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Evaluation of Knowledge, Attitudes and Behaviors
Regarding Foot Care in Patients Diagnosed with Type 2
Diabetes Who Applied to A Family Health Center

Aile Sagligi Merkezine Basvuran Tip 2 Diyabet Tanisi Almis Hastalarin
Ayak Bakimi Hakkinda Bilgi, Tutum ve Davranislarinin Degerlendirilmesi

® Hasan Giirsel ULUSOY?, ® Hasan Hiiseyin KODAZ?,® Zeynep ASIK®

L Adana Yiiregir Afetevleri Family Health Center, Adana, Tiirkiye
2Adana Saricam Mustafalar Family Health Center, Adana, Tiirkiye
3Department of Family Medicine, University of Health Sciences Tiirkiye, Adana City Training and Research Hospital, Adana, Tiirkiye

Objective: Diabetic foot ulcers are one of the most common causes of non-traumatic lower extremity amputations. This complication can be
prevented by providing diabetes patients with the right information and attitude about foot health and by providing appropriate diagnosis,
treatment and follow-up. The aim of the study is to evaluate the foot health, knowledge, attitudes and behaviors of patients with type 2
diabetes mellitus (DM) who applied to a family health center regarding diabetic foot.

Material and Methods: The study was cross-sectional in nature and conducted with 382 type 2 DM patients. Participants are type 2 DM
patients who applied to the Adana Yiiregir Afetevleri Family Health Center for any reason. In the research, the participants were interviewed
face-to-face and the questions in the diabetes foot self-care behavior scale and the questions evaluating the participants’ socio-demographic
and clinical situations were answered.

Results: The average age of the participants was 60+11, 52.1% of the participants were women, and 69.1% of the participants had at most
primary school education. According to the diabetes foot self-care behavior scale in the study, the participants were 73.11% successful in
diabetic foot self-care. While young patients and women were more successful in diabetic foot self-care, patients who had diabetic foot
ulcers at some point in their lives were found to be less successful (p=0.004). Apart from this, no relationship was found between the type
of medication used, family characteristics, income status, presence of non-DM diseases, frequency of DM control and diabetic foot self-care.
Conclusion: Participants did not have the desired level of knowledge regarding diabetic foot self-care. This condition was negatively affecting
the diabetic foot self-care behavior. For this purpose, we think that blood sugar regulation can be achieved with appropriate treatments for
the individual, regular health checks and frequent patient education can be provided, and diabetic foot self-care can be increased.
Keywords: Type 2 diabetes, diabetic foot, self-care, family health center

ABSTRACT

Giris: Non-travmatik alt ekstremite amputasyonlarinin sik karsilasilan sebeplerinin basinda diyabetik ayak ulserleri gelmektedir. Diyabetli
hastalarin ayak sagligr konusundaki dogru bilgi ve tutumu; buna bagli olarak uygun tani,tedavi ve takibin saglanmasi ile bu komplikasyonun
onuline gegilebilir. Arastirmanin amaci bir aile sagligi merkezine basvuran tip 2 diabetes mellituslu (DM) hastalarin ayak sagligini, diyabetik
ayak konusundaki bilgi, tutum ve davranislarini degerlendirmektir.

Gereg ve Yontemler: Arastirma kesitsel nitelikte olup 382 tip 2 DM'li hasta ile yliritllmustir. Katilimcilar Adana Yuregir Afetevleri Aile Sagligi
Merkezi 01.01.2025-30.04.2025 tarihleri arasinda herhangi bir sebeple basvurmus olan tip 2 DM hastalaridir. Arastirmada katilimcilarla
yliz yiize gorusulmis, diyabetik ayakta 6z bakim davranisi 6lcedindeki sorular ile katilimcilarin sosyo-demografik ve klinik durumlarini
degerlendiren sorular cevaplanmistir.

Bulgular: Katilimcilarin ortalama yasi 60£11 idi, %52,1 katilimci kadindi, %69,1 katilimci en fazla ilkokula gitmisti. Arastirmada diyabetik
ayakta 6z bakim davranisi dlgedine gore katilimcilar diyabetik ayak 6z bakiminda %73,11 oraninda basariliydilar. Geng hastalar ve kadinlar
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diyabetik ayak 6z bakiminda daha basariliyken kendisinde yasaminin bir doneminde diyabetik ayak yarasi olan hastalar daha basarisiz
bulundular (p=0,004). Bunun disinda kullanilan ilag tlrd, aile 6zellikleri,gelir durumu, DM disi hastalik varligi, DM kontrol sikligr ile diyabetik

ayak 6z bakimi arasinda iliski bulunamadi.

Sonug: Diyabetik ayak 6z bakimi konusunda katilimcilar istenilen seviyede bilgili degillerdi. Bu durum diabetik ayak 6z bakim davranisini
olumsuz etkilemekteydi.Bu amagla kisiye uygun tedavilerle kan sekeri regiilasyonunu saglanmasi,diizenli saglik kontrolleri ve sik tekrarlayan
hasta egitimleri yapilabilir, diyabetik ayak 6z bakiminin artirilmasi saglanabilir distincesindeyiz.

Anahtar Kelimeler: Tip 2 diyabet, diyabetik ayak, 6z-bakim, aile sagligi merkezi

INTRODUCTION

According to World Health Organization data, at least 43
million people worldwide died from non-communicable
diseases in 2021. At least two million of these deaths were
attributed to diabetes-related causes (1).

Diabetes mellitus (DM) constitutes a significant public health
challenge due to its prevalence, associated complications,
and the burden of comorbid diseases. The prevalence of
DM is rising rapidly; according to the International Diabetes
Federation there were 463 million people living with diabetes
in 2019, a figure projected to reach 700 million by 2045 (2).
This increase is particularly pronounced in low-to-middle-
income countries. A similar upward trend observed in
Turkiye reinforces the necessity for preventive education and
monitoring in primary care settings (2-4).

Peripheral vascular disease and DM-related wounds are the
leading causes of non-traumatic lower-extremity amputations.
However, achieving glycemic control in the early stages and
providing patients with appropriate diabetes education may
help reduce the incidence of diabetic foot cases (5).

Family health centers are the healthcare facilities most
accessible to patients,where they can receive medical care for
all health concerns (6). Therefore, it is of vital importance to
perform standardized foot examinations for diabetic patients
in family medicine practices and to inform patients about
foot care (7). Screening appropriate patients with DM wounds
at family health centers can help many patients receive an
early diagnosis.

This study aims to evaluate foot health and the knowledge,
attitudes, and behaviors regarding diabetic foot care among
patients with type 2 DM presenting to a family health center.

MATERIALS and METHODS

This cross-sectional study was conducted with 382 patients
diagnosed with type 2 DM. The sample size was calculated
to be 384, assuming a 50% prevalence of adequate foot care,
a 5% margin of error,and a 95% confidence level; 99.45% of
the targeted sample size was reached.

Participants were patients with type 2 DM who presented to
Adana Yuregir Afetevleri Family Health Center for any reason
between January 1,2025,and April 30,2025. Inclusion criteria
were: A known diagnosis of type 2 DM; presentation to the
specified family health center within the designated dates;
age 18 years or older; and provision of written and verbal

informed consent to participate in the study. Individuals who
did not meet one or more of these criteria were excluded.
Data were collected through face-to-face interviews, during
which participants completed the diabetes foot self-care
behavior scale (DFSBS) along with a questionnaire regarding
their socio-demographic and clinical characteristics. The
DFSBS was developed by Chin and Huang (8); it is a 5-point
Likert-type scale consisting of seven items across two
subdimensions. Total scores range from 7 to 35; higher scores
indicate better self-care behaviors. The Turkish adaptation
and psychometric evaluation of the scale were performed by
Bakir and Samancioglu Baglama (9). Permission to use the
scale was obtained by email from the authors of the Turkish
validity and reliability study. The items of the DFSBS are as
follows:

1.1 examine the soles of my feet.

2.1 examine the interdigital spaces of my toes.

3.1 wash between my toes.

4.1 dry between my toes after washing.

5.1f my skin is dry, | apply a moisturizing lotion to my feet.

6. Before putting on my shoes, | check the inside of each shoe.
7.1 gradually break in new shoes.

Ethical approval for the research was obtained from the
University of Health Sciences Turkiye, Adana City Training
and Research Hospital Scientific Research Ethics Committee,
dated December 5, 2024, with protocol/approval number 254.
Verbal and written informed consent was obtained from all
patients.

