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Background To achieve improvements in intramuscular injection, autologous fat grafting,
and gluteal artery perforator flaps in infants and children, the relationships of computed to-
mography (CT)-determined gluteal muscle thickness (MT) and subcutaneous tissue thickness
(SCT) with age and body mass index (BMI) were analyzed.

Methods Gluteal SCT and MT at ventrogluteal (VG) and dorsogluteal (DG) sites were mea-
sured in a standardized manner in 350 patients aged O to 6 years who had visited a tertiary
hospital and had undergone abdominopelvic CT between January 2005 and December 2016.
Recorded measurements were analyzed using one-way analysis of variance and stepwise
multiple regression to identify the factors that were most closely related to MT and SCT.
Results Subcutaneous tissue at VG sites was thinner than at DG sites, but not significantly so
in any age group. Muscles tended to be thinner at VG sites in 4 to 7-year-old, but thicker at
VG sites in 1 to 3-year-old, though the differences were not significant. MT in the VG and DG
regions was found to be related to age, and SCT in these regions to be related to age and BMIL.
Conclusions The VG and DG sites should be considered as alternatives for intramuscular in-
jection in infants and children when the anterolateral site is problematic. In addition, consid-
ering the gluteal MT and SCT of infants and children should help produce good results in au-
tologous fat grafting and gluteal artery perforator flap harvesting.
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tion, as its name indicates, involves the injection of a substance

INTRODUCTION

directly into muscle. The needle penetrates the muscle by at

Striated muscle fibers lie under the subcutaneous layer of skin
and have an abundant blood supply. Therefore, complications
like abscess and granuloma formation are less common after in-
tramuscular injections than after subcutaneous injections (due

to poor drainage within subcutaneous fat). Intramuscular injec-

least 5 mm, and generally a needle length of 2.5 to 3.8 cm is used
[1,2]. The buttocks are commonly used as a site for intramuscu-
lar injections. However, if the needle is not long enough to pen-
etrate through the subcutaneous tissue into the muscle mass, in-

tramuscular injections can end up being made into fat, which
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can cause granuloma or abscess formation at the injection site
[3,4]. Accordingly, because the buttocks contain variable
amounts of fat, concerns have been expressed regarding unin-
tended injection into subcutaneous fat.

The most appropriate area for intramuscular injection remains
controversial. Articles on the subject have proposed five sites for
the administration of intramuscular injections: the deltoid, rec-
tus femoris, vastus lateralis, ventrogluteal (VG), and dorsoglu-
teal (DG) muscles [S]. For intramuscular injections in children,
the anterolateral thigh and deltoid muscle are recommended.
Intramuscular injection into the gluteal area is not recommend-
ed for infants, as the depth of the overlying subcutaneous layer
varies and the gluteal area is small. The DG sites are at the upper
outer quadrants of the buttocks, when each buttock is divided
vertically and horizontally into four equal areas. In a previous
study, it was suggested that the DG site be located by palpation
of the greater trochanter and the posterior iliac spine and by
drawing an imaginary line between the two. The DG site is lat-
eral and superior to the midpoint of this imaginary line [6].
However, the presence of the sciatic nerve and superior gluteal
artery make this site problematic. The most frequent and seri-
ous complication of gluteal injection is sciatic nerve injury.
Thus, injections should be made after landmarks have been ac-
curately and carefully identified [7,8]. Fig. 1 shows the best in-
jection location to provide sufficient thickness while still avoid-
ing injury to the sciatic nerve. In 1954, Hochsetter [9] proposed
that the VG site be used for intramuscular injections; this site is
located by placing the index finger of the patient’s hand on the

Fig. 1. Schematic of best injection location

This schematic image shows the best injection location to provide
sufficient thickness while avoiding sciatic nerve injury. The sciatic
nerve passes through the lower medial quadrant. The best location
is superior to a line extending between the posterior superior iliac
spine and the tip of the greater trochanter.
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anterior superior iliac spine with the middle finger stretched
dorsally towards, but below;, the iliac crest or by forming a trian-
gle with the index finger, third finger, and iliac crest [ 7]. The VG
site consists of the gluteus medius and gluteus minimus, which
have no penetrating nerves or blood vessels [10].

Previous studies have measured subcutaneous fat thickness
(SCT) in the gluteal area by computed tomography (CT) to
determine the proper locations for gluteal intramuscular injec-
tions in adults [11,12]. However, no previous study has investi-
gated SCT and muscle thickness (MT) in the gluteal area by
CT in children. One ultrasonographic study conducted to de-
termine whether the VG site could be used for intramuscular in-
jections in children found the VG site to be suitable in children
under the age of 3 [13]. Data about the thickness of subcutane-
ous tissue and muscle in the gluteal area of children remains
limited, however. One evidence-based study on site selection in
infants and children was conducted with a view toward avoiding
complications, such as granuloma and nerve injury, associated
with inadvertent subcutaneous injection.

