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Abstract 
Long Acting Injectable (LAI) medications for patients with schizophrenia is commonly adminis-
tered to relieve their symptoms. Through shared decision-making and clinical evidence-based, 
psychiatrists should systematically offer LAIs to all patients requiring long-term antipsychotic 
treatment as a first-line treatment. Gluteal intramuscular (IM) injection requires accurate inser-
tion of needles into the specific muscle area, often the outer upper quadrant of the buttocks, in 
order to achieve the required blood concentration. The purposes of this study were to compare 
the “Distance from the Epidermis to the Under-Fascia (DEUF)” and “Distance from the Epidermis to 
the Iliac Bone (DEB)” of the buttocks IM injection sites at the dorsogluteal and ventrogluteal sites 
among healthy Japanese volunteer subjects, and to identify the optimal insertion injection needle 
length. The DEUF and DEB at the gluteal regions were measured by ultrasonography. Welch’s 
one-way analysis of variance was used to compare the DEUF and the DEB at the gluteal IM injec-
tion regions. There was no statistically significant difference observed between the right and left 
mean values of DEUF for Hochstetter and Clark’s point at the ventrogluteal sites, and the Four and 
Three-way split or Double Cross point at the dorsogluteal sites. However in the DEB, the Hochstet-
ter’s point (P < 0.01) at ventrogluteal site on the right side, and Clark’s point (P < 0.05) were sig-
nificantly shorter than the Double Cross point at dorsogluteal sites (F = 4.38). The left buttocks 
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Hochstetter’s point was significantly shorter than the Double Cross point (F = 4.38, P < 0.01). 
These results, however, did not establish a statistically significant difference in the DEUF among 
injection sites. It was considered that the difference in the DEB depended on muscle volume and 
thickness in the gluteal injection sites. 
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1. Introduction 
Long Acting Injectable (LAI) Intramuscular (IM) injection in patients with schizophrenia is commonly needed 
to relieve their psychiatric symptoms [1]. Also, in an evidence-based clinical approach, psychiatrists should be 
systematically offering to all patients that require long-term antipsychotic treatment, through shared deci-
sion-making, a LAI antipsychotic as a first-line treatment [2].  

LAI drugs used to treat schizophrenic patients are gradually absorbed and remain in the muscle tissue for ap-
proximately 2 - 4 weeks [1]. In cases if injected chemical solution remains in subcutaneous tissue and does not 
reach into the muscle, this can cause tissue damage as injection site skin reaction [3] [4]. An IM injection must 
be accurately and directly inserted into the central area of a specific muscle. This route of administration pro-
vides rapid absorption of medications thus enhancing the effects of the medications [5].  

Yalcin et al. [6] showed that the distance at the dorsogluteal and ventrogluteal injection sites all point to the 
sciatic nerve. Sato et al. [7] examined injection needle for sites relationship between the superior gluteal nerve 
using direct observational data through dissection of the human body showing the two gluteal IM injection sites; 
“Four and three-way split” and “The point of Clark”. Nurten et al. [8] investigated whether or not there is any 
anatomical vessel or neural structure present, while also determining the thickness of subcutaneous tissue, mus-
culus gluteus medius, and the gluteus minimus muscles. 

In Japan, Yasuhara et al. [5], Sakamaki et al. [9], and Tanioka et al. [10] measured by ultrasonography the 
optimal injection needle length for dorsogluteal IM injection sites among Japanese volunteer subjects. Similarly, 
Takahashi et al. [11] measured the subcutaneous tissue thickness of Hochstetter’s site. Currently, however, there 
are no studies with Japanese subjects that show comprehensive comparisons of the “Distance from the Epider-
mis to the Under-Fascia (DEUF)” and the “Distance from the Epidermis to the Iliac Bone (DEB)” at the four IM 
injection sites as aforementioned.  

The Four and Three-way split method is used as injection sites which are identified by Japanese researchers 
thereby recognizing the need to clarify the difference between those areas that are identified by foreign re-
searchers and those of the Japanese counterparts [12]. The DEUF and DEB injection of the lateral part in the 
buttocks sites vary depending on the nurse’s assessment.  

