through nine subdimensions, 
a multidimensional measurement of HRQoL is feasible with 
MILQ.

Therefore, MILQ can be administered to patients with ACS 
in Turkey. Through MILQ, the functional status and the 
emotional, cognitive, psychological, socioeconomic, and 
behavioral responses of individuals with ACS can be evaluated 
multidimensionally. Unlike other measurement tools, MILQ 
measures life satisfaction including relationship with health 
professionals. The use of the scale in these patients may contribute 
to determining the effects of the disease and its treatment on the 
daily lives of the individuals. The obtained results may contribute 
to the nursing care process and may direct nursing interventions. 
Therefore, MILQ, whose original study has been carried out in 
the USA and its original language is English, was translated into 
Turkish by using standard translation methods. This study aimed 
to translate, cross-culturally adapt, and psychometrically test the 
Turkish version of the MILQ in patients with ACS.

Methods
Settings and Participants

The Turkish version of the MILQ was administered in 370 
patients. Adult patients with ACS from three cardiology clinics 
of the university hospital in South Turkey were invited to 
participate. For inclusion, patients should be 18-65 years old 
and do not have a chronic disease such as diabetes and chronic 
respiratory disease. Data were collected by the researcher between 
October 2010 and June 2011 through face-to-face interview 
with patients with ACS who met the sample criteria and agreed 
to participate in the study.

Instruments

The MILQ was developed by Avis et al. (13), which includes 
35 items in the following nine subdimensions: mental health, 
physical health, physical functioning, cognitive functioning, 
social functioning, intimacy, productivity, financial status, and 
relationship with health professionals. Each sub-dimension has 
four items, but one item is included in two domains. MILQ has 
a seven-point Likert scale that ranges from 1 (very dissatisfied) 
to 7 (very satisfied). Its scores range from 4 to 28 for each sub-
dimension, with higher scores showing better functioning or 
status. Cronbach’s alpha coefficient is 0.89 for the total scale, 
and the sub-dimension coefficients range from 0.62 to 0.93.

The test-retest analysis found significant correlation between the 
first and second tests of the scale (r=0.88, p<0.001).
Conclusion: The findings showed that the scale can be used to 
determine the level of the quality of life of Turkish patients with 
acute coronary syndrome.
Keywords: Multidimensional index of life quality, quality of life, 
reliability, validity 

Sonuç: Bulgular, bu ölçeğin akut koroner sendromlu Türk hastaların 
yaşam kalitesini belirlemek için kullanılabileceğini göstermiştir.
Anahtar Sözcükler: Çok boyutlu yaşam kalitesi indeksi, yaşam 
kalitesi, güvenirlik, geçerlik
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The MIDAS-TR was used to test equivalent forms method. 
MIDAS was developed by Thompson et al. (20). Its Turkish 
validity and reliability study was performed by Uysal et al. 
(21). MIDAS-TR includes 35 items and six subdimensions: 
physical activity, insecurity, emotional reaction, social activity, 
dependency, and concern over medication (21). Its five-point 
Likert type scale was calculated by scoring between “0” (never) 
and “4” (always) (20). The score for each sub-dimension ranges 
from “0” (best possible health) through to “100” (worst health). 
Low scores indicate better QoL. Cronbach’s alpha coefficients of 
the subdimensions range from 0.65 to 0.87 for MIDAS-TR, and 
the alpha for the total scale is 0.88 (21).

Methodology of Translation and Procedures

After the English version of the MILQ was provided by the 
website, authors obtained permission to adapt the Turkish 
version of the MILQ from Nancy Avis. The cross-sectional study 
was carried out with forward and backward translations. Then, 
the following language translation procedures were performed:

1. The MILQ was translated from English into Turkish (forward 
translation) by four experts (two instructors and two lecturers).

2. These translations were combined by the researchers, and the 
scale form was rearranged.

3. Thereafter, backward translation into English was performed 
by an independent translator and a lecturer who understood and 
spoke both languages (Turkish-English).

4. Language translations were compared, and appropriate 
expressions for the scale items were identified.

Then, five expert nurses gave their opinions of the content 
validity of the MILQ. The experts assessed the suitability of each 
item in the scale of over 10 points (item is suitable). Kendall’s 
concordance (Wa) coefficient was calculated to determine 
whether the scale items were applicable or not. If the p value was 
greater than 0.05, the scale items were considered valid.

Ethical Considerations

Ethical approval was obtained from the ethics committee 
(09.21.2010/117). The study was conducted in accordance with 
the Declaration of Helsinki and based on the voluntary principle. 
The participants were informed about the aim of the study and 
confidentiality of their personal information, and their consent 
was obtained.

Data Analysis

Data were analyzed using the Statistical Package for Social 
Sciences and Sensory Activation Solutions. Descriptive statistics 
were calculated with percentage, mean, and standard deviation. 
Construct validity was analyzed by performing confirmatory 
factor analysis (CFA) and explanatory factor analysis (EFA). 
Before, the Kaiser-Meyer-Olkin (KMO) and Bartlett’s tests 
were peformed to examine the adequacy of the sample size for 
the factor analysis. In the CFA, several fit indices were used 
to identify the fitness of the model, including chi-square (χ2) 
statistics, degrees of freedom (df ), ratio of χ2 to df (χ2/df ), root-

mean-square error of approximation (RMSEA), standardized 
root mean-square residual (SRMR), normed fit index (NFI), 
non-NFI (NNFI), goodness-of-fit index (GFI), adjusted GFI 
(AGFI). The factor extraction method was performed using the 
principal component analysis and varimax rotation for the EFA. 
Reliability was performed with Cronbach’s alpha coefficient, 
test-retest, and equivalent forms method. Cronbach’s alpha 
coefficient was used to determine internal consistency. For the 
test-retest analysis, 2 weeks after the administration of the first 
questionnaire, 50 participants responded to determine if there 
was no change over time. The test–retest reliability was calculated 
by Pearson correlation coefficient. A paired sample t-test was used 
to determine whether a statistical difference exists between the 
two tests. The p value was accepted as >0.05 for the t-test. The 
equivalent forms method was also calculated by identifying the 
correlation between MILQ and MIDAS-TR using the Pearson 
correlation coefficient. The p value was accepted as <0.05 for the 
correlation coefficient.

Results
The majority of the patients, with a mean age of 58.63±7.76 
years, were male (75.4%). Most of the patients were married 
(93.8%) and have a social security (99.2%). Moreover, 51.9% 
of the participants were followed up for MI, and 32.7% of them 
have less than 1 year of disease diagnosis. In this study, 65.7% of 
the patients were hospitalized once due to heart diseases. While 
63.2% of the patients stated that they were on a diet therapy, 
65.1% did not exercise. The most common symptoms were chest 
pain (9.0%) and fatigue (22.4%).

Validity

Kendall’s Wa value was statistically compatible with the 
applicability of the scale elements for the content validity 
(p=0.063). The KMO value was 0.93, and Bartlett’s test of 
sphericity was at the significance level (χ2=9931.43, df=595, 
p<0.001). In the CFA, the goodness-of-fit indices were as follows: 
χ2=1854.58, df=523, χ2/df=3.54, p<0.001, RMSEA=0.09, 
SRMR=0.09, NFI=0.81, NNFI=0.84, GFI=0.71, and 
AGFI=0.65. In the EFA, the principal component analysis and 
varimax rotation indicated that the factor loading of item 9 
was 0.19. Item 9 was then deleted from the scale, and EFA was 
performed again with 34 items. Six factors with eigenvalues of  
>1.00 were identified. Factor 1 (15 items-items 5, 6, 8, 10, 11, 
12, 14, 15, 20, 21, 22, 24, 33, 34, and 35), factor 2 (4 items-
items 1, 2, 3, and 4), factor-3 (5 items-items 28, 29, 30, 31, and 
32), factor 4 (4 items-items 7, 13, 18, 19, and 23), factor 5 (3 
items-items 25, 26, and 27) and factor 6 (two items-items 16 
and 17). All of the six factors explained 69.7% of the cumulative 
variance (Table 1).

Reliability

Cronbach’s alpha coefficient for the 34-item MILQ-TR was 
0.94, and the coefficients for the subscales ranged from 0.72 
to 0.94. Factor 1 (α=0.93) and factor 2 (α=0.93) subscales 
had the highest internal consistency coefficients, while factor 6 
had the lowest (α=0.72) (Table 1). In the test–retest reliability 
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Table 1. Factor Structure of the 34-Item MILQ-TR

Item 
number

Subscales/items Factor loadings
Cumulative 
variance (%)

Cronbach’s 
alpha

Physical health (factor 1) 23.48 0.94

5 How satisfied are you with how you feel physically? 0.69

6 How satisfied are you with your energy to do what you want? 0.68

8 How satisfied are you with the physical exercise you get? 0.79

10
How satisfied are you with your ability to lift and carry things around the 
house?

0.56

11
How satisfied are you with being physically able to take vacations or 
trips?

0.79

12 How satisfied are you with physically being able to work? 0.74

14
How satisfied are you with being able to help family members by 
babysitting, caring for relatives, etc.?

0.55

15 How satisfied are you with the amount of time you spend with friends? 0.49

20 How satisfied are you with your sex life? 0.67

21 How satisfied are you with feeling alert? 0.57

22 How satisfied are you with your ability to concentrate? 0.63

24
How satisfied are you with being able to remember things that happened 
awhile ago?

0.60

33
How satisfied are you with the amount of time your health permits you 
to work?

0.79

34 How satisfied are you with being able to do the type of work you want? 0.80

35 How satisfied are you with feeling productive? 0.69

Mental health (factor 2) 35.67 0.93

1 How satisfied are you with your overall mood? 0.84

2 How satisfied are you with how hopeful you feel about the future? 0.80

3 How satisfied are you with how happy you are? 0.86

4 How satisfied are you with feeling calm? 0.82

Relationship with health professionals (factor 3) 46.06 0.85

28 How satisfied are you with your social security? 0.45

29
How satisfied are you with the information you get from health 
personnels?

0.90

30
How satisfied are you with being able to ask health personnels 
questions?

0.80

31 How satisfied are you with the quality of medical care you are getting? 0.85

32 How satisfied are you with the support you get from health personnels? 0.83

Interpersonal relations (factor 4) 56.06 0.82

7 How satisfied are you with being free of pain? 0.53
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analysis, positive, high-level, and significant correlation was 
found between the first and second tests of the MILQ (r=0.88, 
p<0.001). In the paired sample t test, the p value was 0.69 
(Table 2). The correlation between MILQ-TR and MIDAS-TR 
was negative, moderate, and statistically significant (r=-0.42, 
p<0.001). The correlation coefficients between the MIDAS-TR 
and MILQ-TR subdimensions were -0.39, -0.42, -0.08, --0.28, 
-0.27, and -0.13, respectively.

Discussion

In this study, the psychometric properties of the 35-item MILQ 
were investigated. Significant findings were obtained, but since 
only the English version of the MILQ could be obtained, the 
comparison was made through a single study.

Factor analysis plays a key role in the validation of assessment 
scale data. In a previous study, KMO and Bartlett’s test were 
used to examine the adequacy of the sample size for the factor 
analysis (22). If the KMO index is at least 0.05 and Bartlett’s 

test is significant (p<0.05), it is considered suitable for the factor 
analysis (23). CFA is used when the goal is to test the validity of 
a hypothesized model of factors and the relationships of those 
factors to a set of observed variables. Numerous inferential and 
descriptive fit indices assist the evaluation of the goodness-of-fit 
of a CFA model as a whole (24). For a good model, the χ2/df ratio 
should be low (≤3) and have a statistically insignificant p value for 
χ2. The χ2/df ratio of the current model was 3.54, and the p value 
was < 0.001. The acceptable compliance for the RMSEA should 
be 0.05-0.08 and that for SRMR should be ≤0.05 (25). For good 
model compliance, both conditions were not met in this study 
(RMSEA=0.09, SRMR=0.09). The NFI, NNFI, GFI, and AGFI 
should be >0.90 for model compliance. These fit indices were 
not also met in this study: NFI=0.81, NNFI=0.84, GFI=0.71, 
and AGFI=0.65. The NFI, GFI, and AGFI are sensitive to the 
sample size and can reject a good-compliance model (26). In this 
study, fit indices showed that the 9-factor MILQ is not suitable 
for the Turkish population. In the implementation of a scale to 
two different cultures, participants can be influenced by culture-
driven trends.

13
How satisfied are you with your family letting you do the things you 
want?

0.60

18
How satisfied are you with the amount of affection your spouse/partner 
expresses toward you?

0.80

19
How satisfied are you with being able to confide in your spouse/
partnerthe amount of wantg do th?

0.79

23 How satisfied are you with your ability to make decisions by yourself? 0.61

Financial status (factor 5) 63.56 0.84

25 How satisfied are you with your financial income? 0.84

26 How satisfied are you with your ability to pay monthly expenses? 0.86

27 How satisfied are you with the amount of money you have in savings? 0.73

Social functioning (factor 6) 69.77 0.72

16 How satisfied are you with participating in community activities? 0.68

17
How satisfied are you with the activities you do with your spouse/
partner?

0.68

Cumulative variance =69.7% (MILQ-TR)

Cronbach’s alpha =0.94 (MILQ-TR)

MILQ-TR: Turkish version of the multidimensional index of life quality

Table 1 contiuned

Table 2. Comparisons of test-retest reliability coefficient and mean scores for the MILQ-TR

Time 1
mean ± SD

Time 2
mean ± SD

r/pb t/pc

MILQ 182.20±33.60 183.10±29.80 0.88/<0.001 0.397/0.69

aValues are expressed as mean ± SD.
bp<0.001.
cp>0.05.
MILQ-TR: Turkish version of the Multidimensional Index of Life Quality; SD: Standard deviation
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In this study, EFA was performed twice. In the first analysis, item 
9 was removed from the scale because the factor loading was <0.40 
(23). In the second analysis, the 34-item MILQ-TR showed 
a six-factor structure. A difference was found according to the 
factor structure of the original scale. While the original MILQ 
has nine subdimensions, the Turkish scale has six subdimensions. 
These subdimensions include physical health, mental health, and 
relationship with health professionals. However, the scale was 
found to show significant consistency in reflecting cultural values 
when the items under each factor are examined.

Reliability means that the same conceptual structure is measured 
consistently between independent measurements (23). Cronbach’s 
alpha coefficient was used to measure internal consistency. The 
alpha value obtained for all items indicates the total reliability 
of the questionnaire. The generally acceptable alpha value is 
≥0.70, but it should be >0.90 for excellent consistency (27). The 
alpha coefficient was 0.94 for the total MILQ-TR. The alpha 
coefficients of the six factors were also above the desired value. In 
the English MILQ, the alpha coefficient of all subscales, except 
of social functioning, was ≥0.76 (13). The high alpha value of 
the MILQ-TR indicates that the characteristics to be measured 
with the original scale can be measured consistently for the 
Turkish population. This finding suggests that the scale items 
are consistent with each other even when applied to a Turkish 
population.

Test-retest reliability refers to the degree to which the measure 
is able to differentiate between participants under repeated 
administrations of the measure under the same or similar 
conditions (28). In this study, high-level and significant 
correlations were found in the measurements performed with 
2-week intervals (r=0.88, p<0.001). However, the statistically 
insignificant p value for the t test showed that the two tests 
remained constant over time (23). The characteristics to be 
measured by the scale items did not change with time in the 
Turkish population. Equivalent forms reliability examines the 
correlations between scores obtained by applying two or more 
forms of a test to the same individuals. The acceptable correlation 
coefficient for the equivalent forms reliability is considered ≥0.80 
(29). Poor-moderate level, negative, and significant correlations 
were determined between the MILQ-TR and MIDAS-TR. This 
finding can be interpreted as a less appropriate equivalent form of 
MIDAS-TR for the MILQ-TR. In further studies with MILQ-
TR, high correlations can be obtained by testing a different 
version of the scale.

Study Limitations

Although sufficient and significant findings were obtained in 
this study, certain limitations were encountered. First, testing of 
the MILQ adapted to different cultures and languages was not 
performed. Thus, cross-cultural comparisons were carried out 
only based on the original work that developed MILQ. Second, 
in the scale validation and development studies, the sample group 
should be divided into two groups: the first group should be 
tested for the CFA and the second group for EFA, synchronously. 
In this study, the sample size was insufficient for this analysis. 

Hence, CFA and EFA were tested in the same sample. Further 
studies should be conducted with a larger sample, and we can 
recommend re-testing of the CFA.

Conclusion
The findings support that the MILQ-TR generally has adequate 
validity and reliability to measure the HRQoL of Turkish 
patients with ACS. Importantly, this study will set as an example 
for cross-cultural adaptation conducted over the same scale in 
the future. The use of the scale will help determine the effects of 
disease and treatment on the daily lives of the individuals.

QoL measurement studies related to ACS have gained the interest 
of researchers. Indeed, QoL measurements are a key determinant 
of the health outcomes of these patients. However, in previous 
studies, all aspects of the QoL that may affect the health of 
individuals have not been examined. This study presents the 
aspects of QoL that have not been previously examined for 
these patients. The current scale can provide a multidimensional 
measurement of the QoL of individuals with CVDs.
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ABSTRACT ÖZ

Objective: This study aimed to investigate water sorption/solubility 
behavior of glass ionomer cement-based-containing restorative 
materials.
Methods: A total of 21 specimens for each material (Riva Self Cure, 
Riva Light Cure, GCP Glass Fill) were prepared using a teflon 
ring (10x2 mm). These specimens were stored in a desiccator for 
24 hours at 37±1 ºC and the weight of each sample was measured 
using a sensitive balance. Afterwards, the specimens were stored in 
an incubator containing distilled water, mouthrinse with alcohol, 
and mouthrinse without alcohol at 37±1 ºC for one day. The 
specimens were later dried to a constant mass in a desiccator, and 
each specimen was measured using a digital electronic caliper. Data 
were statistically analyzed (p<0.05).
Results: Data were evaluated using one-way ANOVA and post-hoc 
Tukey tests. Water sorption values were found to be significantly 
higher for the resin-modified glass ionomer cement group than for 
the high-viscosity glass ionomer cement (HVGIC) group in all the 
three different media (p<0.05). HVGIC material showed similar 
water sorption values for all three media.
Conclusion: Compositions of restorative materials play key roles in 
their water sorption/solubility in different areas.
Keywords: Glass ionomer, glass carbomer, solubility, sorption, 
mouthrinse

Amaç: Bu çalışmanın amacı, cam iyonomer siman bazlı restoratif 
materyallerin su emilimi ve çözünürlüğü özelliklerini araştırmaktır.
Yöntemler: Teflon halkalar (10x2 mm) kullanılarak her bir materyal 
(Riva Self Cure, Riva Light Cure, GCP Glass Fill) için toplam 21 
örnek hazırlandı. Örnekler desikatör içerisine yerleştirilerek 24 saat 
37±1 ºC’de bekletildi ve bu süre sonunda her örneğin ağırlığı hassas 
terazi ile ölçüldü. Aynı örnekler daha sonra üç gruba ayrılarak bir 
gün boyunca distile su, alkollü gargara ve alkolsüz gargara içeren 
solüsyonlarda 37±1 ºC’de saklandı. Örnekler sabit bir kütleye 
gelinceye kadar tekrar desikatörde kurutuldu. Her örneğin çap 
ve kalınlıkları dijital elektronik kumpas kullanılarak ölçüldü. 
Veriler one-way ANOVA and post-hoc Tukey testleri kullanılarak 
değerlendirildi ve alfa hata düzeyi 0,05 olarak seçildi.
Bulgular: Su emilim değerleri, resin modifiye cam iyonomer siman 
grubu için yüksek viskoziteli cam iyonomer siman (HVGIC) 
grubundan üç farklı ortamın hepsinde anlamlı olarak yüksek 
bulunmuştur (p<0,05). HVGIC materyali üç ortamın tümü için 
benzer su emilim değerleri göstermiştir.
Sonuç: Restoratif materyallerin içerikleri, farklı alanlarda su emilim/
çözünürlüklerinde kilit rol oynar.
Anahtar Sözcükler: Cam iyonomer, cam carbomer, emilim, 
çözünürlük, gargara
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Introduction
Despite advanced preventive measures, dental caries still 
maintains its frequency and importance among oral diseases. 
Dentists should choose the most appropriate restorative material 
based on characteristics associated with patient and caries. In 
addition, physical properties, biocompatibility, esthetic features, 
and application information of restorative materials help in 
making the most appropriate choice (1,2).

Conventional glass ionomer cements (GIC) were developed by 
combining advantages of silicate and polycarboxylate cements. 
They have advantages such as chemical bonding to dental tissues, 
releasing and recharging fluoride, compatibility of thermal 
expansion coefficient with tooth enamel and dentin, and low 
cytotoxicity. Besides, GICs have disadvantages of a low wear 
resistance, short working time, long curing time, sensitivity to 
moisture contamination, and a high rate of microleakage, which 
limit their usage in restoration of permanent teeth and in areas 
that will be exposed to an occlusal force in primary teeth (3).

While the first GICs were described as being of a lower viscosity 
nature, later “high-viscosity” GICs (HVGIC) have been 
developed to improve insufficient mechanical properties and 
wear resistance to high occlusal forces of conventional GICs. In 
addition, they were produced as restorative materials to expand 
the areas of use restricted to Class I and Class V cavities (3,4).

In order to overcome problems observed in GICs, resin-modified 
GIC (RMGIC) have been developed (5). Due to resin monomer 
polymerization, higher resistance to compressive and tensile 
forces, improved fracture strength, modulus of elasticity, and 
retention rates are reported with these materials (6,7). Working 
time of RMCIS is longer than that of conventional GICs. 
Compared to conventional GICs, RMGICs have disadvantages 
of weaker adhesions to dental tissues and a lower fluoride 
release. Increased microleakage due to polymerization shrinkage 
constitutes further disadvantages of the material (8).

Carbomer-based restoratives contain carbomer fillers and 
fluoroapatite/hydroxyapatite nanoparticles (9). Glass carbomer 
(GC) cements are free of monomers like resin, solvent, metal etc. 
and are easy to diagnose postoperatively due to their radiopacity. 
Moisture tolerant nature of this material makes it handy in 
pediatric dentistry. It is stated that pulp capping should not be 
performed directly with glass carbomer cements (10).

Resistance of a restorative material to intraoral conditions is 
very important for longevity of restorations. Water sorption 
and solubility features of restorative materials have a significant 

impact on clinical success and can not be completely controlled. 
Water sorption causes dimensional changes in materials, leading 
to discoloration and a fracture in marginal contours. Water 
solubility is a phenomenon that adversely affects compatibility 
of restorations with biological structures and increases rate of 
deterioration. Studies have shown that sorption and solubility of 
restorative materials depend on features of solutions (1,11,12).

In order to prevent plaque formation in children aged ≥6 
years, supervised use of fluoride-based mouthrinses as well as 
toothpastes prevents demineralization of tooth structure and 
provides remineralization of early caries lesions (13).

Few studies have been conducted to evaluate effects of oral 
mouthrinses on the water sorption and solubility properties 
of restorative materials. Mouthrinses contain different 
concentrations of water, antimicrobial agent, salt, preservatives, 
and alcohol. In particular, alcohol has been reported to cause 
increased wear of the material (14,15).

In this study, our purpose was to compare water sorption and 
solubility values of GC (GCP Glass Carbomer Cement), 
HVGIC (Riva Self Cure HV), and RMGIC (Riva Light Cure 
HV) restorative materials in mouthrinse with alcohol (Listerine 
Cool Mint), mouthrinse without alcohol (Listerine Total Care 
Zero), and artificial saliva. The null hypothesis stated that water 
sorption and solubility values   do not differ according to the 
restorative material or solvent type tested.

Method
Sample Preparation

Restorative materials used in the present study and polymerization 
types recommended by the manufacturer are shown in Table 1 
and the solutions used in the study are shown in Table 2. Samples 
were prepared for each material using circular teflon molds with 
a diameter of 10 mm and a thickness of 2 mm. The mold was 
isolated with petroleum jelly to prevent the materials from sticking 
to the mold. The materials were mixed in amalgamators at room 
temperature according to the manufacturer’s instructions and 
were placed into the molds. Transparent matrix strips (Universal 
Strips, Extreme Dental, İstanbul, Turkey) were placed on the 
upper surface of the molds to overflow the surplus. The samples 
were polymerized according to the manufacturer’s instructions. 
After the hardening of the material, the molds were carefully 
removed and the debris around them was cleaned. Twenty-one 
samples were prepared for each material group, which were 
divided into three sub-groups of seven to be placed in different 
solution media.

