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Abstract: The most commonly used areas in the lower extremity in subcutancous injection applications are antetior
and lateral surface of the thigh. The calf region, which is an alternative to these areas, is located in the lateral region
of the gastrocnemius muscle. The aim of the study is to retrospectively evaluate of suitability of thigh and calf site
subcutaneous adipose tissue thickness for subcutaneous injection through computed tomography sections. The
sample of this descriptive study consisted of 140 adult patients over the age of 18 who underwent Contrast-Enhanced
Lower Extremite Computed Tomography Angiography between March 2020 and March 2021. Subcutaneous tissue
thicknesses of the anterior thigh, lateral thigh, and calf injection site of the subjects were measured by a specialist
radiologist using computed tomography sections. As a result of the study, a comparison of subcutaneous tissue
thickness in the thigh and calf was achieved according to gender and body mass index. The mean subcutaneous tissue
thickness of the patients was 13.64 = 6.85 mm on the anterior thigh, 8.82 * 7.21 mm on the lateral side of the thigh,
and 60.15 £ 3.12 mm in the calf area. It was found that there was a significant difference between subcutaneous tissue
thicknesses according to their gender and body mass index. Subcutaneous tissue thickness on the anterior thigh was
thicker than the lateral thigh and the calf injection site. Subcutaneous tissue thickness in females was greater than in
males. Subcutaneous tissue thickness in the calf region was thicker than 4 mm in 77.1%, 8 mm in 19.3% and 12 mm
in 12.3%.
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Oz: Subkutan enjeksiyon uygulamalarinda alt extremitede en fazla kullanilan bélgeler uyluk 6n ve yan yizidir.
Literattirde gecen ve pratikte kullanilan bu bélgelere alternatif olan baldir bolgesi gastroknemius kasinin yan bolgesinde
yer almaktadir. Arastirmanin amaci, bireylerde uyluk ve baldir bolgesi deri alti yag dokusu kalinliginmn subkutan
enjeksiyona uygunlugunun bilgisayarli tomografi kesitleri tUzerinden o6lgiilerek retrospektif degerlendirilmesidir.
Tanimlayict tipte olan arastirmanin Srneklemini Mart 2020 — Mart 2021 tarihleri arasinda Kontrastli Alt Extremite
Bilgisayarli Tomografi Anjiografi ¢ekilen 18 yas tizeri 140 yetiskin birey olusturdu. Bireylerin uyluk 6n yiiz, uyluk yan
yiiz ve baldir bolgesindeki subkutan doku kalinliklari bir uzman radyolog tarafindan bilgisayarlt tomografi kesitleri
tzerinden 6lcildi. Arastirma sonucunda cinsiyet ve beden kitle indeksine gére uyluk ve baldir bolgesindeki subkutan
doku kalinliginin karsilastirilmast saglandi. Bireylerin subkutan doku kalinligi ortalamalari uyluk 6n yiizde 13,6416,85
uyluk yan yuzde 8,82%7,21 ve baldir bélgesinde 6,15£3,12 mm olarak bulundu. Bireylerin cinsiyet ve beden kitle
indeksine gbre subkutan doku kalinliklar: arasinda anlamli fark oldugu saptandi. Uylugun 6n ylziindeki subkutan doku
kalinhgt uylugun yan yuzi ve baldir bolgesine gore daha kalindi. Kadin bireylerde tim enjeksiyon boélgesindeki
subkutan doku kalinligi erkeklerden daha fazlaydi. Baldir bolgesinde subkutan doku kalinliklart bireylerin %77,1’inde
4 mm’den, %19,3’inde 8 mm’den ve %123’ inde 12 mm’den daha kalind1.
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doku
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Introduction

