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The Impact of Care Dependency, Spiritual Well-Being, and Selected 
Variables on Satisfaction with Life in Recipients of Liver Transplantation

 Ozge Iseri,1  Hasan Saritas2

1Department of Nursing, Ondokuz Mayıs University Faculty of Health Sciences, Samsun, Türkiye
2Department of Nursing, Siirt University Faculty of Health Sciences, Siirt, Türkiye

Objective: Although care dependency, spiritual well-being, and life satisfaction are important variables, they have not been 
sufficiently clarified after liver transplantation. The aim was to investigate the impact of care dependency, spiritual well-
being, and selected characteristics on the satisfaction of life of liver transplant recipients. 
Materials and Methods: A cross-sectional and descriptive study was conducted between May and December 2021 (n=214). 
Descriptive Characteristics Form, Care Dependency Scale (CDS), Spiritual Well-Being Scale (SWBS), and Contentment with 
Life Scale (CLAS) were utilized. Descriptive statistics, correlation analysis, and hierarchical linear regression analysis were 
employed. 
Results: The mean scores were found to be 80.10±6.68 for CDS, 40.85±3.46 for SWBS, and 10.78±3.43 for CLAS. A moderate, 
positive, and significant relationship was identified between CDS and CLAS (r=0.604, p<0.01), while a low, positive, and 
significant relationship was observed between SWBS and CLAS (r=0.271, p<0.01). Gender, health insurance, and the presence 
of chronic illness were identified as other factors influencing satisfaction with life, explaining 11% of contentment with 
life variance. Along with these variables, spiritual well-being explained 15% of contentment with life satisfaction, and care 
dependency explained 37% of life satisfaction. 
Conclusion: The care dependency, gender, health insurance, presence of chronic illness and spiritual well-being of liver 
transplant recipients significantly influence their life satisfaction. It is important to plan nursing interventions considering 
these variables after surgery and to provide care in a holistic and personalized manner.
Keywords: Care dependency, Life satisfaction, Liver transplants, Nursing, Spirituality, Well-being
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ORIGINAL ARTICLE

INTRODUCTION
Liver transplantation (LT) is a significant treatment meth-
od that enables patients with end-stage liver failure to sur-
vive.[1] However, due to being a major surgical intervention, 

it constitutes a trauma to the human body. This is because 
such procedures impact the entire body, leading to stress 
responses, susceptibility to infection, pain, the necessity to 
adapt to multiple medication regimens to prevent organ re-

Cite this article as: Iseri O, Saritas H. The Impact of Care Dependency, Spiritual Well-Being, and Selected Variables on Satisfaction with Life in 
Recipients of Liver Transplantation. Eur Arch Med Res 2025;41(4):193–200.

https://orcid.org/0000-0002-6623-8973
https://orcid.org/0000-0001-7558-8812


194

Iseri et al. Dependency, Well-being on Life Satisfaction Eur Arch Med Res 2025;41(4):193–200

jection, anxiety, depression, restrictions in daily life activities, 
role and economic losses, and consequently an increase in 
care dependency.[2-4]

Care dependency is the process of relying on and being 
supported by others to meet one’s needs due to a decrease 
in the individual’s self-care ability.[5] Chronic illnesses, aging, 
surgical interventions, and hospitalization contribute to an 
increase in care dependency.[6] Liver transplant recipients, 
facing significant life experiences after LT, also experience an 
increase in care dependency for these reasons. Studies indicate 
that patients who undergo surgery are more dependent 
compared to non-surgical patients, and the recipients have 
a moderate level of dependency.[7,8] The recovery process 
for patients involves not only providing adequate medical 
treatment but also patient-centered nursing care.[9] Reduction 
of dependency and support for independence contribute to 
individuals returning to active life, improving their quality of 
life, and increasing life satisfaction.[3,9] At this point, surgical 
nurses who provide 24-h uninterrupted care are at a key point.

Liver transplant recipients experience a stressful process 
throughout all stages of the transplant surgery.[10] Each 
individual’s coping mechanism for this stressful process 
varies. While some individuals may have more negative 
attitudes, others may adapt more quickly.[10] At this point, 
the importance of spiritual well-being in managing and 
effectively coping with the disease process is emphasized.
[11,12] Spiritual well-being is defined as an individual’s ability to 
find meaning in life and have a sense of purpose within life.[13] 
The spiritual well-being as an indicator of individuals’ quality 
of life in the spiritual domain.[14] Studies have indicated 
that spiritual beliefs and well-being reduce problems, such 
as pain, depression, and anxiety and are crucial for a quick 
and effective recovery from illnesses.[15,16] Given that LT is 
a major surgical intervention, recipients often experience 
pain, anxiety, and depression, and feelings of guilt due to the 
possibility of causing harm to the donor.[17] These factors can 
significantly impact recipients’ adjustment, coping, and life 
satisfaction during the post-operative period. Furthermore, 
this increases the likelihood of recipients developing post-
transplant complications. Therefore, nurses may need to 
assess and support recipients’ spiritual well-being to achieve 
positive patient outcomes.

Satisfaction is the feeling and thought that individuals form 
based on the level of fulfillment of their expectations, needs, 
and desires, and also an important variable for feeling happy 
and peaceful life.[18] Life satisfaction, on the other hand, is 
related to the individual’s efforts to achieve all life goals, 
the extent to which they have achieved them, and how 
they evaluate and perceive this process.[19] Therefore, life 
satisfaction is closely connected to good physical and mental 

health. Studies have shown that life satisfaction varies with 
age, gender, employment status, education level, economic 
and marital status, family and social life, and personality traits.
[20,21] Studies conducted with different samples have indicated a 
relationship between spiritual well-being and life satisfaction.
[20-22] However, in the literature, no study addressing the 
relationship between spiritual well-being and life satisfaction 
in liver transplant recipients has been found. Furthermore, 
the literature lacks a study investigating the effect of care 
dependency and spiritual well-being on life satisfaction in 
liver transplant recipients. The absence of research on these 
three variables creates a significant gap in the literature, 
and elucidating these variables is crucial for supporting and 
delivering high-quality and holistic post-operative care to 
recipients. Hence, the study aimed to determine the effect of 
care dependency, spiritual well-being, and selected factors on 
life satisfaction in recipients. It is believed that the results of 
the study will provide guidance to organ transplant clinical 
nurses.

Research Questions

1.	 Which sociodemographic and clinical characteristics affect 
satisfaction with life in liver transplant recipients?

2.	 Does care dependency affect life satisfaction in liver trans-
plant recipients?

3.	 Does spiritual well-being affect satisfaction with life in liver 
transplant recipients?

4.	 What is the relationship between care dependency, spiri-
tual well-being, and life satisfaction in liver transplant re-
cipients?

MATERIALS AND METHODS
Type of the Research

This cross‐sectional and descriptive study was aimed to in-
vestigate the impact of care dependency, spiritual well-being, 
and selected characteristics on satisfaction with life of liver 
transplant recipients. The study followed the EQUATOR guide-
lines for research reporting by employing the TREND checklist.

Population and Sample

The study was conducted in the organ transplant service and 
outpatient clinic of a liver transplant institute located in Türki-
ye, between May 7, 2021, and December 30, 2021. Inclusion 
criteria for the sample were being 18 years and older, being in 
the post-operative period, undergoing living donor LT, being 
hospitalized for at least three days, having the ability to un-
derstand and speak Turkish, having person-place-time orien-
tation, and not having hearing or speech problems. Exclusion 
criteria were multiple organ transplants, cadaveric LT, expe-
riencing liver graft rejection, and undergoing retransplanta-
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tion. At the end of the research, using G*power 3.1, with ef-
fect size=0.50, p=0.05, and a sample size of 200, the “post hoc” 
“compute achieved power” analysis indicated a study power of 
0.99. For the variable of care dependency, a correlation coeffi-
cient of r=0.20 was adopted.[23] Based on this value, with a 95% 
confidence interval, a 5% margin of error, and 80% power, the 
sample size was determined to be 193. To account for poten-
tial losses, the study was concluded with a total of 214 partic-
ipants, including approximately 11% backup (21 individuals).

Data Collection

The convenience sampling method was used in the study. The 
data were collected through face-to-face interviews with vol-
untary liver transplant recipients who met the research crite-
ria by the authors. The data were collected in a quiet room in 
the Organ Transplant Service and Outpatient Clinic, with only 
the researcher and the patient present. During data collec-
tion, care was taken to ensure the patient was free from pain 
and that their vital signs were stable. The average duration for 
data collection in the study was 20–30 min. After explaining 
the purpose and outcomes of the research verbal and written 
consent was obtained from patients. The Descriptive Charac-
teristics Form, the Care Dependency Scale (CDS), the Spiritual 
Well-Being Scale (SWBS), and the Contentment With Life Scale 
(CLAS) were used to collect data.

Descriptive Characteristics Form

The form includes a total of 12 questions related to the pa-
tient’s age, gender, marital status, education and employment 
status, place of residence, economic status, presence of social 
security, chronic illness status, time and reason for LT, and the 
existence of someone who can assist with care.[2-5,8]

The CDS

Originally created by Dijkstra et al.[24] in 1996 and later trans-
lated into Turkish by Yönt et al.,[25] the scale comprises 17 items 
assessed on a five-point Likert scale, with responses ranging 
from “1=completely dependent” to “5=immediately, almost/
completely independent.” The total scores on the scale can 
vary from 17 (minimum) to 85 (maximum), where higher 
scores signify a higher level of independence in addressing 
the patient’s care requirements.[24,25] There is no cut-off point 
on the scale. The Cronbach’s alpha coefficient for the scale is 
0.91,[25] and for this specific study, it is calculated as 0.92.

SWBS

In the context of Türkiye, Aktürk et al.[26] conducted a study to 
validate and assess the reliability of Peterman’s scale.[27] The 
scale, comprising 12 questions, is structured around three 
subscales: Faith, peace, and meaning. It is noteworthy that re-
verse scoring is applied to items 4 and 8. Utilizing a Likert-style 
structure, the FACIT-Sp scale requires participants to provide 

responses on a scale ranging from 0 to 4, where “0” represents 
“never,” and “4” corresponds to “always.” The overall score on 
the scale can range from 0 to 48.[26,27] There is no cut-off point 
on the scale. The scale demonstrates a Cronbach’s alpha rang-
ing between 0.78 and 0.93,[27] in this particular study, the cal-
culated value was 0.79.

CLAS

Akın and Yalnız conducted a validation and reliability exam-
ination of the scale developed by Lavallee et al.[28] within a 
Turkish context.[28,29] Consisting of 5 questions, participants 
respond on a 7-point Likert-style rating scale, with options 
ranging from “1” (strongly disagree) to “7” (strongly agree). 
Notably, items 3 and 4 involve reverse coding. The overall 
satisfaction level of an individual is determined based on 
the cumulative score of the provided responses, with high-
er scores indicating increased satisfaction. The total score on 
the scale ranges from 5 to 35.[28,29] There is no cut-off point 
on the scale. The Cronbach’s alpha previously identified as 
0.73,[29] in this study it was 0.86.

Statistical Analysis

The analysis of research data was conducted using the Statisti-
cal Package for the Social Sciences 22.0 software package. The 
normal distribution of the data was determined by employing 
skewness and kurtosis coefficients. Pearson Correlation Anal-
ysis and Hierarchical Linear Regression Analysis were utilized 
to elucidate relationships and effect between the variables. 
Cronbach’s Alpha was employed to determine the internal 
consistency of the scales.

Ethical Approval

Approval for ethical considerations was secured from the So-
cial and Human Sciences Research Ethics Board of the respec-
tive university (Approval Number: 2021/387; Decision Date: 
April 30, 2021), and authorization was obtained from the insti-
tution where the research took place (Date: May 06, 2021–Ref-
erence: E.42691). Informed written consent was obtained from 
the sampled patients. The research was carried out consider-
ing the principles of the Helsinki Declaration.

RESULTS
Among liver transplant recipients, it was determined that 
53.3% were male, 84.1% were married, 31.3% had completed 
primary education, 41.6% had three or more children, 43% 
lived in urban areas, 73.8% were employed, 46.7% had a mod-
erate income level, and the mean age was 48.15 (standard 
deviation [SD]=11.50). Examining the health-related charac-
teristics of the participants, it was found that 94.4% had health 
insurance, 71.5% received assistance for care from someone, 
34.6% had a chronic illness other than transplantation, 64% 
underwent LT due to hepatitis, and the average time elapsed 
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after transplantation was 23.72 months (SD=18.26) (Table 1).

The mean total score for the SWBS among liver transplant 
recipients was 40.85±3.46, indicating a high level of spiritual 
well-being. The mean total score for the CDS was found to be 
80.10±6.68, suggesting a high level of independence in meet-
ing care needs. Participants’ mean total score on the CLAS was 
10.78±3.43, indicating low life satisfaction. The relationships 
between SWBS, CDS, CLAS, age, and time elapsed since trans-
plantation for liver transplant recipients are shown in Table 2. 
A moderate, positive, and significant relationship was found 
between CDS and CLAS (r=0.604, p<0.01), while a low, posi-
tive, and significant relationship was observed between SWBS 
and CLAS (r=0.271, p<0.01) (Table 2).

A hierarchical linear regression analysis was conducted to 
determine the effect of demographic variables, care depen-
dency, and spiritual well-being on individuals’ contentment 
with life. Before the regression analysis, pairwise relation-
ships between demographic variables and the CLAS were 
examined. Variables that showed a statistically significant 
relationship with the CLAS were included in the regression 
model, and some categorical variables were transformed 
into dummy variables. Model 1 revealed a significant model 
where gender, the presence of health insurance, and having 
a chronic illness other than transplantation explained 11% of 
the variance in life satisfaction (F(3,210)=10.432; p<0.001, Adj.
R2=0.11). Gender (β=−1.052; p<0.05), the presence of health 
insurance (β=2.429; p<0.05), and the presence of a chron-
ic illness (β=−1.973; p<0.001) are statistically significantly 
linked with life satisfaction. It was determined that female 
liver transplant recipients have lower levels of life satisfac-
tion. In addition, transplant recipients with health insurance 
exhibit higher life satisfaction (Table 3). Subsequently, the 
spiritual well-being variable was added to the model, creat-
ing Model 2. The variables significantly explained 15% of the 
variance in life satisfaction with a 4% increase (F(4,209)=10.684 
p<0.001, Adj. R2=0.15, R2 Change=0.04). In Model 2, a sig-
nificant and positive relationship was revealed between 
spiritual well-being and life satisfaction (β=0.203; p<0.01). 
Individuals with higher spiritual well-being exhibit higher 
life satisfaction (Table 3). In the final step, care dependency 
was added to the model. In Model 3, care dependency sig-
nificantly explained 37% of the variance in life satisfaction 
with a 22% increase (F(5,208)=26.855; p<0.001, Adj. R2=0.37, 
R2 Change=0.22). A positive and significant relationship was 
identified between the level of independence in care and life 
satisfaction (β=0.290; p<0.001). As the level of independence 
in care increased among liver transplant recipients, their life 
satisfaction also increased (Table 3).

Table 1. The distribution of individuals according to their 
demographic characteristics (n=214)

Characteristics	 n	 Percentage

Age, years (mean±SD)	 48.15±11.50	 (min-max: 
			   19–70 years)
Duration after transplantation,	 23.72±18.26	 1–82 months 
months (mean±SD)
Gender		
	 Female	 100	 46.7
	 Male	 114	 53.3
Marital status		
	 Single	 34	 15.9
	 Married	 180	 84.1
Education level		
	 Illiterate	 50	 23.4
	 Literate	 13	 6.1
	 Primary school	 67	 31.3
	 Middle school	 30	 14.0
	 High school	 38	 17.8
	 University	 16	 7.5
Number of children		
	 No children	 46	 21.5
	 1–2 children	 79	 36.9
	 3 children and above	 89	 41.6
Place of residence		
	 City center	 92	 43.0
	 District	 73	 34.1
	 Village	 49	 22.9
Employment status		
	 Employed	 56	 26.2
	 Unemployed	 158	 73.8
Income level		
	 Good	 28	 13.1
	 Moderate	 100	 46.7
	 Poor	 86	 40.2
Presence of health insurance		
	 Yes	 202	 94.4
	 No	 12	 5.6
Presence of a person providing 
assistance for care		
	 Yes	 153	 71.5
	 No	 61	 28.5
Presence of chronic disease 
other than transplantation		
	 Yes	 74	 34.6
	 No	 140	 65.4
Reason for liver transplantation		
	 Hepatitis (B-C-Toxic-	 137	 64.0 
	 Autoimmune-Fulminant)
	 Hepatocellular carcinoma	 29	 13.6
	 Cirrhosis (cryptogenic	 35	 16.4 
	 Liver-Wilson-biliary)
	 Budd-chiari	 6	 2.8
	 Other*	 7	 3.2

*HPA: Hepatorenal syndrome-hydatid cysts.
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Table 3. Hierarchical linear regression models for contentment with life

Dependent	 Regression	 Independent variables	 β	 95% CI	 t	 p	 VIF	 DW 
variable	 models

CLAS	 Model 1	 Constant
			   Gender (Female)
			   Presence of health insurance (Yes)
			   Presence of chronic disease other than 
			   transplantation (Yes)
		  Model 2	 Constant
			   Gender (Female)
			   Presence of health insurance (Yes)
			   Presence of chronic disease other than 
			   transplantation (Yes)
			   SWBS
		  Model 3	 Constant
			   Gender (Female)
			   Presence of health insurance (Yes)
			   Presence of chronic disease other than 
			   transplantation (Yes)
			   SWBS
			   CDS

Model values; Model 1: F=10.432; adjusted R2=0.11; Model 2: F=10.684; adjusted R2=0.15; R2 change=0.04; Model 3: F=26.855; adjusted R2=0.37; R2 
change=0.22; p<0.05; β: Unstandardized beta coefficient, 95% CI: 95.0% confidence interval for β, DW: Durbin-Watson, VIF: Variance inflation factor, SWBS: 
Spiritual Well-being scale, CDS: Care dependency scale, CLAS: Contentment with life scale

9.670
−1.052
2.429

 
−1.973
18.022
−0.974
2.237

−1.684
 

0.203

−12.958
−0.739
1.932

−0.150
 

0.023
0.290

7.757; 11.583
−1.925; −0.179

0.530; 4.328 

−2.889; −1.056
12.510; 23.534
−1.830; −0.118

0.374; 4.100
 

−2.599; −0.769
0.077; 0.330

−21.404; −4.513
−1.475; −0.003

0.332; 3.531
−1.008; 0.708

 
−0.093; 0.139 
0.225; 0.356

9.966
−2.376
2.522

 
−4.242
6.446

−2.243
2.367

−3.627
 

3.176

−3.025
−1.980
2.381

−0.345
 

0.391
8.728

0.000
0.018
0.012

 
0.000
0.000
0.026
0.019
0.000

 
0.002

0.003
0.049
0.018
0.731

 
0.696
0.000

1.004
 

1.011
1.006

1.008
1.015
1.047

 
1.049

 
1.013
1.017
1.251

 
1.198
1.439

1.761

Table 2. The mean, standard deviation, and correlation values of the variables

Variables	 Mean	 SD	 α		  1	 2	 3	 4	 5

1. Age	 48.15	 11.50	 -	 r	 -				  
					     p	 -				  
2. Duration after transplantation	 23.72	 18.26	 -	 r	 0.420**	 -			 
					     p	 0.000 	 -			 
3. SWBS	 40.85	 3.46	 0.53	 r	 0.124	 0.043	 -		
					     p	 0.117	 0.973	 -		
4. CDS	 80.10	 6.68	 0.95	 r	 −0.266**	 0.083	 0.403**	 -	
					     p	 0.000	 0.226	 0.000	 -	
5. CLAS	 10.78	 3.43	 0.89	 r	 −0.123	 0.110	 0.271**	 0.604**	 -
					     p	 0.072	 0.109	 0.000	 0.000	 -

p: Statistical significance **p<0.01; SD: Standard deviation; α: Cronbach alpha; r: Correlation coefficient; SWBS: Spiritual Well-being scale; CDS: Care 

dependency scale; CLAS: Contentment with life scale.
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DISCUSSION
Liver transplant recipients were found to have a good level of 
care independence and were independent in meeting their 
care needs. This result is consistent with individuals who un-
derwent major surgical procedures in the literature.[7,8,23] It is 
believed that this is associated with the success of the surgery 
and the quality of nursing care provided afterward. In addi-
tion, this study reveals that care dependency explains a sig-
nificant percentage of life satisfaction, and there is a moder-
ate, positive, and significant relationship between them. It is 
assumed that this relationship is associated with individuals 
having high independence, the absence of different chronic 
illnesses other than the transplant indication, the ability to 
survive due to LT surgery, and the inclusion of mostly younger 
recipients in the study.

When examining the total scores obtained from the SWBS, it is 
evident that transplant recipients have a high level of spiritu-
al well-being. Spiritual well-being is considered an important 
component for coping with challenges.[12] In this context, it 
can be said that the recipients utilize spirituality to cope with 
the challenges of the post-operative period. Furthermore, the 
high level of spiritual well-being in recipients may be attribut-
ed to the cultural norm in Türkiye, where individuals generally 
stay with their close relatives during the post-operative peri-
od, and their relatives provide physical, emotional, and social 
support. In this study, a positive and significant relationship 
was found between individuals’ spiritual well-being and their 
contentment with life. Therefore, it can be stated that spiritual 
well-being enhances contentment with life, a result consistent 
with many studies in the literature.[20-22] The reason behind this 
may be that as spiritual well-being increases, individual con-
trol and independence also increase, leading individuals to 
become more aware of the meaning and purpose of life. The 
study also indicates that transplant recipients often perceive 
post-transplant life as a second chance at life.[30]

Life satisfaction is a subjective evaluation individuals make 
about their own lives.[19] In this sense, recipients have not 
been able to form a positive outlook on their post-operative 
lives. Most studies in the literature have found moderate 
levels of life satisfaction in elderly and healthy individuals.
[19,20] This result differs from the findings of this study. It is 
thought that the reason for this difference is that the liver 
transplant recipients in the present study are younger and 
have undergone a vital surgical intervention. In addition, the 
fact that recipients are married and employed, and most of 
them have three or more children, may lead to disruptions 
in their roles after LT. Another factor may be the recipients’ 
sense of responsibility toward their relatives who donated 
organs for living donor LT. These variables are crucial factors 
for life satisfaction. In line with this, the study supports that 

recipients with health insurance have higher levels of life sat-
isfaction. In this context, the absence of economic difficulties 
regarding healthcare expenses and the sense of security in 
terms of accessing healthcare services may have influenced 
life satisfaction. This is because recipients in the post-oper-
ative period after LT may be unable to work for a while due 
to the possibility of developing infections and rejection.[17] 
In this study, no significant difference was found in terms of 
age and life satisfaction. A possible explanation for this find-
ing could be related to the majority of recipients in the study 
being young and remaining employed. Unemployment and 
early retirement are significant issues after LT.[17] These issues 
affect individuals’ life satisfaction by influencing their ability 
to meet daily needs, access healthcare, and receive sufficient 
social support.[31] In addition, the chronic and progressive 
nature of diseases, degenerative processes, prolonged expo-
sure to symptoms, and complications deeply impact patients 
and alter their life satisfaction. However, the majority of re-
cipients in the study do not have a different chronic illness 
apart from the transplant etiology. This situation may have 
contributed to the lower level of care dependence. In addi-
tion, advancements in surgical procedures and post-opera-
tive care, along with mobilizing patients as soon as possible 
after the operation, are crucial for increasing independence.
[23] These variables may also enhance life satisfaction. Further-
more, the presence of recipients’ family members after sur-
gery, providing support in every aspect, may have influenced 
life satisfaction. A study conducted on orthopedic patients 
examined life satisfaction in terms of gender differences, re-
vealing results similar to this study, where men had higher 
life satisfaction. This outcome suggests that female recipi-
ents may be more affected by their health condition and LT.