Table 1. Materials used in the study

Brand Type Manufacturer

Riva self cure HV High-viscosity glass ionomer SDI Dental, Australia

Riva light cure HV Resin-modified glass ionomer SDI Dental, Australia

Riva coat Surface coat SDI Dental, Australia

GCP glass carbomer fill Glass carbomer GCP Dental, Holland

GCP gloss Surface coat GCP Dental, Holland
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Sorption and Solubility Measurements

All samples were stored in a desiccator with an anhydrous 
self-indicating silica gel at 37±1 ºC  for 24 hours. Then, the initial 
weights of the samples were measured on an electronic analytical 
balance (brand) as micrograms (μg) and recorded as 𝑚L. The 
samples were suspended in different solutions according to their 
groups for 24 hours at 37 °C. Subsequently, the samples were 
removed from the solutions and their weights were measured one 

minute after removal and recorded as 𝑚2. After the measurement 
process, the samples were placed again in the desiccator for 24 
hours to evaporate the water content and, subsequently, their 
weights were measured and recorded as 𝑚3. The volumes of the 
samples were found in mm3 according to the formula 𝑉=𝜋xr2xh, 
where r is the radius of the average diameter/2 and h is the 
average thickness. Then, the water sorption and solubility of the 
samples were found in μg/mm3 with the formulas 𝑚2 - 𝑚3/V and 
𝑚1 - 𝑚3/V, respectively.

Table 2. Solutions used in the study

Solutions Ingredients
Alcohol 
percentage

  pH

Listerine Cool Mint (Johnson & 
Johnson, İstanbul, Turkey) 

Thymol 0.064%, eucalyptol 0.092%, methyl salicylate 0.060% and 
menthol 0.042%. water, alcohol 21.6%, sorbitol solution, flavoring, 
poloxamer 407, benzoic acid, sodium saccharin, sodium benzoate, and FD 
& C green.

21.6% 3.92

Listerine Total Care Zero

(Johnson & Johnson, İstanbul, 
Turkey) 

Eucalyptol 0.091%, menthol 0.042%, thymol 0.063%, sodium fluoride 
0.022%, zinc chloride 0.09%, aroma (flavor), benzoic acid, blue 1, methyl 
salicylate, poloxamer 407, propylene gly-col, Red 1, sodium benzoate, 
sodium lauryl sulfate, sodium saccharin, sorbitol, su-cralose, water

- 6.02

Artificial Saliva 4.8 mM NaCl, 137 mM KCl, 1.5 mM CaCl2, 8.2 mM NaHCO3, 4.0 mM KH2PO4 - 7.4

Table 3. Sorption values   of materials in different environments and statistical evaluation of the groups

Water sorption (μg/mm3) Artifical Saliva Mouthrinse with alcohol Mouthrinse without alcohol p”

HVGIC 70.1±5.9 (A, 1) 63.6±3.4 (A, 1) 68.7±4.8 (A, 1) p=0.123

RMGIC 131.5±7.4 (B, 1) 89.4±4.7 (B, 2) 119.1±3.5 (B, 3)

<0.001, 

=0.001, 

<0.001

GC 148.9 92.3±18.6 101.9±7.3

p* p<0.001 p<0.001 p<0.001

Letters and numbers are used to indicate differences in the columns and rows, respectively.
*p values represent comparison results between HVGIC and RMGIC materials
The three p values represent comparison results between the artificial saliva and mouthrinse with alcohol, artificial saliva and mouthrinse without alcohol, mouthrinse 
with alcohol and mouthrinse without alcohol environments, respectively.

HVGIC: High-viscosity glass ionomer cement, RMGIC: Resin-modified glass ionomer cement, GC: Glass carbomer

Table 4. Solubility of materials in different environments and statistical evaluation of the groups

Solubility (μg/mm3) Artifical Saliva Mouthrinse with alcohol Mouthrinse without alcohol p”

HVGIC 4.1±3.8 (A,1) 23.3±2.8 (A, 2) 16.2±3.8 (A, 2)

p<0.001, 

p=0.006, 

p=0.206

RMGIC 30.0±6.6 (B, 1) 31.4±4.3 (A, 1) 34.5±6.1 (B, 1) p=0.480

GC -11.9 42.3±42.7 -14.0±3.0

p* p<0.001 p=0.114 p<0.001

Letters and numbers are used to indicate differences in the columns and rows, respectively.

*p values represent comparison results between HVGIC and RMGIC materials

The three p values represent comparison results between the artificial saliva and mouthrinse with alcohol, artificial saliva and mouthrinse 
without alcohol, mouthrinse with alcohol and mouthrinse without alcohol environments, respectively.

HVGIC: High-viscosity glass ionomer cement, RMGIC: Resin-modified glass ionomer cement, GC: Glass carbomer
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Statistical Analysis

The IBM SPSS Statistics 20 program was used to perform 
statistical tests with a significance level set at 5%. Besides, 
descriptive statistics, one-way ANOVA, and post-hoc Tukey tests 
were used to compare means of sorption and solubility between 
the groups.

Results
The mean water sorption and solubility values for each material 
and medias used in the study are shown in Tables 3 and 4, 
respectively. Also, in Figure 1, both the mean water sorption and 
solubility values were presented for each material at different 
media.

The glass carbomer materials used in the study were mostly found 
to be fragmented. Only 1, 3, and 2 sound samples were left to 
be measured for the artificial saliva, mouthrinse with alcohol 
and mouthrinse without alcohol groups, respectively. Although 
the results of this group are shown in the tables, they were not 
included in the statistical analysis due to the small number of 
samples.

Water sorption values were found to be significantly higher 
for the RMGIC group compared to the HVGIC group in all 
the three different media (p<0.001). HVGIC material showed 
similar water sorption values for all the three media (p=0.123). 
However, RMGIC material showed the highest sorption in 
artificial saliva, which was followed by the mouthrinse without 
alcohol and mouthrinse with alcohol, respectively (psaliva-with alcohol 
<0.001, psaliva-without alcohol =0.001, pwith alcohol-without alcohol <0.001).

Solubility values   were significantly lower in the HVGIC group 
compared to the RMGIC group in artificial saliva (p<0.001) 
and mouthrinse without alcohol environments (p<0.001), but 
no significant difference was found in the mouthrinse with 
alcohol environment (p=0.114). While RMGIC showed similar 
solubility in all three environments (p=0.480), the HVGIC 
material showed significantly lower solubility in artificial saliva 

compared to other media (psaliva-with alcohol <0.001, psaliva-without alcohol 
=0.006, pwith alcohol-without alcohol =0.206).

Discussion
Due to esthetic properties, polymer-based materials are used 
in dental restorations, but hydrophilic properties of these 
materials result in some degree of water sorption or dissolution 
in these materials (16). Water sorption and dissolution have 
been reported to adversely affect the clinical success of these 
restorations (17,18).

Conventional GICs are restorative materials that can easily draw 
water into their structures. It is very necesaary to investigate water 
sorption and solubility levels of restorative materials in order 
to increase clinical success rate of restorations and determine 
their application areas (19). In conventional GIC, water 
sorption occurs primarily within the matrix. Due to the water 
sorption, hydrolysis of the cement matrix occurs. Cement mass 
deteriorates over time and loss of surface properties, marginal 
integrity, esthetic appearance, and consequent deterioration in 
restorations occur (5). To overcome well-known disadvantages 
of GICs, RMGICs and high-viscosity GICs have been 
developed. While there are many studies evaluating the physical 
properties of high-viscosity GICs in the literature, the studies 
evaluating water sorption and solubility are limited (11,20-22). 
In previous studies, the sample dimensions were chosen to be 
10-15 mm in diameter and 1-4 mm in thickness. Sample sizes 
are effective in diffusion of water to the polymer matrix. Smaller 
sample size shortens stabilization time in the material (23,24). 
The diameter of the specimens used in our study was prepared 
as 10 mm according to diameter of the tip of the light curing 
device, and the thickness was selected as 2 mm according to the 
layering method. There are studies with just one-hour storage 
solutions as well as one-year storage solutions to assess water 
sorption and solubility (25,26). Residence time is known to 
affect water sorption and solubility levels   of the materials. Since 
it is known that pH changes may affect diffusion and solubility, 
the residence time used in our study was chosen as 24 hours to 
prevent variations in pH. In order to determine water sorption 
and solubility of the materials, different formulas are used 
in different studies (27-34). We used the formulas prepared 
under the guidance of the ISO standard in our study. All these 
methodological differences (sample size, solution storage time, 
formulation of the water sorption, and solubility) may have a 
role in the result inconsistencies in the literature.

RMGIC materials have been reported to exhibit higher water 
sorption and solubility than composites (35). It has also been 
reported that RMGIC materials have a higher and faster water 
sorption than conventional GIC materials (28). In another study, 
RMGIC materials showed similar or higher sorption values than 
HVGIC materials (33).

It has been claimed that high water sorption of RMGIC is caused 
by the initial desiccation procedure, which disrupts acid-base 
reactions (30). Another suggestion is that polycarboxylic acid, 
inorganic glass particles, and HEMA contained in RMGIC 

Figure 1. Average sorption and solubility values for 
materials in different media
HVGIC: High-viscosity glass ionomer cement, RMGIC: Resin-
modified glass ionomer cement, GC: Glass carbomer
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structure retain large amounts of water (28). In our study, based 
on existing literature, the water sorption values   were significantly 
lower in all the three solution environments for the HVGIC 
group compared to the RMGIC group. In solubility values, it 
was observed that the HVGIC group showed less dissolution 
than the RMGIC, except in the alcohol-free mouthrinse group. 
With increasing concerns about more effective oral hygiene 
habits, particularly with regard to the pediatric population, the 
use of chemical control agents (e.g., mouthwashes) has been 
adopted to complement toothbrushing and dental flossing (36). 
Their composition is based on water, antimicrobial agents, 
salts, preservatives, alcohol, and hydrogen peroxide (37). It has 
been reported that mouthrinses, containing alcohol or not, can 
increase the sorption and solubility for restorative materials 
compared to distilled water, but this effect may vary according 
to the material tested (29,31,32). In our study, the HVGIC 
material showed a significantly lower solubility in the artificial 
saliva environment than in other environments as expected, 
because mouthwashes trigger a decrease in the oral pH, which 
has been associated with an increase in the solubility of dental 
materials (38,39). However, RMGIC showed similar solubility 
in all the three environments, which may be explained by its 
already high solubility in artifical saliva due to its hydrophilicity. 
The sorption values   of the RMGIC material were higher in the 
mouthrinse without alcohol environment than in the mouthrinse 
with alcohol environment. Also in artificial saliva environment 
RMGIC showed highest sorption values. These results may be 
due to the rapid water sorption of HEMA, a significant resin 
component found in the RMGIC material. In the HVGIC 
group, there was no difference between the two mouthrinses 
and artificial saliva environments in terms of sorption. Contrary 
to previous studies (37,40), mouthrinses did not increase the 
sorption of the HVGIC materials used in the present study, 
which may be explained by the more resistant structure of these 
materials to the chemical ingredients of the mouthrinses (41,42).

Savas et al. (33) and Subramaniam et al. (34) evaluated water 
solubility of GC in their study and reported that it is lower than 
conventional GICs. They did not mention fragmentation as in 
our study (33,34). In the present study, after the fragmentation 
of GC samples, new specimens were prepared by applying a 
surface covering on the GC materials, but sample loss due to 
serious fragmentation was experienced again.

Subramaniam et al. (34) modified the section 7.12 of ISO 4049 
by placing specimens in a solution of artificial saliva immediately 
after preparation. They claimed that desiccation might affect the 
glass ionomer specimens’ water sorption and solubility results 
due to damage (30). The reason for the disintegration of our 
GC samples may be bacause they were placed in a desiccator 
immediately after curing and removal from the mold as described 
in section 7.12 of ISO 4049.

Study Limitations

The main limitations of this study are in vitro design and the 
use of arguably shorter time periods to test water sorption and 

solubility. Clinical studies must be conducted to confirm the 
results.

Conclusion

High-viscosity GIC and RMGIC materials show significant 
water sorption and solubility; especially, RMGIC materials 
perform poorly in terms of sensitivity to water and this may 
cause degradation in the oral environment. Whether it contains 
alcohol or not, mouthwashes may have an adverse effect on 
the material structure by increasing sorption of RMGICs and 
solubility of GICs.

Further long-term studies are needed to investigate the sorption 
and solubility characteristics of these fluoride-releasing restorative 
materials.
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ABSTRACT ÖZ

Amaç: İki saatten uzun süren cerrahi girişimlerde ameliyat 
sırasındaki basınç yaralanması (ASBY) ile ilişkili risk faktörlerini 
ve ASBY prevalansını belirlemek, ASBY’nin önlenmesine cerrahi 
hemşirelerin dikkatini çekmektir.

Yöntemler: Kesitsel-tanımlayıcı bir araştırma olarak özel bir vakıf 
üniversitesi hastanesinin ortopedi, genel cerrahi servislerinde, Şubat 
2017-Mayıs 2018 tarihlerinde, 170 büyük cerrahi girişim planlanan 
gönüllü bireyin katılımı ile yapıldı. Etik kurul onayı ile kurum 
ve gönüllülerden bilgilendirilmiş yazılı izin alındı. Veriler Braden 
basınç yarası ölçeği ve literatüre dayalı hasta tanımlama formuyla 
toplandı.

Bulgular: Katılımcıların yaş ortalaması 47,72±22,20 yıl idi, 
%55,9’u kadındı ve %44,1’i erkekti. Katılımcıların %81,8’i 
supine pozisyonunda ameliyat oldu, ameliyatın ortalama süresi 
246,707±145,3 dakikaydı. Hastaların %24.1’inde evre 1 ASBY 
gelişmişti.  Basınç yaralanması gelişen 41 (%24,2) hastanın 
Braden risk puanı (18,434±6,621) basınç yaralanması olmayan 
129 hastadan (%75,8) (20,243±3,954) daha düşüktü (p=0,035). 
Multivaryans analizine göre, ameliyat öncesi hem ek beslenme 
gereksinimi olmak, hem albümin düşüklüğü ASBY riskini 2,4 kat 
artırdı (sırasıyla p=0,038; 0,043). Ameliyat süresinin her bir saatlik  
uzaması ASBY riskini 1.007 kat yükseltti (p=0,002).

Objective: To determine the risk factors and prevalence associated 
with intraoperative pressure injury (IPI) in surgical procedures 
lasting more than two hours, and to draw attention of surgical 
nurses to the prevention of IPI.
Methods: This cross-descriptive study included 170 patients 
in whom major surgical procedures were planned in a private 
foundation university hospital’s orthopedics and general surgery 
departments between February 2017 and May 2018. The study 
was approved by the ethics committee and informed written 
permission was obtained from the institutions and volunteers. Data 
were collected by using Braden Risk Assessment Tool (BRAT) and 
literature based patient diagnosis form.
Results: The mean age of the participants was 47.72±22.20 years, 
55.9% were female and 44.1% were male. Of the participants, 
81.8% underwent surgery in the supine position, with a mean 
surgery duration of 246.707±145.3 minutes. Of the patients 24.1% 
developed stage I IPI. Forty-one (24.2%) patients with pressure 
injury had a lower BRAT score (18.434±6.621) than 129 (75.8%) 
patients without pressure injury (20.243±3.954), (p=0.035). 
According to multivariate analysis, both preoperative additional 
nutritional requirement and low albumin level increased the risk 
of IPI by 2.4 fold (p=0.038; 0.043, respectively). Each one hour 
of prolongation in duration of surgery increased the risk of IPI by 
1.007 times (p=0.002).

Cite this article as: Sayın Yazıcı Y, Akan C. Prevalence of Pressure Injuries and Risk Factors in Long-Term 
Surgical Procedures. Bezmialem Science 2021;9(1):75-83.

Received: 23.10.2019
Accepted: 21.01.2020

*The research was presented as an oral presentation in English at the 3rd International & 11th National Congress 
of Turkish Surgical and Operating Room Nurses (3rd International 11th National Congress of Turkish Surgical and 
Operating Room Nurses) held in İzmir-Çeşme on 3-6 October 2019.
Address for Correspondence: Yazile YAZICI SAYIN, Bezmialem Vakıf University Faculty of Health Sciences, 
Nursing Department, İstanbul, Turkey
E-mail: ysayin@bezmialem.edu.tr ORCID ID: orcid.org/0000-0002-5741-754X

1Bezmialem Vakıf University Hospital, Nursing Services Directorate, Turkey

2Bezmialem Vakıf University Faculty of Health Sciences, Nursing Department, İstanbul, Turkey

 Cemile AKAN1,  Yazile YAZICI SAYIN2

Uzun Süren Cerrahi Girişimlerde Basınç Yaralanması Prevalansı ve Risk Faktörleri

Prevalence of Pressure Injuries and Risk Factors in Long-Term 
Surgical Procedures

DOI: 10.14235/bas.galenos.2020.3820
Bezmialem Science 2021;9(1):75-83

https://orcid.org/0000-0002-8436-4383
https://orcid.org/0000-0002-5741-754X


Akan and Sayın. Pressure Injuries in Surgical Procedures

76

Introduction

Intraoperative pressure injury (IPI) is one of the perioperative 
care problems that negatively affect the expected postoperative 
outcomes. This injury, which is seen within the first 48-72 hours 
after surgery, is a costly complication that may result in morbidity 
(1-3). Particular attention is paid to the “intraoperative process” 
in which the pressure injury emerges. In this process, many risk 
factors such as patient characteristics, surgery time and position 
affect the formation of pressure wounds (4-7).

It has been reported in the literature that the incidence of IPI 
varies between 2.8-12% depending on the type and duration of 
the surgery (8-10), and that the frequency is 8.5-39.5% in long-
term surgical interventions (11-14). Studies conducted in Turkey 
report the prevalence of pressure injury in surgical patients 
between 8.9-36.4 % (15-17).

Many studies draw attention to the length of surgery in the 
development of IPI (13,18,19). Patient characteristics such as 
nutritional status, albumin level, body mass index (BMI) are 
also highlighted, especially in surgeries longer than two hours, 
and the importance of research is emphasized. In addition, the 
importance of patient preparation and skin care in long surgical 
interventions is emphasized (4,20).

Although anesthesiologists are shown as the first responsible for 
positioning the patient on the operating table, anesthesiologists 
may not consider the risk of IPI or may be insufficient in this (21). 
However, the operating room nurse is expected to determine the 
internal and external risks of the patient according to the patient’s 
position and reduce the risk of IPI with position support devices 
(22,23). However, there is no ideal method to determine patients 
at risk of developing IPI (21). In this direction, the aim of the 
study was to determine the risk factors and prevalence of IPI in 
surgical interventions lasting more than two hours, and to draw 
the attention of surgical nurses to prevent IPI.

Research Questions

In surgical procedures lasting more than two hours;

• Are sociodemographic and some clinical features a risk factor 
for the development of IPI?

• Does the surgery time constitute a risk factor for IPI?

• Do preoperative vital signs (blood pressure, pulse, respiratory 
rate) constitute a risk factor for IPI?

• What is the risk of IPI in the assessment with the Braden Risk 
Assessment Tool (BRAT)?

• Are albumin value and nutritional problems a risk factor for 
IPI?

• Do the support materials used for the position and position 
given for surgery affect the formation of IPI?

Method
The research was a descriptive-cross-sectional study.

Place and Time

The study was carried out between June 2017 and May 2018 
in a private foundation university hospital’s orthopedics (bed 
capacity 41) and general surgery clinics (bed capacity 35).

Universe and Sampling

Power analysis was done for the sample. For this, the number 
of surgeries (10,23-25) of the orthopedics and general surgery 
clinics in the last year was obtained from the hospital’s database. 
Of this number, 19-20% consisted of major surgeries. In this case, 
the sample size was calculated as 170 according to the confidence 
level (95%) and the acceptable error (5%). Individuals were 
included in the study with a “purposeful sampling” according to 
the selection criteria.

Inclusion criteria:

• Being 18 years or older

• Surgery planned to last for at least two hours

• No pressure injury and no activity limitation before surgery

• Planning surgery under general anesthesia

• Volunteering to participate in research

• Being able to communicate

Exclusion criteria:

• In case of emergency surgery

• Planning small surgical intervention 

• The dependent variable is IPI.

Independent variables are age, gender, chronic disease, habits, 
BMI, whether requiring special nutritional support, dehydration, 

Sonuç: Büyük cerrahi girişimlerde ASBY gelişme riski yüksektir.  
ASBY riskinin belirlenmesinde hastanın beslenme yetersizliği, 
albümin düşüklüğü, ameliyat süresi uzunluğu ve Braden risk puanı 
önemlidir.
Anahtar Sözcükler: Ameliyat sırası dönem, basınç yarası, risk 
faktörü,  basınç yarası prevalansı 

Conclusion: The risk of development of IPI is high in major surgical 
procedures. In determining the risk of IPI, the patient’s nutritional 
deficiency, low albumin level, length of duration of surgery and 
BRAT score are important.
Keywords: Intraoperative period, pressure injury, risk factor, 
prevalence of pressure injury
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low hemoglobin (Hb) and low albumin level, hypotension, body 
temperature, heart rate, surgery time, position in the surgery, and 
the quality of position support tools.

Data Collection Tools

The data were collected using the Participant information form 
developed based on the literature (3,4,23,26,27) and the BRAT.

Participant information form contains questions about age, 
gender, chronic illness, habits, BMI, whether requiring special 
nutritional support, dehydration, low Hb and/or albumin level, 
hypotension, body temperature, pulse, surgery time, position in 
the surgery, and quality of position support tools. 

The BRAT was developed by a team including Bergestrom and 
Braden in 1987 to prevent pressure injury. It was reported that 
its specificity and sensitivity were between 64% and 90% (28). 
It was emphasized that the scale had satisfactory reliability when 
used by specialist nurses. Pressure injury risk factors of patients 
were taken into consideration in the scale (28). Its validity and 
reliability study in Turkish was made in 1998 by Pınar and Oğuz 
(29).

The BRAT consists of 6 sub-dimensions. These dimensions are; 
sensory perception (1-4 points), humidity (1-4 points), activity 
(1-4 points), mobility (1-4 points), nutrition (1-4 points), 
friction and tearing (1-3 points). The total score of the scale 
ranging from 6-23 is obtained by summing the sub-dimension 
scores. According to the total score, 6-10 points are considered 
to be very high-risk, 11-15 points as high-risk, 16-19 points as 
moderate risk, and 20-23 points as low risk (28).

Although the BRAT has been suggested to have low sensitivity 
and moderate specificity for surgical patients, it is one of the 
most widely used scales (21,30,31). The reason for preference in 
the presented study was that it was used as a common scale in 
all clinics of the institution where the study was conducted. It 
was thought that this situation would facilitate the initiation of 
applications in the data source hospital where the results would 
be shared.

Collection of Data

In the presented study, 80% of the data were collected by 
researchers and about 20% by clinical nurses who were informed 
about the research. Communication was made easy because 
the nurses also used the clinical forms in the clinic where they 
worked. Short interviews were conducted with the nurses to 
ensure mutual consensus on pressure injury staging information 
by the researchers. All evaluation of the forms was done by the 
researchers. Written consent was obtained from the patients 
who met the inclusion criteria after the purpose of the study 
was explained. Patient characteristics were determined with the 
“introductory (individual and clinical) information form” on the 
morning of the surgery. The BRAT skin diagnosis was made and 
the patient was sent to surgery. After the surgery, the operating 
room nurse was interviewed for the position during the surgery, 
the duration of the surgery, position support materials, and the 
presence of any injurious condition, and the operating room 

epicrisis was examined. The patient, who was sent from the 
operating room to the ward to determine IPI, was evaluated 
with the BRAT within the first 2-4 hours. The pressure injury 
conditions seen in the patient were shared with the team.

Statistical Analysis

The data were analyzed by using SPSS 15.0 package program. 
Statistical significance tests were chosen according to the 
distribution of the data. In this study, frequency, mean (mean) 
and standard deviation were used for descriptive statistics, chi-
square (χ2) test, Mann-Whitney U test, Kruskal-Wallis test, 
independent t-test, and multivariate and univariate analyzes were 
performed. The significance value was accepted as p=0.05.