Subcutaneous injection, which is one of the
parenteral drug administration types, is the
administration of the drug to the fat layer located
under the dermis and above the muscle layer. Since
the subcutaneous fat layer is not rich in blood
vessels, the drug is absorbed more slowly from the
muscle tissue. In subcutaneous injection, only
small doses (0.5-1-2 ml) of water-soluble drugs
should be administered (Potter et al. 2017; Berman
et al. 2016; Turan et al. 2019). Otherwise, the
excess amount of drug causes pressure on the
nerve endings (Zijlstra et al. 2018; Turan et al.
2019). The most commonly used areas for
subcutaneous injection are the outer aspect of the
upper arm, the abdomen and the anterior and
lateral aspect of the thigh (Potter et al. 2017;
Berman et al. 20106). In particular, individuals who
use self-injection prefer these regions. Although it
is not used much in practice, the lower aspect of
the scapula and the upper aspects of the
dorsogluteal region on the back are also included
in the literature for subcutaneous injection.
Absorption is fastest in the abdominal region,
moderate in the arms, and slower on the antetior
aspect of the thigh (Potter et al. 2017; Berman et
al. 2016, Dalkiran 2014).

Insulin, heparin, analgesics, drugs used in allergy
treatment and mixed vaccines in children ate
administered by subcutaneous route (Potter et al.
2017, Berman et al. 2016). Patients who are
constantly administered insulin or heparin
experience discomfort and pain due to repeated
injections. As a result of frequent injections in the
same area and accumulation of the drug in the
subcutancous tissue (ST), sterile abscesses ate
formed under the skin in the form of hardened,
painful lumps and may lead to lipohypertrophy
and lipoatrophy. In such cases, patients are faced
with the risk of skipping the injection dose or
interrupting the treatment. In order to eliminate

these disadvantages, patients who are constantly
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administered insulin or heparin should rotate
between regions in injection practices (Dalkiran
2014; Pozzuoli et al. 2018). A study was found in
the literature that reported that the calf region is
suitable for the subcutaneous injection region
which can be used as an alternative to the
subcutaneous injection regions that are in practice.
The study stated that the calf region is important
because it is easy to access and adds extra injection
sites to the rotation (Torun and Mutluay 2017).
The calf region is located in the lateral region of
the gastrocnemius muscle. The study which
investigated the suitability of the region for
subcutaneous injection in Turkey utilized a
skinfold caliper to measure the skinfold thickness
in the calf region and found that the subcutaneous
injections made with 8 mm needle in 86.3% of the
individuals were applicable to the region (Torun
and Mutluay 2017). In addition, the above
mentioned study proposed evaluating the region
with radiological methods. Therefore, the present
study aimed to measure the thickness of the
subcutaneous adipose tissue in the lower extremity
subcutaneous injection sites (thigh and calf
regions) through Computed Tomography (CT)
sections. The study set out to retrospectively
evaluate the suitability of thigh and calf region ST
thickness for subcutaneous injection through CT
sections. Thus, the study aimed to;

* reveal the suitability of the thigh and calf

regions for subcutaneous injection,

* compare ST thickness in thigh and calf regions
based on gender and body mass index

Material and Method

The population of the retrospective descriptive
study consisted of adult individuals over the age of
18 who underwent Contrast-Enhanced Lower
Extremity CT Angiography between March 2020
and March 2021 in a training and research hospital
in Izmir (N=400). While determining the sample
of the research, stratified sampling method was
chosen among the probabilistic sampling methods
to be unbiased and represent the universe.
Individuals were stratified by age and gender to
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represent the universe. The targeted sample size
was determined as 140 for 95% power as a result
of the sample size calculation. The research was
completed with 140 participants. CT images
including the distance from the umbilical level to
the distal part of the foot were included in the
study. Individuals with an anatomical defect in the
thigh and calf regions, with any fractures and open
wounds and those with flexion in the knee joint
and external rotation in the calf region sufficient
to cause compression were excluded from the
study.

A case report form was used to collect and record
research data on the age, sex, height and weight of
the individuals and the ST thicknesses obtained by
CT measurement in the thigh and calf injection

sites.
Data Collection

A 128-slice CT device (Optima CT 660, GE
Healthcare System, Milwaukee, USA) was used to
obtain Contrast-Enhanced Lower Extremity CT
Angiography images of the participating
individuals. In the study, Contrast-Enhanced
Lower Extremity CT Angiography examinations

were evaluated retrospectively by a radiologist.

The following measurements were taken to collect
the data in the study.

