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Abstract 
We previously investigated the thickness of the epidermis and lengths from 
the skin surface to the muscle fascia and bone based on measurements taken 
from the ultrasonic echograms of Japanese infants aged 2, 3, 4, 5, 6, and 12 - 
15 months. The appropriate needle length for intramuscular injection was 16 
mm (5/8 inch) in Japanese infants at any age and site. In the present study, we 
examined these lengths in 21 infants with physical growth from 2 to 15 
months. Average height increased from 58.5 to 73.6 cm and average body 
weight from 5835 to 9226 g until 15 months. The circumference of the thigh 
increased from 22.3 cm at 2 months to a maximum of 25.9 cm at 6 months, 
while that of the deltoid area was 15.2 cm at 2 months and 15.9 cm at 6 
months. Subcutaneous mass (length from the skin surface to the muscle fas-
cia) at the thigh increased between 3 and 4 months and decreased at 12 - 15 
months and showed good relationship to the circumference of the thigh. 
Subcutaneous mass at the center of the deltoid area showed the same size un-
til 6 months. Muscle mass (lengths from the muscle fascia to the bone) at 
thigh and deltoid areas remained the same until 6 months. Ultrasonic echo-
gram is an effective tool for evaluating subcutaneous and muscle mass in 
young infants. 
 

Keywords 
Intramuscular Injection, Subcutaneous Mass, Muscle Mass, Vaccines 

How to cite this paper: Nakayama, T., 
Tanaka, T., Fujino, M., Kino, M., Kunito-
mi, Y. and Yatabe, K. (2018) Change of 
Subcutaneous Tissue Mass at the Deltoid 
and Thigh Areas in Japanese Infants Fol-
lowed from 2 to 15 Months. Open Journal 
of Pediatrics, 8, 324-333. 
https://doi.org/10.4236/ojped.2018.84033 
 
Received: October 4, 2018 
Accepted: December 1, 2018 
Published: December 4, 2018 
 
Copyright © 2018 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

http://www.scirp.org/journal/ojped
https://doi.org/10.4236/ojped.2018.84033
http://www.scirp.org
https://doi.org/10.4236/ojped.2018.84033
http://creativecommons.org/licenses/by/4.0/


T. Nakayama et al. 
 

 

DOI: 10.4236/ojped.2018.84033 325 Open Journal of Pediatrics 
 

1. Introduction 

Alum-adjuvanted vaccines have been used since the introduction of diphtheria 
and tetanus toxoids combined with the acellular pertussis vaccine (DTaP) in 
1981. Pneumococcal (PCV13) and hepatitis B virus (HBV) vaccines were intro-
duced into recommended immunization in 2010 and 2016, respectively. These 
alum-adjuvanted vaccines are administered from two months of age [1]. They 
are administered intramuscularly (IM) in most countries, but subcutaneously 
(SC) in Japan. Muscle contracture was reported in the 1960s caused by multiple 
IM injections of antibiotics and antipyretics. There was no case caused by vac-
cine administration, but IM procedure has been prohibited. Serious local pain 
has been reported through SC administration, and among them some recipients 
exhibited local induration for several weeks [2]. All adjuvanted vaccines are ad-
ministered IM worldwide without serious local reactions [3]. 

Immunization schedule starts at 2 months of age, and most vaccines are ad-
ministered SC at the middle of the lateral thigh or center of the deltoid area. In 
order to promote IM procedure, anatomical lengths from the skin surface to the 
muscle fascia and bone were previously evaluated in a clinical study to assess 
appropriate lengths for infants by ultrasonic echography on 30 volunteer infants 
aged 2, 3, 4, 5, 6, and 12 - 15 months [4]. The appropriate needle length for IM 
administration was found to be 16 mm at any age (month) and site. That study 
was a cross-sectional analysis.  

We supposed that the different local reactions depend on the subcutaneous 
and muscle mass. The object of the present study is to investigate the relation-
ship between the mass and physical growth of infants, height, body weight, body 
mass index (BMI), and circumference, as they grow from 2 to 15 months by ul-
trasonic echography. 