From a plastic surgeon’s perspective, understanding soft tissue
thickness and distribution in the buttock may inform the treat-
ment of sacral pressure sores and breast reconstruction. Kim et
al. [14] analyzed the soft tissue thickness of Korean adults’ but-
tocks using CT images and a cadaveric study. Specifically in
children, autologous fat grafting is used for the treatment of ve-
lopharyngeal insufficiency, facial malformations, and scar de-
pression [15,16]. It is thought that considering the results of the
present study at the time of autologous fat grafting could reduce
preoperative planning and postoperative complications. In
some pediatric patients, it is necessary to reconstruct a defect of
the lower leg and the foot created by trauma or oncologic sur-
gery. The gluteal artery perforator flap provides a thin and dura-
ble flap with minimal donor-site morbidity. This choice of flap
may minimize the burden of the flap and contribute to an aes-
thetically pleasing appearance. In the present study, the relation-
ships of CT-determined gluteal MT and SCT with age and
body mass index (BMI) were studied in infants and children.

METHODS

Subject

We retrospectively enrolled 350 infants and children (aged 0-6
years) who had undergone abdominopelvic CT between Janu-
ary 2005 and December 2016. The study was initiated after ob-
taining IRB (GDIRB2016-346) approval from the local Ethics
Committee and complied with the Declaration of Helsinki. All
data used was anonymized.

The following exclusion criteria were applied: (1) injury of
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subcutaneous tissue or muscle due to surgery or trauma; (2)
mass in the buttock area; (3) genetic myopathy (Duchenne
muscular dystrophy, spinal muscular atrophy, or Becker muscu-
lar dystrophy); or (4) genetic skeletal disease (hypochondro-

plasia or achondroplasia).

Data collection

Demographic data

Demographic parameters (date of birth, sex, age, height, weight)
were obtained for all patients. BMI was calculated from height
and weight values by dividing body weight in kilograms by
height in meters squared.

Thicknesses of subcutaneous tissue and muscle

MTs and SCTs were measured at the VG and DG sites of the bi-
lateral buttocks using a digital caliper supplied with Pi-View
STAR software, version 5.0.9.2 (Marotech, Infinity, Seoul, Ko-
rea). Specific CT anatomic landmarks were used to acquire con-
sistent and reproducible measurements, as previously described
by Burbridge [12]. Fig. 2 is a CT image demonstrating the loca-
tions of landmarks for DG SCT and MT measurements. The
image selected was obtained 1 cm cranial to the caudal aspect of
the sacroiliac joint using the digital calipers supplied with the Pi-
View STAR. A line was drawn on the image along the iliac bone
and a vertical line was drawn from the midpoint of this line to
the skin. The lengths of the dotted lines A and B were measured.
The yellow dotted line A represents DG MT. The white dotted
line B represents DG SCT. Fig. 3 is a CT image showing the lo-
cations of landmarks for VG SCT and MT measurements. A
line was drawn along the iliac bone, and a vertical line was then

drawn from the lateral one-third point of this line to the skin.

Fig. 2. CT image showing DG landmarks

A computed tomographic (CT) image demonstrates the locations of
landmarks for dorsogluteal (DG) subcutaneous tissue and muscle
thickness measurements. Yellow dotted line A represents DG muscle
thickness. White dotted line B represents DG subcutaneous tissue
thickness.
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The lengths of dotted lines A and B were then measured. The
yellow dotted line A represents VG MT. The white dotted line
B represents VG SCT. All measurements were performed by a
single investigator, and the right and left side results were aver-

aged.

Statistical analysis

The statistical analysis was performed using SPSS for Windows
version 24.0 (IBM Corp., Armonk, NY, USA). Demographic
data were analyzed using descriptive statistics. One-way analysis
of variance followed by the Tukey honest significant difference
post hoc test was used to compare SCT and MT values in the
VG and DG in different age groups. Results are presented as
means + standard deviations, and P-values of <0.05 were con-
sidered to indicate statistical significance. Spearman rho correla-
tion coefficients were used to determine the nature of the corre-
lations between age and SCT and MT in the VG and DG areas.
For this, significance was accepted for P-values < 0.05 (two-sid-
ed test). In addition to age, we assumed that gender, height,
weight, and BMI might also be correlated with MT and SCT.
Therefore, a stepwise multiple regression analysis was conduct-
ed using all independent variables (age, gender, height, weight,
and BMI) to identify the factors that most strongly influenced
MT and SCT.