The superior gluteal artery, the largest branch of the internal iliac artery accompanies the corresponding nerve 
under the gluteus maximus, and divides into branches that supply the gluteal muscles [13] [14]. The dorsogluteal 
injection sites are located major nerves and blood vessels in this area, including the sciatic nerve and superior 
gluteal artery [15] [16], therefore nurses must accurately identify landmarks to ensure accurate injection of 
needle to the correctly specified muscle [17]. Revealing the differences between these sites’ DEUF and DEB 
will prevent the contact of the injection needle with the surface of the iliac bone, and lead to appropriately admi-
nister an accurate delivery of intramuscularly administer drug. 

The purposes of this study are to compare the DEUF and DEB of IM injection sites at the dorsogluteal and 
ventrogluteal sites of the buttocks among Japanese healthy volunteer subjects; and to discuss about an optimal 
insertion injection needle length. 

2. Materials and Methods 
2.1. Subject 
The subjects were recruited 5 persons each of male and female in age groups of the 50s from 20s respectively. 
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Inclusion criteria included healthy subjects between the ages of 20 to 70 years with a stable body weight. Exclu-
sion criteria included pregnant or lactating women or use of medications or injection sites in skin disorders 
known to affect metabolism. 

2.2. Study Period 
A comparative descriptive designs and period was conducted on July 11 and 12, 2015. 

2.3. Measures and Statistical Methods 
2.3.1. Measurement by Ultrasonography 
The DEUF and DEB at the gluteal regions were measured by ultrasonography. All ultrasonographic measure-
ments were performed by an experienced Sonographer using a 7.5 MHz linear and convex array transducer and 
ultrasonograph diagnostic system (Hitachi Medical Corporation, Japan). Figure 1 is an example of ultrasono-
graphic image [18]. 

Dorsogluteal sites were measured with a prone position: To identify the injection site using the “Four and 
Three-way split”, method, the selected buttocks area was imaginarily divided into four quadrants. The specified 
method of locating the injection site, was identified the upper outer quadrant [19], and at one third the distance 
from the iliac crest on the imaginary 45 degree line “Double Cross region”. The “Double Cross” method divides 
the buttocks with an imaginary cross then divide the upper outer quadrant by another imaginary cross.  

Ventrogluteal sites were measured with a lateral position, angles of an articulatio genus was about 90 to 100 
degree: To identify the injection site by the “Hochstetter” method, place the palm of your hand over the tro-
chanter. Point the first or index finger toward the anterior iliac crest. Spread the second or middle finger toward 
the back, making a “V”. The thumb should be pointed toward the front of the leg. Injection site is between the 
knuckles on index and middle fingers. “The point of Clark” is located at the anterior one of the points trisecting 
the line connecting an antero-superior iliac spine and posterior superior iliac spine. 

2.3.2. Analysis Method 
Welch’s one-way analysis of variance as used, to compare the DEUF and the DEB at the gluteal IM injection 
regions: “Four and Three-way split”, “Double Cross”, “Hochstetter” and “Clark” points. Statistical analysis of 
data was performed using SPSS (Ver. 21.0 J). P < 0.05 was considered to be significant. The Welch's ANOVA 
procedure is frequently recommended as the major alternative to the ANOVA F test [20], and does not assume 
equal variances. This study had four groups: Four and Three-way split, Double Cross, Hochstetter, and Clark. 
The minimum sample size required each group at least 20 persons. 

 

 
Figure 1. Example of ultrasonographic image. 
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2.4. Ethical Consideration 
This research was conducted with the approval (approval number 2948) of the Ethical Committee of the Toku-
shima University Hospital. Researchers explained the purpose, contents and method of this research study ver-
bally and in writing to the prospective subjects. Those who consented to participate were regarded as subjects. 
The following were described in the consent letter: 1) the subjects’ agreement to participate out of their own free 
will; 2) if they agree to participate in this research, they can discontinue it at any time and; 3) no disadvantage 
will be caused by cancellation of participation and cooperation. 