Ethical Aspects

The permission was obtained from the Clinical Research Ethics 
Committee of the relevant University Hospital for the research 
(Ethics committee permission no: 05.07.2017-11968-11/160), 
and institutional permission (could not be disclosed because 
it was stated that the name would not be specified at the time 
of publication) was obtained. Written informed consent was 
obtained from the participants.

Results
Table 1 shows the socio-demographic and some clinical 
characteristics of the participants. According to the characteristics 
of the patients in the preoperative period; the mean age of the 
participants was 47.72±22.20 years, 52.9% of them were 51 
years old or older, and 55.9% were women. Only 35.3% of 
the patients were smoking, 67.7% of the BMI was 18.5-24.9 
kg/m2 (within normal limits), 63.3% were patients of general 
surgery clinic, 51.8% had chronic diseases. Of the participants, 
97.1% were conscious patients. Of the patients, 25.3% had to 
take additional nutrition outside of the nutrition program. In 
addition, 12.4% of them had a Hb level of 13.5 g/dL (the lowest 
Hb level of the patients was 13.5 g/dL and the highest Hb level 
was 17.7 g/dL), 24.7% of them had an albumin level 3.4 g/dL 
or lower. However, blood pressure, respiratory status and body 
temperatures of the vast majority of the patients were within 
normal limits.

According to the operative period characteristics of the 
participants; 81.8% of the participants had surgery in the supine 
position. All of the patients were laid on a mattress on the 
operating table, pressure areas and body cavities were supported 
only with sheets and handmade pads.

IPI of stage I was detected in 24.2% of the patients in the coccyx 
and sacral region. 

Table 2 includes the IPI status of the participants according 
to some sociodemographic characteristics. As the age of the 
patients increased, it was determined that the incidence of 
IPI increased, but this increase was not statistically significant 
(p>0.05). In this study presented, more IPI occurred in male 
patients than in female patients, but the difference was not 
statistically significant (p>0.05). The mean surgery duration 
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(211.00±132.83/165.32±83.27) of male patients was longer than 
that of females, and the difference was statistically significant 
(p=0.01) (Table 4).

Table 3 includes IPI according to the clinical characteristics of 
the participants. There was no statistically significant relationship 
between the patients’ IPI and BMI, smoking history, and 
chronic disease history (p>0.05) (Table 3). However, the surgery 
durations of the patients with high and low BMI were shorter 
than those with normal BMI (140.76±121.13; 156.42±67.67; 
201.13±118.15, respectively) (p=0.034) (Table 4).

It was observed that patients of general surgery clinic developed 
more IPI than orthopedic patients, and this difference was 
statistically significant (p=0.047) (Table 3). The surgery duration 
in orthopedic patients was shorter than in patients of general 
surgery clinic, but the difference was not significant (p=0.207) 
(Table 4). In the preoperative period, patients who received 
regular nutrition developed less IPI than patients who required 
additional nutritional support (Table 3) (p=0.007), and the 
duration of the surgery was also shorter in patients who received 
regular nutrition (p=0.001) (Table 4)

In patients with pre-operative albumin levels below 3.5 g/dL, 
IPI developed more than those with albumin levels within the 
normal range (3.5-5.5 g/dL), and the difference was significant 
(p=0.015). In addition, no relationship was found between 
low albumin level and the duration of the surgery (p=0.861). 
Those with Hb level <13.5 g/dL had more IPI than those with 
Hb level 13.6-17.7 g/dL, but the difference was not statistically 
significant (p=0.213), (Tables 3 and 4). There was no statistically 
significant difference between blood pressure and IPI (p=0.054). 
When the relationship between the positions assigned to the 
patients during surgery and IPI was examined, the patients with 
the supine position had higher IPI. However, this difference was 
not statistically significant (p=0.656) (Tables 3 and 4).

Table 4 contains the mean duration of surgery and multivariate 
analysis results according to some characteristics of the patients. 
The duration of the surgery was longer in patients with IPI 
(246.70±145.58) than those without IPI (166.00±88.14) and 
the difference was statistically significant (p=0.002). Multivariate 
analysis showed that each one hour extension of the duration of 
surgery increased the risk of IPI by 1.007 times.

It was observed that the mean BRAT score of the patients in 
the study was not high. According to the BRAT mean score, 
it was determined that 24.2% of the patients had a medium 
(18.434±6.621 points) risk of IPI, and 75.8% had a very low risk 
of IPI (20.243±3.954 points). The difference between the mean 
scores was statistically significant (p=0.035). The difference 
between the mean scores was statistically significant (p=0.035).  
Each category point change in the BRAT score indicated a 0.8-
fold risk for IPI.

According to the multivariate analysis, the risk of IPI was 2.4 
times higher in patients who needed to take additional nutrition 
and had low albumin levels (p=0.038; 0.043, respectively).

Table 1. Sociodemographic and some clinical characteristics 
of the participants (n=170)

Characteristics n %
Age¥

18-28 19 11.2
29-39 28 16.5
40-50 33 19.4
>51 90 52.9
Gender
Female 95 55.9
Male 75 44.1
Smoking history
Smoker€ 60 35.3
Not a smoker 110 64.7
BMI
<18.5 kg/m2  13 7.6
18.5-24.9 kg/m2 115 67.7
25.0-29.9 kg/m2 42 24.7
Department 
Orthopedics 62 36.5
General surgery 108 63.5

Chronic disease

Yes 88 51.8
No 82 48.2
Pre-operative consciousness
Conscious 165 97.1
Unconscious 5 2.9
Nutritional status
Normal diet 127 74.7
Need nutritional support 43 25.3

Hemoglobin*

13.5 g/dL 21 12.4
13.6-17.7 g/dL 149 87.6
Albumin
≤3.4 g/dL 42 24.7
3.5-5.5 g/dL 128 75.3
Blood pressure
100-140/60-80 mmHg 130 76.5
>140-90 mmHg 40 23.5
Pulse
60-100 min 159 93.5
>100 min 11 6.5
Preoperative temperature 
36-36.8 °C 169 99.4
Preoperative respiratory rate Ω

12-20 dk. 161 94.7
Surgical position
Supine 139 81.8
Prone or lateral 31 18.2
Surgical position support materials
Mattresses/sheets and padsØ 170 100.0
Postoperative pressure injury
Yes ** 41 24.2
No 129 75.8
¥: Mean age 47.72±22.20, €: only 7 (4.1%) participants smoke more than one 
pocket of cigarette a day, *Range: 13.5 g/dL-17.7g/dL.
Ω: Nine patients (5.3%) had a respiratory rate ≥21/min. 
Ø: Position support material made by the operating room nurse with cotton and 
gauze
**Stage I pressure injury is a diffuse rash around the sacral and coccygeal 
regions that does not fade with pressure
BMI: Body mass index
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Table 2. Intraoperative pressure injury (IPI) by some sociodemographic characteristics (n=170)

Characteristics
IPI (+) IPI (-) Total

Test p value
n (%) n (%) n (%)

Age

18-28 4 (21.1) 15 (78.9) 19 (100)

0.558 0.906
29-39 8 (28.6) 20 (71.4) 28 (100)

40-50 7 (21.2) 26 (78.8) 33 (100)

>51 22 (24.4) 68 (75.6) 90 (100)

Gender

Female 21 (22.1) 74 (77.9) 95 (100)
0.476 0.304

Male 20 (26.7) 55 (73.3) 75 (100)

Total 41 (24.2) 129 (75.8) 170 (100)

IPI: Intraoperative pressure injury

Table 3. Intraoperative pressure injury (IPI) by some clinical characteristics (n=170)

Characteristics
IPI (+) IPI (-) Total

Test p value
n (%) n (%) n (%)

BMI

<18.5 kg/m2 3 (23.1) 10 (76.9) 13 (100)

0.132Ø 0.93618.5-24.9 kg/m2 27 (23.5) 88 (76.5) 115 (100)

25.0- 29.9 kg/m2 11 (26.2) 31 (73.8) 42 (100)

Smoking history

Not a smoker 29 (26.4) 81 (73.6) 110 (100)
0.859¥ 0.354

Smoker 12 (20.0) 48 (80.0) 60 (100)

Chronic disease

No 22 (26.8) 66 (73.2) 88 (100)
6.775¥ 0.148

Yes 19 (23.2) 63 (76.8) 82 (100)

Department

General surgery* 31 (28.7) 77 (71.3) 108 (100)
3.403; ¥ 0.047

Orthopedics* 10 (16.1) 52 (83.9) 62 (100)

Nutritional status

Normal diet 24 (18.9) 103 (81.1) 127 (100)
7.476¥ 0.007

Need nutritional support 17 (39.5) 26 (60.5) 43 (100)

Hemoglobin (g/dL)

13.6-17.7  g/dL 34 (22.8) 115 (77.2) 34 (22.8)
1.112¥ 0.213

13.5 g/dL 7 (33.3) 14 (66.7) 21 (100)

Albumin (g/dL)

3.5-5.5 g/dL 25 (19.5) 103 (80.5) 128 (100)
5.955¥ 0.015

≤3.4 g/dL 16 (38.1) 26 (61.9) 42 (100)

Blood pressure (systolic/diastolic)

100-140/60-80 mmHg 27 (20.8) 103 (79.2) 130 (100)
3.385 0.054

>140/90 mmHg 14 (35.0) 26 (65.0) 40 (100)

Surgical position

Supine 34 (20.0) 105 (61.8) 139 (81.8)
0.198 0.656

Lateral or other 7 (4.1) 24 (14.1) 31 (18.2)

Total 41 (24.2) 129 (75.8) 170 (100.0)

Ø: Kruskal-Wallis chi-square test, ¥: Pearson chi-square test,  BMI: Body mass index, IPI: Intraoperative pressure injury
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Discussion

Surgical patients may have some sociodemographic and clinical 
factors preoperatively that may contribute to pressure-related 
tissue injury. Among the sociodemographic characteristics, it has 
been suggested that as age increases, it may pose a risk for IPI 
(32-34). Age was not a risk factor for IPI in the presented study. 
This might be due to the fact that the mean age of the patient 
group represented a younger group.

The relationship of gender with pressure injury is controversial in 
researches. However, there are studies showing women at higher 
risk (15). In the present study, longer surgery duration in men 
compared to women might have a role in the higher incidence of 
IPI in male patients.

It is argued that longer surgery duration and increased BMI may 
be related. It is suggested that the adipose tissue increases the 
extent of surgical intervention and with the presence of chronic 
diseases in which tissue nutrition is impaired, they may prolong 
the surgery duration (34-36). Conversely, low BMI has been 
shown to leave soft tissue vulnerable to pressure (8). In the study 
presented, there was no relationship between IPI and BMI and 
presence of chronic disease. The reason for this might be that the 
majority of the patients had a normal BMI. The number of those 

with low or high BMI was very small and their surgery duration 
was shorter. It could be concluded that the size of the surgery of 
the patients was decisive here.

In the literature, direct effect of the clinics where patients are 
hospitalized on IPI has not been shown. It has been argued that 
the characteristics of patients hospitalized in clinics may play 
a role in IPI (24,32,37). Some studies suggest that patients of 
general surgery clinic carry the risk of IPI because they are patients 
with nutritional problems (24,38,39). In the presented study, IPI 
was higher in the patients of general surgery clinic. In this result, 
longer surgery duration in the patients of general surgery clinic 
than in orthopedic patients might have a role. However, as it is 
known, the duration of prosthetic surgeries is long and it should 
be considered that this situation may reverse for the orthopedic 
patients in case of sufficient sample size. Studies report that there 
is a direct proportion between IPI and the duration of surgery 
(9,10,22).

Hb deficiency and nutritional deficiency can play an important 
role in the development of pressure sores (40,41). In the present 
study, the Hb level was normal or close to normal, as planned 
surgical intervention was applied in all patients. Therefore, Hb 
level was not among the factors affecting the development of 
IPI. However, even if surgical intervention was planned, the 

Table 4. Mean surgery duration by some important characteristics of the patients, multivariate analysis results

Characteristics
Duration of surgery mean 
± SD

Median
(percentile)

Test p value
Multivariantanalysis
Exp (β); p

Gender 

Female 165.32±83.27 165
-2.602¥ 0.010

Male 211.00±132.83 180

Department

General surgery 194.49±90.21 180
-1.270¥ 0.207

Orthopedics 169.76±137.29 120

Pressure injury

Yes 246.70±145.58 210
3.359¥ 0.002 1.007; 0.002

No 166.00± 88.14 150

Nutritional status

Need nutritional support 203.26±118.87 180
41.506* 0.001 2.419; 0.038

Normal diet (regimen III) 179.45±106.65 160

Albumin

3.5-5.5g/dL 188.69±143.34 180
0.175¥ 0.861 2.400; 0.043

≤3.4 g/dL 184.94±94.83 165

Braden pressure injury score 18.434± 6.62 2.131 0.035 0.869;0.035

Surgery duration by BMI

<18.5 kg/m2 140.76±121.13 120

6.783** 0.03418.5-24.9 kg/m2 201.13±118.15 180

25.0- 29.9 kg/m2 156.42±67.67 150

¥Independent t-test, *chi-square test , **Kruskal-Wallis test
According to the Braden score, 6 or less points are considered to be very high-risk, 10-12 points as high risk, 13-14 points as moderato risk, and 15-23 as mild to no 
risk in terms of development of pressure injury, SD: Standard deviation, BMI: Body mass index
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need for additional nutrients was an important variable for the 
development of IPI. In addition, the need for additional nutrients 
was thought to be effective in longer duration of surgery in 
those patients. It is also reported in the literature that the diet 
and nutritional needs of surgical patients may be important in 
the development of IPI. Therefore, pre- and postoperative care 
protocols that shorten the fasting period have been developed 
(5,22).

As it is known, edema occurs in tissues with a decrease in albumin 
level (<3.5 g/dL) and tissue resistance to pressure decreases. Thus, 
the incidence of pressure injury increases (10,32,42). In the 
present study, a strong relationship between low albumin levels 
and IPI, regardless of the duration of the surgery, supported this 
literature finding.

Studies have suggested that hypotension, tachycardia, and 
hypothermia may cause pressure injury by increasing peripheral 
resistance. The decrease in tissue oxygenation with the decrease 
in blood pressure and body temperature in patients under 
general anesthesia can also increase this risk (3,14,20,41). In 
the presented study, the blood pressure, heart rate, respiration 
and body temperature values of the patients were within normal 
limits before surgery. No risk associated with IPI was determined.

The role of position given during surgery and position support 
materials used in the prevention of IPI has been shown in many 
studies (18,43-45). In the presented study, the majority of 
patients were operated in the supine position, so a comparison 
between positions could not be made. However, the fact that 
IPI occured in the sacral area and the coccyx in the study and 
that effective position support material could not be used showed 
that these injuries were related to the position. It has been 
reported that the position given during surgery and position 
support materials used during the surgery (such as gel pad, smart 
pad, foam support) may be determinants for the location of 
the pressure injury (6,18,19,22,43). It is pointed out that this 
risk will increase exponentially for every 30 minutes after the 
duration of surgery exceeds two hours, and the importance of 
position support materials is emphasized (10,19,22,46).

In the presented study, there was no patient with a low BRAT 
score. Because all patients were patients with planned surgery 
and all of them could be mobilized. However, the frequency of 
stage I IPI, which did not fade with pressing, was higher than the 
expected prevalence limit for a planned long surgical procedure. 
This result may be related to either the lack of preoperative 
pressure injury risk preparations or low specificity and sensitivity 
of the BRAT. Although BRAT scores in patients with IPI varied 
within the normal score range, they showed two conditions: First, 
skin diagnosis with a preoperative scale suggested that a careful 
nurse could detect the risky patient early. Second, as the duration 
of the operation increased, even if a patient’s pressure injury score 
was low, he/she might develop a pressure injury. The literature on 
this subject suggests that skin evaluation should be continued for 
at least 48-72 hours including periods before, during and after 
surgery to prevent IPI in long surgical procedures (43,41,46).

Study Limitations

In this study, as in many institutions, a scale specific to the 
evaluation of ASBI was not used. It was thought that it would be 
more useful to show the results of scales actively used in clinics 
rather than scales preferred by researchers. This scale might 
not be able to precisely define the effect of variables belonging 
to surgical stage on the results, since it could not make a clear 
evaluation of the surgery. Since the study included only patients 
of general surgery clinic and orthopedic patients, the effects of 
different surgical positions could not be evaluated. These two 
situations were the most important limitations of the study.

Conclusion 
According to the data of this study, it could be concluded that 
IPI was a perioperative care problem that nurses should monitor 
carefully in planned major surgical procedures. Inadequate 
nutritional level, low albumin level, length of duration of 
surgery, change in BRAT score (even if it varied within normal 
limits) should be evaluated as important for IPI. Preoperative 
risk diagnosis and skin diagnosis of surgery nurses and operating 
room nurses were important for long surgical procedures. 
Nevertheless, BRTA should be used with caution in assessing the 
risk of IPI.

According to the limitations and findings of this study, a more 
comprehensive study with the “3S Operating Room Pressure 
Injury Risk Assessment Scale” was planned and presented to the 
institution. 
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Kıkırdak Doku Onarımında Küçük Çaplı Delik Yönteminin Geleneksel Mikro 
Kırık Yöntemi ile Karşılaştırılması ve Hyalüronik Asit Temelli Hücresiz Matriks 
Skafold Eklemenin Etkisi: Bir Hayvan Çalışması

ABSTRACT ÖZ

Amaç: Fokal kıkırdak defektlerinin tedavisinde hala orijinal 
kıkırdak dokusu sağlayan mükemmel bir yöntem yoktur, bu 
nedenle en iyi tedavi seçeneklerini bulmak için araştırmalar devam 
etmektedir. Bu çalışmada amaç, kıkırdak defektlerinde küçük çaplı 
delik (SDHM) ve geleneksel mikro kırık tedavilerinin iyileştirme 
kalitesini karşılaşmaktır. Bununla beraber delik yoğunluğunun 
ve defekti hyalüronik asit bazlı aselüler matriks (HA bazlı AM) 
ile desteklemenin kıkırdak iyileşmesi üzerindeki etkileri de 
incelenmiştir.
Yöntemler: Yirmi bir Yeni Zelanda tavşanının her iki femur 
trochlear oluğunda 5 mm çapında ve 3 mm derinliğinde artiküler 
kıkırdak defekti oluşturuldu. Her biri 6 dizden oluşan yedi grup 
oluşturuldu. Tavşanlar 12 hafta sonra sakrifiye edildi ve rejenere 
kıkırdak Wakitani skorlama sistemi kullanılarak histolojik 
değerlendirme için toplandı.
Bulgular: Tüm defektler rejenere doku ile makroskopik olarak 
dolduruldu. 1. Grup [14 (10-14) puan], VI [6 (1-11) puan] ve VII. 
[5 (3-10) puan] gruplara göre anlamlı derecede yüksek Wakitani 

Objective: Since, there is no standardized technique for the 
treatment of focal cartilage defects that can recreate original cartilage 
tissue; researchers continue to explore and evaluate various treatment 
modalities. This study compared post-operative healing of cartilage 
defects after treatment with small-diameter-hole microfracture 
(SDHM) technique with that of traditional microfracture 
technique. The effects of the hole density and augmentation with 
hyaluronic acid-based acellular matrix (HA-based AM) on cartilage 
healing were also investigated.
Methods: Articular cartilage defects measuring 5 mm in diameter 
and 3 mm in depth were created in each femoral trochlear groove 
of 21 New Zealand rabbits. Rabbits were assigned to seven groups 
comprising six knees each. The rabbits were sacrificed 12 weeks 
later, and the regenerated cartilage was harvested for histological 
evaluation using the Wakitani scoring system.
Results: All defects were filled with regenerated tissue 
macroscopically. Group I (14; range 10-14 points) had significantly 
higher Wakitani score than in groups VI (6; range 1-11 points) and 
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Introduction
Microfracture, a bone-marrow-stimulating technique introduced 
by, Steadman et al. (7) for the treatment of focal full-thickness, 
symptomatic cartilage defects, consists of multiple holes in the 
subchondral bone to enable pluripotent stem cells to migrate 
from the bone marrow into the defect and to promote formation 
of fibrocartilage repair tissue (1-7). 

The amount of hyaline-like cartilage in the repair tissue depends 
on alterations in the subchondral bony architecture during 
microfracture, as compression of the cancellous bone around the 
holes prevents connection with the bone marrow, thus reducing 
the number of mesenchymal stem cells (MSCs) that can reach 
the defect (8,9). This disadvantage of microfracture led to the 
recent development of a technique called ‘small-diameter-hole 
microfracture’ (SDHM) (9-11). Some experimental studies 
showed that deep, small-diameter drill holes are more effective 
in promoting cartilage repair than large-diameter, shallow 
drill holes (10,11). The repair tissue after deep subchondral 
perforations contains less type I and more type II collagen, 
and the defect is better filled with hyaline-like cartilage (9-
11).  Despite promising results of SDHM in comparison with 
conventional microfracture, the role of hole density (how many 
SDHMs should be performed for a cartilage defect of a given 
size) has not been adequately investigated.

Another limitation of the marrow-stimulating techniques is 
related to the amount of defect filling. A thickness of 5 mm 
is necessary to fill a full-thickness articular cartilage defect in 
the knee and it is difficult to create sufficient thickness to fill 
in the defect without a scaffold. For this reason, several studies 
investigated the efficacy of MSCs transferred to a scaffold 
at the time of implantation to treat focal cartilage defect (12-
15).  The rationale of this treatment is that the scaffold triggers 
the proliferation and chondrogenic differentiation of MSCs. 
Moreover, the scaffold contributes to fill the defect. 

An alternative to the engineered scaffold implantation is the 
autologous matrix-induced chondrogenesis (AMIC), which 
consists of implanting a cell-free scaffold over microfracture (16). 
Satisfactory results have been reported with this technique (17), 
albeit no evidence exists on the combination of matrix aided 
chondrogenesis and SDHMs (18).

The aim of the present study was twofold: to assess the efficacy of 
SDHMs with and without matrix augmentation in comparison 
with conventional microfracture for the treatment of focal full-
thickness chondral defects of the knee, and to investigate the 
role of hole density on cartilage repair in SDHM technique. The 
hypotheses of the study were that SDHMs enhance cartilage 
repair with and without matrix augmentation, and that hole 
density positively correlates with cartilage repair.

Method

Twenty-one, mature, male New Zealand white rabbits with 
a mean weight of 3.4 kg (range: 3-4.2 kg) were used for the 
present study. All experiments were conducted in accordance 
with the guidelines of the local ethic committee for animal 
experimentation (approval number: 2014/140).

Surgical Technique

All of the surgical procedures were performed under general 
anaesthesia and by use of sterile conditions. A 2-cm longitudinal 
anterior skin incision was made over the right knee, and the joint 
was approached via a medial parapatellar arthrotomy. A cylindrical 
cartilage defect measuring 5 mm in diameter was created on the 
femoral trochlea (Figure 1A and 1B). Non-calcified and calcified 
layers of cartilage were removed from the defect area and care was 
taken to avoid damage to the subchondral bone.

skoruna sahipti (p=0.043 ve p=0.016 ). Diğer gruplar arasında 
anlamlı bir fark gözlenmedi. Hyaluronik asit bazlı aselüler matriks 
ile destekleme, kıkırdak iyileşmesine katkıda bulunmadı.
Sonuç: SDHM yoğunluğunun artırılması, geleneksel mikro kırık 
ile karşılaştırıldığında kıkırdak iyileşmesini artırır. Hyalüronik asit 
bazlı aselüler matriks implantasyonu ile desteklenen SDHM’nin 
artırılması ise rejenere kıkırdak kalitesini artırmadı.
Anahtar Sözcükler: Mikrokırık, kıkırdak onarımı, küçük çap 
delikli mikrokırık, hyalüronik asit bazlı aselüler matriks, kıkırdak 
iyileşmesi

VII (5; range 3-10 points) (p=0.043 and p=0.016, respectively). 
No significant differences were observed among the other groups. 
Augmentation with HA-based AM did not contribute to cartilage 
healing.
Conclusion: Improved cartilage healing was observed with 
increasing SDHM density than with traditional microfracture 
technique. SDHM combined with HA-based AM implantation did 
not improve the quality of the regenerated cartilage.
Keywords: Microfracture, cartilage repair, small-diameter-hole 
microfracture, hyaluronic-acid-based acellular matrix, cartilage 
healing

Figure 1.  (A) Articular cartilage of the femoral condyles and 
trochlear groove of the rabbit. (B) A cylindrical cartilage 
defect measuring 5 mm in diameter and 3 mm in depth was 
created in the trochlear groove
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Animals were divided into seven groups of six rabbits each, 
according to the treatment protocol. In group 1 (conventional 
microfracture or control group), three holes with 5 mm depth 
were created in the subchondral bone using a standard 1.2-mm 
arthroscopic awl. In groups 2 to 7, a custom-made device was 
used to create SDHMs into the defect, which measured 0.8 
mm in diameter and 5 mm in depth. Four, five and six holes 
were created in groups 2, 4 and 6, respectively (Figure 2). Figure 
3 illustrates the 6 holes of SDHM in the cartilage defect.  In 
the remaining groups (3, 5 and 7 respectively), SDHMs 
were combined with a hyaluronic acid-based acellular matrix 
(HAAM) (Hyalofast; Anika Therapeutics, Bedford, MA, USA), 
which was placed over the defect after creating four, five and six 
holes in groups 3, 5, and 7, respectively (Figure 4). The joint was 
irrigated, haemostasis was controlled, the capsule was sutured 
with 2-0 Vicryl, and the skin was closed with 3-0 silk sutures.