2. Materials and Methods 
2.1. Study Design 

In order to assess the physical growth, 21 healthy Japanese infants (12 male and 
9 female infants) were enrolled from those who visited the Department of Pedia-
trics of two general hospitals between August 2015 and October 2016 at Saiseikai 
Central Hospital, Tokyo and Shizuoka Kosei Hospital, Shizuoka. Twenty-one 
infants were initially enrolled at 2 months of age and were followed until 15 
months. Some data were excluded from the final analysis because of unclear ul-
trasonic echography images. Therefore, 18 images at 3 and 4 months, 16 at 5 and 
6 months, and 18 at 12 - 15 months were analyzed. The target months of age 
were selected according to the recommended immunization schedule for infants 
by the Japan Pediatric Society [1]. Body weight, height, and the circumferences 
of the upper arm at the center of the deltoid muscle and middle position of the 
thigh were measured. Inclusion and exclusion criteria were as follows: 

Inclusion criteria 
1) Written consent was obtained from infants’ families. 
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2) Infants who had grown healthily after birth without any chronic ailments. 
Even if infants had some chronic illness (such as febrile convulsion, cardiac 
anomaly without heart failure), they were included when medical investigators 
judged it to have no influence on the measurements being taken. 

Exclusion criteria 
1) Infants with an abnormality in their extremities. 
2) Infants with serious chronic ailments related to developmental disorders or 

neurological or muscular diseases. 
3) Infants not cooperative with measurements. 
4) Infants’ families (guardians or legally acceptable representatives) for whom 

written consent was not obtained. 
The thickness of the epidermis and lengths from the surface of the skin to the 

muscle fascia and bone were measured using ultrasonic echograms. The objec-
tives and design of the present study were explained to infants’ families (guar-
dians or legally acceptable representatives), and written informed consent was 
obtained. This study protocol was reviewed and approved by the Ethics Com-
mittees of Saiseikai Central Hospital, and Shizuoka Kosei Hospital. This study 
was conducted in accordance with Ethical Guidelines for Medical and Health 
Research Involving Human Subjects (Dec. 2014, The Ministry of Education, 
Culture, Sports, Science and Technology; Ministry of Health, Labour and Wel-
fare) and Ethical Principles based on the Declaration of Helsinki.  

2.2. Ultrasonic Echography 

Ultrasonic echography was performed on the middle of the deltoid muscle and 
middle of the lateral thigh using Aplio 400/500 with the linear probe 
PLT-704SBT (Toshiba Medical Systems, Japan), and Prosound SSD-α10 with the 
linear probe UST-5411 (Hitachi Aloka-Medical, Japan). The thickness of the ep-
idermis and lengths from the skin surface to the muscle fascia and bone were 
measured based on the different intensities of echograms while stretching the 
skin flat [4]. Ultrasonic images were examined by a medical echogram specialist 
and unclear blurred images were excluded from the analysis. A typical ultrasonic 
image at the deltoid area is shown in Figure 1. 

2.3. Statistical Analyses  

Statistical significance was determined by Welch’s t test. Statistical analyses were 
performed using SAS ver. 9.2 software. 

3. Results 
3.1. Physical Growth and Circumferences at Injected Sites  

The physical growth of height and body weight was measured and the results 
obtained are shown in Figure 2. The background of participants was 37 - 42 
gestational weeks without abnormalities during pregnancy and delivery. The 
heights of 81% of participants ranged between 55 and 60 cm, while the body 
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weights of 57% were 5000 - 6000 g at 2 months. They grew normally until 12 - 15 
months in accordance with the normal growth curves of Japanese children. 
These results were within cross sectional average of body weight and height of 
95% of Japanese infants. Mean body mass index (BMI) was 17 - 17.8 without any 
significant changes. 

The circumferences of the middle of the lateral thigh, center of the deltoid 
muscle area, and the lower 1/3 of the upper arm were measured and the results ob-
tained are shown in Figure 3. The circumference of the thigh was 22.3 ± 1.72 cm at 
2 months and increased to a maximum of 25.92 ± 2.06 cm at 6 months. The cir-
cumference of the center of the deltoid muscle area was 15.18 ± 1.45 cm at 2 
months and increased to a maximum of 17.46 ± 1.57 cm at 6 months. The cir-
cumference of the lower 1/3 of the upper arm was 14.18 ± 1.54 cm at 2 months 
and 15.89 ± 1.10 cm at 6 months.  

3.2. Lengths from the Surface of the Skin to the Muscle Fascia and  
Bone at the Thigh 

The thickness of the epidermis and lengths from the skin surface to muscle fas-
cia and bone were identified by different ultrasonic intensities and results are 
shown as means ± 1.0 SD in Figure 4(a). The mean thickness of the epidermis 
was 1.78 ± 0.39 mm at 2 months and 1.82 ± 0.48 mm at 12 - 15 months. The 
length from the skin surface to the muscle fascia was 10.30 ± 2.21 mm at 2  
 

 
Figure 1. Typical ultrasonic image of deltoid area. Ultrasonic image obtained from the 
subject 5 months of age at the deltoid area is shown. Thickness of epidermis and length 
were measured based on the different intensity of echogram along with the blue line. 
 