3. Results 
3.1. The Characteristics and DEUF/DEB 
Table 1 shows the basic information regarding the subjects of the study. There were 39 healthy adult Japanese 
subjects (21 men and 18 women), with ages ranging from twenty to seventy (Mean ± SD: 44.97 ± 15.20 years 
old; men 45.24 ± 15.49 years old; women 44.67 ± 15.30 years old). The average Body Mass Index (BMI) was 
21.87 ± 3.02 kg/m2, with a minimum value of 17.20 kg/m2 and a maximum of 29.00 kg/m2. 

Table 2 and Table 3 show the number of subjects of the groups regarding the depth of DEUF and DEB at the 
injection sites. 

3.2. The Comparison Results of DEUF and DEB 
These results show that the mean values of DEUF which have no significant differences on both the right and 
left gluteal sites at the Hochsteter (the right side: 14.37 ± 7.28 mm, the left side: 14.54 ± 8.42 mm), and Clark 
sites (the right side: 13.98 ± 7.33 mm, the left side: 14.88 ± 7.67 mm); the ventrogluteal sites, the point of Four  

 
Table 1. Characteristics of physical information. 

Item Mean Standard Deviation Minimum Maximum 

Basic Information 

Age 44.97 15.20 20.00 68.00 

Height (cm) 165.77 8.44 148.00 184.00 

Weight (kg) 60.75 12.49 40.50 94.70 

BMI (kg/m2) 21.87 3.02 17.20 29.00 

Measurement by  
ultrasonography 

Hochsteter 

Left 
DEUF (mm) 11.89 4.71 4.30 22.90 

DEB (mm) 52.88 9.59 36.00 75.30 

Right 
DEUF (mm) 12.53 4.78 5.00 25.00 

DEB (mm) 54.30 9.80 35.30 74.10 

Clark 

Left 
DEUF (mm) 12.15 4.39 4.60 26.00 

DEB (mm) 56.52 8.98 43.80 74.50 

Right 
DEUF (mm) 12.30 5.25 5.30 28.20 

DEB (mm) 55.71 8.93 38.10 76.30 

Four and 
Three-way split 

Left 
DEUF (mm) 13.35 4.72 6.10 32.10 

DEB (mm) 58.82 11.53 40.30 84.10 

Right 
DEUF (mm) 13.69 6.17 5.00 33.50 

DEB (mm) 58.99 11.59 31.00 86.60 

Double Cross 
Left 

DEUF (mm) 13.16 4.80 6.10 27.80 

DEB (mm) 61.98 11.01 43.80 86.70 

Right 
DEUF (mm) 13.12 4.73 6.10 30.10 
DEB (mm) 61.95 10.45 42.10 82.80 

BMI: Body Mass Index. 
DEUF: Distance from the Epidermis to the Under-Fascia. 
DEB: Distance from the Epidermis to the Iliac Bone. 
N = 39, 55% (21) were male and 45% (18) were female. 
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Table 2. Range of DEUF and distribution of the number of subjects. 

Injectuion sites DEUF < 15 mm 15 mm ≤ DEUF < 20 mm 20 mm ≤ DEUF < 25 mm DEUF ≥ 25 mm 

Hochsteter 
Left 31 6 2 0 

Right 28 8 2 1 

Clark 
Left 32 5 0 2 

Right 28 8 2 1 

Four and 
Three-way split 

Left 31 5 2 1 

Right 29 5 2 3 

Double Cross 
Left 29 6 2 2 

Right 29 6 3 1 

DEUF: Distance from the Epidermis to the Under-Fascia. 
N = 39, 55% (21) were male and 45% (18) were female. 

 
Table 3. Range of DEB and distribution of the number of subjects. 

Injectuion sites 30 mm ≤ DEB < 40 mm 40 mm ≤ DEB < 50 mm 50 mm ≤ DEB < 60 mm DEB ≥ 60mm 

Hochsteter 
Left 3 13 15 8 

Right 3 10 14 12 

Clark 
Left 0 11 15 13 

Right 1 12 15 11 

Four and 
Three-way split 

Left 0 11 9 19 

Right 2 6 13 18 

Double Cross 
Left 0 5 14 20 

Right 0 4 15 20 

DEB: Distance from the Epidermis to the Iliac Bone. 
N = 39, 55% (21) were male and 45% (18) were female. 

 
and Three-way split (the right side: 17.05 ± 9.83 mm, the left side: 16.91 ± 8.99 mm), and the point of Double 
Cross (the right side: 17.28 ± 9.99 mm, the left side: 17.31 ± 9.84 mm) of the dorsogluteal sites. 