Statistical Analysis

IBM SPSS Statistics version 30.0 was used for data analysis.
Statistical significance was set at p<0.05. Descriptive statistics
were expressed as frequency, percentage, mean, median,
standard deviation,minimum, maximum,and range. Normality
of the data distribution was assessed using the Kolmogorov-
Smirnov test. Categorical variables were evaluated using chi-
square and Fisher’s exact tests, while numerical variables
were analyzed using the Mann-Whitney U test.

RESULTS

In our study, participants ranged in age from 22 to 92 years,
with a mean age of 60%11 years; 52.1% (n=199) were female
and 47.9% (n=183) were male. Educational attainment was
generally low, with primary school graduates and those
with no formal schooling accounting for 69.1% (n=264) of



J Eur Med Sci 2026;7:1-8
Ulusoy et al. Approach to Diabetic Foot

the population. For 94.5% of the participants, income was
less than or equal to their expenditures. Regarding living
arrangements, 88.5% lived with their families, while 11.5%
lived alone.

Participants reported attending physician examinations for
diabetes-related reasons once every 53 months on average,
with a range of 1 to 12 months.

The duration of type 2 DM ranged from 1 to 40 years. Obesity
was prevalent among the evaluated individuals, with a mean
body mass index of 30.40+4.84.

Selected diabetes-related data of the participants are
presented in Table 1.

The status of regular antidiabetic medication use among
participants was compared across gender, age, and presence
of DM wounds. The results are shown in Table 2.
Participants’ total scores from the scale ranged from a
minimum of 7 to a maximum of 35, with a mean score of
25.59%6.2 and an overall success rate of 73.11%. The
distribution, mean, and standard deviation of responses to
individual items are presented in Table 3.

The Cronbach’s alpha for the “DFSBS” was 0.758. As shown
in Table 3, participants most frequently performed “washing
between the toes”, while the least frequently performed

Table 1. Selected DM data of the participants

Frequency | Percent

Presence of chronic No 135 35.3%
diseases other than
DM Yes 247 64.7%

OAD only 303 79.3%

Insulin only 42 11.0%
DM drug use

No

medication 6 1.6%

used

OAD and 31 8.1%

insulin

Doesn’t use it 44 11.5%
Regular use of DM regularly
medication i

Uses it 338 88.5%

regularly
Dietary adjustments | No 92 24.1%
due to DM Yes 290 75.9%
Has anyone in your No 297 77.7%
family/close circle o
had DM wounds? Yes 85 22.3%
History of diabetic No 344 90.1%
foot amputation in
family/close social Yes 38 9.9%
circle
Presence of DM No 359 94.0%
wounds Yes 23 6.0%
Current active DM No 364 95.3%
wound? Yes 18 4.7%
DM: Diabetes mellitus, OAD: Oral antidiabetic drugs

behavior in the case of dry skin was “applying moisturizing
lotion to the feet”.

Regarding smoking habits, 100 participants (26.17%) were
smokers, while 282 participants (73.82%) were non-smokers.
No statistically significant relationship was found between
smoking status and foot care scores (p=0.323).

Furthermore, no statistically significant correlation was
observed between time since diabetes diagnosis and foot
care scores in diabetic patients (p=0.092).

Among diabetic patients, female participants scored higher
than male participants on foot inspection scores,and younger
participants scored higher than older participants. However,
the result is not statistically significant. The distribution is
presented in Table 4.

Having an individual with a DM wound in the person’s
family or social circle, or having a history of diabetes-related
amputation in the family or social circle, was not associated
with foot care scores (p=0.995 and p=0.811, respectively).

In contrast, the results varied with respect to the presence of
a personal history of DM wounds. Participants who had never
experienced a DM wound in their lifetime scored a total of
25.79%6.08, while those with a history of DM wounds (n=23,
6.02%) scored a total of 22.3+7.18. The relationship between
these groups, shown in Table 5, was statistically significant
(p=0.020). Additionally, the distribution of the participants’
scores is provided in Table 5.

At the time of the study, 18 participants (4.71%) had active
DM wounds. These individuals scored a total of 20.77%7.20,
whereas those without an active DM wound scored a total
of 25.82+6.05 (p=0.004). The score distribution of the
participants is shown in Table 6.

The high prevalence of active diabetic wounds (4.71%) and
lifetime history of diabetic wounds (6.02%) are noteworthy.
These rates indicate that DM wounds constitute a serious
public health problem.

When participants were categorized into three groups based
on income (income less than expenses, equal to expenses,
and greater than expenses), no statistically significant
relationship was found between income status and diabetic
foot care scores (p=0.727).

Similarly,when family type was categorized as nuclear family,
extended family, or living alone, there was no statistically
significant relationship between family type and diabetic foot
care scores (p=0.187).

Participants were also divided into three groups based
on the medications used for type 2 DM: Those using oral
antidiabetics only, those using insulin only,and those using a
combination of oral antidiabetics and insulin. No statistically
significant relationship was observed between the type of
medication used and diabetic foot care scores (p=0.246).
Various socio-demographic characteristics of the participants
were compared with their foot care scores. Foot care scores
were higher among participants with higher education
levels, those who used their medications regularly, those
who adhered to a diabetic diet, and those who underwent
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Table 2. Evaluation of regular antidiabetic medication adherence among participants

Does the patient take their diabetes medication
regularly?
Variable Category No Yes p*
Male 21 (11.5%) 162 (88.5%)
Gender 1.000
Female 23 (11.6%) 176 (88.4%)
<65 22 (11.2%) 174 (88.8%)
Age 0.981
265 22 (11.8%) 164 (88.2%)
Yes 10 (43.5%) 13 (56.5%)
Presence of DM wound 0.004
No 34 (9.5%) 325 (90.5%)

*: Fisher’s exact test, DM: Diabetes mellitus

Table 3. Distribution of scores and items of the diabetes foot self-care behavior scale

Scale questions Mean Standard deviation
1.1 inspect the bottoms of my feet. 3.94 1.30
2.l inspect between my toes. 4.02 1.22
3.1 wash between my toes. 4.26 1.09
4.1 dry between my toes after washing. 3.86 1.41
5. 1f my skin is dry, | apply moisturizing lotion to my feet. 2.86 1.61
6. Before putting on my shoes, | check the inside of my shoes. 3.28 1.51
7.1 break in new shoes gradually. 3.35 1.45

Table 4. Comparison of total foot scale scores by gender and age

Variable Category Minimum score Maximum score | Mean * standard deviation | p*
Female 7 35 26.23%6.38

Gender 0.011
Male 10 35 24.895.92
<65 35 25.67%6.10

Age 0.791
265 7 35 25.44%6.37

*: Mann Whitney U test

4

regular health check-ups for DM. The median and p-values
are presented in Table 7.

DISCUSSION

In our study, participants demonstrated a 73.11% success
rate on the DFSBS. Although this rate may appear high, it
remains below expectations, considering that all participants
were patients with type 2 DM receiving active treatment and
attending regular medical follow-ups.

The study included 382 patients with type 2 DM, of whom
18 (4.71%) had active DM wounds. Additionally, five patients
had a history of resolved diabetic foot lesions. Globally,
18.6 million people are affected by DM wounds annually,
and approximately 20% of these cases result in amputation
(10). It is crucial for healthcare professionals to maintain
awareness of DM wounds; patients with DM should undergo
a foot examination by a physician or podiatrist at least once
a year (11). In this study, participants reported attending
diabetes-related health check-ups at an average interval of
five months (range, 1-12 months). Regular foot examinations

at every visit, regardless of follow-up frequency, could help
minimize gaps in care.

According to our research results, the rate of regular
antidiabetic medication use among participants was 88.5%.
This result was based on the participants’ self-reports. While
this indicates a positive outlook, it should be noted that self-
report scales may overestimate adherence due to recall and
social desirability biases (12,13).

While no significant differences were found between
genders or among age groups regarding regular use of DM
medications, adherence was significantly lower in those with
active DM wounds (p=0.004). This finding is consistent with
studies showing no significant gender-based differences
in medication adherence and research reporting a weak
or insignificant relationship between age and adherence
(14,15). Furthermore, it aligns with literature indicating that
treatment non-adherence and irregular medication use in
patients with DM wounds or infections can delay healing
(16,17).