1. The age, gender, height and weight values of the
patients were obtained from the hospital database.

2. Subcutaneous injection points in the thigh and
calf regions were detected on CT images using the
method mentioned in the literature. Coronal and
sagittal plane reformat images were used to detect
injection sites on tomography sections. The region
on the lateral aspect of the gastrocnemius muscle
(approximately 10 cm below the lateral aspect of
the knee) was used to determine the calf region
(Torun and Mutluay 2017). The antetior (1/3
distal part of the rectus femoris muscle) and the
lateral aspect (1/3 distal part of the vastus lateralis
muscle) of the thigh were used to determine the
thigh region (Potter et al. 2017; Berman et al.

2016). Measurement points were determined on
the reference lines passing through the center of
the muscles in the thigh.

3. After the points were determined, ST
thicknesses (mm) in the calf and thigh regions
were measured on axial plan CT images with a
section thickness of 0.625 mm. All measurements

were taken from the left leg (Fig. 1,2).

Figure 1. Subcutaneous tissue thickness of the
calf region.

Figure 2. Subcutaneous tissue thickness of the
anterior (A) and lateral (B) sides of the thigh
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Statistical analysis

Data were analyzed by using The Package for
Social Sciences (SPSS) 20 package program. The
number, percentile, mean and standard deviation
of the data regarding the physical measurements of
the individuals were presented. The #test was used
to analyze the difference between the ST
thicknesses in the thigh and calf regions based on
gender while the analysis of variance was used to
analyze the difference between the ST thicknesses
in the thigh and calf regions based on body mass
index. Statistical significance level was accepted to

be p<0.05.
E'thical Approach

Before the study, permission was obtained from
the ethics committee of non-interventional clinical
studies (dated 01/04/2020, decision no 239,
research number 220).

Results

Table 1. Descriptive Characteristics of Individuals

Table 1 presents the descriptive characteristics of
the individuals included in the study. The mean age
of the participants was 56,29+17.44. 53,6%
(n=75) were male, 21,4% (n=30) had normal
weight, 52,1% were slightly overweight (n=73) and
26,4% were overweight. (n=37) was found.

Participants’ mean body mass index was
27,98%3.84.

Participants’ mean ST was 13,64%6,85, 8,82+7,21
and 6,15+3,12 mm, respectively in the thigh
anterior, thigh lateral and calf injection regions
(F=55,66; dt=2; p=000) (Table 2). The post hoc
analysis determined that the ST thickness in the
anterior thigh was thicker than it was in the lateral
thigh (p<0.001) and in the calf region (p<0.001)
and the ST thickness in the lateral thigh was
thicker than the calf region (p=0.000).

The mean ST thickness according to the gender
was 18,2417 07 mm in females and 9,64+3,19 mm
in males on the anterior thigh; 13,46+8,17 mm in
females, 4,8+2,16 mm in males on the lateral thigh
and 8,04%3.5 mm in females and 4,5+1,37 mm in
males in the calf region. The analysis showed that
the ST in the anterior thigh, lateral thigh and calf
injection regions was thicker in females (Table 3).

n %

Age (M*SD) (Min-Max)

Gender

Female

Men

Body mass index (ort£SS) (Min-Max)
20-24,99 (normal weight)

25 -29.9 (slightly overweight)

30-39.9 (overweight)

Total

56,291+17,44 (18-88)

65 46,4

75 53,6
27,98+3,84 (20,83-38,46)

30 21,4

73 52,1

37 26,4

140 100

M= Mean; SD= Standard deviation;

Table 2. Subcutaneous Tissue Thicknesses at the Thigh and Calf Injection Sites of Individuals

ST thickness (n=140)
Min-Max F df p

Regions MeantSD (mm)

Statistical analysis
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Anterior thigh 13,6546, 85 3,7- 44
Lateral thigh 8,82+7,21 2,1—452 55,66 2 0,000
Calf 6,15%3,12 2,3-19,5

ST= Subcutaneous tissue; SD= Standard deviation; F= One Way Anova
Table 3. Average Subcutaneous Tissue Thickness in Thigh and Calf Regions by Gender and Body Mass
Index