RESULTS

Demographic data

The abdominopelvic CT images of 350 patients (204 males and
146 females) were included. Patients of each year of age from 0
to 6 were equally represented (SO patients/group). CT had

Fig. 3. CT images showing VG landmarks

A computed tomographic (CT) image demonstrates the locations of
landmarks for ventrogluteal (VG) subcutaneous tissue and muscle
thickness measurements. Yellow dotted line A represents VG muscle
thickness. White dotted line B represents VG subcutaneous tissue
thickness.
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been performed for various abdominal complaints, such as pain,

mesenteric ischemia, intra-abdominal mass, or infection.

Subcutaneous tissue thickness

We investigated SCT at two different DG and VG sites bilateral-
ly. In all age groups, subcutaneous tissue was thicker at the DG
sites, but the difference was not statistically significant (Table 1).
In a subgroup analysis by age of SCT at the VG sites, 1-year-old
had thicker gluteal fat pads (1.78 cm) than children in the other
age groups. However, a subgroup analysis of SCT at the DG sites
showed that 7-year-old had thicker gluteal fat pads (3.31 cm)
than children in all the other age groups (Table 1). A significant
positive relationship between age and SCT was observed for
DG sites (p=0.26, P<0.01) (Table 2). Stepwise multiple re-
gression of SCT at VG sites returned a multiple correlation coef-
ficient (R) of 0.423 and an adjusted coefficient of determination
(R?) of 0.179. Stepwise multiple regression of the SCT at DG
sites returned a multiple correlation coefficient (R) of 0.479 and
an adjusted coefficient of determination (R*) of 0.229. The final
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multiple regression equations are summarized in Table 3. The
scatter plots illustrate the correlations of age with SCT and MT
at the VG and DG sites with a linear regression line. A significant
positive relationship between age and SCT was observed for the
DG site. A significant relationship was also observed between
age and MT at both the VG and DG sites (Fig. 4).

Muscle thicknesses

In this study, we measured the MT at DG and VG sites bilateral-
ly. The MT was greater at the DG sites in children aged 4 to 7
years, but greater at the VG site in 1 to 3-year-old, although dif-
ferences were not significant (Table 4). In a subgroup analysis of
MT at the VG site by age, 7-year-old had thicker gluteal muscles
(mean, 2.09 cm) than the other age groups. Similarly, measure-
ments of MT at the DG sites showed that, with the exception of
6-year-old, 7-year-old had thicker gluteal fat pads (2.61 cm) than
the other children (Table 1). A significant trend was observed
between age and MT at both sites of the buttocks (VG site:
p=0.50, P<0.01, DG site: p=0.56, P<0.01) (Table 2). Step-

Table 1. General characteristics of the participants and comparisons of SCT and MT at ventrogluteal and dorsogluteal sites

between age groups

Age Sex Weight Height BMI VG bG

) Male Female (kg) (m) (kg/m?) scT MT scT MT

0 37 13 7.89+218 67.15+7.87 17.24 £ 3.02 17.83 £ 9.66* 17.39 £ 3.41° 20.94 +7.84° 16.69 + 5.40°

1 28 22 10.70 + 1.96 82.82 £9.16 15,79+ 3.11 12.63 +3.79° 18.87 + 3.56° 22.31£9.34° 17.47 + 4.36°

2 21 29 12.99+1.70 91.26 £8.22 15.81+2.50 12.82+4.74° 19.47 £2.93° 24.84 +£9.45° 18.50 +4.53°

3 24 26 17121257 10418 £4.26 15.79+£2.36 11.44 £ 4.20¢ 19.08 + 4.39¢ 23.70 +7.26° 21.45 £ 6.30°

4 37 13 2012 +482 108.13+8.31 1719+ 3.56 1217 £5.87° 1217 £5.87° 21.47 £5.03° 2435 +£891°

5 29 21 23471446 11496 £6.99 17.82£3.32 12.55 + 5.33' 12.55 £ 5.33 22.48 £+ 5.30 2512 +9.71°

6 28 22 28.22£6.56 12459 +9.53 18.14 £ 3.45 15.50 + 6.60° 15.59 +6.60° 27.68 £14.35° 3316+ 11.89°

Total 204 146 17.22+7.74 99.01£19.98 16.83+3.19 13.57 £ 6.34 13.57 £ 6.34 2092 £7.34 2492 £9.91

F 7.16 13.21 8.89 27.41

(@>b,a>c,a>d, (g>a,g>b,g>c, (g>a,g>b,g>c, (g>a g>b,g>c,
a>e a>f,a>g? g>d g>e g>f" g>d g>e g>H® g>d g>e g>f°?