CONCLUSION
The gender, presence of chronic illness, health insurance sta-
tus, care dependency, and spiritual well-being of the liver 
transplant recipients in the study affect their satisfaction of 
life. In light of these results, it is crucial for organ transplant 
nurses to provide care by considering the individual character-
istics of patients in the post-operative period. This approach 
is deemed highly important for enhancing patients’ quality of 
life, expediting their recovery, and preventing complications. 
It is anticipated that nursing care offered with this perspective 
will have high quality, leading to increased patient satisfaction 
and improved quality of life. Therefore, it is recommended that 
the variables affecting patients’ life satisfaction after LT are 
carefully considered and routinely evaluated in clinics. It is also 
recommended that this study is conducted with other organ 
transplant patients and recipients of cadaveric transplants, 
with interventional studies planned.
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Objective: To evaluate the educational quality, reliability, and popularity of YouTube videos on pes planus using standardized 
scoring systems and assess their value for patient education.
Materials and Methods: A YouTube search on March 01, 2024, using “Pes planus,” “flatfoot,” and “flatfeet” yielded 150 English-
narrated videos; 103 met the inclusion criteria. Data on views, duration, likes, comments, and video power ındex (VPI) were 
recorded. Videos were assessed using the Journal of the American Medical Association Score (JAMAS) for reliability, the 
global quality score (GQS) for educational value, and the pes planus-specific score (PPSS) for content relevance. Statistical 
analyses included Kruskal–Wallis and Mann–Whitney U-tests.
Results: Mean scores were: JAMAS 2.07, GQS 2.67, PPSS 8.52. Physician-created videos scored significantly higher on JAMAS 
and GQS (p<0.05), while physiotherapists’ videos had the highest VPI (362.8). Exercise videos had the highest VPI among 
content types, whereas disease lecture videos had the highest PPSS (21.8) but the lowest VPI (6.24). GQS strongly correlated 
with PPSS (r=0.708), and VPI with video views (r=0.831); no correlation was found between JAMAS and VPI.
Conclusion: Popular videos often lack educational value. While physician-created content is more reliable, it attracts less 
engagement. Enhancing digital content quality and visibility is essential for effective patient education.
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ORIGINAL ARTICLE

INTRODUCTION
Today, the Internet is the most accessible and fastest way to 
obtain information in nearly every aspect of daily life. A sig-
nificant portion of internet searches is health-related.[1,2] Many 
individuals conduct online research before visiting a health-
care provider.[1,3] YouTube has become the world’s largest me-
dia-sharing platform due to its ease of access and the wide-

spread use of mobile devices.[3] Its vast variety of video content 
and users’ preference for watching rather than reading make 
the platform particularly appealing.[4] However, YouTube does 
not review uploaded videos for content quality and accuracy. 
Many lack proper authorship or source attribution. In addition 
to questionable reliability, users are also exposed to commer-
cial manipulation.[5] “Pes planus” is a term that encompasses 
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both flexible and pathological flatfoot conditions. It ranges 
from benign, untreatable flexible flatfoot to symptomatic, rig-
id forms that may require surgical intervention.[6] The condi-
tion primarily affects the pediatric population. Parents – who 
are often active internet users – tend to seek information on-
line rather than consult medical professionals.[3,7] While the 
quality of online video content on various medical conditions 
has been studied, the reliability and educational value of You-
Tube videos on flatfoot remain underexplored.

In this study, we hypothesized that YouTube videos about 
flatfoot may lack sufficient educational value for patients and 
their families. Therefore, we aimed to evaluate the content 
quality and reliability of such videos.

MATERIALS AND METHODS
On March 01, 2024, a YouTube search (https://www.youtube.
com) was conducted using the keywords “Pes planus, flatfoot 
and flatfeet.” Videos were sorted using the “relevance” filter, which 
is YouTube’s default setting. This method reflects typical user 
behavior, as most users rely on the top-listed results suggested 
by the algorithm. From the approximately 11,000, 140,000, and 
240,000 results returned for each keyword, respectively, the first 
50 videos per keyword were selected, based on the assumption 
that most users do not browse beyond the first two result pag-
es. A total of 150 English-narrated videos were initially recorded. 
Forty-one duplicate videos were excluded. Duplicates were de-
fined as videos with identical narration, visuals, or reuploads by 
the same or different users. In such cases, only the version with 
the highest number of views was included. Six additional videos 
were excluded because their comment sections were disabled. 
Since user interaction (likes, dislikes, comments) is essential for 
calculating engagement and the video power index (VPI), videos 
without comment functionality were excluded. For the remain-
ing 103 videos, data on video duration, number of views, time 
since upload, view rate (total views/day), number of comments, 
likes, and dislikes, and their like ratios (like×100/[Like+Dislike]) 
were collected. VPI was calculated using the following formula: 
VPI=(Like Ratio [%]×View Rate [views/day])/100.

This formula has been adapted from previous studies evalu-
ating YouTube video popularity metrics in health-related re-
search. The like ratio was calculated as: Likes×100/(likes+dis-
likes). Since YouTube disabled the public dislike count in 2021, 
the number of dislikes was estimated using the “Return You-
Tube Dislike” browser extension, which has been validated and 
used in earlier publications. This tool estimates the number of 
dislikes using crowd-sourced user interactions and historical 
data, and has been validated and used in previous studies.

Video popularity was evaluated using the benchmark criteria 
of the Journal of the American Medical Association (JAMA) (Ta-
ble 1) and overall content quality was assessed using the glob-

al quality score (GQS) (Table 2) which is commonly applied to 
health-related websites. The educational value of each video 
was assessed using a five-point scale adapted from Singh et al.[8] 
(Table 2). Videos were rated using by JAMA Score (JAMAS) for 
reliability and GQS for educational and informational content.
[8-11] All videos were evaluated by a single reviewer with a back-
ground in orthopedic surgery. Therefore, inter-rater reliability 
metrics, such as Cohen’s kappa were not applicable in this study.

In this study, video content was more comprehensively eval-
uated using the Pes Planus-Specific Score (PPSS), which as-
sessed disease-specific features, including diagnosis, classifi-
cation, treatment options, and complications related to pes 
planus, flatfoot, and flatfeet. This scoring system was originally 

Table 1. The benchmark criteria of the Journal of the American 
Medical Association

Benchmark criteria	 Description

Authorship	 Authors and contributors, their affiliations, 
	 and relevant credentials should be provided.
Attribution	 References and sources for all content 
	 should be listed clearly, and all relevant 
	 copyright information noted.
Disclosure	 Website ‘ownership’ should be prominently 
	 and fully disclosed, as should any 
	 sponsorship, advertising, underwriting, 
	 commercial funding arrangements or 
	 support, or potential conflicts of interest.
Currency	 Dates that content was posted and updated 
	 should be indicated.

Table 2. Global quality score for educational value

Score	 Quality Description	 Interpretation

1	 Poor quality	 Very unlikely to be of any use to 
		  patients.
2	 Poor quality, but some	 Of very limited use to patients. 
	 information present
3	 Suboptimal flow, some	 Somewhat useful to patients. 
	 information covered, 
	 but important topics 
	 missing	
4	 Good quality and flow,	 Useful to patients. 
	 most important topics 
	 covered
5	 Excellent quality and flow	 Highly useful to patients.
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developed by Mathur et al.[7] to evaluate the quality of online 
information about scoliosis. It was later adapted by Staunton 
et al.[5] for scoliosis videos, and by Erdem et al.[3] for kyphotic 
deformity content. Based on expert consensus and relevant 
literature, the scale was revised to suit flatfoot-related video 
content. In the PPSS, each correctly presented term or concept 
in the video (either spoken or written) earns 1 point, with a 
checklist ranging from 0 to 36 items.

The final revised version of PPSS used in this study contains 32 
subcategories focusing on various aspects of the disease and its 
treatment, each assigned 1 point, for a maximum possible score 
of 32 points. These categories include: Foot and arch deformi-
ties (medial, lateral, and transverse arches), ankle and subtalar 
joint involvement, gait abnormalities, pain, diagnostic tools, 
such as radiographic measurements (Meary’s angle, talonavic-
ular coverage angle, calcaneal pitch), conditions, including liga-
mentous laxity, tarsal coalition, Achilles tendon contracture, and 
congenital vertical talus, clinical tests (e.g., Jack toe rise test, pe-
dobarographic measurements), deformities, such as heel valgus 
and tibial/femoral rotational abnormalities, treatment options 
(e.g., orthoses, exercises, shoe inserts, taping, and surgeries, in-
cluding arthroereisis, osteotomy, and arthrodesis), disease pro-
gression, implant failure, and psychosocial implications.

The videos were categorized into eight groups based on 
source and content.

By source, the categories were: (a) Physiotherapist, (b) Podia-
trist, (c) Physician, (d) Animator, (e) Academic Staff, (f ) Patient, 
(g) Coach, (h) Merchant (Fig. 1). Based on content, the videos 
were grouped into: (a) Disease Lecture, (b) Surgical Technique 
Animation, (c) Disease Information, (d) Medical History, (e) 
Foot Orthotic Advertising, (f ) Surgical Technique, (g) Chiro-
practic Treatment, and (h) Exercise Training (Fig. 2).

Statistical Analysis

Statistical analyses were performed using IBM Statistical Pack-
age for the Social Sciences Statistics version 26. Since most 
variables were ordinal or categorical, and continuous variables 
did not follow a normal distribution, non-parametric tests 
were applied. The Kruskal–Wallis H test was used to compare 
more than two groups, and the Mann–Whitney U-test was 
applied for pairwise comparisons. To assess the magnitude of 
group differences, effect sizes were calculated: η2 for Kruskal–
Wallis and r for Mann–Whitney U. Spearman’s rho correlation 
was used to examine associations between variables. A p<0.05 
was considered statistically significant in all analyses.

Ethical Statement

This study involved the analysis of publicly available online 
content (YouTube videos) and did not include any human par-
ticipants or patient data. Therefore, ethical approval was not 
required in accordance with institutional and international 
guidelines.

RESULTS
A total of 103 videos that met the inclusion criteria were an-
alyzed. The combined total duration of these videos was 
46,116 s, with an average length of 448±621 s per video. The 
videos had a cumulative view count of 8,011,030, averaging 
77,777±176,594 views per video. The mean time elapsed since 
upload was 1,239±809 days. On average, videos received an 
average of 113±321 comments, 966±2,538 likes, and 39±79 
dislikes, with an average like ratio of 93±13. One video was ex-

Figure 1. Distribution of video sources included in the 
study. Videos were categorized based on their creators: 
Physicians, physiotherapists, podiatrists, academic staff, 
patients, coaches, animators, and merchants.

Figure 2. Categorization of video content types. Videos 
were classified into eight categories: Disease lecture, 
surgical technique, disease information, medical history, 
orthotic advertisement, chiropractic treatment, surgical 
animation, and exercise training.
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cluded from the study due to having zero likes, which made 
the VPI calculation infeasible.

The mean scores for the evaluated parameters were: JAMAS: 
2.07±0.62, GQS: 2.67±0.96, and PPSS: 8.52±7.22. Videos pro-
duced by physicians had significantly higher JAMAS and GQS 
scores compared to those created by physiotherapists, pa-
tients, and coaches (p<0.05). Physician videos also achieved 
significantly higher PPSS scores than those from patients, 
coaches, and merchants (p<0.05). However, videos created by 
physiotherapists had the highest VPI values (362.8±1,141.83), 
significantly surpassing those from physicians and merchants 
(p<0.05). Conversely, videos by physicians and podiatrists had 
significantly lower VPI scores compared to those from coaches 
(p<0.05).

Content-based analysis revealed no significant differences 
among video types regarding JAMAS scores (p>0.05). How-
ever, there were significant differences in GQS, PPSS, and VPI 
scores across content categories (p<0.05). Videos catego-
rized as disease information had significantly lower GQS and 
PPSS scores compared to disease lecture videos (p<0.05) yet 
scored higher than those labeled exercise training, advertise-

ments, and medical history (p<0.05). Exercise training videos 
showed significantly higher VPI scores than all other content 
categories, including disease information, animations, disease 
lectures, surgical techniques, advertisements, and medical 
history, except for chiropractic treatment (p<0.05) (Table 3). In 
addition to p-values, effect sizes were reported, with values, 
such as η2=0.12 (moderate) for GQS by content, and r=0.45 
(moderate) for PPSS by video source.

Correlation analyses revealed a moderate, positive, and statis-
tically significant correlation between JAMAS and GQS scores 
(r=0.445, p<0.01) as well as between JAMAS and PPSS scores 
(r=0.412, p<0.01). These findings indicate that higher reliabil-
ity scores (JAMAS) were associated with better educational 
quality (GQS) and more comprehensive content (PPSS). No 
significant correlations were observed between JAMAS and 
VPI, or between JAMAS and the number of views (p>0.05). A 
strong, positive, and significant correlation was identified be-
tween GQS and PPSS (r=0.708, p<0.01), suggesting alignment 
between educational quality and topic-specific depth. A weak 
but significant correlation was also found between GQS and 
number of views (r=0.195, p<0.05), while no significant rela-
tionship was detected between GQS and VPI (p>0.05).

Table 3. Mean and Median JAMAS, GQS, PPSS and VPI values of the videos based on source and content

		  PPSS	 GQS	 JAMAS	 VPI

Video source
	 Physiotherapist	 5.47±3.18 (5)	 2.47±0.79 (2) 	 1.91 ±0.51 (2) 	 362.8±1141.83 (101.94)
	 Podiatrist 	 10.4±6.58 (9)	 2.9±0.99 (3)	 2.1±0.56 (2)	 19.09±22.1 (17.49)
	 Physician	 12.73±9.16 (10.5)	 3.32±0.91 (3)	 2.41±0.6 (2)	 30.84±60.4 (10.65)
	 Animator	 10±5.94 (10)	 2.75±0.95 (2.5)	 2±0.81 (2)	 10.75±11.05 (7.84)
	 Academic Staff	 21	 4	 1	 2.09
	 Patient	 3.75±2.49 (3)	 1.87±0.35 (2)	 1.75±0.7 (2)	 24.5±31.69 (16.43)
	 Coach	 6.37±4.42 (5,5)	 2.25±0.57 (2)	 1.87±0.61 (2)	 135.42±161.13 (71.67)
	 Merchants	 3.14±1.77 (3)	 1.57±0.53 (2)	 2±0 (2)	 1.65±2.02 (0.93)
	 Total	 8.52±7.22 (6)	 2.67±0.96 (2)	 2.07±0.62 (2)	 116.55±552.78 (18.65)
Video content
	 Disease Lecture 	 21.8±8.46 (21)	 4±0.7(4)	 2.2±0.83 (2)	 6.24±7.82 (3.06)
	 Surgical technique animation	 5.5±3.53 (5.5)	 2±0 (2)	 2.5±0.7(2.5)	 13.65±17.88 (13.65)
	 Disease Information	 10.6±7.57 (8)	 3.07±0.95 (3)	 2.19±0.63 (2)	  153±777.32 (16.11)
	 Medical History	 4.7±3.65 (3.5)	 2±0.47 (2)	 1.8±0.63 (2)	 21.48±28.97 (15)
	 Foot Orthotic Advertising	 3.44±1.66 (3)	 1.66±0.5 (2)	 1.88±0.33 (2)	 31.9±64.85 (1.54)
	 Surgical Technique	 9.5±2.12 (9.5)	 3±0 (3)	 2.5±0.7 (2.5)	 25.33±21.73 (25.33)
	 Chiropractic Treatment	 5.5±6.36 (5.5)	 2±1.41 (2)	 2±1.41 (2)	 253.37±354.82 (253.37)
	 Exercise Training	 4.95±2.86 (4.5)	 2.27±0.45 (2)	 1.9±0.52 (2)	 138.16±140.79 (106.46)
	 Total	 8.52±7.22 (6)	 2.67±0.96 (2)	 2.07±0.62 (2)	 116.55±552.78 (18.65)

JAMAS: Journal of the American Medical Association Score; GQS: Global quality score; PPSS: Pes planus-specific score; VPI: Video power index.
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Regarding VPI and view counts, a strong, positive, and statis-
tically significant correlation was found (r=0.831, p<0.01), in-
dicating that videos with higher VPI scores also had greater 
popularity. However, no significant correlation was observed 
between PPSS and VPI, or between PPSS and view counts 
(p>0.05) (Tables 4 and 5).

DISCUSSION
The increasing number of patients diagnosed with flatfoot, 
combined with their families’ growing tendency to seek infor-
mation online before consulting a physician, formed the ba-

sis of this study’s hypothesis.[1,3,7] This study aimed to evaluate 
the accuracy, adequacy, and quality of information on flatfoot 
available on YouTube, and to assess this content from a clinical 
perspective.

Visual content plays a crucial role in online health searches, 
making YouTube a preferred platform due to its accessibil-
ity and ease of use.[4] Patients tend to express satisfaction 
when they believe the information originates from credible 
sources.[12,13] However, verifying the authorship and accuracy 
of online video content remains a challenge for patients and 
their families. Prior research has shown that patients often 
favor visually rich and engaging videos, even when such vid-
eos lack accuracy and reliability.[3,7] This preference may mis-
lead viewers and contribute to misinformation, potentially 
undermining the trust and communication between physi-
cians and patients.

In this study, the average scores for the analyzed YouTube 
videos were as follows: JAMA Score (JAMAS) 2.07, GQS 2.67, 
and PPSS 8.52. These findings suggest that the overall quality 
of flatfoot-related information on YouTube is low, leaving pa-
tients with incomplete and unverified knowledge. This result is 
consistent with previous studies evaluating YouTube content 
on various medical topics, where the quality was often found 
to be unregulated and inconsistent.[3,5,14-18] For clinicians, ad-
dressing misconceptions shaped by unreliable online content 
remains a challenge, emphasizing the importance of under-
standing how digital environments influence patient percep-
tions.

When grouped by content type, 49% of the videos were clas-
sified as providing general disease information. This category 
yielded average scores of JAMAS: 2.19, GQS: 3.07, and PPSS: 
10.6, with the highest PPSS among all content types – except 
for disease lecture videos (PPSS=21.8), which were predomi-
nantly created by physicians. In contrast, exercise-focused vid-
eos, mostly produced by coaches (55%) and physiotherapists 
(41%), emphasized practical exercises rather than comprehen-
sive disease education. Although these videos were not al-
ways consistent or evidence-based, their practical orientation 
made them highly appealing to patients.

Although the correlation between GQS and number of views 
was statistically significant (r=0.195), the strength of the asso-
ciation was weak, suggesting limited clinical or educational 
relevance. This finding suggests that the video popularity of 
health-related YouTube videos may be more influenced by ex-
ternal engagement factors–such as compelling titles, attrac-
tive thumbnails, and professional production–than by content 
quality alone. Consequently, even videos with high education-
al value may fail to reach or engage patients effectively unless 
these extrinsic features are also strategically optimized.

Metric	 Value

Total running time (seconds)	 46.116
Average duration (seconds)	 448±621
Total number of views	 8.011.030
Average number of views	 77.777±176.594
Average time since upload (days)	 1.239±809
Average view rate (views/day)	 121±561
Average number of comments	 113±321
Average number of likes	 966±2.538
Average number of dislikes	 39±79
Average like rate	 93±13
Average VPI	 117±553
Mean JAMAS	 2.07±0.62
Mean GQS	 2.67±0.96
Mean PPSS	 8.52±7.22

JAMAS: Journal of the American Medical Association Score; GQS: Global 

quality score; PPSS: Pes planus-specific score; VPI: Video power index.

Table 4. Result summary table

Table 5. Correlations table

Correlation Pair	 Correlation	 Significance 
		  coefficient (r)

JAMA and GQS	 0.445**	 p<0.01
JAMA and PPSS	 0.412**	 p<0.01
GQS and PPSS	 0.708**	 p<0.01
GQS and Number of Views	 0.195*	 p<0.05
PPSS and VPI	 N.S.	 N.S.
PPSS and Number of Views	 N.S.	 N.S.
VPI and Number of Views	 0.831**	 p<0.01

JAMAS: Journal of the American Medical Association Score; GQS: Global 

quality score; PPSS: Pes planus-specific score; VPI: Video power index.
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Notably, exercise-related videos demonstrated the highest 
VPI scores (mean=138.16), making them the only category to 
surpass the overall group average. This may indicate a view-
er preference for content offering practical, actionable guid-
ance–particularly exercises that patients can integrate into 
their rehabilitation or treatment routines. In contrast, videos 
focusing on surgical procedures or general disease overviews 
garnered less engagement. This trend aligns with previous re-
search emphasizing the appeal of self-applicable content in 
patient education.[5]

Videos promoting insoles and specialized footwear – inter-
ventions that play a significant role in the management of flat 
feet–had the lowest GQS (1.66) and PPSS (3.44) among all con-
tent categories. Nevertheless, their VPI score (31.9) surpassed 
that of disease lecture videos, indicating that promotional 
content may attract more attention than purely educational 
material.