In our study, when the distribution of total scale scores was
examined according to various participant characteristics, no
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Table 5. Analysis of diabetes foot self-care behavior scale scores between participants with and without a history of DM

wounds

Those who have never had DM wounds N Mean** Std. deviation** p*
Item 1 359 3.98 1.29

Item 2 359 4.05 1.21

Item 3 359 4.29 1.07

ltem 4 359 3.89 141

Item 5 359 2.89 1.62 0.020
Iltem 6 359 3.30 1.52

Item 7 359 3.37 1.46

Total 359 25.79 6.08

:’:;:Tiyet;o have had DM wounds at some point in N Mean** Std. deviation**

Item 1 23 3.26 1.35

Item 2 23 3.60 1.33

Item 3 23 373 1.28

ltem 4 23 3.39 1.37

Item 5 23 243 1.30

Item 6 23 2.86 1.32

Item 7 23 3.00 1.31

Total 23 22.30 7.18

*: The mean total scores obtained from the diabetic foot self-care behavior scale were compared between participants who had and did not
have diabetes mellitus (DM) wounds at some point in their lives. The Mann-Whitney U test was used, **: Data were divided into two groups
using the split-file method: Those who had experienced DM wounds at some point in their lives and those who did not. The scores obtained by
the participants from the diabetic foot self-care behavior scale were calculated as mean #* standard deviation

significant differences were found based on smoking status,
family or social DM-related wounds or amputation,or duration
since diagnosis. In contrast, scale scores were significantly
lower among individuals with active or prior DM wounds.
This decline in scale scores likely reflects inadequacies in
foot-care-related knowledge and self-care behaviors, or
psychosocial factors such as concomitant burnout. Current
guidelines recommend an integrative prevention approach
for individuals at risk of ulceration, comprising structured
education, appropriate footwear, and professional foot
care; it has been shown that isolated, limited educational
interventions do not always reduce hard clinical outcomes
(18-21). Conversely, according to the findings of the team in
Taiwan that developed the diabetic foot care scale, patients
who had experienced a DM wound at some point in their
lives scored higher than those who had never had one (8). It is
estimated that patients with a history of DM-related wounds
in that sample group gained access to the aforementioned
integrative prevention approach.

Furthermore, a systematic review of 11 studies on DM
wounds reports that short-term foot care education alone
positively influences patient knowledge and behaviors in the
short term but is ineffective in preventing DM wounds (20).
However, it has been reported that structured, integrated, and

repetitive education, achieving glycemic control, and regular
patient follow-up can prevent diabetic foot pathologies (20).
These results are consistent with our findings.

As in our research, the study by Bakir and Samancioglu
Baglama (9) found that the item with the most correct
responses was ‘| wash between my toes”, while the item with
the most incorrect responses was “If my skin is dry, | apply
moisturizing lotion to my feet” The high rate of washing
between the toes observed in both studies is estimated to
be attributable to socially accepted hygiene standards and
the participants’ religious beliefs. Additionally, providing
education on all foot self-care behaviors, especially for those
in high-risk groups, may help increase these rates.

In our study, the rate of inspection of the soles of the feet was
slightly higher among women and younger participants. This
is consistent with findings in the literature reporting that
plantar inspection is somewhat more frequent in women and
that the relationship with age is weak/unstable, while the
relationship with DM duration remains inconsistent (21,22).
Our DM wound prevalence is close to the global prevalence
(23), and due to the high lifetime risk (19-34%) emphasized
by the International Working Group on the Diabetic Foot,
primary prevention and early risk screening must remain
clinical priorities (18).

5
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Table 6. Analysis of diabetes foot self-care behavior scale scores between participants with and without active DM wounds

Those without existing DM wounds N Mean** Std. deviation®* p*

Item 1 364 3.98 1.29

Item 2 364 4.06 1.21

Item 3 364 4.30 1.07

Iltem 4 364 3.90 1.41

Item 5 364 2.87 1.63

Iltem 6 364 3.31 1.52

Iltem 7 364 3.37 1.46

Total 364 25.82 6.05
Those with existing DM wounds N Mean** Std. deviation** 0.004

Item 1 18 3.11 1.36

Item 2 18 3.22 1.30

Iltem 3 18 3.44 1.29

Iltem 4 18 3.00 1.28

Item 5 18 2.55 1.24

Iltem 6 18 2.55 1.14

Item 7 18 2.88 1.32

Total 18 20.77 7.20
*: The mean total scores obtained from the diabetic foot self-care behavior scale were compared between participants who currently had
diabetes mellitus (DM) wounds and those who did not. The Mann-Whitney U test was used, **: Data were divided into two groups using the
split-file method: Those with and without existing DM wounds. The average scores obtained by the participants from the diabetic foot self-
care behavior scale were calculated separately and as a total

Table 7. Comparison of median total diabetes foot self-care behavior scale scores according to selected socio-demographic

and clinical characteristics

Variable Median p*
. Primary school and below 26
Education - 0.054
Middle school and above 28
Employed 27
Employment status 0.239
Unemployed 27
Presence of chronic diseases other Yes 27
0.491
than DM No 27
. o Use regularly 27
Using DM medication regularly 0.053
Doesn’t use regularly 26
. . . Regular nutrition 27
Making dietary adjustments — 0.006
Not regular nutrition 25.5
The patient goes for regular diabetes 27
checkups.
DM control frequency - 0.015
The patient does not go for regular 25
diabetes check-ups.
*: Mann-Whitney U test, DM: Diabetes mellitus
Study Limitations CONCLUSION
The limitations of this study include its single-center design,
its sample size of 382,and its cross-sectional nature. A single- Several factors influencing diabetic foot self-care were
center design limits generalizability; self-reported data may identified in this study. Rates of diabetic foot self-care
be subject to social desirability bias; a cross-sectional design behaviors were higher among younger patients, patients
precludes causal inference. The results cannot be generalized with higher education levels, female patients, and patients
to the entire population; therefore, further studies are needed with better medication adherence and dietary compliance.

to draw broader conclusions on this subject.

6
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Furthermore, patients with a history of DM wounds had
significantly lower rates of self-care behaviors.

To reduce diabetic foot complications, we believe increasing
the frequency of health check-ups would be beneficial,
particularly for high-risk diabetic patients—specifically those
who are of advanced age, have lower education levels, poor
dietary compliance, and/or medication adherence issues.
Additionally, it may be beneficial for physicians to perform
a foot examination at least once a year for every diabetic
patient who presents to family health centers,and to provide
education on diabetic foot self-care behaviors at every visit.
In addition, patients with a history of DM wounds and poor
medication adherence may be evaluated more frequently.
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Evaluation of Nutritional Status and Associated Factors
in Patients Receiving Nutritional Support in Home Health
Care Units

Evde Saglik Biriminde Niitrisyon Destegi Alan Hastalarin Niitrisyonel
Durum ve Iliskili Faktorlerinin Degerlendirilmesi

® Taha Enes KILLI,® Merthan TUNAY,® Canan Goker CICEK

Department of Family Medicine, University of Health Sciences Tiirkiye, Adana City Training and Research Hospital, Adana, Tiirkiye

Objective: To identify the socio-demographic characteristics, clinical parameters, and factors influencing the nutritional status of patients
receiving nutritional support under the supervision of a home health care unit.

Material and Methods: A retrospective cross-sectional study was conducted among patients followed by the Home Health Care Unit of
University of Health Sciences Tirkiye, Adana City Training and Research Hospital, in 2022. Demographic data, mini nutritional assessment
(MNA) scores, Braden scale results, and clinical and laboratory findings were recorded. Normality was evaluated using skewness and
kurtosis coefficients. Statistical analyses included parametric and non-parametric tests, correlation analyses,and multiple linear regression.
Statistical significance was defined as p<0.05.

Results: A total of 189 patients were included; 60.9% were female, with a mean age of 71.32%22.37 years. Hypertension was the most
prevalent comorbidity (56.1%), followed by dementia/depression (54.5%). The mean MNA score was 13.9%4.12,and 91.5% of patients were
orally fed. A statistically significant positive correlation was observed between triglyceride levels and MNA score (r=0.20, p=0.012). Female
patients exhibited significantly higher MNA scores than male patients (p=0.019). No significant correlation was identified between MNA
score and caloric intake or between MNA score and other biochemical parameters.

Conclusion: Among patients receiving nutritional support under the supervision of a home health care unit, psychological disturbances,
nasogastric tube feeding, and fall risk were associated with malnutrition. The observed positive correlation between triglyceride levels and
MNA score indicates that lipid metabolism may serve as a marker of nutritional status in this population. Regular monitoring of nutritional
status by family physicians and home health care units is recommended.

Keywords: Malnutrition, nutritional support, home care services

ABSTRACT

Giris: Bu calismada, evde saglik birimi tarafindan takip edilen ve niitrisyon destedi alan hastalarin sosyo-demografik ozellikleri, klinik
parametreleri ve nutrisyonla durumlarini etkileyen faktorlerin belirlenmesi amaglanmistir.