Postoperatively, the rabbits were returned to their cages without 
any immobilization of the operated limb and full weight-bearing 
was allowed as tolerated. General health monitored during 
recovery. 

Outcome Measurements

The rabbits were sacrificed under general anaesthesia 12 weeks 
postoperatively. The distal femur was dissected and harvested for 
both macroscopic and histological evaluations.

Macroscopic appearance of the repair site was evaluated by three 
different investigators and rated according to the International 
Cartilage Repair Society (ICRS) evaluation score (19). This 
scoring system consists of a 12-point scale based on three 
categories (degree of defect repair, integration to border zone, 
and macroscopic appearance). The tissue samples were then fixed 
in 10% neutral buffered formalin for 72 hours, rinsed with water, 
and decalcified in decalcifying solution (OSTEOMOLL; Merck 
Millipore, Billerica, MA, USA). After decalcification, the samples 
were dehydrated gradually using increasing concentrations of 
alcohol (70%, 90%, 96%, and 100%) and cleared in xylene. 
Then, the samples were submerged in paraffin overnight at 60°C 
and embedded in paraffin blocks the next day. After the blocking 
process, 5-µm-thick sections perpendicular to the lesion surface 
were obtained from the samples and placed on slides, stained 
with haematoxylin and eosin (H&E) and toluidine blue for 
histological evaluation, and examined under a light microscope 
(Nikon Eclipse i5; Nikon, Tokyo, Japan). 

Histological findings were scored using the scale described by 
Wakitani et al. (20) according to the intensity of basophilic 
staining caused by hematoxylin (20-22). Sections were graded 
according to cell morphology (maximum 4 points), matrix 
staining (maximum 3 points), surface regularity (maximum 
3 points), cartilage thickness (maximum 2 points), and donor 
material integration into adjacent host cartilage (maximum 2 Figure 2. The defects were treated using (A) microfracture 

with three holes in group I, SDHM with (B) four holes in 
groups II and III, (C) five holes in groups IV and V, and (D) six 
holes in groups VI and VII

Figure 3. Six holes of SDHM are illustrated. r1 is the radius 
of the cartilage defect (2.5 mm) and r2 is the radius of the 
SDHM hole (0.4 mm)

SDHM: Small-diameter-hole microfracture

Figure 4. HA-based AM (Hyalofast, Anika Therapeutics, 
Bedford, MA, USA) was placed over the defect area after 
performing SDHM in groups III, V, and VII

SDHM: Small-diameter-hole microfracture
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points). The maximum score was 14 points. A higher Wakitani 
score represents lower-quality repair tissue.

Three trained observers blinded to group allocation performed 
all macroscopic and histological evaluations.

Statistical Analysis

All the outcome measurements were expressed as mean values 
+ standard deviations. The data were analysed using statistical 
software SPSS 10.0 for Windows (IBM, Chicago, IL, USA). 
Groups were compared for histologic scores using the Kruskal–
Wallis test. Post hoc Dunn test was used for multiple pairwise 
comparisons. Significance was considered for p values less than 
0.05.

Results
There were no wound complications, infections, or deaths. 

Gross evaluation showed that the defects were filled with the 
cartilage completely in group 6 and group 7, and partially in the 
other groups. The mean ICRS evaluation score of each group 
was showed in the table 1. 

Histologic evaluation shows that matrix of hyaline cartilage is 
seen metachromasia and one of the best dyes for it is the toluidine 
blue. In addition, hematoxylin stains matrix of hyaline cartilage 
as basophilic. In our study, we scored the matrix staining in the 
Wakitani score (Table 2). The defect area was incompletely filled 
with fibrous tissue in group 1 and group 2, and completely filled 
with fibrocartilage tissue in group 3 and group 4. The defects 
were filled with repair tissue that contained hyaline cartilage 
in groups 5 to 7 (Figure 5). Although cartilaginous tissue was 
formed these groups, the basophilic matrix appeared in group 6 
and group 7. The surface of the repaired tissue was more irregular 
in groups 1 to 5, and smoother in groups 6 and 7. 

Overall histologic scoring assessment showed a significant 
difference between groups. Post hoc analysis showed that groups 
6 and 7 had significantly better results than group 1 (p=0.043 
and p=0.016, respectively). All other pairwise comparisons 
showed no significant differences.

Analysis of cell morphology subscore showed a significant 
difference between groups. Post hoc analysis showed that groups 
6 and 7 had significantly better results than group 1 (p=0.041 
and p=0.001, respectively).

Matrix staining subscore did not significantly differ among the 
groups. 

Surface regularity subscore was significantly lower in groups 6 
and 7 than in group 1 (p=0.029 and p=0.029, respectively). 

Cartilage thickness and integration subscores did not significantly 
differ among the experimental groups.

Osteoarthritic changes were not observed in healthy cartilaginous 
tissue adjacent to the treatment area in all groups. The outer 
surface of the articular cartilage has normal appearance and has 
not wear or ridge and osteophyte. Vertical cracks, vascularization 
and inflammation have not been observed in the hyaline 
cartilage tissue. Chondrocytes, territorial and interterritorial 
matrix were normal in morphology. Histopathological findings 
were not found. Additionally, degeneration was not observed in 
the subchondral bone. Hyaline cartilage matrix was mostly made 
up of type II collagen. The metachromatic staining observed in 
our HE-stained sections showed that the amount of collagen was 
high and packed tightly. Metachromatic staining in the newly 
formed tissue matrix indicates that healing and cartilaginous 
tissue formation.

Table 1. Macroscopic evaluation of the samples according to the ICRS scoring system (point)

Group I Group II Group III Group IV Group V Group VI Group VII

Min. 3 4 4 6 7 10 10

Max. 3 5 5 8 8 11 11

Mean 3 4.3 4.3 7 7.3 10.5 10.6

ICRS: International Cartilage Repair Society, Min.: Minimum, Max.: Maximum

Table 2. Histologic comparisons of the groups using Wakitani’s score

Group I Group II Group III Group IV Group V Group VI Group VII p

Morphology 4 3 3 2 2 2 1
0.001; VII vs I

0.041; VI vs I

Matrix 3 3 2 2 1 1 1 n.s

Surface 3 3 2 2 1.5 1 1
0.029; VII vs I

0.029; VI vs I

Thickness 2 1.5 1.5 1 1 1 1 n.s

Integration 2 1 1.5 1.5 1 1 1 n.s

Total 14 11.5 9.5 8 6.5 6 5
0.016; VII vs I

0.043; VI vs I
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Discussion

The unique features of our method are as follows: 1) a SDHM 
with sufficient thickness for cartilage repair can be performed 
without a HA-based AM scaffold; and 2) increasing the 
number of SDHM applied to the defect area increases cartilage 
regeneration.

In recent years, several methods have been developed for 
repairing full-thickness cartilage defects. The MF technique 
performed arthroscopically as described by Steadman et al. 
(7) is a popular treatment method because it is easy applicable 
and cost-effective (23,24). Microfracture repairs the defective 
cartilage area by enabling the arrival of stromal cells. However, 
it results in shallow channels, wall compression, and increased 
trabecular thickness and density, as demonstrated by micro-
computed tomography (microCT) and histology in several 
clinical and animal studies (25,26). Thus, it does not allow the 
regeneration of normal hyaline cartilage, perhaps because of the 
lack of sufficient MSCs or poor cellular differentiation (27-29). 
Compared with traditional microfracture, SDHM creates more 
holes with smaller diameters, which damage trabecular structures 
less. Therefore, more MSCs fill the defect (10,11,30,31). 

Min et al. (30) compared the numbers of MSCs in 5-mm2 

cartilage defects in the femoral trochlear grooves of rabbits 
treated by microfracture with 3 (1.5 mm diameter) or 10 (0.8-
mm diameter) holes, and found more MSCs in the latter group. 
They concluded that bone marrow stimulation technique 
affect the number of MSCs drained from the bone marrow, 
which may lead to increased cartilage healing. Eldracher et al. 
(10) performed microfracture using 1.8- or 1-mm awls and 
observed better osteochondral healing with the smaller awl. Orth 
et al. (11)  created 4 × 8-mm cartilage defects on the femoral 
condyles and performed microfracture using 1- or 1.2-mm awls 
and found better histological cartilage healing in the small-awl 
group. Contrasting these studies, Marchand et al. (32) created 
3.5x4.5-mm cartilage defects in rabbits and treated them using 
microfracture with two (0.9-mm in diameter) or three (0.5-mm 
in diameter) holes; they found no difference in cartilage healing. 

In our study, the cartilage healing revealed by histological analyses 
of the 20-mm2 defects did not differ significantly among groups 
with three (group I; the holes included 16.8% of the defect area), 
four (group II; 10% of the defect), or five (group IV; 12.5% of 
the defect) hole, whereas SDHM with six holes (groups VI and 
VII; 15% of the defect area) resulted in significantly higher scores 
compared with group I (p=0.043 and p=0.016, respectively). 
This suggests that SDHM involving a minimum of 15% of the 
defect area improves cartilage healing. Although microfracture 
involved a similar percentage of the defect (16.8%), we did not 
observe the same results with microfracture. We think that this 
difference depends on damage to the cancellous bone caused 
by the traditional awl. These results parallel the literature (10). 
Moreover, the cell morphology and cartilage surfaces scores were 
superior in groups VI and VII compared with group I.

Lim et al. (33) performed microfracture for the focal cartilage 
defects between 1 to 4 cm2 and found good and excellent results 
and complete cartilage regeneration in 80% of the patients 
in second-look arthroscopy at the end of first year. To our 
knowledge, there is no a study investigating cartilage healing 
after SDHM, with ICRS evaluation system, using second-look 
arthroscopy. In the current study, we observed about normal 
cartilage regeneration in every sample in which six-holes SDHM 
was performed. In this group, the defects were completely filled 

Figure 5. (A) Irregular surface, mostly non-cartilaginous 
tissue and non-metachromatic matrix staining in repaired 
cartilage (RC) tissue in Group 1. (B) Irregular surface, mostly 
non-cartilaginous tissue and significantly decreased matrix 
staining in Group 2. (C) Irregular surface, mostly fibro-
cartilaginous tissue, significantly decreased matrix staining 
and integrated one edge between normal and repaired 
cartilage tissue in Group 3. (D) Moderate surface regularity, 
mostly fibro-cartilaginous tissue, significantly decreased 
matrix staining and integrated one edge between normal 
and repaired cartilage tissue in Group 4. (E) Regular 
surface, mostly hyaline cartilage, slightly decreased matrix 
staining and integrated one edge between normal and 
repaired cartilage tissue in Group 5. (F) Regular surface, 
mostly hyaline cartilage, metachromatic matrix staining 
and integrated both edges between normal and repaired 
cartilage tissue in Group 6. (G) Regular surface, hyaline 
cartilage, metachromatic matrix staining and integrated 
both edges between normal and repaired cartilage tissue 
in Group 7

NC: Normal cartilage tissue, RC: Repaired cartilage tissue, Staining: 
H&E, scale bar =500 μm
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with hyaline-like cartilage and regular surfaces were seen. In 
conventional microfracture group, about 50% of the defects 
were filled with the bone and small cartilage islands. 

Several studies have examined the effectiveness of HA-based 
scaffolds in cartilage healing (34-37). In our study, there was no 
difference between the HA-based acellular matrix groups and the 
SDHM-only groups (p=1.0 for group II vs. group III, group IV 
vs group V, and group VI vs group VII). Contrary to common 
belief and the literature, our study revealed that in the treatment 
of focal cartilage defects with SDHM, HA-based acellular matrix 
does not contribute to cartilage healing, although we still need 
more evidence regarding this issue. According to a hypothesis, 
the scaffold might block cells and factors derived from the 
synovium or cause high pressure in the chondral defect, resulting 
in prevention of cells and growth factors gushing out from the 
bone marrow, which leads to disadvantages for cartilage repair.

This study has some limitations. First, it would have been better 
if we had investigated the subchondral bone after SDHM and 
MF using microCT. Second, in addition to the histological 
analyses, the surface strengths of the repaired cartilages should 
be tested biomechanically. Third, the rabbits were 5 months old, 
and they reach skeletal maturity at their 7-8 months. It could 
be better if we used older rabbits in order to decrease the risk 
of spontaneous cartilage repair. Lack of immune-histo-chemical 
analysis for collagen type 1 or type 2, which was better to explore 
the hyaline cartilage nature of the regenerated cartilage, was 
another limitation. The last limitation is that weight bearing can 
not be restricted. Although microfracture has been applied to the 
trochlea, it may have affected as a result of increased pressure on 
the cartilage due to weight bearing.

Conclusion

SDMH with the optimum numbers of holes covering a 
minimum of 15% of the defect size can increase the quality 
of cartilage repair compared with the traditional microfracture 
(16.8% of the defect size) technique for defects of the same size 
in rabbits. HA-based AM implantation after microfracture does 
not improve the quality of the regenerated cartilage.
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ABSTRACT ÖZ

Objective: This study aimed to evaluate the effects of thermo-
mechanical aging (TMA) on the microleakage scores of Class V 
composite restorations polymerized using one new generational and 
two conventional light emitting diodes (LED) light curing units 
(LCU). 
Methods: Class V cavities were prepared and restored on the 
buccal and lingual surfaces of 60 extracted human premolar teeth 
using a dental phantom head to simulate clinical conditions. 
After application of the adhesive system (Optibond Solo Plus, 
Kerr, USA) using total etch procedures, the cavities were restored 
with composite resin (Herculite XRV, Kerr, USA) using one 
new generational (Demi Ultracapacitor, Kerr, USA) and two 
conventional (Valo Cordless, USA and BA Optima International, 
UK) LED light devices. The restored teeth were then subdivided 
into the test (underwent TMA) and control (did not undergo TMA) 
groups, and the specimens were stained with 0.5% basic fuchsin dye 
and sectioned. Dye penetration was scored using a stereomicroscope 
at 40x magnification. Differences between groups were compared 
using the Kruskal-Wallis, Mann-Whitney U, and Wilcoxon Signed 
Ranks tests (p<0.05).

Amaç: Bu çalışmanın amacı termomekanik yaşlandırma (TMY) 
sonrası Sınıf V kompozit restorasyonların mikrosızıntısı üzerine, 
biri yeni nesil, ikisi geleneksel olmak üzere ışık yayan diyot (LED) 
ışık cihazlarının etkisini değerlendirmektir.
Yöntemler: Altmış adet çekilmiş insan premolar dişi kullanıldı. 
Sınıf V kaviteler dişlerin bukkal ve lingual yüzeylerine açıldı. 
Kompozit restorasyonların yapımı LED ışık cihazlarının uzaklığını 
ağız ortamındaki gibi taklit edebilmek amacıyla bir fantom kafa 
içerisinde gerçekleştirildi. Adeziv sistem (Optibond Solo Plus, 
Kerr, ABD) total etch prosedürü ile uygulandıktan sonra kaviteler 
kompozit rezin (Herculite XRV, Kerr, ABD) ile restore edildi. 
Polimerizasyon, biri yeni nesil (Demi Ultracapacitor, Kerr, ABD) 
diğerleri geleneksel olan iki LED ışık cihazı (Valo Cordless, 
Ultradent, ABD ve BA Optima 10 LED LCU (B.A. International, 
İngiltere) ile gerçekleştirildi. Daha sonra TMY prosedürüne (yapılan 
ve yapılmayan) göre dişler 2 alt gruba ayrıldıktan sonra bir gruba 
TMY uygulandı. Örnekler %0,5 bazik fuksin ile boyandıktan sonra 
kesildi. Boya sızıntı skorları x40 büyütmede stereomikroskop altında 
incelendi. İstatistiksel analizler Kruskal-Wallis, Mann-Whitney U ve 
Wilcoxon Signed Ranks testleri kullanılarak yapıldı (p<0,05).
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Introduction
Composite resins are becoming increasingly popular in 
restorative dentistry due to their aesthetic acceptability. These 
materials typically do not contain mercury and restorations can 
be completed with minimal invasive cavity preparation and the 
use of adhesive bonding systems (1). This increasing demand for 
composite resins has led to considerable improvements in their 
physical properties while ensuring adequate polymerization so 
as to avoid poor bonding to the dental tissues and subsequent 
microleakage, postoperative sensitivity, discoloration, secondary 
caries, and irritation of the pulp (2).

The thickness of resin placed in the cavity may influence the 
degree of polymerization by dispersing the applied light and 
significantly decreasing its intensity, brightness, and curing 
action as it descends into the deeper layers (3).

Photo-polymerization of composite resins using blue light 
was first carried out in the 1970s (4). Since then, almost all 
commercially available dental composites utilize light curing 
units (LCUs) based on various physical principles such as 
quartz-tungsten-halogen (QTH) bulbs, lasers, plasma arc lights, 
and light emitting diodes (LEDs), with the standard device of 
choice in modern dental practices being LED LCUs (5). Upon 
commencement of polymerization, photo-initiator molecules 
present in the composite resin are activated by a light source 
in a similar spectrum (1), with conventional LCU and those 
belonging to newer generations being effective at <1,000 mW/
cm2 and ≥1,000 mW/cm2 wavelengths, respectively. One of the 
major advantages of new generation LED LCUs over conventional 
ones include narrow emission range, effective and rapid photo-
polymerization (5), overall energy efficiency per cure cycle (5), 
and prolonged lifetime (6). Nowadays, all commercially available 
high-powered LED curing devices emit light within the spectrum 
and power density necessary to ensure sufficient curing of the 
resin composite (7,8), and some manufacturers have also chosen 
to increase the power output of these devices in order to achieve an 
equal degree of curing within a shorter exposure time (7).

Due to unfavorable features, LED LCUs are the most commonly 
preferred sources. The advantages of LED LCUs include 
prolonged lamp life, no heat production during usage, no need 
for filters, a lack of wires, and no changes in light intensity over 
time (9). However, unlike tungsten lamps which have a wide 

emission spectrum, these light sources are limited by their 
monochromatic emission spectrum similar to lasers (10).

The majority of LED light sources have a wavelength of 450-470 
nm and are considered to be powerful despite having a narrow 
light spectrum as they allow adequate polymerization within 
shorter irradiation periods (5) and contain photo initiators that 
can be activated by this wavelength (9). 

C.U.R.E (Curing Uniformity and Reduced Energy) Technology 
is a new generation, wireless, battery-free, LED light curing unit 
with a patented ultracapacitor light source (11) that generates 
adequate power to provide uniform cure depth with low heat 
over a short period of time. While ultra-capacitors resemble 
conventional batteries with regard to their shape and size, they 
operate differently by producing re-usable energy within a couple 
of seconds and maintaining their energy capacity for years. In 
clinical practice, ultra-capacitors can achieve curing in 25 to 40 
seconds (11).

Composite restorations performed in the clinical setting differ 
considerably from in vitro restorations carried out in a phantom 
jaw with regard to factors that affect treatment success including 
level of clinician comfort, risk of saliva contamination, unstable 
patient head position, pain caused by rotary instruments, and 
insufficient light and visibility when treating posterior teeth. 
Moreover, in the oral environment, teeth are continuously 
subjected to stress and fatigue caused by mastication, swallowing, 
parafunctional habits and thermal applications (12), and 
reproduction of these conditions in in vitro settings is necessary 
for accurate results (13).

The aim of the current study was to investigate the effects of 
thermo-mechanical aging (TMA) on microleakage in Class 
V composite resin restorations polymerized using one new 
generational and two conventional LED LCUs. The restorations 
were created on a phantom head using human extracted premolar 
teeth, and the null hypotheses were that microleakage in Class V 
composite resin restorations would a) be affected by TMA and b) 
would decrease upon use of LED LCUs. 

Method
This study utilized 60 freshly extracted human mandibular 
premolar teeth which were cleaned and polished with scalers to 

Results: Comparison of the test and control groups by the LCUs 
used for polymerization showed a statistically significant difference 
in microleakage scores between the two (p<0.05). However, no 
differences in scores were observed between the new generational 
and two conventional LED LCUs (p>0.05).
Conclusion: Thermal and mechanical aging procedures increased 
microleakage in Class V composite restorations, regardless of the 
light curing unit used.
Keywords: Oral simulation, thermo-mechanical aging, LED light 
curing units, microleakage, class V cavity

Bulgular: Farklı ışık cihazları ile polimerize edilen deney grupları 
yaşlandırma prosedürü açısından karşılaştırıldığında, gruplar 
arasında istatistiksel olarak anlamlı bir fark görüldü (p<0,05). 
Mikrosızıntı skorlarına göre yeni nesil ile iki geleneksel LED ışık 
cihazları arasında arasında fark gözlenmedi (p>0,05).
Sonuç: Termal ve mekanik yaşlandırma prosedürleri, ışık 
cihazlarının jenerasyonlarına bakılmaksızın, Sınıf V kompozit 
restorasyonlarda mikro sızıntıyı artırdı.
Anahtar Sözcükler: Oral simülasyon, termo-mekanik yaşlandırma, 
LED ışık cihazları, mikro sızıntı, sınıf V kavite
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remove organic debris. The teeth were examined under a light 
microscope to allow exclusion of those with cracks, and were 
then stored in 0.2% Cloramin T solution at 4 °C for one week to 
prevent bacterial growth.

Cavity Preparation

The same operator prepared Class V cavities on the buccal and 
lingual aspects of all teeth, ensuring that the occlusal and gingival 
margins were located on the enamel and dentin, respectively. 
No bevels were applied to the teeth, and the cavity dimensions 
(width x height x depth: 3 x 2 x 2 mm) were controlled using a 
periodontal probe (Figure 1).

Simulation Model: A mandibular prototype model was created 
using dental stone, and the right mandibular premolar region 
was excavated to allow placement of the extracted premolar 
human teeth using silicon impression material. Thereafter, 
restorations were performed on the dental phantom head (KDF-
01 Phantom Unit System for Students-Kemal Dis, Turkey) with 
the mouth opening (measured between the incisal edges) fixed at 
58 mm in order to simulate application of LED LCUs in the oral 
environment (Figure 2).

Restoration of the Teeth: The teeth were randomly divided 
into three groups (n=20) as per the LCU used. Thereafter, 
37% phosphoric acid (Kerr, USA) was used to etch the enamel 
margins and dentin structure for 30 and 15 seconds, respectively, 
and the teeth were then rinsed with water for 40 seconds. The 
adhesive system (Opti Bond Solo plus, Kerr, USA) was applied 
in 2 coats as per the manufacturers’ instructions using a micro-
brush, and then polymerized for 5 seconds with the Demi 
Ultracapacitor (Kerr, USA) or for 10 seconds with the Valo 
Cordless (Ultradent, USA) and BA Optima 10 LED LCUs (BA 
International, UK). The composite resin restorations (Herculite 
XRV Ultra, Kerr, USA) were polymerized with the same LCUs 
for 20 seconds as per the manufacturers’ instructions, and then 
finished and polished using a multi-step polishing system (Super-

Snap Rainbow Technique Kit, Shofu, Japan) implemented by the 
same operator. The tested materials and LCUs included in this 
study have been shown in Table 1 and 2, respectively.