Anterior thigh Lateral thigh Calf
n ST thickness ST thickness ST thickness
(M1SD) (M1SD) (MtSD)

Gender
Female 65 18,2417,07 13,4618,17 8,0413,5
Men 75 9,64£3,19 48+216 4,5%1,37

t= 9,04 p=.000 t= 8,3 p=.000 t=7,66 p= .000
Body mass index (kg/m?)
20-24,99 (normal weight) 30 8,6713,38 4.4%2.65 439+22
25 -29.9 (slightly overweight) 73 12,2915 7,124,776 5,65+2,13
30-39.9 (overweight) 37 20,31+7.22 15,75%8,83 8,56£3,96

F=43,141 df=2 F=38,004 df=2 F=21,64 df=2

p=,000 p=,000 p=,000

ST= Subcutaneous tissue; M= Mean; SD= Standard deviation; t= Independent sample t test; F= Oneway Anova

The mean ST thickness according to the body than 8 mm in 39,3% of the individuals (n=55) and

mass index was 8,6713,38 mm on the antetior thicker than 12 mm in 23,6% of the individuals
thigh in normal-weight individuals, 12,2975 mm (n=33). ST on the calf region was thicker than 4
on the anterior thigh in slightly overweight mm in 77,1% of the individuals (n=108), thicker
individuals and 20,31%+7,22 mm on the antetior than 8 mm in 19,3% of the individuals (n=27) and
thigh in overweight individuals. On the lateral thicker than 12 mm in 12,3% of the individuals
thigh, ST thickness was 4,4+£2,65 mm in normal- (n=8). In addition, Table 4 presents the
weight individuals, 7,12+4,76 mm in slightly distribution of ST thicknesses greater than 4 mm,
overweight individuals and 15,75%£8,83 mm in 8 mm and 12 mm in all regions by gender.

overweight individuals. In the calf region, ST

thickness was 4,39£22 mm in normal-weight Discussion

o N o .
individuals, 5,65£2,13 mm in slightly overweight In subcutancous injection, the drug is usually

C + . .
individuals and 8,56£3,96 mm in overweight administered to the abdomen, hips, arms and legs

individuals. According to body mass index, there . . .
& Y ’ with rotation. The anterior and lateral aspects of

was 2 significant - difference between ST the thigh on the leg are theoretically acknowledged

thicknesses in anterior thigh, lateral thigh and calf and used in practice (Potter et al. 2017; Berman et
al. 2016). In addition, a study reported that the

lateral aspect of the calf may used as a

injection regions (Table 3).

ST on the anterior thigh was thicker than 4 mm in

99,3% of the individuals (n=139), thicker than 8~ Subcutancous injection site (Torun and Mutluay

mm in 80,7% of the individuals (n=113) and 2017). Therefore, this study aimed to evaluate the

thicker than 12 mm in 53.6% of the individuals suitability adult individuals’ thigh and calf regions

(n=75). ST on the lateral thigh was thicker than 4 for subcutaneous injection with the help of CT.

mm in 74,3% (n=104) of the individuals, thicker For this purpose, thigh and calf injection sites were
5
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measured for ST thickness with CT by a specialist
radiologist. The mean ST thickness values in the
anterior thigh, lateral thigh and calf injection
regions obtained from the measurements were
13,64£6,85, 8,82%7,21 and 6,15£3,12 mm
respectively. Similarly, the mean ST thickness in
the thigh region was calculated as 10.4 mm by
Gibney et al. (2010), as 7.92 mm by Akkus et al.
(2012), as 12.4+4.1 mm by Dalkiran (2014) and as
11.2 mm in by Akyer (2014). In the present study,
ST on the anterior thigh was found to be thicker
compared to the lateral thigh and the calf region.
The study conducted by Torun and Mutluay
(2017) also reported that ST thickness on the

anterior thigh was quantitatively higher than that
of the lateral thigh. The ST thickness in the calf
region was found to range from 2.3 mm to 19.5
mm. In their study, Akyer et al. (2014) concluded
that the mean ST thickness in the calf region was
8,314,7 mm. As a matter of fact, subcutaneous
adipose layer in the calf region is thinner than the
anterior and lateral aspects of the thigh. Similar
results were found in different studies as well
(Akyer et al. 2014; Pe’rez-Chirinos Buxade et al.
2018). Compared to other injection sites in the leg,
the calf region is thinner but short needles can be
used in this region.