 
Figure 2. Changes in height, body weight, and BMI with physical growth. Height, body 
weight, and BMI were measured and shown as the mean ± 1.0 SD. Red arrows show the 
cross-sectional average of body weight and height of the 95% of Japanese infants. Green 
zone shows appropriate BMI.  
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Figure 3. Circumferences of the thigh, upper arm at the deltoid 
muscle, and lower 1/3 of the upper arm in different age groups 
(months). Circumferences are shown as the mean ± SD (cm). 

 

 
Figure 4. Thickness of the epidermis, lengths from the skin surface to the muscle fascia 
and bone at the thigh, and the relationship between length and circumference. (a) 
Thickness of the epidermis and lengths are shown as the mean ± 1.0 SD (mm). (b) 
Relationship between circumference and length from the skin surface to muscle fascia. (c) 
Relationship between circumference and length from the skin surface to the bone. 
 
months, maximum length was 13.62 ± 2.83 mm at 5 months, and this decreased 
to 9.59 ± 2.05 mm at 12 - 15 months. The length from the skin surface to bone 
was 24.08 ± 4.33 mm at 2 months, maximum length was 28.02 ± 3.74 mm at 5 
months, and this decreased to 24.25 ± 2.74 mm at 12 - 15 months. It increased 
for 3 - 4 months, remained similar length at 4 - 6 months, and then decreased at 
12 - 15 months. 

We investigated a correlation coefficient (r) between body size and length 
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from the skin surface to the muscle fascia and bone. The circumference around 
the middle thigh area was more closely related to the length from the skin sur-
face to bone (r = 0.55) than that to the muscle fascia (r = 0.49) (Figure 4(b) and 
Figure 4(c)). 

No relationship was noted between the length from the skin surface to bone 
and body weight or height, but weak relationship was observed between that to 
BMI (r = 0.48) (Figure 5(a), Figure 5(b), and Figure 5(c)). 

3.3. Lengths from the Surface of the Skin to the Muscle Fascia and  
Bone at the Deltoid Muscle 

The thicknesses of the epidermis and the length from the skin surface to muscle 
fascia and bone were examined at the deltoid muscle, and the results obtained 
are shown in Figure 6. The mean thickness of the epidermis was 1.86 ± 0.44 mm 
at 2 months and 1.93 ± 0.64 mm at 6 months. The length from the skin surface 
to the muscle fascia was 9.13 ± 2.15 mm at 2 months, maximum length was 9.51 
± 1.98 mm at 4 months, and decreased to 6.36 ± 1.19 mm at 12 - 15 months. The 
length from the skin surface to the bone was 17.83 ± 2.44 mm at 2 months, 
maximum length was 19.55 ± 3.14 mm at 5 months, and decreased to 17.04 ± 
2.16 mm at 12 - 15 months. No relationship was observed between the circum-
ference at the middle of the deltoid area and the length from the skin surface to 
the muscle fascia or to bone. 

3.4. Subcutaneous Tissue Mass and Muscle Volume 

The difference in length between the thickness of the epidermis and that from 
the skin surface to the muscle fascia reflects the subcutaneous tissue mass. Mus-
cle volume is defined as the difference between the length from the skin surface 
to bone and that to the muscle fascia. The results obtained are shown in Table 1. 
The subcutaneous tissue mass at the middle of the thigh increased significantly 
between 3 and 4 months (p = 0.006) and significantly decreased at 12 - 15 
months in comparison with that at 6 months (p < 0.001). The subcutaneous tis-
sue mass at the center of the deltoid area was the same until 6 months and de-
creased at 12 - 15 months. No significant increases in muscle volumes at the 
thigh and deltoid areas were observed as they grew up until 12 - 15 months. 

4. Discussion 

Two IM injection techniques are employed by bunching the thigh muscle at the 
injection site and stretching the skin surface, and the site recommended is the 
thigh for infants <12 months and the deltoid muscle area for those >1 year [5] 
[6]. The incidence of local pain at injection sites varies not only for needle 
lengths, but also for the age of immunization. A relationship has been reported 
between the incidence of local reactions and a needle length of 16 or 25 mm, and 
fewer local adverse reactions were noted in those immunized using the 25-mm 
needle with similar immune responses [7]. The incidence of local redness and 
pain due to intramuscular injection into the thigh is higher in infants aged 18 
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months, probably because they start walking at around this age [8]. We investi-
gated the local reactions following immunization with alum-adjuvanted vaccines 
in experimental mouse level. They induced inflammatory nodules following in-
jection through IM and SC with local production of inflammatory cytokine but 
non-adjuvanted vaccines didn’t. Inflammatory nodules were absorbed earlier in 
the case of IM than in that of SC injection [9]. We suppose that the local pain is 
related to the inflammatory nodule in subcutaneous or muscular mass. Subcu-
taneous tissue consists of connective tissue and fat. Nerve cells (nociceptors) are 
 

 
Figure 5. Relationships between length from the skin surface to bone and height, body 
weight, and BMI.  