After completion of the restorations, the 3 groups were 
subdivided according to aging conditions and all samples were 
stored in distilled water in dark colored glass bottles at room 
temperature for 24 hours.

Thermal Cycling and Mechanical Loading Procedures

The test groups subjected to aging procedures underwent thermal 
cycling (1000 times) between 5 and 55 °C, with a dwell time 
of 30 seconds at each temperature and a transfer interval of 10 
seconds (SD Mechatronic, Germany). Upon completion of these 
procedures, the samples were subjected to mechanical loading 
(Dentarge Chewing Simulator, Gaziantep/Turkey) using 50,000 
load cycles at a frequency of 1.7 Hz to replicate an intermittent 
vertical load of 98N on the restorations (14). All samples were 
submersed in distilled water during the mechanical loading test.

Microleakage Evaluation

Thereafter, all tooth surfaces (excluding 1 mm around the 
restoration margins) were sealed using two layers of nail polish 
to prevent dye penetration, and the apices were sealed with 
composite resin. The teeth were then immersed in 0.5% basic 
fuchsin dye solution for 24 hours, after which any surface 
adherent dye was rinsed off under tap water. The teeth were then 
sectioned longitudinally along the bucco-lingual plane through 
the center of the restoration using a water cooled, slow speed 
diamond blade (Esetron Smart Robotechnologies, Ankara/
Turkey) to form two sections. The marginal sealing ability, as 
indicated by the depth of dye penetration around the enamel 
and dentinal margins, was evaluated under a stereomicroscope 
(SMZ1000, NIKON, JAPAN) at 40x magnification. The 
scoring scale used to assess extent of dye penetration at the tooth-

Figure 1. Schematic representation of the cavity 
configuration

Figure 2. Restorations were performed on a dental 
phantom head to mimic the oral environment
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restoration interface has been shown below (15), and all visual 
analyses were performed by two previously calibrated examiners 
(ND, YSU).

0: No penetration

1: Infiltration up to the enamel-dentin junction in the occlusal 
wall or penetration up to ¼ of the length of the gingival wall.

2: Penetration of the dye up to ½ the length of the cavity wall.

3: Penetration of the dye extending to the total depth of the 
cavity wall.

Microleakage was evaluated in the tested groups after completion 
of the TMA procedures and in the control groups (which did not 
undergo TMA procedures) after 24 hours.

Statistical Analyses

All statistical analyses were performed using SPSS Software 
for Windows 20.0. As the microleakage values did not exhibit 
normal distribution, non-parametric tests (Kruskal-Wallis, 
Mann-Whitney U, and Wilcoxon Signed Ranks tests) were used 

to carry out pair-wise comparisons among groups. A p value 
<0.05 was considered to be statistically significant.

Results

Table 3 shows the distribution of the microleakage scores and 
the results of the statistical analyses. Comparison of the groups 
showed no significant differences in microleakage scores between 
the new generation and two conventional LED LCUs used 
(Table 3).

Upon comparison of the test and control groups polymerized 
using the new generation LED LCU, a statistically significant 
difference in microleakage scores was observed along the gingival 
margins (p<0.05) but not along the occlusal margins (p>0.05).

Comparison of the test and controls groups polymerized using 
two conventional LED LCUs showed that the former exhibited 
a higher microleakage score and this difference was statistically 
significant along the occlusal and gingival margins (p<0.001) 
(Figure 3).

Table 1. Materials used in this study

Product manufacturer Classification Composition Procedures

Herculite XRV Ultra, Kerr, Orange, 
CA, USA

Nanohybrid composite
Uncured methacrylate ester monomers; 
TiO2 and pigments; MHQ, BPO, TMPTA 
and initiators

Applied in 2 increments, light 
cured for 20 seconds

Optibond Solo Plus Kerr, Orange 
CA, USA

Single component 
Total-etch adhesive

Ethanol, 2-HEMA glass, oxide, 
chemicals silica, amorphous, fumed, 
cryst-free 2-hydroxy-1,3-propanediyl 
bismethacrylate Silanamine 
1,1,1-trimethyl-N-(trimethylsilyl)-, 
hydrolysis products with silica alkali 
fluorosilicates (Na)

1. Etch enamel and dentin for 15 
seconds; rinse for 15 seconds, and 
gently air dry. Do not desiccate. 

2. Apply optibond solo plus for 15 
seconds 

3. Air thin for 3 seconds. 

4. Light cure for 20 seconds

Super-Snap Rainbow Technique Kit, 
Shofu

Multi-step disk-based 
polishing system

  Apply as per color

Kerr Etchant (Kerr Corporation, 
California, USA) 

  Etchant gel 37.5% phosphoric acid

Apply for 15 seconds; rinse with 
water for 15 seconds; then dry 
with clean, oilfree air without 
desiccating the dentin

Table 2. Curing units used in this study and their outputs

Curing unit Manufacturer Serial no Setting Light intensity mW/cm2

High power intensity (LED) Demi Ultra, Ultracapacitor KERR 35664 Standard 1100

High power intensity (LED) Optima BA International (UK) L1340755H Full power Ramp (soft), Pulse 1200

High intensity (LED) Valo Cordless, ULTRADENT C46176 Standard, high, Xtra 1000

LED: Light emitting diodes
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Discussion
The current study examined and compared the effects of TMA 
on the microleakage scores of Class V composite restorations 
polymerized using one new generational and two conventional 
LED LCUs on a phantom simulation device. The findings 
showed that TMA increased microleakage in Class V composite 
restorations, irrespective of the type (new generational or 
conventional) of LED LCU used. Therefore, the first null 
hypothesis was accepted and the second was rejected.

Composite resins should be completely polymerized in order to 
achieve the maximum degree of conversion and highest endurance 
against occlusal and lateral loads and thermal variations. Previous 
studies have suggested that LCUs should be held as close as 
possible to the tooth surface to achieve adequate polymerization 
(12), with light intensity, composite resin microhardness, and 
degree of polymerization decreasing as the distance between the 
light tip and the cavity increases (16,17). Delivery of a sufficient 
amount of light at the correct wavelength is essential in order 
to achieve adequate resin polymerization (18), and failure to 
accomplish this can lead to increased wear, fracture, lesser degree 
of conversion, and microleakage and subsequent secondary caries 
(19). Consequently, treatment success is influenced by many 
factors such as the skill of the operator, type of resin material, 
application technique, adequate isolation of the cavity, and 
sufficient light curing (20). The current in vitro study used a 
dental phantom head to mimic oral conditions, and all prepared 
human premolar teeth were fixed on a mandibular prototype 
model made from dental stone. 

The distance between the tip of the light curing unit and the 
tooth is affected by the position of the latter in the dental arch 
and in relation to the tongue and cheek. Holding the tip of the 
light curing unit as close to the tooth as possible is a crucial factor 
affecting polymerization, degree of conversion, microleakage, 
and the longevity of the restoration (12). According to the ADA 
(2014) (21) report, increasing the distance between the LCU 
and the tooth from 2 mm to 9 mm decreases the curing depth. 
Therefore, in the current study, the distance between the light 
curing unit and the tooth was determined using a standard 
protocol and all restorations were cured using LCUs held at the 
same distance. 

Other factors that affect resin composite polymerization include 
the mode, exposure time, type, wavelength, and irradiance (22). 
In 1999, Chiche (23) reported a lack of an optimal light curing 
protocol despite the commercial availability of several LCUs with 
standard, high, ramped or pulsed exposure modes operating over 
a wide range of spectral radiant power. Harlow et al. (24) used 
six different LED light sources in their study and found that the 
radiant energy produced during exposure with ramp mode was 
not the same as the energy produced when using the standard 
mode. Additionally, the radiant energy produced with higher 
power modes over shorter exposure times was also lower than 
that produced with the standard mode. Devices with high light 
intensity have several advantages including shorter application 
time and deeper curing. However, they are also associated with 
several limitations. Firstly, very rapid polymerization often limits 
the ability of the composite to flow to the surface of the tooth, 
thereby transferring polymerization contraction stress from the 
tooth structure to the bonding surface (25). Secondly, rapid 
polymerization may also result in the formation of shorter chains 
with fewer cross-links and lower molecular weight which, in 
turn, affect the physical properties of the composite resin (13). 
Therefore, the standard mode of LED LCUs was preferred over 
the high intensity mode due to the limitations associated with 
the latter.

As per the manufacturer’s instructions, the exposure time for 
the adhesive system was 10 and 5 seconds with the conventional 
and new generational LED LCUs, respectively. In contrast, the 
exposure time for the composite resin was the same for both LED 
LCUs. Currently, there is a wide range of commercially available 

Figure 3 (A, B, C). Dye penetration on the gingival margin by 
thermos-mechanical aging  groups. A  (DEMI): score 2; B 
(VALO): score 2; C (OPTIMA): score 3

Table 3. Distribution of microleakage scores and median values of groups for microleakage

Aging 
Condition

Light Curing     
Units

Occlusal score Gingival score Occlusal Gingival

0 1 2 3 0 1 2 3 Median (min-max) Median (min-max)

 With    TMC

Demi Ultra 3 7 3 7 2 7 - 11 1.5 (0-3) 3 (0-3)

Optima - 10 7 3 - 7 1 12 1.5 (1-3) 3 (1-3)

Valo - 6 6 8 - 6 1 13 2 1-3) 3 (1-3)

Without TMC

Demi Ultra 11 9 - - 6 14 - - 0 (0-1) 1 (0-1)

Optima 9 11 - - 5 13 2 - 1 (0-1) 1 (0-2)

Valo 14 6 - - 12 8 - - 0 (0-1) 0 (0-1)
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LUCs that claim to exhibit superior properties; therefore the aim 
of this study was to evaluate whether there were any differences 
in microleakage when using three different LED LCU systems. 
However, as all the light devices used similar wavelengths and 
irradiance, no differences in microleakage between the new 
generational and two conventional LED LCUs were observed, 
suggesting that the former did not exhibit superior properties as 
suggested. 

Previous studies have suggested that higher energy intensity did 
not augment the hardness of the composite resin, but rather 
affected its physical properties (26). Despite controlling the 
effects of polymerization contraction, marginal microleakage 
may occur at the adhesive interface of dental restorations, which 
are subjected to fluctuations in the temperature and pH of the 
oral environment, leading to chemical, thermal, and mechanical 
stresses (27). Thermal stresses may lead to the formation of gaps 
which, in turn, result in microleakages at the interface caused 
by a mismatch between the coefficients of thermal expansion 
between the restorative material and natural tooth structure 
(28). Since microleakage tests usually assess the sealing ability of 
restorative materials, previous studies have recommended the use 
of both thermal and mechanical aging tests to evaluate stress at 
the adhesive interface in order to mimic in vivo conditions (29). 
Therefore, the present study utilized thermos-mechanical aging 
of the restorations to mimic the oral environment and evaluate 
microleakage scores. Microleakage is often caused by thermal 
cycles or mechanical loading that cause stress and disruptions 
at the tooth-composite restoration interface due to differences 
between the restorative material and dental structure (30,31). The 
current study found that although TMA increased microleakage 
in all groups, there were no significant differences between the 
test and control groups when examined by the different types of 
LCUs used (Figure 3). These findings were consistent with those 
reported by Soares et al. (13) who examined the effects of thermo-
mechanical load cycling (TMC), polymerization time, and mode 
on microleakage scores in Class II composite restorations and 
reported that TMC increased microleakage. Similarly, Erdilek 
et al. (32) found that microleakage from the gingival margins 
of two composite resins (Spectrum TPH and Admira Ormocer) 
significantly increased following cyclic loading (50,000 cycles of 
50 Newton force).

Upon comparison of the test and controls groups polymerized 
using new generation LED LCUs, a statistically significant 
difference in microleakage score was observed at the gingival 
margin (score 3:11; p<0.001) but not at the occlusal margins 
(score 3:7;p>0.001) (Table 3). However, 7 samples in the current 
study exhibited a highest score of 3 at the occlusal margin. 
Conversely, a statistically significant difference (p<0.001) in 
microleakage scores was observed at the gingival and occlusal 
margins when comparing test and control groups polymerized 
using two conventional LED LCUs (Table 3). The highest 
microleakage scores were observed in the test groups, with the 
scores in the gingival margins being higher than that of the 
occlusal margins. This could be attributed to the effects of TMA. 
The other reason for the higher microleakage on the gingival 
margin in the aged group may be due to the ending of the 

gingival margin on the dentin tissue where the adhesive bonding 
is more difficult to seal that part of the cavity.

Rapid polymerization of composite resins using high-intensity 
(Valo cordless) LCUs often leads to polymerization contraction, 
as suggested by Yoshikawa et al. (33) who compared low and 
high-intensity LCUs and found that the latter yielded inadequate 
polymerization of the resin composite and poor adaptation to 
the cavity wall, causing marginal gap formation.

Nalçacı et al. (34) reported that the performance of resin 
composite restorations was affected by the polymerization light 
sources and modes used. Similarly, Yilmaz et al. (35) compared 
microleakage in resin composites polymerized with QTH and 
two types of LED LCUs and found that microleakage could be 
minimized by polymerizing with high-density output LEDs. 
They also stated that microleakage was affected by the type of 
light curing unit used.

Study Limitations

The limitation of this study can be the thermomechanical aging 
that was applied to the specimens corresponding to 1 month.  It 
may be better to apply thermomechanical aging procedure which 
equals to 1 year. 

Conclusion
Within the limitations of the study, it may be concluded 
that thermal and mechanical aging procedures increase the 
microleakage in Class V composite restorations regardless of the 
type of light curing unit used.
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Objective: Persistent thrombocytopenia is a common complication 
of allogeneic stem cell transplantation (ASCT). Treatment of platelet 
engraftment failure after ASCT remains controversial. Drugs, such 
as eltrombopag, are used for this purpose. Eltrombopag is an Food 
and Drug Administration -approved oral thrombopoietin receptor 
agonist. We aim to present the results of 12 patients treated with 
eltrombopag in our center for severe thrombocytopenia after ASCT.
Methods: From January 2018 to February 2020, a total of 56 patients 
underwent ASCT. Twelve patients had persistent thrombocytopenia 
following ASCT. All patients received eltrombopag.
Results: Primary platelet engraftment failure developed in six of 12 
patients who developed persistent thrombocytopenia after ASCT. 
Secondary platelet engraftment failure developed in six of them. 
After eltrombopag treatment, eight (66.7%) patients achieved 
transfusion independence, whereas four patients (33.3%) could not. 
The maximum platelet count after the eltrombopag treatment was 
median 118.000 (range: 24,000-253,000)/µL. The median time 
from the start of eltrombopag until the platelet count was >50,000/
µL was 18 (range: 14-112) days. The median duration of treatment 
with eltrombopag was 70 (range: 26-180) days. Eltrombopag was 
discontinued in all patients who survived and had full platelet 
recovery.

Amaç: Kalıcı trombositopeni, allojenik kök hücre 
transplantasyonunun (AKHN) yaygın komplikasyonlarından 
biridir. AKHN sonrası trombosit engrafman yetersizliğinin tedavisi 
hala tartışmalıdır. Eltrombopag bu amaçla kullanılan ilaçlardan 
biridir. Eltrombopag, FDA onaylı oral trombopoietin reseptör 
agonistidir. AKHN sonrası şiddetli trombositopeni nedeniyle 
merkezimizde eltrombopag ile tedavi edilen 12 hastanın sonuçlarını 
ortaya koymayı amaçladık.
Yöntemler: Kök hücre nakil merkezimizde ocak 2018’den şubat 
2020’ye kadar 56 hastaya AKHN yapıldı. Oniki hastada AKHN 
sonrası kalıcı trombositopeni gelişti. Tüm hastalar eltrombopag aldı.
Bulgular: AKHN sonrası inatçı trombositopeni gelişen 12 hastanın 
altısında birincil trombosit engrafman yetersizliği, altısında ise 
ikincil trombosit engrafman yetersizliği gelişti. Eltrombopag tedavisi 
sonrası sekiz hasta (%66,7) transfüzyon bağımsızlığına ulaşılırken 
dört hastada (%33,3) ulaşılamadı. Eltrombopag tedavisinden sonra 
maksimum trombosit sayısı medyan 118.000 (aralık: 24.000-
253,000)/µL oldu. Eltrombopag başlangıcından trombosit sayısı 
>50.000/µL olana kadar geçen süre medyan 18 (aralık:14-112) 
gün idi. Eltrombopag ile medyan tedavi süresi 70 (aralık: 26-180) 
gün oldu. Yaşayan ve tam trombosit iyileşmesi olan tüm hastalarda 
eltrombopag kesildi.
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Introduction
Persistent thrombocytopenia is a common complication of 
allogeneic stem cell transplantation (ASCT) (1). Its causes are 
not well understood. Poor graft function, viral infections such 
as cytomegalovirus (CMV), impaired platelet production due to 
side effects of immunosuppressive or antiviral drugs, increased 
destruction associated with infection and immune-mediated 
processes, or a combination of these mechanisms may play 
a role (2). A platelet count >20,000/µL for three days after 
transplantation is considered platelet engraftment. There are 
two forms of thrombocytopenia after ASCT. Primary platelet 
engraftment failure is characterized by the absence of initial 
donor cell engraftment (donor cells less than 95%); peripheral 
blood platelet count < 20x109/L by day +28 after allo-HSCT 
from peripheral blood or bone marrow progenitors in the 
absence of relapse (3). It is seen in 5%-20% of transplantations. 
If the posttransplant platelet count reaches 50,000/µL and then 
persistently decreases to <20,000/µL, it is called secondary 
platelet engraftment failure (SPEF). Its prevalence is around 
20% (4).

There is evidence which is proving that eltrombopag can induce 
hematopoiesis with a non-competitive activation of c-MPL. In 
immune thrombocytopenia, TPO levels are at the upper or near 
the upper limit of the mean, while they increase significantly in 
aplastic anemia (5).

Romiplostim and eltrombopag, which are FDA-approved 
thrombopoietin receptor agonists, stimulate platelet production, 
especially in immune thrombocytopenia (6,7). The efficacy and 
safety of eltrombopag have been demonstrated in a study by 
Wong et al. (8) in immune thrombocytopenic purpura (ITP) 
and a study by Townsley et al. (9) severe aplastic anemia. Given 
the similarity between severe aplastic anemia and graft failure, it 
was suggested that eltrombopag therapy could also be successful 
in graft failure (10). Recently, several articles with small numbers 
of cases showing the efficacy of eltrombopag in persistent 
thrombocytopenia developed after HSCT have been published 
(11-13).

Herein we reported the results of 12 patients treated with 
eltrombopag in our center with severe thrombocytopenia after 
HSCT retrospectively.

Method
From January 2018 to February 2020, 119 patients had 
hematopoietic stem cell transplantation in our center’s bone 
marrow transplantation unit. Fifty-six patients underwent 

ASCT, and 12 of them developed persistent thrombocytopenia. 
Our study was approved by the Bezmialem Vakıf University 
ethics committee.

Endpoint: The endpoints were determined as platelet levels 
>50,000/µL after initiating treatment with eltrombopag either 
permanently after cessation of drug or need to continue therapy 
and no response after four months therapy at a dose of 150 mg/
day.

Eltrombopag Treatment

Eltrombopag was initiated at a dose of 50 mg/day in seven 
patients. The eltrombopag dose was increased by 50 mg weekly 
to attain a final dose of 150 mg/day. Due to the lack of platelet 
response in patients who received a daily dose below 150 mg, 
three patients were started with 100 mg, and two patients were 
directly started at 150 mg/day. Eltrombopag was given to all 
patients with a maximum dose of 150 mg. After the platelet 
count exceeded 150,000/µL, it was planned to taper first by 
decreasing 50 mg and 25 mg. When a decrease in platelet count 
was also detected during the cessation period, the dose was 
increased to the previous dose again. Platelet transfusions were 
performed when the platelet count was <15,000/µL in clinically 
stable patients and had no fever and bleeding symptoms and in 
patients with signs of bleeding, even if the platelet count was 
between 20,000/µL and 50,000/µL.

Statistical Analysis

Average values, standard deviation, median lowest, highest 
values, frequency, and ratio values were used in the descriptive 
statistics. The distribution of the variables was checked by the 
Kolmogorov-Smirnov test. The Wilcoxon test was used to 
analyze quantitative dependent data. The SPSS 22.0 program 
was used for the analyses. The Kaplan-Meier method was used 
for survival analysis.

Results
In a total of 12 patients who developed persistent thrombocytopenia 
after ASCT, 10 were men, and two were women. The median age 
was 40.5 (range: 19-67) years. Platelet engraftment failure was 
observed in 12 out of 56 patients (21.4%). The diagnoses of these 
patients were acute lymphoblastic leukemia (n=3; 25%), acute 
myeloid leukemia (n=6; 50%), Hodgkin lymphoma (HL, n=1; 
8.3%), myelodysplastic syndrome (MDS, n=1; 8.3%) and non-
HL (NHL, n=1; 8.3%). Nine patients had ASCT from a sibling 
donor (one of which was haploidentical), and three patients from 
an unrelated donor. Nine of the donors were a full match, two 
donors had one mismatch, and one donor had two mismatches 

Conclusion: Thrombocytopenia after ASCT is a condition that 
should be treated as it can lead to life-threatening bleeding.
Keywords: Hematopoietic stem cell transplantation, platelet 
engraftment failure, eltrombopag 

Sonuç: AKHN sonrası kalıcı trombositopeni, yaşamı tehdit 
eden kanamalara yol açabileceği için tedavi edilmesi gereken bir 
durumdur.
Anahtar Sözcükler: Allojenik kök hücre nakli, trombosit engrafman 
yetersizliği, eltrombopag
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peripheral stem cell source, and myeloablative regimens were 
used in all patients. The median given stem cell number was 6.65 
(4.7-9.3) x10⁶/kg. Neutrophil engraftment could be achieved in 
all patients. The median time to neutrophil engraftment was 
20 (9-27) days). Six patients developed PPEF, and the SPEF 
occurred in the other six patients. Cyclophosphamide was used 
in four patients after transplantation. Transfusion independence 
was achieved in three of these patients. Patient-donor blood 
groups were the same in seven patients and different in five 
patients. Before eltrombopag, the frequency for transfusion was 
once a week in two patients, 1-2 times a week in seven patients, 
and more than two times a week in three patients. A decreased 
number of megakaryocytes in the bone marrow were seen in six 
patients, whereas it was normal in the other six patients. The 
median time from transplant to eltrombopag initiation was 
69 (range: 48-128) days. After eltrombopag treatment, eight 
patients achieved transfusion independence. The median platelet 
count four months after the start of eltrombopag treatment was 
118.000 (range: 24,000-253,000)/µL. The median time for the 
platelet count to reach 50,000/µL was 18 (range: 14-112) days. 
The median duration of treatment with eltrombopag was 70 
(range: 26-180) days. Currently, five of these patients are alive, 
and seven died due to septicemia. Eltrombopag treatment was 
discontinued in all patients who survived and had full platelet 
recovery. Patient characteristics are summarized in Table 1.

The patients’ response rates were evaluated according to their 
status before eltrombopag are summarized in Table 2.

The duration of achieving transfusion independence in 
responders was 61.9 days (36.4-87.3)(Figure 1).

The duration of achieving transfusion independence in patients 
who had one or fewer transfusions per week before eltrombopag 
was significantly shorter than those with two or more platelet 
needs before eltrombopag [46.5 and 83.4 days (HR: 0.255, 95% 
CI: 0.050-1.29, p=0.045] (Figure 2).

In the group whose patient-donor blood group was compatible 
[34.1 and 86.1 days HR: 5.071, 95% CI, p=0.040], the time to 
achieve transfusion independence was significantly shorter than 
the group without blood group compatibility (Figure 3).

There was no significant difference regarding the time to achieve 
transfusion independence in primary and secondary failure. 
The time to achieve transfusion independence in patients who 
had a normal megakaryocyte count in their bone marrow was 
significantly shorter than those who had a low megakaryocyte 
count [85.0-38.8 days, HR: 3.667, 95% CI 0.698-19.25, 
p=0.045] (Figure 4).