Table 4. ST thicknesses greater than 4 mm, 8 mm and 12 mm by gender

ST thickness Female (n=65) Male (n=75) Total (n=140)
n % n % n %
Anterior thigh
>4 mm 65 100 74 98,7 139 99,3
>8 mm 62 95,4 51 68 113 80,7
>12mm 42 64,6 33 44 75 53,6
Lateral thigh
>4 mm 61 92,8 43 57,3 104 74,3
>8 mm 48 73,8 7 9,3 55 39,3
>12mm 32 49,2 1 1,3 33 23,6
Calf
>4 mm 60 92,3 48 64 108 77,1
>8 mm 26 40 1 1,3 27 19,3
>12mm 8 12,3 - - 8 12,3

ST= Subcutaneous tissue

The subcutaneous injections, based on injecting
the drug into the subcutaneous adipose tissue,
require needles that must pass through the dermis
and reach the subcutaneous adipose tissue (Potter
et al. 2017; Berman et al. 2016). Since the blood
flow in the subcutaneous adipose tissue is slower
than the muscle layer, the administered drug is
absorbed at a more controllable rate (Lo Presti et
al. 2012). ST thickness is one of the parameters
that determines the suitability of the regions for
subcutaneous injection. The distance from the
skin surface to the muscle fascia largely depends
on ST thickness (Hirsch and Strauss 2019). In the
present study, ST thickness of the anterior thigh,

6

lateral thigh and calf region was measured to
evaluate the suitability of these regions for
subcutaneous injection. Needle length is one of
the main factors affecting the access to the
subcutaneous layer in subcutaneous injection
(Hirsch and Strauss 2019). Needle lengths used in
subcutaneous injection vary from 4 mm to 15 mm.
According to the measurement values obtained in
the study, it was found that the calf region was
suitable for a 4 mm needle in 77,1% of individuals,
for an 8 mm needle in 19,3% of individuals and
for a2 12 mm needle in 12,3% of individuals. As a
result, it can be argued that the calf region is more
suitable for subcutaneous injection with a short
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needle. For the 4, 8 and 12 mm needles, these rates
were found to be 99,3%, 80,7% and 53,6% on the
anterior aspect of the thigh and 74,3%, 39,3% and
23,6% on the lateral aspect of the thigh,
respectively. As can be seen, the chance of the
needle reaching the subcutaneous tissue decreases
in all regions as the needle length increases. This
will increase the risk of the needle reaching the
muscle tissue. These results are supported by the
literature. In the literature, it is recommended to
use short needles in subcutaneous injections so
that the drug is not administered intramusculatly
(Hirsch et al. 2014; Bergenstal et al. 2015; Spollett
et al. 2016; Misnikova et al. 2017; Guo and Wang
2017; Hirsch and Strauss 2019).

It is now widely accepted that 4 mm pen needles
(pen injectors) are suitable for all patients, whether
they are adults or children, thin or obese, males or
females (Hirsch and Strauss 2019). The study
conducted by Tubiana rufi et alg (2009) concluded
that 84% of the injections made using 12,7 mm
needles in children were made into the muscle. It
is also known that the use of short needle tips (4-
5 mm.) reduces pain and is more effective in
controlling blood sugar (Diggle 2014; Hirsch and
Strauss 2019; Turan et al. 2019).