Gereg ve Yontemler: Calisma, Saglik Bilimleri Universitesi, Adana Sehir Egitim ve Arastirma Hastanesi Evde Saglik Birimi tarafindan 2022
yilinda takip edilen hastalar uzerinde retrospektif ve kesitsel tasarimda gerceklestirilmistir. Hastalarin demografik verileri, mini nitrisyon
degerlendirmesi (MNA) skoru, Braden skalasi, klinik ve laboratuvar bulgulari kayit altina alinmistir. Verilerin istatistiksel analizinde normallik
degerlendirmesi carpiklik-basiklik katsayilariyla yapilmis; parametrik ve parametrik olmayan testler, korelasyon analizleri ve ¢coklu dogrusal
regresyon analizi kullanilmistir. Istatistiksel anlamlilik siniri p<0,05 olarak belirlenmistir.

Bulgular: Calismaya 189 hasta dahil edilmis olup hastalarin %60,9'u kadin, yas ortalamasi 71,32%22,37 yildir. En sik gozlenen komorbidite
hipertansiyon (%56,1) olurken, bunu demans/depresyon (%54,5) izlemistir. Hastalarin ortalama MNA skoru 13,9+4,12 olarak saptanmis
olup hastalarin %91,5’i oral yolla beslenmekteydi. Trigliserid dlzeyi ile MNA skoru arasinda anlamli pozitif korelasyon saptanmistir (r=0,20,
p=0,012). Kadin hastalarin MNA skoru erkeklere gore anlamli duzeyde yuksek bulunmustur (p=0,019). Kalori alimi ve diger biyokimyasal
parametreler ile MNA skoru arasinda anlamli bir iliski saptanmamistir.
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Sonug: Evde saglik birimi tarafindan takip edilen niitrisyon destedi alan hastalarda psikolojik bozukluk, nazogastrik tiip ile beslenme ve
dusme riski varliginin malnutrisyon ile iliskili oldugu saptanmistir. Trigliserid diizeyinin MNA skoru ile pozitif korelasyon gostermesi,bu hasta
grubunda lipid metabolizmasinin nitrisyonla durumun bir yansimasi olabilecegine isaret etmektedir. Evde bakim hastalarinin nitrisyonla
durumlarinin aile hekimi ve evde saglik birimi tarafindan duzenli olarak izlenmesi ve gerektiginde mudahale edilmesi 6nerilmektedir.
Anahtar Kelimeler: Malnitrisyon, niitrisyon destegi, evde saglik hizmetleri

INTRODUCTION

MATERIALS and METHODS

Malnutrition is a clinical syndrome characterized by impaired
body composition, decline in physical and mental functions,
and increased morbidity and mortality due to inadequate or
unbalanced nutrition as well as increased catabolic processes
(1). Elderly individuals, those with chronic diseases, those
with immobility problems, and patients requiring high levels
of care are at high risk for malnutrition (2,3).

According to data from many studies, malnutrition is detected
in approximately 30-50% of hospitalized adults worldwide,
and this rate is even higher in patients receiving home care
services (4,5). Malnutrition prolongs hospital stays, increases
the risk of infection, delays wound healing, and significantly
reduces overall quality of life (2-5).

In Tirkiye, nutritional products constitute a significant portion
of total drug expenditures (6). Nutritional supplements
are among the most frequently prescribed medications by
number of boxes, and these products are quite expensive (6).
To use health resources effectively and in a balanced manner,
family physicians and home health care units should exercise
caution and selectivity when prescribing nutritional support.
To prevent unnecessary or inadequate use of nutritional
support, it is crucial to evaluate patients’ nutritional status
using accurate, objective methods. In primary care settings,
lifestyle interventions led by family physicians have been
shown to improve nutritional status and health outcomes in
individuals (7).

Home health care units are an important health service model
that provide care for patients who need follow-up care in their
homes due to chronic diseases, advanced age, immobility,
or cognitive impairment. In this patient population, the
risk of malnutrition is elevated by several factors, including
dysphagia, decreased appetite, polypharmacy, depression,
dementia, immobility, and social isolation (8). However,
retrospective or prospective studies that systematically
evaluate nutritional status and that identify the demographic
and clinical characteristics of patients receiving home health
care and nutritional support in our country are limited.
In the literature, the prevalence of malnutrition or risk of
malnutrition in home care patients ranges from 20-70%, and
low levels of hemoglobin, iron, vitamin B12, and folate are
frequently observed (9,10).

In this study, we aimed to evaluate, using the mini nutritional
assessment (MNA) score, the nutritional status of patients
receiving nutritional support from a home health care unit
and to identify the demographic, clinical, and laboratory
factors associated with malnutrition in this population.

This study was designed as a retrospective cross-sectional
study. The study was initiated after receiving ethical approval
from the Ethics Committee of University of Health Sciences
Turkiye, Adana City Training and Research Hospital (decision
number: 2365, dated: 12.01.2023). The study population
consisted of 343 patients who were followed up by the
Home Health Care Unit of University of Health Sciences
Turkiye, Adana City Training and Research Hospital and who
received nutritional support in 2022. Informed consent
was not required because the study used only aggregated
institutional data and did not involve direct patient contact
or identifiable information. The sample size was calculated
to be 181 using the Epi-Info statistical program, with a 95%
confidence interval, a 5% margin of error, and 80% power.
However, after considering data integrity and accessibility,
189 patients were included in the study. There were no age
or gender restrictions.

Inclusion Criteria

e Patients followed up by the Home Health Care Unit of
University of Health Sciences Turkiye,Adana City Training and
Research Hospital in 2022,

e Patients who had been receiving nutritional support (oral,
enteral, or parenteral) for at least one month.

Exclusion Criteria

e Patients followed up outside of 2022,

e Patients with missing or inaccessible records in the data
form.

Demographic characteristics (age, gender, marital status,
education level), comorbidities (hypertension, diabetes,
dementia, etc.), feeding method [oral, nasogastric (NG) tube,
a percutaneous endoscopic gastrostomy (PEG), parenteral],
MNA score, Braden score (bedsore risk assessment),
anthropometric measurements (height, weight, body mass
index), and laboratory parameters (hemogram, biochemistry,
lipid profile, etc.) were recorded by the researcher from the
patients’ files using a standard data collection form.

The MNA scale (11), used to evaluate the nutritional status
of patients, is a valid and reliable screening tool consisting
of 18 questions and evaluated out of a total of 30 points,
and a short form is also available (<17 points — Malnutrition,
17-23.5 points — Risk of malnutrition, 224 points — Normal
nutritional status).

The risk of developing bedsores (pressure ulcers) was
assessed using the Braden score. The Braden score is a risk
assessment tool with high validity and reliability, developed



J Eur Med Sci 2026;7:9-15
Killi et al. Nutritional Status in Home Health Care

by Bergstrom et al. (12). The Turkish validity and reliability of
the Braden scale was established by Pinar and Oguz (13),and
it has been widely used in Turkish clinical settings since then.
The score consists of 6 sub-parameters. Each parameter is
evaluated on a scale of 1 to 4 points. The total score ranges
from 6 to 23 (<18 points — Risk of bedsores, €16 points —
Moderate-high risk,<12 points — Very high risk).

Statistical Analysis

Statistical analysis of the data was performed using SPSS
23.0 (Statistical Package for the Social Sciences). Continuous
variables are presented as mean # standard deviation or
median (minimum-maximum), and categorical variables are
presented as numbers (percentages). The Student’s t-test,
Mann-Whitney U test, chi-square test, and Fisher’s exact
test were used for intergroup comparisons. Pearson or
Spearman correlation tests were used to assess correlations,
and multiple linear regression was applied to determine the
effects of independent variables on the MNA score. Statistical
significance was set at p<0.05. Because some laboratory
parameters and assessment scores were unavailable for
some patients due to the retrospective nature of the study,
analyses were performed using the available data for each

variable. The number of patients included in each analysis is
specified in the relevant tables.

RESULTS

In this study, 189 patients who were followed by the home
health care unit and who received nutritional support were
evaluated. 60.8% (n=115) of the patients were female, and
39.2% (n=74) were male, with an average age of 71.32£22.37
years (Table 1). The majority of patients (91.5%) were fed
orally, while the remainder were fed via a NG tube or via a
PEG tube.