In terms of content sources, physicians produced 34% of the 
videos, representing the largest contributor group. These 
physician-generated videos received scoring highest in JA-
MAS (2.41), GQS (3.32), and PPSS (12.73) – ranking second 
only to academic content in the latter category. Despite their 
high reliability and educational value, these videos exhib-
ited a relatively low VPI scores (30.84), suggesting limited 
audience engagement. In contrast, videos created by phys-
iotherapists attained the highest VPI (362.8) despite having 
one of the lowest PPSS scores (5.47). Academic videos, while 
offering the most comprehensive and accurate information 
(PPSS=21) and achieving a perfect GQS score, recorded the 
lowest VPI (2.09), reflecting minimal viewer interest. These 
findings align with prior research indicating a persistent 
mismatch between content quality and popularity on plat-
forms, such as YouTube.[3,5,19] This discrepancy may be part-
ly attributed to the platform’s recommendation algorithm, 
which favors videos generating higher user engagement – 
such as likes, comments, and watch time – over those provid-
ing educational accuracy. Consequently, content produced 
by healthcare professionals, despite their high informational 
value, such videos may receive limited exposure, while less 
informative yet visually or emotionally engaging videos gain 
broader visibility.

Patient-generated videos had the second-lowest (PPSS: 3.75), 
ranking just above merchant-produced content (PPSS: 3.14). 
Despite their limited informational quality, these videos 
demonstrated relatively higher VPI values (24.5), indicating 
that patients tend to engage more with content produced by 
peers who share similar lived experiences. This suggests that 
emotional relatability may play a greater role in viewer en-
gagement than informational accuracy alone.

Academic videos represented the smallest category, with 
only five entries in the dataset. Despite providing the high-
est-quality information, these videos exhibited the lowest 
VPI scores, reaffirming previous observations by Desai et 
al.[4] that instructional or rigorously structured videos tend 
to attract fewer views compared to less formal content.[4] 
Readability and visual appeal appear to play a substantial 
role influencing a video’s reach; lower-quality videos are of-
ten perceived as more approachable or easily understand-
able by the general public.[5,19] Consistent with our findings, 
videos with lower educational value tended to be easier 
to read and visually accessible, whereas those with high-
er content scores were often perceived as less engaging or 
“patient-friendly.”

Study Limitations

This study has several limitations that should be acknowl-
edged. First, the analysis was restricted to the first 150 videos 
retrieved from YouTube using the keywords “pes planus,” “flat-
foot,” and “flatfeet.” While this sampling strategy may appear 
limited, it reflects typical user behavior, as the majority of in-
ternet users rarely navigate beyond the first two pages of re-
sults.[3,20]

Second, the evaluation was conducted from the perspective 
of a researcher, focusing on user experience rather than pro-
viding a comprehensive review of all available content related 
to flatfoot on YouTube. It is important to note that YouTube is 
a dynamic platform where content is continuously updated, 
and search results are influenced by various factors, such as 
geographic location, browsing history, and user preferences – 
all shaped by the platform’s algorithm.

Finally, the sample size was inherently constrained to 150 vid-
eos. This limitation was necessary to ensure the feasibility of 
conducting an in-depth quality and reliability analysis, though 
it may not fully represent the breadth of flatfoot-related on the 
platform. Nevertheless, despite these limitations, the study 
provides meaningful insights into the overall quality, acces-
sibility, and credibility of information on pes planus available 
through YouTube.

Although the PPSS used in this study was adapted from pre-
viously published scoring systems applied to other muscu-
loskeletal conditions, it has not undergone formal validation 
specifically for pes planus–related content. As such, its accura-
cy and generalizability may be limited. Nevertheless, it offers a 
structured framework for evaluating disease-specific informa-
tion in YouTube videos.

All video assessments in this study were performed by a sin-
gle reviewer with a background in orthopedic surgery. While 
this ensured clinical expertise, it also introduces the potential 
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for subjective bias. Since no second reviewer was involved, in-
ter-rater reliability (e.g., Cohen’s kappa) could not be assessed. 
Future studies should consider using multiple independent 
reviewers to enhance objectivity and reproducibility.

Although several statistical comparisons were conducted in 
this study, adjustments for multiple testing (such as Bonfer-
roni correction) were not applied. This decision was based on 
the exploratory nature of the analysis and the aim to avoid an 
increase in Type II errors. However, the lack of correction may 
increase the likelihood of Type I errors and should be consid-
ered when interpreting the results.

CONCLUSION
In the digital era, accessing health-related information has 
become increasingly convenient; however, verifying the ac-
curacy and reliability of such content remains a significant 
challenge.[21] The absence of rigorous validation mechanisms 
exacerbates the risk of misinformation, posing serious implica-
tions for both patients and healthcare providers. As individu-
als increasingly rely on platforms, such as YouTube for medical 
information, the potential for misinformation threatens in-
formed decision-making and may undermine the patient-pro-
vider relationship.

This study reveals that the majority of YouTube videos about 
pes planus fall short of meeting essential standards for educa-
tional quality and reliability. While videos produced by physi-
cians were generally more trustworthy, they frequently lacked 
comprehensive educational depth – underscoring the need 
for improvement, even among otherwise high-quality sourc-
es.” These findings highlight the pressing need for professional 
medical associations and reputable healthcare institutions to 
proactively engage in the creation of accurate, patient-orient-
ed, evidence-based video content. By ensuring the availability 
of reliable and accessible information, these organizations can 
play a pivotal role in combating digital health misinformation 
and promoting public health literacy. To address this, collab-
orations between healthcare professionals and digital media 
experts may be instrumental in producing content that bal-
ances medical accuracy with viewer engagement. Such part-
nerships offer a promising strategy to bridge the existing gap 
between content quality and reach, ensuring that trustworthy 
health information is both visible and impactful for a broader 
audience.
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Mapping Patient-Facing Symptom Keywords for Fibromyalgia and 
Myofascial Pain Syndrome Using Google Trends: Implications for Clinic 
Communication in Türkiye (2015–2025)
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Objective: To identify symptom keywords the public most strongly associates with fibromyalgia and myofascial pain 
syndrome (MPS) in Türkiye, and translate these patterns into practical, symptom-first prompts for clinicians. 
Materials and Methods: Monthly Google Trends CSVs (Türkiye, Health category) for July 2015–July 2025 were analyzed in two 
panels: (1) Fibromyalgia with numbness/tingling, fatigue, insomnia, and depression; (2) MPS with muscle pain, trigger point, 
joint pain, and kyphosis. Within-CSV terms were compared on levels; between panels, we used correlation/shape. We computed 
Pearson and Spearman correlations over the full horizon, ±6-month cross-correlations, and 12-month rolling correlations.
Results: In the fibromyalgia panel, numbness/tingling showed the strongest positive, synchronous association (Pearson 
r=0.78; Spearman=0.79; best lag=0 months). Fatigue provided a leading signal (best lag: −6 months; r≈0.33) despite modest 
same-month correlation (r≈0.13). Insomnia and depression had negligible synchronous associations (r≈0 to −0.05). In the 
MPS panel, muscle pain had the highest average level but showed moderate negative long-horizon correlation with the 
disease label (r≈−0.48), similar to trigger point/kulunç (r≈−0.46) and joint pain (r≈−0.45); kyphosis was weakly positive 
(r≈+0.17). Cross-disease shape correlation (fibromyalgia vs. MPS) was moderately negative (r≈−0.31).
Conclusion: A symptom-first communication strategy is suggested: for fibromyalgia, lead with paresthesia (numbness/tingling) 
and probe fatigue with a 6-month time-course; for MPS, open with muscle pain and trigger-point language before disease labels.
Keywords: Fibromyalgia, Health communication, Internet, Myofascial pain syndromes, Trigger points, Türkiye
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ORIGINAL ARTICLE

INTRODUCTION
In contemporary clinical practice, the dissonance between 
professional diagnostic terminology and patients’ natural 
symptom descriptions often hinders effective communica-
tion and timely diagnosis. Increasingly, patients initiate their 
healthcare journeys through online searches, typically using 
symptom-based queries rather than formal disease names. 

This behavior highlights an opportunity: Aligning clinical in-
terview strategies with the symptom vocabulary that patients 
already use could enhance rapport, increase diagnostic effi-
ciency, and reduce unnecessary testing.

Google Trends provides an anonymized, normalized (0–100) 
index of relative search interest by region and time. Because 
indices are normalized within each query’s window, they re-
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veal relative peaks and co-movement rather than absolute 
volumes. Patients frequently seek health information using 
symptom words rather than diagnostic labels. Aligning inter-
view language with patients’ search vocabulary can improve 
rapport and shorten the path to the key complaint.[1]

Fibromyalgia is a chronic pain disorder characterized by wide-
spread pain with common non-pain symptoms such as fatigue, 
non-restorative sleep, cognitive complaints, and mood symp-
toms. In 2016, the American College of Rheumatology (ACR) 
revised and unified the 2010/2011 criteria. Diagnosis is sup-
ported when: (i) Widespread pain index (WPI) ≥7 and symptom 
severity scale (SSS) ≥5 or WPI 4–6 and SSS ≥9; (ii) generalized 
pain in ≥4/5 regions; (iii) symptoms ≥3 months; valid irrespec-
tive of other diagnoses.[2,3] Myofascial pain syndrome (MPS), by 
contrast, is a regional musculoskeletal condition marked by 
hyperirritable trigger points within taut muscle bands. These 
points produce local and referred pain, often with palpable 
tenderness and local twitch responses.[4,5] In Turkish colloquial 
usage, “yumuşak doku romatizması” (soft-tissue rheumatism) 
often serves as a public-facing synonym or proxy for MPS, de-
spite not being a formal diagnostic label.

This study aims to identify the symptom-related keywords 
most commonly associated with fibromyalgia and MPS in 
Türkiye—based on a decade of Google Trends data—and to 
translate these digital search behaviors into symptom-first 
clinical interview strategies that align with public vocabulary.

MATERIALS AND METHODS
This study employed an ecological, retrospective design to an-
alyze monthly Google Trends data on public search interest in 
symptom-related terms associated with fibromyalgia and MPS 
in Türkiye, covering the period from July 2015 to July 2025.

Data were retrieved using the “Health” category filter, and 
search indices were normalized on a 0–100 scale within each 
query’s time window, representing relative—not absolute—
search interest. Due to Google’s data sampling procedures, 
repeated exports may exhibit minor differences.[1,6-8] Two pa-
tient-facing, Turkish-language query panels were constructed. 
The first panel targeted fibromyalgia and included the disease 
label fibromyalgia alongside four symptoms: Uyuşma/karın-
calanma (numbness/tingling), yorgunluk (fatigue), uykusuzluk 
(insomnia), and depresyon (depression). The second panel ap-
proximated MPS through the colloquial proxy yumuşak doku 
romatizması, paired with kas ağrısı (muscle pain), kulunç (trig-
ger point), eklem ağrısı (joint pain), and kamburluk (kyphosis).

Statistical Analysis
CSV files were exported for each panel; values within 
each CSV were co-normalized, allowing level comparisons 
among terms in the same panel. However, due to inde-

pendent normalization across panels, inter-panel analyses 
were restricted to shape comparisons (co-movement).[6,7] 
Data were parsed without smoothing; values marked “<1” 
were set to zero, date columns were formatted monthly, 
and Turkish diacritics were retained. Statistical analysis in-
cluded Pearson and Spearman correlations over the full 10-
year period to assess the relationship between symptom 
terms and the respective disease label. We also computed 
±6-month cross-correlations to explore lead-lag dynamics 
(with negative lags indicating symptom-led signals), and 
12-month rolling correlations to evaluate time-varying 
associations. Shape similarity between fibromyalgia and 
MPS panels was assessed using Pearson correlation on 
z-score–standardized series for overlapping months. All 
interpretations were grounded in the 2016 ACR diagnostic 
criteria for fibromyalgia[2,3] and current pathophysiological 
models of MPS,[4,5] with analyses considered descriptive 
due to the normalized and serially correlated nature of 
Google Trends data.[1,6-8]

RESULTS
Fibromyalgia panel—primary association and timing: Across 
2015–2025, “uyuşma/karıncalanma” showed the strongest 
positive, same‑month association with the fibromyalgia la-
bel (Pearson r=0.78; Spearman=0.79; best lag=0 months). 
This is consistent with sensory descriptors frequently report-
ed in fibromyalgia, alongside generalized pain per ACR‑2016. 
“Yorgunluk” had a modest same‑month correlation (r≈0.13) 
but a clearer lead at −6 months (cross‑correlation peak r≈0.33), 
which suggests population interest in fatigue may precede 
peaks in fibromyalgia‑label interest. “Uykusuzluk” and “depre-
syon” displayed negligible same‑month co‑movement (r≈0 
to −0.05) despite clinical relevance; high background usage 
may dilute disease‑specific co‑movement in infodemiology 
designs (Fig. 1).

Yumuşak doku romatizması (MPS proxy) panel—level prom-
inence versus co‑movement: “Kas ağrısı” had the highest 
average search level among symptom terms but showed a 
moderate negative long‑horizon correlation with the dis-
ease label (r≈−0.48), similar to “kulunç” (r≈−0.46), and “eklem 
ağrısı” (r≈−0.45); “kamburluk” was weakly positive (r≈+0.17). 
Long‑window negativity indicates divergent trajectories 
rather than semantic opposition under Google’s normaliza-
tion, aligning with MPS pathophysiology focused on taut 
bands and trigger points. Cross‑disease shape comparison: 
Z‑score–standardized series for fibromyalgia and “yumuşak 
doku romatizması” showed a moderately negative shape 
correlation (r≈−0.31), indicating counter‑moving attention 
waves potentially shaped by media cycles, clinic coding, or 
seasonality (Fig. 2).



211

Eur Arch Med Res 2025;41(4):209–213 Ozkocak. Symptom Keywords for Fibromyalgia and Myofascial Pain Syndrome

Figure 1. Monthly search trends for fibromyalgia and related symptom terms in Türkiye (2015–2025).

Normalized Google Trends indices (0–100) demonstrate a strong synchronous correlation between the term fibromyalgia 
and numbness/tingling (Pearson r=0.78), indicating parallel public interest over time. Fatigue showed a weaker same-month 
correlation (r≈0.13) but emerged as a potential lead indicator, peaking approximately 6 months before increases in fibromyalgia-
related searches (cross-correlation peak r≈0.33). In contrast, insomnia and depression exhibited negligible synchronous 
association (r≈0 to–0.05), likely reflecting their high background frequency across unrelated contexts.

Figure 2. Monthly search trends for myofascial pain syndrome and related symptom terms in Türkiye (2015–2025)

Normalized Google Trends indices (0–100) show that muscle pain had the highest average search level but was moderately 
negatively correlated with the MPS label (r≈−0.48), along with trigger point and joint pain. Kyphosis displayed weak positive 
synchrony (r≈+0.17). These diverging trajectories suggest differing temporal attention patterns, likely shaped by symptom 
specificity and public familiarity.
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DISCUSSION
This study makes a novel contribution by aligning public 
search behavior with clinical diagnostic workflows in fibro-
myalgia and MPS. The central insight – that patients in Türkiye 
most frequently associate fibromyalgia with paresthesia and 
that fatigue acts as a lead signal – suggests that traditional 
diagnostic pathways may be missing a critical opportunity to 
meet patients where they are at the symptom level.[9,10]

The weak search synchrony of insomnia and depression – de-
spite their known clinical relevance–underscores the noise in-
troduced by broad-spectrum, high-frequency symptom terms. 
This insight strengthens the case for refined symptom-first 
strategies, particularly in syndromes such as fibromyalgia, 
where diagnosis relies more on clinical interpretation than on 
biomarkers.[11,12]

Similarly, in the MPS panel, symptoms such as muscle pain, 
trigger points, and joint pain were dominant in absolute search 
level but showed negative co-movement with disease label-
ing. This suggests that MPS may be linguistically under-coded 
in patient narratives, highlighting the importance of matching 
clinical vocabulary with public usage.[4,5,13]

The proposed micro-algorithms offer an actionable bridge be-
tween online behavior and clinic-based assessment. In prima-
ry care, the strong co-movement between numbness/tingling 
and fibromyalgia justifies initiating a WPI/SSS screen when 
such descriptors are mentioned.[2,10]

In psychiatry and mental health, patients presenting with depres-
sion or insomnia should not be overlooked for fibromyalgia, de-
spite weak search co-movement—particularly given the frequent 
clinical overlap.[9,10] In neurology, unexplained sensory complaints 
with a negative neurologic exam but positive WPI/SSS should 
trigger reconsideration of a fibromyalgia diagnosis.[11,12]

For MPS, using colloquial terms such as “kulunç” may facilitate 
more accurate localization, especially in PM&R, orthopedics, and 
physiotherapy settings. These findings encourage a shift from di-
agnosis-centered intake toward symptom-guided dialog, align-
ing with patient search behavior and clinical need.[4,5,13-15]

Regarding health communication and digital system design, 
a major implication lies in clinical informatics and service de-
sign. Institutions can translate symptom-language into smart-
er digital workflows: Embedding trigger terms such as “numb-
ness” or “6-month fatigue” into EHRs to launch diagnostic tools 
(e.g., WPI/SSS).[1,6-8]

Producing training modules for clinicians on “diagnosing from 
symptom cues,” especially for underdiagnosed conditions such 
as fibromyalgia. Publishing SEO-optimized content for patients 
– answering how and why they search: e.g., “What is kulunç?” or 

“Is muscle pain a sign of something deeper?” Such integration 
ensures that population-level language patterns actively shape 
clinical workflows, not just marketing or education.

Beyond the clinic, these findings have implications for pub-
lic health strategy, health literacy, and patient satisfaction. In 
settings where health-seeking behavior begins online, iden-
tifying which symptom terms dominate public queries can 
support more accessible and empathetic communication in 
both digital and face-to-face encounters. By aligning clinical 
questioning with real-world language use, clinicians not only 
increase diagnostic efficiency and validate the patient’s lived 
experience–an important driver of patient trust and satis-
faction. Moreover, embedding symptom-first strategies into 
digital triage tools, EHRs, and national health education plat-
forms may strengthen health literacy by reinforcing connec-
tions between familiar symptoms and medically meaningful 
syndromes. In this way, symptom-based framing becomes not 
just a clinical tactic, but a health systems tool for bridging the 
gap between public language and professional care.[16-18]

This study has several strengths and limitations. Its use of re-
al-world, population-scale behavioral data spanning a full de-
cade is a major strength. The normalized structure of Google 
Trends provides a robust foundation for analyzing the shape 
and co-movement of symptom interest over time, offering 
insight into public attention dynamics rather than absolute 
disease burden. However, several limitations should be ac-
knowledged. First, Google Trends reflects relative search inter-
est, not clinical prevalence or symptom severity. Public search 
behavior is susceptible to media influence, seasonality, and 
sociocultural factors, which may introduce noise. Moreover, 
each search panel is normalized independently, meaning that 
comparisons between disease panels (e.g., fibromyalgia vs. 
MPS) are limited to correlation of trends – not absolute levels.

Critically, while the study proposes symptom-first micro-al-
gorithms for clinical use, these have not yet been validated in 
real-world clinical settings. Their utility remains hypothetical 
and should be interpreted as hypothesis-generating rather 
than prescriptive. Prospective validation – especially regard-
ing diagnostic accuracy, referral efficiency, and patient-report-
ed outcomes–is necessary before routine adoption in practice.

Future work should pursue prospective validation of the pro-
posed micro-protocols in clinical settings–especially their 
ability to reduce diagnostic delays or unnecessary referrals. 
Additional opportunities include: Developing specialty-spe-
cific symptom panels (e.g., for rheumatology, neurology, and 
sleep medicine). Evaluating patient-reported outcomes after 
implementation of symptom-first intake flows. Studying how 
language localization and health literacy shape search pat-
terns and diagnostic risk.
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CONCLUSION
This study provides evidence that public search behavior can 
inform a symptom-first clinical framework for fibromyalgia 
and MPS. Paresthesia and fatigue serve as high-yield opening 
cues for fibromyalgia, while muscle/trigger-point language 
provides better alignment for MPS. Embedding these insights 
into intake scripts, EHR systems, and health communication 
strategies can improve diagnostic efficiency, reduce patient 
frustration, and align practice with the realities of how people 
think about–and search for-their symptoms.
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Objective: This study aims to analyze online information-seeking behaviors of patients in Türkiye regarding adalimumab by 
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Materials and Methods: Weekly normalized search volume index data between 2016 and 2025 were retrieved for a total 
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INTRODUCTION
Uveitis is defined as a group of inflammatory intraocular dis-
eases, potentially resulting in permanent vision loss if left 
untreated. The majority of non-infectious uveitis cases are 
associated with systemic immunological disorders and follow 
a chronic course, necessitating a prolonged treatment and 

monitoring process after diagnosis.[1] Corticosteroids remain 
the first-line treatment; however, concerns have been raised 
regarding their long-term use, regarding its potential inade-
quacy, and the severity of the side effects that may be associ-
ated with their use. Biologic agents have emerged as the pre-
ferred options in the stepwise therapeutic approach.[2,3]
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Adalimumab, an anti-TNF-α monoclonal antibody, was the 
first and only biologic agent to be FDA-approved in 2016 for 
the treatment of non-infectious intermediate, posterior, and 
panuveitic diseases (https://www.accessdata.fda.gov/drug-
satfda_docs]/label/2018/125057s410lbl.pdf ). The VISUAL I and 
VISUAL II clinical trials demonstrated that adalimumab signifi-
cantly prolonged time to treatment failure, reduced the risk of 
vision loss, and enabled steroid-sparing effects.[4,5] It has been 
officially available in Türkiye since 2018, with prescriptions re-
quiring approval by a committee of specialists and periodic re-
newal every three to six months. Nevertheless, the prolonged 
nature of biologic therapies gives rise to concerns regarding 
adherence, safety, and information needs.[6] In outpatient set-
tings, there is limited time available for patient education, and 
many individuals therefore turn to publicly accessible sources, 
most commonly search engines, such as Google.[7]

Google Trends (GT) is an online tool that provides anonymized, 
time- and location-based normalized search volume index 
(SVI) data. Since its launch in 2004, GT has become a valuable 
resource for infodemiological analyses, allowing the investiga-
tion of digital information-seeking behaviors. In recent years, 
there has been an increasing interest in this field within the 
context of public health and digital health research, with par-
ticular regard to studies in the field of ophthalmology.[8-11]

The objective of this study is to analyze how individuals in 
Türkiye seek online information related to adalimumab using 
GT data, with a focus on thematic patterns, such as drug infor-
mation, safety, efficacy, usage, pricing, and special situations. 
The temporal and geographic distribution of these queries will 
also be examined.