P-value 0.01 0.01 0.01 0.01

Values are presented as mean £ SD.

BMI, body mass index; VG, ventrogluteal site; DG, dorsogluteal site; SCT, subcutaneous tissue thickness; MT, muscle thickness.

?Scheffe test.

Table 2. Correlation of age with SCT and MT at Table 3. Multiple regression equations using multivariate

ventrogluteal and dorsogluteal sites analysis

Variable Site p P-value Variable Site Equation R? B

SCT VG —-0.058 0.282 SCT VG y =1.537+0.853X;-0531 X, 0179 0.853
DG 0.500 <0.001 DG y=0531+1176 X, +1.151 X, 0.229 1.176

MT VG 0.262 <0.001 MT VG y = 8.125 + 0.451 X» 0.316  0.451
DG 0.560 <0.001 DG y = 8.869 + 0.326 Xz 0.320 0.326

Spearman rho correlation coefficients were used to determine correlations
between age and subcutaneous tissue thickness (SCT) and muscle thickness
(MT) in the ventrogluteal site (VG) and dorsogluteal site (DG) areas. For this,
significance was accepted for P-values <0.05 (2-sided test).

All independent variables (age, sex, height, weight, BMI) were entered into
stepwise multiple regression models. In the equation, X; is the BMI and X: is age.
BMI, body mass index; SCT, subcutaneous tissue thickness; VG, ventrogluteal
site; DG, dorsogluteal site; MT, muscle thickness.

553



Min Hl etal. CT-determined gluteal thickness Archives of Plastic Surgery APS

Fig. 4. Correlations of age with SCT and MT

These scatter plots illustrate the correlations of age with subcutaneous tissue thickness (SCT) and muscle thickness (MT) of ventrogluteal (VG) and
dorsogluteal (DG) sites with a linear regression line. A significant increasing trend in the relationship between and SCT was observed at DG sites
(p=0.26, P<0.01). Another significant trend was observed between age and MT at both sites of the buttocks (VG site: p=0.50, P<0.01, DG site:
p=0.56, P<0.01).

VG. SCT age
VG. MT age
DG. SCT age
DG. MT age
~ VG. SCT age
~ VG. MT age
~ DG. SCT age
~ DG. MT age

OO0 OO0

Thickness (mm)

Age (yr)

Table 4. Comparison of subcutaneous tissue and muscle thickness between ventrogluteal and dorsogluteal sites by age group

SCT MT
Age (yr) P-value? P-value?
VG DG VG DG

1 17.83+9.66 20.94+7.84 0.059 17.39+3.41 16.69 £5.40 0.061
2 12,63+ 3.79 22.31+9.34 0.064 18.87 £ 3.56 17.47 £ 4.36 0.079
3 1282+ 4.74 24.84+9.45 0.072 19.47+2.93 18.50 £ 4.53 0.059
4 11.44+4.20 2370 £7.26 0.052 19.08 +4.39 21.45+6.30 0.091
5 1217 +£5.87 21.47 £5.03 0.073 1217 +£5.87 24.35+8.91 0.052
6 12.55+5.33 22.48 £5.30 0.087 12.55+5.33 25.12+£9.71 0.076
7 15.5+6.60 27.68 +£14.35 0.066 15.59 £ 6.60 33.16 +11.89 0.081
Total 13.57 £6.34 20.92+7.34 13.57 £6.34 24.92 £ 9.91

Values are presented as mean = standard deviation.
SCT, subcutaneous tissue thickness; MT, muscle thickness; VG, ventrogluteal site; DG, dorsogluteal site.

9P <0.001.

wise multiple regression of MT at the VG site returned a multi- common complication following intramuscular injection. Five
ple correlation coefficient (R) of 0.565 and an adjusted coeffi- sites have been suggested for the administration of intramuscu-
cient of determination (R*) of 0.316, and stepwise multiple re- lar injections: the deltoid, rectus femoris, vastus lateralis, VG,
gression of MT at the DG sites returned values of 0.565 and and DG muscles. However, the most appropriate area for intra-
0.320, respectively. The final multiple regression equations are muscular injection remains controversial. In several previous
summarized in Table 3. studies, the vastus lateralis muscle was recommended for infants

and the deltoid for children > 12 months. Another study recom-
DISCUSSION mended the vastus lateralis from birth to 2 years and the deltoid