 

 
Figure 6. Thickness of the epidermis and lengths from the skin surface to the muscle fascia 
and bone at the middle of the deltoid muscle area. (a) Thickness of the epidermis and lengths 
are shown as the mean ± 1.0 SD (mm). (b) Relationship between circumference and length 
from the skin surface to muscle fascia. (c) Relationship between circumference and length 
from the skin surface to the bone. 
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Table 1. Subcutaneous and muscle volumes at the thigh and deltoid area between 2 and 
15 months. 

 
Thigh Subcutaneous Muscle Deltoid Subcutaneous Muscle 

2 M n = 21 
8.52 

[7.53 - 9.51] 
13.79 

[12.34 - 15.23] 
n = 21 

7.28 
[6.337 - 8.19] 

8.70 
[7.94 - 9.45] 

3 M n = 18 
9.51* 

[8.66 - 10.35] 
13.16 

[12.20 - 14.12] 
n = 18 

7.07 
[6.41 - 7.72] 

8.98 
[7.72 - 10.24] 

4 M n = 18 
11.62* 

[10.34 - 12.90] 
14.57 

[13.22 - 15.91] 
n = 17 

7.61 
[6.75 - 8.47] 

9.17 
[8.47 - 9.87] 

5 M n = 16 
11.84 

[10.33 - 13.35] 
14.40 

[13.12 - 15.68] 
n = 15 

7.67 
[6.81 - 8.53] 

10.08 
[8.18 - 11.98] 

6 M n = 16 
11.41* 

[9.82 - 12.99] 
14.56 

[13.63 - 15.48] 
n = 15 

7.15* 
[6.45 - 7.86] 

10.27 
[9.00 - 11.55] 

12 - 15 M n = 18 
7.77* 

[6.82 - 8.73] 
14.65 

[13.59 - 15.72] 
n = 16 

4.64* 
[3.97 - 5.32] 

10.68 
[9.68 - 11.68 

*Significant difference was observed in the subcutaneous mass at thigh between 3 and 4 months and be-
tween 6 and 12 - 15 months, and subcutaneous mass at deltoid between 6 and 12 - 15 months (p < 0.01). 

 
abundant in the hypodermis subcutaneous mass than in the muscle tissue. In-
creasing volume of subcutaneous mass after 3 - 4 months is related to the local 
reactions following SC injection. 

In the present study, 21 infants were followed from 2 to 12 - 15 months. Mus-
cle volumes at the thigh and deltoid areas appeared to remain similar from 2 to 
12 - 15 months and no significant change was observed in the thickness of the 
epidermis. Ultrasonic echo-image from muscle fascia to bone at thigh represents 
the muscle volume of quadriceps. Recently, muscle volume calculated by 
three-dimensional ultrasound imaging method at medial gastrocnemius muscle 
was used to take early interventions for patients with cerebral palsy (CP) [10] 
[11] [12]. Medial gastrocnemius muscle increased the same rate in normal in-
fants and patients with CP until 12 months. But muscle growth was reduced be-
fore development of the spasticity of the patients with CP. 

The subcutaneous tissue mass at the thigh increased between 3 and 4 months, 
remained the same until 6 months, and then decreased at 12 - 15 months. At this 
age (4 - 6 months), it would be consistent with the timing when the subcutane-
ous soft tissue enlarges in the plump thighs, but not in the deltoids. Subcutane-
ous fat mass was measured as skinfold thickness using a caliper and total subcu-
taneous fat mass was calculated from the sum of skinfold thickness at biceps, 
triceps, suprailiacal, and subscapular sites. This calculation was used to investi-
gate the influence of maternal obesity, gestational diabetes mellitus, maternal 
smoking, and infant diet on infant obesity [13] [14] [15]. 

The present method was a preliminary investigation only for limited number 
of healthy infants and should be applied for the patients with CP or above con-
ditions. 
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5. Conclusion 

Ultrasonic echo-imaging at the thigh and deltoid areas is a simple method to de-
termine the subcutaneous tissue and muscle volume measuring the length from 
the skin surface to the muscle fascia and bone. The subcutaneous tissue mass at 
the thigh area increased from 3 to 4 months until 6 months and decreased at 12 - 
15 months. No significant increases in muscle volumes at the thigh and deltoid 
area were observed. 
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