MATERIALS AND METHODS
The present study was designed as an infodemiological analy-
sis based on GT data to assess online information-seeking be-
haviors regarding adalimumab in the context of uveitis treat-
ment in Türkiye. The primary objective of the present study 
was to explore the temporal evolution of public interest in 
adalimumab and to provide a comprehensive mapping of this 
interest across a range of treatment-related themes.

All data were obtained from the publicly accessible GT plat-
form; no individual data were collected, and therefore, ethical 
committee approval or informed consent was not required. All 
data were anonymous, aggregated, and derived from publicly 
available digital sources. The study was conducted in accor-
dance with the Declaration of Helsinki.

Each keyword group was entered separately into the GT plat-
form, selecting “Web Search” as the search category. The search 
language was set to Turkish, with the geographical region 
limited to Türkiye, and the time interval set from January 01, 

2016 to July 14, 2025. The selected timeframe is reflective of 
the clinical introduction and increasing accessibility of adali-
mumab in Türkiye, in conjunction with evolving public habits 
regarding online health information. To ensure the relevance 
of the results to the field of medicine, the “Health” category 
filter was applied.

Searches were conducted utilizing the “search term” format in 
GT. To standardize comparisons, the term “adalimumab” was 
included as a fixed reference keyword in each query. This en-
abled the relative search volume of other terms to be indexed 
against adalimumab. In addition to the nomenclature of the 
molecule, the brand names most frequently employed in Tür-
kiye – Humira (Humira®, AbbVie Inc., North Chicago, IL, USA) 
and its biosimilar Amgevita (Amgevita®, Amgen Europe B.V., 
Breda, The Netherlands) – were also included. Following the 
confirmation that “humira” was the most frequently searched 
brand name, subsequent queries were adapted to include this 
term accordingly.

The searches were organized under ten pre-defined thematic 
groups, each representing a distinct aspect of patient interest 
in adalimumab: General information, safety and side effects, 
efficacy and treatment success, mode and duration of admin-
istration, cost, comparisons with alternative drugs, special cir-
cumstances (e.g. pregnancy, childhood, immunosuppression), 
impact on vision, patient opinions and concerns, and reim-
bursement/reporting processes. For each group, 4–5 original 
Turkish keywords were created in alignment with natural lan-
guage patterns used by patients. In instances where the SVI 
yielded a score of zero, alternative colloquial expressions were 
subjected to empirical investigation.

GT provides normalized weekly average scores ranging from 
0 to 100, with 100 representing the peak search volume for a 
given time period and other terms scored proportionally. In 
instances where the search volume is found to be exception-
ally low, or where there is a possibility of privacy risks being 
present, GT has been known to assign a score of “0” or to with-
hold data. Such characteristics were taken into account, and 
variables without meaningful variation were excluded from 
statistical analyses. The exported output files were formatted 
as a CSV file and subsequently organized into thematic group-
ings. For each file, the relative search scores of keywords were 
recorded against the reference term (adalimumab). The cate-
gories and keywords that were the focus of the investigation 
are presented in Table 1 (also see Supplementary data for the 
original Turkish version of the keywords).

Statistical Analysis
For each keyword within the thematic groups, descriptive sta-
tistical analyses were performed to calculate the mean, medi-
an, minimum, and maximum SVI values throughout the study 
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period. The relative distribution of interest across thematic 
categories was expressed proportionally. To assess temporal 
trends, annual mean SVI values were analyzed to determine 
whether changes over time showed statistically significant 
differences. Given the non-parametric nature of the SVI data 
distribution, the Kruskal–Wallis test was used for comparisons 
involving more than two groups, and the Mann–Whitney U 
test was applied for pairwise analyses. A p<0.05 was consid-
ered statistically significant.

RESULTS
This study conducted a comprehensive analysis of online in-
formation-seeking behaviors related to adalimumab and its 
brand names using GT data, assessing search volumes over 
time and by specific keywords. The findings indicate a growing 
and diversifying public interest in biologic agents.

Among general search queries, the keyword “humira” emerged 
as the most frequently searched term, reaching a normalized 
SVI of 100 during most of the study period. In contrast, the 
generic term “adalimumab” attracted more limited attention 
(maximum SVI: 24; mean: 10), while “amgevita” appeared only 
during specific periods (March 2020, December 2021, and 
March–May 2022). Search queries explicitly related to the in-
dication of uveitis were extremely rare; terms, such as “adali-
mumab uveitis” and “humira uveitis” showed very low activity 
over only a few isolated weeks.

Regarding safety concerns, the query “is adalimumab harm-
ful?” demonstrated episodic search interest (maximum SVI: 
36), but this pattern was not statistically significant (p=0.468, 
Kruskal–Wallis test). Meanwhile, searches for “adalimumab 
side effects,” “humira side effects,” and “amgevita side effects” 
remained at a negligible level (SVI=0).

Queries concerning drug efficacy were also scarce. The term 
“When does Humira work?” appeared with measurable inter-
est only in December 2019 (SVI: 31), while other efficacy-relat-
ed terms generated no significant search volume.

Regarding administration, only the term “humira pen” attract-
ed notable attention (mean SVI: 16.6; maximum: 86). Other re-
lated queries, such as “humira injection,” “how to use humira,” 
or “humira dosing schedule,” were rarely searched. The interest 
in “humira pen” remained stable over time (p=0.109, Kruskal–
Wallis test).

Cost-related searches were predominantly focused on the term 
“humira price,” which showed significant fluctuations across the 
years (p=0.0002, Kruskal–Wallis test). Peaks were observed in 
February 2019, June 2021, and May–July 2022 (maximum SVI: 
78). The search term “humira SGK” (referring to reimbursement 
by the Turkish Social Security Institution) occasionally reflected 
increased awareness of insurance coverage.Ta
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Alternative therapy searches were minimal, with queries, such 
as “humira or amgevita” (June 2018) and “what can be used 
instead of humira” (December 2018), appearing in only a few 
isolated instances (mean SVI: 0.37; maximum: 42).

Searches related to specific clinical scenarios revealed lim-
ited public engagement. Terms, such as “humira pregnan-
cy” and “humira vaccine,” were never significantly searched 
throughout the study period. The term “humira in child” 
showed a peak only once in January 2025 (SVI: 42), while “hu-
mira breastfeeding” drew minimal attention in March 2022 
(SVI: 28).

Queries reflecting concerns about vision outcomes, such as 
“humira blindness,” “Can Humira restore vision,” and “does hu-
mira save eyesight,” did not yield any meaningful search activ-
ity. However, the term “humira and glasses” appeared during 
three distinct periods: August 2017 (SVI: 44), November 2019 
(SVI: 57), and November 2023 (SVI: 33). Despite these spikes, 
year-by-year comparison revealed no statistically significant 
differences (p=0.265, Kruskal–Wallis test).

In the theme of patient experiences and satisfaction, only the 
phrase “are you satisfied with humira?” generated measurable 
search interest. This query peaked in February 2016, February 
2018, and March 2021 (SVI range: 36–40), while remaining 
minimal at other times (p=0.998, Kruskal–Wallis test).

Regarding administrative and procedural queries, searches 
related to “humira report” and “how long does humira report 
last” were minimal. Queries involving tuberculosis and malig-
nancy within the scope of pre-treatment reporting were also 
rare; only “humira and cancer” was searched during a limited 
period (September 2016, SVI: 52).

The analysis of the keywords indexed relative to “adalimumab” 
revealed a cumulative increase in SVI over time (Fig. 1). A com-
parison of the two time periods – 2016–2020 versus  2021–

2025 – revealed a statistically significant increase in search 
interest in biologic treatments after 2021 (p<0.001, Mann–
Whitney U test).

According to the findings of the analysis, presented in Table 2, 
the search terms that demonstrated the most significant in-
crease in GT data between the periods 2016–2020 and 2021–
2025, along with their comparative descriptives, are outlined.

The time-dependent comparison revealed statistically and 
clinically meaningful increases in the relative search volumes 
for several keywords between the two periods (2016–2020 
vs. 2021–2025). Notably, the phrase “Humira pen” showed 
the most pronounced increase (mean SVI: 3.60 → 30.78), sug-
gesting a rising public interest in understanding the mode of 
administration. Similarly, “Humira price” and the general term 
“Humira” demonstrated a significant increase of 22.48 and 
24.20 points, respectively. Furthermore, certain keywords that 
were previously not searched – such as “Humira in child”, “Hu-
mira breastfeeding,” and “Humira SGK” – began to appear in 
the latter time period, indicating an emerging public curiosity 
about special clinical conditions related to adalimumab use.

The geographic distribution of search terms across Turkish 
provinces was also analyzed based on GT data. “Adalimumab” 
was searched widely across the country, with the highest SVI 
values noted in İzmir, Antalya, and Bursa. “Humira” had an even 
broader geographic reach, being highly searched in Adana, 
Konya, and Gaziantep, among others. In contrast, interest in 
the term “Amgevita” was limited to a few provinces, with the 
highest search volumes observed in İstanbul, Eskişehir, and 
İzmir.

DISCUSSION
This study aimed to evaluate the online information-seeking 
behaviors related to adalimumab and its biosimilars in Türki-
ye, analyzing variations by time, thematic content, and geo-
graphic distribution. The findings provide insights into pa-
tients’ awareness, concerns, and information needs regarding 
treatment with biologic agents. GT data revealed a significant 
temporal shift in search behavior, potentially influenced by 
contextual, regional, and sociocultural dynamics.

A notable increase in search interest related to adalimumab 
was observed following 2021. This phenomenon can be at-
tributed to the increasing utilization and awareness of the 
drug. It has been demonstrated by literature that there is a 
high degree of correlation between the data from the GT and 
the public’s awareness of recently introduced medications.[12] 
Moreover, the post-2020 period coincides with the emergence 
of the global Coronavirus Disease 2019 pandemic. During this 
period, there was a notable surge in the number of individu-
als seeking digital health information, as patients increasingly 

Figure 1. Cumulative annual search volume scores based 
on Google Trends data from 2016 to 2025, excluding the 
keyword “adalimumab”.
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turned to online resources to satisfy their informational needs. 
Nevertheless, this transition carries with it the potential for the 
dissemination of misinformation, which may intensify patient 
anxiety and result in diminished treatment adherence.[13,14] It 
is therefore imperative for healthcare providers to counsel pa-
tients on the reliability of online information sources.

In general search patterns, the brand name “Humira” generat-
ed significantly higher interest than the generic term “adali-
mumab,” reaching the maximum normalized SVI during most 
of the study period. This finding reflects the dominance of 
brand-based recognition over the active ingredient and high-
lights public familiarity with commercially promoted content. 
Similar observations have been made in studies investigating 
infliximab (Remicade vs. biosimilars).[15] In Türkiye, the relative-
ly lower awareness of “adalimumab” may stem from prescrip-
tion practices or pharmacist-driven brand recommendations. 
Meanwhile, interest in the term “Amgevita” – another com-
mercial product – has shown a modest increase but remains 
geographically limited, likely influenced by market approval 
timelines and its inclusion in reimbursement schemes (active 
access in Türkiye began post-2020). Searches for biosimilar al-
ternatives were largely limited to “Humira or Amgevita?”, em-
phasizing the critical role of patient education in treatment 
transitions involving biosimilars.[16]

The geographical analysis demonstrated that the search term 
“Amgevita” was predominantly utilized in major metropoli-
tan areas, including Istanbul, Izmir, and Eskişehir. Conversely, 
“Humira” exhibited a more extensive nationwide interest. This 
may indicate that recognition of biosimilars is still limited and 
tends to be concentrated in regions with better healthcare in-
frastructure. The presence of university hospitals and private 

clinics, improved access to information, and a more proactive 
patient population are characteristics of these urban centers. 
Furthermore, searches for “adalimumab” exhibited a concen-
tration in relatively more socioeconomically developed cities, 
such as Antalya, Bursa, and Izmir. This finding suggests that 
users who employ generic search terms may possess a higher 
level of health literacy and engagement with formal medical 
terminology.[17]

With regard to the volume of keyword searches, public infor-
mation-seeking behavior appears to be predominantly fo-
cused on cost and safety concerns. However, it was notable 
that queries related to drug efficacy or pharmacological mech-
anisms were absent. This finding suggests a lack of pharmaco-
logical literacy among the general population. This finding is 
consistent with the results of previous studies, which indicat-
ed that levels of health literacy in Türkiye are limited.[18]

The high search frequency of terms, such as “Humira price” and 
“Humira SGK” (Social Security Institution) suggests public con-
cern over treatment accessibility. Search peaks in 2019, 2021, 
and 2022 corresponded to major currency fluctuations and 
pharmaceutical pricing adjustments in Türkiye. Notably, these 
periods aligned with public discourse on reimbursement re-
strictions and policy changes. The temporal overlap implies a 
public sensitivity to economic access, consistent with previous 
evidence showing a correlation between online search inter-
est and the cost of anti-cancer drugs,[19] and supports earlier 
findings that economic factors significantly influence patients’ 
treatment decisions in Türkiye.[20]

Searches related to patient experience, such as “Humira re-
views,” highlight an increasing demand for patient-centered 

Table 2. Mean SVI values of selected search terms in two distinct time intervals and interpretive remarks

Search term	 Mean SVI (2016–2020)	 Mean SVI (2021–2025)	 Comment

Humira pen	 3.6	 30.8	 Substantial rise in interest toward the route of 
administration
Humira	 55.2	 79.4	 Increased general awareness and public interest
Humira price	 3.1	 25.6	 Growing concern over economic implications
Amgevita	 0.2	 6.5	 Increased attention to biosimilar alternatives
Humira in child	 0.0	 0.76	 Emerging interest in pediatric indications
Humira SSI	 0.0	 0.71	 Awareness of reimbursement and accessibility issues
Is adalimumab harmful	 0.0	 0.65	 Rising safety concerns over the therapy
Humira injection	 0.0	 0.53	 Seeking information on practical administration
Humira breastfeeding	 0.0	 0.51	 Inquiries related to use during lactation
Humira reviews	 0.0	 0.09	 Demand for patient experience and feedback

SSI: Social Security Institution; SVI: Search Volume Index.
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care and reflect the public’s interest in individual experiences 
with biologic treatments. Prior literature emphasizes that in 
chronic conditions requiring biologics, patient experiences 
and peer feedback can meaningfully influence therapeutic 
decision-making, independent of clinical evidence.[21-23]

This study has several limitations that should be considered 
when interpreting the results. First, the analysis was conduct-
ed using GT data, which provides normalized SVI on a scale of 
0–100, rather than absolute search counts. As a result, search 
terms with very low volume may appear as “0,” potentially under-
representing niche but clinically relevant queries. This limitation 
may particularly affect rare or technical terms related to off-la-
bel uses, pediatric applications, or disease-specific concerns. In 
addition, GT does not disclose demographic information, such 
as users’ age, gender, education, or socioeconomic background, 
limiting the ability to draw conclusions about specific user 
groups. The intent behind search queries cannot be definitively 
determined – some may originate from healthcare profession-
als, caregivers, or students rather than patients. Moreover, the 
analysis was restricted to Turkish-language searches, which may 
not capture the behavior of bilingual or non-Turkish-speaking 
users in Türkiye. Finally, this study does not incorporate data 
from other digital platforms, such as YouTube, Twitter, or spe-
cialized medical forums, which may also significantly contribute 
to health-related information-seeking behavior.

CONCLUSION
The cumulative findings of this study indicate that public in-
terest in online information about adalimumab and other bi-
ologic agents in Türkiye has significantly increased over the 
years. Searches for the generic name “adalimumab” were more 
frequent in socioeconomically developed provinces, suggest-
ing that users in these regions may be more familiar with clin-
ical terminology and digital health literacy. In contrast, the 
more widespread interest in “Humira” illustrates the dominant 
role of brand awareness in public perception. The emphasis 
on pricing and patient experience in online searches indicates 
that patients’ decisions are shaped not only by clinical consid-
erations but also by economic and psychosocial factors. The 
relatively limited public interest in biosimilars further under-
scores the need for enhanced patient education and aware-
ness campaigns in this area.
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Vertical Midvastus Incision Enhances Early Recovery in Total Knee 
Arthroplasty

 Serhat Gurbuz,  Hakan Bahar

Department of Orthopedics and Traumatology, Baltalimanı Bone Diseases Training and Research Hospital, İstanbul, Türkiye

Objective: The midvastus arthrotomy technique is commonly utilized in total knee arthroplasty (TKA) due to its potential 
to preserve quadriceps integrity and improve early post-operative outcomes. This retrospective cohort study evaluates the 
impact of incision orientation in the midvastus technique on pain, functional recovery, and surgical outcomes.
Materials and Methods: A total of 90 patients undergoing TKA were included, divided into three groups: standard midline, 
horizontally oriented, and vertically oriented midvastus incisions. All patients received the same implant and standardized 
perioperative care. Outcomes such as pain (VAS), function, blood transfusion rates, and numbness were assessed at 10 days, 
1 month, and 3 months.
Results: The vertical incision group demonstrated significantly lower VAS scores and faster functional recovery. Blood 
transfusion rates and numbness incidence were also lowest in this group. Results are supported by p-values and descriptive 
statistics.
Conclusion: Vertical incision orientation in the midvastus approach appears to offer benefits in early post-operative 
outcomes. Following primary TKA, the vertical modified midvastus approach appears to be appropriate for enhancing early 
post-operative comfort.
Keywords: Arthroplasty, Knee, Quadriceps muscle
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ORIGINAL ARTICLE

INTRODUCTION
The choice of arthrotomy technique in total knee arthro-
plasty (TKA) plays a critical role in surgical outcomes, af-
fecting both intraoperative exposure and post-operative 
recovery.[1,2] The most commonly employed techniques in-
clude the medial parapatellar, subvastus, and midvastus ar-
throtomies.[3] Each method has distinct advantages and lim-
itations, and the selection is often determined by patient 

anatomy, surgeon preference, and the specific procedural 
requirements.

The medial parapatellar approach remains the gold standard 
for many surgeons, providing excellent exposure to the knee 
joint by laterally displacing the patella.[4] However, transec-
tion of the quadriceps tendon is required, which can lead to 
post-operative quadriceps weakness, delayed rehabilitation, 
and increased early post-operative pain.[5]
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To minimize the impact on the quadriceps mechanism, less 
invasive techniques such as the subvastus and midvastus ap-
proaches have been developed.[6,7] The subvastus approach, 
which retracts the vastus medialis without cutting the quad-
riceps tendon, preserves muscle integrity and has been asso-
ciated with reduced post-operative pain and faster recovery.[8] 
Nevertheless, it is technically demanding and may limit visu-
alization, particularly in obese patients or those with complex 
deformities.

The midvastus approach was introduced to combine the ex-
posure benefits of the medial parapatellar technique with 
the muscle-sparing advantages of the subvastus approach.[9] 
In this method, the arthrotomy is performed through the fi-
bers of the vastus medialis, preserving the quadriceps tendon 
while maintaining adequate exposure. Clinical studies have 
shown that the midvastus technique results in less post-oper-
ative pain, faster quadriceps strength recovery, and improved 
early functional outcomes compared with the medial parapa-
tellar approach.[10] Furthermore, patients often report higher 
satisfaction and a quicker return to daily activities.

Despite numerous publications on the midvastus approach, a 
standardized definition of the incision orientation is lacking. 
Most descriptions are vague, commonly referring only to an 
incision “parallel to the fibers.”[11] This lack of precision may 
contribute to variability in surgical performance and out-
comes. Therefore, the objective of this study is to define the 
optimal incision orientation for midvastus arthrotomy, with a 
focus on angles that enhance surgical performance and preci-

sion. The hypothesis is that a vertical incision modification of 
the midvastus technique provides superior clinical and func-
tional outcomes compared to the conventional description.

MATERIALS AND METHODS
This retrospective study was approved by the institutional re-
view board of Metin Sabancı Baltalimanı Bone Diseases Train-
ing and Research Hospital (approval number: 22-147, dated 
May 30, 2024) and was conducted in accordance with the 
ethical principles of the Declaration of Helsinki. All data were 
collected from hospital records following established ethical 
standards. The study population consisted of 90 patients who 
underwent TKA using the midvastus arthrotomy technique 
by the same surgical team at our institution between August 
2022 and February 2024.

Inclusion criteria were patients aged 55–75 years with prima-
ry varus gonarthrosis and no prior surgery on the ipsilateral 
knee. Patients were excluded if they had rheumatologic dis-
eases, previous ipsilateral knee surgery, vascular disorders or 
thrombotic events, did not receive general anesthesia, or had 
a tibiofemoral angle >30°. Only patients classified as the Amer-
ican Society of Anesthesiologists physical status I or II were in-
cluded (Table 1).

All 90 patients (100%) completed the 3-month post-operative 
follow-up, with no losses to follow-up. Baseline demograph-
ic and clinical characteristics – including age, sex, body mass 
index, hypertension, and diabetes mellitus – were similar 
among the groups, with no statistically significant differences 
(all p>0.05; Table 2). 

Patients were assigned to three groups (n=30 each) according 
to hospital admission order, each receiving a different midvas-
tus arthrotomy incision orientation: vertical, midline, or hori-
zontal. In all cases, the same type of cemented, posterior-stabi-
lized knee prosthesis was implanted (Trausson, Stryker, USA). 
Standardized perioperative protocols – including general an-
esthesia, post-operative analgesia, and rehabilitation–were 
uniformly applied. All surgeries were performed under tour-
niquet control. Tranexamic acid was administered locally at 
wound closure to minimize bleeding.

Table 1. Study population

Inclusion criteria	 Exclusion criteria

Age 55–75	 Rheumatologic diseases
No previous surgery	 History of previous surgery on the 
on the same side	 ipsilateral knee
General anesthesia	 Vascular disorders or history of thrombotic  
		  events
Bilateral cases	 Tibiofemoral angle >30°

Table 2. Patient demographics

Group	 Age (mean±SD)	 Male (%)	 BMI (mean±SD)	 Hypertension (%)	 Diabetes (%)

Group 1	 66.9±6.3	 36.67	 29.6±3.3	 43.3	 30
Group 2	 67.2±6.1	 40	 29.8±3.5	 43.3	 30
Group 3	 66.5±5.9	 43.3	 30.1±3.7	 46.6	 33.3

BMI: Body mass index; SD: Standard deviation.
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Patients were mobilized starting on the 1st post-operative 
day. Pain management during the early post-operative pe-
riod consisted of intravenous paracetamol and tramadol as 
needed, with opioid-based intravenous analgesics available. 
Rehabilitation focused on quadriceps strengthening exercises 
supervised by a physiotherapist. Patients were encouraged to 
attend follow-up visits accompanied by their physiotherapist 
to ensure continuity of care.