The duration of achieving transfusion independence in the 
group using posttransplant cyclophosphamide (47.7 and 68.7 
days, p>0.05) did not differ from the group that did not use 
cyclophosphamide (Figure 5).

The transfusion frequency decreased in three of four patients 
who did not respond to eltrombopag therapy. According to our 
study, a dose of eltrombopag <150 mg/day was not effective.

In the last outpatient visit, the median number of platelets 
was 80.500 (range: 19,000-210,000)/µL and was statistically 
significant (Table 3) (Figure 6).

Figure 1. Cumulative transfusion independence Figure 3. Patient-donor blood group compatibility

Figure 2. Need for platelets before eltrombopag
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Table 1. Patient characteristics

   Min - Max Median Mean ± SD/n-%

Patient age at transplantation 19.0 - 67.0 40.5 42.1 ± 12.9

Gender
Female 2   16.7%

Male 10   83.3%

Disease

ALL 3   25.0%

AML 6 50.0%

Hodgkin’s lymphoma 1 8.3%

MDS 1 8.3%

NHL 1   8.3%

Donor

Sibling 8   66.7%

Unrelated 3 25.0%

Sibling haploidentical 1 8.3%

HLA

1 mismatch 2   16.7%

2 mismatch 1 8.3%

Match  9   75.0%

Stem cell source Peripheral blood  12   100.0%

CD34+ cell dose x 10⁶   4.7 - 9.3 6.7 6.5 ± 4.6

Neutrophil engraftment time (days) 9.0 - 31.0 20.0 19.3 ± 5.4

Patient-donor blood Group 
compatibility

Compatible 7   58.3%

Not compatible 5 41.7%

Thrombocytopenia Status
PPEF 6   50.0%

SPEF 6   50.0%

Platelet transfusion Before starting 
Eltrombopag

Once per week  2   16.7%

2 times per week 7 58.3%

>2 per week  3   25.0%

Megakaryocyte count Before starting 
eltrombopag

Decreased 6 50.0%

Normal 6   50.0%

Starting dose of eltrombopag

100 mg 3   25.0%

150 mg 2 16.7%

50 mg  7   58.3%

Max dose of eltrombopag 150 mg 12 100.0%

The time until the start of the eltrombopag after ASCT (days) 48.0 - 128.0 69.0 75.7 ± 25.3

Achievement of transfusion 
independence 

Yes 8   66.7%

No  4   33,3%

Final status
Alive 5   41.7%

Dead  7   58.3%

Treatment time (days) 26.0 - 180.0 70.0 78.0 ± 48.1

ALL: Acute lymphoblastic leukemia, AML: Acute myeloid leukemia, MDS: Myelodysplasticsydrome, NHL: non-Hodgkin lymphoma, HLA: Human leucocyte antigen, 
PPEF: Primary platelet engraftment failure, SPEF: Secondary platelet engraftment failure, ASCT: Allogeneic stem cell transplantation, SD: Standard deviation, Min: 
Minimum, Max: Maximum
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Discussion

Engraftment failure after ASCT has been a life-threatening 
complication with a rate of 5%-27% (14-16). After hematopoietic 
stem cell transplantation, two types of engraftment failure can 
be observed: PPEF and SPEF (3,4). Various methods have been 
tried to activate engraftment. These are growth factors, CD34+ 
stem cell enhancement, mesenchymal stem cells, and a second 
ASCT (16-19). However, none of these methods was completely 
effective. Eltrombopag, a thrombopoietin receptor agonist, has 
recently been started to be used.

In this article, we wanted to share our experience with 
eltrombopag in a patient who developed thrombocytopenia after 
ASCT. In our ASCT patients, platelet engraftment failure was 
found to be 21.4%. Eltrombopag treatment provided transfusion 
independence in 66.7% of patients and it was discontinued in 
all living patients. The dose was increased to 150 mg/day in all 
patients.

Bielski et al. reported that the post-ASCT PPEF prevalence was 
3% (3). In three separate reports, two of four patients reported 
as PPEF were treated with romiplostim and the other two 
were treated with eltrombopag. Transfusion independence was 

Figure 4. Megakaryocyte counts before starting 
eltrombopag

 Table 2. Response rates to treatment

Transfusion independence (-) Transfusion independence (+)

    Mean ± SD/n-% Median Mean ± SD/n-% Median

Age 47.3 ± 11.0 51.5 39.5 ± 13.7 39.5

Gender
Female 0 0.0% 2 25.0%

Male 4 100.0% 6 75.0%

Patient-donor blood 
group compatibility

Compatible 2   50.0%
 

 
3   37.5%  

Not compatible 2   50.0%
 

 
5   62.5%  

Thrombocytopenia status
PPEF 2 50.0% 4 50.0%

SPEF 2 50.0% 4 50.0%

Platelet transfusion 
before starting 
eltrombopag

(-) 1   25.0%
 

 
6   75.0%  

(+) 3   75.0%
 

 
2   25.0%  

Platelet count before starting eltrombopag 14,000 ± 4,243 15,000  20,000 ± 6,866 21,500

Max platelet count after eltrombopag 39,000 ± 11,165 42,000 16,5125 ± 54,186 166,000

Days from starting eltrombopag to platelet 
50.000/µL

 

 
26.5 ± 33.9 18.0

PPEF: Primary platelet engraftment failure, SPEF: Secondary platelet engraftment failure, SD: Standard deviation

Figure 5. Using cyclophosphamide after ASCT

ASCT: Allogeneic stem cell transplantation
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achieved in all four patients (20-22). Tanaka et al. (12) treated 
five PPEF patients with eltrombopag and reported that they 
achieved transfusion independence in 60% of the patients. 
Transfusion dependence continued in two patients, but the 
frequency of transfusions decreased (12). We treated six patients 
diagnosed as PPEF with eltrombopag. Transfusion independence 
was achieved in four (66.7%) patients, and transfusion frequency 
decreased in the other two patients.

Bruno et al. (4) reported the prevalence of SPEF as 20%. Twenty-
two patients identified as SPEF in seven different reports treated 
with romiplostim and transfusion independence was achieved 
in 91% of patients (20,23-28). Tanaka et al. (12)  described a 
transfusion independence rate of 86% with six patients in a total 
of seven SPEF patients treated with eltrombopag. Six patients were 
diagnosed with SPEF and treated with eltrombopag in our patient 
group (max dose of 150 mg/day). Transfusion independence was 
achieved in four (66.7%) of these patients. Transfusion frequency 
decreased in one of the two nonresponder patients.

Tang et al. (11) treated 12 patients with poor graft function after 
ASCT with eltrombopag. In this study, eltrombopag was started 
at 25 mg/day and a maximum dose of 75 mg/day. A complete 
response (CR) was achieved in 66.7% of these patients. In our 
study, transfusion independence (CR) was achieved in 66.7% of 
patients.

Two of four patients for whom transfusion independence could 
not be achieved had grade ≥2 gastrointestinal tract GvHD. This 
was observed in three of four patients in the study by Tanaka et 

al. (12). Gastrointestinal absorption disorders might be effective 
in this condition.

In our study, the response to eltrombopag therapy was 
significantly better in patients who need a lower frequency of 
transfusions and had donor-patient blood group compatible 
transplantations. In addition, transfusion independence was 
achieved in five (83%) patients with normal bone marrow 
megakaryocyte counts. However, transfusion independence was 
achieved in only three (50%) of six patients with reduced bone 
marrow megakaryocyte counts (Figure 5). A study conducted by 
Tanaka et al. (12) supports this result. In the same study, the 
response to eltrombopag treatment was significantly higher in 
patients with secondary platelet failure than those with primary 
failure (12). However, in our study, there was no difference 
between the two groups.

Eltrombopag was well tolerated in all 12 patients. Side effects, 
such as cataracts, thrombosis, or 3/4 degree of toxicity and 
treatment-related mortality identified in the “EXTEND” (8) 
and “RAISE” phase III studies (29). These studies demonstrated 
the efficacy and safety of eltrombopag in patients with ITP. In 
various studies, it has been reported that eltrombopag does not 
induce leukemia or MDS cell growth (30). None of our patients 
had a transformation of leukemic or myelodysplastic syndrome. 
The efficacy and safety of eltrombopag have been demonstrated 
in ITP and aplastic anemia in various studies (8,9).

Study Limitations

The small number of cases is a limitation of this study.

Conclusion
Thrombocytopenia that develops after ASCT is a condition 
that should be treated as it can lead to life-threatening bleeding. 
Recently, the administration of eltrombopag USA after ASCT has 
become widespread and is effective and safe. It can be considered 
an effective option in the treatment of this difficult condition. 
Despite a small patient population, eltrombopag was an effective 
and safe treatment option for persistent thrombocytopenia that 
developed after allogeneic stem cell transplantation. Patient-
donor blood group compatibility, pre-eltrombopag transfusion 
frequency, and pre-eltrombopag bone marrow megakaryocyte 
count may help predict the response to eltrombopag. Further 
studies with more patients are necessary to assess its full potential.
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Table 3. Platelet counts before and after eltrombopag

 Min - Max Median Mean ± SD p

Platelet count (x10³)/µL

Before eltrombopag 5.0 - 27.0 18.5 18.0 ± 6.6 0.002 w

After eltrombopag  19.0 - 210.0 80.5 89.5 ± 62.4

Min: Minimum, Max: Maximum, SD: Standard deviation

Figure 6. Platelet count before and after eltrombopag
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ABSTRACT ÖZ

Objective: Administration of crushed medications can lead to 
various problems associated with use of inappropriate crushing 
method, such as administration of an incorrect dosage, alterations 
in drug bioavailability, and reduction in the effectiveness of the 
treatment. This experimental study aimed to compare the dosage 
loss of crushed metoclopramide hydrochloride (MT-HCI) 10-mg 
tablet using two crushing methods.
Methods: MT-HCI 10 mg tablets (n=80) were crushed by two 
nurses, and each nurse used a pill crusher and a pestle and plastic 
bag to crush the tablet. Dosage loss was calculated by a specialist 
pharmacist in a laboratory environment.
Results: The dosage loss was 0.515±0.299 mg (5.16%) with the 
pestle and self-sealing plastic bag and 0.415±0.359 mg (4.16%) 
with the pill crusher. No statistically significant difference was 
found between the two methods (p>0.05). The mean dosage loss 
was 0.482±0.367 mg for the first nurse and 0.449±0.298 mg for the 
second nurse. No statistically significant difference was noted in the 
mean dose between the two nurses (p>0.05).
Conclusion: This study found no significant difference between 
the nurses and the crushing methods, but the mean dosage loss 
with both methods was not within the limits recommended by the 
United States Food and Drug Administration.
Keywords: Medications, dosage loss, tablet crushing, tablets 
crushing device, nursing skills

Amaç: İlaçların ezilerek verilmesi, ilaçların uygun olmayan yöntemlerle 
ezilmesi, yanlış dozda verilmesi, biyoyararlanımının değişmesi, 
tedavinin etkinliğinin azaltılması gibi birçok soruna yol açabilir. Bu 
deneysel çalışma, farklı iki hemşire tarafından, iki farklı yöntemle 
metoklopramid hidroklorür (MT-HCI) 10 mg tabletlerin ezildikten 
sonra, rezervuarda kalan doz kaybını karşılaştırmak amacıyla yapıldı.
Yöntemler: MT-HCI 10 mg tabletler (n=80) iki araştırmacı hemşire 
tarafından iki farklı yöntemle ezildi. Her hemşire ezmek için her iki 
yöntemi de (tablet ezici veya kilitli plastik torba içinde havaneli ile 
ezilerek) kullandı. Tablet ezici ve plastic torba içinden ilaç alındıktan 
sonra kalan doz kaybı laboratuvar ortamında uzman bir eczacı 
tarafından hesaplandı.
Bulgular: Kalan doz kaybı, kilitli plastik torbada havaneli yöntemiyle 
ezme yöntemiyle ortalama 0,515±0,299 mg, (%5,16) ve tablet ezici 
ile 0,415±0,359 mg (%4,16) olarak hesaplandı. İki yöntem arasında 
istatistiksel olarak anlamlı bir fark yoktu (p>0,05). Ortalama doz 
kaybı birinci hemşire için ortalama 0,482±0,367 mg ve ikinci hemşire 
için ortalama 0,449±0,298 mg idi. İki hemşire arasında kalan doz 
ortlamaları açısından istatistiksel olarak anlamlı bir fark yoktu (p>0,05).
Sonuç: Bu çalışma, ezme yöntemleri ile hemşireler arasında anlamlı 
bir fark olmadığını gösterdi. Ancak her iki yöntemde de ortalama 
doz kaybı Amerika Birleşik Devletleri Gıda ve İlaç İdaresi tarafından 
önerilen sınırlar içinde değildi.
Anahtar Sözcükler: İlaç hazırlama, doz kaybı, tablet ezme, tablet ezici, 
hemşirelik uygulamaları
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Introduction
Solid medications are administered in cut or crushed form to 
patients with dysphagia, patients fed through a gastric tube in 
critical care environments, or pediatric patients who cannot 
swallow such medications (1-4). Solid medications have to be cut 
and/or crushed under proper conditions, diluted with liquids, 
and administered by disposable syringes via a feeding tube or 
orally (3,5,6). However, when drugs are in solid form, nurses 
administer enteric-coated and extended release tablets to patients 
through a feeding tube after crushing them with inappropriate 
methods (7,8).

While nurses generally follow written and standardized protocols 
for administration of parenteral medications, they do not use 
standardized protocols when they crush or change the original 
administration form, making administration errors possible (8-
10). Thus, medication preparation and administration should 
include cutting the medication in correct dosage under proper 
conditions, crushing and mixing it with liquid (drinking water, 
distilled water, etc.), collecting the mixture with a disposable 
syringe, and finally administering it orally or through a feeding 
tube (3,5,6).

Administration of medications after crushing or changing 
the original medication form can result in various problems 
associated with the use of inappropriate crushing methods, 
such as administration of incorrect dosage, alterations in drug 
bioavailability, and reduction of the effectiveness of the treatment 
(11-13). The most common problems associated with crushing 
medications are as follows: 1) no separate crushing apparatus 
for each patient; 2) hardness of the medication; 3) dosage loss 
or contamination due to improper crushing methods such as 
using an inappropriate sheet of paper as lining, crushing the 
medication while inside the packing of a medical equipment, 
or crushing by hitting the medication with a piece of wood or 
side of a glass intravenous fluid bottle or scissors; 4) insufficient 
dilution with a proper liquid; 5) reduction of the effectiveness 
of medication due to insufficient flushing of the enteral feeding 
tube and adhesion of the medication to the inner surface of the 
tube; 6) and drug interaction due to insufficient cleaning of the 
medication-crushing apparatus (3,14-17). Moreover, dosage loss 
may occur if a wrong solution is chosen and therefore cannot 
properly dissolve the medication. In this case, the feeding tube 
may be obstructed and lead to dosage loss, decreased effectiveness 
of the medication or toxicity, and consecutively decreased benefit 
from the treatment (11-13).

Many studies have evaluated dosage loss when tablets are crushed 
and transferred with syringes. In a study where a mortar and 
pestle was used for crushing, the dosage loss during the transfer 
with a syringe was 4%-38% (18). Similarly, in another study 
using a mortar and pill crusher, the dosage loss was 0%-4.8% 
(3). However, flushing the mortar, which contains the crushed 
medication, has been reported to decrease the dosage loss (19).

Nurses are not only licensed for medication administration but 
are also responsible for the administration of the prescribed 

medication at the prescribed dosage and route (10,11). Nurses 
have a key role in avoiding medication administration errors, 
maintaining patient safety, and ensuring an effective treatment 
process, as they are the patient-facing part of the treatment 
team, in which physicians and pharmacists are also involved 
(20,21). However, most nurses who encounter problems with 
administration of medications that need crushing or modification 
of the original administration form do not tend to consult a 
pharmacist or clinical guidelines (8,22).

The correct administration of oral medications in crushed 
form is a challenge for nurses (23). To our knowledge, only one 
descriptive study from Turkey has focused on the administration 
of crushed medications or medications in modified forms (24), 
and only a few global studies have reported on the crushing 
method ensuring the smallest dosage loss, but these studies have 
different methodological designs and do not generate evidence-
based data (3,18,25).

Thus, this experimental study aimed to compare the dosage loss 
of crushed metoclopramide hydrochloride (MTC HCl) 10-mg 
tablets using two crushing methods.

Method
This experimental study was conducted during the period from 
August 2018 to December 2018 in a laboratory environment. To 
easily detect any related difficulties in practice, MTC HCl 10-mg 
tablets were chosen as the active ingredient and distilled water as 
the dissolving solution. The dosage loss due to the undissolved 
MTC HCl 10-mg tablet residues in distilled water was then 
evaluated. A specialist pharmacist calculated the dosage loss of 
the medications in solid form after the tablet was crushed with 
a pill crusher or the pestle method before administration; the 
tablets were crushed by two nurse researchers in the laboratory 
environment. The MTC HCl 10-mg tablet was chosen as the 
crushable and transformable medication. A total of 80 tablets 
were crushed either with a pill crusher or with the pestle method 
by two nurse researchers, and each nurse used both crushing 
methods. The nurse researchers crushed the tablets at the same 
time, and the process took 3 h. The experiment was done in 
1 day. The process involved crushing the drug, diluting and 
vacuuming the drug by an injector from the reservoir, diluting 
and vacuuming the remaining dose by an injector from the 
reservoir again, coding the injectors for the pharmacist with an 
adhesive tape, and cleaning the pill crusher to crush a new drug 
or preparing a new self-sealing plastic bag. One of the nurse 
researchers had 9 and the other had 17 years of intensive care 
unit and clinical care experience, and both had a PhD in the 
Fundamentals of Nursing.

Medication Crushing Methods

Pill Crusher

A pill crusher identical to the ones used in clinical care was 
used by the nurse researchers. The medication in solid form 
was placed in the pill crusher, and the upper part was closed. To 
achieve complete crushing, the upper part was rotated by 360°, 
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the pill crusher shaken, and then rotated until the tablet was 
properly crushed. Twenty of the 40 MTC HCl 10-mg tablets 
were crushed by one of the nurse researchers, and the rest by 
the other nurse on different occasions (Figure 1). The crushed 
components were diluted with 5 mL of distilled water in the pill 
crusher and aspirated with a syringe. To calculate the dosage of 
the residues in the pill crusher, the device was rinsed with 2 ml 
of ethanol and the material was aspirated with a separate syringe. 
The pill crusher was washed under clear water, dried with a paper 
towel, and left open for 5 min between uses. All phases of the 
procedure were observed by a physician who was not otherwise 
associated with the study.

Pestle Method

Self-locking 8x10 cm2 plastic bags for routine medication 
administration in the clinics were used in this method (Figure 
1). The tablets were placed inside the plastic bag one by one and 
crushed by hitting them with a pestle from the outside. Twenty 
of the 40 MTC HCl 10-mg tablets were crushed by one of the 
nurse researchers, and the rest by the other nurse researcher on 
different occasions and a new plastic bag was used each time. 
The crushed medication was diluted with 5 mL of distilled water 
in the plastic bag and aspirated with a syringe. To calculate the 
quantity of the residues, the plastic bag was rinsed with 2 mL of 
ethanol and the mixture was aspirated with a separate syringe.

During the crushing with the pestle, some of the plastic bags 
were damaged or punctured. The procedure was stopped in that 
case, and the process was repeated with a new medication in a 
new plastic bag. All phases of the procedure were observed by a 
physician who was otherwise not associated with the study.

The syringes in which medication residues were transferred to 
analyze the dosage loss were labeled under the supervision of 
the physician, acting as the external observer, so as to identify 
the research nurse and the method. The research pharmacist 
analyzed the dosage loss under the supervision of a pharmacist 
acting as an external observer.

Determination of Dosage Loss

Medications crushed with both methods were diluted with 
distilled water and collected with a disposable syringe. The 
reservoir was then rinsed with 2 mL of ethanol, and the remaining 
medication solution was collected with another disposable 
syringe to determine dosage loss. The high-pressure liquid 
chromatography (HPLC) method was used with the Agilent 
Model 1100 series. According to developed HPLC method, 
the non-crushed 10-mg MTC tablet was 10.08 mg, and the 
detection limit of the developed HPLC method was within the 
acceptable limits given by the pharmacopeia. Chromatographic 
separations were performed using an ACE 5 Phenyl (4.6x150 
mm2) column as the stationary phase. The injection volume was 
20 µL, and flow rate was 1 mL/min. An ultraviolet diode array 
detector was adjusted to 308 nm. MTC HCl was dissolved by 
the mobile phase, and all stock solutions were stored at +4 °C. 
The calibration equation was obtained by serial dilution of five 

points from a concentration of 100 µg/mL to 5 µg/mL with the 
mobile phase.

Sample Size of the Study

The sample size of the study was calculated using the Power 
Analysis and Sample Size Software, Version 11.0 (PASS V. 11.0), 
based on similar published studies (3,18,25). Using a confidence 
interval (CI) of 95%, power of 80%, and interclass correlation 
coefficient (ICC) of 0.75-0.90 between the amounts to be 
prepared by the two nurses, it would be enough to crush 40 
tablets. Each nurse researcher therefore crushed 20 tablets with 
each method for a total of 40 tablets, and a grand total of 80 
tablets were crushed (Figure 2).

Ethical Statements

This study did not collect or use physiological specimens. This 
study was not conducted on humans or any living subjects, but in 
a laboratory environment. Thus, a board approval in accordance 
with the journal policy is not necessary. The institution provided 
approval for the use of the laboratory for the application and 
evaluation phase of the research.

Statistical and Analytical Methods

The Statistical Package for Social Sciences for Windows Version 
22.0 (SPSS Inc., Chicago, IL, USA) was used to analyze the 

Figure 1. Pill crusher and plastic bag 

Figure 2. Study flow chart
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collected data. Normality tests of the variables were conducted 
by the Shapiro-Wilk test and graphical methods. For descriptive 
statistics, mean ± standard deviation was used to present 
continuous variables, while number and percentage were used 
for categorical variables. Student’s t-test and two-way analysis of 
variance were used when comparing the dosage loss between the 
two nurse researchers and the two crushing methods; p<0.05 was 
accepted as statistically significant.

Results
Both nurse researchers stated that crushing the tablets was easier 
with the pill crusher than with the pestle method and preferred 
the pill crusher. In the pestle method, seven self-locking plastic 
bags were damaged and lost, so new tablets were crushed again 
using new self-sealing plastic bags (nurse 1 damaged 3 plastic 
bags; nurse 2 damaged 4 plastic bags). The procedure was 
stopped in these cases, and the procedure was repeated with 
a new medication in a new plastic bag. The dosage loss was 
0.415±0.359 mg [minimum-maximum (min-max): 0.07-1.58 
mg] with the pill crusher and 0.515±0.299 mg (min-max: 0.15-
1.39 mg) with the pestle method in a self-sealing plastic bag. The 
dosage loss rates were 4.16% and 5.16% with the pill crusher 
and pestle method, respectively. The ICC between nurses was 
0.78 (0.58-0.88 with 95% CI). When the remaining doses of the 
crushed tablets in the reservoir were measured, the dosage loss 
was more than 3% in 57.8% (n=47) of the tablets.

No statistically significant difference was found between the 
mean dosage loss rates between the two methods (mean (pill 
crusher) =0.415±0.359 mg, mean (pestle) =0.515±0.299 mg, 
t=1.350, p=0.181). The mean dosage loss was 0.482±0.367 
mg for nurse 1 (40 tablets crushed with both methods) and 
0.449±0.298 mg for nurse 2 (40 tablets crushed with both 
methods) with no statistically significant difference (t=0.443, 
p=0.659). Two-way variance analysis of the mean dosage loss 
by two nurse researchers with the two methods (2 nurses x 2 
methods) and the post hoc Sidak’s multiple comparisons test 
revealed no statistically significant difference between the groups 
(F (nurse) =0.201, p=0.665; F (method) =1.815, p=0.182; 
F(nurse*method) =0.739, p=0.392) (Figure 3). However, in 
some calculations, the dosage loss was not compatible with the 
limitations of the United States Pharmacopeia that states “the 
dosage delivered to the patient should not be less than 90% or 
more than 110% of the prescribed dosage”.

Discussion
This study compared the dosage loss when crushing solid 
medications with two different methods by two nurse researchers 
and the efficiency of the two methods. No statistically significant 
difference was found between the nurse researchers and the 
crushing methods, but the mean dosage loss rates with the pill 
crusher and pestle method were 4% and 5%, respectively.