When the distribution of comorbidities among patients was
examined, hypertension was the most frequent comorbidity
(56.1%).This was followed by dementia or depression (54.5%),
musculoskeletal diseases (42.3%), coronary artery disease
(39.2%), diabetes mellitus (37%), and cerebrovascular events
(36%). When the patients’ biochemical and hematological
parameters were examined, the mean hemoglobin level was
11.8+2.1 g/dL, and the mean albumin level was 3.6*0.6 g/dL.
Prealbumin level was 18.4%7.2 mg/dL, and C-reactive protein,
an indicator of inflammation, was found to be 12.6+18.4 mg/L
on average.

Table 1. Clinical characteristics of the participants

Characteristics n %
Psychological status

Normal 18 9.5
Apathetic 97 51.3
Sad 52 27.5
Anxious/tense 22 11.6
Feeding route

Self-feeding 173 91.5
Fully dependent (nasogastric tube) 12 6.3
Fully dependent (PEG) 4 2.2
Edema

Absent 159 84.1
Present 30 15.9
Fall risk 164 86.8
Pressure ulcer 29 15.3
Level of nutritional support

Balanced 127 67.2
High energy 62 32.8
Special nutritional formula

Diabetes-specific 38 20.1
Severe metabolic stress 11 5.8
Parameter n Minimum Maximum Mean SD
MNA score 169 3 25 13.9 4.12
Braden scale 153 6 22 15.78 3.2
MNA: Mini nutritional assessment, SD: Standard deviation, PEG: Percutaneous endoscopic gastrostomy
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When metabolic parameters were evaluated,the mean glucose
level was 118.5£42.3 mg/dL, blood urea nitrogen (BUN) was
28.4%£14.7 mg/dL, and creatinine was 1.12#0.68 mg/dL. When
the lipid profile was examined, triglyceride (TG) levels were
148.7%£72.5 mg/dL, total cholesterol 168.4%45.2 mg/dL, and
LDL cholesterol 98.6+32.1 mg/dL. The mean white blood cell
count was found to be 7.8+3.1x103/uL. Overall, mild anemia
and moderate inflammation were observed in the patient
group,and the nutritional indicators albumin and prealbumin
were borderline (Table 2).

The nutritional status of the patients was assessed using the
mini nutrition assessment (MNA) score, with an average MNA
score of 13.9+4.12. Female patients had significantly higher
MNA scores than male patients. Significantly lower MNA

When the relationship between laboratory parameters
and nutritional status was evaluated, a significant positive
correlation was found between TG levels and the MNA score.
In contrast, no significant relationship was found between
calorie intake and other biochemical parameters, including
albumin,hemoglobin,BUN,and creatinine.The risk of pressure
ulcers was assessed using the Braden score, with an average
score of 15.78+3.2. Among patients, 15.3% had pressure
ulcers. Furthermore, psychological disorders, insomnia, and
nutritional dependency were observed more frequently in
patients with a high risk of malnutrition.

Multiple linear regression analysis revealed no statistically
significant independent predictors of MNA score among the
variables examined (Table 3).

scores were found in patients with restlessness or anxiety,
patients fed via NG tube, and patients at risk of falls.

Table 2. Distribution of biochemical and hematological parameters of the participants

Parameter n Mean % SD Median (min-max)
Hemoglobin (g/dL) 189 11.8+2.1 11.9 (7.2-16.4)
Albumin (g/dL) 178 3.6x0.6 3.7 (2.1-4.8)
Prealbumin (mg/dL) 112 18.4%7.2 17.5 (6.0-38.0)

CRP (mg/L) 165 12.6+18.4 6.5 (0.5-112.0)
Glucose (mg/dL) 189 118.5%42.3 106 (62-312)

BUN (mg/dL) 185 28.4£14.7 24.0 (8-92)
Creatinine (mg/dL) 185 1.12%0.68 0.95 (0.4-4.8)
Triglyceride (mg/dL) 172 148.7£72.5 132 (45-456)

Total cholesterol (mg/dL) 172 168.4%45.2 165 (78-298)

LDL cholesterol (mg/dL) 165 98.6%32.1 95 (32-198)

WBC (x103/uL) 189 7.8%+3.1 7.2 (3.1-19.4)

SD: Standard deviation, CRP: C-reactive protein, BUN: Blood urea nitrogen, LDL: Low-density lipoprotein, WBC: White blood cell

Table 3. Multiple linear regression analysis of factors associated with MNA score

Variable B SD 95% ClI p-value
Gender -0.753 0.713 -2.162 to 0.655 0.293
Hypertension 1.469 0.853 -0.215 to 3.155 0.087
Diabetes mellitus -0.501 0.849 -2.178 to 1.177 0.556
Chronic kidney disease -1.388 1.209 -3.776 to 0.999 0.253
Coronary artery disease -0.188 0.700 -1.571 t0 1.194 0.788
Malignancy -0.754 1.398 -3.516 to 2.009 0.591
Cerebrovascular disease 0.484 0.661 -0.821 to 1.790 0.465
Chronic pulmonary disease -1.876 1.219 -4.284 to 0.533 0.126
Musculoskeletal disease -1.115 0.638 -2.376 to 0.146 0.083
Dementia/depression -1.256 0.655 -2.550 to0 0.037 0.057
Major surgery history -1.355 0.806 -2.948 t0 0.238 0.095
Smoking 1.391 0.949 -0.483 to 3.265 0.145
Alcohol 1.145 1.763 -2.338 t0 4.628 0.517
B: Unstandardized regression coefficient, SD: Standard deviation, Cl: Confidence interval, MNA: Mini nutritional assessment
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DISCUSSION

In this study, the majority of patients receiving nutritional
support from a home health care unit were female (60.9%),
with a mean age of 71.32%22.37 years. This demographic
profile is consistent with the literature, as several studies
have reported that women constitute the majority of home
care service users,which may be attributed to women'’s longer
life expectancy and the higher prevalence of functional
dependency in older female populations (14).

The most common comorbidity was hypertension (56.1%),
followed by dementia/depression (54.5%). This comorbidity
profile is in line with previous studies conducted in home care
settings, which have consistently identified hypertension and
neurocognitive disorders as the leading chronic conditions in
this population (15,16).

The high prevalence of dementia/depression in our cohort
is particularly noteworthy, as neurocognitive disorders
are known to impair eating behavior, reduce appetite, and
increase nutritional dependency, thereby elevating the risk of
malnutrition (17,18).

The mean MNA score of the patients was 13.9%4.12,
indicating that the majority of the study population was
either malnourished or at risk of malnutrition. This finding
is consistent with previous studies conducted in home care
settings, which have reported mean MNA scores ranging from
8.1 to 13.5 in similar patient populations (19-22).
Psychological status, feeding route, and fall risk were
significantly associated with MNA scores in our study. Patients
with anxious or restless psychological states had significantly
lower MNA scores than those with normal psychological
states (p<0.001). This is consistent with the well-established
relationship between depression, anxiety,and malnutrition in
elderly patients, as psychological disorders reduce appetite,
impair food intake, and lead to functional decline (17,18).
Patients fed via NG tube had significantly lower MNA scores
compared to orally fed patients (10.64+4.14 vs. 13.64%4.05;
p=0.009), reflecting the more severe clinical condition and
nutritional dependency of tube-fed patients (1). Similarly,
patients at risk of falls had significantly lower MNA scores
(13.05%3.95 vs.15.81%4.63; p=0.004), which is in line with the
known association between malnutrition, muscle weakness,
and fall risk in elderly populations (23,24).

Asignificant positive correlation was found between TG levels
and MNA score (r=0.20, p=0.012), which is one of the most
notable findings of this study. This suggests that patients
with better nutritional status tend to have higher TG levels,
reflecting adequate energy intake and lipid metabolism. In
malnourished individuals, reduced caloric intake leads to
decreased hepatic TG synthesis and impaired lipid transport,
resulting in lower circulating TG levels. Conversely, adequate
nutritional intake supports lipid metabolism and is reflected

in relatively higher TG levels (25,26).

In contrast, no significant correlations were found between
the MNA score and albumin,hemoglobin,or other biochemical
parameters. In current approaches, albumin levels are
accepted to reflect inflammation and disease severity
rather than nutritional status perse (27,28). Similarly, studies
conducted in geriatric populations have demonstrated that
clinical parameters, such as anemia, are associated with
patient outcomes (29).