The first group underwent TKA with a vertically oriented 
midvastus arthrotomy, involving a laterally placed incision 
at a steep angle (60–75°) to potentially improve joint access 
while preserving quadriceps integrity (Fig. 1). The second 

group had a midline incision through approximately the 
midline fibers of the vastus medialis muscle at 30–45°, pre-
serving the quadriceps tendon and providing sufficient 
exposure (Fig. 2). The third group received a more medial, 
transverse incision (10–20°) through the vastus medialis 
muscle belly, more horizontal than the midline approach 
but still intramuscular and distinct from the subvastus tech-
nique (Figs. 3 and 4).

The primary outcomes were post-operative pain, assessed 
with the Visual Analog Scale (VAS), and functional recov-
ery, measured by the Oxford Knee Score (OKS) at 10 days, 1 
month, and 3 months postoperatively during rest. All patients 
completed assessments at each time point, ensuring 100% 
follow-up compliance. Secondary outcomes included intra-
operative blood loss, transfusion requirements, and wound 
complication rates. Outcome measures were independently 
evaluated by two blinded clinicians unaware of the arthroto-
my incision type. The interobserver reliability was high, with 
an intraclass correlation coefficient of 0.95.

Figure 1. Vertically incised midvastus arthrotomy. Figure 2. Midline incised midvastus arthrotomy.
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Statistical Analysis

Data analysis was performed using IBM Statistical Package for 
the Social Sciences (SPSS) Statistics version 24 (SPSS Inc., Chi-
cago, IL, USA). Statistical significance was set at p<0.05. A post 
hoc power analysis was conducted with G*Power software 
to confirm the adequacy of the sample size.[12] For a one-way 
Analysis of Variance (ANOVA) with three groups, an alpha of 
0.05, and desired power of 0.80, a sample size of 30 patients 
per group (total n=90) was sufficient to detect a medium ef-
fect size (Cohen’s f=0.24), confirming the study’s robustness. 
Comparisons of continuous variables among the three groups 
were made using one-way ANOVA, with Bonferroni correction 
applied for multiple pairwise comparisons. Categorical vari-
ables were compared using Chi-square tests.

RESULTS
The post-operative outcomes of the three patient groups 
were analyzed to identify significant differences in blood 
transfusion rates, OKSs, VAS pain scores, and incidence of 
numbness.

Functional outcomes (OKS): Significant intergroup differenc-
es were observed at all post-operative time points. On day 
10, mean±standard deviation (SD) OKS scores were 34.5±5.4 
for Group 1, 28.3±4.6 for Group 2, and 32.1±5.0 for Group 3 
(η2=0.24). The 95% confidence interval (CI) for the difference 
between Group 2 and Group 3 ranged from –5.9 to –1.4, with a 
Cohen’s d effect size of 0.88. This pattern persisted at 1 month 
(Group 1: 39.1±5.6, Group 2: 34.2±5.1, Group 3: 37.8±5.3; 
η2=0.11) and 3 months (Group 1: 43.0±5.4, Group 2: 38.9±4.9, 
Group 3: 41.5±5.2; η2=0.10), with Group 2 consistently show-
ing lower scores (Table 2).

Post hoc analyses revealed significant differences in blood 
transfusion rates between Group 2 and Group 3 (mean differ-
ence=0.50, p=0.013) and between Group 1 and Group 2 (mean 
difference=0.58, p=0.002). No significant difference was found 
between Groups 1 and 3. Regarding OKS, significant differ-
ences were found at day 10 between Group 2 and Group 3 
(p=0.002) and between Group 1 and Group 2 (p<0.05), while 
no significant difference was observed between Groups 1 and 
3. At 1 and 3 months, significant differences persisted only be-
tween Group 2 and Group 3 (p<0.05), with no significant dif-
ferences between other group comparisons (Table 2).

Post-operative pain (VAS scores): Significant differences were 
observed among groups at all evaluated time points. On day 
10, mean±SD VAS scores were 2.8±0.9 (Group 1), 4.8±1.1 
(Group 2), and 3.6±1.0 (Group 3) (one-way Analysis of Variance 
η2=0.38). The 95% CI for the difference between Groups 1 and 
2 was –2.4 to –1.2, with a large effect size (Cohen’s d=1.94). 
Similar trends were maintained at 1 month (2.1±0.8, 3.9±1.2, 
2.9±1.1; η2=0.29, d=1.66 between Groups 1 and 2) and at 3 
months (1.5±0.7, 2.7±1.0, 2.1±0.9; η2=0.14, d=1.34 between 
Groups 1 and 2) (Table 3).

Blood transfusion and numbness rates: Blood transfusions 
were required in 3/30 patients (10%) in Group 1, 9/30 (30%) 

Figure 3. Horizontally incised midvastus arthrotomy.

Figure 4. All 3 different incision angles demonstrated; 
vertical, midline and horizontal.
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in Group 2, and 6/30 (20%) in Group 3, showing a significant 
difference among groups (p=0.007, Cramér’s V=0.33). Post-op-
erative numbness occurred in 2/30 (6.7%), 5/30 (16.6%), 
and 4/30 (13.3%) patients in Groups 1, 2, and 3, respectively 
(p=0.002, Cramér’s V=0.31) (Table 4).

In summary, Group 2 generally demonstrated worse function-
al outcomes, higher pain scores, and increased blood transfu-
sion and numbness rates compared to Groups 1 and 3.

DISCUSSION
This study demonstrated that the vertically oriented midvas-
tus arthrotomy technique offers significant advantages over 
both the classic midline approach and the horizontal modifi-
cation, particularly regarding post-operative pain, functional 
outcomes, and the need for blood transfusion. 

A key finding was the significant reduction in blood transfu-
sion rates in Group 1. This technique likely reduces intraoper-
ative trauma and bleeding, aligning with previous literature 
while adding new clinical insights into the benefits of the 
midvastus approach.[13,14] Muscles are highly vascularized tis-
sues–more so than tendons in the lower extremity–and the 
midvastus approach involves incision through the vastus me-
dialis obliquus (VMO) muscle belly.[15] Our results suggest that 
vertically oriented incisions may reduce bleeding, potentially 
due to anatomical factors such as the vascularization pattern 
of the medial superior genicular artery, a branch of the pop-
liteal artery.[14] Vertical incisions may therefore anatomically 
distance the incision from critical vascular structures, con-

tributing to lower perioperative blood transfusion rates.[13] In 
addition, midline incisions often cause more extensive mus-
cle disruption, whereas Group 1’s average incision length was 
shorter, particularly compared to Group 3, likely sparing more 
muscle tissue. 

Regarding post-operative pain, Group 1 consistently exhibited 
significantly lower VAS scores at multiple time points, especial-
ly at day 10 and 1 month. These findings support previous ev-
idence linking less invasive arthrotomy techniques to reduced 
post-operative pain.[16] Although this study did not compare 
the midvastus approach with other arthrotomy techniques, 
all patients had intact patellar tendons, indicating that the im-
proved outcomes in Group 1 may be attributable to decreased 
muscle damage and a shorter incision length. Furthermore, all 
patellae were everted for optimal joint visualization, and the 
vertically oriented technique seems to further enhance pain 
management, highlighting the importance of incision angle 
and muscle preservation.

The horizontal midvastus approach resembles the subvastus 
technique, while the vertical modification is more akin to the 
paramedian parapatellar approach. Our study integrated ele-
ments from both approaches in the midvastus technique to 
determine an optimal incision angle. Future research should 
compare these modifications directly to the original subvastus 
and paramedian parapatellar techniques for more definitive 
conclusions.

Functional recovery, measured by the OKS, was faster in Group 
1, with statistically significant improvements at days 10, 1 
month, and 3 months postoperatively. These results align with 
growing evidence that muscle-sparing techniques, especially 
those avoiding direct quadriceps tendon damage, facilitate 
quicker functional recovery.[17,18] While the midvastus ap-
proach has been shown to improve early outcomes compared 
to the medial parapatellar technique, literature on the modi-
fied midvastus approach is scarce, and prior descriptions lack 
precision—typically noting only that the incision is “parallel to 

Table 3. Post-operative pain and functional outcome scores

Time point	 Group 1 (mean±SD)	 Group 2 (mean±SD)	 Group 3 (mean±SD)	 p

VAS 10 d	 2.8±0.9	 4.8±1.1	 3.6±1.0	 <0.01* 
VAS 1 m	 2.1±0.8	 3.9±1.2	 2.9±1.1	 0.014*
VAS 3 m	 1.5±0.7	 2.7±1.0	 2.1±0.9	 0.048*
OKS 10 d	 34.5±5.4	 28.3±4.6	 32.1±5.0	 <0.01*
OKS 1 m	 39.1±5.6	 34.2±5.1	 37.8±5.3	 0.016*
OKS 3 m	 43.0±5.4	 38.9±4.9	 41.5±5.2	 0.012*

VAS: Visual analogue score; OKS: Oxford knee score; SD: Standard deviation.

Table 4. Post-operative blood loss and nerve injury rates

Group	 Blood transfusion (%)	 Reported numbness (%)

Group 1	 10	 6.67
Group 2	 30	 16.6
Group 3	 20	 13.3
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the muscle fibers.” Our findings emphasize the significance of 
incision orientation and surgical technique modification for 
optimizing early recovery.

Long-term implications of early functional differences are also 
relevant. Although our follow-up was limited to 3 months, lon-
ger studies have shown that early functional gains often pre-
dict better long-term outcomes.[3] Patients recovering faster 
initially tend to maintain improved function and satisfaction 
at 1- and 2-year follow-ups.[19,20] This suggests the potential 
for sustained benefits from the vertically oriented technique, 
though further long-term studies are necessary. Notably, 
some reports demonstrate better early outcomes but similar 
long-term results among techniques.[2,21,22]

Another secondary outcome was the incidence of post-op-
erative numbness, which can affect patient satisfaction but 
is often underreported. We found a significantly lower rate 
of numbness in the vertically modified midvastus group. This 
finding is consistent with prior studies reporting fewer senso-
ry deficits with quadriceps-sparing TKA techniques,[23] further 
supporting the soft-tissue preservation benefits of refined 
midvastus modifications.

Despite standardized surgical and rehabilitation protocols, 
this study has limitations. The relatively short follow-up limits 
assessment of long-term outcomes and complications such as 
prosthetic loosening or wear. The single-center, retrospective 
design may restrict generalizability, warranting larger mul-
ticenter prospective studies. In addition, we did not account 
for individual anatomical variability in VMO fiber orientation, 
and no intraoperative imaging was performed to verify inci-
sion alignment with muscle fibers. Hemoglobin data indicat-
ed greater perioperative blood loss in Group 2, corroborating 
transfusion rates and suggesting that incision orientation 
influences tissue handling and bleeding. Functional assess-
ments, such as quadriceps strength and patellar tracking, were 
not evaluated but are important for future research.

CONCLUSION
This retrospective study offers valuable insights into the com-
parative outcomes of three midvastus arthrotomy techniques 
in TKA. The vertically oriented incision was associated with 
reduced pain, lower transfusion rates, and faster functional 
recovery. These results highlight the importance of tailoring 
incision angles based on anatomical fiber direction. Prospec-
tive, anatomically guided studies with extended follow-up are 
needed to confirm and refine these preliminary findings.
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Objective: The field of anesthesiology and reanimation is particularly suited for investigating the relationship between work-
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This study was designed based on the hypothesis that anesthesia and reanimation residents, due to their higher exposure 
to emergency situations and more intense workloads, may exhibit higher levels of stress, anxiety, and distress compared to 
internal medicine residents.
Materials and Methods: Between April 21 and July 6, 2025, a total of 50 medical residents were enrolled in this study from 
the Departments of Anesthesiology and Reanimation and Internal Medicine at a tertiary education and research hospital. 
Each participant completed the Visual Analog Scale (VAS), State-Trait Anxiety Inventory (STAI-I and STAI-II), Perceived Stress 
Scale (PSS-10), and Penn State Worry Questionnaire (PSWQ) during a 24-hour shift. Residents with known cardiovascular or 
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INTRODUCTION
The field of anesthesiology and reanimation is particularly 
suited for investigating the relationship between work-relat-
ed stress and anxiety due to the high demands it places on 
managing these psychological states.[1] For residents who are 
newly exposed to the rigorous working conditions of anes-
thesiology, the clinical environment can be psychologically 
challenging.[1] Among anesthesia residents, stress and anxiety 
are commonly observed, largely due to responsibilities such as 
ensuring patient safety and managing unexpected emergen-
cies.[2] Although internal medicine residents also work under 
demanding conditions, they are comparatively less frequently 
exposed to acute, life-threatening situations.

While the medical specialty in which a healthcare professional 
works does not significantly influence the intensity of stress 
symptoms, it has been shown to play a specific role in the 
severity of anxiety symptoms.[3] Stress is defined as a physio-
logical response triggered by the perception of a threat. This 
response is often accompanied by emotional reactions in 
which anxiety emerges as a dominant and persistent feeling.[4] 
Anxiety is generally categorized into two types: state anxiety, 
which refers to a temporary and acute response to perceived 
threats, and trait anxiety, which reflects a stable tendency to 
experience anxiety and is closely associated with personality 
traits.[5]

The increase in anxiety levels among physicians is considered 
to be multifactorial. Elevated anxiety not only affects the psy-
chological and physical well-being of physicians but can also 
impair job performance, increase the risk of medical errors, 
and reduce patient satisfaction.[6]

This study was designed based on the hypothesis that anes-
thesia and reanimation residents, due to their higher exposure 
to emergency situations and more intense workloads, may ex-
hibit higher levels of stress, anxiety, and distress compared to 
internal medicine residents. The primary aim of this study is 
to assess the impact of work-related factors on stress, anxiety, 
and distress levels among anesthesiology and internal medi-
cine residents during 24-hour shifts. The secondary aim is to 
provide recommendations for mitigating the risks of stress, 
anxiety, and psychological distress associated with prolonged 
work hours.

MATERIALS AND METHODS
Study Design and Participants

Between April 21 and July 6, 2025, a total of 50 medical res-
idents were enrolled in this study from the Departments of 
Anesthesiology and Reanimation and Internal Medicine at a 
tertiary education and research hospital. This study was ini-
tiated following the approval of the Ethics Committee of the 

local hospital, dated April 18, 2025, and numbered 94, and 
adhered to the principles of the Declaration of Helsinki. Writ-
ten informed consent was obtained from all participants. The 
sample included 25 residents from each department, with rep-
resentation from each year of residency training, ranging from 
the first to fifth year.

Each participant completed the designated psychological as-
sessments at the beginning and end of a 24-hour shift. Resi-
dents with known cardiovascular or psychiatric disorders were 
excluded from the study.

Data Collection and Assessment Tools

All residents who participated in the study worked 24-hour 
shifts at a frequency of once every three days or less through-
out the study period. The participants completed validated 
self-report questionnaires assessing anxiety, stress, and patho-
logical worry.

The following standardized assessment tools were used:

1.	 Anxiety Assessment:

•	 Visual Analog Scale (VAS): Administered at the begin-
ning and end of each 24-hour shift to evaluate subjective 
anxiety levels. A VAS score of ≥5 was considered indicative 
of significant anxiety.

•	 State-Trait Anxiety Inventory (STAI-I and STAI-II): Ad-
ministered only at the beginning of the 24-hour shift. STAI-I 
measured state anxiety (cut-off ≥40), while STAI-II assessed 
trait anxiety (cut-off ≥44).[7]

2.	 Stress Assessment:

•	 Perceived Stress Scale (PSS-10): Applied prior to the shift 
to evaluate perceived stress levels during the past month. 
A score of ≥14 was used as the threshold for significant 
stress.[8]

3.	 Pathological Worry Assessment:

•	 Penn State Worry Questionnaire (PSWQ): Administered 
prior to the 24-hour shift to assess levels of pathological 
worry. A score of ≥40 was considered indicative of clinically 
significant worry.[9]

Statistical Analysis

Descriptive statistics were presented as mean, standard 
deviation, median, minimum, maximum, frequency, and 
percentage values. The distribution of continuous variables 
was assessed using the Kolmogorov–Smirnov and Shap-
iro–Wilk tests. For the analysis of independent quantitative 
variables: if normally distributed, the Independent Samples 
t-test was used; if not normally distributed, the Mann–Whit-
ney U test was applied. Categorical (qualitative) variables 
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were analyzed using the Chi-square test. To assess correla-
tions between variables, the Spearman correlation analysis 
was performed. All statistical analyses were conducted us-
ing IBM SPSS Statistics for Windows, Version 27.0 (IBM Corp., 
Armonk, NY, USA).

Sample Size and Power Analysis
In this observational pre-test/post-test (before–after) study 
involving 50 participants with paired measurements and a 1:1 
group ratio, the statistical power was calculated to be 92% (1–
β=0.92), assuming a significance level (α=0.05) and an effect 
size (Cohen’s d=0.75).

RESULTS
Participant Characteristics
Among the 50 residents included in the study, 27 (54%) were 
female and 23 (46%) were male. None of the participants re-
ported any comorbid medical conditions. Twelve residents 
(24%) were in their first year of training, 8 (16%) in the second 
year, 13 (26%) in the third year, 8 (16%) in the fourth year, and 
9 (18%) in the fifth year of residency (Table 1).

Regarding psychological assessments, the PSS-10 scores 
ranged from 9 to 33, with a median of 20 and a mean±SD of 
20.4±5.7; 88% of participants scored ≥14, indicating high per-
ceived stress levels. The PSWQ scores varied between 23 and 
72, with a median of 45.5 and mean±SD of 46.6±11.6; 70% 
scored above the pathological worry cutoff (≥40). STAI-I scores 
ranged from 20 to 80 (median: 42.5; mean±SD: 43.4±12.5), 
with 56% scoring ≥40. STAI-II scores ranged from 20 to 68 (me-
dian: 43.5; mean±SD: 43.1±10.2), with 68% scoring ≥44. VAS 
scores for anxiety before shifts ranged from 0 to 8 (median: 
3.0; mean±SD: 3.4±2.0), with 26.0% scoring ≥5. Post-shift VAS 
scores ranged from 0 to 7 (median: 4.0; mean±SD: 4.2±2.0), 
with 50% scoring ≥5 (Table 1).

Comparison Between Internal Medicine and 
Anesthesiology Groups
There was no statistically significant difference between the 
Internal Medicine and Anesthesiology groups in terms of gen-
der distribution (female: 52.0% vs. 56.0%, p=0.777). However, 
seniority differed significantly between groups (p=0.021), with 
a higher proportion of senior residents in the Anesthesiology 
group compared to Internal Medicine (Table 2).

Regarding psychological assessments, no significant differenc-
es were found between the groups for PSS-10 scores (Internal 
Medicine: 21.0±5.8 vs. Anesthesiology: 19.9±5.7; p=0.494), 
with 88.0% of participants in both groups scoring above the 
cutoff (≥14). Similarly, PSWQ scores did not differ significant-
ly (47.4±11.7 vs. 45.7±11.7; p=0.614), with pathological worry 
(≥40) observed in 72.0% and 68.0% of participants in the Inter-
nal Medicine and Anesthesiology groups, respectively (Table 2).

STAI-I and STAI-II scores were comparable between the two 
groups (STAI-I: 42.8±13.6 vs. 44.0±11.6, p=0.747; STAI-II: 
44.1±9.5 vs. 42.1±11.0, p=0.502). The proportion of partici-

Table 1. Demographic Characteristics and Psychological Scale 
Scores of the Participants

Variable	 Category/	 N/Median	 %/ 
		  Min-Max		  Mean±SD

Gender
	 Female	 27	 54
	 Male	 23	 46
Department
	 Anesthesiology	 25	 50
	 Internal Medicine	 25	 50
Seniority (Year of Residency)
	 1st year	 12	 24
	 2nd year	 8	 16
	 3rd year	 13	 26
	 4th year	 8	 16
	 5th year	 9	 18
PSS-10 Score
	 <14	 6	 12
	 ≥14	 44	 88
PSS-10 Score (Numeric)	 9.0 – 33.0	 20.0	 20.4±5.7
PSWQ Score
	 <40	 15	 30
	 ≥40	 35	 70
PSWQ Score (Numeric)	 23.0 – 72.0	 45.5	 46.6±11.6
STAI-I Score
	 <40	 22	 44
	 ≥40	 28	 56
STAI-I Score (Numeric)	 20.0 – 80.0	 42.5	 43.4±12.5
STAI-II Score
	 <44	 16	 32
	 ≥44	 34	 68
STAI-II Score (Numeric)	 20.0 – 68.0	 43.5	 43.1±10.2
VAS Score Pre-Shift
	 <5	 37	 74
	 ≥5	 13	 26
VAS Score Pre-Shift (Numeric)	 0.0 – 8.0	 3.0	 3.4±2.0
VAS Score Post-Shift
	 <5	 25	 50
	 ≥5	 25	 50
VAS Score Post-Shift (Numeric)	 0.0 – 7.0	 4.0	 4.2±2.0

PSS-10: Perceived Stress Scale; PSWQ: Penn State Worry Questionnaire; 

STAI-I and STAI-II: State-Trait Anxiety Inventory; VAS:Visual Analog Scale.
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pants scoring above cutoff points for STAI-I (≥40) and STAI-II 
(≥44) was also similar (Table 2).

VAS scores for anxiety measured before and after shifts showed 

no significant difference between groups (pre-shift: 3.3±2.2 vs. 
3.5±1.8, p=0.632; post-shift: 3.8±2.0 vs. 4.6±2.0, p=0.119). The 
percentage of participants scoring above the cutoff (VAS≥5) 
was comparable pre-shift (28.0% vs. 24.0%) and post-shift 
(44.0% vs. 56.0%) between Internal Medicine and Anesthesi-
ology groups (Table 2).

Correlation Analysis Findings

According to the results of the Spearman correlation analysis, 
there was no statistically significant correlation between years 
of residency and scores on the PSS-10, PSWQ, STAI-I, STAI-II, pre-
shift VAS, and post-shift VAS scales (p>0.05 for all). The observed 
correlation coefficients were weak and negative in direction. 
The strongest negative correlation was found between years of 
residency and the PSS-10 score (r=–0.176), though this was not 
statistically significant (p=0.222). These findings suggest that as 
residency seniority increases, there is no notable change in lev-
els of stress, worry, or anxiety (Table 3).