Subcutaneous adipose tissue thickness varies
depending on BMI, gender and injection site.
When the mean ST thicknesses in the thigh and
calf injection regions were analyzed by gender, it
was found that ST thickness was higher in females
in all measurement regions. Torun and Mutluay
(2017) reported that ST thickness was higher in
females compare to males in all regions where
subcutaneous injection was performed. Post-
pubertal females have an average of 5 mm more
subcutaneous adipose thickness compared to
males (Hirsch et al. 2014; Hirsch and Strauss
2019). The findings of the present study also
support the results of other studies (Gibney et al.
2010; Torun and Mutluay 2017). However,
Dalkiran’s (2014) study which used ultrasound for
measurements confirmed that gender had no
effect on the subcutaneous adipose tissue. Torun
and Mutluay (2017) reported the ST thickness

values as follows: 29,91 mm in females and 16,22
mm in males for anterior thigh; 29,08 mm for
females and 13,88 mm for males for lateral thigh
and 23,72 mm in females and 12,09 mm in males
for the calf region. In this study, it is noteworthy
that the mean thickness values were higher for all
regions (Table 4).

Torun and Mutluay measured the subcutaneous
tissue thickness with skinfold, while the present
study subcutaneous tissue thickness was measured
with CT. CT has the advantage of clearly
distinguishing adipose tissue from other tissues
and measuring directly from cross-sectional
images (Pe’rez-Chirinos Buxade et al. 2018; Fraiz
et al. 2020). In their study, Akyer et al. (2014)
measured the ST thickness in the calf region as
11.1 mm for females with US, while ST thickness
was found to be 22.2 mm with skinfold; the ST
thickness in the calf region was 5.5 mm for males
with US and 12.6 mm with skinfold. The analysis
demonstrated this difference as significant. The
study determined that there was a significant
difference not only in the calf region but also in
the thigh region and ST thickness values were
always higher with the skinfold method. Similar
studies also showed that all variables were higher
in skinfold measurement (Wagner et al. 2016;
Pe’rez-Chirinos Buxade et al. 2018). This
difference is explained by the fact that while other
methods directly measure the subcutaneous
adipose thickness, the measurements performed
with the skinfold caliper take subcutaneous
adipose tissue and double-layer skin thickness into
consideration as well (Akyer et al. 2014; Pe’rez-
Chirinos Buxade et al. 2018).

Subcutaneous adipose tissue thicknesses vary in
the thigh and calf regions according to the body
mass index. While the mean ST thickness of
overweight individuals was found to be
significantly higher than that of slightly overweight
and normal-weight individuals on the anterior
thigh, the mean ST thickness of overweight
individuals on the lateral aspect of the thigh and in
the calf region were found to be significantly
higher compared to individuals with normal-
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weight. Accordingly, it can be concluded that as
BMI increases, the thickness of subcutaneous
adipose tissue increases. this result is consistent
with other studies (Dalkiran 2014; Hirsch et al.
2019). As a result, it was observed that BMI had
an effect on skin thickness and subcutaneous

adipose tissue.

It was found that the calf region was suitable for
subcutaneous injection when 4 mm needles were
used in 92,3% of the females and 64% of the
males. However, this ratio was found to be
decreased as the needle length increased. When an
8 mm needle was used, the calf region was suitable
for subcutaneous injection in 40% of the females
and only 1,3% of the males. This shows that when
a needle longer than 8 mm is used in injection to
the calf region, the drug will reach the muscle
tissue, not the subcutaneous adipose tissue,
especially in males. This result also supports the
literature (Turan et al. 2019). Torun and Mutluay
also reported that injection to the calf region was
found appropriate in 75,3% of the males when an
8-mm needle was used and in 27,2% of the males
when a 15-mm needle was used. This result can be
explained by the fact that males have less
subcutaneous adipose tissue in the calf region and
thicker muscle layer compared to females. For this
reason, the needle tip longer than 8§ mm, especially
in thin males or males with normal weight causes
the drug to be administered to the muscle (Turan
et al. 2019). Considering that 126 mm needles are
used in heparin injections, it is concluded that this
region is not suitable for females (12,3%) or males

(0%).
Conclusion

ST thickness on the anterior aspect of the thigh
was higher compared to the lateral aspect of the
thigh and the calf injection site. ST thickness at the
entite injection site higher in females compared to
males. ST thickness in the calf region was higher
than 4 mm in 77,1% of the individuals, higher than
8 mm in 19,3% of the individuals and higher than
12 mm in 12,3% of the individuals.
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