Figure 2 (data from right side of buttocks) and Figure 3 (data from left side of buttocks) show the compara-
tive data of the results of DEUF and DEB. In these box plots, the top of the rectangle indicates the third quartile, 
a horizontal line near the middle of the rectangle indicates the median, and the bottom of the rectangle indicates 
the first quartile. With the DEB on the right gluteal sites, the mean values of the points of Hochsteter (54.30 ± 
9.80 mm) and of Clark (55.71 ± 8.93 mm) at the vrentrogluteal sites were significantly shorter than the point of 
Double Cross (61.95 ± 10.45 mm) at the dorsogluteal sites (F = 4.38, P < 0.01). Furthermore, at the DEB on the 
left gluteal site, the mean values of the point of Hochsteter (52.88 ± 9.59 mm) at ventrogluteal sites were signif-
icantly shorter than the point of Double Cross (61.98 ± 11.01 mm) at the dorsogluteal sites (F = 5.37, P < 0.01). 
However, there were no significant differences observed at the dorsogluteal sites between the points of Four and 
Three-way split and of the Double Cross. 

3.3. Observation of the Gluteus Maximus in Each of IM Injection Site 
The DEUF is the distance from the epidermis to the gluteus medius muscle, however in the case of the injection 
sites, the gluteus maximus is often covered by the gluteus medius muscle, and its distance to the fascia of the 
gluteus maximus. Table 4 shows the observed percentage of gluteus maximus in each of IM injection site.  

4. Discussion 
The findings of the study showed that there were no significant differences in the DEUF on the left and right 
buttocks among the points of Hochsteter, of Clark at ventrogluteal sites, the point of Four and Three-way split, 
and of the Double Cross at the dorsogluteal sites. 
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Figure 2. DEUF and DEB at each site on the right side. 

 

 
Figure 3. DEUF and DEB at each site on the left side. 

 
Table 4. Number of subjects who observed gluteus maximus at the injection sites (N = 39). 

 Four and Three-way split Double Cross Hochsteter Clark 

Left side 8 (20.5%) 8 (20.5%) 6 (15.4%) 7 (17.9%) 

Right side 7 (17.9%) 8 (20.5%) 4 (10.3%) 4 (10.3%) 
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The BMI of the subjects were standard of Japanese body shape [21]. The mean values of DEUF at ventroglu-
teal sites were 14 ± 8 mm, and of the DEUF at dorsogluteal sites were 17 ± 10 mm. In this range, it was assumed 
that where the injection needle was inserted to a length between 15 mm and 25 mm in any points on both the 
right and the left buttocks, the point of the injection needle could reach into the muscle. Within the range of 18.5 
≤ BMI < 30.0 kg/m2, which was shown by the results of the study of Takahashi et al. [11], was assumed that the 
point of the injection needle injected on the point of Hochsteter could reach into the muscle when the injection 
needle was inserted at 20 mm on both right and left buttocks. The maximum subject’s BMI in this study was 29 
kg/m2, DEUF was less than 20 mm. However, three subjects’ DEUF were 20 mm or longer on the right buttocks, 
and two subjects’ DEUF were 20 mm or longer on the left buttocks. Therefore, it was considered that injection 
with 20 mm insertion of the injection needle cannot reach in the gluteal muscle.  

In this case, it may long residing depot can cause localized chronic-active inflammation in the tissue by sub-
cutaneous injection [22]. 