DISCUSSION
This study aimed to compare the impact of 24-hour shift-re-
lated work conditions on anxiety, stress, and pathological 
worry among anesthesiology and reanimation residents and 
internal medicine residents during their specialty training. Ex-
isting literature supports the notion that clinical specialty and 
years of experience significantly influence healthcare workers’ 
psychological well-being.[10] However, our findings reveal no 
statistically significant differences between the two groups in 
anxiety levels measured by the VAS at both the beginning and 
end of the shifts, nor in STAI-I and STAI-II scores measured at 
shift onset.

Despite the lack of statistical significance, descriptive analy-
ses indicated that a substantial proportion of anesthesiology 
residents experienced elevated anxiety, with 76.0% scoring 
above the VAS cut-off (≥5) before shifts and 56.0% after shifts, 
compared to 72.0% and 44.0% in internal medicine residents, 
respectively. Similarly, trait anxiety (STAI-II) was elevated in 
68.0% of residents from both groups. These trends suggest 
that the demanding nature of anesthesiology, characterized 
by greater exposure to acute emergencies and responsibility 
for patient safety, may contribute to higher baseline anxiety, 
although this did not reach statistical significance.

Regarding stress, Perceived Stress Scale (PSS-10) scores 
showed no significant difference between groups, yet 88.0% 
of residents in both specialties scored above the cut-off 
(≥14), reflecting high perceived stress levels over the preced-
ing month. This finding aligns with prior studies indicating 
that medical residents, regardless of specialty, endure con-
siderable chronic stress that may affect their mental health 
and performance.[11]

Table 2. Comparison of Internal Medicine and Anesthesiology 
Residents According to Sociodemographic and Scale Scores

Variable	 Internal Medicine	 Anesthesiology	 p
		  (n=25)	 (n=25)
		  Mean±SD	 Mean±SD
		  (Median)/ n (%)	 (Median)/ n (%)

Gender
	 Female	 13 (52.0)	 14 (56.0)	 0.777*
	 Male	 12 (48.0)	 11 (44.0)	
Seniority
	 1st year	 8 (32.0)	 4 (16.0)	 0.021*
	 2nd year	 6 (24.0)	 2 (8.0)	
	 3rd year	 5 (20.0)	 8 (32.0)	
	 4th year	 2 (8.0)	 6 (24.0)	
	 5th year	 4 (16.0)	 5 (20.0)	
PSS-10 Score
	 Score	 21.0±5.8 (20)	 19.9±5.7 (20)	 0.494**
	 <14	 3 (12.0)	 3 (12.0)	 1.000*
	 ≥14	 22 (88.0)	 22 (88.0)	
PSWQ Score
	 Score	 47.4±11.7 (49)	 45.7±11.7 (44)	 0.614**
	 <40	 7 (28.0)	 8 (32.0)	 0.758*
	 ≥40	 18 (72.0)	 17 (68.0)	
STAI-I Score
	 Score	 42.8±13.6 (43)	 44.0±11.6 (42)	 0.747**
	 <40	 10 (40.0)	 12 (48.0)	 0.569*
	 ≥40	 15 (60.0)	 13 (52.0)	
STAI-II Score
	 Score	 44.1±9.5 (45)	 42.1±11.0 (43)	 0.502**
	 <40	 8 (32.0)	 8 (32.0)	 1.000*
	 ≥44	 17 (68.0)	 17 (68.0)	
VAS Score (Pre-Shift)
	 Score	 3.3±2.2 (3)	 3.5±1.8 (3)	 0.632***
	 <5	 18 (72.0)	 19 (76.0)	 0.747*
	 ≥5	 7 (28.0)	 6 (24.0)	
VAS Score (Post-Shift)	
	 Score	 3.8±2.0 (3)	 4.6±2.0 (6)	 0.119***
	 <5	 14 (56.0)	 11 (44.0)	 0.396*
	 ≥5	 11 (44.0)	 14 (56.0)	

*Chi Square Test; **Mann Whitney U Test; ***T Test; PSS-10: Perceived Stress 

Scale; PSWQ: Penn State Worry Questionnaire; STAI-I and STAI-II: State-Trait 

Anxiety Inventory; VAS: Visual Analog Scale.
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Similarly, the Penn State Worry Questionnaire (PSWQ) results 
revealed comparable rates of pathological worry (≥40) among 
anesthesiology (68.0%) and internal medicine (72.0%) resi-
dents. Such pervasive worry may be influenced by factors be-
yond shift work, including the hierarchical structure of medical 
training, institutional culture, and the inherent uncertainties 
of clinical practice—factors previously identified as modula-
tors of resident anxiety.[12]

Furthermore, our findings regarding the high prevalence of 
stress and anxiety among residents are consistent with recent 
research conducted in similar settings. For instance, a study 
conducted in a tertiary training hospital in Türkiye demon-
strated elevated depression levels and identified workload 
and shift patterns as significant factors affecting residents’ 
mental health.[13] This parallel underscores the widespread 
nature of psychological distress among resident physicians 
and highlights the urgent need for institutional interventions 
aimed at mental health support across specialties.

Similar to other studies in the literature,[14] our findings under-
score the necessity of optimizing working conditions and pro-
viding psychological support within healthcare institutions to 
alleviate the anxiety, stress, and worry experienced by health-
care professionals. Addressing these factors is crucial for im-
proving the well-being and performance of resident physicians.

Contrary to several reports associating longer or more fre-
quent shifts with increased anxiety and stress symptoms,[15,16] 
our study did not find significant correlations between se-
niority and any of the psychological measures (PSS-10, PSWQ, 
STAI-I, STAI-II, or VAS scores). This may indicate that stress and 
anxiety are pervasive throughout residency, irrespective of ex-
perience level, highlighting the chronic nature of psychologi-
cal strain in these professions.

The absence of statistically significant intergroup differences 
and correlations may also reflect the relatively small sample 
size or unmeasured confounding variables such as individu-
al coping strategies, social support, and institutional wellness 
resources. Future multicenter, longitudinal studies with larger 
samples are warranted to further elucidate these complex re-
lationships and to identify effective interventions tailored to 
specialty-specific stressors.

Limitations

Several limitations should be acknowledged regarding this 
study. First, the study was conducted at a single tertiary train-
ing hospital, which may limit the generalizability of the find-
ings to other institutions with different working conditions, 
resident populations, or organizational cultures. Second, the 
relatively small sample size may have reduced the statistical 
power to detect subtle differences or correlations between 
variables. Third, the cross-sectional design captures residents’ 
psychological states at specific points in time but does not al-
low for assessment of causal relationships or fluctuations over 
longer periods. Fourth, the reliance on self-reported question-
naires may introduce response bias, including social desirabil-
ity or underreporting of psychological distress due to stigma. 
Finally, unmeasured confounding factors such as individual 
coping mechanisms, support systems, workload intensity, and 
personal life stressors were not controlled for, which could 
have influenced the results.

Future studies incorporating larger, multicenter cohorts with 
longitudinal follow-up and mixed-method approaches are 
recommended to overcome these limitations and provide 
more comprehensive insights into the mental health of resi-
dent physicians.

CONCLUSION
This study highlights that both anesthesiology and internal 
medicine residents experience high levels of anxiety, stress, 
and pathological worry associated with 24-hour shift work, 
regardless of differences in specialty or seniority. Although 
no statistically significant differences were found between 
the groups, the overall elevated psychological distress under-
scores the need for targeted mental health support and in-
terventions within residency programs. Future research with 
larger, multicenter cohorts is essential to better understand 
specialty-specific stressors and to develop effective strategies 
to enhance the well-being and performance of residents.
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Objective: Radial physeal fractures are the most common growth plate injuries in children. While most are treated 
nonoperatively, some cases require surgical intervention due to initial displacement or loss of reduction. Individual 
biomechanical factors such as radial bowing and obesity-related soft-tissue mass may influence fracture stability but remain 
underexplored. This study aimed to assess whether increased radial bowing and body mass index (BMI) are associated with 
a higher risk of requiring surgical treatment in pediatric radial epiphyseal fractures.
Materials and Methods: In this retrospective observational study, 106 children aged 2–16 years with isolated proximal or 
distal radial epiphyseal fractures were analyzed. Radiographic parameters, including radial bowing (percentage and location) 
and soft-tissue-to-bone ratio (SKYO), were measured on the contralateral intact forearm. BMI percentiles were calculated, 
and fracture characteristics were recorded. The primary outcome was the need for surgical treatment; secondary outcomes 
included re-reduction rates and associations between anatomical variables and treatment approach. Statistical analyses 
included Student’s t-tests and Spearman correlation.
Results: Of 106 patients (63.2% male; mean age: 10.2 years), only 2 (1.9%) underwent surgery. The mean radial bowing was 
6.24% (range: 4.4–8.71), with an average bowing location at 61.2% of radial length. Mean SKYO was 33.1%, and average BMI 
percentile was 68.67. No significant relationship was found between radial bowing, SKYO, or BMI and the need for surgery. 
A positive correlation was observed between radial bowing and SKYO (p=0.032), and an inverse correlation between BMI 
percentile and SKYO (p=0.041). 
Conclusion: Radial bowing and soft-tissue thickness (SKYO), although anatomically variable, were not predictive of surgical 
need in pediatric radial epiphyseal fractures. Nearly all cases were effectively managed conservatively, with excellent 
functional outcomes. These findings suggest that individual anatomical variation, including radial bowing and BMI, should 
not influence initial surgical decision-making in physeal fractures of the radius.
Keywords: Pediatric orthopedics, Physeal injuries, Radial fractures
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INTRODUCTION
Radial growth plate fractures represent the most common 
type of physeal injury in the pediatric population, primari-
ly due to the vulnerability of the distal radial physis during 
growth periods.[1] These injuries can involve both the distal 
and proximal ends of the radius. In addition, metaphyseal frac-
tures and diaphyseal fractures that do not affect the physis are 
also frequently encountered in children.[2] Because the physis 
is the primary center for longitudinal bone growth, injuries in-
volving this region carry the potential risk of physeal arrest. 
Subsequent complications such as angular deformities or limb 
length discrepancies may arise as a result of premature phy-
seal closure.[1] As such, early identification and accurate man-
agement of these fractures are paramount to ensuring proper 
skeletal development and minimizing long-term disability.

The clinical decision-making process for the management of 
radial growth plate fractures often involves determining the 
necessity of surgical intervention. While many of these frac-
tures can be treated nonoperatively through closed reduction 
and casting, failure to achieve or maintain adequate reduction 
can necessitate surgical treatment. In some instances, insuffi-
cient reduction during the initial emergency department vis-
it may be the cause, while in other cases, displacement may 
occur during follow-up despite appropriate initial treatment.[1] 
Although current classification systems and treatment guide-
lines provide general criteria for acceptable alignment, they 
do not fully account for individual anatomic or biomechanical 
factors that may predispose a fracture to instability.

One such potential factor is the natural radial bowing of the 
forearm, which is known to vary among individuals. An in-
creased radial bow may theoretically alter the biomechanics 
of the radius in a way that contributes to either initial displace-
ment or subsequent loss of reduction. However, the relation-
ship between radial bowing and the risk of surgical interven-
tion in physeal fractures has not been well established in the 
pediatric population.

Moreover, body habitus–particularly the impact of obesity–
has been increasingly recognized as a potential risk factor 
in pediatric orthopedic trauma. Excess body weight may in-
crease the mechanical load on the skeleton, potentially in-
fluencing fracture patterns and stability. However, the role of 
body weight and height as independent risk factors for surgi-
cal treatment in radial physeal injuries remains underexplored 
in the literature.

In this study, we aimed to investigate whether increased radi-
al bowing and elevated body mass index (BMI) are associated 
with a higher risk of requiring surgical intervention in pediat-
ric radial epiphyseal fractures. We hypothesized that both in-
creased radial bowing and higher BMI act as biomechanical 

stressors, potentially contributing to initial fracture displace-
ment and increasing the likelihood of fracture instability, 
thereby necessitating surgical management.

MATERIALS AND METHODS
Study Design and Participants
This retrospective observational study included pediatric pa-
tients who presented to the emergency department of our 
hospital with proximal or distal radial epiphyseal fractures 
between June 2021 and January 2023. A total of 126 patients 
were initially identified. Standard anteroposterior and lateral 
forearm radiographs obtained during emergency department 
visits and follow-up outpatient clinic visits were evaluated. 
Twenty patients who failed to attend follow-up visits or whose 
radiographic data were incomplete were excluded from the 
analysis. The final study population consisted of 106 patients. 
Of these, 67 were male and 39 were female, with ages ranging 
from 2 to 16 years. Inclusion criteria were as follows: Age be-
tween 2 and 16 years, presence of an isolated epiphyseal frac-
ture of the radius (proximal or distal), and availability of com-
parative radiographs of both forearms. Exclusion criteria were 
as follows: Open fractures, concurrent fractures of other bones 
in the same limb, history of previous fracture in the same arm, 
and congenital anomalies affecting the upper limbs. 

Data Collection and Measurements
Demographic data including age, sex, height, and weight were 
recorded. Fracture characteristics such as location (proximal 
or distal), affected side (right/left), and classification according 
to the Salter-Harris system were documented. Radial bowing 
measurements were performed on the intact contralateral 
forearm using standard anterior-posterior radiographs. The 
maximum perpendicular distance (r) from the radius’s diaph-
yseal arc to a straight line (x) connecting the radial head and 
distal radial metaphysis was used to calculate radial bowing. 
Bowing location (y/x) was calculated by identifying the dis-
tance (y) from the radial head to the point of maximum bowing 
along the line x (Fig. 1). Soft-tissue thickness measurements 
were performed on the same radiographs. The total transverse 
skin-to-skin forearm width (c) at the level of radial midshaft 
was measured. At the same level, the sum of radial and ulnar 
bone widths (a+b) was measured. The soft-tissue-to-bone ra-
tio (SKYO) was then calculated using the formula: (a+b)/c×100 
(Fig. 2). These values were used to assess whether increased 
soft-tissue thickness (as a surrogate for obesity) was associat-
ed with a need for surgical intervention or re-reduction.

Outcome Assessment
The primary outcome was the need for surgical intervention 
(initial or during follow-up). Secondary outcomes included the 
need for re-reduction and the correlation of this with anatom-
ical and anthropometric variables.
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Ethics

This study was approved by the Institutional Ethics Commit-
tee on June 22, 2021, under approval number 2012-KAEK-
15/2332. Our study was conducted in accordance with the 
Declaration of Helsinki.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics 
for Windows, Version 22.0 (IBM Corp., Armonk, NY). Descrip-
tive statistics were presented as means±standard deviation 
for continuous variables and frequencies (n) and percentages 
(%) for categorical variables. The Kolmogorov–Smirnov test 
was used to assess the normality of data distribution, as the 
sample size was >50. Comparisons of continuous variables be-
tween two independent groups (e.g., surgical vs. non-surgical 
treatment groups) were performed using the Student’s t-test 
for normally distributed variables. The relationship between 
radial bowing, bowing location, BMI (derived from height and 
weight), and SKYO with the need for surgery was assessed us-
ing the Spearman rank correlation test, as some variables were 
ordinal or non-normally distributed. P<0.05 was considered 
statistically significant in all analyses.

RESULTS
A total of 106 patients were included in the study, with 67 
males (63.2%) and 39 females (36.8%). The mean age was 10.2 
years (range: 2–16 years). Patients were followed for a mini-
mum of 2 years. Radiographs taken during emergency admis-
sion, outpatient follow-up, and at the 6th and 12th months post-
union were included in the evaluation. 

The mean radial bowing in the intact arms was 6.24%, ranging 
from 4.4% to 8.71%. The location of bowing along the radial 
shaft was on average 61.2%, with a minimum of 49.45% and 
a maximum of 71.62% (Fig. 3). The average BMI percentile of 
the patients was 68.67. Distribution was as follows: 20 patients 
(19%) were above the 95th percentile, 25 (23%) between the 
85th and 95th, 58 (55%) between the 5th and 85th, and 3 (2.8%) 
below the 5th percentile. The intact forearm SKYO had a mean 
of 33.1%, ranging from 23% to 48%.

According to the Salter-Harris classification, 93 patients (94%) 
had type II fractures, while the remaining had other types. Two 
patients (1.9%) underwent surgical treatment (one distal, one 

Figure 1. Measurement method for radial bowing and the 
location of maximum bowing as per the method described by 
Firl and Wünsch (2004).[3] The radial bowing (r/x) was calculated 
by measuring the maximum perpendicular distance (r) from 
the shaft of the radius to a straight line (x) drawn from the 
radial head to the radial styloid process on an anteroposterior 
radiograph. The bowing location (y/x) was defined as the 
distance (y) from the proximal radial end to the point of 
maximal bowing, divided by the total radial length (x).

Figure 2. Measurement of the soft-tissue-bone ratio on a 
lateral forearm radiograph: The ratio of soft-tissue thickness 
to radial bone diameter at the point of maximal bowing. 
Anteroposterior radiographs were used to measure the sum 
of radial and ulnar widths (a+b) at the mid-diaphyseal level, 
and the total forearm width from skin to skin (c) at the same 
level. The soft-tissue-to-bone ratio was calculated using the 
formula: [(a+b)/c]×100. This ratio was used as a radiographic 
surrogate for soft-tissue thickness and potential obesity.

Figure 3. Distribution histogram of radial bowing 
percentage and bowing location among patients. Most 
values fall within the expected normal anatomical range.
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proximal radial epiphyseal fracture), while the remaining 104 
(98.1%) were treated with cast immobilization post-closed re-
duction. No significant relationship was found between the 
degree of radial bowing and the need for surgery. No statisti-
cally significant differences were found between gender and 
radial bowing, bowing location, or SKYO (p=0.779, p=0.415, 
and p=0.951, respectively) (Fig. 4).

Spearman correlation analysis (Table 1) revealed: A signifi-
cant inverse relationship between age and BMI percentile 
(p=0.000), a positive correlation between radial bowing and 
SKYO (p=0.032), and a negative correlation between BMI 
percentile and SKYO (p=0.041). No association was found be-
tween fracture location (proximal or distal) and radial bowing 
or SKYO.

Among the non-operated group, all post-reduction angulation 
and displacement values were within acceptable limits and 
normalized during follow-up. Seventeen patients developed 
cast-related soft-tissue complications; five required splint con-

version. All cases resolved without sequelae. At the 1-year fol-
low-up, range of motion was symmetric with the contralateral 
limb. VAS pain scores ranged from 0 to 1; 85 patients scored 
0, and 21 scored 1. All patients eventually reported pain-free 
active motion. 4.

DISCUSSION
This study aimed to evaluate the potential risk factors – includ-
ing radial bowing, SKYO, and obesity–for surgical intervention 
in radial growth plate fractures in children. The most signifi-
cant findings were the lack of association between radial 
bowing and the need for surgery, and the novel observation 
that increased radial bowing correlates with increased SKYO. 
Moreover, a higher BMI percentile was associated with a lower 
SKYO value.

Our results support earlier observations that most growth 
plate fractures, especially Salter-Harris type II, can be effective-
ly managed with conservative treatment. The findings align 
with the descriptive bowing studies of Firl[3] and Weber et 
al.,[4] who documented typical bowing values and locations in 
healthy pediatric populations. Our study confirmed that these 
normal anatomical variations do not predispose children to 
more severe injury outcomes requiring surgical correction.

The very low surgical intervention rate (1.9%) in our cohort sup-
ports previous work. For instance, Larsen et al.[5] showed that 
physis fractures are predominantly treated conservatively with 
favorable outcomes. Similarly, the high incidence of distal radi-
al physis fractures in our study (94.3%) echoes epidemiological 
data by Randsborg et al.[6] and de Putter et al.,[7] who both found 
distal radius fractures to be the most common in children.

A novel aspect of this study is the measurement of SKYO and 
its positive correlation with radial bowing (p=0.032). While no 
prior research has investigated this relationship, our findings 
raise questions about whether increased SKYO is an adaptive 
or protective response to greater bowing stress, or a coinci-

Table 1. Spearman correlation coefficients among radial bowing, location of bowing, SKYO, age, and BMI percentile

		  Age	 Radial bowing location	 Radial bowing	 BMI persentil	 Intact forearm bone
			   p-value	 p-value	 p-value	 soft tissue ratio
						      p-value

Age		  0.06	 0.74	 0.00	 0.741
Radial bowing location	 0.06		  0.39	 0.108	 0.528
Radial bowing	 0.7	 0.39		  0.87	 0.032
BMI persentil	 0.00	 0.1	 0.87		  0.041
SKYO	 0.74	 0.52	 0.03	 0.41	

Statistically significant correlations are marked in bold  (p<0.05), BMI: Body mass index, SKYO: Soft-tissue-to-bone ratio.

Figure 4. Comparison of radial bowing, SKYO, and bowing 
location between genders. No statistically significant 
differences were observed.
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dental anatomical variant. Since increased SKYO represents a 
higher bone mass relative to soft tissue at the radial midline, 
this might reflect developmental adaptation rather than a 
pathological marker.

Regarding obesity, prior research has shown it to be a risk factor 
for fractures. Studies by Liu,[8] Li,[9] and Seeley[10] demonstrated 
associations between high BMI and various pediatric upper 
extremity fractures. However, our study did not find any rela-
tionship between BMI percentile and the need for surgery or 
re-reduction in physis fractures. The only observed effect was 
a decrease in SKYO with increasing BMI (p=0.041), possibly in-
dicating that obese children have more soft-tissue coverage 
around the forearm, potentially buffering mechanical forces.[11]

Almost all our patients were successfully managed with closed 
reduction and casting. This is consistent with the outcomes of 
McQuinn,[12] Jordan,[13] and Sengab et al.,[14] who identified ini-
tial displacement severity – not anatomical bowing – as the 
main predictor for surgical need in distal radius fractures. Our 
study builds on this by suggesting that radial bowing is not 
a determinant of treatment failure. Ramoutar et al.[15] demon-
strated that early surgical intervention in displaced distal 
radius fractures shortened the treatment duration and im-
proved radiographic outcomes. Furthermore, in a Cochrane 
meta-analysis conducted by Handoll et al.,[16] it was reported 
that distal radius fractures in children yielded similar function-
al outcomes whether treated conservatively or surgically, with 
surgical intervention being required at a low rate.

This study sets the groundwork for future investigation into 
SKYO as a measurable, reproducible radiographic parameter 
in children. It may also inspire additional research into wheth-
er higher SKYO values can be used to estimate fracture risk, 
guide immobilization strategies, or predict remodeling poten-
tial in pediatric upper limb fractures.