The absence of a significant relationship between caloric
intake and MNA score is also noteworthy. This may be partly
attributable to the study’s retrospective design,in which caloric
intake data were derived from prescribed nutritional support
records rather than from actual consumption, potentially
leading to an overestimation of intake. Furthermore, the MNA
score encompasses multiple dimensions of nutritional status
beyond caloric intake,including mobility, psychological status,
and anthropometric measurements, which may explain why
caloric intake alone did not emerge as a significant predictor
in our analysis.

The Braden score-assessed risk of pressure ulcers and current
pressure ulcer rates indicate that a significant proportion
of patients are at high risk for immobility and dependence
on care. Malnutrition is known to be a significant risk factor
for pressure ulcer development, and the coexistence of
nutritional deficiencies and functional dependency further
increases this risk (30,31).

In our study, female patients had significantly higher MNA
scores than male patients. Although older women are
traditionally considered vulnerable to malnutrition due to
social and physiological factors, previous studies in frail
elderly individuals and home-care populations have reported
poorer nutritional status among men. This difference may be
explained by the higher burden of comorbid diseases, greater
functional dependency, and more advanced clinical frailty
frequently observed in male home care patients (21,32).

Study Limitations

This study has several limitations that should be considered
when interpreting the findings. First,the retrospective,single-
center design of the study limits the generalizability of the
results to other home care settings and populations. Second,
missing data for some variables,including MNA score (n=169),
Braden scale (n=153),and certain laboratory parameters, may
have introduced selection bias and reduced the statistical
power of some analyses. Third, caloric intake data were
obtained from prescribed nutritional support records rather
than actual dietary intake assessments, and these records
may not accurately reflect patients’ true nutritional intake.
Fourth, the cross-sectional nature of the study precludes any
causal inferences regarding the observed associations.
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CONCLUSION
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This study’s findings have important implications for caring
for home care patients who need nutritional support.
Malnutrition in these patients is complex and cannot be
fully understood by looking only at lab results. A thorough
nutritional assessment should also consider psychological
health, physical abilities, feeding method, their risk of falling,
and laboratory data. The MNA is a reliable and comprehensive
screening tool and should be used routinely in home
health care to detect malnutrition early and enable prompt
intervention. Family doctors and home health care workers
play a key role in managing nutrition for these patients, as
they are often the primary point of contact for people who
cannot readily access specialized care. Particular attention
should be given to patients with mental health issues,
those receiving NG tube feeding, and those at risk of falling,
because these factors were associated with lower MNA scores
in this study. The positive link between TG levels and MNA
scores also suggests that assessing lipid levels can add useful
information for monitoring nutritional status. Home health
care should adopt a team-based, comprehensive approach
to nutrition, and regular screening should be a standard
component of home health care.
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Advantages and Disadvantages of Computed Tomography in
Cranial Gunshot Injuries: Experimental Animal Study

Kraniyal Atesli Silah Yaralanmalarinda Bilgisayarli Tomografinin Avantay
ve Dezavantajlari: Deneysel Hayvan Calismasi
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Objective: Tomography is the gold standart method for gunshot injury cases but there are limited information in the literature on the use of
tomography in shooting analysis. This study aimed to examine the findings required for shooting reconstruction, clinical, forensic evaluation
and to show the advantages-disadvantages in gunshot injuries.

Material and Methods: The head of 12 Adana sheep and Canik Mete TP9 9x19 mm were used. Shots were made to the frontal, temporal,and
occipital regions from distances of 50 cm, 1,5 and 10 meters.Vimago GT30 (Epica animal health, USA) computed tomography was used for
scanning.

Results: The time required to obtain images for all heads were less than 1 minute. Entry and exit wounds findings were obtained from axial
and sagittal images for frontal and occipital shots, and from axial and coronal images for temporal shots. Bullet core trajectory and brain
damage were examined from axial and sagittal images for frontal and occipital shots, from axial and coronal images for temporal shots,
and Hounsfield unit (HU) values were measured from axial images for all shots. HU values -808+164 (from -530 to -1024) in cavitation area,
+2512%200 (from +2332 to +3071) in pathological tissues, +831£85 (from +707 to +966) in brain tissue, and +2683*359 (from +2128 to
+3071) in bone were found.

Conclusion: Tomography provides critical information about the location and size of entry-exit wounds, HU values in different tissues,
trajectory, cavitation and intracranial foregin bodies. It is possible to determine the azimuth and vertical angles necessary for shooting
reconstruction using tomography.

Keywords: Bullet core trajectory, cranial gunshot injuries, computed tomography, shooting reconstruction

ABSTRACT

Girig: Kraniyal atesli silah yaralanmasi olgularinda bilgisayarli tomografi altin standart yontemdir fakat adli atis analizi hakkinda
literaturde yeterli veri yoktur. Bu ¢alisma adli atis analizi, klinik ve adli degerlendirme igin gerekli bulgulari arastirmak, kraniyal atesli silah
yaralanmalarinda tomografinin avantaj ve dezavantajlarini gostermek amaciyla yapilmistir.

Gereg ve Yontemler: On iki adet Adana cinsi koyunun bas bdlgesi ve Canik Mete TP9 9x19 mm (M822) tabanca kullanildi. Deney atislari 50
cm, 1,5 ve 10 metre mesafeden frontal, temporal, ve oksipital bolgeye gergeklestirildi. Vimago GT30 (Epica animal health, USA) bilgisayarli
tomografi kullanilarak aksiyal, sagital ve koronal gorintiiler elde edildi..

Bulgular: Tim taramalarda goruntlleme icin gegen surenin 1 dakikadan az oldugu gozlendi. Giris ve ¢ikis yarasina ait bulgular frontal ve
oksipital atislarda aksiyal ve sagital, temporal atiglarda aksiyal ve koronal goriintulerden elde edildi. Mermi cekirdeginin seyri ve beyin
dokusunda olusturdugu hasara ait bulgular frontal ve oksipital atislarda aksiyal ve sagital goruntilerden, temporal atislarda aksiyal ve
koronal gortintllerden, HU degerleri tim atislarda aksiyal goriintiilerden elde edildi. Hounsfield birimi (HU) kavitasyon alaninda -808+164
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(minimum -530 maksimum -1024), yaralanma alaninda +2512 # 200 (minimum +2332 maksimum +3071), beyin dokusunda +831+85
(minimum +707 maksimum +966), ve kemikte +2683+359 (minimum +2128 maksimum +3071) bulundu.

Sonuc: Tomografi, giris-¢ikis yaralarinin yeri ve boyutu, farkli dokulardaki Hounsfield degerleri, traje, kavitasyon ve kafa ici yabanci cisimler
hakkinda bilgi saglar. Atisin rekonstriksiyonu igin gerekli olan azimuth ve vertikal agilari tomografi ile tespit etmek mimkundur.

Anahtar Kelimeler: Mermi ¢ekirdegi trajesi, kraniyal atesli silah yaralanmasi, bilgisayarli tomografi, adli atis analizi

INTRODUCTION

Cranial gunshot injuries (GSls) are severe traumas associated
with high mortality and morbidity. Computed tomography
(CT) is the gold standard imaging modality for these cases
(1-3). Cranial imaging is recommended as soon as possible
after arrival at the hospital. Brain damage depends on the
type of firearm, the distance of the shot, and the entry angle,
mass, and velocity of the bullet. While the majority GSI cases
die at the scene, mortality can be reduced in those who reach
the hospital with rapid,appropriate and aggressive treatment
(3,4). Tomography provides critical information about the
location and size of entry and exit wounds, determination
of brain damage, bullet trajectory, cranial bone fractures,
detection of foreign bodies, and bullet residues (bullet
core or jacket fragments). It plays a pivotal role in surgical
decision-making and in determining the surgical strategy.
Given the high mortality rate associated with GSls, physicians
must make rapid decisions. At this stage, CT provides rapid
information among all radiological imaging methods (1,3,5,6).
The first postmortem CT scan was reported in the late 1970s
in a fatal cranial GSI. The VIRTOPSY project, presented in
2003, described minimally invasive imaging methods to
complement traditional autopsies. Medical imaging methods,
particularly CT,are increasingly used for forensic purposes (7-
9). Images obtained using this non-invasive method can be
re-examined, stored, shared, presented in courts, and used to
create 2D and 3D images (10-12). CT has proven particularly
effective in detecting fractures, foreign bodies, and gases
(13-16). Forensic physicians detect entry-exit wounds and
trajectory, determine the type of weapon, and ascertain the
cause of death (17-21). Rapid and accurate identification
of victims is essential after disasters. Interpol has deemed
(CT-based data suitable and useful. The interpretation of
reconstructed images, independent documentation from
observers, the ability to reconstruct various images long
after the event, the sharing of workload through digital
transmission of CT data, and the reduction in time and
expertise required in the disaster area have demonstrated
that it is a valuable tool for disaster victim identification.
Age determination and identification through comparison
of antemortem and postmortem CT images have become
possible with CT (22,23).