muscle from age 3 years [17-19]. The vastus lateralis remains
Several previous case studies have reported that deposition of an the recommended site up to the age of 3, when the VG site be-
injected drug into subcutaneous fat may cause chronic granulo- comes an alternative. The deltoid is rarely used in children aged
matous inflammation or granuloma. Nerve injury is another < 6 years and then only when the volume injected is small. The
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DG site is not used in any child that has not walked for at least 1
year, and it is strongly recommended that the DG site not be
used in children aged < 6 years. The VG area is a recommended
site after the age of 3 years, and the DG site is not recommended
for children < 6 years. However, it has been shown the gluteus
medius in the VG area is adequately developed for intramuscu-
lar injection, even in infants. A preliminary experimental study
conducted by Hughes concluded that the VG site should be
used for all intramuscular injections in children [20]. Others
have reported that MTs and SCTs in the VG and anterolateral
sites are similar between 2 and 18 months and have suggested
that the VG site be viewed as the site of choice for intramuscular
injections [21]. Furthermore, it has been reported that muscle
at the VG site is adequately developed even in infants between
the ages of 1 and 12 months and that the VG site is thicker than
the anterolateral site in children 12 to 36 months old [13].

The present study showed that MT in the VG and DG areas
was dependent on age and that SCT in these areas was related
to age and BML. In addition, the multiple regression equations
for MT and SCT in the VG and DG areas could be used to de-
termine appropriate needle lengths for intramuscular injections
in children. In a previous study, BMI was found to decrease be-
tween 1 and 6 years, but to increase between 6 and 10 years due
to the fat accumulation rebound phenomenon [22]. The pres-
ent study showed a consistent decreasing BMI trend between
the ages of 1 and 10 years (Table 1). The subcutaneous tissue at
the VG site has been reported to be thinner than at the DG site
[23,24], and we also observed this tendency, albeit without sig-
nificance in any age group (Table 4). Yapucu Gunes et al. [13]
investigated SCT and MT of the anterolateral, deltoid, and VG
areas in infants and children aged 1 to 36 months using ultra-
sound. Burbridge [12] used pelvic CT images to measure SCT
in the gluteal region, and another study used ultrasonography to
investigate SCT and MT at the gluteus [25]. We investigated
SCT and MT at the DG and VG sites in children and sought to
clarify the relationships between SCT and MT at the DG and
VG sites. In the present study, the SCT and MT at the VG and
DG sites were not significantly different in 1 to 7-year-old. As
shown in Table 2, Spearman rho correlation coefficients were
used to determine the correlations between age and SCT and
MT in the VG and DG areas. Our analysis revealed a significant
positive relationship between age and SCT at the DG site, as
well as a significant relationship between age and MT at both
the DG and VG sites. However, in addition to age, we suspected
that gender, height, weight, and BMI may also have been corre-
lated with the MTs and SCTs. Therefore, a stepwise multiple re-
gression analysis was conducted using all independent variables

(age, gender, height, weight, and BMI) to identify factors that
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were most strongly related to MT and SCT. MT in the VG and
DG areas was found to be related to age, and SCT in the VG and
DG areas to age and BMI. Thus, we conclude that VG and DG
sites could be considered alternatives when the anterolateral site
is problematic, and that the gluteal region should be considered
to reduce the risk of complications after intramuscular injection
in children. Autologous fat grafting in children is used for the
treatment of velopharyngeal insufficiency, facial malformations,
and scar depression. For the correction of facial soft tissue asym-
metry, and volume deficits in particular, autologous fat grafting
and dermis-fat grafts are valuable tools. In the pediatric age
group, the buttock is usually used for donor harvesting and pro-
vides the best source for sufficient donor tissue and quick har-
vesting. Taking into consideration the results of this study at the
time of autologous fat grafting can be expected to reduce preop-
erative planning and postoperative complications. In some pedi-
atric patient cases, it is necessary to reconstruct a defect of the
lower leg and the foot created by trauma or oncologic surgery.
Reconstruction of a defect of the posterior aspect of the leg and
hindfoot requires a thin flap to minimize the burden of the flap
and to achieve an aesthetically pleasing appearance. The gluteal
artery perforator flap is a musculocutaneous flap that is widely
used with well-developed techniques. It can provide a thin and
durable flap with minimal donor-site morbidity. Considering
the results of this study when reconstructing defects of the lower
leg and foot in pediatric patients should minimize the burden of
the flap and help achieve an aesthetically pleasing appearance.
All abdominopelvic CT images were acquired in the supine po-
sition, and thus, the MT and SCT in the DG area were mea-
sured to be smaller than the actual thickness. Further study is
needed to measure the thickness of the VG and DG through or

using CT with 3-dimensional reconstruction.
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