
  

 

Fig.  1 Block diagram of 3D ultrasound microscope system 

Table.  1 Parameters for data acquisition 

 

 

Abstract—Three-dimensional ultrasound microscopy with 

the central frequency of 120 MHz made it possible to observe in 

vivo sebaceous glands at the deep part of the dermis at 

microscopic level. The deformation displacements were 

measured by an established testing device, and the 

viscoelasticity was estimated from the measured displacements 

and Voigt model. The occupancy, density or average size of 

sebaceous glands was compared with the viscoleasticity. There 

were three major findings in the comparisons. First, the 

occupancy of sebaceous gland showed negative correlation with 

the elasticity. Second, the density of sebaceous glands showed 

positive correlation with the viscosity. Third, the average size of 

sebaceous glands showed negative correlation with the viscosity. 

In conclusion, viscoelastic property of human skin is strongly 

influenced by the morphology of the sebaceous glands. 

I. INTRODUCTION 

The 3D ultrasound microscope enables to observe 
micro-structures of human skin such as sebaceous glands, hair 
follicles and capillary blood vessels with the high ultrasonic 
frequency of around 100 MHz [1-7]. Because the resolution is 
inversely proportional to the ultrasound frequency, 15 micron 
resolution is acquired by 100 MHz. In our previous paper [8,9], 
in vivo human skin morphology was evaluated by 3D 
ultrasound microscopy with the ultrasonic frequency of 120 
MHz and its morphology was compared to the biomechanical 
properties measured by a biomechanical method [10, 11]. 

 Viscoelastic properties of human skin are closely related 
to density, distribution, size and shape of sebaceous glands 
inside the dermis. However, there are few reports on 
relationship between the viscoelasticity and the morphology 
of sebaceous glands. The viscoelasticity of human skin can be 
measured by an established biomechanical testing method 
[11]. 

The objectives of the present study are to evaluate in vivo 
sebaceous glands morphology inside human skin by 3D 
ultrasound microscopy with the ultrasonic frequency of 120 
MHz and to compare measured viscoelasticity and occupancy, 
density or average size of sebaceous glands inside human skin. 
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II. METHODS 

A. Data Acquisition Setup 

Table. 1 shows parameters for data acquisition. An electric 
impulse of pulser generated by a high speed switching 
semiconductor was used to excite P (VDF-TrFE) transducer 
for imaging. The reflection RF signals received by the 
transducer were introduced into the PC with A/D converter. 
Eight pulse echo sequences with 2000 sampling points were 
averaged for each scan line in order to increase the S/N ratio. 
The transducer was mounted on the X-Y scanner with two 
linear servo motors that were controlled by XY-scan 
controller connected to the serial port of the PC. 

Fig. 1 shows a block diagram of the 3D ultrasound 
microscope system. 

B. Image Processing 

Obtained RF signals of each scanning line were converted 
to B-mode image by a conventional image processing 
algorithm of echography. A seal with quadrilateral hole at the 
center was pasted on the ROI of the skin. The scan area was 
4.8 mm wide (X-axis) and 1.5 mm deep (Z-axis) with 300 x 
300 pixels. Consecutive 150 B-mode images were 
reconstructed to volume data. It took a second to observe one 
B-mode image of the skin in the ROI, and 2 minutes to achieve 
full volume datum. The 3D ultrasound microscope system was 
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Fig.  2 Principle of measurement system 

 

Fig.  3 Displacement measured by Cutometer® 

 

Fig.  4 MPR images of sebaceous glands inside normal skin of cheek 

(top) at 800-μm and (bottom) 900-μm beneath the surface 

almost for real-time. Multi-planar reconstructed (MPR) 
images parallel to the skin surface were processed. The MPR 
images at 800-μm and 900-μm beneath the skin surface were 
observed because sebaceous glands mostly distributed in this 
layer. As the ex-vivo pilot study showed that the low intensity 
area corresponded to sebaceous gland, the sebaceous glands 
shown as low intensity regions in the MPR images were 
marked manually. The area and the number were measured by 
using image analysis software (Image J, NIH). 

C. Measurement of Sebaceous Glands Morphology 

Three parameters were calculated from the measured area 
and the number of the sebaceous glands; the occupancy, 
density and average size of sebaceous glands. These were 
given by following equations (1)-(3). 

           
          

         
⁄    (1) 

                    
         ⁄    (2) 

                   
          

      
⁄   (3) 

D. Skin Viscoelasticity Measurement  

Human skin is consisted of three layers; epidermis, dermis 
and subcutis. Cutometer® (MPA580, Courage and Khazaka, 
Köln, Germany) was equipped for evaluating the mechanical 
properties of whole layers of skin [11]. This instrument 
measures the displacement on human skin surface during 
3-second aspiration utilizing an optical measuring unit with a 
precision of 0.01 mm. The pressure value of the aspiration was 
set up to 300 kPa. The skin was vacuumed into the circular 
aperture (φ = 2 mm) by negative pressure from inside the 
probe gently put on the surface of the ROI. The skin returned 
to normal after the negative pressure was released. Fig. 2 
shows the principle of measurement system. 