Limited literature exists on the use of CT for crime-scene and
shooting reconstruction. CT scans detect bullet fragments

in decomposed, skeletal, mummified, or charred corpses.
Limited data regarding ammunition and caliber support
the usefulness of CT. CT findings are valuable in cases
with minimal skin findings or intraoral GSls. While limited
number of publications report that shooting distance with
CT, these studies are generally based on animal experiments
and the detection of gunshot residue (24-26). Shooting
reconstruction is the study conducted to identify the person
who pulled the trigger and the shooting location (27).
Azimuth (horizontal) and vertical angles are the necessary
for shooting reconstruction (28). Existing literature provides
insufficient information on the contribution of CT to shooting
reconstruction by determining azimuth and vertical angles.
This study aimed to fill this gap. We aimed to examine the
findings required for shooting reconstruction and discuss the
advantages and disadvantages of CT in GSls.

MATERIALS and METHODS

Study Population

Although no ideal subject species has been defined in the
literature for use in GSls, organ models, pigs, and sheep
have been used most frequently in ballistic studies (29-
32). Sheep were preferred for the study because pigs were
unavailable after the regional earthquake. Moreover, sheep
were more accessible and required fewer anaesthetic agents
for control purposes. The study utilized the heads of 12
Adana breed sheep. The heads were obtained at no cost from
a slaughterhouse that processes sheep daily,and the animals
were automatically slaughtered at the distal part of the C1
vertebra (Atlas). External examination revealed no differences
among the heads used. The heads were stored at +4 °C in
sterile conditions and transported to the experimental area.

Ammunition used were 9x19 mm calibre M822 type (Full
Metal Jacket) rounds (340 m/s), fired from a Canik Mete TP9
semi-auto handgun; this calibre is the most common in
civilian injuries. Experienced tests were performed by the staff
of the xxxSpecial Operations Directorate, Special Operations
Department, General Directorate of Security, Ministry of
Internal Affairs, at the same department shooting range.

Test Shots Plan

Test shots were performed from distances of 0.5,1,5,and 10
meters, targeting the frontal, temporal and occipital regions
(Table 1).
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Table 1. Fire region and distance of heads

Head Region Distance
FR T 0ocC 0.5 meter 1 meter 5 meter 10 meter
1 X X
2 X X
3 X X
4 X X
5 X X
6 X X
7 X X
8 X X
9 X X
10 X X
11 X X
12 X X
FR: Frontal, T: Temporal, OC: Occipital

Cranial Imaging

Heads were positioned with the nape and chinaligned,keeping
the heads in the midline. Axial images were obtained using a
Vimago GT30 (Epica Animal Health, USA) high-resolution CT
scanner. Tomography parameters were as follows: 120 kVp, 80
mAs,gantry rotation time =0.6 s, slice thickness =0.35 mm.The
time required for imaging was recorded, and a veterinarian
appropriately disposed of the imaged heads.

CT images were evaluated by two authors. The axial images
and the sagittal and coronal reformats, recorded in DICOM
format, were transferred to digital storage and analysed by
researchers on personal computers. During the evaluation,
factors such as the location, diameter, and angle of the entry
wound,the presence of bullet core residue,the bullet trajectory,
brain tissue damage, bone fractures, the distribution of bone
fragments, Hounsfield unit (HU) values, and the location and
diameter of the exit wounds were examined.

Ethical approval for the study was received from the Cukurova
University Experimental Animals Local Ethics Committee on
30.04.2024 (meeting number: 4, decision number: 6).

Statistical Analyses

For this descriptive study, HU values were performed using
SPSS 20.0 (Chicago, IL), findings are presented as mean *
standard deviation (minimum-maximum).

RESULTS

The time required to obtain images for all 12 heads was
less than 1 minute. Findings of entry and exit wounds were
obtained from axial and sagittal images for frontal and
occipital shots and from axial and coronal images for temporal
shots. Bullet trajectory and brain damage were examined on

axial and sagittal images for frontal and occipital shots, on
axial and coronal images for temporal shots; HU values were
measured on axial images for all shots. HU values -808+164
(from -530 to -1024) in cavitation area, +2512%200 (from
+2332 to +3071) in pathological tissues, +831%85 (from
+707 to +966) in brain tissue,and +2683%359 (from +2128 to
+3071) in bone were found (Tables 2 and 3).

DISCUSSION

In recent years, advancements in tomography and computer
technology have created new opportunities for radiologists,
clinicians, surgeons, and forensic physicians to evaluate GSI
cases.Research on the advantages and disadvantages of CT in
forensic cases, particularly in cranial GSls, has demonstrated
that CT is a suitable and beneficial method (Table 4) (33,34).
Multi-slice CT scanners equipped with 64 detectors rotate
around the patient at three revolutions per second. At this
speed, whole-body screening takes less than 10 minutes,
offering significant dose-time advantages (14,35). In our
study, the time to obtain images with the multi-slice CT
device designed for veterinary use was less than 1 minute in
all cases, highlighting CT’s efficiency.

During the evaluation, the diameters of skin and/or bone
defects were measured after their locations were determined.
In frontal and occipital shots, the skin entry wounds were
smaller than the bullet diameter,while the bone entry wounds
were equal to or larger than the bullet diameter. Millimetric
entry wounds were observed on the skin in shots to the
temporal region. The skin elastic structure resists penetration,
causing the tissue to pit and stretch until the elasticity limit
is exceeded, after which the bullet pierces the skin (36,37).
This explains why the observed skin entry wound was smaller
than the bullet diameter in this study.
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Table 2. Cranial computed tomography findings of entry and exit wounds

Head Entry wounds | Entry wounds Enrty wounds | Enrty wounds Exit wounds ‘Ej):fte::ounds Exit wounds
angle region defect region | diameter region . diameter
region
9.75° Azimuth | FR region right | Skin 1.7x3.8 mm OC bone,
L -31.7°Vertical | of midline Bone 9.4x88.0 mm right arcus of C1 E SR i)
2 Ol Right T bone Skin 3.3x3.0 mm Left T bone Bone 20.0x14.0 mm
-3.5° Vertical
1.0° Azimuth OCregion Nose,
3 -20.0° Vertical | midline Bone 9:2x12.0 mm right of midline | oM 3.5%5.0 mm
4 6.0° Azimuth FR region left of | Skin 3.0x3.8 mm OC bone, Bone 3 8x3.5 mm
-23.0° Vertical | midline Bone 7.5x16.0 mm Midline o
5 LRz IMUth Rt idbone Skin 4.0x5.2 mm Left ear Skin 7.0x6.0 mm
-8.0° Vertical
10.0° Azimuth | OCregion .
6 ~4.0° Vertical Midline Bone 28.0x23.0 mm Maxilla bone Bone 7.4x12.0 mm
o A: Vertex-FR
7 6.6 A;mmu'.ch region Bone 5.8x8.0 mm QC bone - Bone 7.2x4.7 mm
-23.0° Vertical | . L right of midline
right of midline
8 A0 AU | oy ey Skin Milimetric Left T bone Skin Milimetric
-6.3° Vertical
0° Azimuth OCregion Nasal region
2 -20.0° Vertical | midline LB i right of midline IR Gl
10.0° Azimuth | Maxilla region Skin 6.1x6.5 mm Right arcus of
10 -12.7° Vertical | right of midline | Bone 10.0x12.0 mm Cc1 Bone 4.0x10.0 mm
11 8.0° Azimuth' | o/ ht T bone 7.1x5.3 mm Left T bone Skin 6.6x5.7 mm
1.2° Vertical
28.0° Azimuth | Posterior arcus Nasal bone
12 21.0° Vertical | of C1 Bone 10.0x14.0 mm Midline Bone 10.0x10.0 mm
FR: Frontal, OC: Occipital, T: Temporal, C1: First cervical vertebra

The azimuth angle was determined by measuring the angle
formed between the entry wound and the midline in axial
images. In contrast, the vertical angle was measured as the
angle between the entry wound and the midline on sagittal
and coronal images. The vertical angle represents the upward
(+) or downward (-) component of the bullet’s trajectory, while
the azimuth angle reflects the lateral direction as seen from
above. For forensic shooting analysis and reconstruction,
knowing the impact angles and entry wound characteristics
is crucial (28). Our most important findings suggest that
CT provides essential data for forensic shooting analysis
(shooting reconstruction studies).