The manuals published by the United States Food and Drug 
Administration (FDA) (26) and Green et al. (27) recommend that 
the dosage loss for enteral medications should be less than 3%. 

Methods to minimize the dosage loss and the use of pill crushers 
are evaluated in several studies (27). Ruzsíková et al. (18) have 
studied 18 different combinations of methods and tablets and 
found a dosage loss range of 4%-38%. Thong et al. (25) found 
a dosage loss of 4.2%-24.2% with various pill crushers and 
crushing methods and indicated that the dosage loss was higher 
with the use of disposable plastic bags and pill crushers with a 
reservoir. According to them, many pill crushers in the market 
were not suitable in the context of dosage loss. Several studies 
have recommended to rinse the reservoir of the pill crusher, not 
once but several times, to help minimize dosage loss (9,19,25). 
Many studies have reported dosage loss higher than the suggested 
limits, regardless of the crushing method, similar to our results 
(9,18,25). In this study, the mean dosage loss was higher with 
the pestle method using a plastic bag, similar to the findings of 
Thong et al. (25). We believe that medication residues collected 
by the second rinsing should be administered to the patients to 
minimize dosage loss, as suggested in various studies (9,19,25).

This study was conducted in a laboratory environment without 
any time restrictions, with minimal external stimulants, an easily 
crushable medication, under the supervision of an external 
observer, and the nurse researchers had sufficient experience in 
crushing medications in solid form. Given these conditions, it 
is possible that we found no statistically significant difference 
between the two nurse researchers and the two different methods 
due. However, the results in clinical practice may be quite different 
considering the workload of the nurses, medication type, ease 
of crushing the medication, time limitations, and inadequate or 
improper equipment or devices (3-5,12,16,17,24,28).

Although the MTC HCl 10-mg tablets had no reported health-
threatening major adverse effects in healthy adults, a major concern 
is the transfer of medication dust through the skin or respiratory 
system of individuals who have crushed them. Aerosolization 
during crushing and preparation of the solution via the enteral 
route is therefore a risk for healthcare professionals, particularly 
for nurses. Secondary intake of the medication through the 
respiratory system is possible when the crushing is unintentional, 

Figure 3. Comparison of the dosage loss between the two 
research nurses and two crushing methods
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especially with chemotherapeutics and antibiotic agents, leading 
to allergic reactions and even toxicity (25,29). Thong et al. (25) 
reported that the dosage loss by aerosolization is 1.1% during the 
crushing process while tapping the remnant dust of the crushed 
tablet and 0.2% when it is collected by rinsing the reservoir with 
water. It is therefore recommended to crush the medication in a 
sealed plastic bag or a closed pill crushers and to dilute it in the 
reservoir where it was crushed, as we performed in this study; 
dosage loss by aerosolization is important.

Study Limitations

This study had some limitations. First, a medication that can 
be easily crushed was selected. Medications that are hard to 
crush or break may lead to different results. Second, this study 
was conducted under controlled conditions in a laboratory 
environment with experienced nurse researchers. However, 
dosage loss is affected not only by the crushing method or device 
but also by many factors including, but not limited, to stressors 
in clinical care, experience of the nurse, workload of the nurse, 
time limitation, availability and convenience of the pill crusher, 
and the cost effectiveness of the method.

Treatment and administration of medication is a complex 
process, which involves physicians, pharmacist, and nurses. In 
this process, the nurse is responsible for the proper preparation 
and administration of medication and the post-administration 
observation of possible intended or adverse effects of the 
medication (2,24,28). Risk of dosage loss at every phase of the 
treatment should be taken into account by the physician who 
prescribes and decides on the administration method of the 
medication, by the pharmacist who supplies it in the prescribed 
form, and by the nurse who modifies it into the administration 
form or who trains the patients and their relatives on how to alter 
the medication in solid form into solutions to be administered 
through an enteral feeding tube (1,4,25). In this scientifically and 
technologically advanced new era, it is recommended to prefer 
medications in liquid form instead of changing medications in 
solid form into solutions by crushing.

However, if crushing solid medications is inevitable, using a 
closed reservoir such as a pill crusher or a self-sealing plastic 
bag, ensuring minimal residues in the reservoir, and avoiding 
dosage loss in other phases of medication administration are 
recommended.

Further clinical studies and publishing evidence-based guidelines 
on safe and secure medication administration through an enteral 
feeding tube without dosage loss may contribute to better clinical 
practice and improve patient outcomes.

Conclusion
In this study, no significant difference was found between the 
research nurses and the crushing methods, but the mean dosage 
loss with both methods were not within the limits recommended 
by the United States FDA, 2013 (30) on the dosage loss for 
enteral medications. As a standard protocol in the literature, 
during the transfer of the drug from the pill crusher or from the 

single-use medication-crushing bag, the whole reservoir must be 
washed twice and kept. Moreover, to the best of our knowledge, 
no guideline has been established on the use of pill crusher in any 
country. However, more research is needed to determine whether 
device performance varies between tablet types and users and 
to what extent laboratory research reflects the drug loss during 
clinical use. Indeed, more clinical studies are needed to obtain 
new evidence, and guidelines should be published in the light of 
this evidence.
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ABSTRACT ÖZ

Although the pregnancy is planned to go smoothly, it brings with 
it a number of risks. Pregnancy risks are grouped as low risk, 
moderate risk and high risk. Every pregnant woman is at risk after 
pregnancy, even if it is low. Pregnancies which have the conditions 
that may endanger the life of the mother/baby, t occurring prior to 
pregnancy orduring pregnancy are defined as high risk pregnancy. 
Individualized care is very important in the care of high-risk 
pregnancies. Early diagnosis of high-risk pregnancies is useful in 
preventing further serious complications that may occur in the 
future. Pregnant women may also need to be hospitalized for the 
care and treatment processes of high-risk pregnancies. However, 
this situation brings with it many disadvantages for the pregnant 
woman. Problems related to patient safety also arise during 
hospitalizations. Falls in high-risk pregnancies have an important 
role in patient safety. The widespread use of mobile applications 
available at home has contributed to the participation of high-risk 
pregnant women in the care process, reducing hospitalizations, 
length of hospital stay and health care needs. These include the 
treatment of high-risk pregnant women in hospital, coordination 
of the health care team, providing patient safety, providing health 
education, providing psychosocial support to the pregnant and her 
family, and using mobile applications that can be used in the care 
of pregnant women at home. It is a unique opportunity for nurses 
to protect, promote and improve the health of  pregnant women 
and their infants. The aim of this review is to provide an up-to-date 
overview of the care of high-risk pregnancies.
Keywords: Risk, pregnancy, care

Gebelik süreci, sorunsuz geçmesi planlanmasına rağmen beraberinde 
bir takım riskleri getirir. Gebelik riskleri düşük riskli, riskli ve 
yüksek riskli olarak gruplandırılır. Her gebe, gebeliği kesinleştikten 
sonra düşük de olsa risk altındadır. Sıkı takip ve izlemle riskli 
gebeliklerde, sağlıklı bir şekilde gebeliğin sürdürülmesi hedeflenir. 
Gebelik öncesinde oluşan veya gebelikle birlikte ortaya çıkan 
annenin/bebeğin yaşamını tehlikeye sokabilecek durumlara sahip 
olan gebelikler yüksek riskli gebelik olarak ifade edilir. Yüksek riskli 
gebeliklerin bakımında bireyselleştirilmiş bakım oldukça önemlidir. 
Yüksek riskli gebeliklerin erken dönemde tanılanması, ilerideki 
süreçte oluşabilecek daha ciddi komplikasyonların önlenmesinde 
yararlıdır. Yüksek riskli gebeliklerin bakım ve tedavisinde gebenin 
hastaneye yatması da gerekebilir. Fakat bu durum gebe için birçok 
olumsuzluğu beraberinde getirir. Hastaneye yatışlarda hasta 
güvenliği ile ilgili sorunlar da ortaya çıkmaktadır. Yüksek riskli 
gebeliklerin hastaneye yatışında düşmeler hasta güvenliği konusunda 
önemli bir yere sahiptir. Son dönemlerde evde yararlanılabilen mobil 
uygulamaların kullanımının yaygınlaşması, yüksek riskli gebelerin 
bakım sürecine katılmasına, hastaneye yatışların, hastanede kalma 
sürelerinin ve sağlık bakım gereksinimlerinin azalmasına katkı 
sağlamıştır. Hastanede yatan yüksek riskli gebenin tedavisi, sağlık 
ekibinin koordinasyonu, hasta güvenliğinin sağlanması, sağlık 
eğitimi verilmesi, gebe ve ailesine psikososyal destek sağlanması ve 
evde bakımı sağlanacak gebelerin bakımında yararlanılabilecek mobil 
uygulamaların kullanılması bu roller arasındadır. Hemşirelere, gebe 
ve bebeğinin sağlığının korunması, geliştirilmesi ve iyileştirmesi 
konusunda eşsiz bir fırsat sağlar. Bu literatür incelemesinin amacı 
yüksek riskli gebeliklerin bakımına güncel bir bakış sunmaktır.
Anahtar Sözcükler:  Riskli, gebelik, bakım
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Introduction
Although it is aimed to have a non-problematic pregnancy, 
delivery and postpartum period, all pregnant women are in 
danger for a risky pregnancy. An actual or potential danger to 
the health/well-being of the mother and fetus and an unexpected 
medical or obstetric condition related to pregnancy is considered 
a high risk pregnancy (1). Worldwide, 20 million women have 
high-risk pregnancies, and more than 800 women die daily 
from perinatal causes. Of these losses, 6-33% are in the high 
risk pregnancy group. Worldwide, 5-10% of all pregnancies are 
complicated by preeclampsia. Malaria, tuberculosis and chronic 
iron deficiency anemia are among the other most common 
pregnancy complications (2). Majella et al. (3) determined that 
18.3% of 569 pregnant women who were admitted to primary 
health care services in South India were high-risk pregnants 
and emphasized the importance of early diagnosis in the care 
and management of high-risk pregnancies. There are many risk 
factors in high risk pregnancies. Conditions that may pose a 
potential risk for high-risk pregnancy have been classified by The 
National Institutes of Health (Table 1) (4).

Risk perception during pregnancy affects the status of high-
risk pregnant women seeking care and medical support. Risk 
perception is defined as “the person’s expectation about the 
probability of an event happening”. In a study conducted with 
nulliparous women, it was determined that pregnancy-related 
anxiety, medical risk conditions (reproductive history, medical 
condition, pregnancy complications), gestational age, the effect 
of the healthcare provider, previous experiences and one’s life 
philosophy can affect the risk perception during pregnancy (5). 
Attention should be given to individuality in care, as the way 
the pregnant woman defines pregnancy-related risks may affect 
her ability to seek obstetric care and her willingness to maintain/
comply with the planned care plan. Risky situations perceived 
by the pregnant woman should be determined and the pregnant 
woman should be informed about the risks that she is not aware 
of (5).

This literature review was prepared in line with the literature in 
order to provide an up-to-date overview of the care of high-risk 
pregnancies. In the scope of the review, perinatal optimality was 
discussed in high-risk pregnancies in order to provide perinatal 
care without unnecessary interventions. The roles of the nurse 
and the models/theories that could be used in providing perinatal 
optimality were included. Patient safety, which was an important 
component of perinatal care, home care of high risk pregnant 
women and mobile applications that could be used in care were 
mentioned. In addition, consultancy and health education for 
improving maternal and fetal health in high risk pregnancies 
were discussed.

Perinatal Optimality

It is necessary to provide optimal care in order to continue the 
process in a healthy way both during high-risk pregnancy and 
healthy pregnancies. Optimal care in high-risk pregnancies 
focuses on obtaining and developing optimal results for the 
pregnancy and postpartum process for the pregnant, fetus, and 
the family. Optimality approach aims to provide individual 
care services in the complex pregnancy process, unlike routine 
obstetric interventions. One of the main conditions for ensuring 
optimality in this care process is to benefit from evidence-based 
approaches. Evidence-based individual-centered care provides 
safe and effective practices, improving the quality of perinatal 
care given to high-risk pregnant women and fetuses, and 
standardizing the care provided (3).

High-risk pregnancies may require lifestyle changes, medical 
support, technical support, and even hospitalization. Depending 
on the seriousness of the pregnant woman’s health condition, a 
hospital stay may be necessary, starting weeks or months before 
the birth of the baby in high-risk pregnancies. Long-term 
hospitalization causes physical changes in the pregnant woman 
such as muscle atrophy, cardiovascular problems and bone loss 
(6). Pregnant women hospitalized in the antepartum period may 
experience psychological problems such as shock, depression, 
anxiety, sleep disorders, boredom, fear for the fetus and their 
own health, guilt, feeling trapped, loss of control, weakness, 
loneliness, anger and anxiety. The hospitalized pregnant can 
often experience anxiety for weeks or months with fear of the 
unknown. In the literature, it has been stated that pregnant 
women have more anxiety in high risk situations such as preterm 
birth risk, gestational diabetes and hypertension compared to 
normal pregnancy period. In addition, headache, constipation, 
hemorrhoids, gastrointestinal disorders, edema, back and 
lower abdominal pain that can be seen during pregnancy can 
be aggravated by hospitalization (3). High-risk pregnancy can 
also cause sleep problems, which are common during pregnancy, 
to emerge more prominently. One of the biggest problems 
experienced by high-risk pregnant women hospitalized is poor 
sleep quality. Poor sleep and short sleep time increase the risk of 
preterm birth and cesarean delivery. When the high-risk pregnant 
woman is hospitalized, her sleep becomes even more problematic 
as she experiences anxiety and stress for the fetus or her own 
health. Due to an uncomfortable bed, excessive light and sound 
exposure at night, and the foreign hospital environment, the 
sleep of the pregnant woman is frequently interrupted (6). In the 
study conducted by Lee and Gay (7) to improve the sleep quality 
of high-risk pregnant women in antepartum period in line with 
the BETTER model, it was determined that the sleep time and 
sleep quality scores of pregnant women increased in line with 

Table 1. Classification of potential risk factors for high risk pregnancy

Current health conditions
Hypertensive disorders, polycystic ovary syndrome, diabetes, kidney disease, 
autoimmune diseases, thyroid disease, infertility, obesity, HIV/AIDS

Age Adolescent pregnancies, first pregnancy after the age of 35

Lifestyle factors Use of alcohol, tobacco and illegal drugs

Pregnancy conditions Multiple pregnancy, gestational diabetes, preeclampsia and eclampsia
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the program implemented. The content of the sleep program 
developed in the study is given in Table 2. No other study 
utilizing the BETTER model in the care of high-risk pregnancies 
has been found in the literature. Accordingly, it may be suggested 
to perform new studies using the BETTER model to increase 
evidence-based studies in the care of high-risk pregnancies.

The Roles of the Nurse in Providing Optimal Care

Although the care of high-risk pregnant women requires a 
multidisciplinary approach, the responsibility of nurses in 
care is quite high. For this reason, nurses play a leading role in 
defining the problems and offering necessary solutions from 
the moment the high-risk pregnant woman encounters the 
healthcare team (8). Nurses in the multidisciplinary team have 
practiced on determining the real and possible risks in high risk 
pregnancies, making the necessary planning for care, supporting 
the implementation of care and treatment, and requesting 
consultation when necessary. Nurses have an important role 
in ensuring effective communication between the patient and 
the healthcare team and providing optimal care, since they are 
professionals within the health care team that the patient can 
easily reach. In addition, nurses should know the physiological 
care needs of high-risk pregnancy and aim to provide optimal 
care, and be sensitive about providing psychosocial support to 
the pregnant woman and her family. They should follow the 
technological applications that can be used in the optimal care 
and treatment of high-risk pregnancies, and inform the patient 
and her family about high-risk situations. Nurses should take 
responsibility for the administration of appropriate doses of 
drugs in the optimal care of high-risk pregnant women, and have 
information about their indications and side effects (9).

Concerns about the health of the pregnant woman can expose 
complex feelings about pregnancy and increase the level of 
anxiety. Proper and appropriate care provided by healthcare 
professionals positively affects the pregnancy and hospital stay 
experience. Interventions, especially to provide psychosocial 
support, of the nurses, who have the most interaction with high-
risk pregnant women in the hospital compared to other health 
professionals, will have a key role in the care. Celebrations can 
be held at the hospital on days such as the 28th or 32nd week 
of pregnancy. A special meal for the pregnant woman and her 
family can be planned so that they can spend time together. 
Varied/flexible visiting hours, support and group therapies can be 
beneficial to reduce feelings of isolation and depression. In order 
to reduce the boredom of the pregnant woman, she should be 
encouraged to plan activities such as waking up at the same time 
of the day, eating, reading a book or magazine, listening to music 
and exercising. In order for the pregnant woman to feel better 
during the day, she should be supported in wearing different 
clothes and caring for her hair instead of standing in pajamas 
all day. Since the feeling of staying in a foreign environment 
will increase the stress of the pregnant woman, she should be 
allowed to bring her familiar and loved things from her home to 
the hospital. Counseling should be given in a multidisciplinary 
approach to help the pregnant woman express her fears and 
provide psychological support (10). Nurses also take part in 
pharmacological treatments as well as providing psychological 
support to the pregnant woman hospitalized. Hypnotic agents, 
which are frequently prescribed for hospitalized high risk 
pregnant women, are not recommended for pregnant women 
due to their adverse effects on the fetus. If these agents are used in 
treatment, attention should be paid. Nurses should also perform 
their treatments with this awareness (3). Nurses should know that 

Table 2. BETTER sleep program in hospitalized pregnant women with high-risk pregnancy

Hospital room

Light, noise and temperature in the room affect the pregnant woman’s sleep. Try eye masks and earplugs for 
better sleep. White noise is very effective in blocking the corridor noise. If you have a private bathroom in 
the room, there might be a fan you can leave at night for a white sound source. Ask your nurse for a battery 
powered fan or sound machine. The fan also keeps you cool and helps relieve nausea. The sound machine 
should be at the lowest possible volume. Try the “wind” setting first, avoid water sounds (ocean, thunderstorm, 
rain) if you have frequent urination.

Exercise
Some daily activities are important for a good night’s sleep. Ask your healthcare provider what physical activity 
is allowed. If you are at bed rest, you can consult your physical therapist about exercises you can do while in 
bed.

Stress

Ease your stress with relaxing activities in the evening to help you fall asleep. The relaxing activity can be 
reading a novel or solving a puzzle. Ask your nurse for reading material or a crossword book. Imagine lying on 
a sandy beach-feel the sun, rest your head on a beach towel, feel the hot sand on your legs and toes, listen to 
the waves. You can have a relaxation app you can try on your mobile phone or use the soothing options on your 
sound machine.

Time to try to sleep
You should give yourself the opportunity to sleep at least eight hours a night. Ask your nurse or doctor to put 
the “do not disturb” sign on the door of your room.

Eating and drinking
A light protein snack or warm milk can help you relax and sleep better. Have light foods like crackers, peanut 
butter, and yogurt at the bedside. Avoid using caffeine (chocolate, cola, coffee, tea) at night. Decaffeinated 
herbal tea can make it easier for you to fall asleep thanks to its soothing effect.

Rhythm

A consistent schedule for day/light and night/dark is essential for your brain’s sleep chemistry and better sleep. 
Take some light from your window during the day. Avoid exposure to light at night. Ask your nurse to cover the 
monitors with a pad. Go to bed at the same times every day to sleep and wear your eye mask. Send signals to 
your brain that it’s time to sleep, turn off your television, cell phone, and other unnecessary light sources when 
you’re ready to go to sleep.
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complementary therapies and behavioral approaches can be used 
in addition to pharmacological treatment in the treatment of 
high-risk pregnant women, and they should lead these practices 
to participate in the care process in cooperation with other health 
professionals (10). In the literature, Schlegel et al. (11) examined 
the effects of acupuncture, heat application and massage on pain 
and anxiety in hospitalized high-risk pregnant women, and it was 
found that the pain score was decreased from 84.5% to 61.4% 
and anxiety decreased by 70.9%.

Models/Theories That can be used in Optimal Care

Models/theories can be used in the care and management of high-
risk pregnancy, which is a complex process. The most important 
purpose of using a model/theory is to obtain a harmonious whole 
from parts by establishing a relationship between concepts. Each 
conceptual model/theory reflects a different perspective on the 
nursing discipline and offers the researcher a different roadmap, 
framework and methodological rules (10). Models/theories used 
in the care and management of many diseases can be useful 
in strengthening the self-care of pregnant women in high-risk 
pregnancies, increasing maternal sensitivity, providing comfort, 
eliminating sexual problems, increasing maternal satisfaction, 
adaptation of the mother to the hospital and pain management. 
Orem’s Self-Care Deficit Theory, Roy Adaptation Model, 
Rogers/Unitary Human Theory, Comfort Theory, Functional 
Health Patterns Model, PLISSIT Model and Pender’s Health 
Promotion Theory are among the models/theories that can 
be used in the care and management of high risk pregnancies 
(12). Orem’s Self-Care Deficit Theory includes helping the 
individual in situations where she/he has difficulty in meeting 
her/his own care needs. Orem’s Self-Care Deficit Theory can be 
used in providing/maintaining self-care of high-risk pregnant 
women who need to stay in a hospital or are on bed rest at home 
(13). The purpose of the Roy Adaptation Model is to help the 
individual to behave in harmony during the health and illness 
processes. It may be useful in helping high-risk pregnant women 
to adapt to the process physiologically and psychologically (14). 
According to Rogers/Unitary Human Theory, the interaction in 
the field of environment and human is continuous, reciprocal, 
simultaneous and spontaneous. This theory can be used to 
adapt high-risk pregnant women who are hospitalized (15). The 
Comfort Theory expresses relief, relaxation and the ability of the 
individuals to overcome their problems, depending on the type 
of individual needs that are not met. This theory can be used to 
provide and maintain the comfort of pregnant women in high-
risk pregnancies (16). The Functional Health Patterns Model 
is used to collect data from the patient about the disease and 
to organize the obtained information. The Functional Health 
Patterns Model can be used in the early diagnosis and treatment 
of high-risk pregnancies, in the management of the treatment 
process, and in the follow-up of pregnant women for whom 
home visits are planned (17). Sexual counseling provided by the 
PLISSIT Model enables high-risk pregnant women to cooperate 
with health professionals. The model based on understanding 
and respecting the beliefs, value judgments and decisions of 
the patient can be used to help the sexual problems of high-risk 

pregnancies (18). Pender’s Health Promotion Theory aims to 
improve the health of the individual, to increase his/her control 
over improving his/her own health. In high-risk pregnancies, 
this theory can be used to include pregnant women in care and 
treatment and to maintain the acquired healthy lifestyle behaviors 
(19). In the literature, there is no finding about which model/
theory is more effective in the care of high-risk pregnancies. It 
has been reported that the use of a model/theory for the needs of 
high-risk pregnant women is appropriate (17-19).

Patient Safety Practices

Patient safety is an important issue of quality in healthcare 
services and is one of the important indicators of providing 
qualified service. The purpose of patient safety is to prevent the 
harm caused by health care services to individuals and to create 
a suitable physical and psychological environment for patients, 
relatives and healthcare professionals by ensuring that employees 
take the necessary precautions (20). Hospitalized individuals 
experience problems about patient safety arising from identity 
errors, communication problems, errors arising from patient 
delivery and failure to comply with safe surgical steps, errors 
related to drug safety, falls, healthcare-related infections, errors 
caused by inappropriate and misuse of medical devices, errors 
due to patient transfer and medical errors. When high-risk 
pregnant women who have to stay in the hospital are exposed 
to other complications, especially problems caused by falls, both 
their and their babies’ lives are threatened (21). In the literature, 
it is reported that if falls are not prevented, health care costs will 
increase due to complications arising from falls. It is estimated 
that the cost of fall injuries will be 55 million dollars annually 
until 2020 (22). Today, it is stated that the most common cause 
of non-obstetric maternal deaths is trauma during pregnancy, and 
the most common form of trauma is falling (25%) (23). This rate 
was found to be 54.9% in a study conducted in our country (24). 
The reason for hospitalization of approximately 24% of pregnant 
women due to injury during pregnancy is falls (25). In a study 
evaluating postural balance and falls during pregnancy, an increase 
was observed in falls due to impaired posture, especially in the 
third trimester (26). In a study conducted with working pregnant 
women, it was determined that 26.6% of 2847 pregnant women 
fell at least once during their pregnancy and 6.3% of these falls 
occurred in the workplace. Walking on slippery ground, carrying 
heavy objects, and being in a hurry were shown to be among the 
main causes of falls (27). These results reveal how common falls 
are a problem in pregnant women and the importance of patient 
safety in hospitalized high-risk pregnancies.