The measured displacement was shown in Fig. 3 and was 
similar to step response of Voigt model. The displacement 
included whole changes of the epidermis, dermis and subcutis, 
and was measured as the averaged displacement in the ROI. A 
period during 3-second aspiration was defined as aspiration 
time and a period after 3-second aspiration was defined as 
release period. Voigt model is known as a viscoelastic model 
of living tissue. Viscosity and elasticity were calculated by 
fitting the displacement to the model respectively in two 
periods such as aspiration period and release period.  

Each step response is represented by 

      
 

  
      ( 

  

  
 )  (aspiration period)   (4) 

and 

     
 

  
   ( 

  

  
 ) (release period),      (5) 

where s(t) is  displacements generated by the suction,    and 
   are respectively elasticity and viscosity in aspiration period, 
and    and    are respectively elasticity and viscosity in 
release period.   ,  ,    and    were estimated from the 
displacement and the model under assumption of linear 
relationship between force (or pressure) and displacement 
(strain).  

D. Subjects 

Twelve healthy male subjects with written informed 

consent (23.5 ±  0.6 year-olds) were evaluated by 3D 

ultrasound microscope. They didn’t have significant skin 
diseases. The research was approved by an ethical committee 
of Tohoku University. 
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Fig.  5 MPR images of sebaceous glands inside normal skin of forearm 

at 800-μm (top) and 900-μm (bottom) beneath the surface 

 

Fig.  6 Occupancy (top) and density (bottom) of sebaceous glands in 

cheek and forearm at 800-μm 

 

Fig.  7 Elasticity (top) and viscosity (bottom) of cheek and forearm 

III. RESULTS 

A. High Frequency Ultrasound Imaging 

Fig. 4 shows the MPR images of 21-year old male’s cheek 
at 800-μm and 900-μm beneath the skin surface. The imaged 
areas are 4.8 x 4.8 mm. 

The in vivo sebaceous glands were able to be observed as 
low intensity regions in the MPR images, which were 
confirmed by past researches [3, 6, 8]. Each circle of the Fig. 4 
corresponds to sebaceous glands of dermis. 

Fig. 5 shows the MPR images of 24-year old male’s 
forearm at 800-μm and 900-μm beneath the skin surface. The 
imaged areas are 4.8 x 4.8 mm. Each circle of the Fig. 5 
corresponds to sebaceous glands of dermis. The area of 
sebaceous glands of cheek is larger than that of forearm.  

Fig. 6 is the graph showing occupancy and density of 
sebaceous glands in cheek and forearm at 800-μm beneath the 
skin surface.  

Paired t-test was used to compare the measured values. 
The occupancy and density in cheek were significantly higher 
than those in forearm (p < 0.01). There was no significant 
difference in average size, which meant that the size was 
almost same both in cheek and forearm. 

B. Skin Viscoelasticity 

Fig. 7 shows the viscoelasticity of cheek and forearm. 
There was no significant difference in elasticity. The viscosity 
in release period was significantly higher than that in 
aspiration period at cheek (p < 0.01). Fig. 7 (bottom) showed 
significant differences in the value at forearm, and in that in 
release period (p < 0.05).  

C. Relation between the morphology and the Viscoelasticity 

The relation in aspiration period was not shown. There 
were three major findings in consequence of comparisons 
between the sebaceous glands morphology and the 
viscoelastictiy. Fig. 8, 9 and 10 show the comparison results. 

IV. DISCUSSION 

The morphology of the sebaceous glands, occupancy, 
density and average size, can be observed by 3D ultrasound 
microscope. It’s exactly adequate to measure skin 
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Fig.  8 Elasticity vs Occupancy of sebaceous glands  

in forearm at 800-μm 

 

 

Fig.  9 Viscosity vs Density of sebaceous glands  

in forearm at 900-μm 

 

 

Fig.  10 Viscosity vs Average size of sebaceous glands  

in cheek at 900-μm 

 

microstructures such hair follicles, sebaceous glands and 
capillary blood vessels. 

The viscosity in release period was much higher than that 
in aspiration period at cheek. This leads to a view that the 
deformation in release period behaves like more similar 
properties of human skin to that in aspiration period. This 
reason is considered that the deformation is caused by forcible 
suction of Cutometer®.  

Three major relationships were revealed by the 
comparisons. In forearm, the occupancy of sebaceous glands 
showed negative correlation with the elasticity (Fig. 8) and the 
density of sebaceous glands did positive correlation with 
viscosity (Fig. 9). The more the occupancy increases, the less 
the elasticity decreases, and the more the density increases, the 
more the viscosity decreases. Also in cheek, the average size 
of sebaceous glands showed negative correlation with the 
viscosity (Fig. 10), which meant that the more average size 
increases, the more the viscosity increase. The sebaceous 
glands play important roles on viscoelastic properties of 
human skin. 

V. CONCLUSION 

Sebaceous glands at deep part of the dermis in human skin 

were observed by three-dimensional ultrasound microscopy 

with the central frequency of 120 MHz. Viscoelasticity were 

estimated by fitting deformational displacements by 

Cutometer® to Voigt model. In release period the viscosity of 

cheek was higher than that of forearm. Three major 

correlations were revealed by comparisons between the 

morphology and the viscoelastic properties of human skin. 

These results suggest that an important role of sebaceous 

glands. High frequency ultrasound imaging contributes to the 

observation of human skin morphology, and the device befits 

the evaluation of human skin viscoelasticity.  
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