Our evaluations also revealed that bullets create varying
defects in the skin and bone. Two factors contribute to the
variable sizes of exit wounds in GSls. First is the bullet
tumbling and exiting the body at different angles, and the
second is the fragmentation and deformation of the bullet
(36,38). The CT findings in our study aligned with established
principles of wound ballistics.

Cranial CT HU values help differentiate tissues: -1000
represents air, negative values near zero (-10, -20) indicate
fatty tissues, positive values near zero (+10, +30) indicate
fluid structures, +300 to +350 indicate calcified tissues,
and +1000 represents bone, the densest structure (15).
Advanced reconstruction algorithms enable more detailed
measurement of tissue attenuation and provide a wider HU
range. The application used in this study had an HU range
of -1024 to +3071. Air was represented by -1024 and bone
by +3071. Bullet core residue, depending on its copper,
lead, aluminium, or zinc content, can appear with extremely
high HU values, such as +10,000 (39,40). In this study, HU
measurements showed that air largely replaced brain tissue
in the cavitation area, while bone fragments were detected
as pathological tissue in the brain. No bullet core residue
was found in brain tissue. The absence of bleeding from the
vessels was attributed to insufficient blood flow in the cranial
region following decapitation.
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Table 3. Cranial computed tomography findings of bullet core trajectory and brain damage

Head Bullet core trajectory Location HU Brain damage
L Cavitaion -530 Fragmentation in FR sinusoids
A.t 3 posEe el Wi i e Pathological 2351 Fragmented bone pieces and cavitattion in the FR
1 right lobe .
From cranial to caudal Brain 889 CILOGILL
Bone 2503 OCand C1 vertebral bone damage
. Cavitaion -1024
CI “g.ht FO — Pathological 2439 Fragmentation in T bone
2 At the midline . . T
- Brain 824 Fragmented bone pieces and cavitation in the T lobe
From cranial to caudal
Bone 2388
In the midline CaVItalon. A Large cavitation in OC lobe
. Pathological 2578 L . . .
3 From cranial to caudal . Fragmentation in maxillary sinusoids
. . Brain 837 . .
From posterior to anterior Defect In the nasal bone and distal nose skin
Bone 2230
At the posterolateral line in the Cavntaloq i Fragmentation in FR sinusoids
. Pathological 2441 . ;
4 right lobe Brain 854 Fragmented bone pieces in the FR and OC lobes
From cranial to caudal Bone 2071 OC bone damage
Cavitaion -1024
5 From right to left Pathological 2659 Fragmentation in T bone
From cranial to caudal Brain 715 Fragmented bone pieces and cavitation in the T lobe
Bone 3071
Cavitaion -665 L . S
At the anterolateral line Pathological 2572 FEGITCTEEM 1) FF.{ el maxdler 5|n'05|o.|ds
6 - . Fragmanted bone pieces and cavitattion in the FR
From cranial to caudal Brain 898
and OC lobes
Bone 2601
At the posterolateral line in the Cawtalon. -708 Wide fracture line stgrtlng from entry wpunds in the
. Pathological 3071 FR bone and extending posteroleteral line
7 right lobe . . T
From cranial to caudal Brain 966 Fragmanted bone pieces and cavitattion in the FR
Bone 3071 and OC lobes
From right to left (Fig:r:?llc())nical -285%;; Fragmentation in T bone
8 At the midline Brain g 899 Fragmented bone pieces and cavitation in the T lobe
From cranial to caudal Bone 3071
At the midline Cawtalon. P Cavitation in OC lobe
. Pathological 2361 . . . . -
9 From cranial to caudal Brain 825 Fragmentation in maxillary sinusoids and midline
From posterior to anteior Bone 2766 bones
L Cavitaion -993
10 /:;t ;r;elopt;);terolateral 3 i Pathological 2452 Extensive tissue loss along the maxillary sinosoids,
9 . Brain 707 nasopharyngeal region and posterior jaw
From cranial to caudal
Bone 2128
Cavitaion -770
11 From right to left Pathological 2583 Fragmentation in mandible, orbital wall
From caudal to cranial Brain 752 Cavitation in brain tissue
Bone 2513
Cavitaion -978 Bullet core passed from the left to the right of the
12 At the anteromedial line Pathological 2332 midline in the nasopharyngeal region, creating
From caudal to cranial Brain 713 fragmentation in the bones and extensive cavitation
Bone 3071 in the tissue

FR: Frontal, OC: Occipital, T: Temporal, C1: First cervical vertebra, HU

: Hounsfield unit
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Table 4. Advantages and disadvantages of computed
tomography

Advantages Disadvantages

Entry wounds localization can be May not provide
detected information in sudden
Diameter of entry wounds can be deaths

measured Necessity of device,
Two angles of entry wounds can be | computer, HIMS, DICOM,
calculated PACS

Skin and bone defect can be Cost

detected Artifacts

Radiation risk
Experience required in

Bullet core residue can be detected
Fargmented bullet core can be

detected technology, computers,
Bullet core trajectory can be radiology
detecetd

Intracerebral, intraventricular,
epidural, subdural, subarachnoid
hemorrhage can de shown

Cerebral edema, pneumocephalus,
shift, herniation can be detected
Bone fragmantation can be detected
Distrubution of fragmented bone
pieces can be shown

Soft tissue damage, cavitation can
be shown

Presence and distribution of foreign
objects can be detected

Hounsfield unit can be calculated
Entry and exit wounds can be
differentiated

Exit wound localization can be
detected

Diameter of exit wounds can be
measured

Cause of death can be determinated
It is a non-invasive method

Body integrity is perserved
Examination can be repeated with
the same or different method

Data can be stored digitally

Data can be re-evaluated and
commented on by different people
and platforms

Segmentation and seperation of
tissues provide visual dissection in
different planes

Provides time and speed advantage
Risk of infection transmission is low
Contributes to the crime scene,
wound and shooting reconstruction
Allows 3Dimension reconstruction

HIMS: Hospital information management system, DICOM: Digital
imaging and communications in medicine, PACS: Picture archiving
and communication systems

The entry wound, bullet trajectory, exit wound,and HU values
of subject 10 (impacting the frontal region from a distance
of 10 meters) are presented as examples in Figures 1 and 2.

While the need for infrastructure such as hospital information
management system, digital imaging and communications

Figure 1. A) Axial view of skin and bone damage and
bullet core enter wounds, B) Sagittal view of skin and
bone damage and bullet core enter wounds, C) Axial
and sagittal image of bullet core exit wounds, D) Bullet
core trajectory, measuring azimuth angle in axial image,
vertical angle in sagittal image

in medicine and picture archiving and communication
system can be seen as a disadvantage, the “Regulation on
Health Information Management Systems (HIMS)” dated
August 22, 2022, indicates that the current health system
in our country has the necessary infrastructure to support
the evaluation of cranial GSI cases using CT (41). During the
study, the ability to share, export, and use DICOM-formatted
data on personal computers enabled physicians to interpret
images independently. Similarly, the HIMS regulation enables
physicians to access and report data in certain situations,and
telemedicine-integrated systems allow remote physicians
to report data rapidly and without interruption. Another
disadvantage is the presence of artifacts, including linear
and ring artifacts, partial-volume effects, noise and motion
artifacts, windmill effects, and beam hardening. However,
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Figure 2. HU values of cavitation (green), brain (brown),
pathological tissue (blue) and bone (blue)
HU: Hounsfield unit

these artifacts can be mitigated through various techniques
and imaging adjustments (42).

Study Limitations

The limitations of this study include its animal-based design
and the small sample size. The anatomy of the sheep head is
similar to that of humans, and the small number of subjects
does not alter the findings. The study demonstrated that,
regardless of shooting distance and location, CT provides
the necessary information for shooting reconstruction. The
second limitation was that we could not observe intracranial
haemorrhage because of insufficient blood volume resulting
from post-decapitation bleeding. However, since CT has
been shown in previous studies to be a suitable method
for demonstrating intracranial haemorrhage, this will not
negatively affect the study’s value.

CONCLUSION

Cranial CT has numerous advantages, including speed and
efficiency. Tomography provides critical information on the
location and size of entry and exit wounds, the azimuth and
vertical angles of entry, HU values in different tissues, the
trajectoryofthebullet core,cavitation,and bone fragmentation,
and the distribution of bone fragments. The most important
result of this study is that we have demonstrated that CT is a
fast, non-invasive, and valuable method for forensic ballistic
examination and forensic shooting analysis
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