While all of the subjects of this study were healthy, the subjects in the study of Takahashi et al. [11] included 
healthy people, and both in patients and outpatients. Therefore, there were differences in muscle volume and 
subcutaneous tissues. As Figure 2 and Figure 3 showed, DEB, on both right and left buttocks of the Hochsteter 
site at the ventrogluteal sites were shorter than the DEB of the Double Cross at dorsogluteal sites. There were no 
significant differences observed among the four injection points. Therefore, there is a high possibility that the 
tunica muscularis was thin, at the point just under the injection points for the Hochsteter sites. The mean values 
of DEB of the Hochsteter data ranged from 54.30 ± 9.80 mm on the right buttocks and 52.88 ± 9.59 mm on the 
left buttocks. Considering these inconsistencies in the physical characteristics of previous studies, people with 
standard body shape (as was in this study) were considered, in particular, to determine that the injection needle 
would not contact the iliac bone as long as it was less than approximately 45 mm.  

There were no significant differences observed in the DEB between the points of the Double Cross and the 
Four and Three-way split at the dorsogluteal sites. The mean values of DEB at the dorsogluteal sites ranged 
from 61.95 ± 10.45 mm for Double Cross on the right buttocks and 61.98 ± 11.01 mm on the left buttocks, and 
58.99 ± 11.59 mm for the Four and Three-way split on the right buttock, and 58.82 ± 11.53 mm on the left but-
tock. Thereby, it was considered that the injection needle would not make contact with the iliac bone for persons 
with standard body proportions as long as the DEB ranged approximately from 50 mm to 60 mm.  

Sakamaki et al. [9] measured the Four and Three-way split positions of healthy subjects by ultrasonography. 
Their study showed that the mean value of the DEB were, in the case of persons with BMI of <21 kg/m2, 67.46 
mm on the right buttocks, and 63.76 mm on the left buttocks, and, in the case of persons with BMI ≥ 21 kg/m2, 
were 73.34 mm on the right buttocks and 70.17 mm on the left buttocks.  

In comparison, this study recognized the difference was 10 mm or more. This could be because all the sub-
jects of the Sakamaki et al’s study were women and with ages ranging from forty years 70, thereby the forms of 
muscle and fat were different seemingly due to the differences in gender and age.  

Tanioka et al. [10] measured the Four and Three-way split positions of schizophrenic subjects by ultrasono-
graphy. The mean values of the DEB in the case of subjects with normal BMI (18 - 25 kg/m2), 55.9 mm for the 
median value on the right side and 54.7 mm on the left, and, in the case of High BMI > 25 kg/m2, a median val-
ue of 75.9 mm on the right side and 71.9 mm on the left side. The results of our study were much the same for 
normal BMI subjects. However, for the subjects with high BMI, there were differences observed of 10 mm or 
more. While 27 out of 37 subjects, in the study of Tanioka et al., had high BMI, 6 out of 39 subjects had high 
BMI in this study. Tanioka et al. [10] targeted the patients with schizophrenia, who reportedly [23] tend to be 
obese, and the mean values of DEB seemed to be longer with high BMI.  

Textbooks [3] [24] in Japan at present instruct medical professionals to inject at 90 degrees, at 45 degrees, or 
within a range from 45 degrees to 90 degrees. This study concluded that the angle of needle during injection in-
sertion was set at 90 degrees to the epidermis. 

It would be difficult to guess exactly where the tip of the injection needle would reach, when the angle of in-
sertion was not 90 degrees. Therefore, it would be probable that the tip of the injection needle would not reach 
tunica muscular is when two thirds or 30 mm [3] [24] of the injection needle, which was written in such text-
books, was inserted. 

The IM injection techniques of nurses are not standardized, where some reference materials [25] even instruct 
that hypodermic injection, the purpose of which is to inject medicinal solution to subcutaneous tissue, had the 
same angle and depth for the insertion as IM injection. Assuming that an insertion distance of 30 mm is required 
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in order to fully reach the tunica muscularis, when a 30 mm injection needle is inserted at an angle of 60 degrees, 
the actual distance shown was approximately 4 mm shorter than that of a 30 mm injection needle inserted at 90 
degrees; a total 34.6 mm (adding 4.6 mm) of insertion length is required to reach the same point (The calculation 
was made in the site of KEISAN. http://keisan.casio.jp/exec/system/1177477195). In addition to 4.6 mm, refer-
ring to prior research [26], more additional distance (1 mm of tunica muscular is and 2 mm of blade face) is 
needed to reach the muscle; 30 mm plus a further 8 mm. This means ordinary injection needle, 1.5 inches (38 
mm) may be impossible to reach the muscle. 