In the broader context of pediatric fracture management, this 
study contributes novel insight into anatomical and biome-
chanical factors that do not necessitate surgical intervention. 
The finding that high BMI does not equate to worse outcomes 
in physis fractures is particularly relevant, highlighting the re-
silience and remodeling potential of the growth plate region.

Limitations

Limitations include the lack of a healthy control group to es-
tablish normative values of SKYO across ages. In addition, we 
did not evaluate radial bowing or SKYO in the context of me-
taphyseal or diaphyseal fractures. Future studies could also 
consider lateral plane bowing and include ulnar bowing as 
a comparative variable. Furthermore, the predictive value of 
SKYO for fracture occurrence or displacement risk remains un-
explored and warrants prospective investigation.

CONCLUSION
This study demonstrates that neither the degree nor the lo-
cation of physiological radial bowing, nor the SKYO, signifi-
cantly affect the need for surgical intervention in pediatric ra-
dial epiphyseal fractures. Although a positive correlation was 
found between radial bowing and SKYO, and an inverse cor-
relation between BMI percentile and SKYO, these anatomical 
and anthropometric variations did not influence treatment 
outcomes. Nearly, all fractures were successfully managed 
with conservative treatment, and patients achieved excellent 
functional recovery without long-term complications. These 
findings suggest that normal anatomical variations such as 
radial bowing and SKYO should not be considered risk fac-
tors for surgical requirement in growth plate injuries of the 
radius.
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Objective: This study aimed to investigate the association between clinical, biochemical, and hematological indicators and 
survival outcomes in patients diagnosed with pleural effusion.
Materials and Methods: A retrospective, single-center observational study was conducted, including 365 patients 
with pleural effusion between January 2020 and December 2024. Clinical data including age, gender, etiology, Eastern 
Cooperative Oncology Group (ECOG) performance status, Karnofsky score, and laboratory parameters such as albumin, 
C-reactive protein (CRP), the neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR) were extracted 
from medical records. Survival trends were visualized descriptively using Empirical Cumulative Distribution Function plots.
Results: Among 365 patients, the most frequent etiologies were congestive heart failure and breast cancer. Patients with 
higher serum albumin (>3.0 g/dL), higher ECOG scores, and lower Karnofsky scores demonstrated shorter survival durations. 
Elevated CRP, NLR, and PLR levels were also associated with shorter survival. In descriptive analyses, higher NLR and PLR 
categories were associated with longer survival. No formal time-to-event tests were performed. No formal time-to-event 
statistical tests were performed.
Conclusion: Several routinely available clinical and laboratory parameters, particularly serum albumin, performance status 
scores, and inflammatory markers, may be useful for estimating prognosis in pleural effusion. These findings underscore the 
importance of integrating simple clinical data in the prognostic assessment of patients and warrant further validation in 
prospective studies using formal survival analysis.
Keywords: Neutrophil–lymphocyte ratio, platelet–lymphocyte ratio, Pleural effusion, Prognosis
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INTRODUCTION
Pleural effusion is a frequently encountered clinical condi-
tion with a broad spectrum of underlying causes, includ-
ing congestive heart failure (CHF), malignancy, infection, 
pulmonary embolism, systemic inflammatory diseases, and 
certain drug therapies.[1,2] Among these, malignant and in-
fectious effusions are of particular clinical relevance due to 
their association with poor prognosis and the frequent re-

quirement for invasive interventions.[1] Malignant pleural 
effusion (MPE), in particular, is a common complication of 
advanced-stage cancers such as lung, breast, and mesothe-
lioma and is typically associated with substantial morbidity 
and limited survival. The pathophysiology of MPE involves 
either direct tumor infiltration of the pleura or impaired lym-
phatic drainage, resulting in the accumulation of fluid within 
the pleural space.[3]
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Recent studies have highlighted the potential prognostic 
value of various biochemical and inflammatory markers in 
patients with pleural effusion. Elevated pleural fluid C-re-
active protein (CRP) levels have been shown to differenti-
ate parapneumonic effusions from other etiologies with 
high sensitivity and specificity, supporting its role as a 
diagnostic and prognostic marker.[4] Similarly, the neutro-
phil-to-lymphocyte ratio (NLR) in pleural fluid has emerged 
as a simple yet informative parameter, particularly in distin-
guishing tuberculosis-related effusions from malignant or 
parapneumonic causes. Moreover, in pediatric patients with 
prolonged postoperative pleural effusion, an increased NLR 
change ratio was found to be significantly associated with 
poor treatment response and prolonged drainage, indicat-
ing its potential utility as a prognostic biomarker for treat-
ment efficacy.[5,6]

This study aims to evaluate the prognostic significance of se-
lected biochemical and hematological parameters – includ-
ing total protein, hemoglobin, serum albumin, CRP, NLR, and 
platelet-to-lymphocyte ratio (PLR) – on survival in patients 
with pleural effusion. In this cohort, inflammatory ratios were 
analyzed as ordinal categories, and exploratory plots sug-
gested that higher categories of NLR and PLR tended to show 
longer survival, although these findings require confirmation 
with formal survival analyses.

MATERIALS AND METHODS
This study was approved by the Local Ethics Committee, De-
cember 03, 2024, 4646. Our research was conducted in accor-
dance with the ethical standards of the Declaration of Helsinki. 
This retrospective, single-center observational study included 
365 patients diagnosed with pleural effusion between Janu-
ary 2020 and December 2024. Patients were evaluated and 
followed at a tertiary care center. Demographic, clinical, and 
laboratory data were collected from medical records, includ-
ing age, sex, laterality of effusion, underlying etiology, need 
for drainage, total protein, hemoglobin, serum albumin, CRP, 
NLR, PLR, Eastern Cooperative Oncology Group (ECOG) perfor-
mance status, Karnofsky performance score, treatment modal-
ity, and survival outcome. 

Statistical Analysis

Descriptive statistics were used to summarize patient char-
acteristics. Survival trends were illustrated using empirical 
cumulative distribution function (ECDF) plots stratified by 
clinical and biochemical parameters. These visualizations 
were descriptive only and not based on Kaplan–Meier es-
timates or formal statistical tests. No survival comparison 
tests such as the log-rank test or Cox regression analysis 
were conducted.

RESULTS
A total of 365 patients diagnosed with pleural effusion were 
included in the study. The mean age of the patients was 
64.9±16.9 years, and the median age was 67 years (range: 
13–99). Of the patients, 59.8% were male and 40.2% were 
female. The most frequently observed etiologies were CHF 
(n=50, 13.9%) and lung cancer (n=32, 6.4%) (Table 1). Survival 
was longer in patients with serum albumin levels below 3.0 g/
dL compared to those with normal albumin levels (5.0 months 
vs. 3.0 months). Performance status was also associated with 
survival. According to ECOG score, the median survival was 
5.0 months in patients with ECOG 0–1, whereas it decreased 
to 1.0 months in those with ECOG 3–4. Similarly, survival de-
creased as Karnofsky scores declined; while median survival 
was 5.0 months in patients with a Karnofsky score of 50, it de-
creased to 1.0–2.0 months in those with scores of 30 or be-
low. Among hematological parameters, patients with higher 
neutrophil-to-lymphocyte ratio (N/L) had longer survival com-
pared to those with lower N/L (5.0 months vs. 3.0 months). 
Similarly, survival was also better in patients with higher PLR 
(5.0 months vs. 4.0 months). Figures 1-7 present ECDF-based 
survival curves according to various clinical and biochemical 
indicators.

DISCUSSION
In this retrospective study of 365 patients with pleural effu-
sion, several clinical and biochemical indicators were found 
to be associated with survival duration. Patients with lower 
albumin levels (<3.0 g/dL), higher ECOG or lower Karnofsky 
performance scores, and elevated inflammatory markers such 
as CRP, NLR, and PLR exhibited differences in survival trends. 
Although formal survival analysis methods such as Kaplan–
Meier or Cox regression were not used, descriptive ECDF plots 
helped illustrate survival distributions across these subgroups.

According to Light RW’s Textbook of Pleural Diseases, serum 
albumin is frequently considered in the context of pleural flu-
id evaluation and patient nutritional and inflammatory status. 

Table 1. Etiological factors causing pleural effusion

Etiological factor	 Number of cases (%)

Congestive heart failure	 50 (13.9)
Lung cancer 	 32 (6.4)
Parapneumonic effusion	 28 (7.8)
Breast cancer	 26 (7.2)
Traumatic	 21 (5.8)
Pleuritis	 15 (4.2)
Mesothelioma	 8 (2.2)
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Although not an independent diagnostic marker for pleural ef-
fusion etiology, hypoalbuminemia is generally associated with 
poor functional reserve and increased morbidity, which may 
influence prognosis indirectly. The textbook also highlights 
that lower serum protein levels, particularly albumin, may cor-
relate with worse outcomes in chronic or malignant effusions 
due to underlying systemic illness or cancer cachexia.[7]

The prognostic significance of serum albumin levels has been 
highlighted in numerous studies across cancer populations. 
Tang et al.[8] demonstrated, in a large NHANES-based cohort, 
that lower serum albumin levels were strongly associated with 

increased cancer-related mortality. Their multivariate Cox re-
gression models revealed that patients with albumin levels 
≤4.2 g/dL had significantly worse survival compared to those 
with higher levels, with hazard ratios exceeding 2.0 in some 
subgroups. Moreover, their analysis uncovered a consistent 
non-linear negative relationship between albumin concen-
tration and mortality risk, indicating that even marginal de-
clines in albumin may have prognostic value. These findings 
are aligned with the current study, where patients with lower 
albumin levels exhibited divergent survival trends. Although 

Figure 1. Empirical cumulative distribution function-based 
survival curve by albumin level (<3.0 vs. ≥3.0 g/dL).

Figure 2. Empirical cumulative distribution function-based 
survival curve stratified by CRP level (≤100 vs. >100).

Figure 3. Empirical cumulative distribution function-based 
survival curve stratified by neutrophil-to-lymphocyte ratio 
(N/L low vs. high).

Figure 4. Empirical cumulative distribution function-based 
survival curve stratified by platelet-to-lymphocyte ratio (T/L 
low vs. high).
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formal survival modeling was not conducted here, our de-
scriptive ECDF plots reinforce the hypothesis that hypoalbu-
minemia may be a marker of poorer prognosis in pleural ef-
fusion, particularly in malignant or inflammatory conditions.

Performance status has long been recognized as a crucial 
prognostic indicator in patients with MPE. In a study by Gayaf 
et al.,[9] ECOG performance status was found to be strongly as-
sociated with overall survival. Both ECOG and the LENT prog-
nostic score showed comparable predictive power, with ECOG 
performing slightly better in long-term survival prediction. 

These findings align with our observations, where patients 
with higher ECOG scores had shorter survival. This reinforces 
the clinical utility of performance-based assessments in guid-
ing prognosis and treatment decisions for MPE patients. In our 
corrected analysis, poorer performance status (higher ECOG 
scores) was associated with shorter survival, which is consis-
tent with clinical expectations and prior literature.

Pleural fluid CRP has emerged as a useful biomarker for differ-
entiating parapneumonic effusions from other causes of pleu-
ral effusion. In a large retrospective study by Izhakian et al.,[4] 
pleural CRP levels were significantly higher in parapneumonic 
effusions (mean 5.38±4.85 mg/dL) compared to effusions re-
lated to malignancy, heart failure, or lung transplantation. A 
CRP cut-off value of 1.38 mg/dL yielded 84.2% sensitivity and 
71.5% specificity for identifying infectious etiologies, with a 
high negative predictive value of 96.7%. Moreover, CRP was 
selected as the strongest single predictor of parapneumonic 
effusion in multivariate analysis. These findings support the 
use of pleural CRP not only as a diagnostic tool but also as a 
potential marker for prognosis and therapeutic decision-mak-
ing, especially in cases with suspected infection.

The NLR in pleural fluid has gained attention as an accessible 
and cost-effective inflammatory marker for differentiating ex-
udative effusion etiologies. In a retrospective study by Akturk 
et al.,[5] NLR values were significantly lower in tuberculosis-re-
lated pleural effusion compared to malignant, para-pneumon-
ic, and para-malignant effusions. While the median NLR was 
2.2 in tuberculosis (TB) effusions, it ranged between 3.5 and 
4.2 in other etiologies. This suggests that lower NLR values 
may support a diagnosis of TB pleurisy in the appropriate clin-
ical context, whereas higher NLR values may be more indica-

Figure 5. Empirical cumulative distribution function-based 
survival curve stratified by Eastern Cooperative Oncology 
Group performance score (0–2 vs. 3–4).

Figure 6. Empirical cumulative distribution function-based 
survival curve stratified by Karnofsky performance score (≥50 
vs. <50).

Figure 7. Empirical cumulative distribution function-based 
survival curve stratified by gender (male vs. female).
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tive of malignancy or bacterial infection. Although the role of 
NLR in prognostication remains limited, its diagnostic utility in 
guiding further investigations should not be underestimated.

Despite the strengths of our study–including a relatively large 
sample size and a broad spectrum of clinical and biochemical 
parameters–it has several limitations. First, the retrospective 
nature of the study limits the ability to control for confounding 
factors and to establish causal relationships. Second, survival 
analysis was based solely on descriptive ECDF plots without 
the use of time-to-event statistical methods such as Kaplan–
Meier or Cox regression, which may limit the interpretability of 
survival differences across groups. Third, the lack of informa-
tion on treatment specifics, disease stage, and comorbidities 
may have influenced survival outcomes.

CONCLUSION
Our findings suggest that commonly measured clinical and 
laboratory parameters – including serum albumin, perfor-
mance status scores, CRP, NLR, and PLR – may provide prog-
nostic insight in patients with pleural effusion. While these 
results require validation in prospective cohorts using formal 
survival analysis, they highlight the potential value of incor-
porating routine clinical data into early prognostic assessment 
and management planning in this patient population.
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Objective: Pre-operative cardiovascular risk assessment using defined risk indices helps estimate adverse post-operative 
outcomes and mortality. The available data does not support a single best approach, especially for elderly patients. We 
aimed to reveal the relationship of cardiac risk indices used pre-operatively with in-hospital mortality and intensive care 
unit (ICU) admission, with the goal of contributing to a more practical and effective assessment strategy for this growing 
population.
Materials and Methods: This retrospective single-center study analyzed 503 patients aged over 65 who were assessed 
preoperatively by cardiology for cardiac risk stratification between June 2023 and June 2024. We assessed the relationship 
between three cardiac risk indices – cardiologist-determined risk, revised cardiac risk index (RCRI), and geriatric cardiac risk 
index (GSCRI) – with in-hospital mortality and ICU admission.
Results: A cardiologist’s risk assessment revealed no significant ability to predict mortality, with an area under the curve 
(AUC) of 0.564. In contrast, both the RCRI and the GSCRI showed significant predictive ability, each with an AUC of 0.677. All 
three cardiac risk indices demonstrated significant effectiveness in distinguishing patients who may require admission to 
the ICU.
Conclusion: Pre-operative evaluation of the elderly with GSCRI could guide a perioperative patient management plan and 
predict prognosis, without an overuse of cardiac consultation.
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INTRODUCTION
The perioperative management of cardiovascular disease 
(CVD) and its complications in patients undergoing non-car-
diac surgery has been a focus of research to establish guiding 
recommendations. Studies indicate that even patients aged 
45 and older who undergo in-hospital surgery experience ma-
jor adverse cardiac events (MACE) in approximately one out 
of every 33 surgical admissions.[1] As elderly patients are of-
ten at greater risk for cardiovascular problems or developing 
post-operative CVD, pre-operative evaluation to stabilize or 
manage these issues presents a more challenging task. Evalu-
ating pre-operative cardiovascular risk indices is recommend-
ed to anticipate MACE and mortality.[2] However, there is insuf-
ficient evidence to endorse one index over another, especially 
for elderly patients. This assessment is crucial for optimizing a 
perioperative plan, which may include determining the need 
for intensive care admission.

The revised cardiac risk index (RCRI) is a tool that evaluates 
the risk of cardiac complications and mortality within 30 days 
of surgery using six variables.[3] A score of 3 or higher is as-
sociated with a higher risk of mortality, as shown in various 
studies.[4] Although it may also predict 1-year mortality, its ef-
fectiveness in those over 65 years old is still unclear, except 
in age-adjusted studies.[5] Thus, the geriatric cardiac risk index 
(GSCRI) was developed and validated, proving to be a more 
effective predictor of 30-day mortality in elderly patients un-
dergoing non-cardiac surgery.[6] However, the impact of each 
index on the perioperative patient plan, including the need 
for post-operative intensive care unit (ICU), has not been ex-
amined in practice based on the identified risk. Moreover, in 
elderly patients with high cardiac risk, pre-operative cardiol-
ogy consultation is often requested, and post-operative ICU 
follow-up is planned according to the risk indicated by cardiol-
ogy for possible post-operative adverse effects. Cardiologists’ 
assessment of risk, although based on the same guideline, 
may not align with anesthesiologists’ evaluations that utilize 
risk indices such as RCRI and GSCRI in predicting mortality and 
the risk for post-operative ICU admission.[2] The risk stratifica-
tion of a cardiologist primarily relies on patient characteristics, 
such as a history of CVD, functional capacity assessment, and 
transthoracic echocardiography results, rather than the extent 
and timing of surgery.

In this study, we examined the associations of RVRI, GSCRI, and 
cardiologist-determined risk with in-hospital mortality, the 
need for post-operative intensive care, and long-term hospi-
talization in elderly patients undergoing non-cardiac surgery.

MATERIALS AND METHODS
Study Design and Patient Selection
This retrospective cross-sectional cohort study was conduct-

ed at a tertiary-care teaching hospital following approval from 
our Institutional Ethical Committee (approval number: 57-
2024, date: August 1, 2024). We reviewed the records of 607 
patients who received pre-operative cardiology consultations 
between June 2023 and June 2024 from the hospital database. 
Finally, we included 503 individuals aged 65 years and older 
who were admitted for elective non-cardiac, non-vascular sur-
gery and had a pre-operative cardiology consultation just be-
cause of general evaluation, either for a known chronic cardiac 
comorbidity or because of anticoagulation management. The 
exclusion criteria included patients with an American Society 
of Anesthesiologists (ASA) grade of V or VI, those who expe-
rienced a major cardiac event during pre-operative prepara-
tion, individuals who had significant intraoperative bleeding 
that required a blood transfusion, patients who underwent 
more than one operation during their hospital stay, and files 
that contained incomplete data. Patient data confidentiality 
was fully maintained, and the information was utilized sole-
ly for research purposes. This study was conducted in accor-
dance with the Helsinki Declaration, and the requirement for 
informed consent was waived due to the retrospective design 
of the study.

Clinical Data and Outcome Variables

Demographic variables (age, gender, and ASA score) and 
clinical characteristics of patients, including smoking status, 
anticoagulation use, and ejection fraction (EF), written in the 
cardiology consultation just before the surgery, were noted. 
Surgical type is classified not by the procedure but by the 
surgical risk level as minor, moderate, and major, as it is more 
relevant for cardiac risk stratification. The type of anesthesia 
was classified as general regional anesthesia, which included 
spinal and combined spinal epidural anesthesia.

The primary outcome variables of the study are risk assessed 
by the cardiologist as low, intermediate, or high, determined 
just before the surgery in the consultation; RCRI and GSCRI 
were calculated from the medical data received at pre-oper-
ative anesthesia evaluation. We also calculated the Charlson 
comorbidity index (CCI) as an independent estimation of the 
survival rate. Secondarily, we questioned the hospitalization 
data as to the length of hospital stay, especially extended hos-
pitalization, which is defined as more than 21 days, the type of 
discharge in search of in-hospital mortality, and the need for 
ICU admission from the hospital system.

Statistical Analysis

Descriptive statistics of the data included mean, standard de-
viation, median, minimum, maximum, frequency, and ratio 
values. The distribution of the variables was assessed using 
the Kolmogorov–Smirnov and Shapiro–Wilk tests. To analyze 
quantitative independent data with a non-normal distribu-
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tion, the Mann–Whitney U test was employed. The Chi-square 
test was used for analyzing qualitative independent data. The 
impact of various factors was examined through univariate 
and multivariate logistic regression. The effect size and cutoff 
value were determined using the receiver operating charac-
teristic curve. Statistical analysis was conducted using SPSS 
version 27.0.

RESULTS
The demographic and clinical characteristics of 503 patients 
indicated that the majority were male, ASA III patients un-
dergoing major surgery, primarily under general anesthesia 
(Table 1).

The cardiologist assessed the cardiac risk of the population, 
categorizing most individuals as low risk. The RCRI primarily 
indicated a Class 2 risk, whereas the GSCRI revealed mostly a 
Class 3 risk (Table 2). Furthermore, the mean CCI score in the 
study population corresponded to a nearly 50% reduction in 

the estimated survival rate. The median length of hospital stay 
was 13 days, and most of the patients were discharged within 
21 days (Table 2). Notably, 61.6% of them were admitted to 
the ICU.

The mortality rate was found to be 22.7% as 93 patients were 
deceased, and 410 patients were alive. In the multivariate 
model, significant independent efficacy of gender, general an-
esthesia, RCRI index, GSCRI index, and EF values were observed 
in differentiating between patients with and without exitus 
(p=0.008, 0.012, 0.027, 0.00, 0.008). Cardiologist-determined 
risk showed no significant efficacy in discriminating mortali-
ty with an area under the curve (AUC) of 0.564 (0.494–0.635) 
(p=0.053). However, RCRI and GSRI showed significant efficacy 
in discriminating mortality with an AUC of 0.677 (0.614–0.740) 
and 0.677 (0.613–0.740) (p=0.00, p=0.00), respectively (Fig. 1).

The ASA score, the percentage of general anesthesia, and ma-
jor surgery were significantly higher in the group that required 
ICU admission (p=0.00, 0.00, and 0.00).

Table 1. Demographic and clinical characteristics of patients

Variable	 Min–Max	 Median	 Mean±SD/n (%)

Age (years)	 65.0–99.0	 73.0	 74.4±6.9
Gender
	 Female			   229 (45.5)
	 Male			   274 (54.5)
ASA score
	 I			   5 (1.0)
	 II			   212 (42.1)
	 III			   222 (44.1)
	 IV			   64 (12.7)
Smoking status
	 Non-smoker 			   134 (26.6)
	 Former smoker			   357 (71.0)
	 Current smoker			   12 (2.4)
Type of anesthesia
	 General			   405 (80.5)
	 Regional			   98 (19.5)
Surgical risk level
	 Major 			   229 (45.5)
	 Moderate			   121 (24.1)
	 Minor			   153 (30.4 )
Ejection fraction (EF, %)	 20.0–65.0	 55.0	 53.3±8.7
Anticoagulant use
	 No			   255 (50.7)
	 Yes			   248 (49.3)

ASA: Society of Anesthesiologists.