The Joint Commission International prepared a report for all 
healthcare professionals, including nurses, to reduce falls and 
ensure patient safety (22). It was stated in the report that every 
individual hospitalized in the hospital should be evaluated in 
terms of fall risk and individuals in the high risk group should be 
followed up more closely. In the report, it was emphasized that 
nurses should be sensitive to determine the risky group by filling 
the fall risk assessment scale developed for pregnant women in 
pregnancy outpatient clinics, maternal and child health centers, 
emergency or services where high-risk pregnant women were 
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hospitalized. A four-leaf clover symbol should be hung at the 
entrance of the room of pregnant women with high risk of falling. 
Hospitalized pregnant women should be informed about the use 
of the bed and about the location and use of the bathroom and 
call bell. When a pregnant woman wants to move or stand up, 
she should be informed about not getting up alone and asking 
for help from her nurse, and help with needs such as hygiene 
and toilet (28). In addition to these, nurses have responsibilities 
such as determining the history of falls, the risky drugs used, 
the balance status during pregnancy and the physical problems, 
raising awareness of the pregnant woman and her family about 
the risks of falling, and evaluating the data about falls. It is very 
important to determine the falling risks of high-risk pregnant 
women and to plan and implement appropriate interventions for 
these risks. Even if falls cannot be completely prevented, these 
scales should be used when diagnosing pregnant women, as falls 
can be reduced with effective protective measures and effective 
fall risk assessment scales (28).

Home Care and Mobile Applications

Providing health care in a natural environment at home allows 
the individual to feel more decisive in her/his life and at the 
same time to receive safer health care. Recent developments in 
information provision and communication technology have 
been used to increase the quality and speed of service delivery 
(29). Cockcroft et al. (30) examined the effects of home visits 
on maternal and infant health in 300 high risk pregnant women 
in a randomized controlled experimental study in Nigeria, 
which had the highest maternal mortality rates in the world. 
Three home visits were made during pregnancy and educational 
videos were used during the visits. As a result of the study, it was 
determined that in the group where home visits were organized, 
pregnancy and birth complications were less, benefiting from 
health services in one year after birth was more, and born 
children were healthier. In addition, higher level of knowledge, 
more use of health services, higher level of knowledge about 
pregnancy danger signs and higher rates of receiving home care 
were found in the group with home visits. It was determined that 
home trainings reduced the risk of preterm birth and facilitated 
learning about healthy lifestyle behaviors. In addition, home care 
reduced the duration and cost of hospital stay. In another study, 
it was determined that pregnant women who received home care 
in addition to routine prenatal care had fewer complications such 
as spontaneous premature rupture of membranes, preterm birth 
and hypertension compared to patients treated only in hospital. 
In addition to this, it was stated in the study that in home care 
services, healthcare providers would enable them to provide 
care in an environment where they could feel more comfortable 
and meet other family members. However, it was stated that 
today, the increasing workloads of healthcare professionals and 
developing new technologies emphasized the use of mobile 
health applications instead of constant home visits in home care 
of high-risk pregnancies (30).

World Health Organization defines mobile health (mHealth) 
as “Supporting public health and medical applications with 
personal digital devices, monitors, mobile phones and other 

mobile devices with wireless internet access” (31). Mobile health 
applications are used in many areas such as training of healthcare 
personnel and patients, follow-up of patients in the diagnosis 
and treatment process, protection and improvement of health, 
and storage of health data (32). In recent years, the increasing use 
of mobile phones and other technological tools and applications 
suggests that mobile health will be a force in improving maternal 
health services. During the prenatal period, the period in which 
mobile health applications are most frequently used is the 
pregnancy period. Mobile health applications are used to monitor 
and evaluate the health status of pregnant women and fetuses, 
to monitor high-risk situations occurring during pregnancy, to 
inform pregnant women about the pregnancy process and to 
gain healthy lifestyle behaviors (33). Tele ultrasound, Fetal Heart 
Rate Monitoring System/Mobile Integrated Doppler Device, 
The Pregnancy and Newborn Diagnostic Assessment (PANDA), 
Prenacell, telemedicine and telecare are among the most used 
mobile applications in the care of high risk pregnancies.

Tele Ultrasound

It is an up-to-date service useful in determining and preventing 
risk in high risk pregnancies. Examination with ultrasound in 
prenatal care has an important place in terms of fetus health and 
it maintains its importance from past to present. As a result of 
the ultrasound examination, an abnormality can be determined 
in the fetus, and findings regarding the continuation of the 
pregnancy can be revealed in genetic tests. However, access to 
ultrasound may not always be possible for all pregnant women. 
Pregnant women may have difficulties in accessing healthcare 
services, especially in rural areas due to transportation problems. 
Tele-ultrasound, which is one of the technological applications 
of today, enables a specialist doctor to evaluate the ultrasound 
from another location, especially in rural settlements and regions 
with insufficient resources (33).

Fetal Heart Rate Monitoring System/Mobile Integrated 
Doppler Device

The use of Non-stress Test (NST) devices is limited to the 
hospital environment. But today, it is possible to transfer instant 
data of the well-being of the fetus to the hospital database 
from mobile phone outside the hospital environment with the 
mDoppler device, without going to the hospital. The mDoppler 
device can be used from the 25th week, just like the NST devices 
used routinely (34).

The Pregnancy and Newborn Diagnostic Assessment 
(PANDA)

One of the applications that can be used in antenatal care of 
high risk pregnancies is PANDA, a mobile health application 
that evaluates pregnant women and newborns. This mobile 
application consists of four modules: Personal information, 
medical history, follow-up, health education and birth plan. 
Medical supplies such as thermometer, measuring tape, 
sphygmomanometer, urine kit, glucometer, stethoscope, rapid 
tests for screening HIV and syphilis, and gloves are included in 
the care bag (35).



Bezmialem Science 2021;9(1):112-9

117

Prenacell

In primary health care services, it is difficult for health service 
providers to include practices that improve health care services 
due to the workload. It has been reported in the literature that 
mobile applications such as SMS will be useful in the protection 
and improvement of health, in antenatal pregnancy follow-
up and care. Prenacell is a mobile application designed to 
distribute content related to antenatal care, pregnancy and baby 
development via SMS. These SMS messages include antenatal 
care, pregnancy and delivery physiology, postpartum care and 
contraception, and psychological support during pregnancy and 
postpartum period (36).

Tele Medicine and Tele Care

Tele medicine is a technology that aims to improve the quality of 
patient care, increase access to medical care for rural and difficult-
to-transport areas, and reduce patient transfer and treatment 
costs. Tele care is considered as a subcategory for tele medicine. 
In the field of perinatology, the purpose of using tele care is 
to identify problems in the early stages, to provide treatment 
recommendations to prevent further complications and preterm 
births, to improve the outcomes of high-risk pregnancies, to 
reduce the number of newborns hospitalized in the neonatal 
intensive care unit and to reduce the number of hospital visits. 
For example, the tele care short message service (SMS-based) can 
be used to care for diabetic pregnant women and better access to 
maternal and neonatal health services. In a study aiming to reveal 
the results regarding the care of high-risk pregnant women living 
in rural areas of Tanzania through home visits, it was found that 
the rate of receiving two or more cares from healthcare workers 
and giving birth in hospital was higher in the group that received 
care and support through messages sent to their smart phones 
(37).

Contribution of Mobile Applications to the Care of High 
Risk Pregnancies

Taking advantage of mobile health applications enables pregnant 
women to participate in their own health care practices and to 
ensure that the cost of care is effective. Benefiting from mobile 
health applications in the care of high-risk pregnancy, which is a 
complex and versatile process, facilitates the work of nurses who 
take an active role in every stage of care (38). Mobile applications 
in the field of nursing provide support in the care process of high-
risk pregnancy by facilitating communication between healthcare 
professionals who cannot be found in the same place. It facilitates 
the monitoring and follow-up of high risk pregnant women who 
do not have a health unit nearby or who cannot reach the health 
unit for various reasons. Mobile health applications also ensure 
that the care and counseling services to be provided by nurses are 
standardized. In addition, with mobile applications, nurses can 
train their high-risk pregnant women, provide consultancy and 
provide a safe care with continuous communication (39).

Counseling and Health Education for Improving Maternal 
and Fetal Health in High Risk Pregnancies

The pregnancy process includes psychosocial, physiological, 
economic, educational and family structure changes that do 

not cause unwanted situations in most cases. Although the 
pregnancy process is a physiological event, the risks related to 
pregnancy continue until this period ends. Some women may 
have pregnancy complications and for this reason they have “high 
risk” compared to other pregnant women. For this reason, it is 
very important for pregnant women to pay attention to their own 
health and the health of their babies, even for pregnant women 
classified as “low risk” in order to detect the presence of pregnancy 
complications. If there is any risk during pregnancy, the risks 
should be detected early, necessary planning should be made and 
appropriate interventions should be taken. Risk management in 
high risk pregnancy should be a dynamic process, not a static 
process. Nurses have important responsibilities in determining 
the educational needs of high-risk pregnant women and 
providing education in this care process. Nurses should establish 
closer relationships with pregnant women in a multidisciplinary 
health team compared to other health professionals, and provide 
their care with a holistic and comprehensive approach (40). 
Nurses should guide and support high-risk pregnant women 
using plain and understandable language, and encourage high-
risk pregnant women to ask questions during health education. 
In addition, a hospitable and safe communication environment 
should be provided in health education groups through in-depth 
focus group meetings (41).

In the care of high-risk pregnant women, an individualized 
systematic care should be planned, facilitating the adaptation of 
pregnant women to the hospital and coping strategies should be 
developed. The use of mobile applications in the care of high-
risk pregnant women will increase the feelings of trust and 
privacy of pregnant women during the delivery process (42). 
Pregnant women who are planned to be hospitalized during 
pregnancy should be informed about the hospitalization, their 
concerns should be understood and solutions should be sought. 
This interaction will ensure that high-risk pregnant women 
establish a stronger bond with the healthcare team and feel safe 
for themselves and their babies. In addition, high-risk pregnant 
women included in the process will feel more self-confident 
with the awareness of taking responsibility. Therefore, in coping 
with high risk pregnancies, healthcare professionals should 
listen actively to pregnant women and include the pregnant 
woman and her family in the care process. High-risk pregnant 
women should be given as much information as possible about 
pregnancy, adequate nutrition, delivery, postpartum period, 
breastfeeding and neonatal care before delivery (43). Coping 
with the crisis caused by high-risk pregnancy, which is a complex 
and stressful process, is a very difficult situation for both the 
family and the pregnant woman. Nurses should learn about 
the coping mechanisms used by pregnant women and their 
families in the past, and they should aim to bring them new 
coping mechanisms. It should not be forgotten that in high-
risk pregnancy, individualized care should be provided to the 
pregnant woman in hospital or at home.

Conclusion
Nurses, who take an active role in the health care team, have 
important roles in the care and management of high risk 
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pregnancies. Today’s developing and changing scientific and 
technological applications also affect nursing care. Nurses are 
involved in the protection of health in preventive health services, 
in the implementation of treatment in therapeutic services and 
in the rehabilitation process. Providing and maintaining optimal 
care and patient safety is essential in preventive healthcare services 
in high-risk pregnancies. In this context, nurses should facilitate 
the communication of team members in a multidisciplinary 
team and aim for the pregnant woman to receive care in a safe 
environment. The nurse should follow the current literature as a 
curative service, be aware of the effects of drugs and inform the 
pregnant woman and her family. New technological applications 
can be used in home care of high risk pregnancies. Nurses should 
know mobile applications that can be used in the diagnosis and 
treatment of high risk pregnancies, and should include them 
in care as much as possible. Home care of high-risk pregnant 
women can be included in rehabilitative practices. The nurse 
should develop, implement and evaluate a home care plan by 
including the pregnant woman and her family in care. The nurse 
should provide psychological support to the pregnant woman 
and help her find activities that will make her feel good.
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ABSTRACT ÖZ

Introduction

The number of patients diagnosed with early-stage gastric cancer 
increases with technology development, increasing access to 
medical system and level of consciousness in people (1). High-
definition endoscopic technology and various sampling and 
histological processing methods are primary in the early diagnosis 

of cancer (2). However, challenging cases remain, and such cases 
lead to difficulties and uncertainty in the clinician’s approach to 
diagnosis and treatment (3). Repeated biopsies and follow-ups 
to achieve diagnosis may reduce the chance of early treatment 
for these patients. We aimed to present a case with an increased 
thickness in the stomach wall wherein a definitive diagnosis could 

Kanser olgularının sayısı dünya çapında artmaktadır. Erken tanı ve 
tümör rezeksiyonu, mide kanseri için hala en etkili tedavi olarak 
kabul edilmektedir. Ancak erken tanı koymak her zaman mümkün 
değildir. Klinik olarak kanser şüphesi olan hastalarda patolojik tanı 
olmaksızın tedavi kararı vermek çoğu zaman mümkün değildir. Bu 
durum kanser teşhisinde gecikmelere neden olur. Dört farklı yöntem 
ile mide biyopsi yapılmasına rağmen tanı konulamayan 58 yaşında 
mide taşlı yüzük hücreli karsinom olgusunu sunduk. İleri yöntemler 
kullanılmasına rağmen, tanı konulamayan olgularda klinik kanser 
şüphesi varsa erken teşhis için daha agresif davranmamız gerektiğini 
vurgulamak ve çelişkilere dikkat çekmek istedik.
Anahtar Sözcükler: Gastrik mukozal kalınlaşma, tanı zorlukları, 
taşlı yüzük hücreli karsinom

The number of cancer cases has been increasing worldwide. 
Early diagnosis and tumor resection remain as the most effective 
treatments for gastric cancer. However, early diagnosis is  not always 
possible as it is frequently not possible to make treatment decisions 
without pathologic diagnosis in patients with clinically suspected 
cancer. This causes delays in diagnosing cancer. We presented a 58 
years old woman with gastric signet ring cell carcinoma that could 
not be diagnosed despite using four different methods of stomach 
biopsies. We aimed to emphasize that despite the use of advanced 
methods, if clinical cancer in non-diagnosed cases is suspected, we 
should be more aggressive for early diagnosis.
Keywords: Gastric mucosal thickening, diagnostic dilemmas, signet 
ring cell carcinoma
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not be made despite multiple diagnostic methods. In this case, 
we ought to emphasize that more aggressive decisions should be 
made if a pathological diagnosis has not been attained despite the 
use of several different methods.

Case Report
A 58-year-old female patient was admitted to the outpatient 
clinic (İstanbul, Turkey) with history of abdominal bloating, 
constipation, and weight loss (20 kg) within 2 months. The 
patient did not have significant health problems until that 
time. Physical examination did not reveal any abnormality. 
Moreover, biochemical test and complete blood count results 
were within the normal range (Table 1). Abdominal sonography 
was unremarkable. At the first gastroscopy (January 30, 2017), 
an infiltrative lesion extending from the cardia to the antrum 
was detected (Figure 1). Multiple forceps biopsies were obtained. 
However, histology did not reveal malignancy in the first tissue 
samples taken. Despite these results, gastroscopy and endoscopic 
US (EUS) were planned due to the doubt of malignancy. 
In the EUS examination, the stomach wall was significantly 
thickened up to 13 mm. Physiologic layering of the wall was 
noted to disappear. Fine-needle aspiration was performed with 
a 19 G needle from several sites (Figure 2) (February 20, 2017). 
Histological sections of the second biopsies showed no evidence 
of lymphoid or other malignancies. There was no infiltrative 
pathology in the superficial submucosa in endoscopic mucosal 
resection (EMR) specimens. It was determined to be hypertrophic 
gastropathy characterized by an increase in inflammatory glands. 
However, the patient’s laboratory (e.g., hypoalbuminemia, 
hypochlorhydria and eosinophilia) and clinical features (e.g., 
peripheral edema, anemia) were not characteristic of Menetrier’s 
disease. A definitive diagnosis could not be made despite the 
second biopsy, and the patient had to be readmitted to the 

hospital. Contrast-enhanced upper abdominal computed 
tomography (CT) revealed diffuse thickening in the stomach 
wall at a thickness of 14 mm. The 18 fluorodeoxyglucose (FDG) 
positron emission tomography/CT  (PET/CT) showed slightly 
increased FDG uptake (SUVmax, 7) in the cardia, fundus, and 
corpus regions of the stomach. No other hypermetabolic lesion 
was observed in any other site (Figure 3). The tumor markers 
such as AFP (1.93 ng/mL), CEA (0.90 ng/mL), and CA 19-9 
(2.45 U/mL) were found to be within normal ranges. It was 
concluded that deeper biopsies should be carried out with EUS 
in the area with gastric mucosal thickening.

The patient underwent gastroscopy and EUS (03.20.2017) 
for the third time, and a 9-mm irregular thickening on the 
stomach wall was detected and smear and cell block were 
prepared by an aspiration with 19-Gauge needle. Histological 
examination reported no atypical cells in thick-needle biopsies 
taken for the third time. With the patient’s consent, tissue 
biopsy including all endoscopic layers with the aid of an EUS 
was decided. The patient was readmitted and a full-layer-
thickness biopsy was taken from the corpus of the stomach with 
duodenal endoscopic examination for the fourth time (May 
8, 2017). The pathology revealed mucous epithelium in the 
superficial focal region, few glandular structures in the lamina 
propria, dense polymorphonuclear leukocytes among fibrin 
in a large area, and presence of inflammatory cells within the 
irregular muscle tissue and highlighted the absence of tumor 
cells (Figure 4). Re-evaluation of the specimens by two different 
pathologists did not change the result. Laparoscopic evaluation 
was recommended with the joint decision of a general surgeon, 
pathologist, hematologist, gastroenterologist, and oncologist. 
The patient was transferred for surgery, and total gastrectomy 
was performed. Frozen gastric resection material showed tumoral 

Table 1. Laboratory results of the patient

Date 01.16.2017 03.14.2017 05.01.2017 Normal range

WBC (10*3/uL) 6.1 4.82 9.9 4.6-10.2

Hgb (g/dL) 12.8 11.7 11 12.2-16.2

Hct (%) 37 32.3 32.3 35.5-48

Plt (10*3/uL) 291 232 234 142-424

Glikoz (mg/dL) 95 94 103 70-105

AST (U/L) 11 10 11 5-34

ALT (U/L) 8 9 6 0-55

T. bilirubin (mg/dL) 0.73 0.23 0.29 0.2-1.2

Creatinine (mg/dL) 0.79 0.75 0.67 0.57-1.11

CRP (mg/dL) 0.07 <0.02 2.9 <0.5

ESR (mm/h) 19 10 0-20

Albumin (g/dL) 4.4 3.5 3.5 3.5-5

LDH (U/L) 159 134 142 125-220

Na (mmol/L) 138 139 137 135-145

K (mmol/L) 4.57 4.21 4.43 3.5-5.1

Ca (mg/dL) 9.6 8.9 8.5 8.4-10.2

WBC: White blood cell, Hgb: Hemoglobin, Hct: Hematocrit, Plt: Platelet, AST: Aspartate transaminase, ALT: Alanine transaminase, CRP: C-reactive protein, ESR: 
Erythrocyte sedimentation rate, LDH: Lactate dehydrogenase
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cells in signet ring morphology with a diffuse spread pattern and 
infiltrated appearance up to the serosa. Immunohistochemically, 
tumor cells were stained positively with pancytokeratin, and the 
final specimen finding was poorly differentiated signet ring cell 
adenocarcinoma of the stomach (Figure 5). The patient had an 
uncomplicated course after surgery and was then scheduled to 
receive chemotherapy.

Discussion

There are various difficulties in diagnosing stomach tumors at an 
early stage. Early diagnosis is difficult because majority of patients 
are asymptomatic. Sometimes, no laboratory abnormalities are 
detected in patients with dyspeptic complaints; hence, they are 
treated symptomatically and further tests are not performed 
(4). Despite the presence of dyspeptic complaints in our case, 

no pathology was detected in laboratory tests. However, since 
weight loss was one of the alarm symptoms, further examinations 
were immediately performed, and gastroscopy was performed to 
obtain biopsies from multiple lesion sites due to the preliminary 
differential diagnoses of Menetrier disease, lymphoma, or 
linitis plastica. Although it is common practice that the 
histopathological diagnosis is made with the first biopsy in most 
cases, we could not reach a diagnosis in this case; hence, EMR, 
multi-deep biopsy, and full-thickness biopsy were performed. 
The inability to make the diagnosis despite various methods used 
resulted in delay in taking decisions for prompt treatment in our 
case. The reason for this is that the treatment of each disease 

Figure 3. CT and 18 FDG PET/CT images: Contrast-
enhanced upper abdominal CT revealed diffuse thickening 
in the stomach wall at a thickness of 14 mm. The 18 FDG 
PET/CT images of the patient showed diffuse thickening 
of the stomach wall showing a slightly increased FDG 
uptake (SUVmax, 7) in the fundus and corpus region of the 
stomach. No other hypermetabolic lesions were observed 
in the other regions of the body

CT: Computed tomography, PET/CT: Positron emission 
tomography/computed tomography, FDG: Fluorodeoxyglucose

Figure 1-2. First gastroscopic image, second gastroscopic 
image

1

2
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differs according to the preliminary diagnosis. If the diagnosis is 
lymphoma, the treatment should be chemotherapy, radiotherapy, 
and immunotherapy, whereas the treatment for Menetrier’s 
disease was different (5,6). If linitis plastica is determined as 
the preliminary diagnosis, surgery should be performed before 
spread to the lymph nodes and surrounding tissues occurs (7). It 
is difficult to convince the patients and their relatives to proceed 
with the operation due to the extensive nature of the surgery 
and it requiring a wide range of surgical margins and the lack 
of a pathological diagnosis. Similarly, a pathological diagnosis is 
warranted before surgery can be done.

Literature on pathologically undiagnosed gastric cancer is scarce. 
In a meta-analysis, the rate of missed diagnosis of gastric cancer 
was 10%. It was observed that the majority of patients with 
missed diagnosis were women under 55 years of age and the final 
diagnosis was adenocarcinoma. Our patient’s case was consistent 
with that of this group and is compatible with this study (8). In 
a study from England, endoscopy results of those diagnosed with 
gastric cancer within 3 years before the diagnosis were screened, 
and it was found that in 8.3% of the patients, the diagnosis of 
gastric cancer was missed at endoscopy, and the most common 
diagnosis at a previous endoscopy was benign gastric ulcer (9). 
Despite this awareness of cancer, in our case, four different 
modalities of endoscopy were performed; however, a definitive 
diagnosis could not be reached. Our case is significant as to our 
knowledge, there is no similar case report in the literature.

These unknowns distress the clinician and the patient. In this 
case, although we were a reference hospital and endoscopy center, 
we could not attain a definitive diagnosis. We considered the lack 
of a guide in such challenging situations as a limitation.

In conclusion, there may be cases in which the diagnosis 
cannot be reached despite the use of advanced technology and 
experienced doctors. Intermittent follow-up in these cases may 
cause treatment delay and lead to cancer progression. Therefore, 
we suggest that more invasive interventions should be performed 
in cases wherein malignancy is suspected (especially in the 
presence of alarm symptoms/signs) and the diagnosis cannot be 
obtained with the usual diagnostic modalities.

Informed Consent:  With the patient’s consent, tissue biopsy 
including all endoscopic layers with the aid of an EUS was 
decided.
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Figure 4. Inflammatory cell infiltration in the fibrin and muscle tissue (A,B-HEx100). Immunohistochemical examination 
pancreatin staining in surface epithelium and glands (C-HEx100)

Figure 5. Signet ring cell carcinoma infiltration among inflammatory cells in the mucosa (A-HEx100, B-HEx200). In the muscle 
tissue, signet ring cells and carcinoma infiltration with glandular appearance (C-HEx200). Positive staining of individual infiltrated 
tumor cells within the mucosa and submucosa with pancytokeratin (D-HEx100)
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