Medicine solution and injection needles are specific to some products (for example, in Risperidone [27]) or 
specific injection needles (for example, in Paliperidone [28] or Aripiprazole [29]) are necessary when used clin-
ically. Aripiprazole LAI requires a 1.5 inch (38 mm) injection needle [29] to be injected into the gluteus muscles 
and Risperidone requires a 2 inch (50 mm) [27] injection needle to be injected into the gluteus muscles. Howev-
er, Paliperidone requires a 1 inch (25 mm) or 1.5 inch (38 mm) injection needle [28] to be injected into the del-
toid muscle and/or the gluteus medius. 

Tanioka et al. [26] pointed out that a 2 inch injection needle [27], which is specified for Risperidone, must be 
used carefully depending on body shapes with attention paid to the depth of insertion. Because insertion at any 
injection point have the risk of harm to the iliac bones the length of injection needle insertion must be taken into 
consideration in order to prevent the pointed tip of injection needles from hitting/touching the iliac bones. In the 
preceding study, [10] the subjects of which were patients with schizophrenia, did not have injection needles hit-
ting/touching the iliac bone. Not only the insertion angle to the skin is critical but also the angle toward the iliac 
bone—would greatly influence whether or not the pointed tip of the injection needle would touch the iliac bone.  

Prudent attention must be paid especially to the insertion in the region of Hochsteter, whose mean values of 
DEB are thin on both right and left buttocks. Therefore, nurses and doctors who administer these injections must 
give an IM injection in a proper manner based on sufficient consideration of these conditions.  

The phase-1 study assessing the pharmacokinetics, safety, and tolerability of the investigational IM paliperi-
done palmitate, a 3-month formulation LAI in patients with schizophrenia or schizoaffective disorders has re-
cently been started [30] [31]. More secure techniques, which could complications of injection sites caused by the 
chemical solution does not reach the muscle, must be developed for such LAI. 

It was observed that some subjects had gluteus maximus muscle covering the gluteus medius muscle in the 
injection site regions. The basic method of IM injection targets the gluteus medius muscle [32] to avoid damage 
to nerves and blood vessels. Both the gluteus maximus muscle and gluteus medius muscle function to move the 
articulatio coxae; the gluteus maximus muscle is used to stretch the articulatio coxae, and the gluteus medius 
muscle functions mainly to stabilize the bony pelvis when walking. Nakajima et al. [33] formulated a new injec-
tion site close to Clark’s point at ventrogluteal sites and found that the angle of the articulatio coxae flexion in-
fluenced the DEUF and the thickness of the gluteus medius muscle. Therefore, if IM injection performs in a lat-
eral position at the ventrogluteal sites, it was considered that the relationship between angle of the articulatio 
coxae, contraction of muscle, and the length of DEUF and DEB are important factors. 

5. Conclusion 
The mean values of DEUF were not significantly different in all the hypodermic injection positions on both right 
and left buttocks. The DEB mean values on the right buttocks of the point of Hochsteter and of Clark at the ven-
trogluteal sites were significantly shorter than that of the Double Cross at the dorsogluteal sites, while the DEB 
mean values on the left buttocks of the point of Hochsteter at ventrogluteal sites were significantly shorter than 
that of the Double Cross at the dorsogluteal sites. Due to the differences in DEB length on the injection regions, 
the insertion angles of injection needle must be assessed on all the injection sites. In performing IM injection, it 
was very important to identify: 1) the body shape of subjects; 2), the thickness of the subcutaneous tissues; 3), 
the prescribed injection sites and; 4) the angle and depth of insertion. It was also important that for the insertion 
at ventrogluteal sites assessment of the posture of the subjects with full care and attention must also be critically 
considered. 

6. Limitation 
This study assessed the commonly prescribed muscle areas in currently used injection positions. However, while 
other studies had subjects with varying body shapes, the subjects of this study had standard body shapes. The 
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examinations of patients with standard body shapes who had schizophrenia were needed to compare the IM in-
jection effects using LAI medications. 
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