Table 2. Cardiac risk assessment and hospitalization data

Variable	 Min–Max	 Median	 Mean±SD/n (%)

Risk assessed by 
cardiologist
	 Low risk			   241 (47.9)
	 Intermediate risk			   184 (36.6)
	 High risk			   78 (15.5)
Revised cardiac risk	 0.0–5.0	 1.0	 1.4±1.1 
index (RCRI)
Geriatric sensitive	 0.0–73.9	 0.3	 1.7±4.8 
cardiac risk index (GSCRI)
Charlson comorbidity	 2.0–12.0	 4.0	 4.7±1.8 
index (CCI score)
ICU admission
	 Yes			   139 (27.6)
	 No			   363 (72.2)
Hospital stay >21 days
	 Yes			   139 (27.6)
	 No			   363 (72.2)
Length of hospital stay	 1.0–143.0	 13.0	 19.6±21.4 (27.6) 
(days)
Discharge type
	 Discharged home			   395 (78.5)
	 Transferred			   14 (2.8)
	 Exitus			   93 (18.5)

ICU: Intensive Care Unit.
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In the multivariate model, significant independent efficacy of 
anesthesia type, major surgery, cardiologist-determined risk, 
RCRI index, GSCRI index, CCI score, and EF value was observed 
in differentiating patients with and without ICU admission 
(p=0.00, 0.00, 0.001, 0.022, 0.002, 0.008, and 0.013). All three 
cardiac risk indices showed significant efficacy in discriminating 
possible ICU admission (AUC=0.611, 0.722, and 0.668) (Fig. 2).

DISCUSSION
In this study, we focused on the relation of RCRI and GSCRI, 
along with cardiologist-determined risk, in predicting patient 
prognosis for the elderly. Our goal was to determine a prac-
tical but reliable perioperative cardiac risk management for 
the elderly carried out by anesthesiologists and compare the 
effectiveness between cardiology assessments and the risk in-
dices to predict in-hospital mortality, the need for post-opera-
tive intensive care, and long-term hospitalization. Our findings 
indicate that these risk scores are significantly more effective 
in predicting in-hospital mortality rates for elderly patients. 
Furthermore, we have shown that when it comes to the need 
for post-operative ICU, it is not necessary to rely solely on car-
diology assessments. Instead, planning based on the RCRI and 
GSCRI is both sufficient and adequate.

We specifically selected patients who required cardiology 
consultation for general evaluation, and most of them re-
quested anticoagulant management regardless of the extent 
of surgery. Nevertheless, reasons for a pre-operative cardi-
ology consultation may include low exertional capacity, the 

need to optimize the treatment of patients showing signs of 
heart failure, rhythm abnormalities, and evaluation of a new-
ly identified murmur.[7] In the elderly population, mobility 
is often limited due to joint diseases, which means that low 
exertional capacity unrelated to cardiac issues may not accu-
rately reflect risk. For this reason, we did not include the met-
abolic equivalents (METs) assessment in our study, as it could 
be misleading, especially since nearly all these patients had a 
METs score lower than four. Our findings indicated that nei-
ther anticoagulant use nor EF was associated with mortality or 
the need for ICU admission. None of our patients underwent 
further stress testing, and, in fact, the literature has not found 
any association between pre-operative stress testing and a re-
duction in post-operative MACE as well.[8,9] Therefore, a pre-op-
erative evaluation with RCRI and especially GSCRI could guide 
a perioperative patient management plan according to risk 
stratification without an overuse of cardiac consultation.

When or why pre-operative cardiology consultation is neces-
sary is an ongoing debate. In the study of Groot et al.,[7] most 
referrals to a cardiologist were found to be for evaluating 
valve abnormalities, and the cardiologist made no changes 
to the treatment plan, with the most significant outcome of 
the cardiac consultation being a delay in surgery. All of the 
consultations in our case were conducted for a general eval-
uation, either due to a known chronic cardiac condition or for 
anticoagulation management. The only outcome from these 
consultations was the decision to reserve the ICU for a high-
risk patient who was scheduled for even a minor surgery. In 

Figure 1. Receiver operating characteristic curves of cardiac 
risk indices in relation to mortality.

Figure 2. Receiver operating characteristic curves of risk 
indices in relation to intensive care unit admission.
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fact, as our results show, risk indices can help us make a more 
accurate prediction of the need for ICU even without a cardiol-
ogy evaluation. Our finding indicates that the risk assessment 
determined by cardiology does not predict mortality; howev-
er, it does have consequences for ICU admission. Specifically, 
patients who do not actually require ICU admission might still 
be reserved for it due to a high-risk assessment made by the 
cardiologist. As a result, they may end up being admitted to 
the ICU when it is unnecessary. This situation contributes to 
increased workload for the hospital and imposes a financial 
burden on the healthcare system, consistent with other stud-
ies in the literature.[10] Reducing low-value cardiovascular care 
is a current issue prioritized by the American Heart Association 
Council on Quality of Care and Outcomes.[11] It is defined basi-
cally as health care services providing no benefit for the pa-
tient and also having the possibility of leading to preventable 
morbidity and mortality, such as unnecessary ICU admission, 
in the spotlight of this study. To prevent this, Atar et al.[12] in-
vestigated the use of pre-operative risk scores in requesting 
consultation and found that the Gupta score reduced pre-op-
erative cardiac consultation and diagnostic tests, which in turn 
reduced operative time and even ICU stays. However, the Gup-
ta score does not include comorbidities other than the creati-
nine level, which is highly related to prognosis for the elderly.[6]

This study selected RCRI for the investigation as it is widely 
accepted and recommended, ensuring a common language 
among various subspecialties such as surgeons, cardiologists, 
and anesthesiologists.[13] RCRI >1 is associated with increased 
risk of major cardiac events and also shown to be associat-
ed with increased post-operative mortality.[2,14,15] Moreover, 
patients with an RCRI score of 1 or greater were found to be 
related to prolonged hospital stays.[16] Meanwhile, the high-
er percentage (72.2%) of our study population did not have 
a prolonged hospital stay. In studies like this one, where the 
type of surgery was not analyzed separately, the relationship 
between a high RCRI and prolonged hospitalization may not 
be clearly demonstrated. Furthermore, recent studies have 
raised questions about the limitations of RCRI, particularly in 
the elderly population, and have explored the development 
of newer models that are more sensitive in detecting myocar-
dial injury after surgery.[17] The mean CCI and RCRI values in 
our patient group also showed the presence of comorbidities, 
and the elderly group had higher CCI values but lower RCRI 
values. CCI predicts long-term mortality and needs a different 
scoring system than RCRI to predict short-term prognosis, as 
in our patient group.

The GSCRI, developed to more accurately determine surgical 
and cardiac risk in elderly patients, was found to be more re-
liable than the GUPTA MICA and RCRI with an AUC of 0.76 in 
initial validation studies.[6] When the association of GSCRI with 

post-operative MACE in the elderly population in non-cardi-
ac vascular surgeries was examined, the AUC was 0.73, again 
more sensitive than RCRI, but it did not exceed the limit of 0.80 
as in our study, and they augmented its sensitivity by adding 
NT-proBNP as a biomarker to GSCR.[18] What distinguishes the 
GSCRI from the RCRI is that it considers stroke history and func-
tional status assessment. This is important due to the high in-
cidence of stroke in this age group and the prevalence of frail-
ty, which can lead to mobilization deficits that impact patient 
prognosis. Recently, frailty has emerged as a crucial factor in 
decision-making for non-cardiac surgeries.[19] Additionally, 
when frailty is combined with the RCRI, it is more effective at 
predicting perioperative myocardial injury than the RCRI alone.
[20] This may be why the GSCRI is more sensitive than the RCRI in 
relation to in-hospital mortality and ICU admission, as reflected 
in our results. The new guideline on cardiovascular manage-
ment in non-cardiac surgery, published in 2024, essentially rec-
ommends estimating the risk of MACEs with a risk calculator 
without specifying the RCRI or any other single index, as in the 
previous one, and emphasizes risk modifiers such as frailty and 
recent stroke in a completely new approach.[21]

For these reasons, this study examined the GSCRI and found it 
to be relatively superior to the RCRI. However, as our study ex-
amined the elderly defined as 65 years and older, a subgroup 
analysis was done in 80 years and older, defined as the oldest 
old, may not have the same results as Fayed et al.[22] revealed, 
limited predictive ability of in-hospital MACE and post-opera-
tive ICU admission, both for RCRI and GSCRI. Nevertheless, it 
should be noted that when both risk scores are updated with 
additional variables such as age, AF, and trauma surgery, the 
predictability and clinical usefulness of the GSCRI are shown 
to increase, while the RCRI remains limited.[22]

Technology is making significant contributions to the health-
care system, particularly through the development of elec-
tronic form systems aimed at reducing the number of cardi-
ology consultations needed for cardiac risk assessments.[23] 
Researchers are also focusing on developing machine learn-
ing algorithms combined with risk indices for assessing risks 
associated with non-cardiac surgeries.[24] This area will be the 
primary focus of future research efforts.

Limitations

Our study has several limitations. First, its retrospective and 
single-center design limited our ability to collect additional 
variables that could enhance prognostication and predictive 
value for this population. For instance, incorporating pre-op-
erative frailty indices would be beneficial. Furthermore, add-
ing the dukes’ activity score could help correlate frailty and 
functional status with their impact on in-hospital mortality 
and the GSCRI. Assessing cognitive function scores may also 
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have clinical significance and could broaden research oppor-
tunities, particularly for the elderly.

Although we estimated the hospital burden of cardiac consul-
tations, we were unable to provide a precise calculation. This is 
especially relevant for patients with a low RCRI or GSCRI who 
require intensive care due to risks identified by cardiology. We 
could not determine how long the surgery was delayed due to 
the unavailability of an ICU.

In this study, we did not specifically evaluate the association 
of pre-operative risk assessments alone with MACE within 30 
days without considering intraoperative data, as many vari-
ables, such as tachycardia, hypotension, anemia, duration of 
surgery, and type of anesthesia, may be associated with MACE.
[20] However, the focus of the study is the pre-operative guid-
ance of risk indices, and to our knowledge, it is the only study 
in the literature evaluating a comparison of the relation of 
pre-operative cardiologist-determined risk evaluation and an-
esthesiologist-determined risk indices on in-hospital mortality 
and post-operative ICU admission.

CONCLUSION
Predicting post-operative outcomes, especially in elderly pa-
tients, is highly effective in determining perioperative patient 
management. In cases where cardiology consultation is not re-
quired, pre-operative GSCRI can predict post-operative prog-
nosis and ICU needs. In this way, proper utilization of hospital 
resources and necessary precautions in patient management 
can be ensured. In future studies, a new risk stratification mod-
el, augmented by the addition of frailty and cardiac markers, 
could be developed to increase the sensitivity of the GSCRI.

DECLARATIONS

Ethics Committee Approval: The study was approved by Haseki Training 
and Research Hospital Ethics Committee (No: 57-2024, Date: 01/08/2024). 

Informed Consent: Informed consent was waived due to the retro-
spective design of the study.

Conflict of Interest: The authors declare that there is no conflict of interest.

Funding: The authors received no financial support for the research 
and/or authorship of this article.

Use of AI for Writing Assistance: Authors state that AI-based lan-
guage tools (such as ChatGPT) are used solely to improve the clarity 
and grammar of the article.

Authorship Contributions: Concept – BC; Design – BC; Supervision 
– BC; Fundings – GG, BS, BA, ST, ZB, BC; Materials – GG, BS, BA, ST, ZB, 
BC; Data collection &/or processing – GG, BS, BA, ZB, ST; Analysis and/
or interpretation – BC; Literature search – BC, GG, BS, BA, ST, ZB; Writ-
ing – BC; Critical review – BC, GG, BS, BA, ST, ZB.

Peer-review: Externally peer-reviewed.

REFERENCES
1.	 Smilowitz NR, Gupta N, Ramakrishna H, Guo Y, Berger JS, 

Bangalore S. Perioperative major adverse cardiovascular 
and cerebrovascular events associated with noncardiac 
surgery. JAMA Cardiol 2017;2:181–7.

2.	 Writing Committee Members; Thompson A, Fleischmann 
KE, Smilowitz NR, de Las Fuentes L, Mukherjee D, et al. 2024 
AHA/ACC/ACS/ASNC/HRS/SCA/SCCT/SCMR/SVM guide-
line for perioperative cardiovascular management for non-
cardiac surgery: a report of the American College of Car-
diology/American Heart Association Joint Committee on 
clinical practice guidelines. J Am Coll Cardiol 2024;84:1869–
969. Erratum in: J Am Coll Cardiol 2024;84:2416.

3.	 Duceppe E, Parlow J, MacDonald P, Lyons K, McMullen M, 
Srinathan S, et al. Canadian cardiovascular society guide-
lines on perioperative cardiac risk assessment and man-
agement for patients who undergo noncardiac surgery. 
Can J Cardiol 2017;33:17–32. Erratum in: Can J Cardiol 
2017;33:1735.

4.	 Hulme RA, Forssten MP, Pourlotfi A, Cao Y, Bass GA, Mat-
thiessen P, et al. The association between revised cardiac 
risk ındex and postoperative mortality following elective 
colon cancer surgery: a retrospective nationwide cohort 
study. Scand J Surg 2022;111:14574969211037588.

5.	 Hao J, Qian Y, Hou M, Yang Y, Zhou L, Zhang Z, et al. Associ-
ation of the Revised Cardiac Risk Index with 1-year postop-
erative mortality: a single-center retrospective study. J Clin 
Anesth 2025;102:111765.

6.	 Alrezk R, Jackson N, Al Rezk M, Elashoff R, Weintraub N, Elas-
hoff D, et al. Derivation and validation of a Geriatric-Sen-
sitive Perioperative Cardiac Risk Index. J Am Heart Assoc 
2017;6:e006648.

7.	 Groot MW, Spronk A, Hoeks SE, Stolker RJ, van Lier F. The 
preoperative cardiology consultation: indications and risk 
modification. Neth Heart J 2017;25:629–33.

8.	 Columbo JA, Scali ST, Neal D, Powell RJ, Sarosi G, Crippen 
C, et al. Increased preoperative stress test utilization is not 
associated with reduced adverse cardiac events in current 
US surgical practice. Ann Surg 2023;278:621–29.

9.	 Ponukumati AS, Columbo JA, Henkin S, Beach JM, Suckow 
BD, Goodney PP, et al. Most preoperative stress tests fail to 
comply with practice guideline indications and do not re-
duce cardiac events. Vasc Med 2024;29:507–16.

10.	Oliveira ACC, Schwingel PA, Santos LAD, Correia LCL. The 
inductor role of cardiac consultation in the pre-anesthetic 
evaluation of asymptomatic patients submitted to non-car-
diac minor and intermediate-risk surgery: a cross-sectional 
study. Braz J Anesthesiol 2021;71:530–7.



252

Caliskan et al. Pre-Operative Cardiac Risk Assessment in Elderly Eur Arch Med Res 2025;41(4):246–252

11.	Kini V, Breathett K, Groeneveld PW, Ho PM, Nallamothu 
BK, Peterson PN, et al. Strategies to reduce low-value car-
diovascular care: a scientific statement from the Amer-
ican Heart Association. Circ Cardiovasc Qual Outcomes 
2022;15:e000105.

12.	Atar F, Özkan Sipahioğlu F, Keskin G, Dönmez A. Effect of 
the gupta score on pre-operative cardiology consultation 
requests in noncardiac nonvascular surgery. Turk J Anaes-
thesiol Reanim 2023;51:485–90.

13.	Chrisant EM, Khamisi RH, Muhamba F, Mwanga AH, 
Mbuyamba HT. Assessing the accuracy of the revised Car-
diac Risk Index compared to the American Society of An-
aesthesiologists physical status classification in predicting 
Pulmonary and Cardiac complications among non-cardio-
thoracic surgery patients at Muhimbili National Hospital: a 
prospective cohort study. BMC Surg 2024;24:263.

14.	Nayanar VKN, Prakashbabu UA, Babu MS, Sukesan S, Koni-
parambil PU, Dash PK. Evaluation of perioperative major 
adverse cardiac events in patients with coronary artery 
disease undergoing carotid endarterectomy. Ann Card An-
aesth 2025;28:280–6.

15.	Boghean A, Guțu C, Firescu D. Perioperative risk: short re-
view of current approach in non cardiac surgery. J Cardio-
vasc Dev Dis 2025;12:24.

16.	Naidu K, Kajee N, Naidu J, Wadee B. Preoperative risk factors 
for extended hospital stay: a prospective study in a South 
African clinic. Afr J Prim Health Care Fam Med 2025;17:e1–
10.

17.	Cicek V, Babaoglu M, Saylik F, Yavuz S, Mazlum AF, Genc MS, 
et al. A new risk prediction model for the assessment of 
myocardial ınjury in elderly patients undergoing non-elec-
tive surgery. J Cardiovasc Dev Dis 2024;12:6.

18.	Perić VS, Golubović MD, Lazarević MV, Kostić TL, Stokanović 
DS, Đorđević MN, et al. Predictive potential of biomarkers 
and risk scores for major adverse cardiac events in elderly 
patients undergoing major elective vascular surgery. Rev 
Cardiovasc Med 2021;22:1053–62.

19.	Amado LA, Wijeysundera DN. Cardiac assessment and 
management in older surgical patients. Int Anesthesiol Clin 
2023;61:1–7.

20.	Xi S, Wang B, Su Y, Lu Y, Gao L. Predicting perioperative 
myocardial injury/infarction after noncardiac surgery in 
patients under surgical and medical co-management: a 
prospective cohort study. BMC Geriatr 2024;24:540.

21.	Cohn SL. 2024 ACC/AHA guideline on perioperative cardio-
vascular management before noncardiac surgery: what’s 
new? Cleve Clin J Med 2025;92:213–9. 

22.	Fayed N, Elkhadry SW, Garling A, Ellerkmann RK. External 
validation of the revised cardiac risk ındex and the geriat-
ric-sensitive perioperative cardiac risk ındex in oldest old 
patients following surgery under spinal anaesthesia; a ret-
rospective cross-sectional cohort study. Clin Interv Aging 
2023;18:737–53.

23.	Kumar M, Wilkinson K, Li YH, Masih R, Gandhi M, Saadat 
H, et al. Association of a novel electronic form for preop-
erative cardiac risk assessment with reduction in cardiac 
consultations and testing: retrospective cohort study. JMIR 
Perioper Med 2024;7:e63076.

24.	Kwun JS, Ahn HB, Kang SH, Yoo S, Kim S, Song W, et al. De-
veloping a machine learning model for predicting 30-day 
major adverse cardiac and cerebrovascular events in pa-
tients undergoing noncardiac surgery: retrospective study. 
J Med Internet Res 2025;27:e66366.



253

EAMR 2025 Reviewer List

EAMR 2025 Reviewer List

Adil Turan
Ahmet Alperen Öztürk
Akif Bayyiğit
Ali Safa Balcı
Ali Sarıdaş
Ali Teoman Evren
Ali Yüce
Alpaslan Şahin
Alper Ötünçtemur
Alper Yavuz
Aslı Genç
Aybüke Bacanlı
Bahadır Balkanlı
Bahadır Ermeç
Bedriye Cansu Koyunoğlu
Bekir Eray Kılınç
Berna Basarir
Buğu Usanma Koban
Bülent Karslıoğlu
Burak Çiftçi
Burcu Özcan
Canan Satır Özel
Caner Şahin
Cansel Atinkaya
celal Alandağ
Celil Uğurlu
Çile Aktan
Demet Alaygut
Demet Güneş
Demet Tekdöş Demircioğlu
Deniz Tazeoğlu
Derya Bayram
Didem Cankaya

Dilşad Sindel
Elmas Pınar Kahraman
Enes Efe İş
Enver İpek
Eren Güzeloğlu
Esra Ensari
Esra Nagehan Akyol Önder
Eylem Tarakçı
Eyyüp Danış
Ezel Erşen
Ezgi Hacıhasanoğlu
Ferhat Güler
Gevher Rabia Genç Perdecioğlu
Gizem Köse
Gökay Eken
Gökhan Güven
Gözde Çelik
Gülçin Şimşek
Handan Güleç
Hasan May
Hasan Ulaş
Hatice Demirdağ
Haydar Gök
İbrahim Acır
İbrahim Kaya
İsa Yıldız
İsmail Tüter
Kerem Erkalp
Koray Görkem Sacinti
Mehmet Akça
Mehmet Ali Talmaç
Mehmet Ali Tokgöz
Mehmet Fatih Karakuş

Mehmet Fatih Özkaya
Mehmet Gokhan Culha
Mehmet Hamdi Şahan
Merve Aldıkaçtıoğlu Talmaç
Merve Boyraz
Metin Uzman
Müge Nural Pamukçu
Muhammed Furkan Tosun
Muhammed Şakir Calta
Münevver İrem Kök Yılmaz
Münire Babayiğit
Murat Ayhan
Murat Çakar
Mustafa Caner Okkaoğlu
Mustafa Erkoç
Nadiye Barış Erem
Nazlı Batar
Necla Dereli
Necmi Cam
Neşe İşcan Ayyıldız
Nevin Hatipoğlu
Nevra Dursun Kepkep
Nilgün Mesci
Niyazi İğde
Nur Soyer
Nuriye Pekcan
Öner Bozan
Orhan Şahin
Osman Köstek
Özcan Kaya
Özge Demir
Özge Keniş Coşkun
Özgecan Gündoğar

Özgür Çakır Kaya

Özgür Katrancıoğlu

Özgür Özdemir

Özlem Polat

Rafet Eren

Rana Terlemez

Resul Çinpolat

Rodi Ertogrul

Rukiye Aslan

Saliha Büşra Aksu

Samet Erinç

Sami Sökücü

Sefa Giray Batıbay

Selim Sayın

Selma Uysal

Semra Tiryaki Demir

Serdar Kılınç

Serdar Sarıtaş

Şeref Emre Atiş

Şeref Kerem Çorbacıoğlu

Sevilay Kök

Suna Aşkın Turan

Tahsin Olgun Bayraktar

Ülkü Sabuncu

Utku Murat Kalafat

Yüksel Uğur Yaradılmış

Yunus İmren

Yusuf Altuntaş

Yusuf Berk Akbaş

Zubeyde Arat Akdoğan


